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Predict CPV in b-baryon decay
» Matter-antimatter asymmetry in universe

S Y3 =8.59x 10711
‘ }E‘i@{ﬁ_: Y%M ~ "7 X 10_20 4 >  Planck Collaboration (2016)
» Sakharov three requirements:
* baryon number violation
 Cand CP violation

e Qut of thermal equilibrium > Sakharov (1967)

» CP violation in K-, B-, D-meson have been confirmed by B-factories and LHCb.

» However, CPV in baryons is not found experimentally by now. Evidence was
reported by LHCb
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PQCD to predict CPV in B meson

» Direct CPV requires two kinds of decay amplitudes with different weak phases
and different strong phases.

A, = 2rsin o sin ¢
147> +2rcosd cosg
Direct CPV(%) FA BBNS PQCD exp.
B-ntn~ —5+3 —6+12 +30+20 +32+4
B-K‘n~ +4+10+3 +5+9 —-17+5 —-83+04

» Annihilation diagrams can be evaluated well in PQCD.
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W-exchange/annihilation diagrams in A, — pm

> W_exchange diagra ms (E) *40 » Cai-Dian Lu, Yu-Ming Wang, Hao zou (2009)
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» There are many W-exchange/annihilation diagrams of A, two-body decay.
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» Current situation of PQCD calculation for A, decay:
» [1] Nsiang-Nan Li, (1993), Sudakov suppression and the proton form factors

» [2] B.Kundu, Nsiang-Nan Li, et,al. (1999), The perturbative proton form-factor reexamined

» [3] H.H.Shih, S.C.Lee, Hsiang-Nan Li, (1998), The A, — plv decay in PQCD

» [4] Cai-Dian Lv, Yu-Ming Wang, Hao Zou, (2009), A,, —» pm, pK decays in PQCD

Factorizable Nonfactorizable
fi1(A, — pm) 1.47 X 10711 — j1.97 x 10711 —2.43 X 1072 — i2.05 X 10~?
fa(Ap = pm) 1.26 X 10711 — j1.94 X 10711 —1.75%107° — i1.20 X 107°
fi1(Ap, = pK) —1.52x 10711 —j0.62 x 10~ —0.88 X 107? + i0.54 X 10710
f2(A, = pK) 0.17 X 1071 — j0.60 X 10! —1.06 X 1072 + i1.67 X 107°
LCSRI[5] Lattice[6] PQCD(3] PQCDI[4]
Form factor 0.14 + 0.03 0.22 + 0.08 2.3x1073 2.2708%x1073

2 _
fi(q* =0)
[5] A.Khodjamirian, C.Klein, T.Mannel, Yu-Ming Wang (2011)
[6] W.Detmold, C.Lehner, S.Meinel (2015)
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Factorization of Heavy-to-Light Baryonic Transitions in SCET

Wei Wang *
Deutsches Elektronen-Synchrotron DESY, D-22607 Hamburg, Germany

Abstract

In the framework of the soft-collinear effective theory, we demonstrate that the leading-power heavy-to-
light baryonic form factors at large recoil obey the heavy quark and large energy symmetries. Symmetry
breaking effects are suppressed by A/m; or A/E, where A is the hadronic scale, my, is the b quark mass and
E ~ my is the energy of light baryon in the final state. At leading order, baryonic form
factor €5 »(F), in which two hard-collinear gluons are exchanged in the b , can factorize
o th st an collnea mate clements comvolted with a hard-kenelofoxder 2. Incling the cocrsy
release dependence, we derive the scaling law & ,E) ~ A2/E?. We also find that this form factor &5 (FE)
although the latter is formally

power-suppressed.

» Leading power is smaller than the results from sum rules.
Leading power &é,(q? = 0) —0.01215-93
Sum rules (Feldman, Yip, 2011) 0.38

» Including high twist light-cone distribution amplitudes.
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> Parameterization of this hadronic matrix

(P(pla 3,)|77f7u(1 — ’)’5)b|Ab(p> 3)> = F(P', 8')(f1’}’u — ifo;qu + fsqu)Ab(p, S)
— PV, 8') (917 — 1920,m0” + 93.) 1506 (D, S).

» Transition form factor can be expressed as the convolution of hadronic wave
functions Y, . ¥, and the hard-scattering amplitude Ty

F= [ laxlav] [[d%) [[ak) 0,00 o, )

X TH(x: xl’ MAb’ kT’ ké" lu‘]‘wab(x’ kT’ b /Li

|

Y
£
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A, wave function

(Ya, )asy (Kis 1) 2\/—/1—1 dwl e T (0| T [0, (0)uh (wa) i (ws)]| A (p))
» By using Bargmann-Wigner equatlon in the heavy quark limit

0'87 =(0|T'[?,, (O)HB(Zz)d (z3)1A(p)) = Ia, [(10 + My, )ysClgy [Ap(p)]o ¥ (ki, 1)

- M3 m; m;
S/mpllfIEd Ab LCDA Y(ki,u) = Nxjxaxzexp|— 2182x1 2ﬁ2x2 - 2ﬂ2x3

» F.Hussain, J.G.Korner, M.Kramer, G.Thompson (1991) & F.Schlumpf (1992)

» General light-cone hadronic matrix element of A, baryon

B2 (01,2) = O] ()]0, 7] (12 0. o7 O) s o) General A\, LCDA
Ly a0 ( ~
= L FO (W) [My (v, 1, t2)35CT e + £ (1) [Ma(v, 1, t2)75CT | ga t [As(0)]5 (23)
4 b
M(wy, wy) =’7{T¢l//§_(w1,w2) + @!ﬁ?(wl,wz) M (wy, wy) =%¢/2(w1,wz) + %%(wl,wz)
» G.Bell, T.Feldmann, Yu-Ming Wang, M.W.Y.Yip (2013) > G.Bell, T.Feldmann, Yu-Ming Wang, M.W.Y.Yip (2013)
(Exponential model) (Free parton model)
Y1, wy) =22 grrenien, 15w102Q2A —w) —wy) -
w, Yo(wr, wr2) = Ve OCA - wy — w2),
+-— _% —(w1+wy)/wy 15 2/_\ = = 2 _
Y3 (wr, W) = 7 e ; el = wi( 4/_\;01 wy) BEA = 0| w3
—+ _202 (s 1502QA — w1 —w2)? -
Y3 (Wi, w2) —w—ge ; U o) = wa( 41_\1501 w?) OCA - wi - w),

—wl w» )/ Wy 5 2/_\_ - 3
Waw 1w2)=—2 (@ +ws)/ ( W) — wy)

0 : W4(wla (1)2) 8/_\5 @(2/\ —w) — (1)2). (4_



LCDAs of baryons

Proton wave fU nction » V.M.Braun, R.J.Fries, N.Mahnke, E.Stein (2001)

(Y pratonYapy Ul 1) = - e" gk (0|T[ll¢y(0)ll}(o)d )PP
2 \/’ 2N, (27r)

@, =P, (0)it)(21)d} (22)/0)

pramn

=_{S l”zl)Cﬂ(r(N+75)y 2 SZ'",)C[M(N—)’S))' 5 F Pl'"p(c‘y.i)ﬁaﬁ; + PZ’"[)(C)’S)/*YN; + VI(CP)/S(I(N+75)7

+ Va(CP)so (N7ys)y + Vz—(C)’l)p(y(N+)’s)’l)y + V4—(C)'.L)ﬁn(N YsY ')y

+ V(,

+A (CYSP)my(N+)y + A’(C)’ip)ﬁa(N )y + Ax—(C)’ﬁ)’L)ﬂ‘x(N+)’l)y

T ‘)
+A4_(C)’57J.)/ﬂr(N Y )y +Asyp (C)'s,‘t)ﬂ.y(N )y+A6 (C}’s;)pa(N )y = T1(iCa L p)ga(NTysy™)y

IN', . =
- T’(ICO-LP)ﬁ(r(N YsY )y — T% (IC‘TP )ﬁ(r(N+75)y (IC(T P)ﬁcr(N 75)7 5 ];_ (’CO-J.:),BH(N+757L)7
T"z L (CO (N ysyH)y + T 22 (€O )pul Ny )y + Ty 22 (€O )po N y50r4),)

TABLE I: Twist classification of proton distribution amplitudes.

twist-3 twist-4 twist-5 twist-6
Vector Vi Vo, Vs Vi, Vs Ve
Pseudo-Vector Ay Ay Ay Ay Ag Ag
Tensor T, 1., T5.T T4,T5, Ty Te
Scalar S S,
Pesudo-Scalar P, P>

T
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Form factors at g = 0

Simplified A, wave function + general proton wave function

Twist — 3 Twist — 4 Twist — 5 Twist — 6 Total
fi 0.0025 0.021 0.043 0.03 x 10_1_” 0.067
General Ay + general proton
Table 3: Form factor fi at ¢ = 0.
twist —3 twist—4 twist—5 twist— 6 total
FExponential model
twist — 2 0.00043 0.00005 0.00045 0.00001 0.0009
twist — 3T 0.00007 0.0081 0.0012 0.00022 0.0070
twist — 3~ 1 0.00012 0.0063 0.00026 0.00071 0.0073
twist — 4 0.019 0.0011 0.10 0.00005 0.12
total 0.019 0.015 0.10 0.00091 0.13 K 0.04 + 0.03 + 0.03
F'ree parton model
twist — 2 0.00060 0.00006 0.00073 0.00002 0.0013
twist — 37— 0.00008 0.0080 0.0016 0.0012 0.0082
twist — 3~ 0.00025 0.0123 0.00035 0.0012 0.0139
twist — 4 0.020 0.007 0.13 0.0000 0.15
total 0.020 0.020 0.13 0.0024 0.17 3 0.05 & 0.03 &= 0.03

Our results agree to PLB 708,119 (Wei Wang, 2012)
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f 2 g1 g2

NRQM |[32]

light-LCSR-A [51]
light-LCSR-P [51]

0.14%505

QCD-light-LCSR [34]
HQET-light-LCSR [34]

V VYV

A\

>
>

3-point [33]
Lattice [35] 0.22 4+ 0.08
PQCD [67] 2:2°08 % 107° >

This work(exponential) 0.13 + 0.06
This work(free parton) 0.17 £ 0.06
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R.Mohanta, A.K.Giri, M.P.Khanna (2001)
Yu-Ming Wang, Yue-Long Shen, Cai-Dian Lu (2009)
A.Khodjamirian, C.Klein, T.Mannel, Yu-Ming Wang (2011)

Ming-Qiu Huang, Dao-Wei Wang (2004)

Chao-Shang Huang, Cong-Feng Qiao, Hua-Gang Yan (1998)

W.Detmold, C.Lehner, S.Meinel (2015)
Cai-Dian Lu, Yu-Ming Wang, Hao zou (2009) & H.H.Shih,
S.C.Lee, Hsiang-Nan Li, (1998)
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Q000

 EmeTE
5 =[ldx]l[db]- ¢a, Ty - bp

Hard-scattering functions, r = M—p, X1 2 30 momentum fraction of A, x1 , 3: momentum fraction of proton

Ap
twist-3 twist-4 twist-5 twist-6
twist-2 2v/2(1 — z5) r-2v2(1 — )3 r? . 24/224 r3 - 4v/2(1 — 21)(1 — x)
twist-37~ z3(1 — 1) r-xs r? . (1 —x1)(1 — ) ~ 0
twist-3=F  ~0 - T3 r?. (1 —x)(1 — xzb) r3 . (1 — xh)
twist-4  4+/213 r-2v2(1 — z1)(1 — r? . 2¢/2(1 — xb) ~ 0
Ap twist-4 Proton twist-4 Proton twist-5

o = N W A~ O
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Q000

. »
5 =[ldx]l[db]- ¢a, Ty - bp

Hard-scattering functions, r = M—p, X1 2 30 momentum fraction of A, x1 , 3: momentum fraction of proton

Ap
twist-3 twist-4 twist-5 twist-6
twist-2 2v/2(1 — z5) r-2v2(1 — )3 r? . 24/224 r3 . 4+/2(1 — 21)(1 — z)
twist-37~ z3(1 — 1) r-xs r? . (1 —x1)(1 — ) ~ 0
twist-3=F __ ~ 0 r- s r?. (1 —x)(1 — xb) r3 . (1 — xh)
twist-4 | 4v/2x3 r- 221 —x)(1—x5) | r?-2v2(1 - $’2)] ~ 0
A, twist-4 )
o Proton twist-3 Proton twist-5
2 5
" 1.00
: 4
3
2
1
0
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T
) 5 =[ldx]l[db]- ¢a, Ty - bp

Hard-scattering functions, r = M—p, X1 2 30 momentum fraction of A, x1 , 3: momentum fraction of proton

Q000

Ap
twist-3 twist-4 twist-5 twist-6
twist-2 |2\/§(1 — Z9) I r-2v2(1 — )3 r? . 24/224 r3 . 4+/2(1 — 21)(1 — z)
twist-37~ z3(1 — 1) r-xs r? . (1 —x1)(1 — ) ~ 0
twist-3~F ~ 0 r-xs r?. (1 —x)(1 — xb) r3 - (1 — zh)

> 4

twist-4 &\/ﬁﬂ?g r- 221 —x)(1—x5) | r?-2v2(1 - x’Q)] ~ 0
A

wist-2 Ay twist-4
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Observables
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Ay — pev,

Ay — DUV,

Ay — pTi;

This work(exponential)
This work(free parton)

3 77+} gg x 10~4
x 10~

el (2700 b8 10
4.907295 x 1074

2. T3 % 10~
3787187 x 1074

LHCD [60]

41+1.0x 104

Ay — pr~(exponential)
Ay, — pm~(free parton)

2. 70 " 52 1078
4. 26+‘21 gg % 1070

Ay — pr~ (LHCD) [45]

45+0.8 x 107
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» The PQCD approach can be used to calculate baryonic decay.

» Contributions from high twist LCDAs are dominant in A, — p form factors.

» More researches of high-twist LCDAs of baryons are urgently needed

» Form factors in this work are consistent with that from other approaches.

Outlook:
» CPV in b-baryon two-body decay A, = pm, pK
» Including TMD LCDAs

» Improve PQCD Framework in baryonic decays
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