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FCNC process in baryon sector

e b sCC
Br(A, —» Autp™) = (1.73£0.42 £ 0.55) x 107°
CDF, 2011

Br(A, > AuTu7)=(096+0.16+0.13 £0.21) X 1070
b
LHCb, 2013

. s> dtt c > uct
Br(E° > Aete ) = (7.6 204+ 04 +£0.2)x 1076
NA43, 2007 * Stronger GIM suppression

Br(Zt — putuT) = (22515 x 1078 o
( puTpT) = (2.27,3) » Resonance contributions

LHCb, 2018



Deviations from standard model in B decays

BY - Ktutu~ LHCb, 2021
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« Require careful scrutiny of experimental data and SM predictions.

 Need examination in ¢ — uzz.



Theoretical perspective for A, — pZ¢
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Form factors in QCD sum rules

* FCNC transition
SUM RULES AND THE PION FORM FACTOR IN QCD HCS&YHG, 1999
V.A.NESTERENKO and A.V. RADYUSHKIN * Semileptonic decay

Laboratory of Theoretical Physics, JINR, Dubna, USSR
DYB&HCS&HMQ&LC, 1996

Received 12 May 1982 HCS&QCF&YHG, 1998
MESON WIDTHS AND FORM FACTORS AT INTERMEDIATE WZG, 2014
MOMENTUM TRANSFER IN NON-PERTURBATIVE QCD SYJ&WW&ZZX, 2020

B.L. IOFFE and A.V. SMILGA XZP&77X, 2021

ITEP, Moscow, 117259, USSR

Received 14 September 1982 * Strong decay

LDK&CW&CHX, 2023

light and heavy hadrons. The applications include the pion electromagnetic

form factor,'%° radiative charmonium decays such as J/¢ — n.v,;°! D and B WZG, 2016, 2024
semileptonic and flavor-changing neutral current (FCNC) transitions 1027107
and, more recently, the radiative decays ¢ — (n,7")yI%® Dias&LX&Nielsen, 2013

P. Colangelo et al., QCD sum rules, a modern perspective(2000) WBD&QCEF, 2021



Three-point correlation function

0,47, 95, 9°) = iz[d“x d'y "R < 0] T{j,(»)j,(0)j) ()}10 >

Jj A(p): interpolating current that couple to the hadronic states

!

+ jA = €ijk<uiTCy5dj> Ck jp = Gijk(ul Cyde)uk

C

J,: weak transition current

+j,=uy,(l —ys)c, uio,,q"(1 + ys)c

Pu(S15 52, q°)

dispersion relations 1 (g%, q2, q°) = stl stz
S (51 = g})(s2~ 43)



Two representations

QCD(,2 ,2 2 ” = P21, 0°)
Quark level I1;-"(q7,95,97) = dsi| ds, > > N
S{“i“ sé“i“ (Sl - Q1 )(SZ - Q2)
pEP(s1, 53,47 = pr(s1, 52. 47 + 3151, 50, ¢ + pE (51,55, 47) é é 5

(890G (. o 2 I (« o 2
+p3897 9 sy, 53,4 + P (51, 5, ¢7)

i

Quark-hadron duality HEhe ~ HSCD

io,,q" q
2ty + M) [1,(fi = 8179) + 5 =(fo = &o15) + 57=CFs = 8575)| 4, (4, + M)
Hadron level 15°@7.43.4%) = Ae A
(g7 — M3 )(q3 — MD)

g2 _ e . J
Ayt + M) [ 5= + 8 15) = i0,,0" (1 + &2 75)] n, (4, + M)
(g7 — M3 )(@% — MD)

> |H)(H|=1 +
H



Restrictions

= (Operator product expansion: convergence
Il ~CO;+ GO, +CO;+...... C,0,,
Contributions from highest order should be small

= Pole dominance: ground-state hadrons

0
002

—_ 1\ (N2\nt+1
Borel transform  %[g(0%)] = g(M;) = lim SLYACO (

Q% n — n!
n/Q*=1/M;

> g(0?

« Suppress the OPE and continuum states contributions

« Minimal dependence of M 1%



Form factors

z-series parametrization: f(q?) =

y* fitting method

J0)

1 - qz/(mpole)2

ﬁiqa

15(92)

05
¢*(GeV?)

T
1.0

T
1.5

—0.6 1

—0.8 1

—1.0 1

—1.2 1

—1.4

—1.6

0.0

¢*(GeV?)

1.0

{14 a,(z(¢* 1) — 2(0,p))}

1.0 4

0.5 1

0.0 1

—0.5 1

—1.0 1

0.5

*(GeV?)

1.0

0.0
M T( 2
0.5 95 (%)
~1.01
“15 . , ,
—0.5 0.0 0.5 1.0 15
2 2
q*(GeV?)




Decay observables via helicity amplitude

dT(A, = ptt) @ G q* /0,0 ~4m?

dq> B (27:)5 48 M3 g
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e 4 Htot
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4m3 3m2
H,, = —(H11 H52+H,}1+H,%2)<1— q;>+ q”ﬂ(H“ +H'+HP),

Hy" = Re(Hy HI"D+Re(H”, H'} ),  H™ =Re(H} H")+Re(H", H" ),

H™ = Re(H;tHz;) + Re(Hf‘%JHj’;t) , Hom = Re(H Hfm) — Re(Hm 1Hj'f _1)



Decay observables via helicity amplitude
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Branching fractions

« Resonance contributions: A, — pM(M — £¢), M = p,w, ¢

 Breit-Wigner structure:

g —~ -
g2 — M2+iM, T, > —M2+iM,T, | q>— M3+ iM,l,

* Cg(cf) = awei

+ dBr/dg? = 7, dT/dg?

-_—
<
~

e Br(A, —» putu) =(4.9+1.4)x 107’

dBr/dq’ (GeV~?)

* LQCD: Br(A, » putu™)=3B.7x1.3)x 1077
S.Meinel, 2018
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Lepton forward-backward asymmetry Az,
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o App ~ Cjq1s zero within SM, since C| is predicted to be zero.

e Clean signal: any measurement deviation from zero will indicate

potential new physics effects.
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Longitudinal polarization F;

Standard model

T

0.8

T

0.7}

T

0.6f

T

0.4f

T

0.3}

T T T T T T

Ae = putu”

0.2L

no resonance contributions

New physics
0.7 e
F Ao putu I ® (C7=03,Cp0=0.1
06} ‘ i
: o ° (7=03,C10=03
L I \
0.5F ; \\ ~ ® (7=03,Cip=05 |
L J \ ’
; 4N g
04? ,,,l ‘\\\ /Z’ i
r /,,// R 1 \\\1_:_—_ -
o S Yoo e ]
0.3F ///// \\ ~ 71 N
[ ,/:,” \ /I
: $_:/// s
0.2f 1
0.14 x x x
0.0 0.5 1.0 15
q*(GeV?)

resonance contributions

14



Summary

® We derive the form factors of rare A, — p£¢ decay mode in the frame

work of QCD sum rules.

® We predicted the branching fractions and angular observables based on
the obtained form factors.

® We analyze the potential new physics effects through angular observables.

® Potential improvements: inverse method

See Zhao zhenxing& Xiong aosheng’s talk

Thanks
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