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Introduction

* CPV is deeply connected to the fundamental puzzle matter-antimatter

e 2025.03: Chinese scientists first observed baryon CP violation--5-sigma
Acp = (2,45 +0.46 £ 0.10)% .

nature
Explore content v About the journal v Publish with us v ]_)e‘r:{_:]{)(r tOpOlOgy Mass I'egi(]ﬂ (GF‘V/ CQ) AC'P
nature > articles > article ﬂl‘pK < 29
A 5 R(pK~)R(ztn™) (5.34 1.3+ 0.2)%
Article  Open access Published: 16 July 2025 ’ Moyt < 1.1
Observation of charge-parity symmetry breaking in
baryondecays Mpr— < 1.7
LHCb Collaboration Ag R(pﬂ—_ )R(BP_TT-F) 08 < Mg+ i < ]_U (27 + 08 + 01)%)
Nature 643, 1223-1228 (2025) ‘ Cite this article or ]_l < -rn?r FE < 16
A - R(prtr)K- M- < 2.7 (5.440.9+0.1)%
10.1038/s41586-025-09119-3 A = R(K-7+7)p Mg pin- < 2.0 (2.0 £1.2+0.3)%

* This pushes us to expand our goals. FSI is now applied to calculate baryonic CP
violation

2025/10/24 LAY SBRE
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Introduction

1/4 Final state interactions in hadronic B decays

The FSI framework is introduced covering both experimental and theoretical aspects.

H.Y.Cheng, C.K.Chua, A.Soni 2005
10.1103/PhysRevD.71.014030
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3= 3 =
Abs(da) = - [_4P 4P

2 434 — — A EU — D+ -
2 ) 27)*2E, (ZW}EZEZ( m)*8%(pp — p1 — P2)A( 7)

_1 Fz(t’m ) / k ky
T RPE T = (208 pma (P + P3) (P2 + Pﬂ”(_gm N #)
p prp 2
1 |f51|dcosﬂ 1 B FZ(I,m )
- AB' — D™ P }
f—l 161’1‘}?’!3 ﬁgvgpwrﬁ ( o )f—mg_{_imprp {
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Abs(4a) =lf “h__dps 2m)*6%(pp — p — pP)AB’ — D7)
2 | 27)32E, 27)2E, Boomb i

o1 F*(t,m,) _ k, k,
X Iﬁﬁgvt_ 2+ iin T (=08 pmalpy + P3)*(py + P4)y(_g,uv T ;2 )
P plp p
I |p|dcosd 1 - F2(t,m,)
— A EU_FD'F 7 H ,
f—l 167myg ﬁgvgpmrﬁ ( " )r — mg +im,l, :

Cutkosky cutting — only calculate the imaginary part
Provide CPV  —>  need strong phase




Introduction

2/4 Final-state rescattering mechanism of charmed baryon decays

Introduce a form factor to compute the complete loop integral

2
-
"y

o * Hadronic form factors

B, s * divergences in loop integrals
By
_ 5 » off-shell effects
Fo (z‘ﬁ mf) (iig—m%) A
A? —p? A2 — p3 MIP, Bg; P| = —i [WQBEF * v PPU(P4, S4)75 (P, + ma2) (A + By )u(p, s)

}.-
(p1 — mi +i€)(p3 — m3 +ie) (k2 — mi + ie)

x £5,(P3, A)(p1 + K)H

Model parameter A =m + nAgep

C.PJia, HY.Jiang, J.PWang and F.S.Yu 2024
10.1007/JHEP11(2024)072
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Decay modes Topology BRsp(%) BRLp(%) BRuw (%) BRexp(%)
Af = AT T.C' Es. B 6.12 2307118 6.267%-34 4.06 + 0.52
g Y C' Ex B — - 0.77% .3 < 1.7
A ¥ Tw ' E: B - - 2067135 1.7+ 0.21
A = 2% E\ — - 0.337,5, 0.39 + 0.06
AT — pK™° C, E 3.26 % 1079 3.767 570 3707430 1.96 + 0.27

A =2k E: B - - 194720 -

Decay modes Topology BRsp(x107*)  BRLp(x107%)  BRuw(x107%)  BRug(x107%)

A S AKY T E2 B 2.92 27871 471000 -

AF 5 2R ' E2, B - - 160705 -

AF 5 YK ', E - - 210703 3.5+ 1.0
AF = po C 1.78 % 1073 1447014 137700 1.06 +0.14
AF = pw C,C' Ey,E;, B 148 x 107 1.2876-2¢ 1267033 0.83 4 0.11
AF — pp° C.C' Ey,E;, B 181 x 1077 2797150 27251450 1.52 +0.44
A = npt T.C' Ey, B 7.14 8.507537 26.391 40! —

Decay modes Topology Biignixlﬂ_‘l} HHLD{xlﬂ'dj BRy(x107%) Bl

Af — pK*© ey 9.28 x 10~* 0.53555% 0.55%5501 -

AF = nK*t T " 3.66 0.44755 5.08%. 0% -

1 Model Parameter, 8 Remarkable Results !
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Introduction

3/4  Final-state rescattering mechanism in bottom-baryon decays

Ag — pn ,pK ™, pp~, pK* and A¢, within the framework of re-scattering mechanism.

A4
F (A, my) = Advantage :no additional phase.
(kj mi)z + A4 g P

Model parameter set to 1.0 for charm triangle

determined b —,pK~
diagrams and 0.5 for charmless ones. Y pm.p

Z.D.Duan, J.PWang, R.H.Li, C.D.LU and F.S.Yu 2025
10.1007/JHEP09(2025)160
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3/4  Final-state rescattering mechanism in bottom-baryon decays

charmless charm
> K~ —p»— K~
K-
Ag vpo Vl)-*()
P
> P —p»— P
PK" / A'D- /
(00
A 0.5 1.0 Form Factor—1
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Introduction

3/4  Final-state rescattering mechanism in bottom-baryon decays

BR(107°)  Direct CP .
The use of the world average value of B(B"— K%¢) = (3.65 7(50) x 1079 gives the
AV > pK*- final result of
FSI (this work)  1.35703¢  0.02°004 B(A)— Ag)/107% =
PQCD [17] 0.302 0.057 5.18 = 1.04 (stat) & 0.35 (syst) 75.35 (B(B" = KJ0)) £ 0.44 (fa/ fr).
QCDF [27] 0.101 0.311
GFA [31] 0.286 0.197 _
LHCb arXiv:1603.02870
0 —
Ay = pp
FSI (this work) ~ 1.34707  —0.24700]
PQCD [17] 1513 —0.020 A possible explanation for this result is the cancellation of CFP asymmetries among the
QCDF [27] 0.747 ~0.319 partial waves in the A — pK*(892)~ decay [27,23].
GFA [31] 1.1 -0.038
0
A — Ao
FSI (this work) ~ 0.317043  ~0.005+002 iv-2508.17836
' ' alrAlV: :
PQCD [14] 0.69 -0.01 LHCb
QCDF [27] 0.0633 0.016

GFA [31] 0.177

0.014 @
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This Work
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(A) — pk=n?)
A(1520)7°
0 _ — gt —
Ry = plomr) New: fo(980)  I6(JFC)=0t(0t)
A(1520)£,(980)
A(1520)p"

A(1520) fo(500) NEW: A(1520) I(J7%)=0(3/27)

(A) - pk™k*k")
A(1520)¢
A(1520)fo(980)

A4
(A} - pkk*n™) W: (A m) = (k2 — mi)g + A4
A(1520)k*°

A(1520)«(700) 1.0 for charm triangle diagrams and 0.5 for charmless.

(E; — pk™ k™)

A(1520)k™ To appear
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4/4
oy P/V
By, yV(D*) By,
Bgyc) > A
poy VIS
B, yP(D) By,
Byge . A
d*p . gvea gppv
MI|P, Bg: V] = +i
[P, Bg. V] (2:1')4( ) w2 3
(p1 + P3)aPF

V(DY)

By,

V(D)

_ k
U (Pas S4)0 0K k(o + ma)(A + Bys)u(p, s)(—g"* + — )

—»— P/V

YV(D)

_.._A*

—»—— P/V/S

e

k
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Branching ratio and CP violation

Table 10: Branching ratio and direct CP violation for the various reactions

9.16*1073 x 103
BR Direct CP(1072) -5.29

1.79*)9% x 10-

-0.92
- y |
(AY — pkn") 514758 -7
A(1520)n 6.90%,5]" x 10 17.4733 AC1520)0
()
{AE — pk ntn) A(1520)p

A(1520)/5(980)  6.01%6% x 1076 29438
A(1520)p° 8.51*733 x 1077 25.711%%
A(1520)£p(500)  9.28+11.30 5 107 ~1.0*11 || ! ¥
= #*
(AY - pk k') charmless (V. c d) (Ver Vi)
A(1520)¢ 9.16*1073 x 107 -0.5*03
A(1520)/p(980)  6.01*$% x 106 2.9+38 l ! !

(A) — pk~k*n™) I A(1520)p"
A(1520)k* 1.79* 1% x 103 -6.3439 I A(1520)k*
A(15200k(700)  1.64* 157 x 1077 242473 N A(1520)¢
- : +16.3 ‘
25.7*1%4 L

(&, = PkE) -6.3439

—[).5t04
_ 203 -6 79 -
A(1520)k 1794303 x 10 —3.4%¢7 -




Branching ratio and CP violation

Table 10: Branching ratio and direct CP violation for the various reactions

BR

Direct CP(107%)

(A — pk~n?)

AGS20"  690MET X107 17453
{AE — pk ntn)

A(1520)£(980)  6.01*%95 x 107° 2.9+

A1S20)°  BSITIIx 1077 25748
A(1520)fp(500)  9.28*11.50 x 107 ~1.0%!}

(A} = pk k*k")

A(1520)¢ 9.16*1%73 x 107° ~0.5+04
A(1520)£p(980)  6.01*89% x 10-6 294348
(A > pkk*n-)

f\(152{})k*" 1 79:‘;32 x 1072 _63t?g
A(15200k(700)  1.64* 157 x 1077 242473
(E;-—apk"k")

A(1520)k" 1.79*203 x 106 -3.4479
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Branching ratio and CP violation

Table 10: Branching ratio and direct CP violation for the various reactions

BR Direct CP(107%)
(A) — pk~n°)
A(1520)2" 6.90* )51 x 107 17.4*93
(A) = pk n*n)
A(1520)£5(980)  6.01*535 x 107° 2938
A(1520)p" 8.51*13% x 1077 25.7* 154
asmogson sty S A0S0k )
e . BR = (0.76 + 0.09 + 0.08 + 0.30) x 107°,
(A > pkk*k) Acp = —5 + 9(stat) + 8(syst) x 1072,
A(1520)¢ 9.16*1073 x 10-> -0.5*04
A(1520)/p(980)  6.01+5%8 x 10-¢ 2.9+38
(A) — pk~k*n™)
A(1520)k* 1.79+1%8 x 1073 -6.3*39
A(15200k(700)  1.64* 157 x 1077 242473 LHCb:2021
(E, = pk7k) 10.1103/PhysRevD.104.052010
A(1520)k" 1794703 x 107 3407
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Extend the previous calculation of the primary decay to include the full
decay chain, taking into account interference between different channels.

(A) - pkn*n)

i > f0(980)< 7"
Yk

N A(1520)

A(1520)/p(980)  6.01+698 x 10°6 2.910¢

A(1520)p° .51 138 x 1077 2574153
A(1520)/p(500)  9.28*1150 % 1077 -1.0%57
(A) — pkk*k)

A(1520)p 91671013 x 107 —0.5*04
A(1520)£p(980)  6.01*335 x 107° 29438
(A) — pk k*m)

A(I520k°  1.79%198 5 1075 -6.3177
A(1520)(700)  1.64*187 x 1077 24.24 10

Decay Channel  Direct CPV (1072)
0 - - 0.1

A - pK-n*m 10.8+0]

A) — pK K*K~ 0.1

A) - pK K*n~ .

2025/10/24
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(A) - pkn*n)

A(1520) Ag o
< &

|

A(1520)/5(980) 5 6.01+69%8 x 1076 2.910¢

A(1520)° '\ 8.51%738 % 1077 25.74.%3
A(1520)£5(500) S 9.28*+1L50 5 1077 -1.0%5;
(A) = pk k')

A(1520)  V 9.16*10.73 x 105 ~0.5*4
A(1520)£5(980) S 6.01*535 x 107° 297
(A} = pkk*m)

A(I52006°  \/ 1.79*198 x 1075 -6.337
A(1520)(700) S 1.64*187 x 107 2424173

aCos*0 + bCosO + ¢

2025/10/25
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a b
A=—-B=—-,C=1 dep = —1-dcp = -
¢’ Al + |A] B + |B|
Table 12: CPV of different Coeflicients
n A B -2 A -2
B B A A nLr(m ) aCP(l{) )

<
A — pkrta]  —1.05708 1.36709 [ 0.664035 042410 | —=100.000 | 21.8+107

0 - — 0.02 0.00 0.09 0.06 . 8.6
A0 — pk k*k 0.11%002 0101000 0,08+009  0.07:0%6 —ZT 6.1+8¢

Ag—} pk ktn (].()41“3:?3 U.Ugfg:?g 4.29f?:$ 5.56fg:3‘; —19.033:3 —12.933}2

We recommend that experimentalists focus their measurements on the
channel highlighted in the red box!!




A(1520)/5(980)  6.01*575 x 107° 2.94%
[A(1520007  8.51*138 x 1077 25.7+163
A(1520)/p(500)  9.28*11 0 x 1077 -1.0%33

A e + Aetn|” = A2+ A2 + 24,A,, cos(¢, — b2)
A, 1 A, eitn|” = A2 + A2~ 2A,A,, cos(¢, — ¢2)

Significant CPV =large phase difference between the process and its conjugate;

leads to opposite signs in their kinematic coefficients B.

2025/10/24 LAY SBRE



* The calculation of 8 channels was performed while keeping the model framework and
parameters unchanged, showing the reliability of the FSI.

* Analysis of the results was followed by further kinematic studies, Recommended
observables that could reach 100% CPV.

* The FSI framework shows promise for extending to more calculations in future studies.

 Thank youl!

2025/10/24 LAY SBRE



Backup

Gr .

\ﬁff{lvub Visar — VipVi(aq + arg) + Rg-(—Vp Vig(ag + ag))]
Vo Vi. Vo 1— %)&2 A A)x3(p —in)
Ve Vo Vi |™ —A 1— 3% AN’
Vi Vie Va AN (1 —p—in) —AN 1

a;  ax(x1072)  a3(x1073)  ag(x1073)  as(x1073)  ag(x107?)  az(x107%)  ag(x107*)  ag(x10™%) ajo(x107%)

1.03 10.3 3.60 -22.8 -2.29 -29.8 12.2 7.57 -82.2 -8.20




Backup

L ! L
T00F (a) LHCb 9 fb! 1200 (b) LHCb 9 fb

600F

F 1000 # .
S00F f . :
: 800~ .
400F [ ]
: 600 )
300 *? i ]

Candidates / (0.02 GeV/c?)
Candidates / (0.02 GeV/c?)

200 “‘gﬂﬁﬁ 400 ' -
E % X .
100f | v " 200F "ot .
! - m%m.ﬂ’r i _.w" v . 1
0 N |. | IR S RS TSR R 0 __wh-l P L I"'"'."'"T"‘.'. W
15 2 25 3 05 1 15 2

m(pK™) [GeV/eZ] m(rm) [GeViet]

|
R

A(1520)£0(980)  6.01*498 x 10-¢

A(1520)p" 8.51*135 x 1077

11.50 =7
A(1520)/5(500)  9.28*1130 % 10




Backup

(% + % + :}'ﬁ nt K* DY \
b e ~Z 4 Ly L KO D~
K- K° ~VIn+ s Dy |
\ D D* D} -
(% + % + % ot K+ Do \
o p- —% + % + % K* D*"
K k0 _ \/g W+ % D ' 0.5VS 1.0
\ D+ D+ D** _%)

ZMARFE BRF
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Backup

H J:l" (A) — pk™k*n) = f [*Hi__,m}i — A(1520) + k') dy . (OYHE" =k x7)

q* - mi_“ + impaTgen -3
S HE(AY > A(1520) + k(700)) - H(k(700) — k*77)]dg.
Ji-3 g* — my + im[,
TAL = A(1S20) + My = T(M — final — state) x AM
Cross check: Atotal Zua T (A f , 2
YDAy — A(LS20) + M) x T p — final — state)
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Table 12: CPV of different Coefficients

B B A A al (102  aly(1072)

Al = plxtxs 105095 13650 06673 04200 <1000 21.8'357

A=t 01198 01099 00813 00798 27 6135

A) = pkk'x 004709 009'0%  429'0% 55635 -19.0'328 -129'2%8

a=—xi(tHE); P+HE") 5 P+HE)?, P+HED),P)
+20(HE)] P+ HE) ] 1),
1.Why does coefficient A vary significantl ’ )
o . v I8 V' b= 2emew} ) Recrwaoon! )+ 1mcrw! ) imcrcoon] )
across different reactions? ' : ' :

+ Re(H(k*™) iu)Rc(’H(x(ﬂl))) io)+ Im(H (k") i())lm(’H(x(?()())) io))

2.Why does coefficient B vary significantly xz(Rc('H(k“’)i ) lm(’H(x(?oo))i g2 lm('H(k'o)i ) Rc(’H(x(?OO))i )

across different reactions? ,
+ Re(H(k*")

Nl bl
.

D ImCH(T00)) ? )~ Im(HE®) } )Re(H(x(700)", ),
3 3+ 3

A P

C KD P+HED ] P4HE, P+ HE), D)
’ 3+ 3+

XG0, + H(700) ).
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Why are the uncertainties so large?

BR Direct CP(1077) B B A A al (1077 al (1077
0 -0 0 ke 0.63 105 186 179 0.0 400
(A = pkm) Ay = pkatam 105G L3600 06675, 04275 10000, 218755
0 +12.47 -9 +6.9
AT W x0T, A)— PRk OITGE 010%0%0 008°9% 00798 279 614
(A) = pk-rta) 0 - 0.09 0.00 0.00 4.64 328 298
b Ay = pkkTrm 0045, 009577 42970 55605 -19.003,  -12975,
A(15200fp(980)  6.01*538 x 107" 2.9+34
AS20)00  BSIFTEx 1077 2574182
A(1520)fy(500)  9.28711°0 % 1077 -1.0%}]
I[e"'l.:: — pk kET)
A(1520)¢ 9.1671%07 x 107 -0.571
A(1520) f,(980)  6.01%575 > 107 2.9+38
'[;'*LE — pkkTr)
0 1.95 -5 5.0
A(I3200k 1.?9’:“_92 10 —ﬁ.jt]_?
187 -7 17.3
ALTS20)( 7000 l.lﬁ--'l::]_.;3 = 10 24.2:;_3
(- phk) 0.5VS 1.0
- 2.0 = 79
A(1520)k 179203 5 1076 ~3.4777
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Backup

1520
1520 _ “PBgA
Lspp = —ysppS dy PP Lpga = B&T_sﬁ PA? + h.c.
gsvv Iglﬂﬂ
Lovy =5y @V OV = VOpVS L0 = ST By 0, VA + e
m
%
Lsp.p, = —2sppBsS By F0
Lpgon = mj: A7y B\og0u P
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Table 2: Helicity amplitudes of A] — A(1520)x"(10°7) with different CK M factors

decay modes H (VaV,) H

Vi) Ho (VaVi) H o (VaV)  Hy (VVi) Hy(VaVy)  Hy (VyVi)
S(A? — A(1520)77) 0.20 — 0.03 i 116§ — 0.16 i
NC(Ag — A(1520)2")  1.26+10.07 i — -0.003+0.077  1.85+10.40 ¢ — -0.0084+0.03

Table 3: Helicity amplitudes of Aﬁ — A(1520) + p(10~7) with different CK M factors

dﬁ:Cﬁy modes H%,l (HrbV;s) H%,] (Vi'fJV:_v) H%_] (VHJV:T} H—%.—I (V”'E"V[TI) H—-—z,—l (VE'FJV:s) H—%,—l (V!'bv:i)
S(Ag — A(1520) + p) 0.00 — 0.00 0.00 — 0.00
NC(A{; — A(1520) + p) 0.36-3.56{ — 0.01-0.02¢ -20.61-4.58 i — -0.12-0.07 §
dcca}" modes H% 0 (H;F)V;s) H%_{] (Ven V:_T) H%_{] (VH;V:-;} H_%,[] ("’rub‘v:_v) H_%_{] (Ve V:_;-) H_%_{] (VFFJV:E)
S(A? — A(1520) + p) 1.87 — 0.19 0.15 — -0.02
NC{A{; = A2 +p) 13012431691 — 0.66+0.48 | 20914275610 — -0.0940.10 ¢
decay modes Hoy o (VaVy) Hoy  (VaVi) Hoy ((VaVi)  Hy (VaVi)  Hy VgV Hy (VaVy)
S(Ag — A(1520) + p) -4.54 — -0.46 0.41 — 0.04
NC(A‘E — A(1520) + p) =-47.92-12.12i — -0.29-0.19 { 15.65-3.631i — 0.11+40.02 §
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Table 4: Helicity amplitudes of f\g — A(1520) + fip(98M(10 "y with different CK M factors

decay modes H_i (VpVa) H_i (Va Vi) H_y (VaVi) Hi(VaVe) Hi (VaVi)  Hi (VaVy)

S(AY = A(1520) + fo(980)) — — -0.60 — — -0.31
NC(A) — A(1520) + fo(980))  -3.63-2.57 i — 0.35+0.11i  -7.70-3.37 i — 0.03+0.02 i
C(A? — A(1520) + f5(980)) — 2.63-136i  0.20-0.29i — 2794999 -0.18+0.67 i

Table 5: Helicity amplitudes of Ag — A(1520) + ¢(10°7) with different CKM factors

decay modes Hy, VVi)  Hy, (VaVi)  Hyy VeV Hoy o (VaVi) Hoy | (VaVi) H_y_, (VaVy)
S(A? = A(1520) + ¢) — — 0.00 — — 0.00
NC(AY) = A(1520) +¢)  5.71-0.98 — 0.14+0.03i  -1.17+061i — -0.07-0.03 i
C(AY = A(1520) + ¢) — 738+455i  0.07+ 0.04i — 24240927  -025-027i
decay modes Hig (Vun Vi) Hyo (Ve Vi) HioVanVi)  H_igVwVy)  H_ig(VaVi)  H_ig(VaVi)
S(AY — A(1520) + ) — — -0.48 — — 0.12
NCAD - A(1520) +¢)  14.84-9.15 — 0.15+007i  -7.50 +2.61i — 0.34 + 0.01 i
C(AY — A(1520) + ¢) — 4.04-528i 144 + 112§ — 2170-005i  0.08-1.54i
decay modes H—i,—l (VisVi) H_%__l (Ver Vi) H_%__] (Vi Vi) H{,_, (Vi Vi) H%_l (Veu V) H%_] (V'V}
S(A? — A(1520) + ¢) — — 1.51 — — -0.14
NC(AY — A(1520) +¢)  -8.56 + 0.66i — 022-001i  1490-332i — 0.04 +0.02 i
C(AY — A(1520) + ¢) — 17.16 +9.68i  0.11-1.43; — 1530 + 1829i 030 +0.13




Backup

Table &: Helicity amplitudes of A'f: — AC1520) + ﬁ.(SDﬂjflﬂ'?} with different CKM factors

decay modes H_p (Vip Vi) H_p (Va Vi) H_p (Vp Vi) Hy (Vg Vi) Hy (Vi Vi) Hy (V Vi)
S(A]) — A(1520) + fo(500)) — 0.10 —
NC(AY — A(1520) + fo(5000)  8.64-0.63 i

0.03
— 0.29+0.09  2.08-1.95i — -0.33-0.03 §
C(A) — A(1520) + fp(500)) -0.87-0.44( 0.06-0.12 4 07143950 -0.06+0.264

Table 7: Helicity amplitudes of A} — A(1520) + £™"(1077) with different CK'M factors

decay modes

H-_;J [varhl":‘:} H_;] [V:'hi":;} H:|!| {vfbv;,) H ;_il__] {Hm'ﬁ:d} H_%__] {Vd}v:.‘;} 'H—'-:':.—] [v.rbv,:;}
S{AE: — A{1520) + k*%) - — 0.00 — — 0.00
NCm:: — A(1520) + &y 510+ 1,63 — -0.97 - 0364 2383412424 — 0.70+0.06 ¢
C{hﬂ — A(1520) + k%) — 55543474 0.06+0.047 1.27-0.08{ -0.20-021 4
decay modes H ig (Ve V74 H ig VeV, H 1o (Vi V7)) H_ o VueV>, ) H_ o (VaVl) H_ o (VaV3)
S(AL — A(1520) + k™) -0.56 — 0.09
NCI{!"L:: — A(1520) + k") -BB.26- 68.21 376+ 003 11.91-18.78i — 5204107 ¢
C{hﬂ — A(1520) + k™) — 15.64+15.18{ 1.BB+1.09 4 263441414 § 0.29-1861i
dﬂc&}" Inﬂdﬁﬂ H__é'_l {,Vubvt:‘;.} H 'é.—l {V:'hv:‘fj H_i__l {Vrhvr'd} H1_|| {vlil’rvl:dj Hl_l| {vrhv:d} H'é.' {VIPJVI:!}
S(AL = A(1520) + k™) 1.55 — -0.14
NCm:: — A(1520) + k") 44.59 + 33.59i 179+ 043¢ B73-1481i — -2.53- 1134
C{hg — A(1520) + &) 19.03+6.611 0.29-1.42; 14.29+26.014 0.37+031 ¢
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Backup

Table 8: Helicity amplitudes of ﬂ.'; — ACLS200 + &(700% 1077y with different CKM factors

decay modes Hy (ViVio) Hoy (VaVi) H_ (VaVi) Hy(VVi) Hy(VaVi) Hy (VyV:)
Sl[hﬂ — ALL520) + x(7007) — — -00.29 — — -(.68
NC{AE — AIS20) + (700 -5.30-588 i — 0.03-0.0:4¢ -4.97-276i — 0.04+0.09 §
CLA‘; — A{1520) + &(7007) — -1.30-0.79i 0.04+0.13§ — -3.23-5400 0.06-0.23 4
Table 9: Helicity amplitudes of 2, — ACIS200K( 107"y with different CKM factors
decay modes H_ o (VieVi5)  H_ o (VaeVE) H o (VeVi) Hi(VieVi) Ho(VapVi) Hi (Ve Vi)
S(E, — A(IS200K7) -561i — 0,86 § 21144 — -0.68 i
NC(E, = AI20K7) -1.06-1.3014 — -0.007+0.510  -1.64+12.51 14 — -0.04+0.54
CIE, — A(15200K7) — -0.61-0.214 0.1940.09 § — 43742990 0164004 §




Backup

AN, = A(15200K*) = S(A, = A(1520)K*Y) + M(n~, p; K) + M, p; K7) + M(n~, p; K*7)
+ M K)+ MDA D)) + MDY, AN D))+ M(D™, AN DY)
+ M(D*, A D)+ M, p; ) + M(p™, p; 25 + M(D™, AL}
+ M(D*, AL ED + MKY, Asp) + MK, A ) + MK, A w)
+ MK, A ) + MK, A; 8) + MK, A w) + M(n”, n; KO) + M(n, n; K9)
+ M(°, n; K) + M(¢, n; K) + M(w, n; K°) + M(x°, n; K*0) + M(n, n; K*0)
+ M(p", n; K*0) + M(o, n; K*0) + M(w,n; K*) + M(K?, A;Z") + M(K*?, A; EY)
+ M(p, n; A) + M(o,n; A) + M(w, n; A) + M(n",n; 2% + M(z", n; 2*0)

+ M°, n; 5%
(A.6)

AN, — A(1520)K(700)) = S(Ap — A(1520)K(700)) + M(n~, p; K) + +M(D ™, A}; D))
+ M, TN + M, ps 2 + M(D™, AL ED + MDA ES
+ MK, Az ) + M(7°, n; K9) + M@, n: K°) + M(K?, A: 2% + M(K*°, A;EY)

+ M@, n; A) + M(¢, n; A) + M(w, n; A) + Mx°, n; 29 + M(", n; =)
(A7)
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