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Praface

The present report conslsts of a collection
of the reports on Recent Experimental Daﬁa iséued monthly
diring the year 1967. Nothing spectacular happened during
the year. In the field of strong interactions the main
activity continues to be the diScoﬁery of new reéonapces

or conflrmation of existing ones.



JA 196
igﬁ;ggugjion

" The present report begins with the determination of the
polariza tion of the recoil neutron in the "Tf?charge exchange
scattering at 5.9 and 11,2 Bev/c,

The cross~sectlions for [{*ﬁ-and F{ﬂt? production in}(‘F
collisions at 2 and 2,24 Bev/c are given. |

| Evidence for a ﬁ*ﬁ"-resonance in the 1,5-1,6 Bev region

is forthcoming from a study of’ﬂ}: interaction at 4,7 Bev/c.

The differential cross-sections ror'ﬁ photoproduction
from threshold to 940 Mev are given, |

A backward peaking is observed in the associlated produc-
tion of £\ or T m‘ﬁ} collisions at 6 Bev/e,

Differential cross-sections for various boson and nucleon
resonances in Pf collisions at 12.8 Bev/¢ are given. |

A study of the.decay properties of the Ag meson confims
the assignment ZYP = 27,  Production eross-sections are given,

Finally a determinatioh of the phase of the CP nonconser-
vation parameter Yl% in neutral K decay gives a value 0.44 %
0.44.



ELEMENTARY PARTICLES

_— - ‘ Q
il F —> T n polarization at 5.2 and 11,2 Bev/cl):-

The polarization, T{t) for the 'TT} charge eéchange
scattering at 5.9 and 11.2 Bev/c was studied using‘a target
containing polarized protons., The values of {1(E)for various
momentum transfer intervals are given in the followlng table,
Averaging over the squared momentum transfer range 0,04 < -t

£ 0,24 (Bem/c)g, the values found were

< P> = + 167 + 8.67 at 5.9 Bev/c
and

<1E§9337 = + 14%}i 4,57 at 11,2 Bev/c
whic h shows that thare 1s no fast decrease of ]%(%lwith
increasing energy.

The Regge-pole model (assuming the dominance of exchmange
of a single P ~-Regge trajectory) predicts zero polarization of
the recoil proton, Thus the obsserved polarization would indi-~
cate the presence of an additional background term, Also
the energy dependence of the polarisatibn might be accounted

for by taking int account absorption effects or a Regge cut

[: Pp (£) 4is given by

2 {6 g¥ry 3

Pty =
| | £ + [ g ()|




a
< \

where F{t) and g(“ the non-spin-flip and spin flip ampiitudes,

respectively J.

F%(k) K oh . To (> Ktoo
-t internal ol- 5.9 Bev/c at- 11.2 Bev/¢
(Bev/c)< .
Right Left Average (Average R,L)
0.01le -~ 0,04 <14 + 10 +156 + 11 +0 + 8 *x8
0.0¢ - 0,07 +11 %+ © 415 +° © +13 + 6
_ 14 + 6
0.07 « 0,10 +21 % ¢ +3 + 9 +13 + 6
0.10 = 0,18 +24 + 10 +21 + 10 422 % 7
_ 15+ 8
0,13 =« 0.16 +21 4 11 .+15 + 10 +19 % 7 '
0.16 - 0.19 +2 + 14 +17 + 12 +12 % 103
' ' 12 + ©
0.19 - 0,24 +10 + 22 +27 + 21 +19 * 16
0.24 - 0.34 7+ 14
K* na K¥O . 2)
Crass-sections for K and K*” production ta - col ns<’ -
The two prong reactions
_ . Q ‘
- R R (2)
S
—> KT 4 (3)

were studied using I<“ mesons of 2.0 Bev/c and 2.24 Bev/c
incidentt momenta on the Brookhaven 20H hydrogen bubble chamber,
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At 2.0 Bev/c, 1383 inelastic events were analyzed and at 2.4

Bev/c, 2318 events, both elas¥lc and inelastic, were studied.

Events with rq(ﬁ{ﬂ); 890 + 50 Mev were treated as

production events., The total cross-sections are given in the

following table,

Channel 2.0 Bev/c 2,24 Bev/c

_ N

(K- pm 1,29 + 0.10 1,24 + 0,20

KK "T(‘l”fy\ 2,94 + 0,15 1:84 + 0,20

- 1.30 + 0,18 0.80 % 0,40

K* P -

TR0 ™ 1.07 ¥ 0,10 0,65 + 0,30
All inelastic 12.49¢ + 0,386 12,00 * 1,2
two prongs
Elastic [~ F 7.18 + 0,21 6,16 + 0,70

T
Evidence ig;_TTTT regonance at

1.5 ~ 1.6 Bev In 4,7 Bev/c TTfF

interactions) .

Two prong stars were sought for in 60,000 pictures of

‘the interaction of & 4,7 Bev/c L beam in g hydrogen bubble

e

chamber, Events satisfying the hypothesis, Tlnfﬁ-é TT+TY—1A

were selected,
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For plotting rthe effeétive mass distribution 3492 events
with-t< 15}2' were selected, In the "ﬁ+TI" system, two peaks
ot 780 and 1250 Mev could be attriduted tothe ¢° and § °
mesons. In addition there was :n enhancemept at Mﬂ;—;‘mlsco -
1600 Mev. If it is attributed to a resonende in the TT T -
syétem its psrameters are M = 1564¢ + 30 lMev and r =100 £ 26

Mev,

- 4
Bta photoproduction in the region from threshold to 940 Mev ),_

o>

N ' .

Fhotoproduction of 'V) meson wes studied in the region
from threshold to about 940 Mev., The differntial cregs-see-
tion near 0% e.m.s. shows a rapld riss near threshold

reaching a maximum value of 1 PB/ATL at approximately 40 Mev

‘above threshold, Beyond this, the cross-section decreases to

a value of 0.3 }«‘53/;”1 at a laboratory photon energy of about
900 Mev., Several different angles were chosen at a laboratory
photon energy of 7¢0 Mev for studying the angular distribution
whic h was foiund to bes consistent with isotropy, This implies
either an § or P wave with T = -’;— . ::_fi near threshold.

The ratic of the differential corss-sections for ‘Tfo and ’70

in the photon energy range 760-80C Mev around 90° c.m.s. wes

found to be
O((T/d..fl—f< [’ﬁ‘ —

4




At 760 Mev this result is incongistent with the
hypothesis thet &1l the ’70 yield nesr threshold comes from
the D / Nﬂ)ﬁ((lSlz Mev) on the basis of the relatiVe size of

Q-
the D-wave anguler-momentum berrier for T° against "7"

O nucleon and '{;‘Q

production and on the assumption that the
nucleon couplings are approximately equal, The angular
dlstribution ne:r threshold also tends to ruleo#t pure
D-wave production of ‘Y] since this requires a 2+3 sin'z@
angular distribution.
The S- and P-wave J‘:a}}: production for the "70near

thrashold suggests that 1t should be identified with the

mNi (1550 Mev) § stzte, The differential cFoss-sections

for -‘,7 production avegiven in Flgs.la and ‘b.

Observation of a buckward peak in the re:ction ot F_"")

[ o
Y+ at 6 Bev/cS)

142 events of the reaction
- O Q
Tt = V4K
were analysed to study the angular distribution at & Bev/c,
The motiveation wes to find whether there is a lackward
‘ na
peaking as is the case for large angle ik (: elastic scotte-
ring in the region of 4 to 8 Bev/c., The >/0[<° state (where
)/6 is the either a Mor ay ) does show such a backward

‘peak., The slope of this peak is fitted by expl:hb(u-—uo)]

where 1 is the square of the fourth-momentum transfer in the




relevant crossed channels, ), 1s the kinemstic maximum value
of W and 716 has &« value, nb =07 + 2 Bev™2 , Ther¢ is also
a forward pesk fitted by exp ]:?Bgt-to):] where t is the
sGuete of theifour-momentum transfer for the direct chanrel
and ?% =7.8 + 0.5 Bev™> , Almost none of the events are
found outside the forward or backward pesks. 1, does not

have a strong energy *ependence‘having practieslly a constent

value from ﬁ%FJ 2 to 6 Bev/c,

Boson production in p-p collisions at 12,8 Bgm/GG);-

The observestion of three~body final states

F 4 F BN Pf* P+ MM (misfing mass)

in p«p collisions at 12.3 Bev/c, indie¢ates that the MM (corres-
ponding to z neutral boson) spectra haye considerasble

structure and cen be associated with defined boson resonances.
The most striking of these reactions was the production ;ﬁ&ﬁa
which accounts for zbout 6% of the reactions of this type.

Reactions of thé type
: : —
( b — [= +7 A M

O
were also studied. Here MM i3 essociated with nucleaw
. 1sobars. The first of the following tables gives the diffe-
rential cross-sections at 12,7 Bev/c for the §* resonance

production, The second table glves the differential crecds-

section ’8'50' i b/ B
_ /C)')’V‘az?’a(ﬁ a’azb " /u //Ehﬂev
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for boson-nucleon final states is given zs a function of 'TY\2?

where the subsciipt 2 Indicstes the particle detected in the

low~momsentum amms &nd m_’ the mass of the remainder,

5
Table I
Process | -t B Uﬂ/aé‘
(Bev?) (Mb/Beve)
ptp s, pHY(1518) 1,17 1.4 + 0.4
pp —y pHY (1688) 1.13 3.7 £ 0,9
Table II
7\/!3_3 -t Boson-nucleon final state
(Bev) (Bev <) S . T
b7 pt b 5 0
1.5 1.38 7.2 + 0.7
1.6 1.15 2.2 % 0.3 |
1.7 1.12 1.4 % 0,2 1.,834+0.2 1,1+ 0.4
1.8 1,09 1,1 %0,2 1,7+ 0.1 0,75 + 0.28
1.9 1,06 1,140.2 L3¢ 0,1 0,330.19 1.8 + 0.4
2.0 1,02 0.75#0,14  0.69%0.09 0.39+0.18  0.91+0.29
2.1 0.98  0.58%0.13 0,5110,08 0.32+0,15 0.65+0.23
2.2 0,94  0,28$0,08 0 25+0,06 0,0240.11 1.0 + 0,2
2,3 0,96  0,1740.07  0.05+0.03 0.53+0.16
2.4 0.86  0,18+0,07 0.30+0, 1:2
2.5 0.84 10,0240, 09

i
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The décay properties of the ﬁz(lalo) Maeon s -

The present experiment wes csrried out to resolve the
:y*) assignemamt ( et ,1+ or 27) for the Ay~ meson from its
detay propertiés. In tke case of the l+ or 2 agssignment

—_ W '
the k1¢ peak at 1310 Mev and represent the decay oi a nev

particle ( and not the P meson). By studying the quantum
| — - ¢
numkers independently for theKlt and’fP pecks 1f was found

that both these zre possible decay modes of the Az fesontand
the guantun pumber essignment is

R
TOPP = mgt
The following two tables give the cross-sections for the’ -

finzl states analyzed eand for A, meson production respectively,

Table I

Cross section ( Mb )

Finegl state

3.2 Bev/c 4,2 Bev/c
’FT(* w T 1910 + 80 1920 + 100
IDKO Y’ 66.1_‘_‘:5.3 N 6507i709
45,3 + 4. 36,6 + 6,1
i Kla K? 32 . -
Tahle I1
Cross section ( Hb )
Rezction
3.2 Bev/c 4,2 Bev/c
T 4 =2A, b > ™ 18t 4 1745
)
T Ap>A AN, o, =2t 3 + 10 18 + ©

TT“* b—=>AT P A > 1580 £ 50 176 + 45
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Determinstion of the phise of the CP-noncengervetion parameter

rniu-in-neutral K decayg)s-

The phase of'thé poremeter W7+_ given by

_ | . /
B o | R B VA
Nr~ = -
< TT—!}"*SO\? o -
was detemined by mezsuring the phase between t<zh —2> T 4T

snd the regenerated K!SO —> 7f+~+ﬂ”“ and evaluating the
regeneration phose by mecns of an optical model calculations.

The vzlue obtalned for the phase was

folﬁ *74”‘ =.0.44 1 0.44.

Referencess .
1) P.Bonamy et al, Physics Letters 23, 501 (196€)
2) M.Dickenson et al, Physics Letters 23, 506 (1966)
3) V.M.Guzhavin et g1, Physics Letters 23, 719 (1966)
4) R.Prepost et al, Phys, Rev. Letters 18, 82 (1¢67)
5) D.J.Crennell et =1, Phys. Rev. Letters 18, 86 (1867)
6) H.L.Anderson et &1, Phys, Rev, Letters 18, 89 (1¢67)
7) 8.U.Cheng et &l, Phys. Rev, Letters 18, 100 (1967)
8) R.E.Mischke et al, Phys, Rev. Letters 18, 138 (1867)
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FEBRUARY 1967

Introduction

The present report commences.with an experimen£ on
37.meson“production near threshold wh'ch shows a linear increase
of the cross-section with momenbum,

Elastic scattefing of 8,65 Bev/c positive and negative
plons at angles in the rahge 165° to l??o c.m, shows g well-defined
pesk in the backwaxrd directiona

4 study of the polar&Zation of !3 in F)F scattering at
1.18 Bev/c¢ gives an upper limit of 20%.

The polarization paraneters in bigh energy 'T' #:andfp@;
seattering for various incident moments in the squared momentum
transfer -range 0,1 - 0,75 (Be'r/c)2 are given. The polarization in

u ’9 SCattfring daecreases more rapidly with the incident beanm
energy thanhthe correspondinglf?b scatterlng.

Evidence for a hyperon resonance y'(1680) of width T“ =120

4 80 Mev 1s forthcoming &er an experiment on KlF interactions

/

at 6.5 Bev/c,

' Finallyﬁprief account is given of the new method of Morpur
ﬁo'detect fractionally cherged particles, Preliminary results give

no evidence Tor the existence of quarks,

"




ELEMENTARY PARTICLES ..lv.

1
7] prodmction near threshold )
] .

" The reactions

qtp ==

was studied at the Rutherford Laboratory accelerator using a
neutron time ~of-flight technlque. Eor the Ci . Tange

15 Mev/c.<k? < 113 Mev/c, the fnllowing results were obtained.

(a) There was no evidence for a nonm;sotropic angular distributio.

(b) The cross—section is nearly linear in mementum with A=11,8%
1.6 ib (Me\r/c)"l where Oz = A?l

(c) The branching rztio f{ == —— = 0,39 4 0.06
(d) The wldth of the ')7 1s < 0.9 Mev/c“,

The angular distribution of bgckward glastically scuttered plons

2)
ol 3.59 Bev/¢

The scanty events for elastic scattering of high energy

plons by nucleons in the backward direction studied 1n earlier
exper1ments indicate peaks in the angular distribution at 150",
hs part of a programme to study large angle pion-nucleon scatte-
ring, 864 élastic scatterings of 3.55 Bev/c bositiva and negative _
pions were'measured in the present experiment at angles in the
range 165° to 177 in the ¢entre of mass. The dlfferentidl
crogs-sections sre »iven in the following table. Tije T ? diffe-
rential crogs-section I® agrees well with the fit

%’E{ = P\QBU“’

2




3

P2

where ) 1s the four-momentum transfer squared between the

incident plon end the outgoing proton and

n

A, = (46,2 % 5.0) b /(Bev/e)?

B, = (11.9 + 1.7)  (Bev/c)™2

i

For TT”F’ scattering the values are

1"

A...‘ (15.8 +2.0) pb / (Bev/c)®

B. = (2.4 % 2,0) (Bev/c) @

1t

The dsta support the earlier avidence of a well-defined peak,

when the exchanged baryon (in s one-particle exchgnge graph in

the U -channel) has isotopic spin T= %E, end give a much

smaller effect for T = 3/2.

Ratlo T( /4p=  (180°) = 7.4 £ 1.0

Ratio ﬂ"?ﬂw (u=0) = L.? + 0.5



Particle 2@ -t o, W No,F dojdn  dafdn do _de
P m@&\\& (Bevic)™ ovewt miV\\wﬁu (dafd), du )

(%132 b /(Revic) 2

T -0.296  5.853 0.086 89 10.3 + 1.1 0.42 21.0 * 2.4
0,72 5.841 0.075 61 9.2 + 1.2 0.39 20.0 + 2.6

M _0.983  5.830  0.063 39 6.7 + 1.1 0.27 14.4 % 2.3
| .0.984  5.818 0.051 =7 5.7 + 1.1 0.23 12.3 + 2.4
@ _0.980  5.806 0.039 o2 6.4 + 1.4 0.26 13.7 + 2.9

. i .97 5.,7% 0,028 21 2.7 + 1.7 0.32 16.6 + 3.6
| Cog7z 5.783  0.016 20  1l.0 + 2.5  0.45  23.6 % 5.3
, 0.%68 - £,771  0.004 10 7.7 & 2.4 0.32 16.5 + 5.2
| _0.964  5.759 -0.008 12 10.5 % 3.0 0.43 2.5 + 6.5

. 0.660  5.748  -0.018 4 £.8.+ 2.4 0.20 . 10.3 + &.1
5.847 0.080 196 60.5 + 4.4 3.02 129.6 + 9.5

5.836 0.069 115 46,1 + 4.4 2.30 $8.8 + ©.3

14
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Particle q® - € U Moo do/yn  defdD da - de
| A birsy Ao/ A, AxT LY
M € ¥ 1a3) ( Kb /(Bovic )t .

Tt =0.586 £.854 0.057 82 37.8 + 4.2 1.89  81.0 + 9.0
-0.882 5.812 0.045 54 33.3 + 4.6 1.68 71.3 + 9.8
0,978 5.800  0.033 40 34.3 + 5.4 1.71  73.5 + 11.6
~0.974 5.78¢ 0.022 25 2€.4 + 5.3 1.32 56.5 + 11.4
- | _
0,70 5.77% 0.010 ~ 24 31.6 + 6.5 1.58  67.8 + 14.0
_0.96€ 5,765  -0.002 o 14.8 + 5.0  0.74  81.7 % 10.7
_0.962  5.754  -0.014 11 25.9 + 7.9 1.29  55.6 + 16.9
_0.956  5.742  -0.095 4 13.1 + 6.6 . 0.65  28.2 * 14,1
bt w=w o067 5.767 0.000 21.6 + 2.3 1.08  46.2 + 5.0
5.767 0.000 7.4 + 0.9 0.30  15.8 + 2.0
5.865 0.098 69,1 + 6.0 3,45 148.% + 12.9

0.098 . 9.3 £ 0.9 0.38 19.9 + 1.9
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Polarization of antiproton scattering in F% scattering at

)

1,18 Bev/c3

, 2764 events out of a totzl of 210000 pictures of
scattering of an integrated flux of 2,28 X 106 antiprotons of
1.18 * 0.02 Bev/e momentum~in the Saclay hydrogen bubble
chamber corresponded to the case of double scattering of the

{: + The angular distribution after double scattering is

given by

T (@)= T,(itewip)

whe re jfo is the cross-section.for scattering of an unpolarized
beam st the second target, The msymmetry paremeter ¢ is the
product of the polérization arising from the first and second
scatterings (q>’ , and })L_ ). If the energy diffarence
between the two scatterings is smell ) 73\: ]32,23‘7) and S
e =PL . P is given by A = o Ty where N,
and*iz_ are unit vectors perpendicular to the first and
second scattering planes respectively.

Fig.1l gives the angular distribution st the first
scgttering. The plot of 1605 T)( against the centre of
mess angles &) . 5., and @y . .., between 15° and 60°

glves a symmetrical distribution . The value of e found was
e={-283+3)4

For events with either f?,c e or @] . less than

KL,




(-13.0 + 6,5) %

o
1)

For the first case the polarization of \; has &n UPPEr
1imit of 2G%. The corresponding values for F F scattsring

at sbout the seme energy 1s 52 % 2% .

The polarissgtion parzmeter in 1 b end FP elastic scatter-

ing from 6 to 12 Bev/c?
| The polarizstion parameter 130 in high energy 'ﬂ:Lﬁ
and.FP glsstic scattering was measured for incident momenta
of 6.0, 8,0, 10.8 znd 12,0 Bev/c for Il  and of 6,0, 10,0 end
12.0 Bev/c for Trﬂ'and p, in the interval of invgriant four-
more ntum transfer sunredeg from 0.1 to 0,75 (Bev/c)z. ?iiw
target proton was polarized, The polarization parametezt -
TT-} T + and %) scattering are given below in Tables 1,
o nd 3 respectively. The results show that the polerization
in 7W*} seattering decresses more rapidly with the incident
bezn encrgy-than the corresponding "T“(> datz where it gppesrs

to be constant.

17
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Teble 1
Beam momentum Beam momentum Beam momentum Beam momentum
= 6,0 Bev/c =8.,0 Bev/c =10,0 Bew/c =12.0 Bev/c
~ e ~t —~t g -t .
(Bev/c)d 7>° (Bew/c)d o (Bev/c) ?% (Bev/c) 'F%
0,109 -0.130 + 0,104 -0,132 * 0.102 -0.16¢ # .0.116" -0,1561 +
0.034 Sl 0.026 0,038 0.040
0.136 -0,166 + 0.131 -~0.156 + 0.12¢ -0.154 + 0,163 -0.177 %
0,018 0.01<4 0.019 0,030
0.166 -0,153 + 0.162 -0,155 + 0.15¢ -0.146 + 0,198 -0,158 +
- 0,014 0.012 0.014 0.023
00198 -'Oo 176 _'t Ol 195 -01140 i 09 192 —Ou 128 i"_ Oo 237 _01 12 _'t
0.014 0,012 0.013 , 0,022
0.235 -0,115 + 0,281 -0,151 + 0,228 -0.131 + 0,279 0,110 #
¢.016 ‘ 0.013 0.014 0.023
0.269 ~0,146 0,270 -0,120 + 0.867 -0,093 + 0,324 -0.089 1
0.017 0,014 0,014 0.025
0,311 -0,083 + 0,311 -0.076 + 0,308 0,089 + 0,372 -0,03¢ +
0.020 . 0.017 0.016 0,031
0,364 -0,080 + 0,366 .0,112 + 0,353 ~0.073 + 0.424 -0,063 %
0.022 0,019 c,017 0,030
0.400 -0.08% + 0,403 0,081 + 0,401 -0,075 + 0,478 -0,0:8 *
0,027 0.020 0,020 Q0,036
0,447 -0,038 0.454 -0,087 + 0,451 40,071 + 0,536 -0,086
0,037 0.0z4 0,021 0.041
0.497 40,018 + 0,506 -0.087 + 0.504 -0,044 + 0,597 -0,043 &
. 0.04}2 00028 0'026 00048 '
0.549 0,033 + 0.562 0,060 + 0,560 -0,023 + 0,661 -0.036%
0.076 G.037 0.030 0.056
0.604 40,004 + 0,620 -0,0l4 + 0.61¢ -0.002 % 0,762 -0,020*
0.074 0.038 0,037 0,062
0.661 -+0.08O ks 0.680 -0,028 + 0,680 -0.080 +
0,082 0,062 0,042
0.720 40,054 + 0.742 -0.082 + 0.743 -0,066 +
0.121 0.0562 0,056
0.780 ;117 +  0.807 -0,066 +
. 0.266 0,056




Beam momentum

Besm momentum

Beam momentum

0,066

1+

=6,0 Bev/c =10,0 Bev/c¢ = 12,0 Bev/c
42 P o, . 4 o
(Bev/c) }_o (Bev/c)d , iFB (Bev/c) ’$E
0.122  0.011 0,90 < -t 0,105 +  0.0%0 < -t 0,053 +
0.049 < 0,143 0.088 <0,180 0,067
0.166  0.283 + 0.143 < -t 0.168 + 0,180 < -t  0.077 #
' 0.041 < 0,209 0.034 <0, 257 0,037
0.198 0,205 % 0,209 < -t 0.132 + 0,267 < -t 0,043 %
0.025 <0. 287 0.024 <0, 347 . 0.040
0.233  0.182 * 0.987 < -t 0,087 + 0,347 < -t 0,004 #
0.022 <0.377 0,028 <0.566 0,040
. 01022 <0, 477 0.034 <0,833 0,094
. 0.311 0,160 + 0,477 < -t -0,046 +
0.022 <0,589 0,048
0.354 0,149 + 0.589 < -t 0,060 +
‘ 0,027 <0,776 0.060
0,399 0.126 +
0.030
0.447 0.131 +
0,029
0,497  0.092 +
0.036
0.550 0,007 +
0 048
0.604  0.055 +




Igble 3

9

—

Begm momentum

Beam momentum

Bezm momentum

0,164

=6,0 Bev/c =10.0 Bev/c =12.0 Bev/c
-t : —~1% . -1 -
(Bev/c)2  Po (Bev/c)® T (Bev/o)2 o
0.109  0.124 + 0,102 0,074 + 0.103 0.034 +
0.069 0.072 0.055
0i136  0.041 + 0.129 0.059 + 0.131 0.032 +
0,034 0.030 0,023
0.166 0.12¢ + 0,159 C.068 + 0,163 0,036 +
0,026 0.023 0,018
0,168  0.138 + 0,192 0,097 + 0,199 0,042 +
6,016 0,016 0,013
0,233 0,101 #+ 0,228 0,023 + 0.237 0.066 +
0,014 0,013 0.012
0,271 0.117 # 0.267 0,071 + 0,279 0,064 +
0.014 ' 0.013 0,018
0.312  0.096 + 0,309 0,082 + 0.324 0.081 +
0.016 10,014 . 0,014
0,855 0,141 + 0,354 0,093 + 0,373 0.055 +
0,017 0.017 0.017
0.400  0.117 + 0.401 0.081 + 0,424 0.031 +
0.018 0.018 0,019
0,448  0.083 + 0.452 0,067 + 0,479 0.046 +
0.019 0.0%S 0.020
0,499 0,108 + 0,505 0,024 + 0,637 0,073 +
0.023 0.023 0.023
0.661 0,063 + 0,561 0,067 + 0.629 0,066 +
0.029 0.028 0.026
0.606 0,135 + 0.620 0,077 + 0,762 0,002 +
0.041 0,037 0.056
0.665 0,062 + 0,681 0,117 +
0,080 0.0486
9.723 0.092 £ 0,745 0.080 +
0.046

R0
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Exclted hvperon of mgss 1680 Mev

ont of 370000 pictures of a 5.5 Bevk K~ beam interact-
ing in & 30~-inch hydrogen bubble chamber at Lrgonne, 328 fity¢ to
tip final state AFTTT ana s9 fitg to O L the
Dalitz plot and the mass-squared projection for the AFHATT_u
system showed strong production of ?%(1385)+.+ 7~ and of
A-%*fm ’ Further,[a significent enhancement was observed

at M2 ( A'7T’r Ty~ 2,8 Bev2 “which would correspond to a

resongnce B/f?l680). The 7:0 Tf+

no enhencement and the upper limit of 0,25 for the rgtio

Y{*:*Y‘BE(J)""45 s¢4nT  whows thet the new resonznce

mass distribution shows

P (6% o) =D AT
is distinet from the ij(IGGO) which would give a value 3,4 *
-1.6 for this ratio., The best cstimates for the magss ¢nd width
of the peek are M = 1683 + 15 Mev and Y = 120 + 30 Mev. Ths
dominant decay modes is ' . ,
v (es0)  —> ‘/j#(1385) + 0
end Y}%{ 1680) ~> AT

‘Sesreh for Frectionslly charped particles by the mggnetic levita-

+ion electrometer

Preliminery results in sesrch of terrestrial querks

using a new method zre reported,
The method consists in levitating & smull grain of a

diamagnetic substance)

the cherge of which is to be detenninedjin




11

a magnetic velley., The grain hes g stgble equilibrium position
at the bottom of the Vailey. When & homogeneous horizontal
"electric field 1s applied transverse to the magnetic field,

the grain moves to & new eguilibrium position. The displacement
A 1s given by & = ﬂ/Eﬁ/mg where ¢ 1s the charge, B .the
glectric fleld and }2 the‘radius of curvature of the valley,

A can zlso be written as A =7y where n 1is an integer and
615 the displacement corresponding to n  change in the charge

| of the object by one electron charge., If the grain contains

a quark, & =115 ir%?& By successi?e ionlzations one cen
detemine the value of Jﬂ and detemine whether a quafk is
present or not,

The résulf of an examinstion of a total of 1;8 X losgyv

of pyrolitic griphite containing about lO16 nuciebns shows no

gridence for & quark,
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MARCH 1967

Introduction

- The present report starts with evidence for & new nuclear
isnbar N*/9(3690) of width 0.05 + 0,03 Bev presented by §~plons
events in wt-p interactions at 8 Bev/e. The angular correlations
of like and unlike pions in this interaction are also presented.

Cross-gsections for formation of quasi-two body fipal states.
“1in k“p interactions at 4,1 and 5.5 Bev/c are given. The predicﬁed
causlltys of the A £° and /| wreaction rates predicted by the
quark modol i1s found to be satisfied.

The exlstence of a w¥r- enhancement of mass 1675 Mev and
width . 100 Mev, reported earlier, Is confirmed by a new experi-
‘ment. The most Llikely assignment of other guantum numbers 1s
195 = 1¥g-,

From measurements dn fnelastic electron scattering the walue
of the coupling constant YNN® is found to be 3.00 # 0.0L.

A new comparison of crogs~sections and forward scattering
‘amplitﬁdes with two. nredictions of SU(3) regarding inequalitles
for k-p and 7-p scattéring amplitudes shows gond agreement within
experimental errors.

Finally cross-sections for elastic and inelastic scattering
of electrons from deuterons which are ir disagreement with the

simple impulse approximation theory are presented,

2.4




‘BLEMENTARY PARTICIES

The heavy nuclesn isobar Ni/2(3690)

500 out of 130,000 photographs of w+-» Iinteractions at

| 8 Bev/c in the Saclay hydrogen bubble chember correspond to
eight-prong events with a total cross-section cggaxofso + 0,02)mb.
The individual reactlons and the corresponding cross-sections

are given in the following table.

Number of Cross-section
Reaction , events (mb)
(1) w¥+p =+ p+dwteBu- 135 0.09 + 0.02
(2) = parti3r-+mo : - 128 0.09 + 0.02
(2) =+ n+tbwt+3w~ ‘ - Bl _ 0,03 + 0.01

The c.m., momentum distribution of the positive plons show
dl stinct narrow maxima at the same momehbtum of 0.260 Bav/c in
the spectra of positive plons. They do not appear in the w~
spectra. The maxima in the wt spectra correspond to the peaks
inlthey( N 7ﬁ'5+hass distributions at about 3.7 Bev, TFor (A 777)
combinations with charge greater than one, ho deviation from

phase space was observed in the neighbourhood of 3.7 Bev/c which

2%



f@eaJé '
@Ato\the agsignment T = 1/2 for the lsobar. .The hest Breit-Wigner

- fit for the mass and width of the resonance.

| M= (3.69 + 0,01) Bev ='(0.05 + 0.03) Bev. The resonanhce
can be thought of as the Regze recurrence of the N*(1612)
siicceeding N¥(3360) found recently. The spin theoretically
predicted in 2 3/2. |

The observed decay modes of the new resonance are.gi#en in

the followlng table

Reaction Decay mode Number of events
(1) p+3t+ 3~ 13 + 10
(2) 7 n+3rt 3~ +ar© 52 + 15
(3) n+4ar 43 33 + 10

Angular correlations between plons in siA- and elght-propg
2) '

TP inﬁeractiohs at 8 Bev/c

The type of angular correlations observed in many-plon pp
annihilations hés been observed in a studj of about 750 six-oprong
and 350 §-prong events of 8 Bev/c ' interacting with protons in
a hydrogen bubble chamber. The values of the parameter r,

defined as the ratio of the number of plon nairs with p c.m.

26
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jproduction opening angle greatér than 90° to that with the
bpening angle smalier than 90° are given for various final states
+1in the following table, ¥ = correspond to like pions (w*rt and
:iF“W“) and ~{“ to unlike pilons (wtv~).

Reaction rl rl

Six_vrong interactions

- (1) 7ep = peBurteorT 1.45 + 0.09 1.11 + 0.09
(2) ~ p+3rte O~ +w0 1.29 + 0.06 1.39 + 0.07

(3) <+ n+drt+or- o 1.47 + 0.09 1.38 + 0.09

Fight-prong interactions

(4) wFypp + prdmty3re 1.46 + 0.05 1.11 + 0.04
o oyt e B0 1.40 ¥ 0.04 1.09 + 0.04

-+ n#brtesr- 1.25 + 0,05 1,15 + 0,05

. "
Y2 and yl as functions of the momentum difference [#ﬁ!—]%@i

show deviations from the vredictions of the statistlcal modeéﬂ

;2_7 |



Meson-hvoeron final states in k™p interactions at 4.1 and

6.5 Bev/eS)

k-p interactlons at 4.1 and 5.5 Bev/c were used to study
‘hyvercharge exchange nrocesses leading to quasi-two-body fihal
states. The following table zives the various final states
observed and the ¢ortespohding ctoss-sections. The predicted
equality of the ALY and/AwW reaction rates of the quark model

ts found to be correct by the results for , the forward

hemisphere c¢ross-section. The backward peak seems to be absent

in the A(P , ‘A\Xf) and ﬂkﬁ? proce sses.

—

- | o A
Final k- Number Cross- - hormalized . lvolarization
State Momentum of of¥ents section to,\eophase (Asymmetry
(Bev/c) corrected (}A'b) space ( Yb) parameter
. of =0,66 +
0,05)
‘ 5.5 36 + 12 23 + 8 17 + @ ~ 0.8 £ 0.7
/\ 4.1 37 - 10 62 + 17 43 + 12 ~ 1.0+ 0.5
w
s 32 + 10 24 + 8 19 + 6 - 0.1 + 0.6
4,1 16 + 4 59 + 16 65 + 17 + 0.2 + 0.8

A ?9 5.5 | 17

1.0 + 0.7

I+
o
<o
<

{r
[e]
G
]

I+
e
+

8
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T
final K- Number of Cross- normalizéd A polarizablon
. 8tate Momentum events section to A(%hase (Asymmetry
' (Bev/c) corrected (b)) space(fJb) paramter
‘ =0, 06+ 0. 05
4.1 7+ 8 42 + 18 B9 + 17
5.6 3+ 2 8+ &6 8+ b
s 4.1 12 + 4 51 + 17 55 + 18
A 5.5 10 + 4 19 +8 20+ 8
5 (o“ 4.1 <19 + 10 < 38 + 20 <24 + 13
5.5 < 7+5 < 6+4 <5+4
4.1 <10+ 4 <53 +2l < 6l+24
G .
2 fj 5.5 <11+ 4 <26+ 10 <29+ 11
2
6)1{(1385) 4.1 0+ 8 018 0% 16
5.5 11 + 11 8+ 8 <£92+9
4)

Evidence for an I = 1 di-pionh resonance at 1.67 Bev

The exlstence of a w¥w~ enhancement with a mass of
1675 Mev was reported earlier in high energy wN roactlons.
In the present, experiment the existence of the enhancement is
COnfirmeG and its parameters are determined. wip interactions
at 6 Bev/c were studied in the BNL 80~ inch liguid hydrogen
bubble chamber. 373 events of the (r*r¥n), 1308 events of the

29



qfﬂop) and 2661 events of the (r=r*n) final states were
observed. The mass distribution {pﬂofS show no significant
structure in bhe mHrt mass distribution. The mwC distributien
Showg thc Gf'and a peak at 1630 Mev with a wldth of ~v 100 Mev.
The rr- aistribution shows the (@ f and a broad THr™ bump

[o——

TAhe
from1660 to 1800 Mevu/results for the quantum numbers of the 1630
\ .

Mov enhancement are:

G parity: The strong decay into two nions shows that G 1s

positive.

Igospnin:- The 7w~70 decay mode requires I ?7 1. An I = 2 assign~
ment would give for the relative intensittes for ﬁ*TTW"“O and

phe S 36, 9 and 2. The data disagree with this assignment

ave gye compatible with the value I = 1,

Spin-Parity:i- I = 1 implies by Bose statistics, odd parity

and 0odd spin. The moments of the legendre polynomials of the
m-10 scattering angular distribution indicate the assignment,
7P =

wQasnrement of the‘mNN* form factors5)

The magnetic dipole contribution to the inelastic

electron scattering nrocess e7Fp c+N*(1230) gives a measure of
the farm factor GM which extrapolated to zero momentum transfer

yields the value of the magnetic‘dipole‘rNN* form factor. By

30



measuring the inelastically scattered electrons in coinel dence

~ with protons from N¥ = p+wO®, the value of PNN® obtalned was

| 3,00 + 0.01. 8SU(6) and its relativistic generalizations prediet
a value 2.66.

SU(3) predictions _and reaction iuequalities at high energiesﬁ)

Two sets of comparisong}on@ regarding the total inelastic

and elastic eross-sections and the other using the forward

amplitudes were made hetween experiment and the SU(8) predicted

inedualitiés

T ————
R

57 +7{)7{M( "“BTT"'IP)

M (I P 3
- M (b= P |

M('ﬂ"‘t»%p 5% <y oz | 'i+{o~‘> T p) o)
- Mg Kp ]

The compariscns are made &as a fuqction.qf(g the avall-

able center of mags energy, “‘gfgﬂqout withtxttﬁemsauarc of
/ﬁﬁ? é%féghsa%.sggfggy.égggﬁg%ﬁztgeeggg?%rmggglyses the SU(3)
predictions are found to be satisfied wlthin cxverimental errors.
Table 1 below glves the experimental values for the integrated
amplitudes and Tadle 2 the experimental values for the forward

amplitudes., The M's arc the invariant amplitudes.
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j Electron-Scattering from the deuteron at & = 180°

The differential cross-sectlons for elastic and lnelastic
electron scattering (M1 transitions) from the deuteron at a
scattering angle of 180° and incident electron energies up to
370 Mev., The results show di sagreement with simplé impilse
approximation theory. The results are given in the following
table. Cigﬁ/drzis the differential cross-section at p = 0.98X
P threshold as predicted by the modified Jankus thewry; Tgqf 1s the
experimental e;D cross-section. G:%ET is the ratio of the
inelastic cross-section to that predicted by the modified Jankus

theory.
E g2 | Aoz /d Tad
(Me%) (F°2) g [110‘36cm23r'1 (10—360m3/sr)
?§§ (Mev/c)‘l

250 5,07 1.08+0.07 50. 4 83 + 9
276 6,01 1.25+0.08 25,9 56 + 7
360 7.01 1.20+0.35 13.4 |

326 8.06 1.38¢0.12 6. 86 24,5 + 2.6
350 9.17 1.62£0.18 3,49 13,9 + 2.4
370 10,08 2.1740.20 2,01 6.9 + 1.4
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INTRODUCTION

The Qresent report starts with a 1list of resonances
_{and their parameters) in the k7-p -+ It 7¥ interactions
which contains two new ones, one in the Do, channel at
1682 Mev and anothér in the D, channel at 1827 Mev.

Differential cross-sections for backward elastic
scattering of wt~p at m¥ momenta 2.06 - 4.70 Bev/c are given.

A resonance ih the J\Wosystem with 1suspin T ='o and
masslabout 1680 is.reported as also a resonance in the wO¥
system wlth a mass of -~ 1300 Mev.

The cross-sections for photoproduction of 7t in the -
energy range l.z.énd 3 Bev are glven.

A new peak (eitheg Y;(SOGS) or YE (2100))seems to he
present in the final state of k™+p =+ k +p+ W at 3.8 Bev/c
k' incident momentum.

Cross-sections for various 3 body final states in kK wp
tnteractions at 4.25 Bev/c are glven. Fvidence for N* resonance
with masses 2080 and 2190 Mev are forthcoming ini%tudy of 4 body
final states in 3 Bev/c 77D interaotions.. Clear evidence for
two peaks in the mass region 1.7 and 1.84 Bev is present in
the 4 pion final states 1n pP annihilation at 2.5 and 3 Bev/c.

The results of phase shift analysis of ktp elastlc
"scattering at 780 Mev/c are presented.

Finally the results of an experiment on kK7p sesttering

which skow backward peaking for k'p elastic scattering are

presented.
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'ELEMENTARY PARTICIES

_ ) : {
Resonances in k™p =+ Zw between 780 and 1220 Mev

~ The reactions k~p ~ Ttr— and k™p - Xt were studied
for k-moments between 780 and 1220 Mev/c. An energy dependent
analysis was made by meaSuring the partial and differential -
eross sections and the s* polarization. A measurenent was
also made of the Tr branching fraction for decay into
v¥(1820) and Y(1760). The existence of a resonance in the
j)oé)channel at 1682 Mev was confirmed and another in'thel)OS«
chahnel at 1827 Mev found. The magses and widths of the

various resonances are given in the following table.

t = (xx')%& 1g the value of the amvlitude at resonance,
% = iég' 1s the elasticity and x! = ]EZTT)the Sw branching
fractg;na i

-'——-—.-._———-..m——_.--...-.—..-—-.-—..—...——...—....-—....._p.--—..u—.....—_..__.-..__.—.-.......-..._.—_-—

Resonant Mass wWidth  Amplitude at_ Elasticity Branching

91332}.1_2999§_959‘12__9:1922___2%%999999_m____E?Q_____fzggtzgeﬁzd
D03 1682+2 65 + 4  0.34 + 0.02 0.25 0.46 ¥ 0.06
Dq 1685+3 32+ 4 0.26 ¢ 0.02 0.10 0.67 + 0,10

I+
w0
e
l,--]
o
+
&
O
0

Dy 182743 75 0,10  0.23 % 0.06

Dys 1300 120 0.07 + 0,02  0.44 0.0l + 0.006
F,,  1813:B 87 x 15 0.27 £ 0.01 0,67 0.12 + 0.01
By | 1016 .66 0.00 £ 0,01  0.66  0.00  0.01
Fyn 200 150 - -0,12 0.25 0.06

Gor 2100 160 -0.12 0.25 0.0@




2)

gtructure in wtp elastic backward scattering

Megsurements of the a1 fferential cross-sections of

atp backward elastic scattering wsere made for wh

momenta in
the range 2,06 ~ 4,70 Bev/c and at the f1xed angle of recoll
protons E% = 1,9° in lab., system. The differential cross~
sections -are given in the following table which shows the

maxima correspondlng to the baryon resonances A (2420) and

A (2840).

| <
’ (BZ?I/C) '("2?;.?,) o Nﬁsfeiiﬁ
2.06 0.9952 45,2 + 16.0
2.25 0.9950 93.2 + 32.2
2. 55 0. 9946 190.0 + 27.3
2,79 0. 9944 107.0 + 19.9
2.94 Y 0.9942 83.5 + 14.8
2.19 | 0. 9940 331 7.2
3.46 0. 9937 53.5 + ©.8
3.66 - | 0.9935 51,3 £ 9.7
3,84 0. 9932 58.2 £ 9.5
4,03 ' 0.9930 56,0 + 7.4
4,26 0.9927 29.0 + 6.5
4,54 0. 9924 19.6 + 4.7

4,70 0. 9920 15,9 + 4.2
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0

The A?} resonance in m-p interactions at 4.0‘Bev/cs)

Ao production by 4.0 Bev/c primary nlons was studied
using the electron-positron pair generated by the conversion
of.Y raypappearing in the interaction. The effective mass
di stribution has two characteristic enharcements. One of these
in the region PﬂAx = 1150 - 1200 Mev is due to Z‘ productiﬁn
while the second in the region }4AV = 1300 - 1400 Mev shows
ovidence for production of a new resonance 4?70 with isospin
T = » and mass about 1680 Mev.

stufy of resonances inh the Tlr syétem4)

The reaction (involving 3r)
— 4 . 5
Tt p—> h+X (X% 5T+ Y)
- was studied at 2.8 Bev/c. .There was an enhancement for angles
greater than 130% which could not be explained as due to the
éfia}mmson (Gecayling to wP+r). The eahancement. -is attributed
. O '
a 7°r resonance )(' with mags ¢~ 1300 Mev. .

5)

7+ photoproduction between 1,2 and S Bev at very small angles

The production cross-sections of 7 by photons of
energles between 1.2 and 3 Bev apnd plon c.m. angles from
2.5 to 15" were measured. The eross-section is strongly
peaked imn the forward direction and shows resdnance structure
in the region of the N;/2(1920) and Ni@(ZIQO). The forward
peakipg is in contradiction with the simple peripheral models
and thelr Reggeilzed verslons which predict a‘vénishing cross-

section in the forward direction. Iunterference ofK& and &

channel poles and inclusion of absorptive effects lead to

agreemants only at small angles and low energles. 25
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| The differential crogs-sections are given in the following

table:
TR TTTTTTTTTTmTTmTomomomsorosomosmsmsssmmooomosmoooes e
2, 5° 50 7,8° 10° 15°
1,93 6,00 + 0,41 5.45 £ 0.25 4.04 £ 0.22 3,210,260 |
* U e 1 ‘ i L LN . ¢
1,37 4.41 ¢ 0.44 4.0l ¢ 0.18 2,71 £0.18

1.52  6.54 + 0.43 4,81 £ 0,29 4.09 $£0.2Y 8.94 ¥ 0,14 2.71 + 0.19 g

1,66 6.40 + 0.50 5.21

|+
«
[}
<3

4.78 +0.22 3.41 + 0.17
1.80 65.58 + 0.28 5,68 + 0.28 4.75¢ 0.19 8.62 £ 0.19 3.34 & 0.13 |

1,99 4.94 ¥ 0.36  4.77

I+
R=t
—
o

3,61 + 0.16 3.30 & 0,15 |

2,18 5,70 + 0.29 4.20 ¥ 0.20 3.18 + 0.16 2:60 & 6.13§
2,38 _4.39 + 0,35 3.17 £ 0.16 2.44 + 0.13 2.98 * o;1of
260 4.38 £ 0,25 2.98 £ 0.10 2.3¢ + 0.12 2.24 ¢ o.Qag
2. 86 2.96 + 0.12 2.19 + 0.09 2;17 4 0.112
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The reaction k™+p =+ k™ +p+ at 3.8 Bev(g

events of the type k™+p - k'+p+hf'were observed
in k“;p interaction at 3.8 Bev/c in the BNL 80-~inch hydrogen
bubble chamber. The k~-p distribution shows that Y3 (1520) is
produced strongly with very little background, Y(1660) is
absent and the Y;(1815) peak is present and does not contain a
large admixture of Y;(1765). There appeérs to be a peak hear
2060 Mev which may bo Y1(2065) or the Y¥(2100). T cross-

sactions are given in the following table

A G RS R e e b S R gk e Brn e ek G W A R iy o et e e e S e A Sy it R e e e b e e

Channel Cross section (fAb)
Y3(1520) 20 + 3 ‘
‘YI(1660) | < 5

Y5 (1815) x Y;X(1765) 23 + 7
x{(2065) + 7Y (2100) 27 + 8
ﬁ‘pu}nonfesonanﬁ 6 + 10

M R e e s e b A e Sy A e vl bw v wen e m ek S g S A iy i am W e e

4|
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Re sonance production in 5 wr and YK final states in

k~-p interactions ab 4,25 BeV/C7)

Three body final states were gtudlied in X~ interactions
at 4.25 Bev/c. The followlng table gives the cross-sections.
The kf’klo system exhibits a resvnance, £*(1600). ; Eif(l530)

and k™7 (890) are also @resenﬁ in the éppropriate chanhels.

R Tl L e e

e WIRD gwm
‘rE,*k’f-:rO 23,2 16.6 + 3.7
E,“_;ko'fr*‘ 46. 9 19.9 + 3.2

AP (9= kD + x5 46,0 22.7 ¥ 3.4
/] K k‘i 18.3 9.8 & 2.4
A kP k2 (non P 16.7 8,0 % 2.8
i3k 11.3 6.6 £ 1.9

u—i—.——...——-.._....-....—.....q....—_._.._....-........—.-..--.--..4...-........—.-—_———-—_......._..-_....-—-.—




* Evidence for N* resonances of masses 2080 and 2190 Mev8)

Two enhancements in the mass spectrum of ainal
state prtm-rO combinations have been observed in 3 Bev/c
7~ - interactions with hydrogen. The mass plot shows devia~
tions from phase spvace 1ln two fqgions and are possibly due
to N* resonances of mass 2080 ¥ 12 Mev and 2190 + 12 Mev,
cach with widths of 40 + 20 Mev. The mass plots for pwand
p W states show no enhancemeﬁ% st these masses. The evidence
for the decay of both the enhancements into N*++(1%36)ff“ is
strong. Taking account of possible decéy into N*+(ﬂ) and
N*ﬁ?* the observed yleldes in these channels are consistent
with an assignment of T = 1/2 for the N*(2080). '

Evidence for the existence of mesons decaying into 4 pionsg)

‘An ahalysls Yas undertaken of the 1988 six-prohg
events at 3 Bev/C‘ahd 2973 six-prcng events ét 2.5 Bev/e
of the annihilation of the proton-antiﬁroton systems into
multiplons. In the configuration pp = ar¥r- a structure
was observed in the 2r* 2r~ mass distribution. Clear evidence
1s present for two péaks in the maés regions of 1.7 and 1.84 Bev.

A Gaussian fit glves the masses and widths: \

M(1.7) = (1717 + 7Mev, [ = (40 % 12) Mev.
M(1.84) = (1832 # 6) Mevy ("= (42 £ 11) MeV.

— f—

The lower peak corresponds to the centre of the R™ group
of mesons at 1.691 Bev found earlier by the Haglic group.
U

Assuming strong decay ig G parity ﬁ3’+1 and the F%j decay 1is

forbidden, 4.3
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Phase shift analysils o'f kig elastic scattering at 780 Mev/clo)

45000 pilctures of k¥p elastie scatbtering events at
780 Mev/c were ana‘lysed. A phase shift analysls shows that 2
pfedominant s-wave scattering with small p and d-waves
explains the data. The total elastic scattering cross-sectlon
was féund to be G’é'g:(lz.s 4+ 0.4)mb. The differential cross~
séctions are given 1n the following table (Table 1) and the
ﬁhase shifts in Table 2. In the second table A, ﬁ and C
solutions crorespond respectively to solutions with dominant
s-wave, Py /e Wave or a mixture of pj/, and pg/g Waves. The 5\//)

fr~ 4
are phase shifts the ’17"/8 are the inelasticity narameters.
/

Table 1
Cos ©* interval d97/d q (mb/ster)
~1.60 = ~0.90 1,137 + 0.064
~0,9C - 0,80 1,073 + 0.061
0,80 ~ =2,70 . 1,055 + 0.060
“0.70 - ~2.4GC 0,953 & 0.C67
0,60 = 0,80 0.137 + 0.084
~0.50 ~ -0.40 0.984 + 0.058
-0.40 - ~0.30 0.880 + 0.064
-0,30 - -0.20 0.920 + 0.056
~0,20 -~ -0,10 0.929 + 0.056
~0.10 ~ =0.00 - 0.912 + 0.056
-0.00 - 0.10 0.893 + 0.055

A4



Y em——— U a
cos 6% interval a¥/d SL (mb/ster)
0.10 ~ 0.90 N 887 + 0.055 g
.20 - 0,30 2,848 £ 0,053 ;
0.40 - 0.50 0.876 + 0,055 |
0.50 - 0.60 1,084 + 0.062 §
0.680 ~ 0.70 1.006 + 0.060 j
0.70 - 0.80 1.0589 = 0,063 %
0,80 -- 0.90 1.134 + 0.065 g
;
0:90 ~ 0.95 1.375 + 0,096 g
:
Jable 92

£ (s14) kY o) (%) § (@) 07,1 O tnel

) (sl/2) ol/2) N Gd/2) W (a¥2) n () hy (mo)
-.4:2. 6811,08 .-..""31 96:’;7.41 20 36:30 98 3.. 38:1"_3.58 b 039j"_1|48 1.20 667 00 52\i
< 2770+0.0042 0.992340.003 0. 9963 1. 000 1. 000 3
ki 41.87¢1.84  .12.00¢3.6€¢ -5,00+1,99 -0.42:1.02 3, 54+0, 45 13,595 0. 518

§ 599 0.991740. 0009 0.9777+0.0C15 . 0, 9953 1. 600 1. Q00
;§~ 12.01£8.41  ~40,47+¢6,07 .-B,21x1,34 --5,17+3,€0 0.53+0,79 12,8563 0. 570
P4 0. 9953+0. 0007 0.9739r0. 0017  0.95953 1.000 1.000 13,487 0.523
b+ °0.870+3,97 44,810,765  3.43#0,3% ~1.04+2. 73 1,24+0. 41 ;
Hepd 0. 9918%0. 0092 o. 477250.0103  0.9964 1.000 1.000 12,586 O. 5201
-3. 80+9.06 14.49:2.41  ~26.68:0,58 ~0.61£0,73 1.91+3.98 13.680 O. 521;
pd 0.9962+0.0007 0.9739+0.0016  0.9953 1,000 1., 000 !
|
"120 64_t30 86 ""7!- 56:‘;29 50 361 59__‘*"__1:20 "".1.0 04_'*_'.00 97 5! 62"‘_“_10 35 |
pd 0.9843+0.0019 0.9849:+0.C112  0.9955 1.¢00 1.000

-

u.——.-.--—-—.--...—..-—...-——o..—-—.-—.—.-u~-n—._....--_.._-.-..-..--.-..4-..-—-m_—--.—.‘-_-—...——-.._...._—-.._-.._—-.-.A.-.—-u——-.-om
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11)

Backward elastic scatiering_in the kp system at 3.55 Bev/c

kp elastic scattering was studied at angles from
'168°:to 177? to find out whether there is any backward peak
as in_pion{;ucleon scattering. The differential cross-sections
are given in the following table. The k*p elastic scattering

exhibits a backward peak.

e e e e B L e e I I i R i et Lo B )

-t W de
Particle Cosf%.uv(gev/c)g (B9V%¢3% | 5*6“&i4\_%%1%;2,) A &];*
W, (PElo N F) Mo ey

mm-p—o-—nqo—_.._._..—n--.-..._._—....-..__.......,._._............-...—-...---—._...—————-_...-.._..._......—.—...-....—

K' .-0,9835 .30007 0.065 7 14,9 + 5.3 2,13 33.1r12.5

k¥ -0.9940 5.€36 0.035 15 21.3 & 5.5 3.02 47.4r12.2

K* (htorage)0.9876 5.618 0.016 22 17.3 + 397 2.47 38.8:8.2

e

K~  -0.9876 5.618 0.016 O , <86 < 0,04 < L4
KH(w=9 -0,9818 .602 0.000 -~ 14.0 + 6.2 1.%9 31.2+13.8
K+ (180°) . o ~
ei{tgago_ “l. OOOO 5. 653 0- 002 .- 2641 i 12.0 3.73 580 1t26¢7

arte

ab
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MAY 1967

Introduction

The present report starts with w0 photoproduction
eross~-sections for incident photon energles in the range 2 to

5 Bev.

For

The branchlng ratios/leptonic decays of the vector
\ .

mesons are given.

The ecross-sections. (differential and total)for
scattering of photons of energy 970 Mev and 1300 Mev from

carbon and Tungsten t argets are given.

I R
A determination of the ’q S AT Y decay
rate gives a very small branching ratio for this decay in

contradiction with theoretical prediction.

Phe branching ratios for the decay of 7] into 2r,

wOrr and 3w° are given.

Two experiments to test tlme reversal invariance, one
0 o o
in p-decay of gﬁelf and the other in k;éﬁ decay are given,

The results of both experiments are consistent with T-invarianc
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BLEMENTARY PARTICLES

7O Photoproduction eross sections for incident Y _ray energies

of 2.0 to 5.0 Bevt)

The photoproduction of neutral plons for incident

» shotons in the energy range 2,0-5.0 Bev and of baryon'four-

momehtum transfer squared. 0.5 to 4,0 (Bev/c)2 was studied

using the bremsstrahlung beam from the Cambridge Blectron

reelerator. The resulh of the measurements for the differenti

i {
cross-seetions are shown in Fig., L. Flg., la gives ZT;; in
units of nano-barns per (Bev/c)2 ags a function of -t for

A6/ as

functlion of Ei( for several values of 1 [tﬂ. 'The behaviour

several incident photon energles. Pig. 1b gives

of the cross:section as a function of J¢t! 1is similar to that

ohserved in meson-nucleon scattering and 1n other photoproduct

exveriments. In particular the cross-sectlon in the momentum

transfer range 0.2 t2 0.6 (Bev/c)2 can be expressed in the for

l Jg" &(’ wlith B ~ 3.0 (BeV/C)Z.
o =
. At

: 2

o Muoh-palr decay modes of the vector mesons

L . 0
33 4 separate determinations of the fj “332J* branching

X ratio based on data taken using carbon and inon targets givef

2;5 the branching ratio

——

50 ot - B
. ( > - » _ (¢ 4 L) Xo S
s T -

tonT
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If the SU(3) predictions hold the q? decay into

lepton should have a larger branching ratio (with respect to

decay 1lnto kaons) than the corresponding E and  decays.

Observation 9f the (e*e“)—decav modes of neutral vector mesonsSx

T & H\nd .
A new was used to separate the efe~ from other modes
AY

of decay of the vector mesons nroduced by 4.0 Bev/c plons in a

1iquid hydrogen target 60 cm. long in the reaction

T e WA et e tn

To separatellepton decays use was made of a two channel:
sy stem of éoark chamber and cerenkov total absorption -gamma-
spectrometers. For'effective mass calibration of the apparaty
the }1 ~ YY gnd W —> Ty decays which had been obtain§=
simultanesusly with efe~ events in the same run were used ﬂ
Proper account was taken of background sources 1ike simulation
of ete~ events by wtw~ pairs; the ete~ production without .
resonance state formation and conversion of Y-Y events.

The experimental rvesults are given by

o oheT : o 64_<”‘)
r ( e ) + F(t ? ,_-_._..,..JC G ()

r ()

SR
F (e

—

| ¥ |
— (ks o2 ) X0 b @

——




€5

. L
LT £ o .) -
r({) o & Ktu"("mb

e ()

NS . o)

pssuming SU(3) symmetry and the data for O (P), T (w
and G"(QQ) the width of the vector meson octet decay into ete”

is given by
2
[ (vy —> TeT) = T 6 1 ) v 10 T Hey
B I o (%2 Hev
r (Vg ¢ 2 = o~ e

The evaluation corresvonds © the followling ratios.

I ( € — ele) .. (3.9 + 1,2) x 107°

e e

i (¢) -

(“(’e¥- 3 :eT) ¢ 200 x 107°
)
. 4)

Porward scattering of Bev photons from carbon and Tungzsten.

Elastically scattered photons from a %“ carhon target
werce counted at “average bremsstrahlung ~nergies of 1300 Mev
and 970. A 0.03" tungston target was used in a meashirement

T4

at an energy of 1300 Mev.
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The measufed values of the scattering cross-sectlons at 30

average angle were normalized to o? by using a model of

di fraction scattering from a small siightly absorptive but non-

diSpGﬁSlve sphere which gives the scattering amplitude to be

proportional to (@) = fg _L(R"‘ 8, (ba@) £ where k 1s

the lneident photon ehergy, the radius of the scattering nucleus%

and 8 the scattering angle. | |
The following bable glves the cross~sections, the last

column giving the ratio of these to the optical theorem estimate

A o - Mffu -

e

where A is the number of nucleons and U;% 15 the hydrogehn

eross-section. The total cross-gsection are:

T, (970 Mev) = 182 JA barn

H
3 = b
Oﬁ (1300 WMev )= 146 }m arn
Target K a2(a0 olcr' 28 :
arge (Mov) *5%63% (3@);1@ em%m experiment
. av 3
(experiment) Optézgimgzgorm“
Carbon 1300 0,83 0.79 + 0.11 1.17 + 0.18
Carbon 970 n.90 0,92 + 0.30 1.26 + 0,42

Tungsten 1300 0.33 FOT6 + 12,00 . 0.95 & 0.19




SS

-5 -

Search for'?~>w*+w“+r°+Y 6)

This experiment was performed to find out whether

the decay mode
. o - 0 '
y) ...... S b T Y
had a decay rate comparable to the mode
e 2
Moo= T ey i
.or (since ['(igﬂ+r+r) ~ (*?ﬂa'w++#'+ﬁ°1>to the mode

v =D ﬂﬁTﬁm+W0

Séuger's theoretical estimate is that

‘-'_A » ~ N{ '__:'_ o N
F / uw S T AT )

“$he W? was produced in the reaction

Ko b A

.
and the decay events corresponding to

A - e ( [+ e (U AR )
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From the mass-distribution plots it was concluded that =
35?@ of the ~5 wrer=+rO+ v should have a mass squared

greater than 0.04 (Bev)?. Since there was a total of sgix

events above 0.04 (Bev)Z there -could not be more than 17 such

events in the exneriment. This gives

T T ‘ _
r(w}mgﬂ A4 fH+Y). 7 v
e T X O«

' SR
(v — RIRET

6)

Neutral decay modes of théj? Fmeson

As a part of a series of experiments to detect neutral
. ‘ o )
resonances in the reactions 7w +p + X~ the branching
ratios of 7decaying into 'y UY 4y +y and 3r°
J

were measured. The ratlos are

23
all neubtrals
EI b

U

(7.9 + 5.2)

TS MR -] ®
oY
= 24,4 b,
all neutrals ( *r 0)
o)
£l = (17.7 + 3.5)

ali neutrals




The last value can be combined with the published

values of

V) —> all neutrals

g — 2. 69 + 005
~) ___5 all charged -
and

Py 5

R i I + 6,07

n 3 all charged

to yleld a value
ﬁz 1 = 0.57 + 0.13

(y}_:?;!T;'HI‘"-HTO )

in falr agreement with earlier results.

7)
Tegt for time reversal invariance in the beta decay of Nel9

The possibllity of T violatlon in p= decays may be

tested by studylng the presence of a term D. I r M">CQ/J
(where <1154r ig the gpiln polarlzation of the initial nucleus

éﬁ , & unit vector in the neutrino directlon and ¥, the
veloecity, the electron) in the differential decav'ratn;l D is
proportional to ,&ﬁhqawhere EEL‘”‘)le ?)and T;inVaria
implies that (ﬁé~ is real corresponding tp ¢>—-0° oralBGQ*

The coulemb correctlon to D Tariablas tp first: order in °

2£o§ for V or A coupling neutron beta decay experiments.

;9 )




¥S

give

D(n) = 0.04 + 0.05

implying = 176° + 6°. TIn the present experiment D(Nel9) was
measured by observations of et -FlO- 'delayed ecolinecidences. The

Yalue is
Iy (Ne' ). 0.002 + 0.014

corresponding to (0 = 180.2° + 1.6° which is consistent with

T invariance.

&

0
Test of time reversal invarlance in l(}(ﬁ decavs)

Various modelé of CP nonconservation (like that of.
Sacht's) predict a large transverse polarlzation of the muon |
in kﬁfg decay. In the v-4 theory all observables except the
absolute rates can be exprsssed 1n terms of the ratio é{{cvl)
of the two form factors £ (o) and :fﬂ}qﬁj. j{ should be
real L1 f T invariance holds. .For the geometry of’the present

experiment

. o - Qul
’W\g - = 5 PT ?




A=

-0 .
{a -
where th b 1ls the measured transverse polarization
o>f the muon. The value found was
\ﬁ.ﬁb
2. = 0.0025 & 0.012

!

which gives

[m % =-0.014 « 0.066

Thus the results of this experiment are eohsistent

with no #iolation of T invariance.
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JUNE 1967
Introduction

The present report starts with an analysis of inelas-
tic ]ifﬁ interacﬁions betweeg 860 and 1580 Mev/c which
eonfirms the existence of g peaﬁffound earlier by Céol at
1250 Mev/c.

A study of K+f> interactions at 12.7 Bev/c shows L
resopnances in the KT system at 1300 Mev with width 130 %

15 Mev, isospin 1/2 and spin-parity 1+, The existence of the

peak at 1780 Mev (the L meson) obsemwed in earlier eXperimént

1s also confirmed,

A study of the differential cross-sections for produc
tion of pions, kaons and entiprotons in proton.proton colli-
siqns as a function of the transverse momentum of the produ-
ced particle (with the longitudinal momentum fixed) shows a
Gausslian shape in contreriction with the exponential depen-
dence first suggested by Cocconi et &l.

A new detemination of the pion and antiplon lifetime
confnrms CPT 1nvaﬂlance in weak interactions,

A resongnce )ﬂ (1715) is present in the AT syste
with isospin 1 snd width 120 Mev,

A new enhancement in the ejﬁﬂ‘system at 1.32 Bev is
found from a study of five-particle final states in 'TT*bL

interactions at 5 Bev/c.
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ELEMENT ARY PARTICLES
Inelastic progesses ne%;.the T=1 K+p peak at 1250 Mev/¢

1)

An analysis of inelastic K+p interactions between 860

and 1580 Mev/c with particular reférénce to a study of the

KN (1236) fingl state was made, Single pion production is the
only significant inelastic process in the momentum range under

consideration and the process

KT +p —= Ko byt

gceounts for the major part of the s1ng1@-pion production and
is richest in the two-body fingl states KN (l¢36) and NK (891)

Fig.l shows the total partial K F cross-sections in
the region of & peek found by Cool earlier at 1250 Mev/c
(corresponding to & mass of about 191C Mev) which in a SU(3)
could belong to a 27 repregentstion, A study of the angular
distribution leads to the conclusions that (1) there must be a
strong Y§)L_state present (ii) the increasing forward-backward
asymmetry in the production angular distribution is caused by
interference between the dominant P‘state and higher waves of
opposite parity, principally D waves and (iii) the T?g/iistate
is not the only }> state present,

The ratio of the }73/1 to the 7%%. channel cross-sectio
seems to lie c¢luaer to unity tham to theé prediction of the
Sﬁodoeﬂky-sakurai model which gives a ratio 5?3 . The Q;g/
amplitude leads to a cr.ss-section of less than 100 Pb at all
momenta and is far too small to account for the Cool peak, The

o

1?3/ and P! amplitudes are approximately in phase at all
2 3




2

momenta. Thus nohe_of thegse data suggests or requires that
any of the magin amplitudes present in theﬂproduction is domi-

nantly of g Breit-Wigner form,

2)
Production of KWW rgsonences at hish energy

Preliminary results of an investigation of K+p interac
tions at 12.7 Bev/c show the following features. The outstand
ing part of the dxf}bTF%(" (395 events) and kﬁ/:wf*rr“’(359
events) final state distributionSis the dominapce of the wide
peak at 1800 Mev in the KW system. The peak at 1780 Mev
is identified with the L-meson. The 12300 Mev peak has a width
130 + 15 Mev, The observed ratios for decay into 7 K7+ and
K finagl states are consistent with & T = 1/2 assigﬂment.
The angular distribution.of‘the decay products suggeéts a spin
parity assignment 1Y (s wave). | |

The isospin of the L-meson is also 1/2.

Productidn of piong, Kaons and sntiprotons 1in high-energy v-p
3) :

collisions
| The differential production-crOSsusection CL?G"/Q&JL&#;
for pions, kaons and antiprotons in‘p-b collisions were
measured at 12.5 Bev/c. Two sets of measurements were made,
one in which the longitudinal component of the momentum of the -
produced particle in the c.m.s f& :2%£;ed and the other in
which the transverse componentg,P; , was fixed, The experi-
ment was performed on the ‘zero-gradient ggnchrotron at ANL,

The production cross-sections are given in Figs.2 and 3. In
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-This is in disagreesment with the eXponentlal dependence on th

, first suggested by Cocami et al on a pnenomenologlcal basis,

' ]EL goes to 0. This indicates thgt_thére is no tendency for

 Cerenkov counter in 1“ and -  Dbeams which were nearly 1den-

3

7 . o 1
In Fig.2, f@ is fixed snd the depsndence of d 07Q“a¢bon ri
1s studied, The graphs are stralght lines on semi log paper

which means that the cross-section is a Gaussian in P L
. Y

AdZq

2
_QJ} - B Q”T'("ﬂfﬂ->

J

. géﬁ@g}

The s¥eps of the stralght lines are conuistent with A2.35(Bev/c
-2 2

except for the K+'slope which is about 2,7(Bev/c) Cf“d“/éxlldé

continues to drop as a Gawssian =21l the way out to 'f;f =1,5
&
(Bew@) in contrgst to elagstic cross-sections which seem to
v 2
break sharply around Py Qj 0.9(Bev/c) .

1 fixed. The

Fig.3 gives the cross-sections for P
cross-section does not hsave a maximum at zera longitudinal

momentum, but peaks at about 0.45 Bev/c and drops rapidly as

particles to be produced at rest in the c.m.s, The protons -
themselves appear to emit all the produced particles.

4)
Pion-antipion lifetime comparison

Pions produced by a proton beam were momentum analysed
and the fractior of surviving piens as a function of distance

in vacuum wgs meagsured hy using a liquid-hydrogen dif ferential

tical in thelr momentum space distributions., The Tr/é— ~rati
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vas ﬁhus determined at each point to give a relative lifetime
megsurement, By a dlffersnt analysis the absolute lifetimes
werehglso megsured, The #g}lowing table gives & comparison
of T 1ifetime velues 1 /M~  1ifetime ratios in other
eXperiménts and the present one., As is seen there,'the"
agreement with other sxperiments is good., Also a,she{k’ohf

!

CPT invarignce in weak interactions is s&=0 upheld,

it

BRGNS (Ve /v D=1,

26.02 1+ 0.04
Other experiments 26,40 + 0.08
25,6 % 0.3 0.0040 + 0.007
eersom el o
This experiment : 26,6 + 0.8 0,0056 + 0.0028
B * 5)

Production of a Y;(17OO) in Kmp collisions at 6 Bev/c

The channels

K™ F) - (ﬁ'ﬁﬁ+) T , (1)

¥t VT > (ACTORT Yy
(_yf‘ ) , ( o | (2)

(o Pom | | ;3)_




(4)
k™ p — (K Ow Y o (5)
(& wpt)m (6)

were studied in ]{HFD intergetion at 6 Bev/c¢ using date

obtalned from an exposure of 300,000 pilctures in the 1.5 m

BNHBC at the CERNV P.S. 4 clear peak of (30 + 8) events at a
ATTi' mass of 1715 Mev gppeears inwchannel (1). The peak

has a width of 120 Mev. There are no 8tstistically significan
peaks 1n the other channels., The isoépin of the new reso-

nance is 1, but no conclusion czn he drawn regarding its spin,

The KT decay distribution is symmetric and nearly isotropic

A P?f* enhan?ement at _1.32 Bev observed in & Bev/e T
) .

interactions

The resction
_ N — b O
Bad D b p T T AT

was studied for a P'TTb effeot in the Ai'mass region. The

experiment was based on the analysls of about 200,000 pictur
taken in the 81 cm, Saclay bubble chamber filled with deute-
rium and exposed at CERN to & 5;04 Bev/¢ Tiﬁ beam, There is
a peak in the ffgfmass spectrum centred st (1.32 + 0.025) Bev
and ﬂs observed width is approximately 150 Mev. About 34 .eve
contributektheAstructure, the corresponding cross-section

being G~ =(16 * &) Mbary
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Introduction

The present report starts with further evidence
for the K*(1300) with isospin 1/2 observed in w~p interactions
at 6 Bev/c.

A study of the relative partial rates for positivé
and negative kaons of momentum 3.5 Bev/c decaylng into 3 pions

ylelded a ratio 1,006 + 0.009 which 1s c¢onsistent with CP

conservation in ¥ -decay.

’ —+ : —~+ '
The branching ratios for the 2 — —D A+ @ + b

decays are given.

Finally differential cross—séctions for photo-
production of pions from deuterium and hydrogen at photon

energles in the range 3.0 to 3.7 Bev are gilven.




ELEMENTARY PARTICLES

Bvidence for the K*(1300) in r~p Lnberactions at '©. sev/e™’

%

A Krm enbancement at 1800 Mev was noticed in earlier

‘experiments in K'p reasctions. It decays strongly into w ¢ K*(890)ﬁ
and possibly into X + (’(760). Since the K*¥(1300) mass is not
very ‘far from these two-body decay thresholds the possibility

erists .
of the enhancement being a kinematic effect: 1In the prasent

. \
experiment the mgtter was investigated using -wip interactions
at 6 Bev/c in.the BNL 80-inch hydrogen bubble chamber. The
following channels leading to gither neutral or doubly charged

Krw states were studied-

'\

—7”' .-f— }3 s A"t \ _,\.—‘ﬂ’ +r 847 events (13.)

> (\ ~+ {<+_p }{+_ﬂ 401 events '(1b)
4o 4 | :
m '*f’ e A +7 T 127 events (2a)

~tT’ 163 events (2b)

5 N A Ko

The (Krw)° mass spectrum shows two ephancemants at 1300- and

1440 Mev while the (Kww)T distribution shows little structure.
Both_the decay modes K.~ (? and 1;+k*(890)+ waylstrongly favoureq
The width of K*(1300) is ~, 60 Mev, much narrower than expected

for a kinemetle effect. Diagrams leading to kinemetic effects




T4,

would not lead to states of definite isospln but such states

" yerd:not observed,. The absence of a (Knw)*t is also indicative

-3 -

that we have a dynamical effect in the present resonance.
I ' '
The reaction T+ [)..> Nt K(1300) limits the isospin
of the resonance to 1/2 and 3/2. If T'= 3/2, only the T = 3/2

7¥p state can bohtribute giving.

o (T‘,A? b A+ KX “,S,M)-W =3

=

o (T +h — A-+ K* C1zo0y’ )

which is not borne out. So T = 1/2 is favoured. The study of

————

decay angnlar distribution excludes J r C;-’

§ 3 -+ 4 ~2)
The relative partial decay rates for K I _5 70 47 <N

To investigate the possibility of a violation of CP
invarlance in the charged K - ar chanpel which is parity-
cohgerving and strangeness changing, an experiment was perform
using a kaon beam from an external proton heam of.the Argonne Z
Thelrelative partial ratés for posikive and negative kaons of
momentum 3.5 Bev/c decaying into 3 plons, (‘C““*f)//r (%_%v)
was measured. If this ratio is different from unity there:%P

violation (possibly due %o AT fof transitions). The value

-
obtalned in the experiment was

F(=-+> e ) -
FE_.:~ - 7 /K = 1.005  0.009
++ )




where ]d *+ is the number of‘T' ~-decays observed and Kt is the.

" pumber of kaons from which they occurred. Thus the exveriment

indicates that there is no CP violation.

A s "
On the decay Z = —> A4 @i 4y 3)

7 : : A _

The O were produced in the reaction K'+p -~ D TLTH

in the 30-inch BNL hydrogen bubble chamber. 512555@ 12'[4}1t the
sequence: -

——

S 5 amT
(_\/\O_( e'j’,—r»y
L_* Tr*4-))

The branching ratios found were:

T T > Nte AV
all § “decays

- (0.64 + 0.12) x 1074

- A ;
st S M oY
= > Mt e = (0.20 £ 0.08) x10~%
all % decays




-5 -

In the Cabibbo thedry of hyperon decay

T O N4e AV

all 3 decays

= 0.60 x 10~4 wv-l?'é (-}—- ) X pt

. ' »
which ylelds value D = 0.76 & 0.7 and o = T = 0,64 + 0O
T4
which are in agreement with several previous determina ationA
g A
Photoproduction of single charged nions 9~ ~+ deuterium and
hvdrogen4)

Photons of energy E:¥,= 3.41 Bev-from a bremstrahlung
beam from the Zﬁmbridge electron accelerator were allowed to
interact with deuterium and hydrogen and the differentia; eross-
sections for the followlng processes were measured for plon

" ecentre~of-mass angles 69(\NV‘ between 30" and 900

Y o~ d 2 T~ P v @
v td T @
A : (3)
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The differential cross-sections were also measured for LS}
between 3.0 and 3.7 Bev for E}( 450 this energy range
being chosen to search for the vresence of the Afy (2645) .

The differential cross-sections .Olgw and 497 for ot

. “d (- AL ¢
production from v > se“3ina i protons and wT production from

neu*rons are given in #ig.1l(c) and 1(d). There is an exponential

decrease;

d o S

— ol @
with B = 3.3 (Bev/e)” “2 yp to | k[~ 1.0 Bev/e® for both 7~ and
the vf. The eross-section ratio , jzé%ﬁ” are given in PFig.(la)
and (1b), The ratio is smaller than unity at Eij: 3.41 RBev and

increases with angle. It is aporeciably less thanll at {2‘ = 45°

and increases above [g = 3,4 Bev, e
The ratio of ¢ross-gectionA ciGﬂ(v+ from hydrogep)

to Aq (v from deuterium) is also shown in the figure, and is

consistent with unity. Thus the impulse aporoximation seems

to be good for this case.
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Introduction

The present report starts with s high-precision determina-
=
tion of the ﬂ'T'P total cross-sections in the momentum range 8 to

29 Bev/c,

Jn experiment investigating the nature of the backward ﬁeak
in elastic plon-proton scattering from 6 to 17 Bev/c is given.

The meggre data on "T(fphotoproduction in the energy range
450 to 600 Mev is supplemented by a recent experiment the results
of which are glven, ‘

The branching ratios for '< (1410) decaying 1nto k{xjva,
l< f’, ¥ u) and KV waich are in agreement ‘with the SU(3) predic-
tions are given, ;Le brenching ratio for the leptonic dgcay of -
the _meson which is in qualitative agreement with the vector
meson domingnce prediction is also giveﬁ. | ,

'The differential'croés-sectiéns for elastic scattering of
€7 Bev/clantiprotons by protons is given,

Flndlly in the section on Low Temperature Physics, kindly
prepared by Dr.R.Vasudevan and Mr.R Sridhar ?, details of an
important experiment of Hess and Fal rbank who heave demonstrated

for the first time a- rotational Meissner effect for ligquid helium

are given.

+) We wish to thank Dr,R,Vasudeven and Mr.R.Sridhar for making
this material available for inelusion in the present report.
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: + ‘ ' 1)
‘High-Pregeision 17*“1j§ total cross sections from 8 to 29 Bev/c

were obtained using a counter-hodoscope system with an accuracy

2

ELEMENTARY PARTICLES

Total cross sections for 'TT"t>interactions in the'

e
region 8 to 29 Bev/c and for 1V ~{> in the range 8 to 22 Bev/c

of 0.3% bettering previal s measurements where the accuracy was
about 1%, Corrections were made for coulomb-nuclear interference.
multiple scattering and muon contamination. The results for the

cross-sections at various momenta are given in the following table

Momentum a (T ) Momentum o (7T )

(Bev/e) C wb) (Beve) Jany
7.38 27,765 + 0,089 7,73 | 25,564 + 0,084
7.60 27,671 + 0,088. 9,84 24,921 + 0.079
9.78 . 26,871 + 0.084 11,90 24,517 + 0,078

12,01 26,273 % 0,083 14.07 24,187 % 0,081

14,13 25,915 + 0,081 15,96 24,025 + 0,076

16,21 25,799 4 0,082 18.02 £3.805 + 0.081

16.31 265,643 + 0,081 20,29 53,731 + 0.079

17.32 . 25.509 * 0,081 22.10  p3.422 + 0,098

18.36 - 25,327 + 0,084 '

18.68 25,844 + 0,081

19.22 25,308 + 0.081

20,17 25.150 + 0.082

22.09 25,064 + 0.079
24,27  24.955 % 0,082
26,19  24.822 % 0,079

¥.0.083

28.68 24,774
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The ";t-p backward pegks are narrower than the forward Tr“ 2
| !

3
e R s L O
8 2,04 + 0,09 8 52,98 + 0,12
10 1.93 + 0.D9 10 . 51,71 + 0.12
12 1.78 4 0,09 12 . 50,79 + 0,12
14 1,74 + 0.09 14 50,14 + 0.12
16 1,66 + 0,09 16 49,71 + 012
18 1,66 + 0,09 18 49.18 % 0.12
20 1.92 ¥ 0.09 20 ' 48,92 + 0.12
22 1.64 + |

0.10 . ee 48,60 + 0,13

Backugsrd neaks in_elgstic DlOH«DrOtOH scattering from 6 to 17
Bev/c 2) '

The elastic differential cross-sections foi plon-proton -
scattering ﬁere obtained at 5,9, 9.9, 13.? and 16,2 Bev/c for
negative pions and 5.9, 9.9, 13,7 and 17.1 Bev/c for positive
plons.: & study of the backward distribution shows, as found
previously that the cross-sections do rise in the region of

small 1f and this effect continues at least up to 17 Bev/c.

diffraction peaks and bacome steeper in the region 0,06 < -4 <0,
(BeV/c)2 Expressed in the:&arm {%g: ol fh* the backward

”ﬂ+,-b peaks have 4 = 13,1 # 0,6(Bev/c)” 2 for u20, 66(Bev/c)2
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and for 5.9 Bev/c plons, A = 18,2 + 1.9 for ©.9 Bev/c,

4

ele9 27 for 13,7 Bev/c and 27 + 10 for 17,1 Bev/c,

indicates that the width of the’T{t% backward pesk is decreasi

with increasing energy.

corresponding ||

sevgral times wider.
(Bev/q)".

- 21,40 + 0,10 24 4 -1,10 £ 0.12
at 180° are (?@gﬁ3)> - and 652%3})

4% 180° the -

+

and ’ﬂh"respectively.

The differentisl cross-sections are given in the

following table,

# cross-sections are about

A

crocs-sections, but the backwakrd peaks are
The maxima seem to occur gt -

The energy dependence of the cfoss-sections

This

of the

0,05

PR -t Ci@ //C{l{
Pg cos © u o o 9
(Gev/e) - eum. (GeV/e)2  (GeV/c)® (GeV/e) }&é/(GeV/c)
. ,n.+p = p,n.+
~0.9987 0,045 0.0L 11.136 36.40
=0, 9948 0. 035 0.01 11,1265 29,38
~0. 9929 0,025 0.01 11,116 3225
-0, 9899 .01 0.02 11.100 20.81
-0, 9865 -0.,0075 0,016 11.083 17.11
-0, 9836 -0, 0225 0.0186 11.058 - 16423
""‘0¢ 9802 . "'Oo 04 O- 02 110 050 12- 89
"'Ot 9763 "0‘ 06 00 03 11;030 8. 4‘8
~0. 9695 ~3.095 0. 05 10.995 4,45
"‘0- 9588 "'Ol 15 Oo 06 100 940 1. 55
9.9 ~0. 5988 0.0275 0.015 18, 508 10,07
-0. 9945 -0.01 0.01 18.470 5,65
—OI 9934 "'O- 02 : 0001 180 460 4- 98
-0.9920 -0. 0325 0.0156 18.448 2.90
~0. 9903 -0. 0475 0.016 18,433 2. 48.
-0. 9886 ~0. CE256 0.015 18.418 1.84
~Q0. 9866 ~0.08 0.02 18.400 1.38
';'00 9832 "'00 ll Oo 04 180 370 Oa 41
~0, 9768 ~0.175 0.09 0.31

18,305
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Do cos © u o 4.4 /d Uy

(GeV/c) Ce e (GeV/c)2 (G.:,V/c)g (G@V/c) /f‘é)/((}p‘f/c)
atp = p1T

13.7 «0, 9269 0.01256 0.0156. 25,773 4, 89

~0,. 9934 -0. 005 0. 0% 25,7686 2. 286

-0, 9889 -0, 02756 0,795 25,733 1,34

-0, 9824 =N, 06 0.04 25,700 0.923

-0, 9754 -0.0958 0.03 258, 6585 0. 62

~0, 9674 -0.135 0.056 25,625 0.30

-0, 9544 -0.20 0.08 25, 580 0.25h

i7.1 -3, 9979 ~0,. 01 G.02 32.020 2,76

=0, 9969 =0, 026 0.02 32,0058 1.49

-0.9962 -0, 05625 0.0356 31,978 0, 66

-0, 9920 -0, 1.025 0, 065 31,928 0, 486

-0, 9862 -0, 1325 0.1186 31,838 0,37
T P *oor

5,9 ~0, 9987 0,966 0.01 11,145 6,45

~0, 9987 0.045 0.01 11,1356 6. 60

~0, 9933 0, 0275 0.025 11,118 6.14

-0, 9886 ¢.0025 0.0258 11,093 7.51

-0.9841 ~0. 02 0,02 11. 070 7,923

~0, 9802 -0, 04 .02 11. 050 7.93

~0.9763 -0.065 3,03 11,085 A, B4

-0, 9685 -0.100 0.04 10.99 B. 26

-0, 9588 ~0. 1560 0.06 10, 24 3. 80

90 9 ';"On 9994 "Oo 0325 Oo 015 180 518 p_ao 23

-0, 9976 . C.017b 0,015 18.498 1.93

~0.98587 0 ' G.02 18,480 1.81

~0, 9931 -0.02256 0,020 18.458 2,156

~0, 9903 -0, 04'75 0.0258 18, 1433 2. 68

~0.9877 -0, 070 0.02 18.410 2,41

~0, 9846 -0.0976 0,035 18.383 1.85

~078807 -0, 1325 0.035 18,248 1,87

-0, 9763 -0.18 0.08 18,300 L.45

J13.7 -0, 99806 A0INLH 0.02 258,775 1.13

~0.9951 ~0.0L5 0.04 256,745 1.31

~0.9903 -0, 0575 0. 045 25,703 1.03

~0, 9838 -7, 1156 0.07 25,645 0. 89

-0, 9747 -0, 195 0.09 25, 565 0.70

16.3 -0. 9967 ~0. 0056 0.04 30,485 0. 53

' -0, 9894 -0, 070 0,09 30, 420 0. 80

~0.9781 -0, 187 0,145 30,303 0. 80
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Photoproduction of posttive pions_from hydrogen between 300 and

750 MevS)

The data on '”-{- photoproduction bhetween 450 and 600 Mev
&gggmeagre. The present experiment was performed to complete
this gap and reslve certailn discrepancies of the results helow
450 Mev and above 600 Mev, By keeping the maximum bremstrahlun
energy sufficiently close to the useful photon energy backgro?n

from.mﬁltipion production was avoided. The following table giv

the differential cross.sections in ,u_b/}b.“ in the c.m.s.

Differential and total cross-sections {({ barn)
O ) o { O ) :
é:;&kgt 300 40Y 50 60" 70 800 90° 100° 110° 120" 1230Y ¢

308 14,21 16.66 19.50 £1.56 21.59 21.15 20.5% 20.53 2
0.41 0.49 0.58 0.64 0.66 0.64 0.65 0.67
395 15,93 17,23 18.33 19,56 10,62 19,36 18.38 18.08
| 0.46 0.50 0.53 0.57 0.58 0.58 0.58 0.56
350 15,07 16.17 16.20 16.8] 16,62 14,84 14,48 13,61 13,37 180
0.43 0,46 0.46 0.48 0.48 0,44 0.43 0.41 0.41
375 12.46 13.77 13,16 12.82 12.01 11.44 10,70 18,03 10.18 1
0.34 0.88 0.37 0.37 0.35 0.55 0.81 0.30 0.31
£00 11,41 11.33 11,11 10.237 9.4 8.62 8.00 7.12 6.80
0.31 0.31 0.51 0.29 0.97 0.925 0.23 0.21 0,23
425 9.75 ©.04 8,85 .95 6.84 6.43 5,35 65.55

0.26 0.24 0,24 0,22 0,1¢ 8,18 0,16 0,16

450 10.34 9,42 9,72 9.14 &,78 7,91 7.07 6.25 5,57 4,55 4,40
0.27 0,26 0.26 0,24 0.25 0,2l 0,1 0,18 0,16 0.13 0,13
475 10,42 9,64 ©,03 8,77 8,10 7.54 6.60 5,79 4,96 4,17 3,95
0.27 0,25 0.23 0,23 0,21 0,20 0.18 0,16 0,14 0,12 0,11
500 10.02 9.57 9,14 8,15 7.91 7.93 6.47 5,33 4,65 4.04 2,62
0.31 0.25 0.24 0,21 0,20 0,19 0,17 0.15 0,13 0,12 0.10
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"Differentlal znd totsl crocs-sections (A barn) (etd.)

R 8 : ! 4 2 3 b ) o
ﬁ\{%‘W\ 20° ‘40 50 60” 70 80 90 100 110 1g0 130 Up

4.58 5,93

o26 10,62 9,63 ©.26 QF 3
15 0,13 0.11 O.
a
1

0,33 0.30 0.28

.86 7,28 6,50 B
0,20 0,19 0,17 O

. =

IA{RYS]
&y 00

8
0
560 10.35 9,80 9,35 8.63 7,81 7,16 6,10 5,27 4.23 3,54 3.32
0.32 0,30 0.28 0,26 0.£0 0,18 0,16 0,14 0,11 0,10 0,09
575 10,84 10,75 10,1& ©9.21 7.93 7,15 6.456 65,20 4,46 3,77 3,45 83)
0,34 0,33 0,31 0.28 0,24 0,138 0,16 0,14 0.1z 0,10 0.10
600 10.13 10,29 10.28 9,82 8,23 7.09 6,21 5,12 4,41 3,67 3,26
0.31 0,32 0,30 0.29 0,24 0,18 0.16 0,13 0,12 0,10 0.69

625 10.59 10,78 10,42 10:41 9,01 7.8 6,22 6.26 4.64 3,75 3.40°
0,53 0,83 0,31 0,31 0.26 0,22 0,16 0,183 o©.12z 0,10 0.09

650 | 11.42 11.15 10.74 9.78 8.44 6.76 5,82 4,66 4,00, 3,61
0.35 0.3 0.32 0,29 0,256 0,17 0.16 0,12 0.1l 0,10

675 11,39 0.97 9.11 7.66 6.256 5,29 4,53 3,92
0.32 0.28 0,26 O.22 0.16 0,13 0,1z 0.11

700 “ - 11.96 10,85 ©.89 8.385 6,71 6.02 5,26 4,66
0.34 0,30 0.8 0.24 0,17 0,15 0,14 0.12

795 9.57 9.04 8.39 6.81 6,27 5.49 4,78
- 0.27 0,26 0.24 0,20 0,16 0,14 0.13
760 8,35 7.7 7.6¢ 6,30 5,60 4,60 4,48
9.04 0.92 0.22 0,18 0,14 0,12 0,12

K‘ P elastic scatlering at 2.24 Bev/c 4)

Elastic total scattering cross-sections for K. Pcol]iwz
sions at &.24 Bev/c incident momentum were measured,

The total cross-sections for various incident momenta
from other experiments and from the present experiment are

shown in the following tagble,




Vg By T omb) Bl B0 = o)
0,300 44,5 + 6.4 2,0 7.18 + 0,30
0,400 3.9t 4,7 2,24 6.2 + 0.7
0.820 18,7 + C,7 3.0 4,96 + 0,22
1.040 3.3 + 1.0 3.46 4,94 + 0,39
1.150 17,3 + 1.1 7.2 4,23 + 0.85

1,260 15,2 + 0,7 9.0 _ 3,90 £ 0,78

)

Experimental K* (1410) branching ratiocs”

The reactions
- — A —_
K-+t —= K +p+T 4+ (1)

) - b
K+ p = I +pA+T +0 47 (2)

- 1]
were studied using 3,8 Bev/c K -mesons in the 80 BRNL hydrogen

bubble chamber., fn analysis of the intermediate state

<A s Ky 4 b (3)

X e SV ~
for the K~ (1410) branching ratios K 11 (kK £, Kw i K" gives
the value 1:(<0.4):0,10 + 0,04; 0,07 + 0,04, These are consis-
tent with the ratios from 5Ug symmetry, 1:0,29:0,11:0,04,

6
Elastic scattering of 2!7 Bev/c_antiprotons on protons

Ihe interaction 2,7 Bev/c antiprotons with protons was




o

studied in the 20" BNL bubble chgmber, The differentigl cross-

sections are given in the following table,

oxd ® W? O Nymber of
(average) events
1,00 - 0.99  0,9930 568 |
0.99 - 0,98  0,9851 1047 - 64,3 * -
0.98 - 0.97  0,9753 . 849 52,0 + 2,1
0.97 - 0,96  0,9650 625 38.2 + 1,17
0,96 - 0.96 0,955 540 33.0 ihl.e
0,96 - 0,94  0,9462 420 25,7 *+ 1.4
0.94 - 0.93  0.9352 - 203 17,9 + 1.1
0.93 - 0,92 0,926 - 264 16,2 + 1,1
0,94 - 0,91 0.9151 282 13.6 £ 1.0
0.81 - 0.90  0.9056 162 9.91 + 0,80
0.90 - 0,88  0.891 221 6,36 + 0,47
0.88 - 0.86  0.871 120 3,67 + 0,34
0.86. - 0.84 0,850 68 2,08 * 0,26
0.84 - 0.82 0,832 40 1,22 + 0.19
0.82 - 0,80  0.809 20 0,61 + 0,14
0.80 = 0,75 0,780 25 0.31 + 0,08
0,75 - 0.70 0,721 14 0.17 + 0,05
0.70 - 0.65 0,670 22 0.27'% 0,06
0.38 % 0,07

0.656 ~ 0,60 0.621 31
0.60 - 0,68 0.675 36 0,32 %+ 0.05
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(table continued from previeus page)

i

o © (otngy | Tomberof fg / mb
’ : d _ R tone diow,
0,55 - 0,50 0,528 38 0.34 + 0,08
0.50 - 0.45 0,477 40 0.35 + 0.06
0,45 - 0,40 0.429 19 0.17 # 0,04
0.40 - 0,50 0. 321 51 0.113 + 0,016
0.20 - 0.00 0,128 31 0.06¢ + 0,013
0.00 to - 0.20 0,102 13 0.029 + 0.009
0,20 to - 0,40 - -0,318 11 0,024 + 0.008
0,40 to - 0,60 0,485 10 0.022 + 0.007
0.60 to - 0.80  -0.748 3 0.009 + 0,005
0.80 to -~ 1,060  -0,985 1 0,002 +

C¢,003

Leptonic decay branChing retio of the E)nmeson?

'By observing the reaetions
— . -‘ + -
(T AT T e e
| T T
T4 Lo > T A A

the branching ratio for the leptonic mode was found to be

P> potpu 3 e
£ >+ ~ 2.3

Thig result is in qualitative agreement with the vector meson

dominance prediction,
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is cooled threugh the lambda temperature at sufficiently low

11
LOW TEMPERATURE PHYSICS

Measurement of agngular momentum in superfluid Helium8)

Recently Professor G.B. Hess and Professor W.M.Fairbank
at Stanford have for the first time demonstrated a rotational
Meissner effect for liquid helium. This effect analogous to
the magnetic Melssner effeect in sﬁperdbnductors has been de-

montrated for liquid helium when the container with the liquid

angular helicities., The superfluid is observed to have a state
of zero total angular momentum,

An frrofationsl superfluid velocity field fof Helium II.
was first proposed by Landau as early as 1941 and later an ex-
periment was suggested by London in 1946 to test whether the
superfluid state is irrorational. The exveriment suggested by
London was to cool g cyclindricai container containing liquid
helium through the lamiida temperature when the container has
angular velocity less than the critical angular velocity which
1s of the order of ~%?/mR2- whepe m 1is the mass of the heliu
atomr and R is the inside radius of the eontainer.

Following London's suggestion a host of experiments were
performed previously to detect the irrotational nature of liQuﬁ
Heliun below the A-tompergture. In all these experimonts when
the superfluid was supposed be in equilibrium with the container

LN
1t was found to have the same angular velocity as the containe
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If no case a stationary superfluid state was reported. The
reason for this i1s that in all these experiments the achieved
angular veiocity of the container-Was not sufficlently low.
Hegs and Fairbank have achieved sufficiently low angular velo-
cities by supporting a container of small radiﬁs,with a4 Beamsg-

type magnetlc bearing., The angular velocity thus achieved is of

the order of l-O in which the superfluid'state would have on

Vortex singularity along the cyclinder axis (as per the Onsager

Feynman quantised Vortex model)., To give a 1ittle description
of the experimental set up, a ferrlte slug is attached to thé
end of ap 0.089 c.m, i.d. tube containing 7 mg of helium and
the rotor is then suspended in frec spacé inside a vacuum éhambdf
at 1%. Just above this chamber 1ls an electromagnet at 4%
controlled by feed back from a helght sensor which attracts the
forrite slug., The rotor may rotate with very amall dissipative
torque and is cooled by temporarily admitting exchange gas to
the vacuum chamber., It is then heated above the lambda temperas
ture in about 10 sec, by shining light through a window. A4 set
of small induction coils are used to set the rotor in rotation
aﬁd the period of rotgtion ié monitored with an autocollimator
which observes a small mirror attached to the rotor,

Angylar momentum of the superfluid is estimated by notin
the small change AW iR the angular veloeity W of the con-
tainer as the contalner is heated above the A temperature and

helium I acquires rigid rotation. The angular momentum L -
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of the superfluid in the initial state is glven by

L LN T
— - &% . "{ . R één__ i

L—O I.gl. Nl

with N, -‘-rk/MR?'

ZER - Moment of inertia of the rotor

oo = & (Nt fe)R?

L

Note that if the superfluid behaved classically AW/W = 0. In
fig.1l the superfiuid angular momentum in units of LC53= 9.4x10
dyn cm sec, (at 1.6°K) is plotted against the angular velocity
of the rotor in units of Ffa = 0,0808 rad/sec, The tempera-
ture.of the rotér just before heating raﬁ?@d from 1m6 to 1L.783 K
The horizontal heavy segments in the figure represent the equi-
e tepa a6 The nhmber of vobtiocs thersases.
creases/ The equilibrium angular momentum of a classical fluid
is represented by the dlagonal broken line,

The principal systematic uncertainity is in-the determi-

nation of IR/Iq . Thiswﬁhiefly due to the uncertainity abdou
: . L

¢ A

the amount of helium in the rotor.
Pig.2, gives the firactional change in the angular veloci

of the rotor of heating, versus the temperature just before

heating. The same heat inout was used at each temperature,
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It is clear that the angular momentum transfer is
proportional to é& /{g (of course within experimental error).

In some additional trials the superfluid was initially
formed at rest and then accelerated into rotation. There is
some evidence that the superfluid may'vauire some angular
momentum by mechanical generaﬁion of vortices (Further experi-
mental information on these lines are éxpected).‘ :

It 1s concluded that the supérfluid, for sufficiently lo
angular velocities, does not partake in the rotation of 1its
container when cooled through the lambda temperature. This is:
evidently an eguilibrium phenomenon, At larger angular velo-
citles the superfluid is found to have more or legs the same.

angular veloclty as predicted by the vortex model,
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SEPTEMBER_1967

- Introduction

The report starts with measurements of k=~p and k-4
cross-sections in the momentum interval 2.45 to 3.70 Bev/g ghich
indicate presence of two enhancementﬁmars 24565 ¢ 10 and
2695 + 10 Mev and widthy = 340 Mev in the T = 1 state.

” Cross-sectlions_ for multiple plon production in vtn and
7-p interactions at 1.7 Dev/c are given.

Polarization narsmeters for clastic seatterins of negative
pions from a polarized proton target are given for the momeptum
range 600 to 3300 Hev/c. |

In the secection in Low Temperature Physlcs, prepared
by Dr.RsVasudevan and R,8ridhar, details of two Interesting
experiments »n the condensation of liquid helium II due to
' “rotation have been given, An interesting observation 1s that a
jump in the density of rotating helium II occurs while going into
the superfluld state from the'non—superfluid state. It has besen
suggestéd that the'phenomenon of He II gbing into the vortex state
may be a 1st.order trensition. In the other experiment 1t has
been shown that compressibility does hot depend very much on the

rotation velocity.

98




EIEMENTARY PARTICLES

 New_structures in the k~p and ¥ -d total cross sections between
2:4 and 3.3 Bev/cl): R - 22 P

The k™-p and k™-d total cross-sections were.measured
in the momentum interval 2.45 to 2.30 Bev/c using g oartlally
senarated k= beam at the Brookhavpn AGS. The cross-sactions for
various Values of laboratory momenta are given in Figs, la and 1b.
Fig. la referes to k~p and Fig. 1b to k~d reaction.

In addition to the structure at 2.3 Bev/c oraviosusly
reported, ﬁhere appeér 2 he two significant changes 1n the slone
of the k™-p'data, one at about 2.6 Bev/c and the other near
3,0 Bev/c. The.k‘-d data 2lso suggest similar. but less pronounced
structures. An isotopic spin analysis favours the I = 1 gtate.
If the new structureSare interpreted as ’>7%)2>, a Breit-Wigner
fit yields masses.of 2455 + 10 and 2595 + 10 Mev, widths of
approximately 140 Mev and peak cross-sections of 1.3 and 1.1 mh
respectively, fé&(2455) could be a Regge recurrence of thée
YT(IBBS) and have a spin- Uarlgg assignment of 11/2 +. The)ﬁ§;595)

could be a recurrence of the 7;(1770) and hqve a spin parity of

13/2.

..\— —
Single and mu tiple »nion sroduction 1in %\and_ﬁ"ﬁ interactions
at 1.7 Bev/c2

The following reactions were studied in plon-nucleon

collision at 1,7 Bev/a.

T 4p e T T 4 (1)
oty '_,_D rfem T+ b P4 (2)
'ﬂﬁﬂ-d »>T AT e +PApa (2)

’ . }" t -{‘ 4

'~rr~f+d—-—>“ AT AT ?‘W\ s



Y

"ﬁ‘* VRS B | + +‘T1’+'Tﬁ ~+ cﬁ( (5)

* L d —= M 4.“{' n“,m("f‘._\_-n H‘H?—lr 'P/S

i (6)

e -+ - . PR
’}T‘Jrcl —>"1 40 —HTJY—H“! 7 Jv})—}}sg 7)

Réactions (1) and (2) 'ar:z dominatzd by Gﬂj and (;3,)
by production. Reactions (4) and (6) go essentially through
production of N#(1238}, }Ug in the above revresents the spectator
proton.

The following tables give the c¢ross-sectisns for the
various processes. Table I glves the cross-sectionsAin mb for
TUP interactions at 1.08, 1.23, 1.38 and 1.71 Bev/e incident
plon momenta. Table Il glves the cross-sections for ?ﬁﬁq reactions
obtalned from‘Tfhﬁ reoactions at 1.68 Bev/c while mable III glves
the cross~section for'7f+d~ reactions at 1.68 Bev/c., 1In Table I
the resonance produchtion crosgs-sectlons in mb are given for
itnteractions at 1.08, 1.38 and 1.71 Bev/c.

Table I

Reaction ~:igfi (1.08)  {3(228) (4 €L88)CF(1.71)

1

T op~>1 P " 26,1+ 3.0 14.6+0.8 15,0 + 0.2 10.4 + 0,6
T p STFTC 651 0.5 4.3;0.3 4,24 0.2 5.8 + 0.4
6 ST 1046 £ 0.6 7.3£0.6 7.4 + 0.2 7.4 + 0.5
Tho: e?ﬁgnw@rfg 0.2 £ 0.1 0.8:0.1 1.0+ 0.1 1.3 + 042
q hn,f)ur;ﬁ-r-fﬁﬁ%jp. 0.8 ¢ 0.2 8.1#0.5 B.7+k 0.2 4.6 + 0.4
more than one

neutral

160
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. Reaction a(l.68) °
-+ F
M ’v\’-"”\t 6.6 + 0.3
A>T i p 5.0 + 0.3
4 o
T oS>t -+ 77 k0.1
more than one heutral
Tt o YTt b 0,257+ 0. 04
m T TN v2s £ 10
Table III
Reaction d (1.68)

! A
' ll—((;( ~ N TT'TF’?"F 3.27 + 0.4

F*d ST rrrtd 0.7 + 0.02

Table IV
Final State a7 (1.08) G (1.38) T(1.71)
N @ﬂ Neglizible 4.4 + 0.3 4,7 + 0.2
N 3.6 £ 0.6 1.4 + 0,2 1.0 + 0.3
'51 '
’ 1.8 + 0.2
ID W oo - =
, 0.15 + 0.04 P
E Yo S

l” % 0’—76&‘ : < 0,025

lo!



Measurement of the polarization parameter in the T~p elastice

scattering from 600 to 2300 Mev/cB).

A beam of negative plons of selected ﬁomentum was focussed
on a polarized proton target and the final state particles were
detected with a pair of counter hodoscopes, one above and ohe
below the unscattered beam. :

The differential cross section for scattering of vions

from a proton target of nolarization .iQ? 1s given by
N>
T(O> = [, (o) i+ e n bl

ﬁhere 3:0 f@) 1s the differential cross-section frém tihpolarized
protons, -;,YQEiKmE§ 1s the normal to the scatterimg plane
and 7>ﬂ6) 1is thé polerization parameter.

The polarization for various incident T momenta are given
inAFigs. 2-12, TFig.2 corresponds to .896 Bev/c¢ incident momentum:
Pg.3 to 0.671 Bev/c, Fig.4 to 0,745 Be#/c, Fig.5 to 0;826 Bev/c;
Fig.6 to 0.895 Bev/c, Fig.7 to 1.166 Bev/e, Ig.8 to 1.352 Bev/e
Fig.9 to 1,988 Bev/c, Fig.10 to 2.635 Bev/c, Fig. 11 to 2.912 Bev/o
and Fig. 12 to 3.260 Bev/c. '

loR
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CONDENSATION OF ROTATING HELIUM’IIé’S)

Two interesting experiments have been reported on the

condensation of 1liqguid helium II due to rotation. The first of

these experiments by Andronikashvili ¢t al demonstrates the

velocity dependence of ths density of helium II and the jump that

oceurs in the density of rotating kelium while going into the

superfluid state from the non.superfiuid state: A remarkeble
suggesﬁion has been made that Helium II going into the vortex
state may be a lst order transition. The second one by Bablldze
et al, by megsuring the velocity of first sound in rotating helium

Il, have shown that compressibility does not depend very much on

the rotation velocity.

The experimental set up of Andronikashvili et al can be

briefly described as follows, Sensitive pycnometers; inserted intol

a vessel of organic glast and immersed into a bath of liquid heliwm,.
were set to'rotate.' To the upper end of the capillary in the '
pycnometer was attached & valve which regulated the amount of

helium into the pycnometer, During the experiment.the valve was

tightly closed. The-experiment was pérformed both for stationary

!

and rotating helium.
To determine the temperature dependence of the density of
stationary helium II the following procedure was used. The level

ol helium in the pycnometer was fixed 2t g certain temperature

T“& . Then the change 1n the level of helium was measured as

If A,h is'the .

-

it was hegted from temperature T}L and Tﬁ~.

le3



change and Paﬁis the density of helium II at temperature 'Ti ,
the following formula glves the density quat temperature ”El

b= 0,0, T
.= U vy Q;(Qﬁih+"&zh)
Y being the radius of the capillary and Vg , the volume of
the pycnometer..lkiy\ takas care of evaporation and the change
in the density of the liquid znd the vapour,.
\For‘the case of rotating helium the following formulg

was used,

. : "1- .
A= Quwy-0 = Ty Ve € Aghn

(Ajcgbeing the velocity._of rotgtion and [&Bk being the level
differénce‘due to rotation.
| Results for the case of rotating helium are given in
Fig,138 for various temperatures, The remarkabla features sre
the following:s As the liquid is rotated more and more, it
bGCOmeé denser and denser and this effect is increasing as the
temperature is lowered, I
FOor the otased of stgtionary liquid the results are given
in Flg,14., The solid curve gives the dependence of the density
of stsaliongry helium on temperature whercas the dashed curve
drawn through cireles, shows the change in thé density when

helium has an angular velocity of 30 sec"l. :hbove the )\-point

‘the data for stationary and rotating helium coincide.,

log



in order to draw the conclusiony that a jump in the
density of rotating hclium occurs while crossing the{k -point,
in an unambiguous manner the experiment was performed in the
temperature interval £.14 to 2.18% with a fixed amount of liquid
in the pycnometer, The results of this special investigation
shown in Fig.15, demonstratss the abrupt change inthe density of
liquid helium in the temperature interval 2,171-2.176°K,

As ‘a result of condensation the llquid helium EI level

in the capillary drops. The decrease in the hydrostatic pressure

due to this was unexpectedly large.
Coming back to the cuse of rotating helium the velocity
dependence of the relative condensation K&e/!e is closely des~

' 5
M/Q = C(T) uo/(l

cribed by

" where (i(T) is g*monotonically decreasing function of T. It
sbruptly becomes zeko st the transition point,

Unsuccéssful attompts were made to explain this pheno-
menon by the action of centrifugal pressure. If centrifugal
pressure 1s the causc thcn '

1 2
- A\
/_\Q/Q = u&,S’){/TE’ w K
\ - . .
/%ibeing the distance to the axls of rotation.f)a1~ ls the co-
cfficient of isothermgl compreseiblility. Though centiifugal

pressure is the most important factor that could Gguse compressior

| &5



the gbove formula alone dees not explain the situation fully.
To reconcile the changé in the density expressed by the above
equation one has to take for ?@‘a valve which 1s 200 times

1érger and this chamge in 7@ will bring in & change in the

veloelty of sound which is llatimes larger., Thus the possibility
of'rlﬁT“becoming different due to rotation of Helium II can be .
chocked and eliminated if th:s change in the density is to be
.ascribed' to & new phénomenon. |

Such zn expérimﬁntal verification can be had if the

veloclity of first sourd in Liquid helium given by

< /!(,,(9)/2 U/X'T

is not changed very wuch, Here \{ C?/CV - % /%S andCP?(

aelng the specific heat of the llquid at constant pressure and
constant volume, y@s 15 the oo-efficient of adiabatic compressi-
bility. | |

Bablidze et sl mede such meagsuremsnts of the velocity of
first sound using s ﬁulse procedura, Short souﬁd pulses‘were
transmitted through the liquid and the travel time of these
pulses along a segment of definite iength was meazsured,

A schematic diagrim of the epparatus used has been given
in Fi2,16. The rotstion is agbout the vertical shaft 2. The sound
pulses radiated by plute 1 were reflected by plate 4 and sent
back to be received by plate 1. In course of the travel from

plateil to 4 and then from 4 to 1 the sound pulses crossed

oo




Onsager-Feynman Vortex lines at a right angle. There is another

such peir of pletes (plates 3 and 5) deal with sound pulses
travelling along the vortex lines, Thus this st up mgkes it
possible to studyvthe'propagaticn of sound pulses both along the
vortex lines ahd trensverse to them, When sound pulses propagate
perpendicular to the axis of rotation, the number of vortices
that are crossed hy the sound;pulses and subtended by one wsve

length obviously.depend on the specd of sound, its frequency and

the angular velocity of rotation of the helium II as a whole.
Bablidze et al measured the speed of sound both with

stationary snd rotsting helium II, The angular velocitles were

varied in the range 0-70 sec"l while the temperature was varied
in the interval 1.40.2.10°K, Comparison of the results of

: messurements on stationary and rotatiﬁg helium II show that the
sngular velocity of rotation has no influence on the velocity of
propagation of sound waves in it, Also the notion that there

exists some gnomalous compressibility was not conflrmed.

It is ev&dent‘from this observation that some other
mechanism has to be found out to explain the condensation effect

of rotating heliumsII,

o7
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OCTOBER 1967.

Introduction

The first three experiments of the present revort have

to do with high energy p-p and p-p scattering and production

cross-sections both at Small and large angles. The first
experiment givés the total cross-sections for p-p scattering.in
the range 8 to 26 Bev/c and C{', the ratio of the real to the
imaginary part of the nuelear amplitude. The correspohding .
value of & for D-p scattering at 12 Bev/c is given. The 'E
second experiment gives the differential and total Cross=~ sections :
for the pr‘oduction of A o ﬁ N\ and AZ in FP
collision at 2.6 Bev/c, The thlro experiment oh large angle

proton-proton elasti~ scattering at energies in the range 8 - 21

Bev/c shows up a discontinuous behaviour ih.the shape of the
angular distribution between 8 and 11 Bev/c.

Two experiments on k p interactions at 4.6 and 5.0 Bev/c .

are reported. The first gives the brancﬁimg ratios for t he @
decay modes of the :f (1500) meson and establishes its C- narttv J
to be even. The second gives the branching ratios for k™ (1420)
decays and also a comnarison with SU(3) prediction for the

.

.partial widths of the decays of the various members of the
> :31);')'\0"/‘ el .

\\7



2
BLEMENTARY PARTICLES

High~Energy, smalllang;e p-p_and p-p gcattering p-p total
; )

Crosg-sections

| The small angle p-p &ifferential elastlc scattering
erogss-sections were measured from 8 to 26 Bev/c and B-p Cross-
sections were measured at 12 Bev/c. The real part of the nuélear
amplitude was deduced from Coulomb-nuclear interference under
the assumption of spin independence. This latter 1is necessary
since unllke in pion-nucleon scattering the p-p interaction at
t =0 is complicaﬁed by the existence of a singlet and two triplet
amplitudes. The assumption of spin independence allows an analy-
sis in terms of a single scattering amplitude. Using the optieal
theorem, the imaginary parf of the amplitude was deduced from
the total cross-sections.

The p-p total cross-sections are given in Table I below
and the resuits for o, the ratio of the real to the imaginary
part of the nuclear amplitude in Table II . For p-p at 11.9 Bev/c,
of = -0,006 + 0.034 which is in agreement with the diSpersion-
relation prediction of -0.06.

g




Table I
Monie ntum ' O'wp...p
(Bev/c) (mb )
7,82 40.34 ¥ 0.12
9. 80 59.84 + 0,12
11. 90 35,62 + 0.12
14,01 ‘ 39.42 ¢ 0,12 )
16. 03 39,23 + 0,12
17.91 . 39.18  0.12
20,22 | 39,05 + 0,12
20.46 39.09 + 0.12
22, 0o 36,88 + 0.12
240 38.89 + N.12
26,0 38,90 & 0.12
s x
7.8L | ~0,331 + 0.014
9. 86 ~0.345 + 0,018
| 9.86 " .0.343 + 1,009
. 11.94 ~0.290 + 0,013
14.08 ~0.272 + 0.013
20, 24 © -0.205 + 0.013
24,12 -0.157 4+ 0,038
26,12 ~0.154 + 0,025

. 19



4

Reactions pp. =2 NN at 2.5 Bev/cz), T

2.434 + 0.030 Bev/c antinrotons were used in an experiment
AP
to measure the differential and total cross-sections for AN, N3
and ‘EO /A oroduction. The masses (m) and 1ifetimes 'nf the N

—

and A were estimated;

& __}_, ) - 1

L o (B 4w (AT = 1166 2t o-2 Hev/c
&' R

- o
v (A = (2v4a6E ofs ) X(0 e ¢,

1

viny = (255 Fog)y xieT" e

The cross-sections for the various processes in /ﬁ b GAad

AN = 275G goa= 3VAS S F g0z g

To s sl AATO- 9de

Fig.1l shows the vériation'of cross-sections with total energy

PA

winich shows a decrsase like X . The differential cross-

sections are given in Figs. 2 and 8,}hey show the exponential

peak for small momentum transfer.

R4



Large angié proton-proton elastic scattering at high energiesB).

The elastic d&ifferential cross-sections for o-p scattering
 were measured at 8, 9, 10, 11, 14, 19 and 21 Bev/c and in the
shgular range 65° to 90° ec.m.s. The results are glven in Tahle I

below. The values of the parameber b in

Clgt ‘ et (— M © )
2531>(\%ﬁ oL ax) (b 2w ®/

are given in Table II. The rapid change of b between 8 and 11 Bevw,

corresponding to a flattering of the_angular distrivution is

striking.
| Tabhle I
Incident - O oo Cdr/d-ﬂ:)cw
e
Momentum ‘ 9 - <3
(Bev/¢) degrees ( Cwa & AN )=¥\IQ )
8.1 68.8 543 + 16
72.2 455 + 20
76. 2 323 &+ 10
82.2 214 + 7
9.1 68.1 188 + 5
74,92 118 + 8
82,2 94 + 3
10,0 67.0 106.2 + 1.7
70.0 79.1 + 1.7
76,0 s 58,9 + 1.5
83,0 49,4 + 1.1

121



In'cident e, (dr/d&)c,%
Momentum degrees ‘ ’
(Bev/c) (_(w\fz-,%%“ FX 0 73)
11.0 73.0 36.0 + 0.9
78.0 29.6 + 0.7
86. 0 26,9 + 0,9
14.25 87.0 7.58 + 0.23
71.0 5.86 + 0.19
77.0 4,36 + 0.13
90.0 3.31 + 0,09
16. 9 67.0 2,01 + 0,04
0.0 1.58 + 0,08
72,0 1.43 + 0.05
75.0 1.21 + 0.04
77.0 1,03 + 0.03
80.0 0.92 + 1.04
82.0 0.86 + 0.03
85.0 0.8L + 1,04
©90.0 0.75 + 0,05
19.3 64.0 00682 + 0.929
69.0 0.419 + 0,026
75,0 0.270 + 0,020
90.0 0.188 + 0,017
21.3 66.0 0.220 + 0,918
70.0 0.135 + 0,011
75.0 02101 + 0.008
87.0 0.061 + 0.009




g

7
Table II
E Incident
. Mome ntum (Mev/c)
é' 3.0 251 + 12
i 3.0 177 + 4
4.0 - 120 + 6
. 5.0 147 + 8
E 5.0 158 + 6 )
1 6.0 152 + 6
é ! 7.1 154 + @
E - 7.1 . 132+ 12
é 8.1 118 + 13
: 9.1 172 + 97
? 0.0 191 + 21
f ‘ 11.0 294 % 50
; 14,256 240 + 2
| 16.9 225 + 5
19.3 224 + 9
2143 209'1 17
Properties of the fF me son?)
k=-p interactions at 4.6 and 5.0 Bev/c incident k™-momentum"

using the BNL 80-inch bubble chamﬁer were analysed for the .m
: following final states relevant to the study of f o %%
. (1S 2% kod (N, s i, INERUN W (A - kK __

(n%20) Thrnn, AT T e, (252700

1 | . T



The absence of the Figukqﬁ mode establishes that the f* must

be even under (' and restricts the possible :TJP assignments
to the values'0+, 2*, A" ete. Studies of the kk decay angular
distributions to rule out the possibility, o',

‘rThe following tabie gives the branching ratios for the

various decay modes of the £*(1500) meson.

Final Total Bvents in Decay Branching ratios

state number f* region mode  Yithout T
of events . signal
signal

\,T) Ke 602 200 + 32 kk  0.80¢0.13° 0.72+0,12

(M) TOTT 1160 < 36 <0.14 < 0,13

(AT ) KET 330 < 28 <N0,11  0,18+0.10

) - . . .

2 .

N,y utamm 1’ or 2o 0.20+1.10 6218£0,10
Uy ) t
ROV UR (AR s AT |

| (h,2) MM 900 15 + 50 < 0.4 < 0.36

j Decay rates of k*(1470) and the 2* nonet™

The data relevant for the determination of the branching
ratios for the various k*(1420) decay mode comes from a study
of the k~p interactions at 4.6 and 5.0 Bav/c for the followihg

fingl states:

_ R B '_.E.:,_.._h . Q)

R4



The branching ratlos are given in Table T below. In :

Table IT, the experimental veluecs for partial widths for the E
_ D

various decay modes of the members of the B} | ;;Qfgonet together§

with the SU(3) predictions are given.

Table T
Final state Decay mode Row No.  Derived branching
of events ratios
- - /A0
< Oﬁhf?[% (/C‘%TT) 18 + 4 f<@
K po 4 + 4 (< 4 KITTE=0, 1450, 10
39 8 i< 0.39+0.11
——— - + D s 0t
K% P ENE S Ko KT
| K*r
—— —_ . - 32 + 9 = 0.47+1.10
S T (1t £ e =
K KTt
Table II
i Decay Mode Imexpt. SU(3) Rates
: {Mev)
- (Mev)
Yype A decah: 28 -+ 17 4
| Ryp(1820) =D F i 56 + 19 67
1 kK*(uazo) =) (T aa + 12 22
I< 1420y = €K 10 + 9O 6 ﬁ
(20— WO 4 4 3 2
,\ﬁ((woo) S S 10

425



10

Type B decays: 2% - 070"

Ao > K as.e
?'\2 " Y}n‘” 6.5 + 6

1+

k¥Cyg) —> 217 29 £ 12
K* 203D K.Y O 3+ 3
£ 0 ->T W U7Te 2
£9 Sk 0 12
£Y "yo 012
fHx gy 08

£ * s ok T 62 + 15

+ 16

fg"% N 170”0 0

29

121

T
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. NOVEMBER AMND DECEMBER 1967

Introduction

The present report starts with dets on’ﬁ?> glastic
scattering in the backward direction at 2,85 and 3.30 Bev/c.

Precise values for the masses of Ei_hyperon and the muon
neutrino obstgined from rsnge measurements‘on tracks in nuclear
emulsionsfégven. |

The 1ifetime of 7/ -meson detemined using the Primskoff
effect (production of =& meson by interaction of a photon with
the virtual photon sssociated with the Coulomb field of the
target hudleus) which can be considered the inverse of the
meson decay into two photons i1s given.

Data from two experiments on photoproduction of _ﬁﬁPmesons
on nucleons gre giveﬁ, the flrst for low energies at 0° and
forward sngles and the second at energies of 3.4 and 5.0 Bev.
The former dzta agres with calculations based on the ( GLN
amplitudes., The lagtter cannot be fitted well with g simple
reggelzed pilon model, ‘

: ~+
Evidence for sn enhancement in the /\K system ot 1.7

e ey
Bev is forthcoming from the reaction  I[! ’3 —> AT

. YA
Ividence for the exisctaice of the hypernucleus /\L'l is

obtained from g systematic study of mesonic decays of hyper-
nuclei with four charged-particie final states. The large ¢
mass difference between the mirror hypemuclei ,\14‘6 and fJ{e
magy indicate breakdown of charge symmetry in ﬂ\ﬁf interactions,

Finally the-branching ratio for WZ decey into two

photons 1s given,

28



SLEMENTARY F/RTIC.ES

Baekwsrd “F elastic scattering =t 2,86 and 5,30 Bev/c¢ )
"

T [P elastic scsttering was mezsured at two incident
momenta, 2.85 + 0.05 and 3.30 % 0.05 Bev/c at c.m.s. angles
164° to 176° T P elastic scattering was mezsured st 3.30
0.05 Bev/c at c.m.s. angles 163° to 176°. 4 totel of 100,000
spark chamber photographs.were taken of which 975 events turned
out to be elastic. . The differential crogs-sections are given

in tible I below. The value of B from the exponential F(&

%3%5: - ﬁ;e;si& where U is the four-momentum transfer

squsred petween the incident snd outgoing proton is given in
Table IT. There is no significant change in slope with energy.
The.TT%‘data show steeply rising backward peaks.

The’ﬁ+é dats sgrees with caleulations based assuming
only the resonances in the direct channel. All but one of the
known resongnces in this channel have odd ( end hence add
constructively st 180°, 1In the—ﬂ*% system both odd and even
é? ‘amplitudes are present and give rise to a smaller cross-
section, Baryon exchgnge may also influence the'ﬁ.¥> backward
Qcatterihg. T(k? scattering is not affected by such a mecha-
nism at 180°, but away from the ba clward direction with onset
of g dip st 2.84 Bejj 1There is g decrease in the differential

cross-section which mey necessite¢te destructive interference,

possibly with baryon exchenge graphs.

129
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Table I
Particle w , Céf)—_/CL_/L CL(V /d(u
Momentum C@%C.t o 1 : (2
(Beu/c) (b4 (b /Q&au/c))
TR 0,985 0,107 163 + 14 448 + 37
2,86 Bev/c¢
\ 20.8%1 0,098 150 # 13- 412 + 35
p.c. :'1‘07236“/C 20,987  0.089 142 + 13 384 + 36
s = 6.25(Bev) 0,985 0,080 126 + 14 354 + 88
-0.97¢ 0,070 119 + 15 327 + 41
0.975  0.061 113 + 17 310 + 46
-0.971  0.052 109 # 19 300 + 51
-0.967 0,043 68 + 17 187 + 47
0.963 0,034 37 i.i4 101 + 38
21,000 .C.118 177 * 15 487 + 41
S -0.994 0,088 57 £ 7 132 + 16
3,80 Bev/c 20,988 0,072 45 + 7 104 + 15
pe.m.=1.16 Bev/e 4 ogs  0.056 35 + 7 82 + 15
s = 7.10(Bev)” 0,976  0.040 27 £ 7 63 4 16
20,970 0.023 24 + 8 56 + 18
0,964 0,007 20 + 8 46 + 17
21.00¢ 0,104 70 +10 163 + 24
0.861 0,000 17 + 4 39 + 9
T 20.992  0.083  10.4+1.4 24,1 + 3.7
3.30 Bev/c -0,982 ' 0,056 7.541.5 17.5 + 3.4
S .0.972 0,029 7.942,0 18.4 + 4.8
- -0,962 0.002 5.8+2.2 13,5 + 5.1
-1.000° 0,104 11,642.5 27,0 + 6.1
-0.961 0,060 5,8+1.5 13,6 + 3.6




Table IT

Incident R (Ren/c )l
I?ome/n{):um o

Bevyre ‘ _

T[+ T

2,85 7.9 + 2.4 -

5.30 | 13,7 + 3.4 6,6 + 3,9
3.55 a 11,9 + 1.7 2,4 + 2.0

2)

Mass megsurements using the range-energy relation

Precise values of particle masses are obtained by making
range megsurements on tracks in nuclear emulsions, In the
present experiment using =2 stopping Kﬁ-beam in a helium bubble

chamber, the range data on the fTollowing reactions were obtained.

T +He —> 3H v (1)
T Abe — bt —HIF (2)
24 ";> p (3)
I (4)
Ll N (5)

131



The masses of 2. and 2{M~ were determined. The mass

W
of the?ﬁx gets 1nvolved in an interestin%{wiﬂl possible

“~

violétion of T-invarianc§)in the expression for the muon decay .
rate?)_Thus a preclse knowledge of 1ts mass is important. The

values obtzined were
Mot = 1189,39 + 0,14
m. < S.e Mev/ew,
_ ))/L\ v

Detemingtion of’? _l:ife’t;i_mefl)

Mesons decaying into two gammes (1ikev“5’YY) can be
produced by the interactibn of &n incident photon with a
virtual photon (which for small momentum 'transfer ¢en be
considered very neagriy real) assoéiated with the Coulomb fi eld
of the'f%lge$; nucleus., This process (Primekoff effect) can be
considered the inverse of the meson deczy into two photons and
the . resulting c:ésé-segtion is directly proportional to'the

[;1' decay width

S g - o
dop  _ g, E_f: [Font®) | B
ol . ' /AB % (g

where cf 1is the fine stfucture constent, z the charge number

of the target nu;léus, M3/§ snd § , the meson mass, velocity

and angle respectivelj; E is the energy_of the inc¢ident photon/

Qsing this technique; the decay width of'?*?)’V was found tﬁ-be
r\; v =(1.21 % 0,26) kev

138
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Photoproduction of {t at 0% snd forward anales5

The difficulty in detecﬁing‘ﬁﬁﬁat 0° is the background
of@ﬁ'from0+é_:pairs produced by the photon when.traversing the
target materiall The electron was eliminated by using lead
absorbers azssocigted in the magnetic anszlysis and by discrimi-
nation at dé?éction. The followiﬁg table gives the differential
 cross-sections for various photon energies and ¢.m,s, angles of

the emitted pion. The best fit to the data seems to be calcu-

lations based on the LGLN theory of photoproduction.

t?Y .<9( Yoo Eégif Er%of
(Mb]30) |
598 ' | 0. 20.6 4
554 2.3 21 4,3
597 5 19.1 3.2
597 7.6 17.5 3.2
598 10.6 15.8 3.3
601 15,1 14,2 3.7
608 . z1.s 11.2 3.4
574 o 19.3 4.3
574 5.3 18.0 3.2
575 7.5 15,8 | 3.3
576 10 15.8 3.3
579 15 13,6 3.4
582 . 20 11.3 3.6
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E.. QC.‘ - A G/ A Epror
e (PblAN) b
544 0 18.9 3
544 2.26 18.7 3
545 5 18,0 8.2
547 7.6 16,7 3
546 10.6 15,0 3.
547 15 12,9 3
555 £1.2 10.7 3
562 50 10. 2 3
576 25 10.2 3.6
576 38 10,0 3.3
526 0 19.8 4.2
545 30 10,7 4,1
496 0 15,3 4.5
456 2.2 17.3 3.4
496 5 17.2 4
497 7.3 15,8 3.7
497 10 14.1 3.7
500 16 12,8 3.5
503 20 10.7 3.7
476 0 18.8 4
448 0 19.4 4
448 2.9 18,4 4.4
448 4.3 17.9 3.7

)24



dao fd

Lrror
v Iene (Po/xa
449 7.2 16.8 3.8
450 10,75 15. 3 3.9
451 13,45 14,2 3
455 21.5 11.1: 4,3
462 30 10,8 4
426 0 20.6 3,5
411 0 12.1 4,5:
398 0 18,7 4,7
398 2,6 19,5 3.2~
398 4,6 18.5 3.5
399 7 18,6 3.5
399 10 16,4 4.9
400 14.5 15.5 3.6
404 o1 13,4 3.8
410 30 11.8 5
389 2 21.0 4,8
389 4,2 20.8 4,3
289 7 19.7 4,5
390 10.5 18.5 4,5
391 13,9 17.7 4.6
401 32 12.9 4.2

136



Ev 8C . 40/&A Error
(51500 %
379 0 20.0 3.6
381 2.1 18.8 4
381 4.2 18.5 3.8
359 0 | 18,8 5.9
359 2.1 . 19.8 5.3
359 4.8 16.4 5.6
360 6.9 18,5 5.4
350 0 18,4 L 4
350 2 17.8 5
350 2.7 . - 18.4 4.1
350 5 18.7 7
350 7.5 16.7 7.3
350 10 17.5 7.2
352 15 i 14,9 6.9
339 0 17.1 6.1
339 4.1 . 16.4 4.8
339 6.8 14,4 | 5
326 0 14.2 5
326 2.7 | 14,9 | 5
319 o 14,0 8.8
301 0 8.1 17
300 2.7 8.2 10
298 4 8.4 5.4
208 8.7 8.3 5.5
299 10 3.3 5.5
300 - 13.3 8.5 5.5

136
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: s
Photoproduction of T mesons at 8,4 and 5,0 BEVG).

4 -
The photoproduction of T mesons were studied at 3.4

and 6.0 Bev in the Cambridge Electron Accelerator. ©Other
competing processes were suitably eliminated, The differential

cross-sections are given in the following table,

o 5 iy dojdt
'z .
(Ben ) (deg.) (Reur ( Ao (BRY/c))
3.4 5.1 0.09 3.82 + 0,46
9,9 0.33 1.94 £ 0.16
5.0 5.1 0,19 1.30 + 0,12
- 7.1 0.37 0.89 + 0.09
9.9 0,69 - 0.43 + 0.05
15.1 1,45 0.060 + 0.014

The results of the cxperiment can beﬂgitfed with

%ﬁl = APW%(BF)pb/@QUZ
where 4 = 5,63 + 1,00, B - 2,93 + 0.64 Bev™® for & =3.4 Bev;
8= 2.32 £ 0.21, B = 2.41 % 0,15 Bev ™ for g _= 5.0 Bev,

A simple Reggeized plon exchange does not describe the

data correctly. Gauge-invariant amplitudes may yield a better

result.

|3y
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/\k; egnhancement at 1,7 Bev/).

b study of 280,000 T and 80,000 events of T p and 7 b
interagtions st 6 Bev/c in the BNL 80-inch liquid-hydrogen
bubble chamber indicates a A\Kﬁ”enhancement centred at 1,7 Bev
in the reaction gy pH /\f<4"T[T The re %ié no ?imilar
enhincements in the processess Tfi; F —> A K ) © T e

The cruss-sections for the virious processes are shown

in the following table.

Rezction Number of evente Visible cross-
' : section ( Mb)
Tp =las 246 17 + 1
M p N 7 © 29 44 0,5
L picar! 95 | 19 + 2
o 4

Evidence for the existence of the hypernucleus AL’S)

—.

A systematic investigetion of the mesonic decays of
hypemuclei with four charged-particle finsl ststes shows

evidence of an event described by

s WA AR A He Y

—

, ¥
The observed stability of the hypernucleus /ﬂge imposes an upper

limit of 8.72 £ 0.15 Mev on the total binding energy of Am

{28
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The present esperiment ylelds a value 3.92 # 0.37 relative to
the free-pérticle system A —I—\; = Hp((L .

Charge symmetry of the A -nucleeminteraction demands
cyual blnding energy in mirror hypernuclei, Aétually in the

i .
case of the mirror hypernuclel A HL‘ /\f(_ ‘,, it was found thst

13 A(AH@L{) _ (g (,\H“‘ )~—— 02771066 ey

- The difference wes explalned as bresgking of charge symmetry in
the /\ -nuclegy interaction, Wiht\ K -BA[AWQ: 4,19 + 0,17 Mev

and with 2 binding encrgy of L1 ¢ relative to the ground
/\ .

state of LL" 5’; n\ ,‘(f\{"‘{\ ~5,89 + 0.37 Mev, the binding energy
, .

. ‘ ¢
difference for A L6 ptte is

| TN | Heé’ = T A o4y Hey
B (nke®) — @, 02"
which is much larger than in the previous case.

Branching ratio r( ’)’I-—>§{'}LJ/Y (Vl'">®9)

In view of the vearious discrepsnt velues for

D= \—.("7 93710)/[-_(1,),__52”‘

& fresh experiment bagsed on L, {T spark chamber observation of
five (674) end six- slawipn (6s ) events produced in ’[fﬁf; -‘>')7‘V\

—_—

and other T{( PI—) neutrals wes done, The value of R is

o ey

- (3

= A =it ooz
(M o 2v) o '
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