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Difficulties in theory

- It is always difficult to understand the dynamics of charm
decays, due to large non-perturbative contributions

- Heavy quark effective theory does not work for 1/m¢

- Topological diagrammatic approach works well in D
decays. AAcp was predicted to be (-0.06 ~ -0.19)% in
2012 [Li, Lu, FSY,PRD86,036012], and confirmed by recent
LHCb measurements.

- But it does not work in charmed baryon decays so far,
due to less data to fix parameters.
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B(A® — pn)=(1.24+0.28+0.10)x10™
B(A' — pa’)<2.7x107*



1. SU(3) analysis

[C.D. Lu, W. Wang, FSY, PRD16’][C.P. Jia, FSY, in progress]



SU(3) symmetry
- Powerful in prediction
* To be tested

3|V.4l?
«d > B(A. = Ae'v,)
VCS

T

B(A, > Aetv,)gpem = (3.65 + 0.38 £ 0.20)%

B(A, = ne'v,) =

N |

v

B(A; = netv,)sys = (2.93 £0.34) x 10~

[C.D. Lu, W. Wang, FSY, PRD16’]
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SU(3) symmetry
- Powerful in prediction
* To be tested

[C.D. Lu, W. Wang, FSY, PRD16’]
V2A(Ae — pE %) + A(Ae = pK 7)) + A(Ae — nK 1) =0

-05 -

-10

COSO =

—0.24 -

- 0.08

B(A, —» nKz™)

* Test isospin symmetry
- study final-state interaction

= (0.62 -

B(A, - pK-7")

[BESIII, PRL118,112001(2017)]
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Systematic SU(3) Analysis

Os = ~(c8)(da) — (ca)(d3)

(c5)(du) = O + O+ ‘
Ors = 5l(c5)(du) + (cu)(ds)]

H.;r =aH(T5)TPBSME + bHE (T5)TPMSB. + cHE(15)B,M T

+ dHE(T5)MYBST? + e H®(6)T, . BoME + FH™(6)Toe MSB,
+ gH®(6)B,MZT,,




Cabibbo-favored processes

Process

Squared matrix element
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Singly Cabibbo-suppressed processes

Squared matrix element(mods?)

Process Squared matrix element(mods?) Process

Af = A°K+  L|—a+2b+2c+3d+2e —4f +2g|°| AF — £OK+ Ll—a—d+2e—2g?

Af - KO |—a + d + 2e — 2¢|* Af = pn®  L|2a—b+3c+2d—4de+2f —2g|°
AF — pr© %|—b—c+2f—|—2g|2 Af - nmt |—b+c—|—2f—f—2g|2
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= — $tg0 La—b+c+d—2e+2f| =F 5t ll—a—b—3c—d+2e+2f +4g
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Doubly Cabibbo-suppressed processes

Process Squared matrix element(mod s7) Process Squared matrix element(mod s7)
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Isospin Relations

AN, = X7 + AAS — X0%77) =0
AN = AYTKT) = VBAA = ATK) =0
AN — ATK?) — AAF — AK*) =0
AN = 7% — AN = Z977) =0

AET = Atn?) — AE) — An°) =0



U-spin Relations

1
—— AN - nK") + AES - E77) =0
sin” @ "
AN = ZK™T) AZT = nr") =0

sin 0
AN = nrt) - AEF - 2°KT) =0
_ 1
AN = pK) + ——A(E} = STK°) =0

sin“ @

1 _
— AN — pK°) + A(Z} — 2+K0) =
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1
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— 1
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V-spin Relations

AEH = 57K ) — AEF = 20 =0
AES = A7) = VBAES - 2 K% =0
WOAN = %) + AN = ATTET) = VBAAS — 20K )
+2V6AE = E0) + VBAE - SFKT) — AR —» QKT =0
V2(AF = 507 + AN 5 ATE) +V2AE = 59K ) + A(Z° —» = nt) =0
V3AAT = S K% — AAT — AT 7)) + V3AEY = =K
— VBAEL = = r7) =0
AN = ATKY) + V2A(E = BOK%) — AE" - Afr7) =0



Test Isospin symmetry

AN — 277 + AN — X%77) =0

Yot 1.27 + 0.08 + 0.03
N0 1.18 +=0.10 = 0.03

IBESIII, PRL116,052001(2016)]



Predictions

1
= A(Aj — EOI(+) + —ZA(Ej— — 'n.7r+) = ()
sin” @
B(Z" — na™) = (3.909 £ 0.028) x 10~°
— 1
= AN — pKO) + — 29A(Ej - YTKY) =0
S1I1

T AN > ATTKT

T AN - ATTKT

B(EF — BTK") = (2.471 £ 0.006) x 10~

) — VBANS = ATK) =0

BAF — AYR") = (1.208 + 0.277) x 1073

1

sin ¢

) — AN - AT 77) =0

B(AF - A7) = (6.215 + 1.425) x 10~

Aj— — p7T+7r_

(3.91 + 0.28 =0.15 = 0.24) X 10—3
[BESIII, PRL117,232002(2016)]
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AN = ATRY)

AN - ATTK) = —

1

aZg S 2 ETKY) =0 Predictions

B(ZF — ¥*TK") = (6.085 £ 0.007) x 107°

B(E" — ATTK")

1

sin ¢

AZr - ATTK™)

(1.235 £ 0.057) x 10°

AN — ATTK™) =

AN — pFO) +

1
sin @

(EF - AT n7)

B(Z5H — A" r7) = (6.813 £0.057) x 107°

V2

sin @

AN = pr®) + V2AA) - 7% =0

(7.146 +1.492) x 107° < B(A} — pr”)|< (4.530 £ 0.180) x 1077

B(AF — pr®) < 2.7 x 107* [BESIII, 1702.05279]



SU(3) analysis

‘More data -> More predictions
*Tested by experimental data

Check theoretical calculations



2. Prediction on =."—pK-n*



Eo—pK-mT

*This process Is always used to search for
new particles and their properties

+ New Q. states observed by LHCDb [prL118,182001(2017)
- In ESK with E5—pKn*
=y and =" states observed by LHCDb [PRL114,062004(2014)]
- in Z97 with Z'—E 7, EF—pKrn?
+ Mass and lifetime of =3 by LHCb [PrL113,032001(2014)]
- via EV—oE T, ES—opK ot

° Suggested to measure =" —E .t [1703.09086]

- But its branching ratio not directly measured

22
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A

* has the longest lifetime of charmed baryons

T(A]) = (200 -

- 6) x 10719,

7(2%) = (1121773) x 107 s,

T(EF) = (442 -
7(29) = (69

* better for measurements

 Mass: m=2467.87+-0.30MeV

mLc=2286.46+-0.14MeV

- 26) x 10 s,
12) x 10~ 1%s.



Branching Ratios of =."—pK-#*

« Absolute value not measured

ot

* But compared to =E."—E-n'7w

PDG (& -pkat)I(Er > 5 2z%)

VALUE EVTS DOCUMENT ID TECN

0.21 + 0.04 OUR AVERAGE

0.194 +0.054 47 £11 VAZQUEZ- 2008 SELX
JAURE..

0.234 +0.047 +0.022 202 LINK 2001B  FOCS

COMMENT

2~ nucleus, 600 GeV

y nucleus

We should know the branching fraction for estimation on events
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Branching Ratios of =

Under U-spin symmetry

A(EF = pK") =

|

—~AAS - X

STK n~

-

—>pK—

K*O)

(2.1 +0.6)x 1073

>TK*(892)° (3.6+1.0)x 1072

25

[(Ef - pK (8920 YT & — pK-n* )
PDG
VALUE DOCUMENT ID TECN
L0'54 +0.09 +0.05 y LINK 2001B FOCS
Br(Zf - pK—7") = (2.2+£0.8)% [1703.09086]



Branching Ratios of =."—pK-7*

Precision improvements are required

—x()

AEF > pK ) = —AAT - XTK* m
STK ™ (2.1 +0p) x 1073
>TK*(892)° (3.6+1.0)x 1072
[( £t - pK (892)° YT( £t — pK-x+)
PDG
VALUE DOCUMENT ID TECN
L0'54 +0.09 +0.05 y LINK 2001B FOCS

v

Br(Zf - pK—7") = (2.2+£0.8)% [1703.09086]
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Ed->pK-K-m*

This process Is always used to search for
new particles and their properties

*+ Mass and lifetime of =~ by LHCb [PRL113,242002(2014)]

- in Epy—oE71, EV—»pK-Kn*

* Mass and lifetime of Q,~ by LHCD [PrRD93,092007(2016)]
- using calibration of Z,~— =27, EV—pK-K-n*

| g |

+ Mass and lifetime of Z,"°by LHCDb [yHEP1605(2016)161]

y

- in Epat with £y — =27, EV—pK-K-n*
- But its branching ratio not directly measured

27



AF — pK2 and Af — pK?}

[D.Wang, FSY, in ready]



@ Charmed baryon decays have been widespread
concerned recently

= Many new decay modes have been observed
= They provide a platform to study the heavy-to-light baryonic
transitions

@ Charmed baryon decays are classified into three types:
CF, SCS and DCS decays

@ The studies of DCS processes are of great interest

i DCS decays are highly sensitive to new physics
i help us to understand the dynamics of charmed hadron decays
and test the SU(3) symmetry



Search for two-body DCS

@ Searching for the DCS transitions in charmed baryon
decays is significant subject

@ The first and only evidence of DCS transitions of charmed
baryon is found in three-body decays:

B(/\;r — p/‘(JrW_)/B(/\::r — pK_7T+) — (235 +0.27 £ 021) x 107°

& S.B. Yang et al. [Belle Collaboration], Phys. Rev. Lett. 117, no. 1, 011801 (2016)
@ The two-body DCS decays have not been seen

= The DCS transitions can manifest themselves through interfering
with the CF amplitudes in those modes with neutral kaons
= K2 — K asymmetry
@ D.Wang, F. S. Yu, P. F. Guo and H. Y. Jiang, Phys. Rev. D 95, no. 7,
073007 (2017).



Search for CP violation

@ Up to now, there is no indication of CP violation in
charmed decays

@ Direct CP violation in the SCS processes has been
studied a lot

= |t Is induced by the interference between tree and penguin
@ CPV can also occur in the modes with neutral kaons

= |nterference between Cabibbo-favored (CF) and doubly
Cabibbo-suppressed (DCS) amplitudes

@ A new measurable effect of CPV in D decaying into K2 ,:
the interference between charm decay and kaon mixing

i This comment is still valid in baryon sector

[D.Wang, FSY, H.n.Li, in ready]



@ Advantages compared to SCS processes:

== Only trees, no penguins, less ambiguities in theory
i Large branching fractions, decrease errors in experiments

@ Since we have not found the CP asymmetry of charm in D
meson decays, it would be a beneficial attempt to search
for the CP violation in charmed baryon decays

This work:
1. Discuss the K2 — K asymmetry in charmed baryon decays

2. Analyze the time-dependent and the time-integral CP asymmetry in
charmed baryon decays




@ The K2 — K? asymmetry in charmed-baryon anti-triplet
decaying into light baryon octet and neutral kaons is
defined as

R(BA(3)  BB)KL,) = (Be) = BOIKS) — T(Be(3) = B8)K)

[(B:(3) — B(8)K2) + I'(Be(3) — B(8)K})

@ K2 and K? are the combinations of K° and K -
K1) = pilK®) 7 ak[K°),

B 1+ ¢ Qi = 1 —¢€
V2O +1ed 7 V2 + R

Pk

K2 — K asymmetry is not sensitive to the CP violating effect in

the KO — K mixing, we can neglect the parameter ¢



@ The decay amplitudes of B;(3) — B(8)K2, can be

decomposed as

_ 1 . .
A(B¢(3) — B(8)K3) = ﬁ( oa VusTocs €008 — Vi Vg Ter €°6F),

a 1 | |
A(B(3) = B(8)K?) = ﬁ( * VusTpcs €°068 + ViV 4Tcr €CF)
@ With the conventions of
TDcse'.‘SDCS 1, e, Ve Vus
Toreor

~ —tan? Oc e'? ~ )\2,
Véks VUO’

the K2 — K}’ asymmetry can be expressed as
R(B.(3) — B(8)K3,) ~ 2rstan® ¢ cos 4

= R(By(3) — B(8)KY,) ~ O(1072)



@ Kg — KE asymmetries are proportional to parameter r;

= |f there is no DCS amplitudes in some decay modes, r; = 0, the
K2 — K asymmetry will be zero

== The non-zero K2 — K asymmetry will be the evidence of the
DCS decays of charmed baryons

@ We suggest to measure R(A; — pK2,)):
== The branching fraction of A, — pK2 has been measured:
B(/\g — ng)BESIII — (1 52 +0.08 & 003)%

G M. Ablikim et al. [BESIII Collaboration], Phys. Rev. Lett. 116, no. 5, 052001

(2016)

@ The two-body charmed baryon decays can be
generalized to multi-body decays

w Forinstance, \; — pKg,7°, N — pKg mtm™ ......




@ The CP asymmetries of B,(3
— B(8)K? de
defined by c(3) (8)Ks decays are

Acp(Bu(3) — pK2) = [(Bo(3) — B(8)KQ) — I'(Bc(3) — B(8)K2)
[(Be(3) — B(8)KY) + I'(Be(3) — B(8)KY)
—0 ___*
S
Ag_ Tt
DCS P /0/



@ The time-dependent CPV is obtained as

—0 . .
o A + ABE() + A

= AK,(t) is the CP violation in neural kaon mixing

Agi,(t) = 2Relele ' s — 2e7" (R e[e] cos(Amt) + IZm[e] sin(Amt))
w AZL(t) is direct CP asymmetry
AIL(t) = —2e7"s! tan® O rysin ¢ sin ¢

= ATL(t) is the interference between the charm decays and the

K° — K~ mixing

AGh(t) = 4tan? Oc 1y cos ¢ sin 5¢(Zmlele""
— e"(Zmle] cos(Amt) — Rele] sin(Amt)))

= Denominator: S,(t) = e "st(1 4 2tan® §¢ r; cos d cos )



@ The time-integral CP asymmetry is defined as

[i2 it [ARp(t) + Agin(t) + AZL(8)]
J,2 dt Sex(t)

@ The time-integral CP asymmetry is expressed as

ACP(t1 : t2) =

—2tan® fcrs sin §¢ sin ¢ 2R ele] + 4tan® §criZmle] cos ¢ sin 6z
1 + 2tan? H,r:cos df COS ¢ 1 + 2tan? O,rrcos d COS ¢

TImle]—2tan? O¢criRele] cos ¢ sin B -
[C(t1) N C(t2)} T Rele]+2tan? ng:Im[e] COS ¢ Sin 5: [S(t1) S(tz)}

sT (1 + x2)(e—t/7s — g—t/7s)

Acp(ti, f2) =~

X |1 —

in which x = Am/T, ¢(t) = e "![cos(Amt) — x sin(Amt)], and

s(t) = e "[x cos(Amt) + sin(Amt)]



@ With the approximation of x = Am/I ~ 1, we get

Acp(th < 75, 7s < b K 71)
—2Tm[e] — 2tan? Ocrs sin 6 Sin ¢ + 4 tan? OcriR e[e] cos ¢ sin 6y
1 + 2tan?0crf CoOSs ¢ COS d5

= Acp(ly < 75, 7s < I < 71) is dominated by the interference
— — -0
between K~ decays with and without K° — K ’ mixing AZs

i The interference between charm decays and neutral kaon
mixing A”ZL is at the order of O(10~*), which would be observed
by experiments in the near future

== We suggest to measure the CP asymmetry in A, — ng channel



Numerical Analysis via SU(3) symmetry

@ We use a SU(3) symmetry analysis, in which the
amplitudes are extracted by global fit, to estimate these
observables we discussed above

@ The reason of the SU(3) symmetry analysis

i The description of charmed baryon decays based on the
factorization assumption doesn’t work well

= The flavor SU(3) symmetry analysis has been argued to work
better in charmed baryon decays

@ SCS processes are expected to have large SU(3)
breaking effect and not included in our analysis



@ The effective Hamiltonian of charmed baryon decays can
be expressed as

Hetr =€H(6)Bc(3) ,,B(8)GM(8)§ + F17°(6) Be(3) . M(8)GB(8)5
_I_ngab( ) ( ) ( ) (3)cd

= This Hamiltonian is by following hypothesis
== The operators can be decomposed into irreducible
representations of SU(3) symmetry group. For example:

(5¢)(Td) = O + O,

1 _ _ 1 _
Os = 5l(sc)(ud) — (uc)(sd)],  Os = 5l(sc)(ud) + (uc)(sd)]
= The sextet component of the Hamiltonian dominate charmed
baryon decays by make an analogy with strange decays

@ M. J. Savage and R. P. Springer, Phys. Rev. D 42, 1527 (1990)



Modes Representation Bexp(%)  Bsua)(%)

AE — Art —5(—2e —2f —2g) 1.30+0.07 1.31+1.05
Af — ¥0nt —5(—2e+2f +2g) 1.294+0.07 1.26+0.86
Af — ¥ F70 —5(2e — 2f — 29) 1.244+0.10 1.2740.87

N — pK2 75 tan®0c(—2g) — J5(—2e) 1.58+0.08 1.58+0.13

A — pKp 5 tan?0c(—2g) + J5(—2e) 1.88-+0.14
AE — ZO0K+ —2f 0.50+0.12 0.51+0.12
=0 5 =7t 2e 1.66+0.21
=0 =050 -5(—2e +2g) 0.43+0.40

=2 = AK3  stan®dc(—4e +2f +2g) — 5(2e + 4f — 49) 0.4140.19

=2 = AK)  Z=tan®0c(—4e +2f +2g) + =(2e + 4f — 4g) 0.46+0.19
=0 5 YHK- 2f 0.32+0.08
=% - YK stan®0c(—2e) — 3(—2f — 2g) 0.24+0.39
=0 — ¥0Kp stan®0c(—2e) + 3(—2f — 29g) 0.21+0.36
=t 5 =0+ —29 7.62+8.78
=f = K2 75 tan®fc(2e) — 75(29) 1.74+2.08
=5 5 TtKp 5 tan®dc(2e) + 5(29) 2.03+2.25

6 data to fix 5 parameter  B(E: = AKg)/B(E; — E™ ") = 0.210+0.028



| +0.052) R(=?
J,) = 0.075+ 0.068, R(=; — £K2,)

— AKS [_) = —0.053 £ 0.028

—0.076 £ 0.045

@ Acp(ty < 15,75 < b < 71) in solution | (in units of 10-3):

Acp(N} — PKQ),
ACP(Eg —> zng)/

—2.70+0.29, Ace(

Eg — /\Kg)/ = —2.26 £ 0.58
—2.97 £ 0.59, ACP(Eér — Z+Kg)/ = —-3.21+0.18

@ Acp(ty < 75,75 < b < 1) solution Il (in units of 10~3):

ACP(A—g — ng)// = —3.20 4

-0.11, Acp(Z2 — AKQ) = —3.154+0.34

ACP(Eg — ZOKg)// = —3.95 1

- 059, AC/D(EJCr — Z+K§)//

= —2.77+£0.26




@ We can search for the doubly Cabibbo-suppressed charmed baryon
decays by testing the K2 — K asymmetry in those channels involving
K2 and K}’ mesons

@ The interference between charm decays and KY — K mixing can
induce CP asymmetry, which would be detected in the near future

@ A SU(3) asymmetry analysis for charmed-baryon anti-triplet decaying
Into the light baryon octet and pseudoscalar octet has been
presented.




4. Final-state interactions

Dynamics to be understood



Topologies of two-body
non-leptonic charmed baryon decays

A

' 4
X4
v

(T) (C) (C')
color-favored tree emitted color-suppressed emitted  color-commensurate
c d,s
: ‘ ; : % N/ :
ds ' cC
(E1) (E2) (B)

W-exchange 1 W-exchange 2 Bow tie
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Theoretical Framework

1. To understand factorizable contributions
— tree emitted (T) diagrams

2. To understand non-factorizable contributions
— final-state interacting (FSI) effects

- Calculate rescattering effects

A2 — m?\n
Fom=(Sa=r) =i p?  n=l
A = meye + MAoep [Cheng, Chua, Soni, PRD 71, 014030 (2005)]

Results are very sensitive to the value of n
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Summary

+ Charm baryon physics is becoming more
interesting, benefited by BESII|

- More measurements at BESIII and LHCb, and more
theoretical studies are worth for your hard work!

Thank you !



