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Among the eollislon progesses in nuclear and eles
pentary partiels physies, twvo of the most important are
the photoproduction and the seattering of pions, These
are particularly useful in the study of the structure of
- light nuclei,

. he prineiple aim of this thesis 15 the quantitae
tive study of the strueture of the following light muecledy
tho deutersny H> 4 He~ amd He®™ , tharough these
processes, The eholee of those nuslei has been made ©o
focus attention on the probleme relating to nuclear maghoe
tie moments, quadrupole moments, charge indepenience and
the charge symmetric nature of the muclear forees without
gotting involved in the extrancous features like chell
gtrueture in more complex nucled,

Thene micloei offer the following special features §
(1) Ihadentoran ¢+ The noneavallhbility of free
neutron targets demands the search for available nuclear



targete whorein the negtzon s bound, The simplost of
such targets is the deuteron which iz aguivalent to a
free noutron target, ecpecially for procenses like nopae
tive pion production vhere the neutron alone takes part,
The erossesaction for progesses involving cingle neutron
ean be obtained by extrapolation from the crossesections
for similar procescos with deutersns, Also the deuteron
is suitable for the nw of pairwise interactions used
for the analysec of m meleon systems, especially for
tailding a correet shell model structure,
(41) IO _and He™ 3 The study of mirror
H micled H° and  He® is useful to investigate in detail
thex thoe threcenuclonsn problem wherein all three nucleons
interact strongly with one another. The serles of nuelides
HY ¢ HW* 3 H g He and He' fom an unrie
r valled sot for the ctudy of the changes arising from the
addition or removal of & neutron or praton from a given
nueleus, Thie allove the charge independent nature of
miclear forces to he investipgated under ‘earefully cone
trollod conditions' o All this information when available
vill eertainly help to throw light oa the question of the
existense or stherwise of an intrinsie threesnueleon foree.l’

m rd, R, Hofstadter, A.Jchanss Ro Parks
. E: !Um:nﬂ, AsValker n;d'il.n.m:'ﬂ: Phw: Ea‘%.
Lettersy 1l 4 132 (1963),
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114) _le _+ 7This smellost elosed shell rmeleus
io strongly bound, The measure of itc riot menn square
radius will indicate tho amount by whieh the meson elouds

of the phppeieal mueleons will sheink due &9 nuelear
bindings

Among the mﬂn results of the study are #

Zoth for the photoproduction and the seattering of
plons from single meleons the Aispersion theoretie approach
of Chavw et al" is knowm to be sueeessful, Ve show that
the amplitudes of Chew ot al can explain the exporimental
da&ammr the charged plon photoproduction even from doue
terons Af the impulse .ppmmmtmm technique 4s used,
Also 1t 1s chown that the inelusion of the hand eore radius
ean explain the neutral pion photoproduction with slichtly
less persentage for the T state admixture than reguired
by a similar enleulation by Erdickson and Stnaﬂ.i)

The study of noutral plon photoproduction from H°
and He” indicates that the measurement of the difforene

tial erossescotions of neutral plon photopraduction ffrom

1) GsF,Chev, M.L,Gold Py Felolow and ¥, Yem
| Tyka Rt 00y 1540y (108N Tt o

™ Rev,
2) BSeneventano, 0., Yernardini, G,itoppini and L,Tau
lnovo M‘lﬂg a0 ¢ 1109 tig‘saj'. i
3) GeFosChowy Fhys. Revey 20 s 196 (1250)
4) G.Fe.Chow and ﬂoﬁofﬂﬂt' Phys, Mn' m s G36 (1052)
GeFyeChow and l!.h&olﬂhlmr, Phys. fev.y; B2 ¢ 778 (1082)

4) D F,Brickeson and C,Shaerf, Mhys. Rov, Letters ,
12 4 432, (1063)
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quenching of the muclear magnetic moments of the bound
mcleonsy the mesult being practieally independont of
the S gtate and T = 3/2 state sdmixtures.

I 4c shown that the mensurement of the differential
erotseseotions far T geattering by He® ama 7TC
seattering by H® can be used to estimate the prodabilities
not only of the nov famildar S state but also the

T = B8/2 gtate admixtures in the groundestate of the
threcenueleon systems. The precence of the T = 3/2 state
i oxtremoly Tolevant® for the theoretical explanation of
the experimentally measured electrie charge fomm faetors of
the three micloon systems as has been noted and stresced in
a fandamental paper by G4beon and fehies,®),

The rather low value of the ™ot mean square radius
of the mucleous deducod from the elastie neutral pion photoe
produetion erossegection shows that the muelear binding
shrinks the meson cloude of the physical meleohs,

Thete rocults are presented in detaill 4in a seguence
of ten ehapters arranged for convenience into three parts
dealing with the deuteron, the three mmoleon cystems and

He* mespectively,

2) B,P.Gibson and LeI.S0hiff, Phys, n“.’ a8 + 2 28 (1965)



In Chapter 1 4 the differentinl erossesections for
the photoprofuction of ehargad plons from deutorons are
estinated using the impulse approzdmation and a pood £itd)
with the experinontal data of Bereventano et sl is foumd,
The diffevence in the 7 and the s~ eross-sections
are annlysed in detail,

In Chapter 2 4 the sensitivity of the differentisl
erosoecactions' for the elastie photoprodusction of neutral
plons fyon deutoron, to the D state admizture, hamd core
redius and the two choless of the effective ranges, is

+ analysed, It i» foud™  that the T state adnixture
allowed by the caleulations for the magnetie noment, quade
rupole moment and the binding energy may exzplain the avalle
able exprerinontal data for the noutral pion photoproduction
if a large hard core radius 7. is taken,

Part 11 starbs with Chapter 3 j dealing with the
nodifieation of the anamoloud magnetic moment of the mucleons
1.0, quenehing of the nucleon magnollc moments, whenh bound
in mclet is analysed, It 1c shown® that the differential
eroccepactions for the photoproduction of neutral plons

1) V. Devanathan and K.Anantanarayanan, fuovo Cimento,
a8 ¢ 723 4 (1964)

2) K.Anantanarayanan and K., Erinivasa Rao (submitted
to Puovo Cimento)

3) G.fanachandran and K, Anantanaraynnan, Nuclear
Physies, 53 , 623 , (1064),.




from W amd W 35 sensitive to quenching, Also
it i proved that the differential crossesections for the
photoproduction of charged plons from single mucleons can
be doduced from the differential erossesections for the
charged plans photoprodussd from H” and He™ 4f the
muclear form faetors are knowm,

h*bho next Chapter 4 1t 1s shown that the differene
tlal erospesections for the charged plons seattered by H™
and %2~  are seneitive to the S state admizture at
. 80° for the seattoring angle and it 1s suscosteds that
the measuPement of the erose-sections ba used for an ectie
matfon of the S state probablility,

The most important emclusion® of the theris is
relating to the T = 3/2 otate admizture, YWe show 4in
Chapter § that the differential erossesection in a direce
tion perpendicular to the ineident beanm for the process
mt L He® - T 4 He® 18 constderably deoreased
by a small adnizxture of T = 3/2 ostabe. If elthey
T= 8/2 state or S' state alone is prosent then the

adedxture -can be found from the experiw ntally measured

differential crocsesection for T seattered by He at

1) G, Hamachandran and K, Anantanarayanan, 'mclear
Phyelos 64 ¢ 658, (1065) v

8) X, Ansntanarayanan , Physics Letters, J8, fusbor 3,



20° « On & the other hand, if an admizture of both the
states existsy wo sugsost, the measurement of the dife
ferential erossesections at 00° of I~  seattered by

H®  whieh along with the measured differential erosse
sections of | T geattored by He® at 00° will PrO=
vide the percentage of admixBure of both the states,

In Chapter 6 , ve pmu that the eonelusions
of tho Chapter 3 are otil) valid when we Sake an adaixture
of S Gstateand T - 3/2 state for the thres meleon

. Bystane,

In Chapter 7 4, the estimates of the difforential
erossegections for the photoproduetion and seattering of
pions using Irving and IrvingeOunn radial funetions are
made, It 4s supgested® that the eholes of the proper
radinl funetions ean be made from the study of the differcne
tial erossesections in the forward angles for the T+
sesttered by H~ or He®, The enosen funetion ean be
ueed to study the gquanching effosts,

Tho inclusion of T and D state admixtures
are considered, in Chapter s With reference to the seate
tering of plons £ yom the three muclesn eystems,

1) E. inantanarayanan (submitsod %o Fuclear Phyoics)



In the final Chapter of Part II an upperbount &o
the T = &/2 state admizture in He® 4s found, using
a perturbation ecclculation and taking into account only

the Coulomb forees between the protons, for v:rioue choices

of the radial funetions, Tlocessary modifications are suge

gested when churge asymmetric nuclear forees are present,

Part III oonsicting of a single Chapter (Chapter
10) doals with the ground state of the He'

meleus, An
lﬁbfﬂti”

of the root mean square sadius for the He*
mielus 46 made from the experdmental dats’ for the neutral
" plon photoproduction from He'

Ko Anantansrayanan, HNuclear Physies (in print)
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. tions for the nmxw” of the impulse approxination

Shentez_ 2 °

1. The photoproduction of 7 mesons from deutrons has
been disousend phencmenalopically by many suthors®™> using
the impulee appromimation®’ asconding to which "the meson
production amplitudes from vardous macleons in a nueleus
are superposed linesrly to form the profuetion axplitude
for the whole nucleue,” Thnis ic an assumption analogous
to the Porn spproxiuation in tho ceattoring of X - rays
by many electron systems or the Fermi approximation in She

seattoring of olow neutrons by erystale, Cufficfent condie
&

Geflamachandran and i, Anantanarayanan (unpu’lished)

Vs Dovenathan and K,Anontsnaraysnan, foove Cimento
a2, 723 (1964), i .

ﬂ.!’.h_, Phys. fev, 80 s 196 (1959)
Ge FeChow and G.G.Hlﬂ:, Phys, Rev, 88 s 636 (1985),

@ ogoe Appendlx - ,

1) O.F.Ohow and H.V,levis, Phys. Rev, 84, 77 (1951)
2) HN.lax and i, Fechdachy Phye, Fev. B8 , 500 (2952)
it

e phida . . . .
9 g’y 572 2081) o e i |
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il % 0208 Ciogay - oaguehl, Prog 3
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(1) Gmall individual amplituder in eomparizon to the

distance betveen sourcos, : |

(2) Long mean free paths for both incoming and outgoing

particles in comparicon to the overzll dimencions of
the aystem,

(3) A "eollision time"™ whieh i1z short compared to the

poeriod of the nuelear systom,

These conditions are satisfied in our problem, The smallnesss
of the fine structure constant cmarantees the small amplitudes
and long photon mean freec path. The condition on the outgoing
 mesonm mean free path cany in the case of the deutron, be re=
-otated as & voquirement that the menonemicleon seattorin:- erose
sectlon bo small ecompared o the crocs sectisnal area of deutran,
The lattor 48 ~ 46 Tewm whersas the meson mieleon eross
pootion 48 ~ 10" ** ot only. The @ollidsion timo sesms coTe
tain to be cufficiently small, sinece the average extent to vhieh
enorgy conservation i: violated in the intermediate states must
be of the order of the meson rect energy. Also due to the weak
binding of deutron the meson "elouds” gurrounding the individual

noutron end proton averlap only slightly. S0, we can ascume the
_validity of Sha approzimation.

We shall dlscuse the photopraduction of plone from two
' - and many body systeme under impulse approrimation, not in a
~ phenomenological way as has been done by earlier authors,

Mﬂi Isanes MMBMMmr Phys., Row,
g8, 083 Ps 150088, i el



tat by using the Chew, Goldberger, Lov and Nambu amplitudes
for the basie photoproduction prosesces
i e R e (1.1)
MIMJ@t

Donotidng by (%.=1%[, ¥ ) the energy and momentum
of the ineident photony, <  the photon polarigation,
(Po= JPP+1, }5)  ghe enorgy and momentum of the final meson

in the barycentric oystemy the COLN amplitudes can be written
for the various progesses ag @

Ly +p— ptad) = - FEL 489 (1-2)
¥+ — n ) = - Jed . 4t (1.3)
by b —neTt) = B4+ 1) (a-hy)
E(Y+n —sPro) = :}4‘1{%“}# £ (+5) )

vhere 5@, %H and 3 are given with the neglect of
socandary séas*erdng corrections hy

Ve (iereinaftor peforred to

D) G,.F Halo GOBA Fol,Low and Y, lembu
:Eg;. Ve 10 1057 5

gﬁuﬂn}

‘i Yo shall use throughout the natural system of units
il Mh: e = '1-;_9].@“. e
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waere -El‘="'/13"1 is the fine structure constant and plon
. mueleon coupling constant | 4s taken to be L.z o

€l ¢ 9)

N e R P“# ‘ (1-16)
M=

A= Pp -+ Mn ((4-41)
2M Lo

the mueleon mass M - 6717 ’ Pp amd M s the
pagnetic moments of proton and neutron, and

C8as
]’l+_ = __1_3 b= = /Eﬂr*;gg,g, (‘:L-ll_.J
3|U'
L bas 1: 1>
W = : EEE Ao D ( )
3};3 :
= L& (1-14)
}x++ 5 EF - 33/‘%-»-&533



vhere only the dominant plon nucleon phace shifts Oz= in the

2 (32, 3/2) gate are taken inSo acocount,

. The emplitates £ 29 and 4 aye so nomalized that the

differentiel erossegoction in the centre of momentuz frame iz siven by
% = (@amn)* ppo |<fmal | T\ initiad > | (1.19)

8s The erictence of a positive slectric quadrupole moment for the

deuoron and the deviation of the deutoron masnetie moment (D)

from the simple sun of fhe proton magnetie mement (Kp) and neutron

magnetic moment (M) fmply the existence of an admizture of D- state

£5 the predoninant ground state ( S - state) wave funotion url the

ﬁl_tt:m. The mutm of - state in turn necessitates the axlse
tance of a "tenasor forco".

CGenoralised Panli prineiple requires the antisyssetry of the
overall wave function T with respect to the interchange of muclesns
and parity conservatlon does not allow the admizture of even and odd
orbital anpgular momentum states. The echoleos of the overall wave
funetion U  whioh catisfies these requirements are

T = L>und e e, (110
L=p,2
DI = -7:-: Uy (1) B, (6,9 1, (1.17)

meloon and (,0,0) is the spherieal bola~ esordinatos
s oquation (i.14) represents sha a 1linear esmbination of

S ond D states uhile (i17) pepresents a pure T . state wave
wnettony &, (6,9) 1s the spinmorbitel wave funotion and Y|,

8 tho itoesingles wave funotion, Explieitly

.~ Where Tt - T, .. being the positron ccordinate of the
o

L

of T

i



Mo = J—: § P — P> r® 3 (1.4 8)
|._ -=T+'l
@ £B?‘f)— ZGCL“-? Ls & L?-')v Lg':PJX&L (1, 15)
Ly="T-1

were Y.,..(6,9) are the normalised spheriecal hammonice
and o 's ave the triplet spin functions,

Pare 7 eatato or pure 7 estate wave funetions
are ruled out for the following recsons  Hecause of the
. eentrifugal force due to anguler momentum the attraction in
a P or D state should be ruch stronger than dina ¥
S estate in order &> make the eorresponiing enorgy lover
than any possidle S elovel, Thus ve have to ehoose a
lincar combination of S and D gtatos (1:-14) for the
ground ptate of tho dcutoron,

Renomdng the S state and 7D ~state radinl vave
functions 7, amd U; as U amd w 4 they are normae
14s0d as o

E:I (W4 wh) da = 4 20

The equations for tho mdial wave funotions are solved
approximately 29 ) after making cuitable assumptions
about the tensor force, Heasonable deuteron radial wave
funetion: may do constructed by assuming suitable functional
1) K.V,Lourikainen and E.K.Suranto, Ann, Univ, Turk,
2) urw} Anne Acad . Gol. femn, A L o UP.208,

(1935




formg eontaining several paranetors and adjustine those

- 00 @8 ©o fit the deateron binling energy £ , the

| quadrupole moment & 4 the D state probadility P
and in addition the triplet scattering lensth and the
triplet effoctive range.

Ve introduce a chango of variable % = & where

L/ = 4.-316 % 16~ em. [ wt = BV rave
E= 2-22b Mev 15 the binding enorgy of the deutron,

M 4s the mucleon mass and K 45 the Planck's
constant divided by 2T , 1/ ean bHo used 88 a mose
sure of She sigo of the deutron, The deutron offee¢tive range
. P(-8 —%) 4o talen to bo Bither 1-704 » 1p” * cm
OF 4. 754 % 467 e o The redisl vave funotions ave

- plx-2a - 4.21)

— ¥ (= —e) ]1 .

W) = NSa<q Edi-€

e T
et [ ial =&+ e ]l Ciny

vhons = o 2 e and
AN = s = b , 7 ez i £ AN
8= x. 1o Ghe hard core radius, ™e values of the rarametors
and €9 are given by Hedin and Comde!’




for Py - =7 ¢ 47 ema 57 § %= 0, 0t
" and 0.3 P -1.704 fmend 1.734 Jm . The normalisae
tion factor 1s given byt

2 A 4
N = 4 T #ff-:ﬁ-'ﬂ?[
o N = 3.0347 for P = 1.?04*140-13‘3"‘“*
(1.23)
N® = 3.3433 for PE 724 46 Cen,

Tables 1 presents the values of the parsmeters P .,
R Ain Egq for wvarious values of <., f and
Py as ovaluated by Hendin and Conde .



| dable 1
The parameters in the doutron wave funetisn £itted to all

the triplet low energy data end g hard core radiucs L

k- .

Lo (- £ -€) 'P-ﬂ &} i i Ky £
I -3 - :
| :Q_}}-;afbv“ln evn ) e e %}
s et ettt <t e e

3 4.860 2,494 0,00831
1.4 % 4,751 2,982 0,02028
6 4.647 3.27% 0.02754

Dl‘m’ R e e - —

3 4. M1 2,505 o.0%100
1,734 4 4,637 2,006 0,02801

8 4,526 3,289 0,02720
R I T ——— e e i I —

3 Be937 3,155 0,02042
1,704 4 T« 261 3.798 0,02666

5 7000 4,346 0,02514
ﬂ.m At e A = = B e S S ————

a 7933 3,176 0,02001
| 1,734 4 7675 3,814 0.02634

: ] 7432 44364 0,02487
_‘_ﬂ_—-——-—-—-_-___—__________.

9 10,223 3,413 0,00873
1,774 4 0814 4.1424 0,02611

5 0,433 4,772 0,02471

m ___l_-—lﬂl-_:—-—._____-
3 D7M 3,436 0,08832
1.734 @ De307 4,170 0,02577

B8 2,045 4,799 0,02438

:‘:-_:':-H
ill

¢ Iumerical caloulations by L.T.Hedin and P,ii.L,Conde,




_'. Tow we study the problem of eharged pion photonroduction
+ from deuteron assuning pure S state, This 1p a rensonable Pivat
approximation sinee D .- stato probedility 18 about 4 ¢ , Further ve

find (see Chanter 2 ) that the form factors EF ﬂﬂ?jﬁ%

yhich arise dn = ¢ D and © to P sgtate transitions rese

Wimrmmmmu F =2 which 1p the fom
factor for <t S state transitions,

In the next ehapter, however, we study the problem of neutral
. pdon photo produetion talding into ascount the small e'mimture of
D - state along with the vaplations of the paremoters v. apd ¢ (-¢,-:).
4s The charged plon photoproduction from deutoron is necossoe
rily inelastie as there are no bound states of a dineutvon or dle
proton systems The rmeleus bpecls up into two nuelocons, The
T - matrix for the nroccsses
Cd.-21)
s TR IR e T

Y4 D s T+ PFP (1-25)

ean be written in the immulee apnrovimetion ne

) Ry

= ( L, e’ i

+ & e"k"‘"’h Tf) (1-at)
where -, and 2, ave the positron veestors of the ruoleons 1
ard 2 4 T,,  are the leoctopie snin oporators for tho me.

eloons 1ad 2 , b5 end l.  ave the haste photoproduetion
mplitodes for the rucleoms 1 and 2 4 T are defned as



e o (To 2 Ty ) G127

4
S 2

where T, 9 T arethe 2 x 2 Panld matrices in
dgotopde spin spase and R - L — /L 4s the momentum
transforred to the Mt rueleon,

If we teke into acoount only the dominant S state,
the initial state of the deutron can be written as

S = @m " UD 2y 9, ( 1.25)

imm::ammummmum
gentre of mags of the two nucleon system by

o e (1.29)

—

=

using vhich we can yrite for the two possibhle firal states
e= @pin triplet and anin singlet <= of the two ruelcons ¢

=i '.!.,.kf..?,- ;
i e Y EE De i (BT



=yl  k-R
EE = e Uig, Ok %) ik =9 q (1-31)

=5

whove U, (A-2) s U, Ch-2) are the
symuetrie and anticymmotric radial wave functions of the

~ two mueleons in the final state,

' The matrix elemente for She symmetric and antisymmetrie
ease reduce tot

F@E = é <'|‘{x°i£1__{__1’5xm>g Cj‘_+31.;|
Qﬂ 5 -:fi <3.'?-'-mr li:_i+*:’-'3xfﬂ>o (L=%)
where E and [ are the overlap integrals,
== (0 k) cos (Rom) UOD 35 (1:2¢)
) Lol =
O = Jﬁ;ﬂ(&fk')% (ke mym) o> (1.25)
* 5

To ovaluate Sho matwix element ( 1-%2) gma (1.33)
- we negloet tho motion of the nucloons in the deutron and
ehoose for tho oporitor © tho expression (1:4) or (19
mm;mmmmuo:mumﬂmmm
: €x,0nn be written in the convenient form

T= A0 + BuO_+ Cx 05 -+ D (1.36)



e chdose for our frame of refercnce the directisn of propae
gation of thephoton as the ~ axis,amd the plane which cone
 tains 7. amd L assthe Xz planeand © the angle
between V. amd }, ,

After squaring, sumning and averaging over inttial
spin states and photon polarizations, we obtain

E’E‘H%"l -k P 1m>ll =5 (_MF‘H Bl + a2)el*) C1-37)

BEZ < s L2l = £ (elBfe2lel s s o) (229

|QE1L+ [ QDIL

I

. %(]MH B+ 2lel® ) \E) +

2P P alelPszlor) (At (e

\ALE = 4 C [P+ [Ay)%)

al*= L ClB+ leylt)



lelEassiEionzs ligy®)

oo oM B T

polarisations €x amd £y , The differential orosse
seation 1o given by ,
* B
C?j_ld.!"n: Laﬂj—il"‘}"nj'm (Pb Vg +k—+é- +E) dk  ( 140

| €l" and |0|" have been evaluated by Lax and
-Feshbach  ehwosing the iulthen funetion

Ulr) = 2L e |
| [zrr(i_u,p,)] (e &t ) (1-11)
for the initial radial vave funotion and
u?e(k" x) =.@m )?‘h‘f’f‘(h %) € 1-42)
U -(Iﬁ.-&) = (_211)‘3"‘ S (hoss C1-43)

f,0



Bs Toglesting tho contributions from tems proportional
t 11 ond tomms of highor order, Dovanathan amd Remae
ehandran™ have eamputed the erosseseetion for the photos
produetion of 7+ from deutron st 820 Mev ustng the Lex
‘en? Feshbask integrals, But they do not get a pood P with
the exverimental Tesult of White ot al,2)
ﬂaﬁ\mmsmmutimhﬂumhmﬁm
b Ao Jdcdi.  tue to tems of order /1 and higher
m:.mnmmmﬂmmnmmmm
over dnitial photon pelartsations and deutvon spirs o ot

2 2 =
- do i Ji [1'1T)_L}-L}ln [fQHl T, | @4 ™+ 4”}1__ 'I.:J.J ( 1-4k)
ASLAMe =
1
vhere _
v el “-( S_vaTAM By ARTB)  (1-49)
4 [l = Vo v ;;?a
amd 1, oand $5 mmmmrm"" integrals
glven by . ) :
T, = 1 2MeliRay [ SE——am ek 7 —
\ jT"[T- n”g) a‘}_ 4—h;.,#a Pﬁ — /-"l-h:t. hb ,

{ 0, (Pf:— 2k ko) P+ 2he ko)

= ——— _ “dpb
lhlhatp_d) a C'R:JF 1hnhﬁ)cpj—1k-‘*~ h"—") & 4

1) ViDevamathan end 6,Renschardren, Puel, Physe 28, 912 (1061)
2 ag:%ut t;g,:mbm and A4Cefctmlzy Phys, Reve,

8) M.Lex and 1, Poshbaeh, Phys, Rev, 3 , 600 (1082),




= M o (fa =Y
2(1-ap)  Ro( paPd)

‘ 4 {Pl-!— 2 ks ko
l: P> Q"’ﬂ :;[:_ — a2 kako E

P Rxko
ﬂﬂa b + 2 3

R — ks Gt
2 — M (')jnt—f-'n— E)- = ﬁ’;-
= M (¥e-Po £) 4+ ¥ = Mm( Yo o) (1.148
ﬂja = M (v, ~Fe- €)4 |'i'l :M{'ﬁ-’n_‘"}!uj"l" P’lql

where | Q1| 4s now piven by s

= |Q4,: = & [@*i:_ + oL |@I*}: (I'J"q)




wvhere

. 2 E'ﬁteviﬁ Q_ S0
(Q'{\n: Pc—‘”n L(1+ﬂ) ( = (kl 1) )-'\'
1 q,"ﬂ;‘ 5;-119 = ____ B Som
iy f.wH") S ( k= 1 )&s A
v 2220 (s ) gis, ) (150
opt
(i st Wi

i *= 2
Moo [ (E) (= p) 4
e +QL5:L~—}#'”&°553 f( =F
'-?3.‘;?* Cesd,, Fru bz f” (1+a;29)= l’—fi‘ilfaséjj (451)

[R]2 = %“—Eff [2pe ( wo- 2 59 ¢
4 F’lvl ( 1+ énsZE}")] (752



vhere © 18 the angle botwoen . amd |

The erossesection for negative meson produstion
fsagein glven by (1-44) with Q)" given row by
the following exnpession

IRil= (il + <R+ QS+ [ Qs - (t5

whore the atditional temm

2! gnef™ % 4 L’"lu'l g’;‘_,zg (,gLLL— o (=5 €) +
lQﬁla. T Moo (1+57) Mpe (&)

— Q_LKEPZM““&+ pisics Z-PL—-— j (1-5%)

M?_ ‘L{GL 1+

mﬂl mmerieasl results have been

wnmmmmm B7°= 820 Mov correse
ponding to the experimental posults of White et &1 and
the theoretical ostimates were fourd %o be above the
amperimental vnines, The econteidutions from tho temms
_d[m]f‘m -:dL[[Q{‘; which have to he ndded to
the earlier ostimetes are now obteined mmerienlly ond are
prosented in Figy 1 4n vhich we plot (g |4 as & Punetion
of the moson energy for verfous angles O, where / derstes
the contributions to O 0/dc dpe frem o (@l <" Q4 -
We soo that exeept at the forwar? angles, the erosg-scetion
for 71 produetion 1o vefuced though mot to the extent
dosived by tho exporiment of White et al,

i, 1:!.¥-..£ie¥a,u..a‘b_han and G.Ramachandran,.Nuecl. Phys. 23, 312 (1961)




6. In the ealeulation deseribed in seotion 3, the outgoing
~ meson tokee all possidle energles permdtted by the two partiocle
Idnematice, Parther the impulse approximation ealeulation &s
nade in the laboratory oystem wvhope Sthe recoll anerzy 1z oone
. oidovable, The A1fficulty of the ebove method 1c due %o the
inability to perfom the integration over the meson energy
analytically, An alternate method is to do the impulse appro=
zimation calenlation in the centre of momentum system where
~ the recolil energy of the mucleus 1s consideradly emaller, Dalits
~ and Younde 1) have found that the statle model 1s more reasonadle
in the centre of momentum system than in the laboratory system,
Iil can now inwvolie the closure appraximatilon meconing to whieh
all possible relative momenta of the final states of the two
moleons may be taken into account without considering the
rlative enery invoelved. This 15 a usoful approximation which
conoiderably olmplifies the mworical ealoulations,

dogleeting the binding energy of the deutron and involking

 the closure approximation the integral Eiml C'uin A
be easily ovaluated since
(el dk, N T) (1-55)
J\.SV' ko L *l“ C1=+T2) (1:-5€)

1) ReAeDalits and O } Yonnie, Phys, Rov, 108 , (1957) 1558/




vhare
T = Jﬁ’u@(kx) lud(a))Lon},

1

oy e (R)e o ()= 2l (2Be) (15

liow the differential eross seetlan for the charged pion
photoproduction takes a simple fomm

do

0 e (. s enile
dn 2

= I) C1.58)

where = eorrosponds to Tf+phohoprm°tim and 2
corresponds to 11 production,

and Z are given by

The quantities 27

e R R T [ SR T (DTN ( 1-59)

oo — e I S T S

ey Q>
wero dofined earlier in section & 5.

lumerical ealeulations have bean made using the exprose
sion ( 1.5%

te quantittes 4 |TI s | Rils
and Q44

) for the differential cross sections of the
positive and negative pions from deuterons at phnton energles
of 230 Hev 4 200 MHev and 320 Nev .




In the Figse ( 12 ) and ( 13 ) the differential
oross seotfons for 777 and 717 at 230 Hev are presented
along with the exporimental pesults of Beneventans et al '
for the come onergy o A falrly good £it is obtained.

7.  In view of the good experisental £18 obtained at
230 Mov for doth 77 and T photoproduction eross section
it 1c intoresting to cstimate the eross seetions at slightly
higher energles. It will de useful %o study the offest of
binding in the photoproduction ersos seoctions,

Uie compare the eross psection for charged pion photow
profuction from the doutryon with that from the slnsle nuelsens,
Hnce 1% 18 ardy the proton or neutron, in the deuteron, which
Sakos part in the productlon process, ve ecan view the oross
sodtion for the denteran as that oqu:lnlmt-tu a sinzle maeleon
bound 4in tho mucleuss Thusy the esmparizon of the ersss sece
tions for deutoron and olngle will give the 41fforences ink the
sinzle rueleon orass sectlons when they are bound 4n the

fhe binding efrfecte are due to two Pensons &
1) Paull principle restricts the spin distributions
of bound mmeloonsy
E) Iue %o the nuoclear potential we have %o introduce
in tho expression for the differential oross seetion,

O 4164 Llass)

) . 1
JJ Beﬂ,e-.:e.ﬂtcim el- al - M uweso QIW‘Eﬂt“ i



a forma fastor (known as muoloas from factor) which s
monotanioally mm funetion of the scattering

Yo oon emipare tho expreceion ( 1-59) with the
eorresponding expression for the sincle mueloon piven belowt

=N e 52 (160

—_—

The eombined effect of tho Paull prineiple and the musloar
_ Dotential mocults in the docmonse 4n the ALfferentinl erospe

B0 L oo o B D (Le)

I bveing a monotonically doervasing functisn of She
seattering angle ©  we ean espeet that the Alfference
- 4n the @ifferential eross seotions wiil be smallor in the
backward angles,

In Fig, (1-4) wo have plosted against the seatbering
englo O , the differential erass section for tho photo
production of T meson from a froe protos alone with
Sho dirferential eroos sestion for the 7' meson photo
mmm::m at the labdoratory energy 230 Hev

for the ineldent photon,



6.. In the ealeulation deseribed in seetion 3, the outgoing
meson takes all possible energies permitted by the two particle
kinanintiu. Farther the impulse approximation ealeulation is
made in the laboratory system whéek the recoil enerzy 1s cone
siderable, The difficulty of the above method is due to the
inability to perform the integration over the meson energy
analytiecally. An alternate method is to do the impulse appro=
ximation eazleulation in the centre of momentum system where
the recoil energy of the mueleus is considerably smaller, Dalitz
and Yennieé ~ have found that the static model is more reasonable
in the centre of momentum system than in the laboratory system.,
‘H.a can now invoke the elosure approximation according to which
all possible relative momenta of the final states of the two
micleons may be taken into account without considering the
relative energy involved., This is a useful approximation whieh
considerably simplifies the numerical ealeulations.

Neglecting the binding energy of the deutron and invoking
_ the closure approximation the integral lal* dk ok ean
be easily evaluated since

S IE‘_I" d’bﬂ = % (& +I.) (1.55J

1l

{ lol* dg, 5 (=) (1.56)

1) R.A.Dalitz and 7.R.Yennie, Phys, Rev., 105 , (1957) 1598



[ ees Com) | U n)|” aPn

=1r—-1—— {ta_-i(lh) tafiLhn)F tan+1(m+[,’)}‘ (i)

flow the differential oross sectlon for the eharged plon
piotoproduotion takes a sinpls fom

=2, + * \DI*
an - am f’L_:tl_ (2= — ?—"F;*——- I) (1.58)
whore Z  gorresponds to 1T photoproduction and Z =

gorresponds S0 1T~ produetion, Tho quantities =V
'ulﬂ Z  are given bW

2@ S e e e (1.59)

Zieehis G e ieel| @l el @ils el @l (1-60)

Mo quansistes 4 ID1° 5 |G, , Q0 , 1a.2
a8 | Q.  were defined casdder in sectionS§ .
lumerical ealonlationo have becn made using the exprese
( 1.58 ) for the differential eross sections of the

tive and negauive pions from deuterons et photon energies
830 Wev , 280 Mev and 320 Hev ,



In the Figes ( % ) and ( 1.2 ) the differontial

oross sectdons for 117 and T~ at 230 Mev are presented
along with the experimental pesults of Denevensano et .14)
for tho came cnergy o A failrvly good £1t is obtained.

7 In view of the good experimental 1t obtained at
230 Mev for both JI' and 7T photoprodustion eross seetions
it is interesting to ostimate the eross sections at slightly
highor energles, It will de useful to study the effeet of
binding in the phoSoproduetion eross seetions,

Wie compare the eross section for charged pion photow
production from the deutron with that from the sin-lo mueloons,
Binee 1t 1e only the proton or neutran, in the deusteron, which
‘Hu part in the production process, we ean view the oross
seetion for the deuteron as that equivalent to a single mmeleen
j:m in the muclieus, Ihu.,n ui?:;ngmﬂ'm of the oross sece
Sions for deuteron and single,will give the differences inx the
single rmeleon eross sections when they are bound in the
fhe binding effects are due to two measons 8
1) Paull principle restricts the spin Alstributions

of bound mucleonsy
8) Due to the nuclear potential we have to introduce
in the expression for the differential eross section,

) Beneventane et al: Nupwvo Cimento 10 s 1109 | HSEBj .



a form factor (known as muclear fomm factor) which is
monotonically decreasing funection of the scattering
angle 6

We can compare the expression (1 58) with the

corresponding expression for the single nueleon given belows:

AT _ cam)t ppe 2t (1:61)
d s

The combined effect of the Pauli principle and the mielear
. botential results in the decrease in the differential crosse
section by

@*17)_:' B‘_y_"-‘ Czi+ 4|D)* )L (1:62)

& being a monotonieally deecreasing function of the
secattering angle g we can expeet that the difference
in the differential cross sections will be smaller in the
backward angles.

In Fig. (4-4)we have plotted against the scattering
angle ©  the differential cross section for the photo
production of TT & meson from a free proton along with
the differential cross seetion for the IT T meson photo
production from deuteron at the laboratory enerzy 230 Mev
for the ineident photon.



In Fig, (1.5 wo have plotted againot the seattering
angle (O, the differential cross seetion for the photoe
produgtion of T wmeson from o free proton alonz with the
Gifferential orocs sectlon for the 717 peson photo produce
tion from deuteson at the lsboratory eersy 890 Mev for
the ireident photons

In Fig, (1.6) we have plotted acalnet tho sesttoring
engle © | the differential oross seotisn for the photoe
production of T meson from a freo nouteron aleong with
the differential smy orossesaction for the T~ meson
photoproductlon fran douberon at the laboratory onergy 230 Hev

. for the ineldent phssan,
‘ In Pge (1.7) we have plotted azninst the seattewving
angle © . tho differential ersss seotion for the photoe
produetdon of T meson from a free neusron glong with
tho differential oross section for JT photoprotuction
from deubron at the laboratory energy 200 Mov for the ineident
- photon,

As gupectod we find that the differences are consie
derable iu the forvnrd anpgles but in the mﬁ angles they
are smell,
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do
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£ O FOR 45,90,135°
AND 180°
FIG.(1-1)
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| | | 1
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FOR ¥+D—= n+n+T0+ AT E, 4P
= 230 mev

FIG.(1-2)
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g_g FOR ¥+D—= P+P+T—
AT Eyt48 =230 mev.
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do IN THE CENTRE OF MOMENTUM
ds2
SYSTEM FOR 1) Y+P—+n+u*

2)¥+p—+=n+n+t
FIG.(l-4)



] | 1 | |
30° 60° 90° 120° 150° 180°
do
d

IN THE CENTRE OF MOMENTUM SYSTEM
AT Ey ‘A8 _ 590 mey.
FOR ) r+P— n+m*
2) ¥+D— n+n+mwt

FIG. (1-5)
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d o N THE CENTRE OF MOMENTUM SYSTEM
ds AT Ey =230 mev.

FOR ND¥+n—p+mW—
2)¥+D —— p+p+TT—

FIG.(1:6)
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Shantex 2

1. Vo pentionad in the firet chapter that the none
vanishing of the quadrapole pole moment for deuteron and
the deviation of the deutoron magnetie moment from the
sum of the froeo proton and the free nentron macnetic
RMomente, imply the existence of D - gtate admixture in
the ground state of the deuteron, The binding enersy
caleuiations and the ealeoulations for the magnetic moment
and tho quadrupole momont for she deuteron give the follove
dng value for the D state probabiiigy’)

-P:D = ".a | ?: {2--1)

it is evident that tho volue piven by (2.1) fm ie

w rouBhs To pet a hetter estimate of Pp, 1t 4s
advicable to concider o function of o whose values

jan be found experimentally in a region larpe enough to

ve tho value of B accurately, instead of considoring
== numbers like the binding enorgy € , magnetic

Hp and the quadrupole moment (1, which depend

.ﬁtm*ﬂm‘f‘uj““q""" and K. Svintvesa Kos . [ Subwitted (=S
- Nucwvn Cimenls )



The differential erosseseation for the elastie
- photoproduetion of pions offers itself for such an
analysés, In the caloulationd) done earlier for the
- @ifferential eross section of the neutral pilon photow
produetion from deuteron ab the ssergy 500 Mev for
the incident photony & good £it vas obtained wish the
experimental data when a wave funetion with 7 ¢ -
state was aseumed for the douteron groun? state, From
the experimental data they conclude that

™

s = (75 % 06)7% (220

A lattor mmung}nu supports the valne Pp ~ 77 .
From (2-1) one oan say that the value piven

(2:2) for Py s too high o give goxd fits for

€, Py amd Q. , Go it 1r interessing to anelyse

differantial erossesestlion for the neutral pion photow

oiuetion at a lowver energy vhere the effeete of the

3 pion vescnanee oan be more reasonahly naoglectedy

g for Py, 5 the values allowed by (2.1) , Alse it

_".-!.ntlhlbing to analyse the effects of the hard core
_| 1

addu “im and the variation of the effective range
f' (-&,-£) on the d1ffore tial ersss section,

Cethaers ?hn. Ray, Lotters e
) * ’ //,f"” =
Js mg and C.thaerfy Phyr, Rev, Letteors, o

P i




| 4 leve 1t 15 foun! bhat the A1fferentisl oross

§eétion for the elastie meutral pion photoprodustion
from deutoron 1s very sensitive to the D - state admixture
but not so sensitive either to the hard core radius Tt
or the effeotive range P (-%,-¢) , The inerease of P
y seg the differentinl eross soction so algo the
norease of R, O that the largest possible velues
of T, eand % vis,, P -85famd 7. = 0,561 fopnt
‘give the lowest erces section, As the experimental velues
or the differential eross sections are well below the
Sheotetieal values with Po = % - 0, 4t is quite
Jasy to coo that the values Pn = 5% and %.-0, 861
omi ehould give the hest available fit, Even these

duos (.'PJ, = 5% , M. =0.561 $m) do not deereace theoretlical
‘ & for the oross section to pive very good npgrocment
with the enperizental data, The inclusion of multiple
geattoring effects 1s knownd) o deoromse the theorotical
Bfoss soctions. llenca 1t 1s sugrested that 1% is bebier
T ‘ilmlnﬂn thic effect before trying to inorease the
P state probability to get a deSter fit with the

N

1) John Chappelear, Phyo, Reve 22 o 854 (1955)



2 Vhen an admiuture of D_ suﬁhum the
ground state of the douteron can be written ao

s E?Cmf*’ﬂ (P(‘I)T’I(Z}\; Pm““:’) QL:" (ﬂﬂ')*}k+
2

2 s () [ PN = pP@ Y |
¢z 4 S ( o TR )
2 ( A

<Y P (60 Cztimmom) Y,

'-h‘ll' o

_ where U(M and () are respeotively the S- pBate
and D state wave funotions given in the chapter 1 ,
Other symbole aro explaine? Shat there .

™e matrix element of the transitlon amplitude
for the photoprodustion of plons fron deutorsn in the
inpulse approximetion oan be written as £allows :

4mla> = 4921‘2‘1 tiexp (LRZH) [ 1>
"L:,l
whore 1> and | £ ave the imitial and firal statos
of tho deuteron and K = 2 — X 1 bostne the
nonentum of the incouing photon amt (4 the momentum of
tho outzoing plan 4 L. 1s the positron vectsr of
too i™ pucleon 4n the mucleuss [i> anmd |45 ave
. given by

%) (2:3)

Q-4




[0 =) ap™ (2:5)
s = "-Pm1 oxp (ik R) (2:6)
where R = L (% + %.), e single moloeon
amplitude i 1n (2.4) for the noutral pion photoe
production can bo written in the iscespin space as
‘E = 11.({‘.:_;+tn) 'l"-;:-(‘tp"-tv;) TE (1'7}

" where tp  and  En  are the amplitudes for she prosess
¥+ p = p+I° end T+ N — n+ TT°  pespestively,
Using the anSisymuetry of (i> amd |47

for the simultaneons interchange of the nucleon indises

in all the spin, 1s0espin and the configuration spasec,
We can write (2.4) as

<Fl7lip> = a4 4|ty explike Bad|i> (2:2)

Hoting the vanishing of tho mabyix element of & T,
‘between states with T —o, we have

KHEITIEY = <4 1Ctpe) +tn(@) exp (iR 21> @)




Mﬁuwﬂn (2:5) and@ (2-6) for |t>

and |{) wespootively and the following expension for
exp (ik-2):

oty
exp(ik-Z) = 4T 5 ): (k)Y ol £)3(h1) @-10)
L=o -wm

we have the following exprossion for < 4170 1 D!

'I'l"l,
<HIFEy = R b BT (i3t m,,m-m,,}xf:_-
ma

' where we have neplooted the toms gh proportional to the

nogitpible elements (w® J,(3 Rf) &°L 4o l=zamd 4
and whoero

<3;Lm' ](EP(:.)'-&- E‘.n.{'z_}) ,3x_m> (Q.TZJ

Il

A(M‘ULL(P] 3o (IS,,;E) dp (2-12)

L=}

Fes

(2-14)
- (P aw (%) 45




Fop = f:uurl 4, (RE) dp C2-15)

- ki Tk

Tho mat¥ix elemente L  can be ealeslated by veitins
the follswing expression for (L.(2) + b (2)) :

(L@ +td) = AG (2) + BE () +CO@+D  (216)

8. Tho integmls F.. Fsv and Fop
vero evaluated mumerieally using IBM 1620 eosputor *
taliing for W and 1w tho expresclons given in the
chapter 1 for vardous velues of £ 4 % amd B
In Table 1 wo give the wnlues of ¥, 4 E.,
and F,, forae cet of values, It ean be found that
~ the ermor invalved in neclecting Fer &
end Ty s smell, Henoo we do not take into aceount
the terms contalning T, orf Fop .

4 Togleoting the temms coutalning K, amd oo
ve have

LElTli>= B, Cunl Ep@+ @) [Z %0y (=-17)

T T s @ Goliful B e aufedties of TM:
Enginaseing Fundamealsd Ressale Canloe 0 faeidiits
slfaved Ao ustng M Compulor.




Using the expressions (1-2) and (1-3) of Chew et al
for the amplitudes tp and tn we ean write

“:P = tp) = {g.ii 7, (2:18)
wvhere
ot S ATeE T v Ayl o B ST ) (2-19)
-}ann 2 M I.,Lp
and
4_]T£-f . + =+
L : P-ﬂ'“ﬂ‘ H’ (-‘H‘!é) :kh {1+ Eﬂ)
vith
; : 10=3
e [e‘f’“,gcn St + e 4 5,5 w28 2mds.] (2:21)
31

. 19 .
1 \jet&“ Bin by + 4915*3 Aim by + 4€ i 'E'LnEa‘sJ (222)
ap”

|n++ 2

.tj_P. _ IJ'“
Am4*

A=

(222

bn ¢ %13 emd 83z are respoctively
P wave phase shifte (%2, /2) , (¥2,34) and (%2,%),




Instend of noglecting tho small phase shifte 914 and
Sis @5 in chapter 1., heve vo take thos into account
as we are interested even in small eorrection terms,

Equaring, sumuing over final states and averaging over
initial cpin states and the incident photon polarizations

ey = s [<Himli>”

mm, €

- femreis* { WA v [(14 Cos?B) =1
S8 Mo

+2 ek ] +

+
2on" 0
} “:ssl (2-24) .
41""1 P.u'i’u

If wo make the Justifiable ascumption that She recoil
denteron roceives only momentum but ns appreciabdle energy,
the differential eross seotion ean be written as

dig s W e E (2:25)
Though F.p and F,, avre negleeted, the D state
probubility exhibits $8self through Ffss, Sisaif as the
pavaneter B 4in F &£ 4c s fametionof Py




8s As tho roooll onergy i less in the contre of
momontun systenm the statio model ealoulation for %do
is done 4in thoe centre of mase oystem and then the crosse
cection wvas transfommed o the laboratory cystem using
the well hnown transformation

) . (1 7l+ 27 Gnﬁigym (dﬂ‘) (1%‘)
L'j_rl Lab [ 14+ ¥ Cos © a2 Me.m

vhere © 4p the eentre of mass scattering angle and

T= Mp{, « The scattering angle ©_, 1in
tho laboratory system i related to 6., . by the
following ® relation

(2.27)

Lin Bcun-
fan “ls = 4+ Cos Beun.

In Mgs. (2.4) o0 (2.9) the 4ifferential
erose section lqhs labormatory system _rur the proeecs
Y + D —>» DT+ J77° at E,{f‘b:mn Mav 48 plotted

‘against the seattoring angle © , for the various vnlues
of Py, n. and P(-€,-€) « Comparisons are
made with exporimental data provided by Davis an? Corsond)
Aiid Topengren and Bnma)

%I) H.L. Davis and Bumﬂom, Fhyo. Rev, ﬂ ' 273 (1965)
8) J.¥.Rosengron and H.Paron, Phys, Rev, 10k, 410 (1956)




6« In fig. (2.1) the Aifferential eross seetion for

the progess Y+ D — D+ 7T° at E';;L= 280 Mey

is plotted against the seattering angle ©  in the laboe
Tabory system for o _ 1.704 x 15 '"cw.

Ne = © oy He = 0.0

ed o= o0f, 2%, 4% and 5%

In £1ge (2-2) the difforential eross soetion for
. theprocess Y+ D — D+ I° at E-:}ﬂb—— 28c Mav
is plotte! against the seattoring ansle G 4n the laboe
ratory system for
P = 734 5" e

fle = (& & 1.11.:0'0
W P ok, =%, 4% and S

The two theoreticnl curwes for P, — o7 are far
from the experinental values, The theoretital ecurves for
Py =57 are very near she experimental values whereas
the curves for P, - 37 and T, - 47 are not very
far fron the experimental values,

fo for e Fo we do the ealoulations only for
P, = 8% o 4% , and 5%,

7« In fig, (2-3) the differential eross seetion for
the procase ¥+ D => D+3° ab E%ﬂh = DEB MV




is plotted against the seattering anzle S  4n the
ladoratory system for

P‘ - 1704 % e = &y

=k

b C:4316 » 1o &m- &y Ke =01,

1

and Py = 3%, 4% and 57.

In fige C2°4) ghe differential erossesection for
the progess 7V + D—> D4+ I31° g Ey™ = 280 Max
is plotie) against the sesttoring angle ©  4n the laboe
. Fatory system for

Pt =: As7z4 K 10‘13 Loy o 00

e = 0:4316 X 167 Em. o He -0,
omd Pp = 27, a7 and 5%

In both tho cases Sy= | 704 m ana Po= 1724 4m
theoretical valuos for To - 5. are pretty elose to the
experimental values vheweas for £, — 1734 3™ and =%

P> = 57 tho £t 4o battor than for § - 704 £m
and Ty =

[ -]

8s In figs (2-%) the differential erosse-section for
" the process Y+ D — D0 ab By = 280 Maw
{8 plottod against the scattoring angle © 4n She laboe
mtory systea for




-3
?t = 2704w lpiErami,m.

-3 =0.
%o = O:S6HLx {67~ em: Or Fe =03

and ‘P;D = 3% , 49, amd ser

In f1g. (2-€) ghe alfferential epsss paotion for
Bhe progess ¥+ D > D4 T et EP = a0 M

hwwmlﬂtﬂlmm © 4n the laboe
ratory system for

=
f‘ _ 1-734 % 16 "7 am,

—1=3 =p
e = 0-561 x 407> em oY Xe=o0.3

ond Py = 2%, 47 and S5

In both @ the oases ©y ~ |-7044n and o= 1724 4m
the theorotical values ars pretty elose £ Sho experimental
values vhereas for P, _ 1784 fmaemd@ P, — 57 the f£it

is better than for §y- 174 fmad P, - 57

O From the sections 6 4 7 and B8 1% can be found
Ghat the only vpeasonablo value for T, 4s 5%, ¢o
we compare Ghe values of the differential erscsesection
with T, = 5 & for the three @ifferent values of -

- Vizey Oy 44326 fm and 861 S ,
In figs (2-7) we have plotted the A1fferential
emssesection for Y+ D > DAT® gy E,Y = 280 Maw

against the seattering angle © 4n the lasboratory system




9;: \e704 % 16 0 e
by~ 5%
- O-561 -
m-u:i Te = O, ﬁ-4315£1ﬂ‘ axnd 0-5 .f
av. Wa = o, O- 48 and O3

In fige Ca-¢) wo have plotted the differential
erosgs-gection for U + D = D+Ir° at E:«,L"'h:_:e&n May
againot the seattering angle € 4in the laboratory system
for

€= 4-734 » 107" em,

rpm = 57:,
ﬂ.‘l’lﬂl' K, = 0.0y o-{e and 0.13

We find that in both the eases 5y - 17o4fwand g - 1734 $n.
the theoretical values for %, - 0.1z or equivalently

Tte = 0-561 §m ave eloser to the experimental values than
with Xc-=00 OF ZXe=0'1 4o

10, Taking for P, and e the best valuee vizm,,
B =5% , Xe= b.13, Ve eompare the theosrotieal values
Co= 1704 4w and Fi'i 1734 $£m.

In fig. (2- 2) the differential erses section for
" the process 't D > T4 T1° ap EYP = 290 May
4e plotted agalnst the seattering © 4n the laboratory
mpt system Saking for Fr 4 Xe and  F, the set of




values
@B = 1704 $m , Py= 5% ;omd e =013

-

@) ?*l o 1.?_:5.4_'{411; ,P'I:': 5/‘;] a..r;ﬂ‘ e = ]2

Tho theovetical values for P25, with § - 1734 fm.
are closer %o the exporimental values than with P =t704 Fm.
Henco we conelude that the best of bhe choices for

P o» He and . are

FP'I} = 5_?:' n
'x.c, L= (a1 13 3 (2'23)
and @ = 1-734x% e ® ém.

11, The theoretical ocurve for the differontial
erotsesootion taking for P, 4, Xe and £ the
values given by(2-28)though very elose to the experimental
values<———> do mot cut all the verticsl Sogments
provided by the experimente,

It may be argucd that @ ———— value fop Pp higher
than 5 £ shall give the beot desired #it . But as the
value for P; hipgher than 5 § will contradict the
equation (2-1) 5 4% 4s negcessary to anslyse whether there

40 anything other than Pp that docreases the 41fferential
eross section to a desired extent, It ie wellelnown that
the multiple seattering effects decrease She differential




erong section for the neutral plon photopwiduetlm.n

Hence 1t 48 sugposted that 4t iz better to take into
account the multiple soeattering effects before imereasing
the value of P, to move than 5 % ,

it a pleasure to acknovledge authorities of
the fentre of\ Ingincering and Mandamental Redgareh, ladras,
Infiia, Lor the I.D.3. 1620 computor 1y avalle
tion of the deute form

John Chappeleary Phys. Rove 20 4 2564 (1095)




Ihﬂih: I

‘he muolear form faotors for deutoron as a funetion
of the momentun tmm' (k) 4n the econtre of mase systen,

F
s < i DD F=s F5 =
- i . - - e 5

8702 0,0432 042004 = 107 0,3084 = 207 0,8158 = 10™F 0,3280x20™

0.,6801 «0,3256x10%% 0,87 x 10" =0,5586 = 10°% 0,359210%%

0,018 «0,2767 = 10° 0,240 x 2077 20,6895 x 10™° 0.3715x10°8

= T

0,2705 «0,2016x10™° 0,897 x 10°7 «0,7452 = 10°2 0,3004x10°%

* Unise  h

I
&
I
g
:
I
-
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Shaptez. 3 °

1+ The study of the mivror mieled H> and He® prosents
a unique opportunity to investicate in ‘etall the thregenucloeon
probless wherein all tho three mucleons inSeract otrangly with
each other, The sorioes of muelddes HY, H? W, He®

mﬂ He* offere 'an unrivalled opportunity to study the
relative changes oeeurring vhen the mmber of nuoloons
changes by unite of one and two, thuc allowing the charge
wmu nature of nuolsar forgas to be sormtinised

under carefully controlled conditions, ' 9431 thece ine
formatione vhen available, will cortalnly throw 1ight

on the gquostion of the existones or othervise of an

intrinsie threesmuoloon foreet, &)

Eztensive exporimantnl. studlos of electron seattoring
by threcemicleon systeme have dean made by Colia? of St
and thelr data nogessitato a detalled thesretical investie
gation of the threc-nuslesn graund sSates,

-y

Celiamaghandran an? X, Ananthanarayanan, Huel, Phys.
633 (1oce)

1) B.Collard, A.: mfnudterﬁ &Iahnmn I‘.I‘am.
Wl

A. Valker, Teoarian and
n.r Wasner, Fhys. Bov, Lette, 11 L'!B {1 e




he study of the photoproduction and seattoering of
plons from these mueled will nocessarily yield recults
which together with the electron scattering data might

ensure a deoper understanding of the structure of the three
micloon systam,

8¢ hile the photoproduction of T mesons from deuteron

has boen studied by several authors®, scargely any attention
gsecme %o have boen bestowed on the corresponding problem

of the photoproduction of T mesons from thresemcleon syctomse
It 4o indesd surprising why no expesiments have becn done 5o
.far 4n thic case, Our main interest in this prodlem 38

due to the interesting relationship betwecr: the photoe
profuction phenomenon and the nuelear magnetic moment

problem, Ihe eloseness of She magnetic moment of M to

that of the proton and the closeness of the magnetice noment

of HS 8o that of noutzon indicates that the ground states

of H  and He® ave predominantly Sy, R

ifhere s nevertheless a doscripancy and 1t is tempting to

. attribute 4% %o the admixture of other ctates. Howevar, it
turns m" that no reasonable admixture of states ecan
account for the anomalies, Caleulations with two body forces

guggest that the ground state 46 primarily S, with o small

® seo Chapters 1 and 28 ,

1) RB.G.fachs, "iuclear the (Addisoneiies Pablish
E.::urll a:iﬁn “n"%'&ﬁ““:ﬂ'm 74 :::o um)m
Ry Avery aﬂ!né i.ﬂ-lﬂ:ﬂl' H'W'Bt ﬁQV. s 110€ {1549)




admizture (about 4 5 ) of *D,, , vhoress an adnixture of
~about 40 £ of T, state and little Dy, state is nooded
to give the corroot magnetic moment,))  Consequertly 15 s
bolieved by most authors that the magnotic moments in Shose
melel are nndiﬂsﬂ.?man” using a more sophisticated meson
theoretical appromehy has also interpreted these magznetie
moment anomalies in temms of exchange effects.

In this echapter we shall study the elastic photow
profduction of charged and neutral pions from He® and HZ

in the impuloe approximation, The processes to bo consie
dered aro

¥ 4 He® —= H® + 7’ : (3.1
Vol i s it s (3:2)
¥ o+ hHe® — WS 4 T | (3.2)
¥ G HE — He s (3-4)

We investigate the sensitivity of the eross seetions to the
modification of the nueleon magnobic moments, Our approach
differs from the conventional approsch $o the magnetic momont
protlen of He® and H™ 4n that wo shgll @iscuss tho cone
‘Sequences of medifying the single rmeleon masnetie moments

1) R.J,Blinstoyle, Have Mod, Phys. 284 75 (105¢)

8) F, Villars + Rey 257 (1947
™ v, Payos Actas B0, 96’ (Goan). )




instead of introducing an unknown exchange current contri-
bution to the muelear magnetic moment. It is also suggested
that the results of the charge pion photoproduction from He™
and H*® be used to determine the ratio of the eross-
sections for the processes ¢

¥+ P > n + u’ - 35)

and
Y + N0 — b4 T~ (3-6)

5.The ground state wave functions of H>

were first
studied by Gerjuoy and Schwingarl) who obtain D (L=2) state
wave funetions which are not orthogonal since they have not
specified the isospin {—r) « Farthermore, they desecribe

four (instead of three) *  functions which are not linearly
independent., Verde®) has classified some of the states
according to symmetry properties, Later, Eaehsa) made an
extensive study of the ground state wave functions of both

He” and H° using the isospin formalism, He has obtained

two S - state wave functions, three P - state wave functions

and three ) - state wave functions, However Derrick and Blat'b‘)

1) Gerjuoy and J, Schwinger, Phys, Rev. _€l, 138 (1942)
2) M. Verde, Helv, Phys. Acta, 22 , 340 (1949)
ibid. 23 , 453 , (1950)

3) R.G.8achs: "Mueclear theory" - Addison-Wesley Publishing
Copgpany, 1955, p. 182,

4) . Derrick and J.M,Blatt, Wucl, Phys., 8 , 310 (1958).

-




have given three S estates, four T- statec and three

D - states, thns adding one more <- state end 7°- state
which are antisymmetrie in the radial coordimates, The
elassification of Derrick and Mlatt 4c more suitable for
theoretical analysis, but the wave funetion of Saehs are
enpier to handle, Here we shall indiecate the method of conse
tructing the wave funotions (ap is done by Eachs),

In the threcemcloon systemy there are only three
partitionn (threo irreducible representations of the pere
matation group on threo things), These are § the complotely

' symmotrie reprosentation, the campletely antisymmetric repree
gentation and the mized cymmotric representation. The first
reprecents all permutations by 1 , In the antisymmebrie
reprosentationy tho even permutatione are mapped on to + 1
and the odd permutations on to —1 o The mixed symmetric
reprosentation 4o two dimonsionaly the matrices for the

elements bedng
eavlin) o SRR
(132) ¢ %(:in "i) .; ]:;zz (12)2 (1 o) y )
Dl ‘

= 1

Ebztzﬁ)ii('* ‘E) RS (SR "E(-i —@.)
3 1




Lot us denobe the doublet gpin ctatos for three mucleons by
1%::(1-‘2) _)5.;; .[3) ’(3- 2)

" =
C?m = I%i (g\,—'ﬂ' g._;)_cpm

where m 48 the projection quantum mmber,

g, ; being the Pauld spin vector for the i th nucleon,

Y%, (1,2) 45 the singlet spin function of the nueleons 1
%y (3) 4e the spin funetion of mueleon > .

o
gn ( 2 -9 ) 46 inserted in order to nore

(3.9)

gﬂ. & EE_\‘-E-; »

and 2
1
The .f'utir i
malise P to unity.
The L{DJS tranofora in the following way under the pore
mtations of the nacleons
Il)z CHER = C_f; (3.10)
(3.11)

nE =

The other relation ecan dbe obtained from the matrices given

in g, 3 -7) -
The T-= ) Aisospin doublet wove functions can be
(3.42)

formed in the samne vay as follows #
= SE e, (@)
=t

Tt A é(£11£3)n

! (343)




where L 1s the projection quantum mmber .

t-.-J-prfi mr
HEE and = —/2 for HZ H "Em = L4 = Ez., e

boing the isoopin oporator for the i th mueleon, 'E,(1,2)
iz the singlet isospin wave funetion of nucloons 1 end 2
t
E,,i (=) 48 the isospin function of tho mucleon =

From the epin and isospin funotion one can make the
follovins combinations

&, = Tt C 99 — ¢1) (B.14)
) ] SAIL)
P = C epn ¢N) (3. 16
DL = j: Cepm + ¢ M) (3. 47)

S5 is fully antisymmetirics @5 is fully symmetric
while & ad & belong to the mixed symuotric reproe
gentations transforning ldke P and T rospectively,

The interaal space conrdinates of the threce=pucleon
systens can be chosan az followss

E — l.‘_": ( E._‘ =} Ez -+ ‘:';!55,) (slislj
Pt Coao s ) (3. 19)
s (s (3.20)




where by = Ei“%} amd i (i= 12,3)
i3 the coordinate of the ¢ th mueleon, From the definte
tlons of 7. and £ 4t follows that

-

Fs = ig‘!'—'b =31 (3.22)

PRP = -1 (sn+ap) (3 23)

i~

Thue she < funetions of the inteormedinte class are

S N (323)
= 1 2 2
S v.,.-ITT_l(‘#‘F —3%n") (3.98)
The synnetrie < funetion is
S = (s + R 4 755) (3-25)

Any funotion of O_ 45 also symmetric for the interehange
of any pelr of raclecna indices,
The quartet spin functions ean be found from ¢ ,
(¢ by suttable combinationof O, = O am ol

20 e,

4y In fomming the S state radial wave funotions let us
follow the procedurs of Gehiffl) which is more general than
the proeedures of fachs as well as Derriclk and Blats,

1) L.I.ﬁﬁhi“' m. Rov, m ’ 3 8p2 (1984)




Consider a function of the wadial esordinates
i, M,z and n, densted by 9 (12,3) whieh 18
symuetrie in an interchange of nucloonse 1 and 2 bust
nelither symmetric nor antisymmetzie 4n an intercharge of the
pucloons 1 and 3 or 2 and = , From Shis sincle
funetion ¢ (12, 3), we can fomn Sho mixed symoetric

ar: — f_ [ afag,,»f) . &f15.,2)] . (3-25)
8 {% [ g (z31) + 30132 - 29@32,3)] (3.27)

In ad2ition wo have $2 conedder a funeslon U ( 123)which s
fully sy=metric and another funotion which fef Mully antie
symcetrie, The fMully anbisymuetric ¥ radial funotion 4s
used only by Dorpick and Mlatt and 4% ean bo formed from
three funetions U (20D
as followss

o, (2) and Dz (x)

2

Ui(a3) 4?1(—R23) rl%thza)‘

O s = tdk

a3 () €= Vi (712)

o, C 7'?-1_-—.-_-) g () Vi ()

(3.28)




The Paull prineiple requires that the overall wave
function be fully antisymmebric in tha fnterehanges of all
'~ Ghe eocordinates (spin, isospin and space) of any palr of
nucleonss The funmetion ¢ . has this property; this is
the dominant ~ S, state which is denoted by S . One
can also form another fully antisymmetric wave function
from & s & and Vv s T which 4s

(&% -3%) o Thiels the %S, state of mixed
symnetriy . whieh 45 densted as S’ . One ean form yet
another S'- state wave funotion (this 1s not found in the
classification by Sachs’ , but has been added by Derrick

and Blatt) using $. and the antisymmetric radial wave

I i

funetion _‘E‘ﬂ.. s Lzis Moy ) viz,
C}_-".:- Sl Bz shazs Mgy ) ®
Thus the three * o,  wave funetion are ¢
- Wiy b
i S (3-79)
(3-30)

(3-30)




8, Awave functlonwith T=!% aemd J: = Yo can be
obtalnod by oporating a sphericaliy symuetric operator on .
For the T state wave function thic oporator must eontain a
space vector which should have oven parity sinee all constie
tamnﬁuofmgmmﬂa* te have even parity, The one and only
saeh veetor v IE);’E! o ( This unit veotor conteins
anly the angular part and so its spherical components are same
as YL(E,Cijtfmawmtmtm & 4 ¢ eore
the polar angles of the norsal to the plane of the Shrce
macleanss Y, (0, ®) are the sphoriesl homonice of
rank unity )e The required spherioslly symcobrie operator is
than constructed by taking the sealar product of this unit
veetor vith a spin weator T, . O and O xJ, }

1

higher powers ¢an be reduced to thece or gonstants, The
expression

v

ap ey ke

= ‘LNS o
|72 x

CPM (=. 32)
|

i

1o clearly @ " P, funotion which is antisymmetric for the
- interchange of tho spins of mioleons 1 and 2 4 Gdnce the
doublets Galong %o the Aintermodiabe syumetyry class,y another
doublet functlon ean be obteined by applying She oporator

P> @iven by the espreceion L (1+ S a,)e e
fanetdon 1 (1 + %, T.) can bo meduced to the folloving




Al [ i
P (tw,g N“lx"ﬁ"r_& . =

F |z x £l

where tho fastor iz ¢ added for nommalisation,
Theso two funetions of mized symmetry clase should be
sultatly combined with "° amd 7' 8o get one of the
fullyx antisymnetrie P - stato wave functions

s ¥ P

A

o Al
W LA R (G ] 2 )
(3-34)

Another P- state wave function can be formed with the use
of v ad N , Orgsonocanuse S am S
Por Vv and U yeduce to S and S whon one takes
g (12,2) = ~(%)m?1.21 o Yo neod dombine U and VU
with " and 7'  to form a pair of mixed cymeetry funce
tdons and then combdne Shese with “~ P and *F to give

[(th +"}’11‘)"D_ i3 ('UTI "'T”? ){—-(me ﬂli‘?‘rﬂﬁ)]

<) (B.35)

x

I,,x,,

One ean absord ( Jwith 7> and © as Derrick and
Ratt have done,




Finally, ac podnted out by Derrichk ani Dlabt
a thind ﬁ'“l-‘-’.,ﬂ_ ptate can be formed by multiplying the
fully cymuetric wuve function formed by the eonbination

Pt~ 2Pt (2.2¢)
by the fully anticpmsetric medfal wave funetfon (72,73, T31)

t
.'L+ """I:l.x = Yl _]

nxf ‘rﬂ
)!f,'l

a:e
|
=
G
el
=
|
S~
r_"q.
r-l
9

I

%‘L ( 72 ,?1'131 ?1'31) (3- 37)

The wave fametions W, , V. U, are the throe

pesathle “P, state wave functions, In addition to

these wo can fom one *P, state wave function alsos The
4P, state wave funotion 1s symmetrie in tho opin variablos
and Gherefore Gan only b a lincar combination of

qu : ) and .t O iﬁ},xﬁ m
rr ]EKB LP (ruil NEJ ]EKB[ CP (3‘33)

The appropriale osocefiiocicnts oan be detemined by the syme
oatry uwler ’P; « Hence

4 . . w2 x f <
’P = (Lgli_‘!inizx-us)r = CPM CS 35)




@4nce this fumetion is totnlly antisymmetric, it must bo come
bired with the symmatric pro'uot of YI"',TII" vith o, v ,
Bence the “* T,  funetion s

nx F

& = :
q‘l’l?ml = Eq‘rqb+ 4 Ytk ] ['LQ:_”_ B 13. ?\-'.i:.xg-'-’.‘- ]

|
o f (s.) (zaw
[nxFl T e

€s The classifioation of 1 states by fachs is cimpley and
‘elegant but the thyee 1 state wave funetions are not orthognal,
Dut thece states ean ba combined &0 give an orthosnal setd),

Foy convenience we shall define tws weetors R = -1t
and R =(4)* [ o Fomationof the T state vave
functions requizes the use of profuete sueh as ( 4-R) (B -R)Q™
(A-RI(B-R)G™ amd (A.R)(3 - K)P™ whore A amd B
are spin operators,

Thooe space=opin funetions are emmbinations of S, P
and T states thal have even parity, J = ), and totsl
angular momentum eomponent m o For a partieular cholece
of 5 and B thafmrapma-lplnﬁnnmwbegmpﬂ
into two combinations

d = [(AR)(BRY+ (CA-RXB-R)Y] @" (340

& = [ (AR)(B-R) -(ARIB RIIYG™ (349

wihich tranoform 1tke " anmd O™ end so belong to mixed
symmetry class and the two combinations

1) D.PGibson and LeI,lehifrf, Phys, Rev, 238 9 DO6 (10e5)




are Pospoctively antisymmetric and symeetric with respoet
to permmutations of maelcon space cooriinates, It is easily
geen that D, = (AXB) * (R xR ) an? henoe yields the

F 7> state functions formed earliervhen A amd B
are pultably choscn,

Tho semaining three P A are coubinations of D
and < obtatos, Gince highor powers of O & introduce
nothing newy it is suffieient to choose 4 = ¢, and
B= gy, & We thus convert the turec combinations into
fum pure D states by subtracting their S parts vhich
are the averagee over orientations of tho space triangle

—_

dofined by R amd R o Consequently

D = [@3 B..-)(.g:u’ :E..J He (EE'E)(EH: ﬁ)— %(Effﬁ.‘a)(—%'gﬂ?ﬂ
(3.45)

5 = [CEBE)(E!Z :Er) -(93° Exg:u' E)- %(E;‘EHJ(&L— El):l (—PH
(3.46)




D, = (T RXG B) +( Ty BT B4 (Ty Si) (R*BY]

(3.47)

These are the D, states vith J =% . The quartet
charagter of their spin dependence means that they sare fully
synmetric with respect to permutations of the mucleon cpins,
Tme DA have the oymmetries indieated by their subserdpts
with respect So pemubtations of all (space and opin) coordie
nateos of the three muolseons,

The T4 must be combinod with or multiplied Ly
isospin fuanetions and perhaps also by scpherieally symmetric
space fHimetions co as to form Mlly antisymmetric functions
that obey Pauli's prineiple, ~Ps can be only be multiplied
vy (v7Nf — Tt )  witeh 15 enticymmetrie,  As

montionod before - and - can be replaced by s and S .
'I"ﬂ,f =g TR

e = B Cwoat e Bt ) CEs) (3.4%)

Thie 1c oquiwvalent to Sochs' wave function w:’t with

and > wveplaced By S and S . T and D may be

combinod vith s to give

xp:"; C.DAE = Bt ) =) (3.49)

: e
whieh 4o equivalent to Sseh's wave funotfon V. . Finally
mizod symmetry combinations of tho s A and 7'®> may bo




combined with the D 4 to yleld a wave funotion whieh reduces
s matepmntentis V" wem o et o ame
voplaced by S and S , $he threo pairs can be combined
in any onjer and the result 15

m,E

Wiee = [<wn'=-%ﬁb)m—wauamm&,@,)

(3.50)

It has boon pointed out by 0ibeon and Schiff that #f.:’t
4z orthognal o both wf’t anl ﬂP'S’t tut “tP}",’kam AT
are not orthogzonal to cach others Replasing ¥, o =@
bylessgenoral S and S they refefine Vs amd

’\P“;E as followes

“"P:’t - [ (5_'[)5'5 - 23)'55) ﬁ*_ @'ﬂﬁ'@'-nr}s%)ﬂi] -_‘F?(SE)

(3.51)

w:lt = ( j>§’:ﬁb - tb_ssqtj -Fs(s5) (B:52)

In those Shree wave funotiont the angular and radlal
parts are not factored explicitly ae we have aﬂg ,f
end % dnotesd of the unit vestors f and £ . e,
ghe wave funetlons Vs, Wy Vand the D state vave
funetions are not the same an those of Derrick and [Elatte.
forrick and Tatt have separated tho angular and mdial parts

and further instead of using the a. operators for building




the D stateo wave functions they have used the Buler
=
anzle wave funestons Dy, (% B>7) gor the angaler
pn.m-
The Darrick ond Rlatt D state wave functiono aros
' /2
ql)sf = (9% - ) s (o) :D:m (<, ,%) ) (3.53)

4

o A 2
“L}JS: = Lne =) (’% )[ :Dfm{d'm)
+ D} (x B¥)] ((3.54)

A A
voo (el B R0 lapn) ¢
Hmﬂzgx,p,r)_"[ (®.55)

nucleon

The ground state wave functlon of the three body system
iz a linear combination of these ten funotions §

Y™ = Z G Y (3.5¢)
i1

The osefficients (O, are shown 50 be real with the help of

a time roversal argunent by fache, It 1s of interost howover
to estimate which of thoze ten functions are likelty &2 be
more impartant mwmmunuammt&tmym
‘dominant Serm 4n the groun? state wave funotion will be oyme
motrie under the interchange of space coordinntes of any palr
of nusloons, Twoy vather compolliing arguments are available

to subtfentiate thie views First of all the Hajorana potentlal
will always favour cuch a atate, Furthemmore, the fumotion

R ™

0



vith the smallest mumber of nodes 15 expeeted to have the
lowest kinetic energy and a high degree of symmetry usually
Smpliez that the mumber of nodes 42 a minimum,

The only space symmetric state 4s TP,”’E « £0, we are
ded to the view that not only &5 tho ground state primerily
a S, setate but of the threec 'S, states it 1o predomte
nantly ’lP,’"’b + The tensor interaction couples the “D,
states dimeotly to the S, state ™' , G, some
admixture of D funotions is %o be expeoted, Though in the
Gach's classification the wave function 'LP:’t seome to be

more probable, in the classiflcation of Derrick and Elatt

all the three +ID;,& Gtates are equally probable as the intore

mal wave funetions of all the thres have the same mixed syme
-metrys The TP states oscur snly in the second order as far
et the Tonsor foree is conderned, Finally the states whiech are
dikkely to be least important are states with antisymmetric
intermal wave fumetionsy that is, w;"’t and ’IP.,'"‘t .
The kinotie entrgy ascoclated with these states is so large

that no serions error ismde by omitting them altogether,

7+ Though the groun? state wave functions for three nmoleon
eystems can be & combination of all the possible states V.,
the binding energy ealculation using appropriate two particle
internctions show that tha ground states of these micled ave
expected to be predomtnantly (~96%) V"' , The probability
of the D states wiich ccour due to their direct eoupling

A e e R——

T Al AT T s By ] "

E Bk 28




to the W,m'tumamm * 3.39% 4 the admixture
of the other states are expeetod to be neglizidble, As a first
approzimation we shall therefore assume that three mucleon oyge
tems ave sufficfently well deserided by V™'  alone.

m, & ' )
AR R Al SR B e S o (3-57)
{ 7 G ¢™N*)
Tho amplitudes for photoproduction of T - mesons from Hej
or H> 4n the impulso approximation ean now be written as

LTIy = Lhs b efSEi > rmise)

2=1 ;%

vhere the initialm and final mucloar states have the form
(3.57)8. o fackor o' 2% g5 agrached to the final state
to take into mccount tho muclear rocofl; Kk denotes the

recoil momentum
& = :'.:i, —= H‘, (3' 59}

vhere 7 amd X are the momenta of the incident photon
and the outgoing plon yespoctively, Eince (1> and [f>
- are completely antisymmetric in the indices 1 42, 3 we
may write

i Ro%y .
<-91T|1->: 3<.F|f3'.?' !t> {E-EﬂJ




where [z 48 tho yadial integral
k(R R)
R= [« CE I T B e
The anplitude ' for photoproduction of charged plons

has the form as we have ceon in chapter 2. of Part 1 |
b oo b St

wvhere tp and tn denste the photoproinetion amplitudes
for the processes ( 3-5) amd ( 3-6) respoctively,
The isoopin matrix elaments betveen the various states ?It
and 1" are ealenlated to give

LFEIRED = <F It > = & p
Yty = o
<AV e, > = o

LR (itpE) itpe=aiat Sy




CRE T NE> = o

<R £ (3) [ftS>= -5 84 s,

< R RS (3.63)

0o that we ean write (3.40) as
G = bl o 4(}3*“’] tz| §" o+

- L& E@IeT > ] R
2 (3.64)

vhere ( donotes EP or ©n respectively for photo
profuction of T ' from W or 71~ photoproduction
from H>,

Be In the case of neutml plon proiuction, the singlee
nucleon amplitule L  bhag the fomm

S e (-4, ]  (3.65)

o

whore tp, n Genotos the T1° photoproiuction amplitude
from proton and neutron respoctively, so that by using the
matriz elements ( 3 .43 Wwe have




<4 'Tli>=%%{<@mrlé(f;{3)+ '1%?,{3_}) | cF'" S o+

+ L F™) (2| > (3:66)
for neusral plon profuction from  {e® amd

. /) 8 o "
SEUTIED 82 T g ERCHORETHODIE it

4 CP™| A | B> (3.67)
.Tl-ﬂ
for ¥ profuction frem H3 .
9s The spin matrix elements occurring in equations
(3 44 ) to (3.67) can be caleulated by writing the oporators
in the fom

t(z) = 103k + L (3.68)

and agein using the following velations &

Y| ™S o L@UIGND> = St -

#
|

& R iamis s
4@5'“! los o gy =0

— r

CP™ | GE|GT>=~2im b, o

( CP‘M“' 1 '5-2(3.)} q:,‘m>= am %‘m,m’




< c‘p"‘"’| o (] p" >

I
o

'

SR m el s e = S

Z gt

and after summing over the final spin states and averaging
over the initial opin statos

L 25 lcpivlinl = SIRPCK 58" + L)
P

Ll

(Bu7D)

vhere K and L refor o the spinedependent and spine
independont emplitudes fov (3.5) and ( 3.6 ) for the

charged. plon production with HE and H> targets rospectively
and

: Py KELTILAT = L IRIP (k- &M t?) 5

for neutral plon photoproduetion, where K refors to the
spinedepondont part of tho amplitude for

RS - -1 S (3.72)

e P — e (3.75)




with M and He™ targets pespoctively while L  for
He” target 1o given by

L= 2L, + Ly (574)

and for H” marget by )
75
L.= 2Ly, +Lp ik

10, It i vorth oboerving that the photoproduction ¢rosse
sootions for the thresemicleon targets take such particonlarly
interesting foms, The combimation <L ( K. K™ 4 LL™)
refloots the fact that the targets are opin Y, systens and
the strustuve faetor | Fs|”  takes into aceount the momentum
distributions in the initial and finnl states characterictie
of tho hound system, Since for the photoproduction of charged
plons only the protons dn  He® or She neutron 4n H~ can
gontribute, the respestive K and L for the processes
are K, 3 Lp am K, , Ln whiloall the three
nucleons ean participate in She T7° photoproduction, Dut we
ecan pioture tho threesmucleon systems as two partisdeles with
the same charpe fommineg & singlet state to whish the third pare
sicle 1o coupled, This means that the likeecharged particles
eannot contribute to the spinedependent part, Therefore we find

K given by K. and [Kp for Y+ He — e + "
and Y. H> —> W 4 T® pespectivelyy while the spine
independent part L 4o glven by equations (374) and




(ST ), respectively,exhibiting the partieipation of
all the three nueleons,

11 9% The differential eross seetion for she photoproduetion
process 1s given by

da

=2 T - s <:J}-IT!!1>|:L (3.76)
e (aTm) }%}_{ ARSI |

€ Apins

assuning no energy transfor to the Sergets. Here € . @enotes
the ineident photon polardsation and the eross seetion ( 3.7)
rofers to initially unpolarised photons, Using for the 41fe
ferent < and | the appropriate exprossions given by
Chevw et d‘, and averaging over photon polarizations, the
following explicit expreseions are obbained

) o s B e ST < G i
C_IE_ v, }Lel{l |F3 I.':l‘..- ,| a..,lll (31?1}
alfL v,

whore I(Z!fla':lu given by the expression (1 .42 )
(4 1) FiepatigS | sy a S e

»

de LR e

P o v
P e
vhere alse |Q|” 1s given by the expression ( 1.53)

(3.79)

"G.F Cheow et al. thﬂ. R.To m ¥ {1957'} 1345,




i) Y + He —= He + T,
1. 2 M El“Fi 2 ST 35, g el
= SN ek == B B )+
a.fn 29, ] Fa | 9}.{4 A 555 (1+ 2 )

A2 R B Ges Sy [V (1 cos'0) - apto p v Cos 0 F
3:}13

b ot [apt (i 2peme)e A Ceater] ] s

|

W ¥ o+ K = HT 4+ ‘i"l‘ﬁ, |
dﬂ“ EE‘ 4 2o -
A L{ IF};];{ AV a8, (1432 22 8) ¥
9 = ol 1 5‘}14

2
T A sl e enegel= SRE eos 6]+
[ |

4+ P [l (pd -2y cese) + V(14 CefR)] +

A 6 T e 53
L s = _cff""# ,9-1.?19} (=




whore Yo and o pofer to the photon and meson enorgles
rospectively an@ © 45 the angle betwean thoir momenta V

o

and | , Other symbols are explained in the chapter 1

11, The fom factors have beon evalusted by aumrti}far

exponeantial Ganssian ond Irving wave functions and by Griffly
and nnkum for IrvingeOunn wave function, The "exponential"
wvave funotion

= - =
U = AN iz ﬁza)xm-@-'xP[- A (7"-?5‘*‘ 33;.3 "‘"7131);' (3 81)
with A-’L 3! i‘i
i 2>

would be more plaunsible physically i f it did not contain

the reciprocal square root &s a factor, It would still be
possible to evaluate the needed integrals analytieally if
thies factor wers to be omitted, but the labour reguired would
be meh greater than with (3-2() s The "Saussian" wave
functlion

W g= A exp [ = -;: =SS +”-1l;-. + ?1-:.1_23'- 3] ka"ﬂ'l)
with A:, s 3-3}/’:. o(‘
Tl-a

is extremely tractable analytically, but its rapid falleoff
for large intermucleon diotences makes it rather implausibdle
physically, The "Irving" wave funetionS)

1) L.Iiumiff' Ph.'fﬂt flev, m * B goR tIM}
2) TyA,Oriffy snd R,J,0skes, Phys, Rev, 138 s B 1161 (1964)
3) ;ﬁ Iﬂiﬂg. Ph-'l-l. Hﬂﬂl ﬂ ¥ 338 (1’351’




S -4 A~
T = A EXP[‘%_G{[‘:?{H +h;3+’?zf3.>1_]

Ge2)
vith A= a¥a 6

120 >
is not too difricult to deal m: with analytically and has a
high degree of physical plausidility,

The Irving=Ounn®) wave function 1s gpiven by
U = AlE+nne ﬁ?a)_haexp [-% CHE LS I’EJ (=:%4)
with A 3wt
a

which beheves as the "HulGhen" function 4if one of the parsicle
is talen far aweys |

Analysis of the three body electric charge fowm
factors and magretic fomm factors by fehiff show a definite
preference for the Geusslan and Ipving fomus of wave funetions
over the modifled exponential wave function and a slight proe
ferense for the Irving over the Caussian form, Irving-Cumn
vave funetion 1¢ found to give & good it for the analysis
of the photosdicintegsation of He ,

Lot up firect use Caussisn wave funetion to analyse
the photoprodustion erossescctions, lowever the resultes for
the improved wave functions will be given in the later chapters,

13, For the Conssinn fom of U the sise parameter X
has boon found by Schiff from the analysis of charge fom

1) J.C0unn and J-Im.’lﬂi Phil, Yag. 42 4 (1951) 1383




factors, The value obtadned for o , o= 0-334 fv ', getax
is in good agreement with tho Coulembd enargy of He“a’.
following Behiff the form fastor can bo evaluated to nive

Y
B = exp (* %,, (3. 34@)

The mumerical estimates have heen obbaine? for ineident
photon energy of two plon mass units and tho rosulte are
presented in the fipures G-, =2, 3 amd (39 ,
fhe curves (&) were obtained usins from mucleon magnetic
BaRte b [{p = 2°793 a.w. s My=- 913 n-m.
while the ecurves &) were obtained with the phenomenological
values : My = - 2:127 n-m "“,\”e:m Mp = 2:979 m-m;
in H> ¢ Im Mg, (3-1) the curve (@) corrosponds %o the
differential erass sestion for the procoess

T et A at Ey= 1ZoMsv
with unquenched magnetie moments whareas curve (b) eorrese
ponds to guenched magnetie moments,

In figs (3-2) the curve (4) corresponds %o the 4if-
ferential eross sections £or the prosesa ¥ + H> > p+ M~
at E, = 280 MoV with unguenched magnetic momente whereas
~curve (b) eovresponds to quenehed magnatic momento,

In £z, (3-3) the curve(A) corresponds £ the dife
ferential emse seetlon for the process Y + He —s He 4 T
at E, = 280 MoV with unquenched magznetic moments whepcas
curve (b) eorresponds to quenched magnetic mements,

In figs (3.4) the curve () ecorrecponds to the dife
ferential erossesection for the process 1 + H> —s H>+ T




at Ey=29 M=V yhoreas curve(b) eorresponds to quenched
magentic moments, As tho form factor is a monotonieally dee
ereasing function of £ . the erass sections decrvase steadily
after reaching maximms in the neighbourhood of 45" 4 In the
cage of neubtral pions the crossesection iz dominnted by the
first tem (15 =2 An ©) ghe other temms being of the
order :“/M or higher, Consoguently we find the diffevential
eross sectlons for ¥+ NeS > He +° amd ¥ + H>—s HOa T
show an increase with inereasing € upte & = 45° , This
tendency is however offecet by the steeper decrease dua to the
fora factor which rasults in the orassegoctions falling off at
Jarger angles, Uimilar vresults are tme for charged pion photoe
production crosresections also,

14, 1In the cnse of charged plon photoproiductions the
differentisl eross section:s are not much sensitive to the
changea in the values of the micleon magnetie moments, Fo
ve can use the fre¢ mucleon magnetic moments themcelves in
the expressions for the differential eross ssctions as a good
approximation. Furthery; sinee the probability of admixture of
other ctates 15 small we can nssume that the dominant S state
alone reprenants the threo micleon sysstem:s. Under this assumption
it s interesting to compare the differontianl erossesection for

AL e S REL T* with the differentinl crouse
goetdon for Y+ P > m+ T on the one hand and
the Aiffevential osossesection for 7T -+ H® — M4 T




with the differontial erossesection for Y + N — P+ 7T
It is easy to check to find the following equa ffons to be trues

c 2 3. 85 )
g S (
2 2y d6; . (3-28)

F (k*) 9O0n
40 s o

is the fom factors Gan be caleulated from the clastic elets
tron seattoring experiments equetione (3 .35) amd (380
can be used to derive the differential erossescetions for the
phistoprofuction of plons from single nuelesnr., This ie very
intersating in view of the nonawailability of free neutron
targets, This 18 an alternative to Chew's extrapolation
progedure’s  AlSo the ratio of the differentlal crocse
gootions do (Y + He® — H>+ m*)  and

46 (¥ + H? s HeS4 W) Pepresents essentially
ghe T - watio for nueleons,

ig'u In the case of neutral piar’.- peofduetion such a simple
relation dooc not axist between tho differential m—:ﬂg;‘ma
of the photoprofuetion of neutral pions from the threo body
eyctems and the single muecloons, Dut the sensitivity of the
differontinl orossepections to the changes in the values of
the mueloon megnetic moments 1o appreciable, from 6 = 20°
o € = 60° 4 The meacurcnent of the crossesoction in this
region will cerbainly throw light on tho magnetic moment
structure of the three mucleon systems.

T Tz S S e VY =T SV




41;:5. As the queneching of wmagnetic woments imercasec
the differential emssescetions for neutral plon photos
production for all anglesy it iz intoresting to estimate
the total erossesections with and withous quenehing and
study whether thore is any observable difrerence, In the
following table we give the results for neutral pion
photoprodustion for HS aend  HO  gop the dncoming

photon energy 5y = 2 plon mass unite.

mm

Procoess

Oy i Pb-

guenched  unyuenched
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CHAPTER. &4
!
> The ealeulations for she binding energy of the
three nucleon systems have shown that . e is the

principel part of the ground state. In addition to this
dominant S statoy one can expect small edmixtures of

w:"ai: ' U, m : w:,t ea 'L[J:‘t '
It is important to know what should be the necocsary pers
centages of admixture of these states., Different porcene
tages of adnixture are obtained for dAifrerent potentials
when an attempt 1o made to fit the binding enerpy calculaoe
tions vith the experimental value., Tharefore one is at Q locs
to now the corroet percontages of admixture, This 4o mainly
due to the freedom in the adjustment of the paramaters to
arrive at a ecingleo value, TFarthor binding cnergy caleulae
tions eannot select the form of the radial wave function ng
all ealenlations hinge upon & sinele value, One can have &
botter inoight regamding the percentage of admixture in the
ground state of tho throeo micleon systemy 1f one attempts to
make a caleulation wherein the parameters should be adjusted
to fit a continmuous et of values rather than ome single value,
fuch a possibiliity is wide opan in cases sueh as the erosse
sectionof a reaction as a function of the seattering angle

T e e S - — e

* O,Hamachandran and K, Anantanarayanan,
Mucl. Phyo. £4 , 652 (1963)




or nuclear fom factors (e.gs elootric an? magnetie form
factors)s A gromp of phyeledsts at Stanford are ursdnqéu
-bake a thorough irwvestigation of elastic and inclaste electron
scattering to achieve this goal,

fhe A1friculty in dealing with these processes is the
inablility to Saclkde the masnetic moment problem of the three
meleon sysSome, The configurationenixing eoul! not explain
the magnetie momente of H® amd He® , The precise
way of dealdng with the exchange macnetie moment affoat «
which 1o expected o explain the deviation of the nagnotle
momont of HS  from thet of 'n' and the magnetic moment
of H™ from that of ‘P’ « 15 not known, In view of this,
the cholce of a strong intoraction process (atleast to the
firet order) 1ike the elactic plon s@attoring by throe
nucieon oystoms may be a bester cholee £for the analysis,
Tho differential erossescctfons for the ploms seatbered
by He® and 1> can bo taken to analyse the shree nucloon
groun’ ctates,

8, Schiefd provided & theonetieal Baskground for the
ezperimonts on the elastic senttoring of high energy electrons
fron H® end HE eonduated at Stanford by Collasd et
a1 . Bo used for the ground state of He® end  H

n,t

"t
a suparposition of and U e The

2) U.Caliard, H.Hofstadter, A.Johancoon and Lel.Ceniff,
Phye, Rove Lettersy 1) » 132, (1963)

=




babllity for . This 45 against the spirit

of the econclusion from the binding energy calculations which
sot the upper 1dnit of tho probability for ™

(known as S  state ) tobe 1 €, g‘rmwmum-
culation of the S’ state probability from the plon seattoring
exporiments will be of gourse very useful, for reasons explained
in the previous section. But no experiment seems o have been
performed for this process, Yes anticipating suech experiments
a calculation has beon made which we present in the next seetion,
It 1s found that tho Aifferential eross seetion for T seate
tered by He op T seattered by H” at 90" gg
very sensitive to the S’ state probadbllity, It is sugrosted

that this ean be used to measure the S' state probvability
’Psf .

3¢ Tho amplitude for the scattering of pions from He>

>

or H can be written in the impulse approximation as
k.%

CElFlEs = wdilb st et sl (4.1)
i=1

where L. denotec the positron coordinates of the mucloa™
and

Ui 5 IR

NS (4;2)




is the momentum transferred to the tavget, %, amd YV,

mmmmmmmu of the pion, Since

(1> amd@ [4)> are ecmpletely antisymetrie in the
labels 1 4 2 4 8 ve nay write

; LR

ATl < = 2pib e 7"

The operators t have the following form in the isespin

space

t= L (gprtn)+ S (-t 2, (4.4)

vhere {, and L. have the followins strusture (eonsie
@oring, to be precisey TIT  seattoring) 3

- 237 5 Lda3 :
by = o [29, %, — LT- (%, x Y )]e Fains, (45
= : (833 .
th = aijt:,s [2?1'%1— Lq':'-'(q!.ﬁn_“ Aol EL 33/5'””3-"3‘ (4-6)
vhere % = |q’1.l > quﬂ,i 3

and W denotos the pion energy. :
liere we have taken into account only the dominant
(3, %) phase shifts 33, as the other phase shifts
B &,, and 3, are negligible compared to
3;; 4n the energy region under consideration, In the
case of JT geattering tp, and tn interenhange
their roles we shall further assumo that the Coulomb effects

l+> (43)




!/
are negligiblos If wo takey an admixture of S state
+
'Lllz"“*t alone slong with the dominant S state W,
the initial state has the following fom

I: .
1+> = ’U-’:h’ A+ wlm*b

=é{(@m‘1t— PmNE ) U+

= L [+ g YT + (BT - 4" )] 4-7)

whereas the final state has the fom

14D = exb (L RRY(P"+ 4™ ) (4-8)

vhere exp(tR-R) 4s introduced to take ints aceount the
rocolil of the nmuoleus, The wave funotions s D
and U  are normalimed as follows:

frucadiys =1 (4-5)

B, = § (oY) P

2 [[g*2b2)~ 3(31,DYEZHLIPR;  (4.10)




Bvaluating the isospin matriz elements using the equations
¢ 3,65 ) nozlectdng S —> =' transitions as
the matri= element 15 proportional t6 P and taking into
account anly S->S' and S'>S gransition ( the S—s'and sShs
traneition matrix eclemente are proportional to [P )

CRITUD> = 2 [KP™| (pttn) +20t=t) [ 3> (E~5)) +

+ O™ Ctpttn) = § (=) [ §7> (4 E)] (410

t=+% gor He or H® pespestively, and
and . demote

E = f ut u exp[tR:(R.-R)) &'n:  (4-12)
For

£ o=={(B*u+ urF)eap[ik (n, R)Jd 2

S

—2 [wu exp[i kR (xs-R)] I n; (4-13)

Here 4 = *1_4‘:, U are all assumed o bo veal,
This assumption can be proved from time veversal invarianced)
Expreseing tp , ta  for eonvenifence in the fom

r 'L,pﬂ = . 4: 0 t—(up,n'i' Lo (4-14)

2

1) ?.;““ Jaehsy G; Huclear theory'y(Addisonetiesley
PP (352- 235 7) :




and using the results (5-(}‘1) of the previous chapter
we ecan evaluate tho spin matrix olements &n ( 4-11 )
to obtain finally to obtain

155 |cglrlii™= (koK + L2 (4:15)
Spins

wherey 4n the  He®  sargets
Ii = Fﬁ Ka + E’\b’p“’hn.}j (4-16)
L = R @@Lyt + F,CLn—Lp), (4 -17)

and in the case of H” targets
E‘; = ks t::p 1+ Fs C Ky +1,'_<_.-,~._) ’ (4-13)
L1 = F5 Can-\— L-p) + Fs* (L-p_ L—n). C‘f-'g)

Choosing the Gaussien type of radial wave functions we have

U= Aexp[- % (e +nk + w3 )] (420
oo L [3@3,0 - 302] (4-21)

V2

s _1@[3-(13,:}+ 9 (13, —23 (1,3)] (4-22)




wvhere 9§ (12,3) are funetions of the fom

2 mim
g (123 = Bep[- & (nkh+nh)- };nm] (4.23)

4 Integmals F= and . ean bo evaluated by
expressiang the intarmmeleon dlstansce in tomms of the
two vectors | and T dofined in chapter + The
intograle . and [, after the cooriinate transformne

tion take the forme (without explielt mention of the
Jocobians )

Fo = |AF fexp[-ar (207 2y - L ik pld%aPn, (429

ey

Bt AT ey sy R ) (4.25)

S € S




It i then best to do all the integrations in tommo of
rectangular components of f_, and 1’. The most
mumumgmmynmumhruumaanms

of tems of the fom
0 e

S _re:tp [-a.f'-—'bg"_ 20 XY — % ihx_'[ dxdaf , abpc® (2:29)

-0 —in

where X amd Y are eorrecpondiing weotanpular Qome
ponents of  and 31 o It s evaluated by votating
axos in the ay plane with tShe result o

| *b -30)
T Cab-c2)™ exp [ — 5?_@_*::1} ] (4 2

The nomalisation constents A and B  are found from
the following relationss

o=t A2 Jenp[_ a2 (2p*+ 72) ] d3'£ d>n (4-31)

2 a
v = 25 (g fens [- OB r2R) - PR+
sf P

R L L ~|gm(h1+’1:5i)
-EYP[‘D"%.@“&*""IR"" 2) =z e

(a-32)

1) lenm!-ff' Phys, Rov, mt (1964) BO2,




He axpeot  to be much smaller than A, and gpto bo
vary elote to o , It turns out that 4f B and A
have the same sign which 1s chosen positive for definitenese
then { must bo elightly less than o in omder to have
F, pooitive as Lo observed in the electron seattoring anae
lyeis, Farther if vo define

€ = o- g #.33)

then &he ©o lovest onder B and € enter into the exprose
sions for observable quantities only Shrough their produet,
Thus we could as woll choose B and A with opposite
signe and P slightly greater than «

After intoghation we have the following results

(4-34)

2 3 b
Fg, _ EKP —1-;1-;-1) = s

and tho expressions for ., and P.: are

F, —+2 {6 T°AB { p(- B+
= {:{3 (liﬂ-"“ﬁ:. 13':11'
o [ s} 459

i 3 = 2 4-36)
Felmais TAS . 3(«+=’*Pf"‘* (@ p2) 2 (5 B A

Poromall € oguations (4-36) and (4.33)pive

-p’ = e B

i o= - (4-37)
5 .
-3'%' oL




Bguation (4->5) may be simdlarly approximated 4 it is
asoumod that €  4s small in comperison with >/ k3
as well as with X with the help of (4-37) 4t may
be written
: Ya. R kL
B =2 (B A (- 5) (4:39)

9ot 18at™

Fron electron seattering experimental Mnn one can arrive
at the followins value for of:

o = 0384 fwm (4:39)

S« The differential erossegsection for scattoring of mesons
fron H> and  He  ocan now be finally written as

dUH3 - Atﬂlsj.s [,5!:.“19 | F5 & ‘E"'Fﬁrlﬂ..{. 4&519 l%g+% st 12‘._J C4‘4ﬂ)
A0 q* i
and

L8
A%y _ Sun'dsy B IiE+ 4 R |* s 4CsB|ZR+RE | ] (4-41)
dﬁ i q'}l

Bxpresedons (4 49 amd (4-4)) ave evaluated mmerieally
at inecldent pion energy corrosponding to g plon mass unite
whore our ascumption that the seattoring 1s represented
sufficfently agourately by the O, phase shifts alono holds,>)

1) L.I.Sehiff, Phys, Rev, 233 B, (1964) 802,

8) J.Hamilton and Wabiglioolooeky Revs, Mad. Phys,
a8, (1963) 77 .




The differontind eross sections for 11 seattoved
by He® amd H® are given in the tablos 1 and 2 below.
Mo 9%ia gop T seattered by He® 4g moro ceneitive
to the S'- state admixturo at 90% tham 95, for T
seattored by H> at the sase angle, Thereforey it 1o
interesting So study the d54a gor T soatBered by He®
or equivalently T~ eoattored by H°  4n tho nelghbourhood
of 90° for Aifferent enewples, Honee estimatos have deon
made for daﬂ% a.at ineldent meson energy equal to tvo pion
mass unitec and 2,6 plon mass units for the seat:ering angle
=80°% 4 8° 4, 9% , 95° and 200° 4 taking for
B thovalues ©° % , 1% , 28 , 8¢ amd 4%,
In £1ge (4 |) we have plotted <9He®/ /0 againet
the seat:eoring angle © for the incident plon energy
equal U0 two plon maso units and for = = 0%
1% , 88 , 348 , 4 %,

In fig. (4 2) we have plobted “°He’4 0 agatnst
tiio soatt ring angle ©  for the incident from enorgy
equal %0 2.5 plon mass umito and for ~ = 0%

18 5 88 485 4 4%,
Phase shigk y

By linoar extrapolation of the , Ois for incoming
pion energy equal to threo plon uass units,estimates are
sade for 4%he> /4N at 90° , This analysts is not very
dependable @5 the linear extrapolation of 3.; i very
unidiely %

\) H, A, Detho and F, De foffmenn “Mesons and Fields",
Vol. II , Rowy Petorson and Company, "hﬁf Torik, me 124,



aable 1
The differential erocsesection for the reagtion
WP e drt Ll s et i mb/ A
m— - m“
B of 14 8¢ asg 'S
(deayess - - — £ -
0 34.46 .40 31,46 34.46 34.46
15 20D 30,08 30,08 30,10 . 30,10
Eomr - = m - e -
30 19,64 10.86 10,97 20,00 20,06
45 2.682 2,034 10,04 10.18 10,19
e e S L - e -—
60 3.534 3,732 3.818 3.882 3.041
00 #3234  0.4078 0,4488 (.49928 5020

.3970 » 1504 23974 +5160 +5278




dable Il

The differontinl emosegoction for the renetion
He® 4+ T 5 U 4 T py mb /8%

- — e il

g\ef 0fF 15 8% 8%  af
L(dﬁ-&) B e T AT S o a—" T -
o 67.60 67.66 €7.56 €7.56 67.56

i5 58,30 58.26 58,024 53,16 50,16

m ﬂ'“ 37. EB 37-:15 3?'“ %‘m
45 17.51 i7.04 17,14 17,07 16,99
G0 4.76 4,728 4,728 4,714 4,708

20 08804 06738 LOBB2E ,00GH2 L1086
136 7154 L6554 6324 6148 L6000
120 o7350 L6898 2 L6206 60 £ 5876




Hovevor as the 23: exhibits 1%self only as a factor
Ain* 3., an estinate at @ = three pion macse units,
WALl bo useful to ctudy the sensitivity of the S—>S' conte
bution to the variation of enargys The result is given below 3

B 0f 1% g af 48
M— - e i EEEEEE S
10‘;}"23 L H-b/m U'ag 1‘ 54 9.“ 2.86 3'45

M

¢ Vo find that the censitivity of the erassesogtion to

P 4neroases vith energy, This is beeause o e
proportional b § k™ ( square of the threo momentum transe
forred to the nusleus) , The rolative sensitivity of A0k /4o
to B for T seattoring eompaved to A6 ean
be explained as followst vhen we assume pure S ctato,
as the 1ike charged particles fram a opin singlet s ' contrie
butlon comes from the protonsin  He®  for the spin f1ip
part of the elastie seattering processes and no contribution
comes from the neutrons dn #° , At 009 the contritutions
to the eross sections from the none=opineflip part identically
vanishes, 45 the mmplitude for 7' 4an —» T 4 n
s onewthim of tho amplitude for T +p — W7 4 P,




vhen only 23  phase shiftc are Saken into account,
at 00° tho conteibution %o she “Shela s Y th
of t2e 90w 4 , The contrilmtion to the spin filp
part from the <’ state ndmizture beine the same to
poth d0ues 4 amd dOW2 dq , this contribution
compares vory well with ( 1 th of the Sk 0 )
JTHE% . with pure = gtate than with d%34 9 with
pure S  cotate,

By charge symsetry TI-  sdattored by K> 4s
equivalent to Ti~ scattered by He®

The inclusion of final state interactions may not

affect the ratio of the differontial erassepections as smeh
as it affeats the differential cross section itself, Also
due to the finitenese of the experimental resslution in €,
it nay be ecasier to deal with this ratio, G0 we suggest
neasuremont of the ratlo of the differential erossescetions
in the neighbourhaod of 90° o the differential erosse
‘soction in the neighbeurhosd of 0° ,
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Das= 90° 255
do FOR Wty HE—» T, HE AT 17 =280 mev
d
5 Ri= PERCENTAGE OF THE S- STATE
ADMIXTURE.
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do par it Hg-q.. (el HS AT W =350 mev
dS

g;: PERCENTAGE OF THE S-
ADMIXTURE.
ElG. (42)
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m g
The percantage of admixture of S stato in the

ground state of He and H°  nocessary So explain
the aleotron scattering data iz 4 ¥ V. Bt the
ammum of the thomal neutron ecapture by deutron ree

vealed that the value for T ( S - state provability )
| ecannot be greater than 2 £ , Also the ﬂtﬂﬂf} of inelastie
e-re® amd e-u® peattering acsuming that the eojected
proton i: counted in coincidence with the seattered aleeiron,
hae sevealed chat 4 £ admixture of S'- state bringe in consie
demmn'ﬁincupamy with thoe experimental dats whereas a pure

S - gtate gives a good fi8, M tha absence of <' state
cdbeon and Sohiff® have shown that oven the admixture of

- stabes and D - states cannot sxplain the dats and have
sugusested the posoibllity of including 7-=%: gtate admixture to
tha gm! state of H< $o explain away the dlserepanay. An oarlier

- o

- — -

* K, Anantanarayanan, Physics Letters, JB , fumber 3, (10€85)

1) iuI.Eehiﬂ'. Fhﬁ"ﬂ- Mi m ’ E m (1”‘)

.2) T.K.Radha and N.Tetolstory Phys. Roevey 236 &y 388 (1964)
3) ToAOrifly and R--T.fhkas. Mhye, a"" m B . 1161 (17e4)
4) B.F,Gidson and L, I,0ehiffy, Phyo, Rov.y, 238 1 4 26 (1065)




perturbation ealeulation by Oricey™ using the Cowloud
interaction betwecn the twn protons and Irving wave funce
tions for He® dndlcated that the T= state admizture
can be as large as 2 %,

We now show that the differential erosseseotion in a
direction perpandicular to the inocident beam iz canciderably
" decreased by o small admixture of T =32 state, If either
T=7% sotate or tho ' state alone ( seo Chapbor 4 )
is present then tho edmixture can be found from tho exporie
mentally neasured 21fforential erossescction for T geate
tered by He® at 90° , On She other hand, if an adnixture
of both the states existo, we sugpest the moasuronent of the
differential oross section at 00° of the 71~ gscattered by

H?  (vhevein T=% state s assume? to be absent)
waich alonz with the measured @ifferential croscesection of
7" seattered By He at 909 will provide the poereontago
of ndmixtore of both the states,

8. Due to Coulomb effosts the ground state of muolel with |
more than one proton need not have T (dsespin)as a sood ~
quantum numbor, Coulomb affects are important vhen ve think i
of admixtures of the order of a fow per cent , of stabes |
other than the dominant © state in  He’. For the Coulomd
energy of He” e 0,70 Mev which is adout 10 7 of ite total |
binding energy (7,72 lev ), _ '

. B i e Rl T o o e ———

# 1) ‘l'-h.ﬁrifry' Physice Mbtﬂrﬂ' p &3 . 165 (1064)




Thus we have to consider the states with - 72
in addition So the otates with T - 7. « The iso=spin
functlon wilh T=3% =k, T=='"a 18 fully synmetric
and 4t 15 pgiven by

YIE, (llsl- [g, mgf (:.)% raJ E mé”"()ﬁ LTk

=V i i ;
e CinE et ] (5:1)

llow the only S-statowith T= 2/ , Ty - Y= ana
=% 48 given by

Vo, = (BE-GF) N (an) (52

— '5‘_[;__

8. Let ue take for the ground state of He™ b
in addition to the domimant S gtato &
S s = 14 Laro-—v (=32)
Vi = £ uwl9T-97 e e
following the samo progedure as in the chaptor 4

we obtain for the differential erossesoction of the 1T+

=

elastieally scattered by He ]

T= 3/

dG.2 Sl 033 [ [Fs=2F_, | A0 +
dsi o4

+ 4_l TE=—2F =3, ,JJEﬂ'&A’B J CE.J-)

wheve S:-s is the dominant (34, 3/2) plonemeloon
phase shifte, (In the cnewgy region ehosen the othor rhase shifts




B4, Bys, B, and 3, ave nogligible eoupared with

533 ) "-:;; is the inoldent pion momentum ’ (2 the
seattoring angle,

5
K = Ju"exp(ih__.ﬁa)dE'gh (5 4)

b
Frp= 2w expCi ko) d®n, (5 1)

the o sign of F,.;, 46 50 chocon Ao 6o yleld the correct
change in electric change fron factors as 16 lnown fron arparie
nenta,.

From (5°'4) 1% is obwions Shat the dlfferential orosse
soetion is senoitive to the adsixture of T-= % state in tho
neighbourhnod of O = 90" 4ipsespeetive of the fors of the
radlial wave funesion, Oaussian wave funetion giveu the
following exprossions for the form factors (see chaptor 4 °

R e () ek
g = (ﬂ;% 73 hl , eXp (L 13'11’) (5:9)

vhere P T=32 48 the pereensage of admixture of T-% stata,
o= 0384 'y Infig, (5-1)  we presemt the pesulte
for Che incoming moson energy « = 2 plan mage units, In
fige (5-2) we present tho posults for the ncomtng meson
energy w - 2-5 pion mass unitas,




Ve find that tho diffevential ersss soctions ir very
sensitive o Fr_s, at 0% and that thokensitivity inercaces
with onersy.

4s 1t 18 very intercsting to compare the effeots of
' state adnixture with the effeets of She T-=% state

adnixture, ‘hile the fommer increases the differential

oross sestion section at 90° the letter decroncos the sawe,
In Table I we cospare the effeets of admixture of thoce
states for the inconing meson energy W= 2 plon mass units,
In Table II 4 we compare the offeet of admixture of thete
states for the inconing moson enorgy (o= 2°S pilon mass unity,




B If wo ssowme the charge indopendensce of miclear
farces, then the T="42 state admizture can be present in
the ground state of He~ only due to the Coulomb force
between two of 4%e protons, vhareas there will be mo %~
T=% stuto adaixture in H>. @harge cymmetrip iupliocs
that the pieror meloi He® and K> should eontain
egual amount of S' state nimixture, | (Por,01l tho proe
pertics which ars mot electromagnetie in charactor ave the
sane for both rmolel) , So,when both the s' gtate and
the T=3 state are present 4n He® along with the
douinant S - state, the two paramoters P.r amd P,
ean bo found from two experimente ¢ TV geattering by

He® and 7~ soastering by H® e= Gtho fomer involves
both Ps' and Prox. uhilo tha latter invalves only Pu ,

The exprespions for the differential eross seations
for ' scattered by He® and for T soattered by

=

H are civen bhelow
0uasie I Ainidyy [ IR-2F ,,+ 4F. | AnO +
d 0 09> Y2
% a i (Fi‘g)
o4 (TR 2R, AR Cete]
&Eﬁ Ain 033 [ | F, + 4_.}?5;11,3&-38 -+
da  © 99 (5-10)

L ks % 2502 e ]



. :(Ezl)yl_hf exp —«-I‘—t) (5. 11)

St (e e

The ineclusion of final otate intoractions war not
affeet the ratio of the dirrferential erospescetions as mush
as it affects the differontial erosgesection 1tself. Also
e to the finitonecs of the exporimental Posolution 1t nay
be easier %o deal with thio ratio., Lo we susgest the simale
taneous measurenents of the ratiom of the differeontial
erossepootion (5.9) and (5 10) 4in the noighbourhood
of 90° to the differential erase sections in the noighboure
hood of 0° &

6s It 45 interasting to study the variation of She
differensial erass soction for the T ™  scattered frem

He' 4n the neighbourhosd of 90° a8 wo vary She probabie
A s

In Fige 5 1 the dirferontial erose gection for

T4 He® — T4 He® ab the ineoming pion energy 280 Mov
in the labaratory system ic plotted for the falloving values
e ol i

P el ifo, 27, =, &% and 47

T= 3k =




In Fige 5 2 the differential eross seetion
for T4 4e” — mYs Re’ at the incoming
plon energy 350 Mev 4n the laboratory system is plotted
for the folloving values of

P‘T-;Ely: = 1% 3 j'%J _‘E'Z amnd 4;/"
('Prpaf,_ s dametzed as P‘r Cn -Fc.‘?mﬂ')

7+ Sinco tho admixtures of both S’ s8ate amd
T = 3,:':.. state give tho smme change in tha eloctrie
ehnrgéﬁ&cﬁoﬂ » it 15 not poselble o ind ocut from the
roquired chonge In the electrie charge form factors to explain
the exporimental data, whether the admixture state io
S' ptate or T-% sgtate, Mt we can pes ‘hal
wherons S' - ptate admixture inoreases the 4ifferential
erocs section for T seattering from He™ aprmeciably
in the neighbourhaod of 00% y the T =% state adwizture
decreases the came differential emss sectisn eppreciably
in the neighdourhood of 20% . 5o we oan find from the
experinentally measurod 441ffarential oross gection for
T coatered frm  He® avomwnd 00° whether the neoded
admixturo 4s of s' state or of T =%, state,
In Fige (5°3) and (5°4) ve plot the d4fferentisl
erose Section for I elastienlly seattored from He®
at 280 Mev and 350 Mev pespectively around e = g0°

for threo possibdilitios




b

(1) Pure 'S state 4.0 P B

T:‘].rrl
(8) ‘S'statewith 2 £ - :u  stase

1e0. PT-_—?;:_ = r:’/ﬂ T e =

(3) ‘S'-gtatewith 1 ¢ <' ghate

= X

t'.' B = rrl/:' ) PT

that
Yo find even Gas alnixture as emall as 1 £ eon be easily

dotetted,

s =34 =




dabig.. .. 1

PMifferential eross seetlon for 1T~ seatbored
by He® in pb/An gop the ineoming plon cnersy
w= 2 plon mass units {( = 280 Mev)

Porcontage of admixture

gtate
0 i 2 3 4
i - — e —
s’ state 35,00 77.96 83,80 06,52  100.06
4—-—-—-—-—-—-——-———_—._______ R - p———
T=>2 gtate 35,98 23,70 19,63 16.63 14,30

T T T P W - - R R =z




sabla. AL
fdforentinl emsseseetion for T sentbtered by
=

He® 4n pb/An  gop the incoming pion energy o = 23
plon vass undts ( =~ 360 Mov )

Fercentsge of sdmlxture
AMdnixture state

0 1 2 a 4
s' shate 2,805 21,14 23,89 35,04 41,01
T':%"’L “‘tr' ?-F!"JE 3-333 '?.Sf'ﬂ qﬁm 0.9’?%
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3
4o For Wty He = T . HS AT wW=280 mev

ds2
E. = PERCENTAGE OF T=3/2 — STATE
ADMIXTURE.
FIG.(5:1)
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Eff FOR MTt, He—» Tty Hg® AT w=350mey
= E = PERCENTAGE OF T=3/2 — STATE
ADMIXT URE
FiIG.(52)
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Fs'= PERCENTAGE OF STAT: ADMixTURE

B~ PERCENTAGE OF T=3/2 +7ATE AOMIXTURE
FIG.(5:3)
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85° 00°

t%’" FOR TT* 4 HE— T +HS AT  wW=350mev;

Fs'= PERCENTAGE OF S STATE ADMIXTURE

Pii= PERCENTAGE OF T=3/2 STATE ADMIXTURE
FlG.(5:4)




Sasier 6 *

1. In theo analysis of the elastic photoproduction of
chargsd and neutral pions from the three nueloon systeme

Hoe' and K>  presentod in Chapter 3 4 ve apsume
pupe S state for the ground states. As the small ofe
piztures of < otate mand T=3/> gtate { ns we sssume
eharge independence thers is no T=92 state in “H )
play an important role in the study of the ground ctates
of the three mucloon systoems, it is worttwhile &o ctudy
the effeets af these sdmixtures an the differential oross

ceotione for the elastie photoproduction of plons,

In this chapter, we find that the stnte
has pracsically no effect on the differential crosc sections
for the elastie photoproduction of noutral pions from
wvheroas tho state admixture has nagligidle affect on
the differential erocs scotions Tor the photoproduction of
neutral plons fron both > and H « Both s' ptate
pdoixture and -3, siate adaizture have negligpible effect

e ¥, Anantanarayenan (sulmitted to Muclear Physics )




" on ths forward angle differantial emes sootion of the
photoprotugtion of eharged piono and their eontributions
to the backward angle ersss sections are very small,
Ecpeclally thore 45 no cantribution from the state
at 180%

The reoults indiente that 1t 1 e reasomable aprroe 'i
zimation to neglect these stater in the analyeis of the '

phm.b:;miuuum of plons fren 4> and He.a' »

2, ¥hile she S state may be present Doth in the
groun state of H> and Me 5  T=34 state will
bo prosent only fn  HS 4 charpe independence of the
mlau; foreces holds, Of cource there are some indieations
for the violation of charge independence and charge cymmetry.
Ve shall econsider thic possibility 4n a latter chapter,
tiore theve it no weaning in Saking T=23 state 4n °H
€o account for the charpe fm dopendonto and charpge asyne
metryy while using a charge indepondent Chowelow Shesry for
the plonemueloon interactions. ‘haen an admixzture of both

s' sbate and T=235h gtate ic presenty the ground ctate
of H° and PS  emn be written ns




s 5t
== FLP'I + FEPZ -+ ﬂ’rt-z.fl CG'-LT]

= = (9" =P Hyu &
:_-é [(@m’lh +g§mﬁb)a,lar +

A aﬁm ﬁb = ?m ’Z't:} '13"51] +
+ & ( q__'};'_ @m — —_h-r CPW}) ﬂ,;_{ (/6'1}

whore t=+'2 and C-1 ggp B> gma t=--Y2
and €=0o for H> e U, er Vr am

o, er DT  differfrm v and
only by constant factors, U/ 4 WL 4 g

’U‘T are nomalised as folldwe o

5@; +or) a2 P, ®-3)

5 ("-"&"’Txrm) 0131.1- = r-P1-=3;1 (6-4)

1

where 1., and TT-3, are the prodabilities of




s' ostate admizture and the probabllity of T=3-> gtate
adaixture respoctively,

3¢ In the case of noutral plon photopraduetion the
single=mucleon anplitude can be written ( as in the chapter
3 ) an

t = _’;__ ]: C£;+£ﬂc) . {L-:_tna) Tz] (&.5)

The additional isobaric matrix elomonts between the various
etatos 7t 4 [ amd 7, ocan be calealated

to cive
| Ta® |5, =
<t 2h (S 5=
(6.6)
= ¢ B s § (1_**?)
(5 | =02 | N D= % 9%\
! G
G }Tiiijl‘{i&'}: gb‘pgﬂ(?)
ow the mateix elemont (F1T14)  of the transition

esplitude T Ddotweon the initlal etate |i> and the
final otate |{> ean bo written using (6.6) and (3+63)




in the impulee approzdmation negleoting the teras proportional |
to r?s' ’ .PT——-?*I:.: amd {Py' ]:%-.—_zf_,,)m- as fllous ¢

4TI = —?‘3 ['(éamjl (t';fsj“f"‘f':fE'J)+af(£;{3j=1‘:{3‘).}‘]¥m>,
x 2(FE~ Fs) +

T LM (> + B ) - -t 9 >
¥ 205 4+ For) +

- € B, <oV I Ie">] 6w

Here t(2) aote only upep tho wave funetions of the nuoleon
vith ndex 34 The . and (.3, are defined by
the eguation

-2 [uwy dPr, = ko (6%
2 fuqrrnsfz Pr, = ﬁ-zsg,_ L6.9)

The spin matrix element in the oguation (6.7) eanm
be caloulatod by writing ((=) 4n the fom

ti=s) = UTa K &L (6.16)

and uoing rosulte (3. 69) , we thus have, after summing
mﬁawngm;mbah-m:-muum,




Rl ) I(%!TJE)lzz ﬁ.t{f I o5 (6-11)

Spins

whero 4n the ease of He targets

K=" K Bt fulEptRa)l= g B (K-K,) (6:12)
L — FE. (ALP+ LT‘I';I - {Lr}_ LF‘}( FS'F T 91_‘ [:']"_-'_E}rfa\ﬁ {61 f:i-]

and in Sho case of H- targots

E{ = = E-'F + Fe Ct(,.r:- + !S.a'l"{j (6 .14)

He — Fs (atntlp) + Fg'(Lp“Lﬂ‘} Cé,'[r;)

Casooing the Saussion forme for U and U 4 we havo as in
the chapter 5 .

hm |I.-/ l‘.
L= e (-1a3) %.16)
rF; / 1{’2 hﬂr hﬂ.! ; !
Fs1 = (Gﬁ) 9x? e (_1395‘} (617
Pz )% R* o e ) 6 19)

- T=32 L2, ¥
F;'—'j}’n. ( & gt "Kf’ ( 18 w?/ { /.




th: '
4. The smplitude mﬁ:otmum fof charged plons
has the fom )
£k, €0 O - (6-19)

wiore tp and v demote the photoprotuetion amplitudes
fran protonn mﬂ_mtm rogspeesi e« Ubing the matrix
elouents (e 63) and (6.6) the natriz elomento
41715 onn be written in the fupulse approxisstion
noglecting temms proportisnal %o R M 'Pr;_% and
ba
(EI"EI:%) §

Lelliy= S [ <@ | t=)] > Cr+ 25)

(6:20) |

=5 (P |6DI9™ > (R-ak +Frosy

wiiere for the progoce ¥ 4 Moo —> HZ+ 2t
{',(3_) = EP {3} LG-SJJ
and in tie ense of :B""F"'HE —> He® 4 It |

t(z) = tu (3 (6-:1?3




Evaluoating the spin matrix elements as in the previous
sectiony averaging over init’al muolesr cping and summing
over final muoleay spins wo get

il * % 6 o=
e O B e s B
egpiﬂb
5 'S i
viore for the proconses Wk e et
Blhs, Bp (k= j;_“E-:s,rg_)
6-24)
=34
- — R = S e ":r;s/_,l)
an@ intho gase of . Y+ H” o oS+ T
.-IS == E_':,y-. CF5 S JZ- F-r::;z)
(6.25)
{
L = Lp (FE‘T‘QFErHEpT:SXaJ
Gs The amplitudes of Chew et al for the photoprofuetisn
of charged and neutral plons from single nucleons can be
vritton as
. () (6+2b)
tP = 'th.J 1 5
(+) [ s '
Lo Pt N SR




tp = 2 ( T b‘@) ( €§.28)
b = i CE T £ ( 6.29)

Tho esproseton for L0 £S04

vere given in ohapter 1 , The terms in £ are propore

tionad b M, M being the mueleon mass and so  £° 1o

cmall esmparod vigh 39(” IR L @an nogleet
Bfml B . . E, e Fr_5, are smal

cmpared with .

In ease of neutral plon produstion we oan thus nogleos
the tem (Kp —Kn) Fr_., and (Lp-Ln)R _5 25 tdene
Gloally mero, We find that thore are no other torns containine

Fr_5, 4ntho expresoton (6.12) ama (6.12), Thus
thore is practically no contribution from the T=%2 state
to the noutral pfon photoproduotion from  Ho> .

“ith the uco of the expressisns sivent in ehapter 1
far U and 29 yp ean write tho ezpressisn far
the differentinl erovo sections a7 the neutral pion phaotos
productiony noglooting temms proportional ¢to B as fallowss

% & %)E_E, W C%);-;f (g.20)

wene . (99000 2 i meanniialien S ohe

S-S Gransition an @f’“/am,)s,gu the contribution
from S-S’ and s'— s transittons,




da- 2

mide (§5). . 18 given by (379) gor He® amt

by 20) gop Ha;@ij{) is the same for both He and
S-g!
1+ and is given by
d S?\L'D"-E & A L & 31)
_“_') = Fs Far ( QF;" Svn 533 (1+ Cos™6) (
s

| In.Table 1 we have given ""@%s-ﬂ eontributions

| (-fn% ,n§tbr e and H* taking for s’  the values
1%y 25, 3% and 4% , againot the S-S gontribusione,
. We have assumod free mucleon magnosie nmoments as the quanching
effects are negligidble ( being small Shemselves ) while cale
coulating the small S'Suwdss'eontributions.




0 4.160 4,603 019 027 «033

I

15 4,004 5.550 +«073 «100 «126
'—-ﬂ—--——--—-____.__._ - “ e

30 15 28 15,99 ,164 « 233 +285

45 10,63 10,7 .19 077 .83

ﬁﬁ 17-% 1?-% lm ;fm .ﬂ"?'?




Contribattons frem (3% ) s nogligihle emeopt for
very bagikward angles (w 13p°)-

€s The diffeorential eross gecdlons £y the glastie

process Y 4 He® == HZ+x T is given by tho exprescsion
F:'ﬁf:_ =5 = ‘-,I
; 4 Tr=3h de cl_.a:) (6.32)
3%-1 SR Cm,) T NdQ ises

wiore (99740) 15 siven She right hand side of the
oquation (3-77) amd

2 L
LS A vef . a a (6.33)
*112,_5,: R (TF ) A" daaYhin ©

The differential erons gection for the slastie
progese ¥+ H> -5 He S+ 4p given by the expressisn

(ﬁ) - (1-%&5;:%)9- (?Q;L_% (% v (6.34)
m@?églu given by the right hand side of the
expressdon #3.75) and (9970) . _.i1e piven by the
espresaion (6.33) ,
In Tablo 2 the contridutions from S state
a‘mizxture to the differontial erass seetion for hoth
Trle®—= HIZE T gng Y4 HZ —= HeT T




— — v

are prosentod for various valuee of T., alons with
the difforential orass seetions for Y+ He™ —> WS+ 31"
and T+ HY 5 853~ yichpeme S stokes
nogloctin: quenching effects,




dalde_ 2

Contribations fron <' state admizture to the i
difforential eross gections for V4 Me® > 1t ° + ¥
and Y+ HEs Newn

o

2,333 4. 7¢6

o
(>
o
=

&

44000 2970

2

o007 «000

B

64029 G008 L0407 L0686 0%

&

C.784 ﬂ.m -m «180 .m

8
&

704 5,021 #191 L2680 390

8

1-433 l‘m .m .m -m

135‘ i 179 'm ‘m ‘m ‘m

3

000 «107 0 0 o

Qo




7« Tow let us diseuse the data whon we take pure S state
for H® ond an edmixture of T=5% pkate along with
S -gtate for He® .

In Tatde 3 , wo have presented the Aifferential
erons pections for the pragoss ¥4 Hew — HE4TT
taldng for r—_=2 ( the probabilisy of =2 state
adnixture in  He” ) the values 0%, 1%, gf,0¢4
and 4 8 ,

In Table 4 , vo have prosented the ALffercntiel
eross ssotions for the process ¥ o4 HT —> e 4 2T
taking for 'F-r==:fz.mm-.m 0of , 18, 8%,
B%, a8,

e f£ind that the d1fferontial eross ceetisns in

ok ey

the bachward angles are nmlhlﬂ to rP-r=‘% .

8+ ‘hen wo take an admizturo of S' gtate alons with
tho dominant S state for H- and ad an admixture of both
s' state and T-% gtate along with the Sominant

s otate for Hc we oan see from tho equations (6.22)
and (6.34) that to get the differential erass seetisns
for both the provces:esy we have to add the valnes of
@o/40) < <1 prosented tn the Table 2 8o tue veluas of

i fFT-ar.ra @T«_rl. Progented in the Tadbles 3 and 4
AFs /N




aabkle 2

.3 3
DAfforentinl orossesestion for | 4 e — H 7
vhen T=73), state adaixture is taken for the ground state

an

-«an of i 2% ag 48

o° Q383 4,37 4877 437 4.37

18° 4,000 4,877 | 4.868 4,060 4,858

20° 688D  Gu728 6,680 6,640 ©€.602

&° G704  6.512 6,410 €.,35¢ 6,29

eo® 4704 4,500 4,424 4,543 ;.am

20° 2,483 1,883 31,2089 3137 134

238° JA700 L1478 L1357 L1908 L1115

180° <000 0520 0473 L0438 0400




ankie . 4

3 —
Differential erossegeetion for Y <+ HB-—?« He 4+ 71
vhen T1=3] gtate edaixbure i taken for She ground stato,

'Pm,a o 14 g8 3 g 48

0 4775 . 4,72 2,'7%0 4,700 4.4

15° 4,97 4,948 4,099 4,929 4,092

30 G.Con. €.580 ©€.540 G.51¢6 G.400

45° €.708 6.405 6,403 64330 6,261

S5.00 4,733 4.€40 4.5% 4,400

a0® 1,858 1.663 1.504 1,527 1,490

«3240 «3169 « 2010 8710 «2563

«107 +1579 «1418 «1800 «1218B
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CHAPTER.7

1. horens the thopretical analysis® of the elastic

secattoring m" showla definite preforence for the Ceussian

and Irving wave functions over exponential wave funetion and
& elight proforcnco for Irving over the Onussian Sypo wave
fanotion for tho radial part of the ground state vave fanc.
tlons of the thres mucleon systems  He” and  H> |, the
analysis of the inslastle eleotron seattordng®) o — ke
and ©-H®  aseuming an ejested proton 1s counted in
coinoldenco with the seattered elsetron, profors the Irvin'e
Gunn vave funotion %o the Irving wave funeotion, Also the

analysie of the thommual neutron umn‘“ profers the

Irvingefunn wave funetion to the Ivving type vave fanetion,
But the caleulation for the muon eapture rate in He™ 8)
for the prosece  p + He® —> K> + Y peports

good £it with Irvingewave funotion while sthe IrvingeOunn

vave funetion gives too small a capture rate for the process,

1) h:i:ﬂhlrf' Phys. Rev, m B a4 802 (1004)

2) E.%rg; nﬁugremm, a: l%g. Parieo,
. W fsaroan i m!
Phys, hw: Lottore ™ ’ WMI r "

3) TAOriffy and HeJ,0akes, ihys, Rev, 338 B , 2161 (1064)
4) Tell.Aadha and HuTnMﬂllr‘ Phys, Mi' a6 B, ans (1964)

G) BedOukepy Phycieal Reviow,




Tme 4% remedns an open guestion whether Irving
or Irvingetunn wave funetion should be used, A1l the
caleulations in tho earlier ohapters ware done far the
Oaussian wave functfons due ts 1%: simplicity, Inthis
chaptory wo estimato the diffsrential Cross socsions
for the photoprofuation of charged and neutral plons
and seattering of plone from  He® amd 15  using
the Irving and Irvingefunn vave fumetionse As tho small
admiztures of S stato and T-: state @5 not give
‘eonstdorablo eontridutions G the @1ffevential orosse
scetions for the photoproiuetion of plons we take pure

S aotabes for the pgroun? st%ate wave funotians of HeS
and H® + In the case of seattering of plons
the sensitivity to S’ ptate or the T-% otate
aduirture is found only when the seattering angle 4o
in the nelighbourhosd of 009 , The ealeulations with
GanscianeIrving and Irvingetunn wave funetions far the
dominant ® S stato shows that the crose sections are
senoitive to the fom of the wave funotion only in the
forverd angles espocially betweon 30° and €0° , %o
it s reasonable to neglect these states £or the pione
seattering analyeis also,




It 45 to Lo noted that the sonsitivity of the dife
ferentinl cracs soctions for the photoproduction of pions
wvas obcerved £o be in the forward angles, Time just from
the photaprofdustion erosa psotions we cannot eanelude which
wvave funcSions bave to be preferred, Dat from the dife
forential oross sootlisns for the plonegeattorving one can
mako a cholgo for She correct vave funetisns. This vave
fanetion gan be used far the saleulstion of photepmoduction
eross soctions to Jook for quonching effacte,

8, Asgming a pare S - gtate,the grount states of He
and H° onn be written as

(Llj-'m;': G @m,lt Ly c&}"ﬂ‘.zt) 1L (.'7.1')
The Irving fom of U ean be written ap
W = A exp [“ %.: {hJ‘: i 31!; + “5?)!&]
3
= SRR 7.2
9 (120'3?"5)*"’" ( )

vhereas the IrvingeOunn form ic given by

2 o~ 3
= A%E"‘%(h1an‘l‘ H:éa"'n?"f)hﬁl_
(7 + nIs *"3’313{&
- 'I/-‘-udr.n'
o, AR (7.3)

(g m>)"




3+ The square of tho natrixz element <tlTlt> for
mmapmmumocﬁmwrmm-um
over miclear spine can be writton as

Gl 4 Tl IR G Lt o @0
Apirs

vhere K ana L rafor to the opin dependent and
epin indepondent emplitude for Y4 P n+ T ama

¥4 M —>P+3" gorthe T  produeston free

He® am® T protuosion frem 1> rospaetively
ville for neutral plon profustion K pefers o the
opinedopendent part of the amplitufe for Y + P> p+1t°
e T+ N >t T v HZ aml He®  etes
targats respoctively whereas L for oo targets is
given by

L = QLP —1—i.--.-|
(7 5
and for N>  targets by
The muclear form factor |_ iz Qorined by the equation
Fs = (o exp[iki(na-R) 422, (7.)

where R 4o oqual %o =K 9 % s & being
mmummmnmcmmnn-mummm




Using for different K amd L  the apsropriate exprece |
almhyﬁhwnn” and averaging over photon polarisae |
tions emplielt expressions for the Aifferent processos are i
given by She equatfons (3.77), (3.78) , ( 3.79) avd (3.5
The form factor [ coming in all these integrals ean be
evaluated by the method of Emtfa, for the differont type
of wvavo funotions, For the Irving form (7.2) of U

Fs 48 given by |

2 _y y
Fo = (1+2 )77 (7:9)

9

and for the Irving<Sunn fora (7.3) [ 4o piven by |

45 Ay Rf1+2—€ Va
Fany = =L se) " © (7-1)

= 7
(14 25 [1sf+ 2. )")

The parameter o< 4n Irving wave functior ean be
found from the elootron seastering data or from the noasuroe
mont of the Couloud energy of Ne~, It was found by Gehire

o= Al ._‘I‘m_i (?'”)

for the Irvingefunn wave funetion the parameter

1) 04F.Chev et al 4 Phys, Rov. JOG » 1345 (1957)
2) Lel.Cohiffy Phys, fove 233 3 g 202 (1964)



mrmww)uun to have tho wvalue

ol = B FB0 N | A (7 12)

7 In figs (7-1) the differential cross seetdon 4o/ n
in (b for the process A Nl iS4 oeTE
is plotted asaingt the seattoring angle © in degroen,
using (1) Genssian funotion for
(2) Irving funetion for U
(3) Irvingelunn funetiosn fop U
In fig (7.2) the diffevential ercstepection do/ia
in (b for Y4+ HZ —5 He®+ 7 platted against
the seatiering angle © 4n degroes, Using
(1) Causeian funstion for
{2) Irving funotion for u
(3) Irving-Ouan funetion for U
In eig (7.=) the differontiel erossesection do/ | n
fn (b gfop Yo Moo —> HeZ 4 Of°
is plotted againot the scattering angle 6 4n degreocs,
using

(1) Caussian funetion for

(2) Irvirng Sunetion for U

(3) IrvingeOunn funotion for U

In fig. (7.4) the differontial ersspesestion 99/,
ta p-b. for ¥+ H® —= HZ 4 31°

1, Bk, . n0et and J.i.0mt
Phyoe Rovs 1D 17 s (2%




45 plottod againot the seattering anglex o 4n degreocs
using

(1) Oenssian funetion for U

(2) Irving functlon for U

(3) IrvingeOunn funotion for w
_ The dirforential erosc peetion ic sonnitive to the
form of the ralial wave function in the forvard angle oce
pooirlly betweon 80° anmd 60° , Dut the censitivity
of the differential ecrossesection to the quenching also
is in the forwarding angles, €o wo have %o analyse a
procoss whereln there will be no quenching eoffeets. The
pion sqastesing by the Shres mucleon systems offers 1%self
for this analysin,

6. ‘Vhen pure < state it aspumed for the ground state
differentinl eross gootion far the elaptie centtering of
TT Wy He® 4o given by the axprecsion

E’Eﬁfﬁg = F;' E’-jnji?: (4+195 Cos™ ) (7.13)
ot oq*

For tho elactic seattering of J17 by H~ the difforene

tial eroco section mt 18 given by

ds}> ~ F.: A O ( 9 4 91 Css™e) (7.14)
dfL gq 2




In Fig. (7-5)  the differential erossseetion do/j,
tn b fop JTT + He™ — He™ + 71T 14 plotted

against the scattering angle © 4n degrees between ©O- =0°
and  © =97  yeing

(1) Gaussian function for
(2) Irving function for Y
(3) Irving-Ounn function for L

In Fig. (7. 6) the differential cross section doy
in m-b for iR e T S S plotted
egainst the scattering angle in degrees between 6= 30
and © =90 yging

(1) Gaussian funotion for U

(2) Irving function for U

(3) Irving-Gunn funetion for 1

The differentlal eross section is sensitive to the
form of the radial funetion in the forwerd angles. As the
admixture of <' state and T =52 state have pegligible
effeets in the forward anglez, we cam choose the correct form
of the wave function from experimental data for T secettered
by |Eand H3 s

The chosen form of the radial wave function can be
used in the anslysis of the photoproduction of pions and
the effeet of quenching can be measured from the experimental
data for the photoproduction. of pions.
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1. Tho binding onergy calculations sot 4 ¥ as the
upper linit for the probability of the etatos 4n the
groun® states of the three bhdy syatems whercas tho proe
bability of gtates &s expoeted to bo loos than 1l £,
The ealeulation for the offoets of the and  obates
on the olectric charge form mmn” proved that thore
are no cantributisns Crom the and transitions
to the eloetrie charge from factors vhoreap contributions
from the trabsutuibs are nogligibdble,

Yo find that there are contributions to the dife
ferential erons sections for the seattering of pions
both frem and transitions, Ve shall precent
in thie ehaptor a npalicinary veraion of the ecaloulations
for the contridutions from the and the contrie
tutlons can Lo noglected as thoy are proportisnal ts the
emall probabilitios and .

2 TFollowing mmmu” we ean write the
three gtates, one stzte and the three
ctates as follows o

1) B,F,Gibson and L.I,00hiffy Phys, fev, J38 2 26 (1963)
2) O.0errick and J.),Dlatt, luclear Physies, 8, 310 (1959)



fiove are the Sulirean angle wave
functions, The railal wave funetions

and are norsalized as Collows &

where rofors to tho probebllity of the esrresponding
state, We shall nogleet for the reasons
state? in chapser .

he ground of the three nueleon oystems ean now
bo vritton as

vharo | is the ¢ominant ptate and 1t 1s given by

and and can be writtan down explieitly from
the exprecsions and .




Je mmm-mmaunumurpimm

and ean be written down in the fmpulse
eprroximation as follows &

vhore and are the momenta of the incoming
and she outgolng pions,
deing & for the exprescion
- and neglecting the and transitions

can ba vritten ae




he anmplitudo can be vritton in the 1soeopin

epaco ab
Using the rolations for the matrizx and appealing
to tho fomm for and the expression

ean bowwritten as follows ¢

for the elastic seattering plons from and

for the elastie peattering of pions from .
The opin mat™ix olements ogourring in

anrd ean bo ecaloulated by writing the operatfors
in the fom




Using the reeults and the following additinal

" matrix olenonts 1§

4 Vo ¢an see from the relations and

vanish identieully. rl‘.h. contributions from the renaining
state can be written in the case of
tarzetc as




whore the nuelear fomm factors and
are dofined by
I
and
Ueing the results end pumming over
the matrie elenments for the different wvalues and
are given in the Table 1 .
Thoe contributions to from the

otate can be written as




Using the mateie eloments and pumeing over

the expression ip given in tho Table 2 for
different values of end .
G. The contridations to ' from
is ziven by
vhereas the eontributions frm and
are respectivaly zivenm Ly the equations and

given delow




Dafine
|
After using and summing over ’
wo have given in the Table 3 the contributions to

from the thpee states in the cane of
Largets,.




7. The contridutions o from the m\‘
states in the case of targots can bo got from |
the Tableos 1 4 2 and 3 after tnterchanging and '.
f.0. aftor interchanging ’ ° o
and 5 ’ y . \
The differential eross seetions for the plons i
veattared by and ean bo writton as

|
where the erase seotion rofers to unpolarised ‘I‘-.‘\
targetso, f'-_ -.
The integrals are to ve worke! out |
nowing the @orrect phase faotors o be attached
to or cormesponiing to the different states,

S S — T — n———

—




Contributian to fra in the
caso of
Contributiasn to from

¢ Uece has booh mode of the relations
a)
)




Cantribation from
for the praocess
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Contributions %o from the
gtates for the provess




CHAPTER O

le We can find an upper bound to the T = 3% state
admixture in He from a perturbation caleulation assum-
ing that tle echarge independence 1s violated only due to
Coulomb forces between the two protons. An estimate of
this upperbound was made by Werntz and ‘hikn usingg
CGaussizp radial wave function for the dominant S state
and thay give 0,17 7/ far the unperhound., Hero we find
the cstimate usipg Irving and Irving-Ounn wave functions
for the dominant S -state, An astimate with Irving
funetion glves 0.19 7 for the upperbound whereas: the
estimate with Irving-ounn wave funotion givew 0,88 7 for

the same.

2. The Coulomb potential between any two nucleons with

indices i and ) can be writtonaas

a

V(ngg) = ?ié [£ G+ Tiz)(1+T4=) ] (9 1)

L

where ¢ is the fine structure constant and is equal to

Yis7 '» Mig = [ 24— Xa| &8 the internueleon

distance, T,z 1is the projection of the iso~spin operator

th

for the 1 nucleon.

* K. Anarthanaraysaan, Proceedings of the Second Matscience
Summer School, Pangalore, Plenum Press, New York.

1) CeWerntz and H.8.Valk, Phys. Rev. Lotte., 14, 910 (1985).




Pollowing the method of Worng and Valk wo ean
write the following inequality fop )Aa,hll, tho
probabllity of admixture of the 7T =3, state

A5 )™ € Z S (VW S v wad

1< 3 Eal.

(g2)

whore V; 1o the solution of the familtoniam Ho

vithout Coulomb fordey, V. 45 the solution of the

total Hamiltondan H = H, +V,(v= ml The suffix <

in "V, wefers to the 1so0-spin, E% is the binding

onergy of the He> ground state and 1% 15 equal to 7.72 Mev.
Using tho projection operator |%,% 2<%, 1l

for the stato with T =% , Tz = /2  uo ocan rewrite

the inequality as

[ A" < L { <HglvinmpnlV I4or @)
=

flo use pure S - state for "Pﬁ « OBudstituting for V
and using the matrix eloments for ‘iz we ean arrive
at the inoquality

Ael™ < b f Cutmrenl £ - £ ugn)y} €9

where W 4 the radial wave funetion for the dominant
S - stabe. The fnoquality (64) can bo pe~written in the form




3 & ]
| 43}5.] < EEE,_ (Frs 'F:.j Qg 5)
vhore
= it ‘I.La’ d3h (_GE)
e T a3 & iy
and » ; e A5 | (9-7)
Fa = 9,5 Taq e

8. lsouning Irving form for W and applying tho
transfomation

? = ?};13 » -?-'-'&EJ = ?'1:'11'
;. SR :L-. T ?-- _.A"..—_F n'l?' Cg.ﬁj
. 2 ~

n 14 o ]
2 £ ~t

We can vewrite [, ao follows

Fp= @m A f exp [~ w(ap* 3 22)*] gdpdy (9:9)

with
e 33.«’:.&{& and o= 250 M.

2o T3
(3 Y n
Considering V2 ¢ and z) as gomponents of a
two dimensional veotor and using polar coorlinates the
integration &, can Le ewaluated easily end we get the
expression

1‘ &
Gl :-_s_:[gfa (g fo)




- s ([ [ enp L= a(r*a))pdrmady co1o)
ollai [?L_?haﬁ’-%_flyﬁ‘

were Z = €O opeing the angle batween | amd &

P~

The integration over Z ean bo done firet to give
o = d6TA* fdffdn=€xp[—ﬂ(lf’* )%

petlilesl=lig=mlse €91

By tho substitutdon VR € = R Cs6 gng (T = Rsab
the integral F, c¢an bo evaluated giving the following
exprescion

<X
SRR 352)
How tho uppesdound for | A3, |” 15 given by
' 2 e N (9 14)
lA%":.] < ?Ea : 16

ve got the value 0,10 # for the upperbound,

4. Vhen Ipving-Cunn function s used for U the intee
gration can be performed as 4n Sho ease of Irving funotion,
Fow we get for the upperbound of lﬂ?&}l the inequality

o e o8 (9:1)

BEﬂ
with X =152 MeV  , e get 0423 # for the upperbound,




8, There are some ovidences for the violation of
charge independence of muclear forees, The difference
dn np foree and P foree or ¥ force can be
understood as follove ¢ The proton and noutrvon exchange
eharged pions whercas proton and proton or neutron and
neutron exchange neutral plons. The difference in the
masses of ehavged and neutral plone may cause difference °
4o the MP and the PP or the ™M forees,

Thus 4n addition to she Couloub forcos the violation
of charge indopendence may resuls in the aduiztuve of T=%2
state 4n the ground state of ‘HE , But now even the W’
ground ctate will contain T=3/2 state,

an upperbount to | Ms.)” has been found by Wernts
and Voiurd) 4nclnding the charge dopendent nuclear potential
tn V . Thetr V is given by

2

b Sa b | i":s'
vhere
o= ji (.!'I"T{E)C'T"-Tj:z)

The extre tem inciuded in the potential V 1s charge
dependent but charge symuetric, Using a Canecion form for W
thoy have obtained a value 0,66 £ , for she upperbound
of lﬁm;.,,]‘_. It 48 worth examining their result by
salking Irving end IrvingeOunn forms for U The

L e S el S e S s

1) % Monez Vembs and 1.5,Valky Phys, Rev, Lotters,
y 010

1965),




integrals now cannot bo salved anal tieally and ealenlaw
tions are being done usineg a computor,

1)

6. The measurement of the mass radiil of He® and s
2

¥  from the d-<d intersesions show that
R (He®) » R(RH3) 5 R(W)= 16 fermi

and R (He®) = V75 fermi.

fuch a wide difference may demand charpe asymuetrie nuelear
forces, Also the saleulation by Okomoto®) for the dlfe
ference of the He> — H> mmimyim binding energies shows
the necessity of charge asymmetrie nuelear forecec,ae the
Coulomb forees are not sufficient to axplain the difference
in the binding energies,
fHence a modification of the potential \V used by

Waniz and Vall bogomes neeessary. We have &o replace (9-16)

by g &%)
Vo= Verely [ @V, O04) (14 GO)(1r T @) +
L-‘-La
4 Vi O14) (= Tl (- T2(3))] +
(9:-17)
‘ ‘%?::j Vinp (i) (15 T2())4=T2(3)
PP LA SR S E 1o
1) R.B.Theusy W.I. and L.A.Beachy

Phye. Rev, Letters, s 232 (1965).
2) K. Okomotay Fhys. Lettersy 11 o 158, (1064)




Each of tho potentials Vp ’ Van  amd V7P gone
tains two parameters one givine the strength of the force
and the othery She range of the foree, Tho six parametors
have to bo caleulated from a careful analysis of nmucloone
mieleon senttering experiments, Once these paramobers
are known ( thoy are not knovn yot ) & esrreet upperbound
to |As.]"  con ve founa, *

e —— T - m
® The author would ke to acknowledge th#f usefMl Alseussion
with Dr. R,J.0akes in the evaluation of the integrals.




& 3
cHAPTER.|O

1. Just as the photoproiuction and seatbering of plons
fvom the thieo mcleon systeme He and  H® can be
ueod to study the strueture of those muolei, the same pro-
ecoses ean be used to analyse tho grand state of et
One intorcstine quantity for amalysis is the root mean square
radius of He®

In the analysis of eloctron scattering by He
Hofotadtor wsing Oaussian wave funotion found @ good £1%
taking the value 1,61 femdi for the root mean square
saddus of He' o Put vhen Dnlits and flavenhald®) eomputed
the motmean square madius fmthomwmmtimufma’
the resulting radius was only about 1,07 femi., igquires
ot a2 whilo ealculating the eostribtutions due to exchange
effocte 4in He ~ He¥ soattering with the use of Caussian
vave function obtainod pood agreement using a value (1-42 £ 0:14)
formi for the roont moan asquare radius,

¥hen we consider the elastic photoproiustion of
neutral pions fron vt 9 Sthe Aifferontial eross section

{s necossnrily a function of the root mean cquare mdius,

M—.

* K, Ananthanarayanan (outmittod—$e Muclear PhysfesR (M Pivnl)
1) R w“. Revs, Mod,Phyc. S8 ’ 214 (1956)

8) H,H,Dalits and Ravonhall (unpublished)

3) Mﬁ.ﬁlﬂ| Proec. Phys. Bm-(m{ﬂl)_ﬁﬂ ? 323 (1954)

45, 420, "(1562) sy |

4




The root mean square radius enters in the ealeulation of
the crossesoction through the muclear wave funstion,
Time tho measurements of differential eross seotion will
sive tho eorrect root mean square radius of Het

Both He and 7°  has spin goro while the photon
has opin unity. o, in the elastic photoproduction of T°
from  He (0 s et HE IR e )
if the nesone are profuced in the S -(angular momentum
soro) - state 5 then the initial Sotal angular momentum will
be unity vhercas in the final state tho total angular
momentun will be sers so that the law of addition of angular
momentun is violated, Hence the elastie photoproduetion in
the S otate is exeluded and at falrly low enorpies wo
must aseribe all elastic production to T - states, Thus
the theory of Cheov and Low 4 vhero only P wa aehifts
are taken, halds perfectly well for this maclous,

The ealeulation sives a very low value (~ 1 fermi )
for the Yoot mean square radius of He', Though due to
the large bindin: energy the meson elouds in the he® melcus
are gcontracted to give a rathor lov rost mean square radius
a value as low as one formiy eannot be undoretood this way.
Perhaps inclusion of other statas inorecases the value of the
rootmean sguare radius,




- 2, ﬂohmn hae classified the grouni stato wave funstions

of the Hc' mcleus , Ho has given threo S =state funotions,
eight P- stato funotions and six D- statefve functions.of
these soventeon functfons there 15 only ome S- statey one
P- state and ong D' otato in whieh the intornal part (radial
part) Lo completely symmetrie, If only contral, spin-indepenilent
forces are presenty only She symmetrie S estate occurs, The
introduction of o Sensor foree couples the 2 ghates to this
S -states The T gbates scour only in second order,eoupled
to D ptates and are usually negleetod, One might expoct the
prineipal D - gtate to be the most important one (among the
D -states ) bat ealeulations indieate that sther D - sbates
also meke & significant contribution 8o the binding enorgy® .
In generuly a conveniont guide to constmueting Sriel wave
funetion would bo to comuence with the fMully symmetries S
and D gstates,

8« Ao a firet approzimetion leot us assume that She ground
state of He' 15 ropresented eampletely by the Mully symetrde

S -states, This 1o reasonable ms the perecntages of D phate
§ admiztures is kmown 5 be small £rom binding energy calonlae
tions, of Abrahan et al’) fow the ground state of He' 4
wighout using isespin formelisn,ean be writton as

1) L.Cohen, %t ‘hiyae & ’ %: 2%35?;!

a) Os Abrahan L, Cohan and ﬁ.ﬂ.ﬁolnﬂa. Froc. Phys,
. &ﬁ. ] 265 {M)n




[HE D = L (%)) = X B (w3 pla) - () p(D) 3

s oxp (1RR) M (T2 Rsy Ba)

vhere 7.; 18 tlhie posjtron goordinate of the i th mocleon,
mcloons 1 and 8 arve Ake gharged ( say proton) and
hence nucloons 8 and 4 are Lke eghargel ( neutrons),

X pepresents the spin up mucleon state and [ the opin
down mucleon state, R 48 the centro of mass of He*
and it ic given by the ;:pnul.m ;

Lo

R = & g+ Barnat )

R 4o the momentum of the centre of mass of EvSidl
Ul R, M%7, n,, ) 18 the nomalised radial wvave
funotion and we asoune the following Gaussian form for uw 3

_ 4
Wees L Rebll — A ‘F?—-;c;-"l
{."'?ji1 L=
vheve I
tml.'& = "l—;—\j“ 'anj‘t

and the parameter A 1s related to the Toot mean square
radius (a5 by the equation

> o= (25)

L4 A

Yo,




The matrix olement of the transition operator B
for the clastic photoproduotiorm of neutraly pilons
from X ean be written as

o LGRS
SHH S 2R e s
J

vhore Y

i~

and |X are the momenta of the incident

photon and the emisted plon respectively. {{a} has the
form

(4 ) B ‘(3 (3
pHL 15_%,;“ i E e (=t )

where L, am th ean be written as usual

bp

L_’]"'I = { ‘;}_: - ['< —l— L\q

The differensiasl ¢roce section

I

do -2 (2
= (277 Pite 7 | <41l 2>

=)

== o LS
= (2m) HAEE L

where |, denotes the enorgy of the emitted pion and €
the polarization of the photons L 4s given by




I_._Z %.(LP‘PLH}

Using the exprossdon of Chew et ad> for L and
rotaining only the dominant O, phase shifs, (4n the
energy region under uu:mmamhiu;, the other phase shifts

5,5, 5s; 6pd Sy are negligitle in comparison with &=
853 ) w pet

2l = L:'.]T) Mo qlﬁ:l C'A Vo A B sinR By }r:l,ﬁ
40
vhere
e fp— o : o~ 2med
414 { e

Fo = j W oexpli(u-—p) (z,-R)] 42,

L5

4, In order to evaluate

E | Al IQ;PL QAZ H’J + LR {n-ﬁ)jda

L;"&F

vo chanze the goopdinates &o the following

1 i
;(E1+E1+I&s+t‘:4}- R Ha= et Da—itiy = QY
e B Ei 3 Le = = Vaf,

1) G,F.Chew H-.I-.Golﬂbomr Py B, Law and T Hambu
Pﬁyﬂ. ’il 206 » e Emﬂ _ :




oo Ghat ( without mentioning She Jasobian explicisly)

L_{ swop [ C O+ D) LR e AR P
Asf, d3f 4y
i in the throe body case, we take tho cartosian systen
of soordinates for S\ 4 £ asd [T, The tavegral
ean be exprussed thon as a product of the integmils aof the
following type:

JT jw oo [-a@s M2t 27 1126y dedyydz

wvhieh when oubjected to a translstion 4n the X-Y-z epees can
be proved to bo equel to

= ot [*—ﬁy’kl |

8s lamerical ootimates of MZ((U /r;fm"e are made
for the incident photon energy of 3500 Yav 4n the centre of
nosontum cyetem for various wvalues of S .

G

acainst © and the theosretieal valuon represents? hy eurves
ip 8y 3y 4 and B earrespond to L0101 ferudy 1.008
formi y 1.0 fermil 4 1442 formd and 1,61 fommd rospectively,
Comparioon has been made with the euperimental data

of de Emmmmulhomn end ourves 1 and 2 pgive

mmm
1) 0, de Causpure an? L.8,00borne, Phys, Rove 92 o 843 (1055)




Pensonatly good fits, The corresponding values of the root
moan sguare radius are omaller than tho values used by
Gofutadtor and Bquirce ot al hut very nea® to the value
eomputed by falits and Favenhell.
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Anpendiz 4

Hore we shall summarise the theory of the impulse
approxdmation whish was first intvoduced by Chevt’ and
devolopod by Chew and Wiek®) and Mov and Ooldverger” .

We eonsider a particle incident on a muclousy 1te intore
action with the individual mueleons of the muclous being
representod by the potentiml V (for interaction with
the k" mwleam)s If K 48 the Sotul kinetic energy
of tho syeten and U the intorermeleon potential then the

total Hsmiltonian for the systea can be wrilten as

AR o RV ey S (A.1)

whare
Vo= 2V

The T - matrix for the process 18 given by the equation

T

Il

vV o+ v - v T
Eu._-]-—l‘.f.l— Hn

- VR Sy d v (A.2)
Eﬂ""_ i-"l'”u'v

W

1) G.anl!"’ Thyse Rovey 80 ¢ 196 (1050)
8) OeFeCliow and @,C,Wick, Phys, Rove, 8§ , 636 (1252)
8) 6.7.Chev and M,L.Coldberger, Phys, Nev., B2 , 778 (1058)




The first form for T 4n (A.2) 4s obtained from
she S - matrix expansion of Dyson by doing the cpace and
(timeeordered) time intogrations separitely, The tem —+ in
in the denominator represents the outgoing wave boundary
conditions A 1imit of "M —oc 1 implied in CA-2)

We define the twoeparticle seatterins mabtriz

{’h = Uh. (W (A-=)

whore

Wy = L + 1 Vi (A-a)
EE+ E'f'i- K——Uh

lowdf P and b are two operators defined by

B = .2 A ==
Ea + L1 -He-V

R o ine—
o+ U] kE

vhere A 4o ony operatory then

g
B = bh =+ T —

This result follows on using the operator ldentily

{LU,bhj+ Cv— 'L"k}l:‘hf (A 5)

1 i - i 1

K=y = X e LS

We uge (A-5) 4a (A.2) which wo reurite as

M

1
= ' Viie + V
h§1 L Ea+ 0~ He™¥

Ve } (A6)



F B

:

From (A.5) amd@ (A-4) we have |

1
o 2
Ea_-ki"]‘l‘-lp""lh S I
i
4+ ——— { Lowg] + (v-w) =)t (A7)
Ea 41— He—V

pubstituting (A-7) 4n  (A-6) we finally obtain

M
A = t SN LA e U
h,éi { e Eq ) - HaV S

4
Eq+in- He-V

= [N R Jov-Ve) (wp-4)¢  (A-3)
whichmy be called the impulse serlios, The impulse appro=

wimation consists in setaining only the first term in (A.2)

wvhich represents a sup of btwowbody matrix elements, The

second Serm willl be negligible if the interenueloon poben-

tial U 1s negligidles The Shird tem of (A-8) gives

the effect of =ultipie seattering.




4

L

™ =

Snpanddx B

The precursor of the diépomian theoretie approach
of Chovw ot nln to the pionemueloon seattering and the
photospioneproduction wae the Chovelow thmwm whiech
had the following main featuros §

(1) Plonemicleon interaction is linear in the pion
#1014 variadlee (Yulawa type), '

(2) Charge independence of plonenucieon interaction, |

(38) Predoninance of P- wave seattering due to
poucdoszziny coalar nature o>f pion,

(4) legloet of antimecleon statea whieh are important
far tho rolativisstie Y5 thoory, nocessitating a statie
maeloon and < - ¥ &type interactions which requires a oute
of f in the momentum space (equivalantly evaluation of the
noson micleon Melds at slightly different points of space
and multiplication by a weighting factor which is funotion
of the distance between the two points) to avold divergences,

¥ith these asswaptionsand the Swo parameters §°=o.o2
the sensmalized unratisralized emipling eonshant and an
energy Cutwolf W, (~ 6w, ) they wera able to
oxplain the mopt striking fenture of the low onergy plons

macleon seathtering, namely, the axistence of the resonance

1) G,FsChov, (JLeloldborger,; FeB.Low and Y. laxm
I.'h;fﬂg Hl;?.ll h 1 ];5"(155?] ! h'

2) G FeChuew and F.8.Low, Phys. Rev, 1570
olie 2088 ' 2045 ’




tnthe T=8/2, J = 3/2 state at a mase 1233 mev.
With th4 came paramstersy they ware able to exrlain the
photowploneproduction alsa,

o oscential feature f the photoprafuction theory

d degomposition of the current oparator into @

(1) mudicon parts; (2) meson party and (3) plonemcleon
ghion part. Tho first part depends on the pion
mieles) scattering phase shifts, Ghe cecond? part, the
plon propagator tem gives rise to all partial waves and
lrd temm, namely, the catastroplc term, gives rise
S - wave photoproduetion,

| The work of Chew, Collberger, Low and lambu was &0

exh this statie sodel So s full relativistic version by
the of single variable dispersion relation. The solution
of thi equation for the low partial waves cave rise o patrixn
£8 ts whieh cantains 1/M corrections to the Chewslow
theary and also does not depend on e cuteoff factor. These
are ﬂlm amplit:des which have besn used for the photoproduce

tion procosses in this.thesic,
|

I ;
| It 49 interestins to note that the applicction of

ﬂauhl!a {(Mandelston) dispercion rolations lesds to ecsentially
the sme Conturonst)
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lswever for the plon nucleon scattering procossoes
wa uso only tha amplitudes of Chew and Low,



