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Why baryon physics?

e Heavy flavor physics

® heavy flavor physics has achieved great progress in heavy meson systems,
e (CKM mechanism has been established for CPV in B meson decays,

®* however, studies on heavy-flavor baryon are limited.

HADRONS

0 Q&

MESON  BARYON

Non-trivial extension
e (P violation in baryon More 1s different

e Sakharov conditions for Baryogenesis:
baryon number violation  C and CP violation  out of thermal equilibrium

e (CPV well established in K, B and D mesons, but CPV never established in baryon,

e comparison between prediction and measurement is helpful to test SM and search NP.
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Opportunities

e BESIII gives most precise Hyperon CPV: BESIII,Nature,2022
AgP(A — pr”) = — 0.002 + 0.004 BESIII,Nature Phys,2019
e Hyperon CPV in theory: O(107 ~ 107%)
e LHCb gives most precise charm baryon CPV:
Acp(A, = pKTK™) — Acp(A, = pr'n~) = 0.003 £0.011  LHCb,JHEP2018
e Charm baryon CPV in theory: ©(1073)

penguin

e CPV in beauty baryon ~ 10 % due to large weak phase difference and r = t
ree

Acp(BY - Ktn™) = (—834+032)%, A pBY— K nt)=(224+12)% PDG,2022

Ny

b 12 LHCb,PRD,2012
NO.S»-M-—& - N, ~ 10 e e 2
NB(),— Ab

e Precision of b-baryon CPV measurement has reached to order of 1 % LHCD,PLB,2018

o LHCDb 1sabaryon factory!

Acph, = pr) = (=35 1.722.0)%, Aop(A, » pK™) = (=2.0% 1.3+ 1.0) %

evidence for CP violation at the 3.30 level is
found in A, — pz~z"n~ at LHCb, 2017

e [t can be expected that CPV in beauty baryon be observed soon!
4



Challenges

¢ QCD dynamics for baryon are different

® One more energetic quark, one more hard gluon, \ 3 E (

: : .. <6
e Counting rule of power expansion is violated by a,, ~ As| — ~ |y
e Why CPV of A, — px, pK are so small? ) 49 ? & 4 K

e (QCD studies on baryon are limited
® (Generalized factorization [Hsiao, Geng, 2015; Liu, Geng, 2021]:
lost of non-factorizable contributions, such as W-exchange diagrams.
e (QCDF [Zhu, Ke, Wei, 2016, 2018]:
based on diquark picture, no W-exchange diagrams.
e PQCD [Li, Wang, Zou, Ali, Kramer, 2009]:
only considering leading twist baryon LCDAs.

measurement Geneljallz.ed QCDF PQCD
factorization
Br(A, > pa)x10°®| 45+0.38 42+0.7 4661322 | 4.11 ~ 4.57
Br(A, > pK)X10°% 54+1.0 4.8+0.7 1 8930 170 -2 15
AcpAy > pr)% | —25+29 —3.9+0.2 =32 908
B 2.5 2.2 58+0.2 =81 8.1~ 114

5



Theoretical progresses

e Baryon is different !
e Factorization: heavy-to-light form factor 1s factorizable at leading power in SCET and no end-

point singularity appears! [We1 Wang,2011]
Cag—n =Ia,Pa, (X)) @ J(X;, y) @ fAPA(Y)

e However, the leading-power result is one order smaller than total one
e Leading-power: g5 _,A(0) = —0.012 [W.Wang,2011]
o Total form factor: 5, _,,(0) = 0.18 [Y.L.Shen,Y.M.Wang,2016]

e Two hard gluons suppressed by asz at the leading power,

compared to the soft contributions in the power corrections.
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PQCD approach

e PQCD has successfully predicted CPV 1n B meson decays
Acp(B = n"n7)=B0x£20)%, Ap(B—> K'n7)=(-17£5%
[Keum,H-n.Li,Sanda,2000; C.D.Lii,Ukai,M.Z.Yang,2000]

AcpB->nn7)=032x4) %, Arp(B— K'n7)=(-83+£04)%
[PDG,2022; first measurements were made in 2001]

J/ P

d = MyM;| 7 | B)

&k d, dk
- 2n)* 2n)* 2n)* Y p(ky, p)Wolky, ) Wa(ks, ) - H(ky, ki, ks, ) Ci(pt)

e [Under collinear factorization:
1

x1X,0?

1
‘Q{ ™~ J' dxldXde3¢B(xla /’l) * H (-x]a X2, x39 U, as xia ﬂ)) * ¢;7(x29 /u)¢]/1//(x39 //t)
0

O endpoint singularity: propagator ~ — oo when x; , — 0,1



PQCD approach

e PQCD approach (based on k. factorization): retain transverse momentum of parton k;
1 J/b Py

2
x1%,0% + | kir|

Opropagator ~

d = (MyM; | Z | B)

Cd', dk, dk
X 2n)* 2r)* 2n)* ki, W)W (ko ))W3(ks, ) - H(ky, Ky, k3o ) Ci(pt) Py

P> >
kl (aa a‘) k3

! dkyy dkyy dky)
~ dxzdxzdx3 dp(x1, ki )P (X, ko, /’l)¢3(x3a k3T7 u) - H(x, x5, X3, kit kyr, k3T, nw)Ci(p)
JO

(2rm)* (2m)* (2m)?

e Resum double-log radiative correction, obtain k Sudakov factor S(x;, b;) and threshold
Sudakov factor S,(x;).

[NPB (Collins, 1981)

NPB (Botts, Sterman, 1989)
PRD (Hsiang-nan Li, 1995)
PRL (Hsiang-nan Li, 1995)
PRD (Hsiang-nan Li, 1996)
PRD (Hsiang-nan Li, 1998)

|||||||||||||||||||||||




PQCD approach

e PQCD approach (based on k; factorization): retain transverse momentum of parton k;
1 J/Y P

xX1%,0% + |kiT|2
A = (M,M;| Z | B)

Opropagator ~

Cd%k, dYky dYk; b i
- Qr)* Qr)* 2r)* Wk, i)W (ko, ) W3k, ) - Hky, ko, k3, 1) Ci(1) Py Py
~ d > = d
dd dx,d Chir dlor Char k k k kllc (a}ca) k y
/- N (2r)? 2n)? (2n)? Gp(xy, ki, 1Dy (X0, Ky, P3(X3, ks, ) - H(Xy, X, X3, ey, Ky, kg, i) Ci( )
FJo

A“ﬁ@y Fourier tramsform

\ 1
| e, | a0,y by o s ) 20 b g )G 0 X TS )X 53
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A\, — p form factors in PQCD

(play,(1 =ys)b|Ny) = p(fry, — 160,,9" + 3400, — P(€1Y, — i820,,9" + 839,75\
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Kinematics

®* The momentum of proton is in the plus direction, the momentum of meson is in the minus

e - [
@ o—)
/K~ A, p
v < > n
my
Di :\/5(]-7 170T)7

ki =(—072 o 1, kir), ko =(0, —=z2, kor), ks =(0, —=z3, kar),
\f \f V2 V2
m; m.;
= z",0, k' k! “ntx,,0, k! ki =(—ntzh, 0, kb7,
(\/—"7 1 lT) 2 (\/577 2 2T) 3 (\/577 3 3T)

qi1 =(07 ﬁy(l - n_)aqT)a q2 =(07 \/_5(1 - y)(l - 77_), _qT)7

ni:[m?—mﬁ/f—l—m?:l:\/(—m?—l—m?w—mf) — 4m mf] /(2m?).
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LCDA for A,

(Yas)asy (i 1) = {f‘”( )M (@3, 23)%5C s + £57 (1) [Ma (@2, 25)35C s } B (P

(29)
where N, is the number of colors, the normalization constants fA ~ (2) = fa, =

0.021 £ 0.004 GeV?®, which are consistent with fy, = 0.022 4 0.001 QeV? quoted from
The remaining parts of the projector in Eq (29) are expressed as

G.Bell, T.Feldmann, Y.M.Wang, Y.Yip(2013)
W it
Ml(xg,xg) ($2,$3) +

- (332, 333), (30)
% %

M z ’x — T = x 7w + = X 7x 9 31
2(Z2, 73) \/5%( 2, %3) \/5¢4( 2,3) (31)
Yo (x2,x3) = xz_?mi/’r\be—(x2+x3)m1\b/a)0, Exponential model

@
N 2x2 3 ,—(2+x3)mp,/w

Y3 (2, x3) = —5my, e SETIMA /0,

@
_ 2Xx
Uyt (o, x3) = oy e~ GatRIma,fon,
@
1
'lp‘4(x2, x3) —_— _Zm%\be_(x2+x3)ml\b/wo,
0
0

12



LCDA for proton

_ 1 _ _ _
(Y P)agy (@5 1) = 8$v/2N. {Slmpcﬂa(N+’75)7 + S2mpCpa(N™75)y + lep(C'Y5)BaN7+

+ Pamyp(Cs5) galNy + VI(CP)a(NT5)y 4+ Va(CP)ga(N"7s5)y

oL mp 7 Mp +
+ Va2 (C')’_L)ﬁa(N V5 )7+V47(C’)’_L)Ba(N V5 )y + Vs (Cﬁ)ﬂa(N V5)~
2

2 (CalN95)y + A1(Cr5P)pal( M)y + Aa(Cys P (W),

+ Vo

— m = m —
n A37p(075m)ﬁa(N )y + AP (Cr57L) pa(N 7Y H)y + As 5o (Crst)pa(N )y
2
m _ _
+ 4655 (075¢)ﬂa( ")y — T1(iCo 1 p)ga(NTy57")y — To(iCo 1 p)ga(N " v57),

m

— T3P (iCop2)ga(NTv5)y — T4P (iCo2p)pa(N"75)y — T5F(ZC0'_L2)BO4(N+75’YL)’)’
2
m _ — /
— TGF(ZCU_Lz)ﬁa(N_')’S'Y_L)W + T77p(CO'_L_L’)Ba(N+')’5U_L_L )~
+ TST(CULL’)ﬂa(N_’YSULJ_/)v}a (33)
twist-3 twist-4 twist-5 twist-6 Braun, 2001
Vector Vi Vo, Vs Vi, Vs Ve
Pseudo-Vector Ay Ay, As Ay, As Ag
Tensor T1 TQ, T3, T7 T4, T5, Tg T6
Scalar S1 Sy
Pesudoscalar P, P

13



e LCDAsV,A,T,S,, P, are functions of parameters qbii’o, W,

+.0 51,0

I

Vi(x;) = 120x1x0%3[83 + o3 (1 — 3x3)],
A1(x;) = 120x1x2x3(x2 — x1) 95,

1
T1(x;) = 120x1x2%3[¢3 + 5 (¢35 — $3)(1 — 3x3)].

o The parameters ¢l.i’0, l/lr+’0, él.i’o depend on 8 parameters

5
¢ = Z(M(l —2f4 —4f) + fu(24Y — 1)),

Braun, 2001

(M (U =4s =211 + AN (1 +44)),

1
B=¢s=In,  ¢i=¢s=701+fV), X
oi = 7(M(B-10£) - f(10vf -3))
54 = 55 = EAZ, ¢4 = 1/f5 = E(fN —)»1)- 5
vy =—7(M@=TH + 1)+ In(A+3v -2)),
_ 5
S Y ) 85 =3 (M = 1) + (2t - 1)), s !
Ui =——(M(=2+57 +5) + in(2+54% —5V7)), 6 =5
474 b oo ¢5+=—%(xl(4f1d—1)+fN(3+4V1d)), N 2 ) )
§4_=i)»2(4—15f2d), 5 , . b6 =()‘1(1—2f1)+fN(4V1 —1))-
116 ¢§=§<M(f1 —f1u)+fN(2_Alf_3V1))’
+ _ d
b = 1er2( - 15%2), UE =2 (M1 ) + (U A+ V),
5
£ =—haff,
5
&5 = h(2-31),
fn(GeV?) M (GeV?) A2(GeV?) Vit

QCDSR(2001) [:
QCDSR(2006) [:

(5.3 4+ 0.5) x 1077
(5.0 4+ 0.5) x 107*

2

(5.1 +1.9) x 10~
(5.4 4 1.9) x 10~

—(2.7£0.9) x 10~ 2
—(2.7£0.9) x 10~ 2

2
2

0.23 = 0.03
0.23 £ 0.03

LQCD(2019) |23] (3.54 4+ 0.06) x 107*  —(4.494+0.42) x 1072 (934 £ 0.48) x 1072 0.19 £0.22
‘4114 fi! 'él fin

QCDSR(2001) |22 0.38 +0.15 0.6 + 0.2 0.15 + 0.06 0.22 4+ 0.15

QCDSR(2006) 23 0.38 +0.15 0.4 £+ 0.05 0.22 + 0.05 0.07 £ 0.05

LQCD(2019) [

0.30 £ 0.32




A, — p form factors in PQCD

(P(p', )iy, (1 — y5)b|Ap(p, s)) = N@',s)(fiyu — ifaouvq” + f3q.) Ap(p, )
— NP, s") (g1 — i8209" + 839,) s Ap(D, §)

proton

exponential

twist-3

twist-4 twist-5

twist-6

total

twist-2 0.0007 0.00007 0.0005 0.000003 0.0001
twist-37— -0.0001 0.002 0.0004 -0.000004 .002
twist-3—F -0.0002 0.0060 0.00007 0.006

twist-4 (.01 0.00009 0.25 L 0.00000( (.26

total 0.01 0.008 0.00007 0.09 £ 0.07

f1(0) f2(0) 81(0) 82(0)

NRQM [78] 0.043
Heavy-LCSR [50] 0.02310-00° 0.02310-00°
Light-LCSR-A [79] 0.1415-93 —0.05410:018 0.1419:93 —0.02819:053
Light-LCSR-P [79] 0.12100 —0.0471001 0.121003 —0.01610-001
QCD-light-LCSR [80] 0.018 —0.028 0.018 ~0.028
HQET-light-LCSR [80] ~0.002 ~0.015
Relativistic quark model [81] 0.169 0.009 0.196 —0.00004
3-point QSR [49] 0.22 0.0071
Lattice [47] 0.2240.08 0.04=+0.12 0.1240.14 0.04-+0.31
PQCD [31] 2.2708 x 1073
This work (exponential) 0.27+0.12 0.008=0.005 0.31£0.16 0.0140.008
This work (free parton) 0.24+0.10 0.0070.004 0.27+0.13 0.0140.010




Topological Diagrams
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Topological Diagrams
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Feynman diagrams — T
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Feynman diagrams — E,
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Feynman diagrams — C’
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Feynman diagram — B
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. d
Feynman diagrams — PZi
b
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0
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8(a b
8 8
Ay o Ay o)
0 0
a 8 b 8
d 1S ° iy o S
0 0
3 b 3
u 3§ > U3¢ >
b % ® b - - -
Ce d6
/\ Mﬁd,ﬁs
Ab Ab
c c d d
d 3¢ 5 .—e p d » o
/ gCS dg%
u 3 > i c)lé >
b e)‘ ° b ;‘ °
3 3
\ Mﬁd,ﬁs \
Ab Ab
e
e ® a4 o
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214

Gr

V2

OY =(tabg)v-a(qdstta)v-a4
O3 =(Gaba)v-a Y _(Tsq5)v-a.

ql

Herr =

05 z(qaba)V—A Z(q—:SqIB)V+A)
ql
3

O =§(q—aba)V—A Z ey (T5953)v4a;
q

3, ,
=Q(chba)V—A Z €y’ (Q;,’;‘QQ)V—Aa

ql

Oy

{ VsV [C1()OF (1) + Co(1) O3 ()] — VinV,

23

Zc )Oi(1)

}

0121 =(ﬂaba)V—A(q—ﬂuﬁ)V—Aa

Os =(Gsba)v-a Y _(Tuds)v-a;
q'

Os =(Gsba)v-1 ) (@ads)v+a;
ql

3,
8 =§(Q;3ba)V—A E, :eqf(éi,qg)vm
q

3, _ _
O10 =5 (Gsba)v-4 > eq(ads)v-a,

ql

0,



LCDA forz7 /K™

ay ™3 (22 — 1)

(9, .€) = s [$82(a) + m0% )+ i — 1))
Wao@) = a1 —a) [L+a WO 2~ 1)+
W(K)03/2( 1)] 7
P L f7r K 5 1/2
W(K)( z) = 2\/(2—]\)[ [ (30773 — 5%(1{)) C2/ (2z — 1)
-3 {ngwg + 29—Op7r(K)(1 + 6a7r(K))} Cy?(2z — 1)] :
Fao@) = S (1-20)[1

1 7 3 -
+6 (5773 — 5MsWs — %Pgr(K) 5P7r(K)az(K)) (1—10z + 101’2)]

C¥t) = 3t,

(3t2—1), C*(t) = §(5:52—1),

2

Ol N|

(3—30t2+35tY), CY*(t) = %(1—14t2+21t4).

af = 0, a)® =025+0.15, af =—0.015, aff=0.06,

mﬂ/mga PK = mK/mé{a 77:7; AN = 0.015,

ks
3
I

mi=144+01GeV, mf=16+0.1GeV  pPrx)

24

— m?T(K)/mO

K,
wy = =3,

m(K)

P.Ball, 2005,2006



Observables of Ay, — pa~, pK™
M = 1, (f + fors)up,

fi =11l 1e?e® + | f7] e fr= 1 e e 4| fPeiteidt

Br(Ay — pM) — Br(Ay, — pM)

dir A M
ACP( b= P ) BT(Ab%pM)-FBT(Ab—)pM)

Adir _ —2A|f k riSinAg,sinAs, — 2B | f1 B rhSInA@Q,sinAo,
LA |f1T|2(1 + r? + 2ricosAgcosAS,) + B| fT (1 + rs + 2r200SA¢260sA52)
My, + M,)* — My, . My, —M,)*—M
M}\b M}\b
Adi( ) = —2rSinA@sinAd, Adi( ) = —2r,sinAg,sinAd,
P+ r? + 2ricosAg cosAd)) (1 4+ 75 + 2r,cosAgrcosAd,)
AAp(pK/pr) = Arp(A, = pK) — Acp(N\), = pr)
B 2kRe(fif>) B 2kIm(f 1) L 17— K2 A
&= 2 . o1 p 12 p=- 2 o p12 T 2 . 1. 12
|Al7+ x>l A7+ 212 |fil7+ x| £l
K= \/ (E, + M)/(E, - M,)
N a—+ o + Yy —vy
dep = —C gp ﬁ p Cl(yjp =—
a—a B—p ytv

25



Results of Ay — pz~, pK~

BR(A}) — pr™) Acp(A) = pr™)

6.% 107 FN_
55x107°F
5.x107°F
45%x107°
4.x107°F
35x107°F

-0.01
-0.02
-0.03
-0.04

-0.05

3.)( lo_hhh————l———.—l————l—.—‘

-0.035 -0.030 -0.025 -0.020
Al

-0.035 -0.030 -0.025 -0.020
Al

e J, is one parameter in the proton LCDAs. Within the allowed region of 4,, both branching
ratio and CPV of A — pz™~ can be understood.

e Why CPV of A, = pz~ so small, compared to B meson decays?

20



® Summary

Baryon physics 1s an opportunity of heavy flavor physics at current stage,

We are ready to predict CPV of heavy baryon decays.

e e |
= (=2

o
e LHCb run-3 collecting more data,
o
LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018
- | 2018 (6.5 TeV): 2.19 /fo : :
g 9 E | 2017 (6.5+2.51 TeV): 1.71 /b + 0.10 /b 1 _ 1 N
- e 2016 (6.5 TeV): 1.67 /fo I D
> sH 2015 (6.5 TeV): 0.33 /fb i R N S
B E a 2012 (4.0 TeV): 2.08 /fb i ]
g 75 . 2011 (3.5 TeV): 1.1 /b "
é - 2010 (3.5 TeV): 0.04 /fb
S 6 = S SN SO
g /
§ 5F B - I - J..;.. ;
S uF LS1 /
4 NS Fhrrrrior- S NN STONRRTRIN S .
8 | s
C 3E Y o e N oo
8 E : / ! :
s 2F
5 J
L 1E 4
E £/
0_2010 2011 2012 2013 2014 2015 2016 2017 2018

Year

e (Qutlook

A, — pMwithM =r", K™, p~, K™, a,;(1260), K,(1270), K,(1400)

multi-body decays of A,

Observables

I

Peak luminosity [10%* cm2s-!

& OO o

I

Run 1 Run 2

Upgrade |

Run 3

Upgrade II

Run 6

Run 4

Run 5

LS1
LS2

actual
—— — expected

LS3

= m 1 m expected with improved LHC optics at Run 5 -6

‘~§
-

27
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A, — p form factors in PQCD

e Result of form factor f,

proton contribution

exponential

twist-4

twist-5H

twist-6 total

twist-2 0.0007 0.00007 0.0005 0.00000:3 0.0001
fwist-37— -0.0001 0.002 0.0004 -0.000004 0.002
Ab twist-3—F -0.0002 0.0060 0.00007 0.006
twist-4 (.01 0.00009 (0.0000007 (.26
total .01 0.008 (.25 0.00007 E0.09 L 0.07
D, twist-3 twist-4 twist-5 twist-6
twist-2  ~0 r-2v2(1 —z;)x3 r2 - 2v/2x; ré - 44/2(1 — z1)(1 — z5)
twist-3""z3(1 — zy) T T3 r? - (1 —x)(1 — ) ~ 0
twist-3=F  ~0 T T3 r? - (1 —x)(1 — xt) r* - (1 -z, r = Mo
twist-4  4v2z3  |r-2v2(1 —z)(1 = z5)| | 7?-2v2(1 — 5) ~ 0 May
twist-2 twist-3* twist-37+ twist-4

©C = N W s WU



Amplitudes

My V=4 = (pM|(ab)v_a(qu)v—alAs)r,

MTS,_PXS+P = (pM|(ub)s_p(qu)s+p|As)T,

M{;AXV_A = (pM|(gb)v —a(uu)v—a|As) per,

MEAV+ = (pMI(@)y—a@0)v-alAs)
MTf =% {VMVJQ [%Cl + Cz] } Mq‘ff—Axv—A’

G
My, =7P2" {ViViy [Cr +CCy) } My - AxV4,

q

Gr [ L[l 1 V_AxV—A
Mpc1 = — E <\thth -503 +Cy + gCg -1 Cl()] } MTf
Gr [ o2 2 S—PxS+P
— E <\thth -—505 — 206 — 507 — Cg] } MTf +

— % {thV;’; [03 + CC4 + Cg + CCIO]} MT‘{;AXV_A

—_ % {thVt; [Cs +CCs + Cr + CCg]} M'X‘;AXV-FA.
- i EEEETTTTT———————————
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My~ PV=4 = (pM|(ab)y—a(qu)v—a|As) £,
Mg —PXSHP = (le(ub)S—P(qu)S+P|Ab)E2:

Mg, _Gr {v;,,,V* [CCy + Co) } My~ V=4,

M ey = —

% {VisVii [CCy + Cu + CCy + Cio] } MY A¥V A

— % {VaVi; [-2CC5 — 2Cs — 2CC7 — 2Cs) } M, 75+,

el
Mg, VA = (pM|(ab)y - a(duw)v-a|As)c,,

MS —PXS+P = (p M| (1b) s—p(du) s+p|Ab)c,,

G
\/E {VisVia [CC1 + Co)} MgV 4,

G
Mpc, = — \/g {‘/tbvgz [CC3 + Cs+CCy + Cl()]} V AXy=a

Me,

- % L (Vi Vi [-2CC5 — 2C5 — 2CCr — 2Cs)} M7 P*S+P

e ———————————
My =PV =4 = (pM|(ub)v—a(du)v—a|As) B,

MS‘P"S+P = (pM|(@b)s_p(du)ssp|As) B,

Mp = {Vuqud [CCl + 02]} V AxV—A’
\/’
Mps = — 35 {VV,5[CC5 + Cy + CCy + Co]} My~ V=4
_OF (W, [-2eCs — 2C — 200, — 2G5} ME-PXS+P,

\/_



M2V =% = (pM|(db)v-a(dd)v—alAs) gy,
M ;}‘A"V” = (pM|(db)y_a(dd)y_alAs) o,
M7 = (pM|(db)s—p(dd) s p|As) g,

. Gr [, | 1 1 v
M7, == 22 VaVia |(L+0)(Ch + Ca+ 5Co + 5010)] } MY AV
Gr ( I 1 1
— 7; <\thth; -Cs + CCs + §C7 ~f- 5003] } Mgi,—Axv"'A
Gr

\/§ {th t; [—2605 —2Cs —CC; — Cg]} MSEPXS'H).

R ———————————
M E{AXV—A = (pM|(5b)v—a(dd)y_a|As) ga,

MXIAXVJM = (PM|(§b)V—A(Jd)V—A|Ab)Eg,

e | 1, 1 v
Mry == 5 { VaVis | (Go+CCa+ 5Co + ECC“’)” MY AV
Gr [+ 1, 1 A
_ \/g <\thVtS _Cs+CCs-|— §C7+ ECCE‘]}M}& AXV+A
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determine the parameter w,

The decay mode A, — pD; has only W-external emission diagram, which can be used to
determine the parameter @, under naive factorization method.

(LHCb,2212.12574) recently measured to branching fraction of this mode:
Br(A, - pD;) = (126 £1.3)%

10|
7 8
e !
X 6l — QCDSR2001
| !
% | — QCDSR2005
4}
= LCSR2005
A ,Hf — LHCb
|
0.2
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