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History of Charm Quark in Theory

In 1956, Sakata model: ( i )( ’ ) S. Sakata, Prog. Theor. Phys. 16 (1956), 686.
Z W e p

In 1959 Marshak: Kiev symmetry Lepton-Baryon symmetry

R. Marshak, rapporteur talk at 9th International Conference on High Energy Physics, Kiev, Ukraine, 1959.

R. Marshak, rapporteur talk at 11th International Conference on High Energy Physics, CERN, July 1962.

In 1962, Sakata et al (Nagoya); Katayama et al (Tokyo): (EP ! ) ( o )

7. Maki, M. Nakagava and S. Sakata, Prog. Theor. Phys. 28 (1962), 870. & M € K
Y. Katayama, K. Matumoto, S. Tanaka and E. Yamada, Prog. Theor. Phys. 28 (1962),675.

In 1964, Bjorken & Glashow: Proposed a 4th quark and invented the name “Charm”
B.J. Bjorken and S. Glashow, Phys. Lett. 11 (1964) 255.

In 1970, Glashow, lliopoulos and Maiani (GIM): = GIM mechanism (d) ()

B ———
S. Glashow, lliopoulos and Maiani, Phys. Rev. D2 (1970) 1285. sinfc w-
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The e*e” —~ hadron cross section is presumed
to go through the one-photon intermediate state
with angular momentum, parity, and charge con-
jugation quantum numbers JF¢=17", It is dif-
ficult to understand how, without involving new
quantum numbers or selection rules, a resonance
in this state which decays to hadrons could be so
narrow.

We wish to thank the SPEAR operations staff
for providing the stable conditions of machine
performance necessary for this experiment.
Special monitoring and control techniques were
developed on very short notice and performed ex-

acting| particles.

cellently.

*Work supported by the U, S.
mission.,

tPresent address: Laboratoi
Linéaire, Centre d’Orsay de 1’
Orsay, France,

fPermanent address: Institu
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Saclay, Saclay, France.
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Preliminary Result of Frascati (ADONE) on the Nature of a New 3.
Produced in e'e” Annihilation*

C. Bacci, R. Balbini Celio, M. Berna-Rodini, G. Caton, R. Del Fabbro, M., |
M. Locci, C. Mencuccini, G. P, Murtas, G. Penso, G. S. M. Spi

M. Spano, B. Stella, and V, Valente
The Gamma-Gamma Group, Labovatori Nazionali di Frascati, Frascati,

and

B. Bartoli, D. Bisello, B. Esposito, F. Felicetti, P, Monacelli, M. Nigro, L.
G. Piano Mortemi, M. Piccolo, F. Ronga, F. Sebastiani, L, Trasatti, a
The Magnet Expervimental Group for ADONE, Labovatovi Nazionali di Frascati, 1

and

G. Barbarino, G. Barbiellini, C. Bemporad, R. Biancastelli, F, Cevenini
F. Costantini, P. Lariccia, P, Parascandalo, E, Sassi, C. Spencer, I
U. Troya, and S. Vitale
The Bavyon-Antibaryon Group, Labovatorvi Nazionali di Frascati, Frascat
(Received 18 November 1974)

We report on the results at ADONE to study the properties of the newly foun

particle.

Soon after the news that a particle of 3.1 GeV
with a width consistent with zero had been ob-
served at Brookhaven National Laboratory by the
Massachusetts Institute of Technology group,’ it
was immediately decided to push ADONE beyond
its nominal limit of energy (2Xx1.5 GeV) to look
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Experimental Observation of a Heavy Particle J

J. J. Aubert, U. Becker, P. J. Biggs. J. Burger. M. Chen. G. Everhart. P. Goldhagen,
T ooy rov suctear seience ana neg D@ IOUEL C. C, Ting’, Sau Lan Wu
Cambridge, Massachusetts 02139
and
Y. Y. Lee

"(Received 12 November 1974)

We report the observation of a heavy particle J, with mass m =3.,1 GeV a.nd width ap-
proximately zero, The observation was made from the reaction p + Be—e ™+ e" + x by
measuring the e ¢~ mass spectrum with a precise pair spectrometer at the Brookhaven
National Laboratory s 30-GeV alternating-gradient synchrotron,

———

Discovery of a Narrow Resonance in e * ¢~ Annihilation*

J.-E. Augustin,{ A, M. Boyarski, M. Breidenbach, F. Bulos, J. T. Dakin, G. J. Feldman,
G. E. Fischer. D. Frvberger, G. Hanson, B. Jean-Marie,{ R. R. Larsen, V, Liith,

B Rl cht el'sron C. C. Morehouse, J, M, Paterson, M, L, Perl,
Rapidis, R. F. Schwitters, W, M, Tanenbaum,
and F, Vannuccii
Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305

and

G. S. Abrams, D. Briggs, W. Chinowsky, C. E, Friedberg, G. Goldhaber, R. J. Hollebeek,
J. A, Kadyk, B, Lulu, F. Pierre,§ G, H, Trilling, J. S. Whitaker,
J. WISS and J, E Zipse

(Received 13 November 1974)

We have observed a very sharp peak in the cross section for ¢ *¢™ —hadrons, e*e”, and

possibly u*u” at a center-of-mass energy of 3.105+0.003 GeV, The upper hmit to the
full width at half-maximum is 1.3 MeV,

Lawvrence Berkeley Labot sevkeley, Califovrnia 94720



The 1974 November Revolution of HEP: Discovery of a new QUARK — Charm (c)
5. 54+ B % i~ (Novewmben 1917) J/‘!I) = ¢cC 1974{;;51,%%11 E
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proximately 107 ¢m?, E. D. Weiner for help and assistance. We thank
The most striking feature of J is the possibility also M. Deutsch, V. F. Weisskopf, T. T. Wu,

that it may be one of the theoretically suggested S. Drell, and S. Glashow for many interesting

charmed particles® or a’s® or Z,’s,* etc. In or- conversations.

der to study the real nature of J,° measurements

are now underway on the various decay modes, TAccepted without review under policy announced in

e.g., an env mode would imply that J is weakly EditOI‘]ial of 20 July 1964 [Phys, Rev. Lett, 13, 79

intarantine in natura (1964) 1.

'The first work onp +p —p*+u” +x was done by L. M.
Lederman et al., Phys. Rev. Lett, 25, 1523 (1970),

YU OAMIAA WA LALGAAAAR ASA s ALe ALs ALEAM GAIAMA LIAL GALLL L 2ICAL oD, WelnDeI‘E_PhyS Hev, Lett, 19 1264 (1967) and
an 27, 1688 (1971), and Phys. Rev, D§ 1412, 1962 (1972),
VOLUME 25, NUMBER 21 P H his —"’After completion of this paper, we learned of a sim-
ng, ilar result from SPEAR. B, Richter and W. Panofsky,
for private[c .
. — R Letter []
v 55500ps! — Leon! (miss charm)
;Ingd,  (1970). )
6 and tradictio» ik 4hn Ania
| |
ruys 1977: Repeat of J/WY at 9.5 GeV, ,,,
5
£ | 1 ervation of } O | — L | f d b t
§4L i oopSl eon- ln eau y
’ !
o ' | ison, G. S. Hicks, L. M. Lede ... ) =+ . sssssussy waw o G. Pope
3 . | York, New York 10027, and Bvool TNIU gﬁﬁﬁ pton, New Yovk 11973
& ‘
an)
z
2l i
89 f E. Zavr*—==
S CERN Laboratory, Gei B tt k- b
It . e ed 8 Sept: o Om quar .
'’ 2 _
I .
: oy, <6.7 GeV/c2 have been observed in collisions of
° 1 “"“ %wﬂ’ ;}'&' mj c 2
int
mcx 2 < ¢ o8
0 12 3 a4 5 6 17

Mun [GeV/c‘]




Prog. Theor. Phys. Vol. 46 (1971), No. 5

A Possible Decay in Flight
of a New Type Particle

Kiyoshi N1U, Eiko MIKUMO
and Yasuko MAEDA*

Institute for Nuclear Study

' University of Tokyo
$:ﬂ"‘% *¥*Yokohama National University

Klyoshl N|u

August 9, 1971

A pair of naked charm particles was discovered m 1971
In a cosmic-ray interaction, three years prior to the discovery
of the dden charm particle, J/W, in western countries.
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® Recent Progresses in Charmed Baryon Decays
Recent experimental developments in charmed baryons:

BESIII at the Beijing Electron Positron Collider (BEPCII)
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TABLE I. Experimental data for charmed baryons given by the BES-III collaboration, where the
first and second uncertainties are statistic and systematic errors, respectively, while the relative

branching ratios are measured B(A] — pK~n") and X refers to any possible final state particles.

Many newly measured

Decay channels Absolute (¥Relative) branching ratio| Up-down asymmetry

A — Aety, (3.63 +0.38 & 0.20) x 1072 [1] h d b ry d y

Af — pK? (1.52 £ 0.08 £ 0.03) x 102 [2] 0.18 +0.43 +0.14 [11] C arme a on eca s :

Af = pK—nt (5.84 £ 0.27 £ 0.23) x 102 [2] —

A — pK2n® (1.87 £ 0.13 £ 0.05) x 1072 [2]

Af — pK3ntn~ (1.53 £ 0.11 £ 0.09) x 1072 [2]

Af o pKTmtn® | (453£0.23£0.30) x 107 [2 1] M. Ablikim et al. [BESITI Collaboration], Phys. Rev. Lett. 115, 221805 (2015).
A — An? (1.24+007£0.08) x 1072 2] ]-0.80£0.1140.02 [11] [2] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. Lett. 116, 052001 (2016).
A} = AntnO (7.01 £ 0.37 £ 0.19) x 1072 [2] - :

S (3514024 £ 018) x 102 [2 [3] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. Lett. 117, 232002 (2016).
AF s 50+ (1.27 40,08+ 0.03) x 10-2 [2] 0734 0.17 4 0.07 [11] [4] M. Ablikim et al. [BESIII Collaboration], Phys. Lett. B 767, 42 (2017).

AF 5 S0 (11840.104003) x 102 [2] | —~0.57 %010 £ 0.07 [11] [5] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. D 95, 111102 (2017).

A¥ = Strtae (4.25 + 0.24 + 0.20) x 102 [2] [6] M. Ablikim et al. [BESIII Collaboration], Phys. Lett. B 783, 200 (2018).

AF o Stw (1.56 % 0.20 £ 0.07) x 102 [2] [7] M. Ablikim et al. [BESIII Collaboration], arXiv:1811.08028 [hep-ex].

AF — prtn %(6.70 £ 0.48 £ 0.25) x 102 [3] [8] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. Lett. 121, 062003 (2018).
A} - pKTK~ %(9.36 £2.22 4 0.71) x 1073 [3] [9] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. Lett. 121, 251801 (2018).
A} — po (1.81 +0.33 £ 0.13) x 1072 [3] [10] M. Ablikim et al. [BESIII Collaboration|, Phys. Rev. D 99, 032010 (2019).
AY — Aptuy, (3.49£0.46 +0.27) x 1072 [4] [11] M. Ablikim et al. [BESIII Collaboration], Phys. Rev. D100, 072004 (2019).
AF — pn® < 2.7 x 1074 [5]

AF — pny (1.24 +0.28 £ 0.10) x 1072 [5]

Af - E0Kt (5.90 + 0.86 + 0.39) x 1072 [6] 0.77 £ 0.78 [6]

A} = 2(1530)°K*|  (5.02+£0.99 £0.31) x 1072 [6] —1.00 £ 0.34 [6]

Af - Sty 1.34 £0.53 £ 0.21) x 1072 [7]

AF = AX 38.2128 +0.8) x 1072 [8] ———

A} — Xetr, 3.95 +0.34 £ 0.09) x 1072 [9]

A} — Annt 1.84 4 0.21 4 0.15) x 102 [10]

A} — %£(1385) "7 (9.1+1.8+0.9) x 1072 [10]




BELLE at the KEK-B factory Talk: V5

TABLE II. Experimental data for charmed baryons given by the Belle Collaboration, where the

first and second uncertainties are statistic and systematic errors, respectively, while he relative (D

branching ratios are measured B(A] — pK 7).

<[>

Decay channel [Absolute (*Relative) branching ratio

A}Y = pK—mt (6.84 £0.247021) x 1072 [1]

A}y = pK+m— (2.35 +0.27 £ 0.21) x 1073 [2]

A('f — prﬂ'o < 1.53 X 10— [3] [1] A. Zupanc et al. [Belle Collaboration], Phys. Rev. Lett. 113, 042002 (2014)

Ag_ s I{+I{_pﬂ'0 < 6.3 x 10_5 [3] [2] S. B. Yang et al. [Belle Collaboration], Phys. Rev. Lett. 117, 011801 (2016)

[3] B. Pal et al. [Belle Collaboration], Phys. Rev. D 96, 051102 (2017)

Ag_ — [{_7r+p7r0 *(0685 + 0.007 = 0018) 3 [4] M. Berger et al. [Belle Collaboration]|, Phys. Rev. D 98, 112006 (2018)

AT = Yttt *(0719 +0.003 + 0024) A [5] Y. B. Li et al. [Belle Collaboration|, Phys. Rev. Lett. 122, 082001 (2019)
6] Y.B. Li et al [Belle Collaboration], Phys. Rev. D100, 031101 (2019).

A} — X0r+qd %(0.575 4+ 0.005 4 0.036) [4]

A} — B+aOq0 %(0.247 £ 0.006 £ 0.019) [4 “F @ é] W\

= 5=t (1.80 £ 0.50 & 0.14) x 10~2 [5]

=0 5 AK—7+ (1.17 + 0.37 + 0.09) x 102 [5] ®

=0 5 pK~ K7t (5.8 4£2.3+0.5) x 1073 [5]

=+ E-rtrt (28.6 + 12.1 + 3.8) x 10~3 [6] @

=F -5 pK (4.5+2.1+0.7) x 1073 [6] Belle IT
=F — pK (892)0 (2.5 +£1.6 £0.4) x 10~3 [6]




LHCb discoveries pentaquark-like charm baryons P (uudcc)
by the Chinese group (4 @ &) iA)
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Y,_,,(ZOIS) ‘@ LHCb 1s a charm factory
L - and has the world’s largest

P:(4440), P; (4457) sample of charm decays

P (4312)
(2019)
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Precision measurement of the A+

C

R. Aajj et al. [LHCb Collaboration], Phys. Rev. D100,

Abstract
We report measurements of the lifetimes of the AT, =F

be

=T and = 0 baryon lifetimes

032001 (2019).

and Z? charm baryons using
proton-proton collision data at center-of-mass energies of 7 and 8 TeV, corresponding
to an integrated luminosity of 3.0 fb™!, collected by the LHCb experiment The
charm baryons are reconstructed through the decays AT — pK o7, = — pK =™

and =Y — pK~K 7", and originate from semimuonic decays of beauty baryons.
The lifetimes are measured relative to that of the DT meson, and are determined to

LHCb (7y+,7et,7=0) = (203.5+ 2.2, 456.8 £ 5.5, 154.5 -

PDG2018 (7,4, 7o+, 7o) = (200 £ 6, 442

- 26, 112 4+ 12) s

Averaged Values (7,+,7z+,7=0) = (203.1 2.1, 456.2 5.4, 153.0 -

-2.5) fs

- 2.5) fs



Extensive recent theoretical studies on weak decays
of charmed baryons (cross-strait % s & # ):

H.Y. Cheng et al in 1990s and recently:
H.Y. Cheng, " Charmed Baryons Circa 2015," arXiv:1508.07233 [hep-ph] Talk: 17 2 5%

H.Y. Cheng, X.W. Kang and F.R Xu, **Singly Cabibbo-suppressed hadronic decays of Ac"," Phys. Rev. D97, 074028 (2018)
J.Lou, F.R Xu,G.Meng, H.Y. Cheng, *Two-body hadronic weak decays of antitriplet charmed baryons,” 1910.13626

C.D. Lu, W.Wang, F.S.Yu..... Y.K.Hsiao....X.Q.Li et al, X.H.Guo et al :

C.D. Lii, W. Wang and F.S. Yu," " Test flavor SU(3) symmetry in exclusive Ac decays," Phys. Rev. D93, 056008 (2016)

RH.Li, CD.Li, W. Wang, F.S. Yu, Z.T. Zhou, " *Doubly-heavy baryon weak decays:.....,” Phys. Lett. B767, 232 (2017)

W. Wang, ZP. Xing and J. Xu,"*Weak Decays of Doubly Heavy Baryons: SU(3) Analysis,” Eur. Phys. J. C77, 800 (2017)
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® Charmed Baryon with SU(3); Flavor Symmetry

QCD SUB)*x SUGL* SUGR* U()g —— SUB)c* SUQ)r-1+k < U(1) SU(B)F
- q 3 3 1 13 3 3 1/3
Three ligh:l quarks g 3 1 Bl 1/3 3 3 13 Flavor
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SURB)r: 3@®3X3=10sP8MmsP8M: P1a
SUR2)oin : 2Q2Q2=4sP2MmsE
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Effective Hamiltonians for charmed baryon decays with SU(3)r

The effective Hamiltonian for the semileptonic ¢ — q I vi transition with q=(d or s):

Gr _ _ (192)v—a = G Yu(l —75)q2
HE. = —V, _al@,vp)y—
=7 (qC)v—a(Uve)v_a @0y = Ty (1 — 75)or
For the non-leptonicc — s u cT, c—ouqqandc—ud s transitions,
Gr

Herr = V2 {VcsVud(C+O+ +¢_0-) + VeaVua(€401 +c_O_) + VeaVis (¢4 0}y +¢_0OL) }

Cabibbo-allowed Cabibbo-suppressed doubly Cabibbo-suppressed

B ——— S — —

(‘/;svuda ‘/cdvuda Vcdvus) — (1, —Sey _Sg) Sc = sIn 90 = 0.2248

e ———

Oi = %:(ﬁd)V—A(gc)V—A :|: (gd)V—A (Z_LC)V_A:
Ol = %:(ﬁQ)V—A(qC)V—A + (qq)v—_a(uc)y_a Or=0% -0
O, = %[(ﬂS)V—A(CIC)v—A + (ds)v—a(uc)y_al



Gr

SU(3)r:  (gc) forms an anti-triplet (3)  #¢,, = EH (3)(thyve)v—a
(3:4")(g;c) with 3:9"q; being decomposed as 3 x 3 x3=3+3"+6+ 15
.1 I
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H = = {c_H(6) + e+ H(15)} H}*(15) = H3(15) = 1,
V2 HI(T5) = H2\(T5) = —HE(T5) = —H3'(T5) = 5.
H;*(15) = H3'(15) = —s¢,
The Hamiltonian without QCD corrections: 0 — 9 — 1 ) = gy =
The first order QCD corrections: .1 _ 1 4+ %5, My A —1- %, Miy
- 2 + 2
2w u 2T
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®  Updated Results of Charmed Baryon Decays with SU(3)r
Semileptonic decays of charmed baryons

C.0. Geng, C.W. Liu and T.H. Tsai, “Semileptonic Decays of
Anti-triplet Charmed Baryons,” Phys. Lett. B792, 214 (2019).

TABLE 1. Decay branching ratios of B — BpfTvy based on SU(3)s with B(Eg — Z7€e 1) in

PDG and B(Z} — Z%T"v,) extracted from the measurement on B(Zf — Z-n"7«") by BELLE [1]

and

OmMm—>»0 VC

B(EV—s="etw,)
B(Ef = ntxt)

in PDG [2, 3].

—_—

Branching ratio SU(3); |HQET [4]|LF [5]|MBM |NRQM LQCD Data
102B(Af — Aetv,) | 34£03| 1.42 1.63 | 3.86 | 4.86 [3.80+£0.22[7]|3.6+£0.4 [2]
102B(A} — Apty,) | 3.2+0.3 - - | 3.76 | 4.74 |3.69+0.22[7]]3.5+0.5 [2]
102B(Z}F — =% 1w, [114£1.0 - 539 | 13.6 | 17.1 - 6.6137 [1-3]
1028(ZF — =0uty,)[10.8£1.0] - - | 13.3 | 16.6 - -
102B(EY - E-etr,)| 3.7+£0.3| 086 | 1.35| 4.56 | 5.68 s 1.84+1.2 [2]
102B(ZY — E-pty,)| 3.6 £0.3 s - | 4.44 | 5.52 - -
10°B(Af — netv,) | 5.3+£0.5 - 2.01 | 3.33 | 5.32 [4.104+0.29 [§] =
10°B(EF — X%tv,) | 4.9+ 0.4 - 1.87 | 3.62 | 5.60 . -~
10'B(Ef — Aetre) |23.2+£2.0 - 822 | 15.1 | 22.4 . =
109B(Z) — Z-etre)|33.0 £ 2.9 - 047 | 25.2 | 39.2 - =




Om—>»0 0C

TABLE II. SU(3)s , MBM and NRQM averaged up-down asymmetries

Asymmetry (o) SU(3) MBM |[NRQM Data
AF — Aty [—0.86 £ 0.04]-0.729| -0.504 |—0.86 + 0.04
=+ — Z0+y, |—0.83 £0.04|-0.732| -0.516 -
=0 » = ¢*y, |—0.83 £0.04|-0.737| -0.515 -

AY — nlty, |—0.89 +0.04(-0.680| -0.379 -
= = Y%+, |—0.854+0.04|-0.741] -0.426 -
=t — Aty |—0.86 £ 0.04[-0.680| -0.377 -
=) — Y0ty |—0.8540.04]-0.734| -0.424 -

C.Q. Geng, C.W. Liu and T.H. Tsai, “Semileptonic Decays of

Anti-triplet Charmed Baryons,” Phys. Lett. B792, 214 (2019).



Two-body nonleptonic decays of charmed baryons B. = (20, ~EF A7

LA+ Ly oyt p 75(m° + cgn + ss1) mt K*
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M (B .— B, M ) = iug, ( A — B'YS) uUp, spin-dependent amplitude
S — T

Note that A and B are relatively real if CP is conserved and FSs are negligible.

e

B ——
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Differential decay rate: ZF—O x1+aPg_ -pp. =1+ acosb,

Up-down asymmetry:

a = . RE(A B) , K= PB,, Eg_ and pp,_ the energy and three momentum of B,
|A|?> + x2|B|? Eg, + mp, e — e—
= dP(I-jBn 'ﬁBn — +1) B dr‘(ﬁBn .ﬁBn — -1)

~ dr(Pa, - pn, = +1) +dU(Pa, - pn, = —1)

the longitudinal polarization asymmetry, i.e. Pp, = a.




M(BC — B, M ) = upg,, (A — B"y5) up, spin-dependent amplitude
AB.5B.M) =

aoH (6)i;(BL)" (Bn)i.(M); + arH(6)i;(BL)™ (Ba)i(M)] + a2H (6):;(BL)™ (M) (Ba)] +

o (6);;(B,) (00! (B [

B®s.sB.M) = A(BcaBnM){agl) — b§”}

Hefp = Cr {c_H(6)+ c+H(15)}

qi W _m v
C g Two reasons:
q; O ~ 0 qg; 1.( /c+)2

9k 2. 0 = —(uds + 5du)c 18 symmetric, whereas the baryon wave function

is totally antisymmetric in color indices.

. Vanishing nonfactorizable contributions

What is about the factorizable parts of H(15)? C.0. Geng, C.W. Liu and T.H. Tsdi,
Phys. Lett. B790, 225 (2019).

:‘
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Channel 10°Bezp Qexp
AF - A7t 13.04+0.7 —0.80+0.11
Af — pKg 158408 010010
Af - ¥% T  129+07 —0.57+0.12
AF -3 2% 124410 —-0.73+0.18
Af =¥tnp 41420
AF -3ty 134457
Af - 2Kt 59410 097 £0.78
A —pr®  0.084+0.13
AF — py 1.2440.3
A — A°KT 0.61+£0.12
AF = 3Kt 0.524+0.08
=0 3=t 180£52  —0.6+04

=t 5 Z0pt 16 + 8

C

=0 5 AOKY

C

“R=o **0.210 £ 0.028

C.0.Geng, CW.Linand 10°Bdm  odin | of anti-triplet

charmed baryon decays, 13.0

. 106
18 data points above 94

224
(a’la ao, as, 74

S —

13
0.13

1.28

1.07
x?/d.o.] 079

64.7

17.2
6.7

*Not included in the d
“*Rzo = B(Z) - AKyQ)/:

0.93
(.75
.76
.76
0.95

+0.90
-0.97

.55
-0.96
(.73
0.95
-0.78
-0.86

Lou-Xu-Meng- Cheng '
arXiv:1910.13626

(a1,as, a3, ag,@) = (3.79 £ 0.41, —1.61 £ 0.21,1.20 £ 0.40, —0.13 % 0.72, crsre v

2019).

)arameters:

ab675)

1 + ag — ag)

by + by — b3)

-GeV?2,

(b1, ba, b, bs, b) = (—10.80 £ 1.16, —7.06 & 1.05,0.77 & 1.46, —3.51 £ 2.03,10.98 & 4.78) 10 2GrGeV>.
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Cabibbo Allowed

10°B o

channel

channel 10°B o

A} — A7+ 128 £0.7 —0.76 £ 0.09
A - pKs 158+08 —0.99700
A} - pK; 156+08 —1.0079"%
AY - pK® 313+16 —1.007)%
A} — X7t 12.6 £0.6 —0.60 £0.10
A - 27" 12,6 £0.6 —0.60 £0.10
Af =+ Ttp 29413 —07170%5
AF Yty 145459 0987002
Ay 529K+ 57+£09 1.01),,
=+ XtKg 363 075705
=F 5 YtKp 29730 1.0%).s
==+ XtK0 6370% 09170
=F 520t 42417 -049138

0.13
6.6+04 —089+013

7.2+04 —-0874+0.13

0
c
0
c
=0 5 A°KY 138+08 —0887013
0 0.6+06 0.18+0.79
0
C
0
C

=0 5 %K, 05+05 0.7280%
=05 ¥0K0 11411 0455073
20 L NHK- 74414 094709
=0 52070 o08+14 —0.96700;
=0 5= 128+23 0.78+£0.17
20520 117456 1.00%)

=0 52t 201+£14 —1.0010%




TABLE V. Summary of our results with SU(3)r and those in the literature for the up-down
asymmetries of the Cabibno-allowed charmed baryon decays, where the data, KK, XK, CT, UVK,

Cabibbo Allowed

Zen, Iva, SV1, and SV?2 are from the PDG [2], Korner and Kramer [27], Xu and Kamal [28], Cheng — —
and Tseng [30], Uppal, Verma and Khanna [3f 17t ' al. [33], Sharma and
Verma [34], and Sharma and Verma ey | H.Y Cheng et al, 04707)
— d " Phys § arXiv:1910.13626 ). v —
updated result e —— M-
Af = A%t —0.76+0.09 —0.80+0.11 . 093 7 _090 —087 —0.99 —095 —099  input
(—0.95) (—0.85)
U Ar5pr?  —0.90190 -0.75 —0.00 —0.99 —0.66 —0.97 —0.99 —0.99 + 0.39
P (—0.49) (—0.99)
D AF = X%t —0.60+0.10 £0.57 £0.12\ -(.76 —049 —032 039 043 —0.31 —0.45+0.32
A (0.78) (—0.32)
AF - 2t20 —0.60+0.10\0.73+0.18/ -().76 049 —0.32 039 043 —0.31 input
T (0.78) (—0.32)
E rf-2tn —0ndSs -0.95 —094 0 055 —0.99 0924047
D (—0.99) (0.96 + 0.34)
AF -ty 0981002 . 0.68 —0.91 —0.05 0.44 —0.75+0.38
(0.68) 0.44 (—0.91 =+ 0.40)
AF - =K+t 1.001002 0.90 0 0o 0 0 0

a(AF — ZOK ) aynamicat moder = 090 Tou, Xu, Meng, HY Cheng, arXiv:1910.13626 (2019)

The signal processes A} — Z®09K+ are simulated by taking
into account the angular dependences 1 + @z C0s% 6. We ob-
tain the parameters azx = 0.77 £0.78 and az*x = —1.00 £ 0.34
from fits to data, where the statistical uncertainties are dominant.

a(A7 = =K )su() = 1.0010-03

BESII

S — B



Cabibbo Suppressed

10'B Q

10'B

OmMm—>»0VC

channel channel et
AF = A'K+ 6.6 +£0.9 0.05+0.26 _
¢ =0 5 A% 29+1.0 0.07 £0.22
—+pn ba=lz 036 = (:j: =0 5 A% 7.9+26 —0.1240.24
11.3 + 3.2 —1.0019%  _
— P +30 =0 4 AOy 20.9 +10.9 1.001 4
— prf 22.7 £10.9 1.00%* - _
I, . et o i‘;“:g' =2 — pK 58+1.3 0.83 £0.11
— N . . . . =0 0
=0 5 nK 10.6 £ 0.6 —0.76 £ 0.11
AR 5 XOKH 5.2+ 0.7 _0.97t00
c = = ' ' -ggj =0y 3040 5.0+0.9 —0.69 +0.23
At 5 S+K0 104+1.4 —0.97F5
- 0 —003 =0 _, 50, 1.6 0.9 —0.32+0 72
=+ 5 A0+ 12.0 £ 4.3 0.04+0.18 _, " 0.04
+ 5 pK"© 463+ 7.3 0.82 £ 0.07 R v -~
— P . . —U. X — _ 0.08
£y YO+ 26.5 + 2.5 0.63 £ 0.12 = = Btr L .
— LT - . —u = Yar o 18.1 £ 0.8 —0.99 £ 0.01
- + —
—+ % 220559 0-25£0.52 =0 _, zogo 04404  —0.55%0.09
=+ 5 Xty 13.3 + 8.8 022+065 5 —_ 0.03
c oo 2l 5 E-K+ 12.6 +£0.7 —1.00%y
+ _, y+ 34.8+17.9 0.961 9%
= 5 =Kt 76+1.3 0.41 £+ 0.19
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Cabibbo Suppressed: Up-down Asymmetries

TABLE VI. Summary of our results with SU(3)r and those i the literature for the up-down
asymmetries of the singly Cabibbo-suppressed charmed baryon decays, where UVK, SV2 and CKX

are from Refs. [31], [16] and [37], respectively.

Lou-Xu-Meng- Cheng

31
16

37

channel our result UVK") sva() CKX  whnBI016%
AF - pr®  0.36+£053 0.82(0.85)  0.05(0.05) —0.95 097

AF = pny —1.0055%  —1.00 (—0.79) —0.74 (—0.45) —0.56 -0.5

A} — pif 1.00°5,,  0.87 (0.87) —0.97 (—0.99) —

A} - nmt  028+0.13 —0.13 (0.68) 0.05 (0.05) —0.90 -0.73

AF = A°K+ 0.05+026 —0.99 (—0.99) —0.54 (0.97) —0.96 -(.96

A} — SOK+ —097"50s —0.80 (—0.80) 0.68 (—0.98) —0.73 73

Af - T+KY —0.97170; —0.80 (—0.80) 0.68 (—0.98) —0.74 72

T. Uppal, R. C. Verma and M. P. Khanna, Phys. Rev. D 49, 3417 (1994).
K. K. Sharma and R. C. Verma, Phys. Rev. D 55, 7067 (1997).

H. Y. Cheng, X. W. Kang and F. Xu, Phys. Rev. D 97, 074028 (2018).
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Doubly Cahibbo Suppressed

10°B

channel o

A} — pK© 0.8+1.1 0.97+3%
A} - nK+ 0.5+ 0.2 —0.61F050
Ef - A’K+ 31405 0.50 £ 0.16
=f — pr? 53+1.2 0.81+0.12
= — 198 +7.6 —0.58 £0.12
=F - pnf 35.3 &+ 20.4 0.97+0%
=+ - nrt 10.7 +2.4 0.81 £+ 0.12
= - XOK+ 12.1 £ 0.6 —1.00) 52
Ef - L+KO 186 +1.6 —0.96%9 41
=0 5 APKC 0.9+0.3 0.00 £ 0.33
=0 pr— 3.6+0.8 0.81 £ 0.12
=0 — na' 1.84+04 0.81£0.12
=0 5 np 6.6 +2.5 —0.58 +0.12
=0 — nyf 11.8 +6.9 0.97+592
=) 5 ¥OK° 3.1+0.3 —0.96+0 11
=) 5 YKt 8.1+04 —1.0010-%




Three-body nonleptonic decays of charmed baryons

J.Y. Cen, C.Q. Geng, C.W. Liu and T.H. Tsai, “Up-down
Bc — Bn MM’ asymmetries in charmed baryon three-body decays,”
Eur. Phys. J. C79, 946 (2019).

I ———

M(B, = BoMM') = (B,MM'|H,;;|B.) = iiig, (A — Bys)ug,
Under SU(3)r flavor symmetry:

A(Be = BoMM') = ay(Bp){ (M)[" (M), H(6)xT" + as(Bn); (M)] (M), H(6)xT"
+az(Bn); (M) (M);, H(6);3 TV + as(By); (M);(M){* H(6)imT"
+as(B,,) (M) (M)h H(6)yTY + ag(B,,), (M) (M);H(6)m T

B(B. — B,MM') = A(B. — B,MM"){a; — b;} T4 = 7%(Be)x
— )k

I ———

Remarks:
1. Consider only the S-wave (L=0) contributions from MM’ in the amplitudes.
2. Neglect the contributions from H(15).

3. Take the data with only the non-resonant parts.



TABLE IV. The data inputs from Refs. [3, 28-31] and reproductions for B(A7 — B,M M).

data |our results data |our results
10°B(A} - pK—7%) [3.4+04| 34405 || 10°B(A} - pK®)) [1.6+04| 0.7+0.1
10°B(AF - A°K+TK%) 5.6+ 1.1 58+1.0 || 10?B(A} — E+7%Y) [1.3+£0.1| 1.3+£0.2
10°B(A} — A% q) [1.8+03| 1.7+£0.3 || 10°B(Af - pK*t7™) [1.0£0.1| 1.0£0.1
102B(Af - Etatn—) (44+£03[ 45403 [[10°BEF - Entat) |47+ 17| 54+1.3
10°B(A} - X 7t7+)[1.94+02| 1.94+03 [[10*B(E2 - A’K—7%) |1.94+ 06| 224+06
10°B(Af — X07+7%) (22+08] 1.0+£0.1 [[10'B(Z? - A°K-K*)|5.2+ 19| 6.2+1.2
10°B(A} - YK +t7n7)|2.1+£0.6] 254+0.3
10°B(AF - E"K+7+)[6.2+0.6| 6.1 £0.8
10°B(A} — pr—mt) [4.2404| 47404
10'B(A+ — pK—K+) [5.2+£1.2| 5.0+£1.2 a;| result ((b;| result
ai| 9.2+0.7 |[by]|18.3£0.9
16 data points above to fit with 12 real parameters:  |a,|—3.7 + 0.5(|b,|—0.8 + 2.4
as|—7.3+0.4(by| 4.4+ 2.1
XQ/d-O-f — 9.6/4 — 924 ag| 2304 [|by|—-54£29
as|11.5 £ 1.3 |[bs| 38.8 £ 2.2
ag|—3.7 +£0.2||bg| 12.7 £ 2.3




TABLE VI. Numerical results for B(A — B,MM").

CF mode 1088 CS mode 1048 DCS mode| 10°B
Nta0n0 6.6+34 Hx0K?| 094+ 28 || 2tKOKkO [13+05
Y+KOKO 29+07 YHK9%P 1026 £ 0.06|| XOKOK+ |1.34+05
LCtKYK~ 25+03 YoRO0K+| 78+23 [ KTKT([1.34+05
StnP? 1(3.2+£04) x 1074|2072t K9 96+27 prPK? | 50+ 6
NO0x+g0 6.3+32 YOK+n000.13+0.03|| pKO® [33427
LK TKO 0.26 + 0.09 pro=0 2442 nr’Kt | 5116
0ROkt 3246 pxn° RE =g artK? |99+ 11
S0zt KO 44+ 8 pKOK?O 37T+ 8 nK+tn0 |341+27
pnol_(o 23+4 pqono 28+12
net KO 11+1 netq® | 67+13 TABLE IX. Numerical results for {a)(A; — BoMM’).
+0
nK+K —— CF mode (a) CS mode (a) DCS mode (a)
APx°K+| 3516 Af - 5ta070 | 0854013 || A - 2+0KO | 076 £022 || AF — N+KOKO | 0434032
Aot KO| e7+11 A 5 nta%° [ 0814018 ||AY = Rt~ K| 0.75+0.15 || AY = ROKOK+ [—0434+0.32
AOK +700.45 £ 0.10 A} s Strte= [ 0164027 || AL = BHK %P | —0.05 £ 0.07||A} = B KTK+|-04340.31
A 5 DYKOKC | 068+ 007 |[AF - 2%°K+ | 0.75£0.10 || Af — pr®K° | 0031597
AY S ETKYK—|—006 2011 AY 5 2% tK? | 0752022 || AY 5 pr— Kt | 0931007
AF 5220 | 0034+000 (| A} = 20K +9° [-0.05 £ 007|| A} = pK%%° |-0384+045
AL 5 2%+ | —0061007 ||AY = 2atKt| 0.70£0.70 || AY = nxKt | 0931007
A 5 X% tn® | 0814£0.18 || Ad = pr¥x0 |-095+0.05|| AZ - nxtK? | 0931007
A 5 2OKTKO | 0.304+0.60 A 5 pr%° [ 084+£009 || AY - nKty® |-0384+045
AY s Ertat | —0061007 | AT = prtr— [-0.95+0.05
AY 5290kt [ 0784003 || AF = pKOK® | 0.84 £0.05
AY 5% tK? [ 0964000 || A} = pKtK~ |—-0.91 +£0.00
A S5 E 7Kt |—078+013(| AY =p®° | 062+021
A 5 pr®K° | 0112028 || Ad =5 nxty® | 0.85£0.00
A s prtK— | 0894010 || AY = nKTK? | 0.04+0.03
A} = pK%° |-038+022([ A} = A%OKt | 0.97 £ 0.00
Al - nnt KO —O.QItg:(l)g Al = A%+ KO | 0.97 £ 0.00
AY 5 A%ty [ 0542015 || A = AKt5° | —028+0.28
AF 5 A°K+K9 | 0.41+0.08




®* Summary

v We have studied the weak decays of charmed baryons B, = (=0, —=+ A+
based on SU(3)r flavor symmetry.

[ ¢ Rich physics for Charmed Baryons at BESII, LHCh, BELLE(I]) ...... P T
More theoretical and experimental studies are needed. T3
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