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2/4+ 1|12
J o ' _ J
FM_% (2J+1) (/0568|J8)(sNa—v|S8) G,
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coupling amplitudes

J
FL =20 8, Ass0\),
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1\ 12
) (/088|J8)(sho—v|Ss)

A/S()LV)=( 27+ 1
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© ARIEIHEMERISE 1 2R 2 ORI A A £
+ helicitylRIB T A& 7 HRAHK T WML E T
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AmpTool F{E AN ZIEHTR

ko

FRTORMEET: =, "

Spin=1 Spin=2
[x*(N) - o(N)] I for A==+2
_ _ - o for A=%1
§s(h)=f{;\1)(‘}fs)— 1 for A\==*1 f{f‘)('}{;)= ;’
v, for A=0,

2= =0.
3%ty for A=0

T RN B,

s+o+1—J]=o0dd n=1, FN, n=0



D — p'7n0 - 2t 7Y on® - KTK 70

M IR ERE PR

= Dgy(0,00¢0) fr(7) D3 (006)
= Wdtl)o(g) A=0

= ~cosé,

= —2p(pa — m)°

= —2p[(VBE" — vq3) — (VBE™ + 7g3)]
= 4py(qcos ).

— dpgycost

F’P;ﬁ&%ﬁ%m&%é&ﬂ%ﬁ&, KRR AE
H & B

M FITRREEDR MREOTRE, IRIBAEE
SHFHEKEYEH, HI A FRABGESEER
StFhelicity#l 6], BIER LB BEE T, hAthZsk
oIk IENE

REKRSHFERILR, HYNEEFETL, mALE
#ee4A Y —BdkME

B2

okk

+ 0

D — for - ntr—m

M AR DK

= DY, (0,0060) fr(7) D32 (006
2 5 1

= (57 +§)d30(9)
= |(

2 , 1 3cos?0—1

37 T3

I

T2 (pa + po + )t (pa + pb)

1
{(pa + 00— Pe)iPa + o = pe)j = 30ij(Pa + Py — pc)2]

{(pa — ) (Pa — pp) — %5” (pa — pb)ﬂ

[(Pa + Py — pe) * (Pa — P)]” + %(pa + Db — pe)(Pa — Pb)°

1 1
*g(pa + Db — pc)Q(pa *pb)Q - g(Pa +py — pc)Q(pa - Pb)2

[(Pa +p5 — Pe) + (o — Po)]* — %(pa +pp — pe)(Pa — pb)°

1
16p?¢2y2 cos® 6 — 516})2(]2(81112 0 + % cos® )

64 29,2 9 1 3cos? 6 1




5.3.1 9 — p°n°® - rta—x0

B MF, BATRAM LT, 77Ty — 079 — atr— a9 L FR A 2 8]
Fi45, XN Breit-Wigner 7 Ai QAW HAEN T, (HEAR AL 7R A 0.

5.3.1.0.1 #m ILAVCIOEANFE A5 H oK (X9 Breit-Wigner) , & & P ff
WA T SEgs B, IR SN B, R 270 B EE S S Helicity v 5 1r) #
E\ skt AV SR TR AT LA . EATIE TSRS B N e 4 3.

A BN — pOm® TS 4B
(0 o 6P Y DA 06D (0'0) — DY (00)D50(0'6')

Helicity: 0.353986 L-S: 0.353986 Ratio: 1.000000 o
Helicity: 0.795525 1-S: 0.795525 Ratio: 1.000000 o 5l cos” 8)sin®@ + sin® fsin® ¢ cos 26/
Helicity: 0.410571 L-S: 0.410571 Ratio: 1.000000 y

. . . do |CQ|2 LT TR
Helicity: 0.004812  L-S:0.004812  Ratio: 1.000000 = < 72 U
Helicity: 0.704383 1-S: 0.704383 Ratio: 1.000000 =

.. . = |CQ| Ei'kpjpkflmnplmp%l
Helicity: 0.480020 1-S: 0.480020 Ratio: 1.000000 JkP1P?

= |CZ|2(ﬁ1 X 52):1:3; .



Covariant tensor: Jpsi -> ||

From GPUPWA From C++ program

47.7413685374 -4.4408920985e-16

10.4568626378 -2.36501246417 i=11 j=11 Fu=(47.7414 ,-5.28442e-16)
58.4460733319 -13.2186580909 i=11 j=12 Fu=(10.4569 ,-2.36501)
21.203377569 -2.21566130381 i=11 j=13 Fu=(58.4461 ,-13.2187)
3.37383239803 -1.11022302463e-16 i=11 j=14 Fu=(21.2034 ,-2.21566)
13.4563560152 0 i=12 j=12 Fu=(3.37383 ,-1.12757e-16)
2.13571964814 0.25385932473 i=12 j=13 Fu=(13.4564 ,-4.44306e-16)
75.2110071338 1.7763568394e-15 i=12 j=14 Fu=(2.13572 ,0.253859)
26.5711325076 3.15834045052 i=13 j=13 Fu=(75.211 ,-9.70903e-17)
59.7943684467 1.11022302463e-16 i=13 j=14 Fu=(26.5711 ,3.15834)

read from file : 11 1i=14 j=14 Fu=(59.7944 ,4.68375e-17)
|§zp_t0tal=l.63063e+06 xsec=1.63063e+06

Covariant tensor: Jpsi -> KK

259.289537061 0 i=11 j=11 Fu=(259.29 ,1.39325e-16)
-37.1523832459 8.40269710848 i=11 j=12 Fu=(-37.1524 ,8.4027)
317.42817103 -71.7922389314 i=11 j=13 Fu=(317.428 ,-71.7922)
199.057581041 -20.8006567873 i=11 j=14 Fu=(199.058 ,-20.8006)
5.69008495224 -2.22911966663e-16 i=12 j=12 Fu=(5.69008 ,2.22045e-16)
-47.8093394825 1.74860126378e-15 i=12 j=13 Fu=(-47.8093 ,-1.78977e-15)
-31.5265202057 -3.74735566883 i=12 j=14 Fu=(-31.5265 ,-3.74736)
408.480691255 -1.42108547152e-14 i=13 j=13 Fu=(408.481 ,-1.42299e-14)
249.450133371 29.6505407282 i=13 j=14 Fu=(249.45 ,29.6505)
212.834246139 3.5527136788e-15 i=14 j=14 Fu=(212.834 ,7.57424e-16)
Number of waves to be read from file : 11 xsec=1.49048e+06

Amp_total=1.49048e+06




Helicity formalism:  Jpsi -> |l

From GPUPWA From C++ program
mMy=—1 m Ml=-1 m MY=-1 m Ml=-1
coeff=(-0.085568,0.063909) coeff_7Z1=(-0.0855681,0.06390891)
m_gflag=1 zcp_gl = (0.1571,-0.09192) m_gflag=1 zcp_gl = (0.1571,-0.09191961i)
m_gflag=2 zcp_g2 (-0.0064798,0.014174) m_gflag=2 zcp_g2 = (-0.00647978,0.01417361)

m_gflag=3 zcp_g3 (-0.070533,-0.09795) m_gflag=3 zcp_g3 = (-0.0705334,-0.09794971)
m_gflag=4 zcp_g4é (0.033269,-0.0059885) m_gflag=4 =zcp_g4 = (0.0332692,-0.005988511)
m_MY=1 m_Ml=1 m_MY=1 m_M1=1

coeff=(-0.085568,0.063909) coeff_7Z1=(-0.0855681,0.06390891)

m_gflag=1 zcm_gl = (0.15722,0.092952) m_gflag=1 zcm_gl = (0.157222,0.09295241)

m_gflag=2 zcm_g2
m_gflag=3 zcm_g3
m_gflag=4 zcm_g4

(-0.028133,-0.036909) m_gflag=2 zcm_g2 = (-0.0281329,-0.03690861)
(0, LIS, =00 DSR2 m_gflag=3 zcm_g3 = (0.111683,-0.01845471)
(0.1089,0.089588) m gflag=4 zcm g4 = (0.108899,0.0895882i)

xXsec=24546.2

INTENSITY = 24548

Covariant tensor: Jpsi -> KK

m_MY=-1 m_Ml=-1

m_MY=-1 m_MI=-1
coeff_71=(-0.0855681,0.06390891)

Coeff=(—0 .085568 , 0. 063909) m_gflag=l ZCp_gl = (—O .234166 5 0. 01582961)

m_gflag=1 zcp_gl = (-0.23417,0.01583) m_gflag=2 Zcp_g2 = (-0.0888475 ,0.07 511161)
m_gflag=2 zcp_g2 = (-0.088847,0.075112) m_gflag=3 zcp_g3 = (-0.112182,-0.01236591)
m_gflag=3 zcp_g3 = (-0.11218,-0.012366) m_gflag=4 zcp_g4 = (-0.0281831,0.05331151)

m_gflag=4 zcp_g4 = (-0.028183,0.053312)  TUTTTTTTTTTT oSS TTT oo oTTooToooToomTooTo

-------------------------------------------- m_MY=1 m_Ml=1

m_MY=1 m_M1=1 coeff_71=(-0.0855681,0.06390891)
coeff=(-0.085568,0.063909) m_gflag=l zcm_gl = (0.234018,0.0167541)
m_gflag=1l zcm_gl = (0.23402,0.016754) m_gflag=2 zcm_g2 = (0.0599488,0.01643221)
m_gflag=2 zcm_g2 = (0.059949,0.016432) m_gflag=3 zcm_g3 = (-1.03617,0.06971311)
m_gflag=3 zcm g3 = (-1.0362,0.069713) m_gflag=4 zcm_g4 = (-0.0335846,0.1793211i)

(-0.033585,0.17932)

m_gflag=4 zcm_g4
1;&ENSITY = 20700

xsec=2069z.2




Jpsi -> KK:  Only Zc SS component
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Amp covariant tensor

xsec_cov=38535.8 xsec_hel=112.179
xsec_cov=60314.8 xsec_hel=166.832
xsec_cov=73963.2 xsec_hel=214.087
xsec_cov=3927.84 xsec_hel=11.4202
xsec_cov=18518.3 xsec_hel=54.6152

R=343.522
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Xsec_cov=38535.8
Xxsec_cov=60314.8
Xsec_cov=7/3963.2
Xsec_cov=3927 .84
Xxsec_cov=18518.3
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Amp covariant tensor

xsec_hel_RF=111.923
xsec_hel_RF=175.165
xsec_hel_RF=214.818
xsec_hel_RF=11.4071
xsec_hel_RF=53.7844

R=344.306
R=344.332
R=344.306
R=344.332
R=344.306

The ratio of amplitudes from covariant tensor formalism and helicity formalism is almost a

constant for only Zc SS wave component

If the relativistic factor is considered, the amplitude ratio is more stable



Jpsi ->1l. Only Zc SS component
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Amp covariant tensor
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xXsec_cov=69738.5

xsec_hel_ RF=165.977

R=420.17

xsec_hel=161.882 R=430.797
xsec_hel=134.551 R=421.094
xsec_hel=110.925 R=428.384
xsec_hel=212.259 R=429.916
xsec_hel=190.662 R=429.906

Xsec_cov=56658.7
Xsec_cov=47518.5
Xsec_cov=91253.7
Xsec_cov=81966.6

xsec_hel_RF=135.051
xsec_hel_RF=112.773
xsec_hel_RF=217.526
xsec_hel_RF=195.262

Is close to a constant as well

* The relativistic factor also makes the ratio more stable

R=419.537
R=421.365
R=419.508
R=419.777
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Jpsi -> |l
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No Jpsi part
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« Without ¢ — [T~ event the amplitude ratio of Zc SS component is not a constant
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* Two body decay

&(Ja,”'?a) — b(Jb:nb) + C(JCvWC)

a . —_— J()'.
Aib’)\c(ﬂ,qb, M) = Ny, Fy

a

D15 (0,6,0), (A = X — Ac)

« Sequential decays: Y » n*n~J/y, J/Y - [T

do
i6 = 2 |2-An

Av, AN | A

= > | D |F/Di|\F5 D3| Fi Dy

Ay, AN | AR, Ay
- Z Z (Z GLS . CGl . Bl ZGIS CG2 Bl DI
Ay, AN [Ar Ay LS Is

1

F/{b,/la s helicity decay amplitude

20+ 1
FJa — 1/2
A %:(2,]& + 7

< A0SA[Ju ) >< sp\p8e — Ae|sA > Gor! By (r)

* G5 is LS coupling partial wave amplitude

* With a definite set of helicity of (b,c), G
should be same

* Infit, Gi5 is float parameter

* To obtain the contribution of a LS wave
component

]D] _ Z Z (Grs - CG1 - BI)D (Gis - CGy - BZ)DQ F3ID3‘2

Ay, AN Ag;

For the last step J/i¢ — £7¢7 at the relativistic limit, by QED calculation, F Tiw

FJJ/TJ

V7o 1,9 = 0. Here we define A)\, =

Ao+ — Ap—, we can see only A\,

1/2,1/2
= +1 is allowed.



Z Z GL5-0G1 Bl)D (Gls CGs - BZ)DQ'FB;IDE{‘Q

AY AN AR, A
Decay :' Y —) fo fo —m
JC .1 1 ot 0" —0 0~
. 1, 1, Two components: SS and DS
L =0(S — wave) Iio £ +9m 3" g2 6" S — wave
_ 1 2
L =2(D — wave) Fol,o = th901 \/gf'o’}’s — 921 37“2’7’5
Decay : Y — 7, T Z. =Y
J 1 51t 0 1" =170

L ols four components:
= 0(8 — wave) SS, SD, DS and DD

L =2(D — wave)

L = 0(S — wave)

L =2(D — wave)

1 1 L /1 /1,
Fllo L 4ou /37,0_'_921 /6T2 Fl,O = +001 §T +Hgo1 g"“

1 2 B 1, [2 4
F01,0 - ‘|‘901 \/;7”073 —1921 \/;TQ"YS Fol’o o +g{)1 gr e g'r s




A= d)u(ml)

T!,

Wi (me) AF = ¢, (my)wy(ma) Y - AU

i

o —— Zgw/ A,uVA*,uV

;Ll

2
1 i} U~ sy
- _5 Z AEAJ Z szu v (p(ﬁ)))Uj;
i, p=1

Decay:Y
J 1

Uiulj/—Hp(QS

i
U(Yélb(% fo)D

— fo fo —m w
—1 - 0" 0" —=0 0

= (¥ fo|01) = g‘wf
= $hl21) = W)}o) / <(f0>)

U* = (Aps)(As)

« UM is the partial wave amplitude
constructed according to LS coupling

Decay : Y —Z. T Ze =Y w
JC1T 1t 0 17 = 170"
U zw0155 = Gy Bty + gy Fom)
U zenrsp = Hor Fon) +EonyFos)
Uly_. ZinF)DS = T(( o 19259709’ f it T(g)‘;ﬁ) g
[ FEOA 72) FO 72)

(YZ2x7)DD — *(Z 7 ) (wrt) Wf((n + (Z;7+) (ww JAc

U'l/ f{OQ

av (Zc)
g f(og)



A = ¢, (my)w)(me) A = ¢, (g )w;, (M ZA Ut

em¢

B = iews(ms ), 7 Ve
fu

o ws(me) BYHIRMHEE
o fy =11.225%
. G, (v, )RETFHRILER

do 1 ~ voAsur

2

1 " - * V'

_ _§§ AN UM Gun|(p) U
ij p=t

3
* p Vp V
3wy (ma)w) (ma) = —gu + “”p O = G (pwy)
mo=1 4

6m¢ 2 -¢—>u *
- | z: A g

2
_ o.M o * vl Uy rxur
— 920ie ™ 2N A A S e ] _ _ , Dy
e fo | Z JZ i P |V 30" = 3o () v e (D) [pﬁp'ﬁ +p7p” — g (p-p’+m?)]




« Sequential decays: Y » ntn~J/y, J/Y - 1T
* Assume leptons have 0 spin

-7t KTK~

AR AN — 070~ HL R, B Amamyne = —1 RIAAENEESFIE, BRISE AT 14
I3 Powave, JFLIHSE (0 Helicity 9t 0 A, BIF = Fl, YRR

M(M) = FDII\/?,O(Cb:Q:O) ’

do
i6 = 2 |2.An

Ay AN | Ag:

= > | D |F/Di|\F D3|\ Fi Dy
Ay AN [Ar; A

2

= Y 1Y (X Gus-€Gy-B)D] (Y. G -CG,y - B)DY - F{ D}

Av AN )\Ra")‘b' LS ls
Come from the boost of frame
b AAI =0
do :
A 2
d_q) = Z | Z [ARj(/lYa/lea/lJ/l,ba/ll*'a/11_) + e’ ialAzg(/IY:/lzga/IJ/gﬁa/1["'7/1[_)] |

Ay Ay Az AR ATy



BRI

In covariant tensor formalism:
A = ¢, (my)w’ (my) A = ¢, (my)w (my ZA U

Y — ot - KTK—nta— S—ipieia.

~pv 7(1)  p(¢) p(b1)
Uy ss = ?123)t(12)1/f(12)f(123)

v 7(1)  (8) p(b)
+9024)t 12007 (12) /(124 X e RISE S R HRIER:

B = wﬁf(l)ﬁ

_ 7@urz(1)  (e) p(b1)
sz SD — t(¢3l)L t(12)uf(12)f(123) .
@) £6) £(bn) M = [ (ma)w;, (me) A [[wst ]
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