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Abstract

We study the decays B — J/YT, B — J/¢V and B — J/vS, where T, V and
S are tensor (J¥ = 2T), vector (J¥ = 17) and scalar (J¥ = 0T) mesons respectively.
Our study is inspired by the recent observation of the decays B — J/1¢ K% (1430),
where X = 0, 2. There exist two mesons, a tensor meson K3 (1430) and a scalar meson
K;(1430) at the same mass of 1430 MeV , making it difficult to measure the branching
fraction for B — K3(1430), without including contributions from B — Kj(1430).
There also exists a vector meson resonances at 1410 MeV, K*(1410), that is close
enough to overlap with the wide K% (1430) resonances. Since, all of these decay
modes contribute to the same final state B — K7™ ¢~, contributions from the various
decay channels cannot be separated by cuts on the kinematics. We show in detail
how angular analysis can be used to separate contributions from each of the decay

modes.

We begin by writing the most general effective matrix elements for each of the
decay channels using Lorenz invariance and current conservation. The decay spectrum
for the final state Km¢*¢~ is calculated. The K% (1430) and K*(1410) are considered
to decay to K7 and J/¢ to £t¢~. We study the angular distribution of the K
in the K7 center of mass (c.m.) frame and £~ in the ¢T¢~ c.m. frame. We also
study the correlation between the K7 decay plane and the ¢¥¢~ decay frame. The
formulation developed here can be applied to include any scalar, vector or tensor
meson, in addition to K% (1430) and K*(1410). The study performed in this thesis
finds immediate application in the analysis of data collected by the B factories running
at KEK (Japan) and SLAC (U.S.A.).
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Chapter 1

INTRODUCTION

The purpose of this thesis is to investigate the angular distribution of the de-
cays B — Knlt{~, where the K7 are produced via the intermediate decays of
K3(1430), K*(1410), K;(1430) and £7¢~ are the decay products of J/1. The aim is to
derive the matrix elements by combining the three decay modes B — J/¢K3(1430)
(tensor meson), B — J/yK*(1410)(vector meson), B — J/¢K;(1430)(scalar me-
son).The processes B — K7¢*¢~ is described in terms of the kinematical variable s,
(the invariant mass of the lepton pair), s (the invariant mass of the K7 pair) and
cosf, (the angular distribution ¢~ in the £7¢~ c.m.system). The additional informa-
tion is the distribution in sinf) and cos 8j,where 60 is the angle of the K in the Km
c.m. frame, and in ¢,the angle between the the planes formed by K7 and £7{~ respec-
tively [1]. The information is sensitive to the polarization state of the tensor meson
K3(1430) ,vector meson K*(1410) and scalar meson K3(1430) ,and thus provide a

new probe using the effective theory to study in CP violation [1].

We begin by writing the most general effective matrix elements for each of the
decay channels using Lorenz invariance and current conservation [2]. The decay spec-
trum for the final state Km¢*¢~ is calculated. The K% (1430),where X = 0,2 and
K*(1410) are considered to decay to K7 and J/v to £*¢~. We study the angular
distribution of the K in the K7 center of mass (c.m.) frame and ¢~ in the £7£~ c.m.

frame. We also study the correlation between the K7 decay plane and the £+~ decay




frame. The formulation developed here can be applied to include any scalar, vector
or tensor meson, in addition to K% (1430) and K*(1410).

It is interesting that angular parts can be separated out cleanly from the total
matrix elements.Although the angular parts are separated ,it is not possible to sepa-
rate all partial waves out cleanly for the J/1K3}(1430) final state. We can separate
out only between CP even and CP odd partial waves because it is not possible to dis-
tinguish between S and D partial waves in this mode.However, it is sufficient to study
CP violation in these modes [3]. The interference terms will give CP violation in the
mode .Recently large samples of data have collected on the decay B — J/¢K3(1430)
by the B factories running at KEK(Japan) and SLAC(U.S.A). These results will be

useful to perform a detail analysis of the data collected so far.




Chapter 2

MATRIX ELEMENTS

We consider decays of B meson into J/1 with a momentum ¢ and a either K3 (1430),
K*(1410) or K3}(1430) with momentum k. In section 2.1 , the square of matrix
elements in which B decays into J/¢Kj(1430) ,with J/¢ — [T]~ and K§(1430) — K
is calculated. In section 2.2 we evaluate the square of matrix elements in which B
decays into J/¢¥K*(1410) ,with J/¢ — [T]~ and K*(1410) — K= . In section 2.3 ,
the square of matrix elements in which B decays into J/¥ K3(1430) ,with J/¢ — [T~
and K3(1430) — K is calculated.In section 2.4 ,interference between the two decays
( B decays into J/yKy(1430) ,with J/¢ — [T~ and Kj(1430) — K7 and B decays
into J/¢YK*(1410) , J/¢ — 111~ and K*(1410) — K) is calculated .In section 2.5
Jinterference between the two decays ( B decays into J/¢K}(1430) ,with J/¢ —
It~ , K§(1430) — K7 and B decays into J/¢K3(1430) , with J/¢ — [T~ and
K3(1430) — K) is calculated .In section 2.6 ,interference between the two decays (
B decays into J/1¥K*(1410) ,with J/1 — [*l~ and K*(1410) — K= and B decays
into J/1yK3(1430) ,with J/1¢ — I*1~ and K3(1430) — K) is calculated . In section
2.7, the square of the total matrix elements in which B decays into the three modes (
B — J/¢¥K§(1430) ,with J/¢ — 71" and K§(1430) — K7 and ,B — J/¢K*(1410)
,with J/¢ — 71T and K*(1410) — K7 and B — J/¢¥K3(1430) ,with J/¢ — 71T
and K3}(1430) — K) is calculated.




2.1 Scalar Mode
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Figure 2.1: Feynman diagram for the process B —
J/YK;(1430) ,with J/¢ — 71" and K}(1430) — K

The vector particle J/v carries the four momentum q and decays into lepton and
antilepton with momentum ¢; and ¢, respectively.

Hence, the matrix element for leptonic part is [4]

L, = —ieZH’yav (2.1)

Therefore, leptonic tensor is

Loy = €Y Y (W) ([@7u)
= tr(q Va1 B V8Y0)
= 462(Q1aQ2a' + G20G16" — Yoo’ 41-92)
= 26*(¢or — QoQo — G0 T°)
= 2¢°L,, ,where L, =q¢sqy — QoQs — goord’ (2:2)



The B (pseudoscalar) particle decays into vector particle J/1 with momentum ¢ and
scalar particle Kj(1430) with momentum % .On using the general Lorenz structure
and conservation of current, it is possible to write the most general form of the tensor
of rank one for the particle decaying into the constituents particles.

The most general form of the tensor of rank 1, which is a function of the momenta &
and ¢ is [2]

W, = ak,+ aq,. (2.3)
Using the conservation of current
¢w, = 0, (2.4)
from eqns(2.3) and (2.4) , On solving we get
k.q

W, = aF,4,), where Fju g = —k, + q—qu. (2.5)

Similarly the Kj(1430) particle decays into pseudoscalar particles K with momentum
ky and 7 with momentum k5.So, the tensor structure is just constant.

The matrix element for hadronic part is

aF; k ad qpqa
H? = — AGI) — . where 077 = —¢” +
= (k2 — mj + i) (g — m2 + ie) g q>
aF((jc a) 2 2 2 2,
= T’, where A = (k* —my, +i€)(¢° — my + ie) (2.6)
Hence, the hadronic tensor is
HY' = HHL"
N (2.7)
o AQ (ksq)* (k,q) :
Therefore, the square of matrix element is
IMS|2 - HgUILM’
|a|2 o o’ 271
= —F(k,q)F(k,q)(2e Lacf’) (28)

A2




It is shown in eqn (5.76 ) in Appendix, FoF A

(k,g) oo’

= X?(1 — cos? 6;). Therefore,

the square of the matrix elements is

2 2X2
|Ms|? = MAe?—(l—coszﬁ)
9lal2e(z2 —
= al’e (22 L)sesk [1 — cos® 6] (2.9)

2.2 Vector Mode

Figure 2.2: Feynman diagram for the process B —
J /Y K*(1410) , with J/¢ — (71" and K*(1410) = K~

Here the B(pseudoscalar) particle decays into vector particle J/v¢ with momen-
tum ¢ and vector particle K*(1410) with momentum £.On using the general Lorenz

structure and conservation of currents, it is possible to write the most general form




of the tensor of rank two ,from the given two independent momentum k and q ,for
the particle decaying into the constituents particles.
The most general form of the tensor of rank 2 ,which is a function of the momenta ¢
and k is [2]
Wy = bgue + cikuk, + cokuaq, + cskpqu + caqug, +
id1€4papk®q° + id2€upapq®k° (2.10)

On using the conservation of currents

¢W, = 0, (2.11)
KW, = 0. (2.12)

From eqns (2.10), (2.11) and (2.12), the tensor structure is
W, = bgu, + ckyq, + ideyapk®q® [5,6). (2.13)

Similarly , K*(1410) particle decays into two pseudoscalar particles K with momen-
tum k; and 7 with momentum k, .Using the same process as did before, the tensor

structure is

MV = kl—kg
= KU where K,, = kl == kz (214)

So, the matrix element for hadronic part is

? 1

HY = Wypg———0"K5——5——0~ 2.15
v HPk2 —m2 + e Y2 —m? + e (2.15)
here 04 = g L B 00— g+ 26 aug

A = (k* — m§ +i€)(¢> — m2 + i)

On simplifying the eqn (2.15), the matrix elements for hadronic part is
1 (o a - « a
HE = ——A—(bE + CFk j)-0F G g) + id€npaska” Flyc 110°) (2.16)

— k.K q.K k.Kk.q
,Where E° =K — —k—z*ko = q_zqo' + WQU




Hence, the hadronic tensor is

gy = HGHY
1 . . .
= {= S OB + cFuc) aFq) + ideupask®d” Fiic )0}
1
3
1 P o o’
= GlBPE7E” + |el*(Fuck) ) Fleg Flkg)

(b*EUI + C*F(K’k).qF&:’q) —_ id*eu,p,a,ﬁlka’qﬂ’F(;;'(’k)ap’a’)}

|dPeupase”” P kP harq Flyc 1y Flic 107705 +
QRe(bC*)F(K,k)'qEUF&I,q) + ZIm(bd*)Eaeu’p’a’ﬁ’kalqﬂ,F(l;;’,k)ep’al B
2Im(dC*)F(K,k)'qeupaﬁkaqﬂF(“K,k)epaF&l,q)] (2.17)

The leptonic part is remain same as in scalar case. Therefore, the square of the matrix

elements is
IMy|? = HY Ly
i o o’ a o’
= [G{bPE E” + |eP(Firen-0)* g Flea +
|d|26upa56"1p’a ’ kaqﬁka’qﬂ’F (l;(,k)F (#K,k)gpaeg” +
2Re(be”) (Flac sy 0) B Fipgy + 2m(bd*) B ey sk 0¥ Fl 077 —
ZIm(dc*)(F(K’k).q)eupaﬁkaqﬂF(”K’k)Q”"F&:q))}eQLim,] (2.18)
From eqns(5.76),(5.77),(5.78),(5.80),(5.81) and (5.82), the square of matrix elements

1S

9 2122

|My|> = eA'f [—|6]*{ (k.q)? cos? B cos? 6y, + s¢sy, sin” O, sin® Oy, cos® ¢ —
1
3 5¢5 (k.q) sin 26, sin 26 cos ¢ — (sesk + X2cos®O;)} +

|lc[2X* sin® B, cos® O + |d|>X 255y, sin® Oy (cos? O, + sin” 6, cos? @) +

1
2Re(bc*) X *{k.qsin’ 6 cos® Oy, + Z\/sesk sin 26, sin 26 cos ¢} —
21m(bd*)X{%k.q,/3gsk sin 26, sin 26, sin ¢ —
S¢Sk

5 sin? B, sin? 0 sin 26} +

1
ilm(dc*)X?’\/Sgsk sin 26, sin 26y, sin ¢ (2.19)




On substituting of X? = (2% — 1)sys; and k.q = z,/5;5; in eqn(2.19) and collecting
the terms without ¢, co-efficient of cos ¢, co-efficient of cos? ¢, co-efficient of sin ¢,

co-efficient of sin? ¢,we have the square of matrix elements as

2 202
%[Ib]2 + |d|*(z* — 1)sgsy, cos? Oy +

{167 + |c|* (2% — 1)ses5 + 2Re(bc*)z/5g55 } (@2 — 1) cos? 6 —

{16222 + |c|?(2® — 1)2spsi + |d|2 (2% — 1)spsi +

2Re(bc*)x(2® — 1)\/5¢51 } cos® O cos? O, +

2{|6|°x + Re(bc*) (z* — 1)\/5¢5x } sin B sin O, cos O cos by cos ¢ +

(|d|*(x* — 1)sgsk — |b]*){1 — cos® 8y — cos® B + cos? B, cos® O} cos® ¢ +
2{Im(dc*)(z* — 1)/5¢5r — Im(bd*)z} sin 6, sin 6 cos B, cos O sin ¢ +
Tm(bd*)\/(22 — 1)\/5¢s5(1 — cos® O — cos? by, + cos® 0, cos® 0y,

sin 2¢] (2.20)

|My|> =

2.3 Tensor Mode

Figure 2.3: Feynman diagram for the process B —
J/YK3(1430) ,with J/¢ — 71T and K3(1430) — K=
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Here the B(pseudoscalar) particle decays into vector particle J/¢ with momentum
q and tensor particle K3(1430) with momentum % .And on using the general Lorenz
structure and conservation of currents, it is possible to write the most general form
of the tensor of rank three ,from the given two independent momentum k and q and
metric tensor,for the particle decaying into the constituents particles.
The most general form of the tensor of rank 3, which is a function of momenta ¢ and
k is [2,7]

Wiwp = higuwke + f29w + F39upk + fa9up@ + fsGuokp + f69upqu +
Grkukvky + 92kukuq, + 9skuquk, + 94k,909, + g5qukuk, + 969uku g,
+979u0vkp + 98900k + 1d1€0pap @k @° + ida€upastn kP +
id3€,p05ku k% q® + ids€,pask,®k® + idse, papq kP +
z'dge,,,,agquqakﬂ - idyeypagkuk‘o‘qﬁ + idgﬁypaglfuqakﬁ I
ido€uvapkpk®ad® + id10€umapqok®q® + idi1€uask,q° k" +
id12€ 40059, k” (2.21)

Using the conservation of currents

qu;wp - O, (222)
kW, = 0, (2.23)
9 Wy = 0. (2.24)

On solving the eqns (2.22), (2.23) and (2.24), the tensor structure is

quqvkp
k.q

Similarly K3 (1430) particle decays into two pseudoscalar particles which momentums

Wiwp = Mgt — ) + if (€upapqy + 6Vpa5qu)kaqﬁ (2.25)

are k; and ks respectively.And using the same process as did before, the tensor struc-

ture is

Twg = kiakos (2.26)
1
= Z(ka/kgl + kgIKa/ = ka/Kgr = Ka/Kgl) (227)
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The matrix elements for hadronic part is
i ' gt i
H? = Wwh—— QWP — 6 2.28
g k2—mi+iee ﬁqQ—mZ—H’e (228)
;where @e'8" = 1(ga'ngh'v 4 gf'uge'vy — 1g'8 guv
On simplifying the eqn(2.28), the matrix elements of the hadronic part becomes
Hf = —4—A(hS” +ifR%) (2.29)
| where S¢ = Flic).qFy ) — 2iXpe  Fuendyo | Fucniandyo
« v F K 4 a
and R” = (€upaplv + €vpapdu)k qB(_F(l;(,k)F(K,k) A L
Hence, the hadronic tensor is
HY = HyHF"
1 . o 1 * Qo' - rx Do’
= (——{hS“+sz N(=5x (R*S” —if*R”))
4A
= h|25°8° 2R7R” — 2Im(hf*)R’S” 2.30

The leptonic part is remain the same as in scalar case.Therefore, the square of the
matrix elements is
|*M[T|2 = H%U/Lcm’

= (P87 + PR - 2m(h ) RS Y26 )

(2.31)

From eqns (5.83), (5.84) and (5.85) , the square of the matrix elements is

e’p X? ((k-q)* — 3ses%)

|Mr|? = [—|h2X? ssp{— cos® O, — cos? 0 —

8A* (k-9)? (k-q)?
S¢Sk S¢Sk 2 2 1 9
3k T ha) (cos* O — 3 cos O + §) cos” 6y +

1 v/ 1
T sin® 20, sin® f; cos® ¢ — 2?:? (cos® Oy, — §) sin 26y, sin 26, cos ¢}

+|f|2X 555 sin® 20y (cos? O, + cos® ¢ sin® 0;) +
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2Im(hf*) X35y, {~ ]:e;k (cos® Oy, — %) sin 26 sin 26, sin ¢ —

1

5 sin® 26 sin® f; sin 2¢}] (2.32)
On substituting of X? = (22—1)sys;, and k.q = 1./5,5¢ in eqn (2.32 ) and collecting

the terms without ¢, co-efficient of cos ¢, co-efficient of cos? ¢, co-efficient of sin ¢,

co-efficient of sin? ¢,we have the square of matrix elements as

254(1’ _l)slsk 2 2
LR o+ R

{If1?2*(2® — 1)sisx — —|h| } cos 0, +
{—|h|2 — | f|?2*(2* — 1)s;81} cos® Oy, cos® B, —
|h| (2% — 1) cos* O — |h|? cos® B, cos? 6 +

2
|Mr|? = r* - 5) cos? Oy, +

2|h|?z sin 6y, sin 6 (cos® O, cos 6, — % cos B cos B) cos ¢ +
2 {|f1P(«* = Dsisp — (If1*(«* — 1)sisg + [h]*) cos®  —
|f1?(z% — 1)sys cos® 0, + (| f]2(2® — 1)sysp, +
|h|?) cos® B cos? O) + |h|? cos® O, — |h|? cos® B, cos? O} cos® ¢ +
8Im(hf*):z:\/x2——1\/sl_s; sin 6y, sin 6;{cos> 0 cos 6 —
% cos By, cos 0} sin ¢ + 4Im(hf*)z?Va2 — 1y/5;55{— cos? O, +
cos? By, cos® B, + cos* B — cos® O cos? §;} sin 2¢)] (2.33)
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2.4 Scalar-Vector Interferences

On using the hadronic matrix elements of scalar K}(1430) and vector K*(1410) , the

scalar-vector interference hadronic tensor is
oo' o ryo’* o 7o’
Hg), = HGHY™+ HyHg

aF&a‘Z) 1 * 1o’ * o' . o B oo
= (——)(——(b E° +¢ F(K,k).q.F(k’q) = Zd*fp.’p’a’ﬁ’k q F(K,k;)e )) +

A A
1 o o 3 a, Bk po a*F(l;W)
(—Z(bE + CF(K,k).QF(k,q) + Zdﬁupaﬁk q F(K,k)e ))(—T)
2 *\ o o’ o o'
== E[Re(ba )E F(k,q) + Re(cd*)F(K’k)qF(k,q)F(k’q) -
Im(da*)€upask e’ Flic 107 Fi o)) (2.34)

Therefore, the square of the matrix elements of scalar-vector interference part is
IMSV|2 - HggjLao’
2 *\ o o’ o 1o’
F[Re(ba )E°FY , + Re(cd®) Fi 1-qFY JFY , —
Im(da*)eupaﬂkaqﬂF,’é’kH””F,g’;]262Lfm, (2.35)

From eqns (5.76), (5.78) and (5.81), the square of the matrix elements is

4e?pX ) 9 . .
Az [Re(ba*){k.q cos Oy cos” 8y — \/SgSk sin b sin 26, cos ¢ —

k.qcos 6y} + Re(ca*) X?(cos O, cos® y — cos b) —
%Im(da’*)X\/ses,c sin 6 sin 26, cos ¢| (2.36)

|Msy|> =

On substituting of X2 = (2% — 1)s,s; and k.q = x,/545; in eqn(2.36 ) and collecting
the terms without ¢, co-efficient of cos ¢, co-efficient of cos? ¢, co-efficient of sin ¢,

co-efficient of sin® ¢,we have the square of matrix elements is

14e28/(z2 — 1

|Msy|? = P (22 )sesk [—{Re(ba*)z + Re(ca*)(x* — 1)y/5¢5% } cos Oy +
{Re(ba*)x + Re(ca*)(x® — 1)\/5¢5x } cos® O cos Oy, —
{2Re(ba*) + Im(da*)Vz? — 1./54Sk } sin O sin 6y cos 6 cos ¢| (2.37)
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2.5 Scalar-Tensor Interferences

On using the hadronic matrix elements of scalar Kj(1430) and tensor K3(1430) , the

scalar-tensor interference hadronic tensor is

Hgy = HGHP* +H7HG*

aF?, 1 , 1 a*Fa’

— —M —_— * QO __ g fx 0-/ — g > a _ (kyq)

= (T ST iR + (- (BT iR ()
1 *\ Qo o’ *\ po o’

— _QAQ [Re(ha )S F(k,q) = Im(fa )R F(k,q)] (238)

Therefore, the square of the matrix elements of scalar-tensor interference part is

|Mgr|>? = HZG Loy

1 *\ Qo o’ *\ po o’
ﬁi[Re(ha )SFG o — Im(fa*)R7FG, ]2€ Ly, (2.39)

From eqns (5.87) and (5.91), the square of the matrix elements is

2 2X2 ) Y 1
|Msr|? = W[—Re(ha*)\/slgsk{ ;e;k(cos20k—§)sin204+

i sin 26y, sin 26, cos ¢} + %Im(fa*)X sin 26y, sin 26, sin @] (2.40)

On substituting of X? = (2% — 1)sysy, and k.q = z,/5¢5; in eqn (2.40) and collecting
the terms without ¢, co-efficient of cos ¢, co-efficient of cos? ¢, co-efficient of sin ¢,
co-efficient of sin® ¢,we have the square of matrix elements is

202(,2 _
e B (IAQ 1)5£$k[_%Re(ha*) + %Re(ha*) COS2 96 + Re(ha*) COS2 ek

—Re(ha*) cos? B, cos? By, + Re(ha*) sin 8 sin 0y, cos 6 cos Oy, cos ¢ +

2Im(fa*)/(x% — 1) sin 6, sin 6y, cos 6, cos by, sin @] (2.41)

|Msr|* =
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2.6 Vector-Tensor Interferences

On using the hadronic matrix elements of vector K*(1410) and tensor K3(1430) , the
| vector-tensor interference hadronic tensor is
Hgy = HVH;’* + HZHy*
\ - (—EpEe 4 CF(k j)-0F G gy + ideppashk®d i 10°7))

A
(_E(h S” —if*R7)) + (—E(hS +ifR%))
(—K(b*E"' + *Flacpy-aF g — id*ewpap k® ¢ Fli 1,077))

B 2A2 ——[Re(hb*)S°E”" + Re(he*) Fix)-aS" Fie gy +
Re(fd*)Rgeulp/alﬁ/k' q F(ljj( k)ep o
Im(hd*)S"euf,,/Qfgfk q F‘u gp .

Im(f¥*)R°E® — Im(fc*) (K,k).qR Fg o] (2.42)
Therefore, the square of the matrix elements of vector-tensor interference part is

|‘]\4VT‘2 = H{;‘;LW
= 2A2[Re(hb*)S”E” + Re(hc®) Fik k)-qS° F
Re(fd*)Rgeulplalﬁlk q F(NKk)HPJ
Im(hd*)S"e”:p/a/gk q F“ 9’)0 -

Im(f6*)R7E” — Im(fc*) Fixu).qR° Fy )26’ Ly (2.43)

From eqns (5.86), (5.87),(5.88),(5.89),(5.90) and (5.91), the square of the matrix

elements is

|Myr|? = Az [Re(hb*)ﬂ?’X\/sZsk{(k g sin 6 sin B, cos 6, cos? Oy, +
S¢Sk 1
kf—.q sin @ sin B, cos B (cos® O — 5)) cos ¢ —

1
/5¢5k cos? B cos O, (cos? By, — §) — /5¢55(1 — cos® ;, —
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2
cos? O + cos? 6 cos? 0;) cos b cos? ¢ + 5\/3451C cos O} +

A/ 1
Re(hc*) B2 X3\ /spsp{— :esk cos® By(cos® O, — 3 o8 k) +
-q
sin @ sin 0 cos 0 cos® B cos ¢} + 2Re(fd*) B> X > sysy, cos O {cos® b,
— cos? 0, cos? 0, — (1 — cos® @y — cos? @y, + cos® 0, cos® ) cos® o}

—Im(hd*)B3X23gsk{% sin? 0, sin? 6y, cos 0, sin 2¢ +

v/ 1
]:ESk (§ sin @ sin 6y, cos 0, — sin B sin Gy, cos O, cos® B;) sin ¢} +
-q

Im(fb*) 3% X 2545, {cos O — cos® O — cos? 0, cos O +
cos® B cos® 0} sin 2¢ — 2Im( fc*) 33 X*\ /554 sin O sin 0, cos 0,
cos? 0, sin @) (2.44)

On substituting of X2 = (2% — 1)sys; and k.q = x,/545; in eqn (2.44) and collecting
the terms without ¢, co-efficient of cos ¢, co-efficient of cos? ¢, co-efficient of sin ¢,

co-efficient of sin? ¢,we have the square of matrix elements is
€233 (2% — 1)12(s454)/?
A2

3 — 1) VseskRe(he*) 4 (2 — 1)sgspRe(hd*)} cos® 6 cos Oy +
s

(l‘2 + 1) * 2 * 2 1 *
{—x—Re(hb )+ (x* — 1)y/s¢skRe(hc*) cos® O — gRe(hb )}
sin 0 sin 0y, cos 0y cos ¢ — (Re(hb*) + 2(2* — 1)s,skRe(fd))

{cos B — cos?® B cos By, — cos® Oy, + cos® O cos® O } cos® ¢

Vi —1
{- x3x V/SeskIm(hd*) sin 0 sin 6, cos 6, —

Va2 — 14/s45(2(2? — 1)/5gspIm(fc*) + 22Im(fb*) —
lIm(hal*)) sin @ sin 0, cos O cos® O } sin ¢ +
%

V& — T /e f5*) — %Im(hd*)){cos 0, —

cos® B — cos® B cos B + cos? 6 cos® O } sin 24 (2.45)

2 1
|Myr? = [gRe(hb*) cos O, + {gRe(hb*) +

1 (z?
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2.7 Total Matrix Elements

Here it is considering that B particle decays into there possible channels .One pos-
sibility is that B decays into a scalar particle and a vector particle then the scalar
particle decays into two pseudoscalar particles and the vector particle decays into
a lepton and an antilepton.And second possibility is that B decays into two vector
particles then one vector particle decays into two pseudoscalar particles and another
vector particle decays into a lepton and an antilepton.And third possibility is that B
decays into a tensor particle and a vector particle then the tensor particle decays into
two pseudoscalar particles and the vector particle decays into a lepton and an antilep-
ton.Therefore on including all the three possibilities, the hadronic matrix elements
is
H° = HZ+ Hy + Hj (2.46)
Therefore, the square of the total matrix elements is
|IM|? = H°H® L,y
= (HS+HS+HO(HS + B + HE )L,
= HZH{ Loo + HyHY Loy + HFHF Loy
(H§HY{, + H{Hg ) Loo + (H§HF + HFHE ) Loy
(HFHY + H7H ) Loy
= |Ms|* + | My ? + M7 * + |Msv[” + | Msr” + [Myr[* (2.47)
From eqns (2.9),(2.20),(2.33),(2.37),(2.41),(2.45) and (2.47), the square of the total

matrix elements is

e? 1 N 1
MP = Solsesel8B + (2~ 1)(2lal? ~ 15Re(hb) + o Bsesill)} +
1
20V x? — ls£sk{§52\/3gskRe(hb*) — 2zRe(ba*) —
2(z® — 1)y/se5KRe(ca*)} cos Oy + (2% — l)SgSk{—2‘a|2 + B%(2ssk|d|?
s
P50k a2 — Vpsess — S|P} cos? O +

—I—%Re(ha*))
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B2(x? — 1)se5x{2|b|* + Re(ha*) + 4z/se55Re(bc*) + 2(z* — 1)sgsk|c|?
2 _ 2
— 1
Gl ) |h|?} cos® O + BV 22 — 13gsk{§,82\/seskRe(hb*) +

22
4zRe(ba*) + (z° — 1)(4Re(ca*) + 628g3k(%Re(hC*) + /seskRe(hd®)}

B2sps (22— 1) ,2
85 k( = )(§|h|2_

(2 — D) sgsi| f|?) — 22%(b)* — (z® — 1)(Re(ha*) + 2s¢sk|d|?) —
4z (x? — 1)\/sesgRe(bc*) — 2(z* — 1)?sy81|c|*} cos? O, cos® Oy, —

2 _
%64 (@ p D (5¢sk)%|h|? cos? Oy cos® Oy + Bsesi{—Vx2 — 1(8Re(ba*) +

4vx? — 1y/sesklm(da”) + %\/SgSkRe(hb*)) + B(4z|b|* +

+8%sesk

cos? 0y cos O + B2sesi ]

2

(% — 1)(4+/5¢5kRe(bc*) + Re(ha*) — é—stk|h|2)) cos O +

2
Bi/x? — 1\/3gsk(x : 1Re(hb*) + (2 — 1)y/5e5xRe(hc®)) cos® Oy, +
2 _
363 £ . 1 sesk|h|? cos® B} sin O sin 0, cos O cos ¢ +

1
Bsesi{2(|d* (@ — D)sese — b + 758" — 1) (sese)*ISI7) -
BVx? — 1 /5455 (Re(hb*) + 2(2® — 1)sgsgRe(fd*)) cos by —
éﬁQ(xz — 1)spsg|h|? cos? 0} (1 — cos? B, — cos? B, + cos® O, cos® by)

(«* - 1)

cos? o+ 62838k{—ﬂ SszIm(hd*) + (4(272 — 1)\/—S£Tklm(dc*) —

T

4zIm(bd*) + (2% — 1)3?(2Im(fa*) — g(s@sk)?’ﬂlm(hf*))) cos Oy —

Bz — 1)2ses(2(a? — 1)/Eesalm(fc*) + 2aIm(f5*) %Im(hd*)) cos? 6,

2 1)3/2
+62u(553k)3/2lm(hf*) cos® B} sin 6 sin 6 cos O sin ¢ +

%
B2/ (22 — 1) (ss)*?{2Im(bd*) + B/ (22 — 1)y/5¢sx(Im(fb*) —
%Im(hd*) + Im(hb*)) cos by + %62(3:2 — 1)sgspIm(hf*) cos® 0 }
(1 — cos? @y — cos® B + cos? B cos® O ) sin 2¢] (2.48)
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2
= [M|? = %(fo + ficosd + fycos® ¢+ fasin + fysin 2¢) (2.49)

,where f, = > cos™ 0, cos™ Oy (aL,,, + VP, sinb, + c,, sin by + d=,, sin Oy sin ;) and all

the non vanishing co-efficients are given in the table 5.2 [8]




Chapter 3

ANALYSIS

3.1 Introduction

From eqns(2.48) or (2.49) we see that the angular part is separated out cleanly
.From table 5.2 we see that all co-efficients are not nonzero .Some co-efficients are
zero(i.e.some informations are missing).So, we can say that though the angular part is
separable cleanly,it is not possible to separate all the partial waves out cleanly. However,
we can separate all the partial waves out into CP even and CP odd. Consequently, it is
not possible to separate the partial waves out within CP even (i.e.we can’t distinguish
between S and D waves in this mode) .Similarly we can’t separate the partial waves
out within CP odd ((i.e.we can’t distinguish between P and F waves in this mode)
[9]. Therefore, in the decay modes we can get partial information about all the partial

waves.However, it is sufficient information to study CP violation in the decay process.

3.2 Differential Decay Rate

On rewriting the eqn(2.49) as

IM|? = aly + al, cos By, + a3, cos® B, + al, cos? Oy, + ad, cos® O, cos O, +

20
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a3, cos® B cos? By, + a3, cos® O cos* Oy, + d}, sin 20, sin Oy, cos ¢ +
d}, sin 26, sin 20 cos ¢ + d}, sin 20, sin 26}, cos Oy, cos ¢ +

d1, sin 20, sin 26, cos® O, cos ¢ + ad, sin® O, sin® O, cos® ¢ +

agl sin’ @, sin? ), cos By, cos® ¢ + a§4 sin? @, sin? 0, cos® 6, cos? ¢ +
d3, sin 26, sin 0, sin ¢ + d>, sin 26, sin 26}, sin ¢ +

d}, sin 26, sin 26}, cos 6y, sin ¢ + d} sin 26, sin 20, cos® Oy sin ¢ +
aéo sin? @ sin? 0, sin 26 + ag, sin? 8 sin® G, cos By, sin 2¢ +

a3, sin? B, sin® 0y, cos® O, sin 2¢ (3.1)

We know that only for angular distribution, differential decay rate is proportional to

the square of matrix elements [9] i.e.

dar

M|? 2
dcos by dcosby do o |Mi 8.2)

dar

QM| .
dcos, dcosby do |M] (23]

,where Q is proportionality constant and independent of #,,0;, and ¢ ,
and 0, is the angle of the [~ in the [7[" c.m.frame ;f; is the angle of the K in the K7
system; ¢ is the angle between the two planes [~/™ and K7.And the physical regions

are

0<¢p<2m,—1<coshy<land —1<cosf, <1 (3.4)

3.3 Angular Distribution

dar’ ar dar
We derive one-dimensional angular distributions namely Teos 0. doosfl] and E(Z_S
¢ k

from the differential decay rate .These distributions as well as the observable are

calculated ,depend on different combinations of the co-efficients ‘af]-’
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3.3.1 Decay rate as a function of cos6;

Integrating the eqn(3.3) over cosf, and ¢ we obtain

dr 1 1
rrrl 2 agy + §(2a30 +a2) 4+ (243, + gagl) cos O +
1 1
5(6(182 + 2a3, + 2a3, — g + a3y) cos” O — 5031 cos® Oy, +
1
§(2ag4 — a3,) cos* 0.} (3.5)

Now we define the forward-backward(FB) asymmetry in K7 system

, dl 0 dr
fo ——dcosﬁkdcosek_/_ldcosekdcosek

, dl Y
i —dcosﬁkdcosek_'_/_ldcos&kdcosak

0 , 1.2
20;01 + gam
0 L 470 0 . 1.0 . 1.0 . 1.0 .12 12
2a) + 3 (a3 + afy + 303, + 303, + za3, + 305, + 15054)

£ 0 (3.6)

K —
AFB -

This is not vanishing due to the presence of cos y and cos® f; these terms are present
due interference between vector and scalar,between vector and tensor .However, it

vanishes in each separate decay mode

3.3.2 Decay rate as a function of cosé,

Integrating the eqn(3.3) over cos; and ¢ we obtain

dl’ 1 1
ETe—y = 47rQ{a80 + gago + ﬁa§4 +
1 1 1
(08, + 5a% + 503 — ga% — 7zad,) cos? ) (37)

Similarly the forward-backward(FB) asymmetry in (71" system
ALy, = 0 (3.8)

The absence of a term odd in cos 6 is connected with the fact that the {71 system
is in a pure L = 1 state.As a consequence, the forward-backward(FB) asymmetry in

the system vanishes
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3.3.3 Decay rate as a function of ¢

Finally ,the distribution in the angle ¢ between the lepton and meson planes, after

integration the eqn(3.3) over other variables takes the form

dr 1 1 1 1
a5 = Hato+ 5(an +ag +agy + az o+ g, + gag + gaz) +
1,5 1 2.4 A4, .
§(a00 + ga24) cos 2¢ + §(a00 + ga24) sin 2¢} (3.9)

The presence of sin 2¢ term is a clean signal of CP violation in the ¢ distribution in

the decay process.



Chapter 4

CONCLUSION

We used the most general effective matrix elements for each of the decay chan-
nels using Lorenz invariance and current conservation for the angular analysis of B
decaying into scalar, vector and tensor modes . The decay spectrum for the final
state Km¢*¢~ is calculated. The K% (1430), X = 0,2 and K*(1410) are considered
to decay to K7 and J/v to £7¢~. We study the angular distribution of the K in the
K center of mass (c.m.) frame and ¢~ in the {74~ c.m. frame. We also study the

correlation between the K7 decay plane and the £/~ decay frame.

We analyzed the angular part and found ,“the angular part is separated out
cleanly,however it is not possible to separate all the partial waves out cleanly;Nevertheless
all the partial waves can be separated out into CP even and CP odd. ”This separation
of CP even and CP odd is necessary to study CP violation

dar dr

We derived one-dimensional angular distributions namely , , and
dcos b, dcosb

% from the differential decay rate .These distributions as well as the observable are
calculated. And we found that the forward-backward(FB) asymmetry in K7 system

is not vanishing due to the presence of cos ) and cos® §; ; these terms are present due
interference between vector and scalar,as well as between vector and tensor.However,

the forward-backward(FB) asymmetry in /7] system vanishes due to the absence

24
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of a term odd in cos#, is connected with the fact that the [~[" system is in a pure
L = 1 state.Finally ,the distribution in the angle ¢ between the lepton and meson

planes has calculated and this will be very useful to study CP violation in these modes
Recently, large samples of data have collected on the decay B — K3(1430).J/v¢

by the B factories running at KEK(Japan) and SLAC(U.S.A). These results will be

useful to perform a detail analysis of the data collected so far.

M Goly




Chapter 5

APPENDICES

5.1 Kinematics

Table 5.1: Notation and Defination of Entities

S.No. | Entities Notation

1. The four momentum of J/¢ in C.M. Frame of B q

2 The four momentum of K% (1430)/K*(1410) k
in C.M. Frame of B

3. The four momentum of lepton in C.M. Frame of J/¢ ¢

4. The four momentum of antilepton in C.M. Frame of J/1 | ¢o

5. The four momentum of K in C.M. Frame of k1
K% (1430)/ K*(1410) ,where X = 0,2

6. The four momentum of 7 in C.M. Frame of ko
K%(1430)/K*(1410) ,where X = 0,2

7. B? M2

8. kz Sk

9. q° Se

0. & E;

26




S.No. | Entities Notation
1. | k2 MZ
12. For massless leptons ¢ 0
13. For massless antileptons  ¢2 0
14. in C.M. Frame of J/v G — Q
15. in C.M. Frame of K% (1430)/K*(1410) ki — ko | K
16. a’ +b? + ¢ — 2ab — 2bc — 2ca Aa, b, c)
17, | B ¢
15, | ZEEIEM) 8
19. IAME, s4, sk) X2
20. The unit vector along k 2
21. The unit vector along J/v =i
22. The unit vector normal to <
K% (1430)/K*(1410) frame ,where X = 0,2
23 The unit vector normal to J/v frame d
24. The angle between K% (1430)/K*(1410) Oy
plane and k_l) ,where X =0,2
25. The angle between J/1 and g7 0,
26. The angle between the planes
J/4 and K% (1430)/K*(1410) ,where X = 0,2 | ¢
(i.e. between ?andﬂ))

On using the four momentum conservation in C.M.frame of B

B = k+gq

On squaring and putting the value of B? | k? and ¢* we have

27

(5.1)
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k.q= (M} — s, — s¢) (5.2)

In k frame on contracting between k = k; + ko and K = k; — ks and putting the value

k? = M2 and k2 = M? we have
hE = KK, =k — k= MZ— M7 (5.3)

From S.No.17 from table(5.1)

kK=&, | (5.4)

Similarly on contracting between K and K and putting the value k% = M? k% = M7,
and 2]€1.k2 — k.2 = k% = k’%

K* = K"K,
= kI + k3 — 2k1.ky
= 2(ki +k3) — k*
= 2AME+ M}) — sy, (5.5)

K?=2(M2 + M2) — s (5.6)

And on contracting between @ and @ and putting the value ¢ = 0 ,g5 = 0 and
20192 = ¢°

Q= QQu=G+¢ —2q.¢ = —s¢ (5.7)

Q* = —s (5-8)

Now we contract between q and Q

Q = ¢*Qu=¢ - =0 (5.9)

(5.10)
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In J/+¢ C.M. frame and for massless lepton and antilepton ,the energy of lepton and
antilepton are same and momentum of lepton and antilepton are equal in magnitude

but opposite in sign. so the components of Q in J/1) C.M. _f)ragl)e are (0,2q7) and the
unit vector normal to K% (1430)/K*(1410) frame @ = - [10]. Similarly,

=¥, =
V1k112—(k1.2)2

Q-G aan .
L . Therefore, on writing the

the unit vector normal to .J/v¢ frame d =

1q112-(q1 .n)?
value of K| and ¢, with respect to ¢, d respectively.
Bo= \IRE- (Fa)2 2+ (kA (5.11)
7 = V@P-(@aP d+(@a)n (5.12)

Now on contracting between —k_; and qf
HE’ = |k1||q:|(sin 6y sin B cos ¢ — cos by, cos 6;) (5.13)

In C.M. frame of B ,the momentum of K% (1430) or K*(1410) and J/v frames are
equal in magmtudes and opposite in sign .so let the velocity of K% (1430) or K*(1410)

|k| Wl _
frame V = %13 and the velocity of J/v¢ frame 7 L0 since v = == SO
¥ = j—;’_k : smnlarly g = \32_1
On boosting @ from J/¢ C.M. frame to B C.M. frame
Q = Q)+ 724 (5.14)
= 2 0- A7l 7))
NET o '
qo0 2|?| /
= ———|q;|cos¥b
Vst Qo ol ‘
= |¢|cosb,
= |F]cost, (5.15)
= Qo = |?|cos9e (5.16)
g = 27%+( 1)( 7%7

(5.17)

Il

w
+
22
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=G = 2@ - 2(y - 1)|¢| cos b (5.18)
Now, on contracting between k£ and @ in B C.M. frame

k.Q = kolg|cosf + 2|k||qf| cos B, + 2(y — 1)|k||qt| cos b,
— (ko + 27 1) ¥l cosy
= (k0+qo)|k|cosﬁg
_ 1/2 3
MB2MB/\ (M3, k?, ¢*) cos b,
= k.Q = Xcosb, (5.19)

k.Q = X cos b, | (5.20)

Similarly, on boosting K’ from K% (1430) orK*(1410) C.M.frame to B C.M.frame

and on contracting between ¢ and K in B C.M. frame

lq.K = €q.k + X cos O I (5.21)

And contracting between K and Q in B C.M.frame

K.Q = KoQo— ?@)

%[k
= (Eko+2 cos Hk)| ¥ | cos 0y —
o &5l E|
(2k1 +2(+ )|k:1 | cos Ok + 4 kok ).
(2af — 2(v — 1)lq1| cos O 1) (5.22)

= K.Q = &k.Q+ Blk.qcosb cosby — /545 sin O sin 0, cos @] (5.23)
K.Q = £k.Q + B[k.q cos O cos 8, — /g5y, sin by, sin 0, cos ¢ (5.24)

euuaﬁkﬂKuanﬁ — ep.uaB(Bu - q#)KanQﬁ
fuuaﬁBuKuanB - euuaﬂunuanﬂ




= ewasMpK"q*Q"?

= Mgée,asK"q*Q°

= Mp(E x7).Q

= —Mp |7 (K x2).Q

= —Mg [ [{2K, +2(v — 1)| k]| cos b +

_)

Y'E/5k| K |
ko
=

= —4Mp | K| (k1 x 0).@

= —aMy [RIHWIR - (A2 @ +

(Br.2)n) x aY. (VG P — (@-n)? d + (@

= —4Mp |?||k_1>]|ﬁﬂ sin @, sin 0 sin ¢

eumﬁk“K”q"‘Qﬁ = — /S¢S, X sin @, sin 6, sin ¢

A} x ].2q — 2(y — 1)|¢}| cos 8, 7]
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(5.25)

(5.26)

5.2 Detailed Calculation of Matrix Elements

k*EY

0k, = (—g"+ k2

Yk, = —k +k* =0

0"k, =0

Similarly, on contracting between 6 and four momentum we have

077q, = 0
7, =@

ok o qpqo— quO"

07 goer = (—g" + q? Voo = _52’ + q_2

P
07 ggor = =07 + T

(5.27)

(5.28)

(5.29)

(5.30)

(5.31)

(5.32)
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0k, = (—g*° + q;—ga)kp = -k + %q” =Fi.0 (5.33)
67k, = Fg. (5.34)
0" q, = F(, 1y (5.35)
0K, = Fli ), (5.36)

On contraction between F’s and momentum and using the results from kinematics

we have
s kg ,
Flrg-k = (=K + 24 )k
kg X?
= gy BT X (5.37)
q S¢
Fg k=% (5.38)
Similarly, we get the other relations
Flogq=0 (5.39)
Flrg.K = f—e(ﬁX + Bk.qcos by) (5.40)
Fli,)-Q = —X cos b, (5.41)
F(Qk’q)q2 = —X?2 (5.42)
Flgrk=0 (5.43)

Figk)y-q = Figr K = —BX cos by (5.44)
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Fxcpn-K = sy (5.45)

Flgr)-Q = —B(k.qcos by cos Oy — /55 sin b sin O, cos @) (5.46)
Flapk =0 (5.47)

Faya=% (5.48)

Flg)-Q = BaZoet (5.49)

Fx)-Firg) = — 2224 cos by (5.50)

k.gX? (5.51)

StSk

Flak)-Flkg =

Again, on contraction between E and q and using the results from kinematics we get

o (kK), @K), (kK)kq ,
kK k.K
= ¢qK— ( 12 )k.q— q.K + ( 12 )k.q =1 (5.52)

559

Similarly, on contracting between E and k and using the results from kinematics we

get
Ek = —w cos Oy, (5.54)
EQ . (KU o (kkﬁ() ko‘ _ (qq‘i{) qa' _+_ (kl—lqu(fq) qg)Qa
k.K)(k.Q
- ko B1EQ)

= [B(k.qcos B cos by — \/spSk sin b sin Oy cos ¢) (5.55)
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E.Q = B(k.qcos b cos O — /3¢5 sin O sin O cos ¢) (5.56)

Similarly the other relations are

E2q? = —3?(s48 + X% cos? ;) (5.57)
E.Fq* = BXk.qcosby (5.58)
E.Fung = _%I:q)? cos 0y, (5.59)

E.Fgr = 6 ~(sesk + X2 cos? 6) (5.60)

Now again on contracting between S and four momentums and using the relations

from kinematics we can get

FxpK_, (Fxrp9’,,

S.q = (Fx)aFkr — TF(q,k) — k—.qk 3% k%)qs
Fixcn K I ¢
= (Fn-q)° — %F(qk — (Flgx)9)° + '(LS)_F(q,k) q
-0 (5.61)
S.qg=0 (5.62)

Similarly, on contracting between S and Q

S.Q = 522%’& cos O(cos® O, — 3) — 537X \/5¢5k sin O sin 26 cos ¢ (5.63)

And the value of S?%¢? is

S2q* = BT { X7 cos® O — ((k.q)? — 3sese) cos? O — gses} (5.64)

Now again on contracting between R and four momenta

So, the value R.q is

Rq=0 (5.65)




The value of R.Q) is

R.Q = ?X?, /545y sin 26y sin 0, sin ¢ (5.66)
R@ =0 (5.67)

REQ =0 (5.68)

R-Fpgd® =0 (5.69)

RSE =0 (5.70)

S Flrgq® = EE30% (cos? 0, — 1) (5.71)
S.Eq® = —23*X sys cos b (5.72)

On contracting between L , and other entities and using the previous relations

The value of 677 L' , is

077 L, = 077 (4o — QuQo — 9o0'q”) (5.73)

0F 7L =Q,Q" +67¢* — ¢’ ¢, (5.74)

Similarly, the value of 677677 L . is

0°70¢ 7' L, . = —Q°QF + g*07 (5.75)
F((;c,q)F(gcl,q)L:Ia' - X2(1 - C082 08) (576)

Using the previous results the value of EE? L! , is

E°E°L., = pB*sesi+ X?cos? by — (k.q)*cos® O cos® b, —
1
S¢Sk sin’ @ sin? Oy, cos® ¢ + 5}

\/Se8ik.q sin 26, sin 26, cos ¢ (5.77)
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Similarly the contracting between E,F and L/ ,
E"F&"q)L;a, = —BX{k.qsin®6f;cos b +
1
5 V/5esk sin 26, sin 6y, cos ¢} (5.78)
On contracting between I'”" |L! , and E”

ET L,y = ewpapk®® Flic yE°0°° L

= eupapk®d® (K" + (k,'g—f)k“)(E-QQ"' + B¢
= —E.Q eyyupk®® KFQ”
= ~EQ eypuak” K" ¢" Q"
= B.Qeuyupk” K¢ Q"
= [{k.qcos b cos b — \/sgSk sin O, sin Oy cos ¢ }
(—+/seskBX sin by sin 6, sin @) (5.79)

So, the value of E°T L! , is

) k.q)\/
= ETL, = w%{% sin 26, sin 26 sin ¢ —
S;ﬂ sin® f; sin® 0, sin 2¢} (5.80)
Doing in the same way the value of the following relations are
g
, 1 . . .
Fool’ L. = EﬁXZ\/SgSk sin 26, sin 0}, sin ¢ (5.81)
7L, = [2X2sys(cos? 6y + sin® 0, cos® ¢) sin® O, [12)] (5.82)
ood 11 o 4v2 X2 4
525 Laa’ = —ﬂ X SlSk{W COS Bk —
((k-Q)2 - 35£8k) cos? 0, — SpSk
(k.q)? 9(k.q)?
1
(kezl;2 (cos* B — 3 cos? Oy + 5) cos? 0, +
% sin? 26y sin® 6 cos® ¢ —

j

S¢Sk
2k.q

(cos? @), — %) sin 26y sin 26, cos ¢} (5.83)
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R°RV L., = B X* s;5;sin®20;(cos®0, + sin® 6 cos® @) (5.84)
b " 1, . . .
R°STL, ., = —B*X3%ss:{ l:eqSk (cos? B, — §) sin 26y, sin 26, sin ¢
1
=5 sin® 20y, sin” ), sin 2¢} (5.85)
STET L., = B°X\/s¢s5p{k.qsin b, sin b cos; cos? by cos ¢ +
1
% sin 0 sin ), cos By (cos® O — 5) cos ¢ —
1

/515 cos® 0 cos O (cos® O, — g) _
V/525%(1 — cos® O, — cos® Oy, +
2
cos” B cos” O) cos O, cos” & + 2/5e5y cos O} (5.86)

ST FGaLee = B°X*\/stsi{ ']:E;k cos” By (

sin 6 sin 6, cos 6 cos 6 cos ¢ (5.87)

1
cos? O — §) -

Similarly ,on contracting between R,L’ and T so the value of R°T7 L’ , is

R"I“"Lﬁm, = (€apngle + Cupaﬂqu)kaqﬁ(—FIlé,kFI’;’,k +
Frp. K
Sl
3
2
= (_QQ-FK,keupaﬂFIlé,k + gK'FK’kEM’aﬁFtﬁk)

k*qP0°°T L,
= —2q.FgpeupasFi 1k*¢°07°T7 L), + 0
= —2¢.Fx 7L,
= 233X3s45;(cos? 0 + sin? B, cos® @) sin® O, cos by
= R°T” L = 263X33@sk{cosz 0, cos ), — cos® 0y cos® 6, —

(cos By, — cos® By cos B — cos® 6, +

cos? B cos® 0, cos® ¢} (5.88)



i 1 .
ST°L, ., = 531’(231319{5 sin? @, sin? 6}, cos 6y sin 2¢ +
S¢Sk
k.q
sin @ sin @, cos f; cos? f;) sin ¢}

(sin By sin 6, cos 6, —

R"E"IL;U, = 53X2{3gsk (cos @), — cos® B, — cos? 6 cos b, +
cos? B cos® ;) sin 2¢ —

2k.q+/5¢sg sin 0, sin O cos 0 cos” O sin ¢}

R”F(‘;c',q)wa, = 2B%X3./5¢5k sin b, sin Oy, cos 0, cos b, sin ¢

38

(5.89)

(5.90)

(5.91)
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5.3 Nonvanishing Co-efficients of Spherical Har-

monics of the Matrix Elements

Table 5.2: Nonvanishing Co-efficients of Spherical Har-
monics of the Matrix Elements

S.No. | co-efficients | expression

1. fioy e?sesp{B%[b]> + (22 — 1)(2]al* — 38°Re(hb*)+
758 sesk|hI) }

2. agy e? /1% — Lsesp {152\ /5e55Re(hb) — 20Re(ba*)—
2(2? — 1)\/sgsgRe(ca*)}

3. ag e2B%(x% — 1) 55, {2[b]* + Re(ha ) + 4z /555 Re(bc”)
+2(x? — 1)spsg|c]* + B2sys L 53 |h| }

4. ag e?(z® — 1)sese{—2lal* + 52(2858k|dl2 sRe(ha*))+
Zose (fPr2(a — Vses — §1h)}

5. ag, e?Bv/a% — Lsgs{ 152\ /seskRe(hb¥)+

4zRe(ba*) + (z? — 1)(4Re(ca*)+

62838k(3wRe(hC ) + /SesgRe(hd*)}

6. a3, 6?B2sp,{ 302 CSU (2RJ2 — 22(a? — 1)syss] f]2)—
22%|b]? — (2* )(Re(ha )+ 25gsk|d|2)—

4a(z? — 1)‘/SgskRe(bc*) — 2(z% — 1)2sysi|c|?}

7. agy 16420 (5,5,)%|h|?
8. di R — 1{8Re(ba*)+
42?2 = 1,/5i55Im(da*) + 2\ /5i55Re(hb*)}
9. di, 2ﬁQSgsk{él:c|b|2 (@2 — 1)(4, /555 Re(bc*) +
Re(ha*) — £ sesilh|)}
10. dl, e282/z% — (s,gsk)?’/Q{””z;lRe(hb*)Jr

(2 ~ 1) /Sr5sRe(het)}




S.No. | co-efficients | expression

11. diy Qﬁ‘l(”” 1)(3 sk)?|h|?

12. s 2e23%sps{|d|? (2% — 1) 85K — |b|*+
LB — 1V (se5)lf 1)

13. a2 —e?33/12 — 1(s451)%?{Re(hb*)+
2(z? — 1)sespRe(fd*)}

14. asg —ad,

L5. ay —(ag + ajy)

16. a3, —ad,

17. az, —ad,

18. | d’, a3y + a2

19. ad, s€2B%(x® — 1) (sesk)?|h|?

20. a5 day

21. a2, —a3,

22. | d8, — B3 (sesx)2E D Im (hd?)

23. di B2sesi{(4(x? — 1) /3¢5 m(dc*) — 4zIm(bd*)+
(22 = 1)¥*(2Im(fa*) — & (sesi)**Im(hf*))}

24. d3; —B33(x? — 1)%(sesi)? {2(:c —1)/seselm(fc*)+
2¢Im(fb*) — 2Im(hd*)}

2. . | diy B (sest) B I ()

26. | ad, 282,/ (22 — 1)(s454)*/*Im(bd*)

27, | ab, B3(se51)2(a® — 1)2{Im(fb*) — Lm(hd*) + Im(ht*)}

28. a5y —18*(2? — 1)*(sgs%)%*Im(h f*)

29. a5, —ag,

30. ag —(ago + ags)

31. ags —ag,

33, a3, —ag,

33. | as, ago + ags

34. a5s ag,

35. a3, —ag,
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