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Charmed baryon decays

- From 2014, BESIII has studied charmed baryons for ten years! A new period of charm
physics has coming.

Measurements of absolute hadronic branching fractions of A;r baryon Measurement of the absolute branching fraction for Aj — AeT v,

BESIII Collaboration « M. Ablikim (Beijing, Inst. High Energy Phys.) et al. (Nov 26, 2015) BESIII Collaboration - M. Ablikim (Beijing, Inst. High Energy Phys.) et al. (Oct 9, 2015)

Published in: Phys.Rev.Lett. 116 (2016) 5, 052001 - e-Print: 1511.08380 [hep-ex] Published in: Phys.Rev.Lett. 115 (2015) 22, 221805 - e-Print: 1510.02610 [hep-eX]

pdf ¢ DOl [z cite @ reference search =) 176 citations pdf ¢ DOl [3 cite @ reference search =) 102 citations

. 2016, we performed a theoretical study on non-leptonic A . decays in flavor SU(3) symmetry

Test flavor SU(3) symmetry in exclusive A, decays

Cai-Dian Lu (Beijing, Inst. High Energy Phys.), Wei Wang (Shanghai Jiao Tong U. and Shanghai
Jiaotong U. and Beijing, Inst. Theor. Phys.), Fu-Sheng Yu (Lanzhou U.) (Jan 16, 2016)

Published in: Phys.Rev.D 93 (2016) 5, 056008 - e-Print: 1601.04241 [hep-ph]

pdf ¢ DOI [= cite Q@ reference search 5) 128 citations

- After that, a lot of experimental results and theoretical studies.
Exp: BESIII, Belle, LHCb. Th: C.Q.Geng, H.Y.Cheng, F.R.Xu, Y.K.Hsiao, C.W.Liu and so on.
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CP violation in baryons

« Sakharov conditions for Baryogenesis:

1) baryon number violation
2) C and CP violation
3) out of thermal equilibrium

- CPV: SM < BAU. => new source of CPV, NP

- CPV well established in K, B and D mesons,
but CPV never established in any baryon

- Comparison between precise prediction and measurement
is helpful to test the SM and search for NP



Charmed baryon decays

- Charmed baryon decays are the next
opportunity and challenge of charm physics

- No any real CPV predictions N
w. 4
, W Z /W/Z
- Dynamics are more complicated . . ‘

(T) (C) (C)

color- favored tree emitted color- suppressed emitted  color-commensurate

- Many more topological diagrams

+ more partial waves . C; . C; . C!

* SU(S) irredUCible represen’[a’[iOnS can nOt W- excEe)nge1 W- exc(:E;)nge 2 Bo(vl?/)tle

provide information on penguins

- Final-state interactions (FSI) are necessary  see topologies in H.Y. Cheng’s and F.R.Xu’s talk

See FSlin En Wang’s and C.W.Liu’s talk



Final-state interactions

”' z D’ gtz KTK-
el - “W< ZM“@( S\

VaVir, Orr—s KK

- Rescattering mechanism for charm CPV [Bediaga, Frederico, Magalhaes, PRL2023;
Pich, Solomonidi, Silva, PRD2023]}

- Data-driven extraction of magnitudes and phases of the 7z — KK scatterings

| AAZRdstance | « 9 5 107 v.s. AALL = —(64+1.8)x 1077

Model-independently manifest on the enhancement of final-state interactions!!!
- Power of predictions is limited due to only few channels of available data

exp __ 4
AACPP =—(154+29)%x 10

] See H.Y.Cheng’s talk



Rescattering mechanism

- Rescattering mechanism have been successfully used to predict the discovery channel
of 277 — ATK nn™ [FSY, Jiang, Li, Lu, Wang, Zhao, ’17]

P | . \
. N > 1\ *()
K P’
T _ .
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\ Topology: C guark exchange hadronic triangle )

Br(Err - THK'0)

/ - Theoretical uncertainty is under o=/ 5 =e— 5
005 | 1703.09086

,, control in the ratio of branching |
B . . " 2102.00961
fractions of different processes oo

- It deserves to develop the rescattering mechanism to study CPV of charmed baryons



Triangle diagrams

- Much more channels are included in the rescattering mechanism

. ” p . p " p
Vudvjd A (mt : tpt : . : It

) p i p ; p° : p°
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CPV can be easily obtained within the rescattering mechanism

Ay Ay+ A A,
See C.W.Liu’s talk



» Conventional method: optical theorem + Cutkosky cutting rule

S

— D2)

H. Y. Cheng, C. K. Chua and A. Soni, Phys. Rev. D 71, 014030 (2005)........
; ; Abs|M(P; — P3P,)] A =my +Nhqcp
E d2p1 d3p2 4 ¢4
! 2 _ A2 — — ) —
> <: ! mz Az Z / A7 32E1 / 27T)32E2( ﬂ-) 0 (p3 +p4 P1
: p —A {Pl 2}
E , . M(P; — {Png})|T*(P3P4 — {P\P,)}).
Strong model-dependent in charmed baryon decay:
decay mode | Topology diagram | Experiment(%) | Short-distance n
t oyt E, 0.39 + 0.06 - 6.5
A - pw C,C',E, E,,B 0.09 + 0.04 2.83 x 107 0.65
Only a part of the imaginary contribution is included......
5 s « Off-shell effects
, / | m’— A7 D R e
NG| PR \i\l, * Lost contribution
€ J.J.Han, HY. Jiang, W. Liu, Z.J. Xiao, and F.S. Yu, ” Chin. Phys. C 45, 053105 (2021).



» Improving method: Loop integral - ‘ ¢
A-CI- > 'K+ A=mk +77AQCD
. AO
M|P, B; V] , .

. 11)1 * L
= —1/ (27 )4JBBPJ\ pPU(pa.s4) 5(1)2’-|— ma)(A + Bys)u(p. -5')6;1, (p3, A3)(p1 + k)X
T

9 1 A% —m3 A3 — mQ Az —m3
(p7 —m7 +i€)(p3 — m3 +ie)(k? —m3; +ie)|\ A — p3 A2 — p2 A7 — k2

* The complete amplitudes with real part and strong phase

({0., 0., —1.57956 x 10~ + 6.40596 x 107 i} {4.65132x 107" £1.10998x 107°i,)0., 0.}
L {0.£(=1.00635x107° } 1.46048 x 10774, 0.} {0., 0., 4.56956x 10~" — 2.83047x 10" i} ,

* The process dependence of the parameters is greatly reduced

The contribution of the real part is on the same
order as the contribution of the imaginary part!
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: I: The branching ratio of A7 — BgV processes with n = 0.6 +0.1.

B ranc h In g Rat ! os Decay modes Topology BRsp (%) BR1n(%) BRiot (%) BReoxp(7)

AY =5 A% T,C' Es, B 6.12 2.3011-3% 6.2617339 4.06 + 0.52
AY - x50 C' E», B — — 0.771535 < 1.7
A -5 Stw C' E», B — — 2.0619-70 1.74+0.21
AF 53¢ E; —~ — 0.337599%  0.394+0.06
Only one parameter ./:: — —ﬁki C, E, 3.26 x 1072 3.761137 3.70:{%% 1.96 + 0.27
_ A - Z°K Es, B — — 1.947 7 68 -
expla_uns all the 8 Decay modes  Topology  BRsp(x107%) BRLp(x10™%) BRiot(x107%) BRoxp(x1077)
experimental data! AF 5 A°K*t T.C'. E». B 2.92 9781128 4711018 _
AY - X'K*Y C',E», B - — 1.601025 —
A} - 2T KO C', E; — - 2.10153% 3.5+ 1.0
AY — po C 1.78 x 107%  1.447F 5% 1.371 0 o2 1.06 +0.14
AY spw C,C' E,E>,B 148 x107°  1.2810-39 1.2610-32 0.83 £0.11
BR(Af —» prtn™) =(4.60£026)x 107 A} 5 pp° C,C', Ey,Es,B 181x10°° 27915 2721157 -
Decay modes  Topology  BRsp(x10™*) BRLp(x10™") BRiot(x10™%) BReoxp
A} — pK*° C,C" 928 x 107*  0.5313-42 0.5575 %5 —
AY = nK*t T,C" 3.66 0.44+}5 5.081 0 e —~

» C.P.Jia, H.Y.Jiang, J.P.Wang, FSY, 2405.xxxxx



Decay Asymmetries

Z¢ II: The decay asymmetry parameters of AT — BgV processes with n = 0.6 = 0.1.

Decay modes o B ¥ Pr,

) eI 1 L Y e LS AT = Bt 0 —0.82.000  —0.547 005 0.7470-% —0.6670-0>
fua] - Hoa] |0 fog| +[Foy| AF — Ytw 0.85+0 07 0.5810 60 3.27+117 0.8117 0%
e i AS —»XYe  —01Tggt 047, 2.12+0:08 0.08+9:94

Hig| +|Hoa- AF — pK** 0.155575 0.73%0:25 3.15% 505 0297015
AF - E0K* 0421005 003000 156100 —0.0819:9%

A} = AOK*F —0.771+9- 14 —0.39+9-25 1.54+0-21 —0.62+9:17

AF = X°K*F  —0.0315 07 0.31%7 07 2.21+053 0.08+0 03

AF 5 RFKT 007T0%, 0407002 1527098 0.20+002

a = —0.58; AF—pp  —001FGR5, 06707 598705 012750

B = —0.88; AF = pw 0.31+955 0.08%0:05 0.12¥5:66 0.11%5:5]

AF — pp° —-0.29700:  —0.547( 0, 2.12%517 —0.3770 05

y =0.63; AF — npt —0.95%0 001 —0.61751] 0.3610 01 —0.7015 62

P, =-0.76 + 0.07; Af —pK* 045087 —027HGEE 987G 0.39+0:%%

* 0.29 : : :
BSEIN. 2022 JHEP A — nK*t —0.897:%2 —0.830:36 1.04%0-77 —0.861 357

o C.P.dia, H.Y.Jiang, J.P.Wang, FSY, 2405.xxxxx



CP violation
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2% III: The C'P asymmetries of A7 — BgV processes with 7 = 0.6 £ 0.1 (x10~%).

Decay modes AGP acp Bep Yo r PrLcp

Ay - A°K*t 089108 —0.8470052 —2.12F000  0.61753])  —1.0710 4%

A = XK 22805 13755550 2555557 —1.00%55  0.69%G%

A - 2TK*? —1.991020  5517090% 0 09550 0.6470 0% 1.64157%
Al — pw 4551030 19.611550 —14.80-755 8321077 —2.16100)
A}Y — pp° 3.73700% 048700 2887000 —1.237000 L7700
AY = npt —1.45%02  0.01%95> 1.867 a0 —1.21794]  1.08%9 L5
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/ Branching fractions \
AF —pp’

I —.
4.0 — Prediction
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n

» Branching fractions are
very sensitive to 7

| 2
[Nx  2(S]+ |P22|)+m—‘2’(|S+D|2+ 1P|?)
V

__ Y

Dependence on 7

decay asymmetry

/ Decay asymmetries CP violations \
A —pp’ A —pp’
——————————y : 5 p————————————————————
2.0F ] ;
| ] —~ 4
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: Z x |
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- The decay asymmetries and CPV are insensitive to 7,
whose dependences are mostly cancelled by the ratios
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Summary

- Final-State-Interaction (FSI) is a physical picture of long-distance effect.

- Improved FSI method is develop to successfully study charm-baryon decays
- Using only one parameter, it could explain almost all the experimental data.

- It has reasonable strong phases, thus can predict CP violation.

- Theoretical uncertainties can be lowered down in the decay asymmetries and
CPV by the ratios.
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Outlooks

- We will next study psuedoscalar modes.

- The current uncertainty comes from the form factor. How many? What
order? Or what formula?

- Our current formula can contribute strong phase. We are testing some
other formula without strong phases.

- BESIII has measured the decay asymmetries of A:F — A0p+. More

processes are required to measure the decay asymmetries. They could
tell something about strong phases, so tell what model is better. Like

+ =0+
A = E°K

16

7 (m22 + A2)n,
p? £ A2

A =m + nAQCD.

a x Re(S*P)
f x Im(S*P)



Outlooks

- What opportunities in charm physics?

- CPV is most important one. Dynamics is required for predictions. Branching fractions and
decay asymmetries to be measured by BESIII. [See H.Y.Cheng’s, F.Xu’s, C.W.Liu’s talks]

- Lifetimes have not been well predicted. Non-perturbative matrix elements can be extracted
from inclusive decays [See Q.Qin’s talk] or by Lattice QCD [See W.Wang’s talk].

. Spectroscopy in multi-body decays of D and AC [See Y.K.Hsiao’s, E.Wang’s, C.W.Xiao’s,
S.Cheng’s talks]

- FCNC for searching new physics. Long-distance dominant, but difficult in theory. Local
operators from Lattice QCD [See Z.F.Liu’s talk]

Thank you very much!
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The dependence on ,

A —pg AN —pg
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* The branching ratio is sensitive to the parameter ..
* The decay asymmetries are not sensitive to the parameter ..



The dependence on heavy to light form factor

-
T 7///;&" S f1(q2) _ (mz+mf) f+( )—q fL( )
- 05///”2(/ / o S+
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FIG. 3. Comparison of form factors with LQCD calculations.
The bands show the total uncertainties.
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* The branching ratio is sensitive to the value of heavy to light form factor.
* The decay asymmetries and CP asymmetries are not sensitive to FF.



The dependence on strong coupling constants

strong coupling

Af —pp”

— GDBV

10

15

strong coupling

20

BR(x107°)

strong coupling

* The branching ratio is sensitive to the
value of strong coupling.

* The decay asymmetries and CP
asymmetries are not sensitive to
strong coupling.




