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Charmed baryons from 4.6 to 5.6 GeV
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B Outline

* Open charm baryon
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BESIT Discovery of the charmed heavy baryon

* Not exclusively clear about the first observation
« A number of experiments which published evidence for the

charmed baryons beginning in 1975
v Hint of c-ed baryon X}*— Atnt from neutrino in BNL PRL34, 1125 (1975)
v’ First evidence of At at Fermi Lab pPri37 882 (1976)

« The first well established state is the AL at Markll pPrL44, 10 (1980)
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BESIT The charmed baryon family

« Singly charmed baryons (a) Charmed baryons
v’ Established ground states: = ﬂ?w ~os
Ar, z., 2V q, AR
) ) ‘-‘C ) | c
v Exoited states are being exploread 12710040 "’4572980’ N
* No observations of doubly or triply charmed | P . \Ze™ %
baryons, except £+ in 2017 by LHCb 7—Ae2880) B
+ e B ? gglggs 00) 22_Ei(2815)
» Ar:decay only weakly, many recent & - =19 3o
experimental Er)rogress since 2014 . / l oy |
> Z : B(Z — /1 7'[)""100%, é‘ 2 3/2+ | Y 5.(2645) .
= 32~ 25
B(Z - AF )/)7 - KM&ZJ 12ty |2 s
| 5 B g
» E. . decay only weakly; first ~ " Ja
absolute BF measurement while e 12 l —02
large errors; most BFs were |
] ~— + — Spectroscopy is well
measured relativeto 2 ™ (™) described by the
k-diquark model
» (). :decay only weakly; no absolute 254 v lef?i_fj_'?lf_r_f???f_o,o
BF measured A. % B %




BESIL Why Ac" is interesting

* An important intermediate particle:

— corner stone of the charmed baryon spectra .«w‘ () Charmed baryons

? 2(4o80) —038
— many b-baryon decays to Ac £7
A K
* Its decays reveal information of strong- Ry T -
. . . . pD 2 _
and weak-interactions in charm region, > /_AT“ 5y, Afr o
complementary to D/Ds R T = s i
4 ) A / 2= 3/2}5(?”0)_
d u Z x v
€ D d ; 2.7 KL Tzl N | o
c . £
> Charmed meson (D*[cd]) - Strange baryons (A[uds]) 2.5
my << m, > quark + heavy quark m,, my = m, > (qqq) uniform
(® Q
~ “
‘ A P2 = Q
C

- Charmed baryon (A [udc])
m,, my << m, = diquark + quark

(a9) Q
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B 5015482 B4R & T35z

0 50 1?0%

1 I 1 1 — + . . p—y— +
| ; et | o | Z7: relative to the decay of £72m
A+ 50 50
¢ Mode Fraction (T'; /T’)
no neutron mode No absolute b hing fi have been measured.The following are branchin
has been measured N _| unknown to £~ n™ .Cabibbo-favored (S = —2) decays — relative to £~ 7™
AK*, 2K, KT
I p2K3 0.087 + 0.021
unknown other ZKT
EK'g* Iz AEO” a7
- — 40 40 =0g+
other NKK = = _ =0
PK*K- other KK I3 2(1385)"K 1.0+05
other N4 KK
pamn other Z3n Ty AK2z7* 0.323 + 0.033
other Ntm —F B 7 —
i other N3 1— Ontmtne Ts AK (892)°z+ <0.16
K nfn® — L Tt Ts (1385 K" n* <023
pKTTtTe = 30 @ 30 H O0r+n0
< Iy bud oF 0.94 +0.10
PROORO, & 2t e
not measured; nKO+n0, g Iy ZtK (892)° 0.81 +£0.15
total assigned nk-ntmt - o 1 P
3/2 x sum of g Ty XNKk-2x* 0.27 +0.12
RO and 5
pK-m*n0 frac- g e 5+ T'o E0g+ 0.55 +0.16
tions pKmtn® 20 B 20 m "
41— =t Iy E-2xt DEFINEDAS1
Ko =L - —
P <0.10
P —F L i
avno®  Decay Modes ,Q,O TR
nKom* - ¢ 1.7+05
not measured; ATTT Mode Fraction (T; /T) e
assigned 1/2 x L 10 (1 E—— 23107
S“‘;‘ oglg‘"* pKor0 AT ), No absolute branching fractions have been measured.The following are branching r. w-08
and pK-T g & S i . -+ y 04
e Art® .Cabibbo-favored (S = —3) decays - relative to Q7= 0.07 + 0.
I T—— 1 EOEO 1.64 +0.29
the pormaliza; Al 20K+ 120+0.18 0209
tion mode: =
K0 Aetv, 0 —x0 0.116 + 0.030
50£13% 2 0 0 - <8 T, %" K > knt 0.68+0.16
N modes AZ,Emod Ty Kt 2.12+028 0.48+0.20
S — o EK 2zt 0.63 +0.09 0.18 + 0.09
T E(1530) %k 7t , 50 52t 0.21 +0.06 0.15 + 0.06
T2 P 034+0.11
INES KK =t <032
—0—0
Ti4 AK K 1.72+£0.35
— = B M AN N A
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35 Near threshold production at BESIII * W

In 2014, BESIII took (only!) 35 days to run at 4.6GeV
and collected 567/pb data.

Energy(GeV) | lum.(1/pb) ng by Giuilo
4.575 47.67
4.580 8.54
4.590 8.16
4.600 566.93

Corresponds to 0.1M A, pairs

Measurement using the threshold pair-productions via e*e
annihilations is unique: the most simple and straightforward

First time to systematically study charmed baryon at threshold!




BESII The AF decays

2014 : 0.567 fb! at 4.6 GeV

16 publications (7 PRL)
Hadronic decay
Al - pK~nt + 11 CF modes PRL 116, 052001 (2016)
Af—pK'K-, pnin PRL 117, 232002 (2016)
A} —nKsn* PRL 118, 12001 (2017)
Ar—pn, pr° PRD 95, 111102(R) (2017)
Af— 2 '’ PLB 772, 388 (2017)
Af - BOMKH PLB783, 200 (2018)
AL - Agmt PRD99, 032010 (2019)
A -2, 2ty CPC43, 083002 (2019)
A} — BP decay asymmetries PRD100, 072004 (2019)
Al - pKin arXiv: 2012.11106
Semi-leptonic decay
Af—Aetv, PRL 115, 221805(2015)
Af—Ap'yy, PLB 767, 42 (2017)
Inclusive decay
Ar—AX PRL121, 062003 (2018)
Af—etX PRL 121 251801(2018)
AT —KIX EPJC 80, 935 (2020)
Production
A A7 cross section PRL 120,132001(2018)
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BGS]]I Absolute BFs of Ac" hadronic decays

Absolute BF of Ac¢™ decays are still not well determined since its

discovery 30 years ago. PDG2014: 6B/B ~25%; BELLE2014: 6B/B ~4.7%
« Tagging technique @BESIII will provide the most simple and

straightforward measurement

T

PRL 116, 052001 (2016)

@ 567/pb @ 4.6 GeV ~_Mode This work (%) PDG (%)  BELLEB
K. — 15240084003 1154030 . — —
1 K™ nt  58440274£023 50413 684i024+(()}_2£ |

© @ ngﬂo 1.874+013+0.05 1.65+0.50
pKor'r™ 15340114000 1.3040.35

NOT ¢; pK"7r+7r° 45340234030 34+10

B NST & €D Art 12440074003 1.07£0.28
! Mt 70140374019 36+13

MFr~n" 38140244018 26407

. ek
* The absolute BF can be obtained by the ratio . J s T
L 1.18+0.10£0.03 1.00+0.34

of double tag yields to single tag yields. Shetrm 49540204020 36410

* aglobal least square fit to 12 hadronic w 15640204007 27+10
modes  [Chinese Phys. C37(2013)106201]

v" First direct measurement on Ac BFs at threshold
v' B(pK~n"): BESIII precision comparable with Belle’s
v Improved precisions of the other 11 modes significantly

s BEPCIFHEBESIIHIREA ST (0]



BESIT BF for A > Ae"v,

@ A} — Aetreisac — sity dominated process. 567/pb @ 4.6 GeV

[he tagging method and missing-
nass technique at threshold.

@ Urgently needed for LQCD calculations.

@ No direct absolute measurement for B(Af — Ae*v,) available. (p
oV PN
B\ — NeTre) =(21+£0.6)%  PDG 2014 X Jl)/‘“ |
11 hadronic single tag modes are used Semi-Leptdnic mode
— R'/A‘\U e (D
~ PRL 115, 221805 (2015) S
@ 30 & /
2 9_ e ot
S N
: o
g
= = ST mode
£ 1o @‘// \'
2] =
>
= 11 | L . e e
-0.2 -0.1 0 0.1 0.2
U,,iis (GeV) B(A! > Ae'v,)=(3.63£0.38+0.20)%

> First absolute measurement of the semi-leptonic decay
> Statistics limited

> Best precision to date: twofold improvement

» We also measure the muonic mode: stay tuned

BRE BEPCIIFZZEEBESIYIREA SIS 10



BESIT

The first Lattice calculation on A,* SL decays

week ending
24 FEBRUARY 2017

PRL 118, 082001 (2017)

PHYSICAL REVIEW LETTERS

A, — Al'v; Form Factors and Decay Rates from Lattice QCD with Physical Quark Masses

Department of Physics, University of Arizona, Tucson, Arizona 85721, USA and RIKEN BNL Research Center,
Brookhaven National Laboratory, Upton, New York 11973, USA
(Received 1 December 2016; published 21 February 2017)

Stefan Meinel

O Input the measured BFs from BESII|

B(A, = A" y,) = {

0.0363(38)(20),
0.0349(46)(27),

£ =&,
=5

Thleegerzel y SESI

O The first LQCD calculations on BFs and form factors

-2

dr/d¢?

|Ves|?

(ps~! GeV

B(A, - Af*v,) = {

0.20

0.15

0.10

0.05

0.00

—_—— = =

—:\,» — A f‘+I/,
-=A. = Apty,

L 1 1

0.0

0.4 0.6 08
¢ (GeV?)

1.0

0.0380(19), ocp(11),, , £=e,

TA.’

0.0369(19) oep(11),, . £=4,

v’ The first determination of |V | based on

BFs of A.*2>Al*v;measured by BESIII

|V¢'.\’| =

v’ More data on A_* will be collected at BESIII

0.951(24), ocp(14),, (56).
0.947(24), gcp(14),, (72).
(49) 5.

0.949(24), ocp(14)

TA

BEPCIIFR EEBESIIYIREL SHHTS

r=se,
=y
=e,up,
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BECSTI A, decay asymmetries

single tag method PRD100, 072004 (2019)

« 4(6)-fold angular analysis of the cascade decays of
Ac = pKs, Arnt, 2tV and %7t based on 567/pb data

S s0fAI—A = ol
&< 80 =8 .TE (=]
41 = 0 (a) 3 |
e b A+ N = = L £ s
N N i 2 60 @ 30
[/ = =

40 20

+\
T
=
=

20| 10

CM frame A rest frame i -

. (sign(c )sin6,sing )

A rest frame A rest frame
AT o : pKg AnT 2+;FU >0t -1 'OI'S 6 0i5 91
—1.0[16],  0.51 [11]]—0.70 [16], —0.67 [11]] 0.71 [16], 0.92 [11]] 0.70 [16], 0.92 [11] €05
—0.49 [10], —0.90 [10]|—0.95 [10], —0.99 [10]| 0.79 [10] —0.49 [10]| 0.78 [10], —0.49 [10]
- Predicted |—0.49 [17], —0.97 [18] |—0.96 [17], —0.95 [18]| 0.83 [17], 0.43 [18]| 0.83 [17], 0.43 [1§]
o ~0.66 ~0.90 —0.99 [19], —0.86 0.39 —0.76 0.39 [19], —0.76 [30 : —
i —0.99{ % 0. 91{ { ~0.99 H —0.94% % 5. 31{ ]] —047{ } ~0.31 [[]] —0.47 H sSin A(P— 0.28 +0.13+ 0.03
PDG [7] —091£0.15 —0.45£0.32
This work| 0.18+£0.43+0.14 | —0.804+0.114+0.02 | —0.57+0.10+£0.07 | —0.73 +0.17 +0.07

« Best precisions on the hadronic weak decay asymmetries
« The transverse polarization is firstly studied and found to be
non-zero with 2.1o

BRE BEPCIIFZ: EBESIIYIRE SIS 19



Impacts on A, decay data

D} BRANCHING RATIOS ( \
g:v:;wit:'e;:;r::d:;;tir:ﬁ::- obsolete results have been omitted. They may be C LEOc
Inclusive modes =
I (e* semileptonic) /Toral rur d omina ntS th e

This is the purely ¥ semileptonic branching fraction: the e+ fraction from ~f decays

<40 D Branching

has been subtracted off. The sum of our (non
with an 7, 7/, &, KO, or kK*0 —is 5.99 + 0.3%.

VALUE (units 10°2) DOCUMENT ID.
15.8+0.6+0.3 DOBBS

CLEO e

e at 4170 MeV

cs2somiors  swim lasvem 1 cizo . Fraction
liﬂ\"ﬂirj:‘:ﬁfi.‘jﬁh‘; DO lfetimes, ASNER 10 firffs that the rat] nd DO measurements Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)
I («+ anything) /Totar rar )
.Evelvlftisdw‘\th two 7 's count twice, etc. Bufw’'s from K’ ~jpre not (Sys . Err A+ REFERENCES
93412407 vosss b cieo ¢ ev Dom|nates CF c
r("":"vthiﬂﬁ?]/‘rmtai-ﬁ T r/T d M We have omitted some papers that have been superseded by later exper-
g e m@'mm modades. any iments. The omitted papers may be found in our 1992 edition (Physical
2405203 vosss o SCS&DCS Review D45, 1 June, Part I} or in earlier editions.
r(=°® anything)/l’tdalg ] mod es
Events with two 7’s count twice, etc. But o'
vaweiswo ) pocumentio M AALJ 19AG PR D100 032001 R. Aaij et al. (LHCb Collab.)
1234438453 posss o observed.) ABLIKIM  19AX PR D100 072004 M. Ablikim et . (BESIII Collab.

I (K~ anything) /Mol ABLIKIM 19X  CP (43 083002 M. Ablikim et al. (BESIII Collab. e
‘ls“;’;osl‘;; '[’)fg;‘;’;“ — ABLIKIM 19Y PR D99 032010 M. Ablikim et al. (BESII Collab.)*
o ° AAlJ 18N PR D97 091101 R. Aaij et al. (LHCb Collab.)

I (K "+ anything) /Trotal ‘ AAIJ 18R JHEP 1803 182 R. Aaij et al. (LHCb Collab.)

el Locuen & §— N AAIJ 18V JHEP 1803 043 R. Aaij et al. (LHCb Collab.

F (K2 anything) T T ABLIKIM 18AF PRL 121 251801 M. Ablikim et al. (BESIII Collab.

kS anything) /M toca s B 7 ABLIKIM 18E  PRL 121 062003 M. Ablikim et al. (BESIII Collab. pk

19.0+1.0+04 DOBBS 9 CLEO effe— at 4170 Mev ABLIKIM 18Y  PL B783 200 M. Ablikim et al. (BESIII Collab.)*

I (n anything) /Trotal Fo/T BERGER 18 PR D98 112006 M. Berger et al. (BELLE Collab.
This ratio includes 7 particles from »’ decays. ABLIKIM 17D PL B767 42 M. Ablikim et al. (BESIII Collab.

YALUE (units 16 %) o Documeny i TEcy  OMMENT ABLIKIM 17H PRL 118 112001 M. Ablikim et al. (BESIII Collab.

T e o not use the folloving data for sverageits, limis, ctclle # o ABLIKIM 17Q PR D95 111102 M. Ablikim et al. (BESIII Collab. J

23.5+3.1+2.0 674 £ 91 HUANG oée CLEO e DOBBS 09 ABLIKIM 17Y PL 8772 388 M Abllklm et a’. (BES”I Collab*

I (w anything) /Miotal Fo/F PAL 17 PR D96 051102 B. Pal et al. (BELLE Collab.)

VALUE (units 10~2) DOCUMENT iD IENT ABL|K|M 16 PRL 116 052001 M Ab'lklm et 3’. (BES”' Collab )*

61414403 DOBBS ¢ At 4170 Mev ABLIKIM 16U PRL 117 232002 M. Ablikim et al. (BESIII Collab. )*

[ (o anything) /Teoran o/l YANG 16  PRL 117 011801 S.B. Yang et al. (BELLE Collab.) )*

VALUE (s 10 2) _____ _EVTS  DOCUMENT ID | IHIENT ABLIKIM 15Y  PRL 115 221805 M. Ablikim et al. (BESIII Collab.

oiracng e e [ Besa g1, 4008 ey ZUPANC 14  PRL 113 042002 A. Zupanc et al. (BELLE Collab.)

N v e i e e o0 LEES 116 PR D84 072006 JP. Lees et a. (BABAR Colab.)

8.7+1.9+08 68 HUANG 68 CLEO Sdi DOBBS 09

I (f(980) anything, fo — @ 7 ~) /Tioral /T

as s Doses o cteo effe ot oo mev

I (¢ anything) /Tiotal F2/T

157400508 == Dosms | o cico e stomoviey

e e o We do not use the following data for averagedlfits, limits, etcfie o o

16.1+1.2+1.1 398 + 27 HUANG 068 CLEO e DOBBS 09

(KT K~ anything)/otal M3/T

123



BESII

Y et unknowns

*  Many of the following modes are not measured (~40%)
—  most of the semileptonic (SL) modes
—  the singly Cabibbo-Suppressed (CS) and doubly CS hadronic modes
—  the neutron- and K, -involved channels
*  Amplitude analysis of the three- and four-body decays
— important to study the excited hyperons

1t 3t
—  to study the decay types of B (5 ) I and B(E )P
— not much have been done yet

Accessible information via the energy-dependence production of A
—  cross section, form factor

—  polarization

— decay asymmetry, CPV search

14



S5 BEPCII upgrade

* Increase of beam energy 2.30>2.35(2018)>2.45 GeV(2020’)
« = 2.35GeVin 2018 summer (done)
« = 2.45 GeV in 2020 summer (done, = 2.475 GeV)
change ISPB (Interaction region SePtum Bending) magnet
« Top-up injection (done)
« Data taking efficiency increases by 20~30%

1x10383}° '
3 4
Enx0.91x (£:22)
1.5

4
1.0x10% (—
L 1.89
* Luminosity history

5 : 1.89~2.085GeV
8x10°“ ¢ This operation year

Y

)

'g/ 6x 1032 Theoretical expectation
b .

g Real data fitting
=

g 2

é‘ 4x10%%}

A~

S

ait

2x10%2

2.085~2.475GeV

1.89\4
(2.035)-‘ Enx0.91x (T)
1.5

8.732x10%

1.0 1.2 14 1.6 1.8 2.0 2.2 2.4
Beam energy (GeV)

BRE BEPCIIFZZEEBESIYIREA SIS 15



S Data samples

W\ 5.5,  Belle datafor AA,
0.6 |- . PRL 101, 172001 (2008)
§ A, )
= o0.a| =
L
L J( + + J( Jf Jf
|3 BT o
45 46 49 5 51 53 53 5.4
M(AT AD GeV/c?

Available data for charmed baryon
v 0.567 b1 at 4.6 GeV (35 days in 2014)
v 3.8 tb'l scan at 4.61, 4.63, 4.64, 4.66, 4.68, 4.7 GeV (186 days
in 2020)
v 2 fbl scan at 4.74, 4.78, 4.84, 4.91, 4.95 GeV (99 days in 2021)

~ 10x A, data that those at 4.6 GeV

BRE BEPCIIFHEEZBESIIIREC S TTE 16




BESIT

BESIII Physics

20094F: BESIII# ¥ % & ¥ 20204F: BESIII 2 & & ¥
; Chinese Physics C

J
.
C (r.f}.'i.'. Ny

 HEF

Int. J. Mod. Phys. A 24, S1-794 (2009) Chin. Phys. C 44, 040001 (2020)
[arXiv:0809.1869 [hep-ex]]. doi:10.1088/1674-1137/44/4/040001
[arXiv:1912.05983 [hep-ex]].

BRE BEPCIIFHEEZBESIIIREC S TTE 17



BESII Future data taking proposals

a reference table (need to be modified according to future
machine status, espemally for 2, and Q. stuides)

Energy Physics motivations Current data Expected final data Tc /| Ty
4.6 - 4.9 GeV | Charmed baryon/XY Z 0.56 fb—! 15 fly 1490/600 days
cross-sections at 4.6 GeV at different /s
4.74 GeV YT A, cross-section N/A 1.0 fb~! 100/40 days
491 GeV Y.X. cross-section N/A 1.0 120/50 days
4.95 GeV E. decays N/A L0 130/50 days

in total 18 /fb: now we have 6.3 /fb (days)

A cAc .5, Belle data for A A,
0.6 - B PAL 101, 172001 (2008)
_E 0.4:— A EC ECEC ﬂcﬂc
* b 1 f i o4
0 T [
s R R N P S A MR L S Pl e o, s BT B B
4.5 46 4.7 48 49 . | 52 S3 S4
M(AT AD) GeV/ce?

18



BESIT Proposal of the BEPC3

« Planning the next generation of BEPCS3: the optimized energy is 2.35 GeV with
luminosity 3 times higher than BEPCII.

e BES o Markl

S, o a2 ...
pluto
= KEDR

Nearly blank at 5-7GeV =~

o(ete-=>hadron)/
olete>utu")

R=
- N
- NP

1x 103}
— 31%
T sx10%2f : 4.95 ~ 5.6 GeV: new energy
- . ‘\\. . coverage of BEPC3
2 6x10%r B \.' ]
% 4x10% P
é ‘0

2x 10%}

20 25

Beam energy (GeV)

2k BEPCIIF4: ZBESIIYIRELSTHTES 10



BESII

Heavier charmed baryons

?d
C C
A+

U s S o

r Structure  J* Mass, MV~ Width MeV  Decay
s A ude  (1/2)* 228646+0.14 (200+6)fs weak
+ Cha =9 = use  (1/2)t  2467.810¢  (442426)f5  weak
=0 dsc  (1/2)F 47088703 123 fs  weak
.u .u .u .O’ ’O’ d pH uue  (1/2)t 2454.02+£0.18 2234+030 Aint
@ } ude  (1/2)Y 24529404 <46 AR
. e dde  (1/2)t 2453.76+£0.18 22404 Ain-
- C C Ciag use  (1/2)  2575.6+3.1 SHy
ha e D3 =0 dse (12 25770429 =0y
- 0 ssc (1/2) 26052417 (69+12)fs  weak
‘\.S D gue  (3/2)F 25184406 14919  Afrt
‘ Lt ude  (3/2)f 25175423 <17 A
c Energy thresholds o dde  (3/2)* 25180+05 161+21 Afn-
0 v AE;C_ 4.74 GeV ?‘f usc (3/:2)+ 26459+ <31 E-
v ANX. T 4.88 GeV =20 dsc  (3/2)t 2645.9+05 <55 ST
v 3, gc 4 91 GeV (20 ssc (3/2) 27659420 00y

v E.E, 4.95 GeV

v 0200 5.4 GeV

20



BESII

Prospects on the A, results

4.6 -4.9 GeV

Charmed baryon/XY Z
(iross-sections

0.56 fb—1
at 4.6 GeV

15 fb—!
at different /s

Leading hadronic decay

Typical two-body decay

Leading SL decay

B(K prt) =

2014: (5.0 + 1.3)% (26%)

2017(w/ BESIII): (6.35 + 0.33)% (5.2%)
51 2B <2%

B(Kp) =

2014: (1.2 + 0.3)% (26%)
BESIII: (1.52 £+ 0.08)%( 5.6%)
5fb1: % < 2%

B(Aetv,)
2014: (2.1 +0.6)% (29%)
BESIIL: (3.63 +0.43)% (12%)
51 22 ~33%

D' B(E ) = (3.89+000)% (1.0%) B(KIm®) = (1.19+0.04)% (3.4%) B(K eve) = (3.53 +0.03)% (0.8%)

Dt B(K-rntat) =(8.98+0.28)% (3.1%)  B(K2rt) = (1.47+0.08)% (5.4%) B(K2etve) = (4.41 £0.07)% (1.5%)

D B(K-K*+nt)=(545+0.17)% (3.8%) B(KOK*) = (1.40+0.05)% (3.6%) B(detv,) = (2.39+0.23)% (9.6%)

” " . Mode Expected rate (%) | Relative uncertainty (%)
R AT ATy 3.6 [94, 95] 3.3
\ T AT A 0.7 [96, 97] 10
< A} - NKetv, 0.7 [96] 10 L first
v AT o Enlty 0.7 [96] 10 | measurement

AT - netv, 0.2 [94, 98, 99] 17

Xiao-Rui LYU RF1,

Snowmass 2020
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BESII

Precision study of the c-ed baryon decay ¥

Precision study of the charmed baryon (A., Z, and (),) decays to
help developing more reliable QCD-derived models in charm
sector

O Hadronic decays:
to explore as-yet-unmeasured channels and understand full
picture of intermediate structures in B, decays, esp., those with
neutron/X /= particles

O Semi-leptonic decays:
to test LQCD calculations and LFU

O CPV in charmed baryon: BP and BV two-body decay asymmetry,
charge-dependent rate of SCS

O Charmed Baryons Spectroscopy : (63 P-wave states from QM, less
than 20 are observed!)

O Rare decays: LFV, BNV, FCNC
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S by Giuilo
Belle + BESII| data

II 1 I 11 | I 11 1 11 1 I 11 | I ]
468 4.7 4.72 4.74 4.76

I;I I 11 1 | I 11 | 1
458 46 4.62 4.64 4.66

* Some tension between BELLE and BESIII data
* BESIII data above 4.6 GeV will follow a sharp rise of the
Y (4660) or a flat cross section near threshold

* Accessible to the form factor and polarization of the A, at
higher Q2
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BESII

Studies on the X,

« Production viaete™ - AfX. m above 4.88 GeV (or 3. . above 4.91 GeV)

Decay (MeV) Expt. | HHChPT Tawfiq [vanov Huang Albertus

[3] [10] et al. [25] | et al. [26] |et al. [27]| et al. [28]
s Kbt 1.8970% | input [1.51+£0.17|2.854+019 | 2.5 |241+0.07
5= A Q<46 D 23F)) [1.56+£0.17(3.63+£027| 32 | 2.79+0.08
20 5 Afn 1.837003 | 19701 1444016 |2.65+0.19| 24 |237+0.07

B Precise determination of ['(ZF —» AfrY) can be used for for

testing heavy quark symmetry and chiral symmetry
Wise; Yan et al.; Burdman, Donoghue (°92)

B Search for radiative decay =} — Aty

Decay HHChPT Ivanov Banuls |Tawfiq| Dey |Majethiya |Fayyazuddin|Aliev
+QM et al. et al. | et al. | et al. et al. et al. et al.
;- Aby 88 60.7 + 1.5 87 | 987 [60.1—85.6] 89.0 (keV)
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BESII

Cross sections forete™ - AYX; and X, X,

« ete” » ALX; above 4.74 GeV: An interesting isospin
violating process to understand the QCD dynamics at charm sector
v' A cross section scan around 4.74 GeV will be useful for comparison
with that of ete™ - AYAZ and 3} 27
v o(ALZ)/o(AEAL) v.s. o(AX)/a(AN)
=» vaccum pol. to cc v.s. s§
v If observed, study the polarizations and form factors

« ete” > X, X, above 4.91 GeV:
v' Cross section comparison with that of ete™ = A¥AZ
=» good diguark v.s. bad digquark
v' Study the polarizations and form factors in ete™ - 22%9
and X127

25



BESII E. (usc/dsc): decay information 1s limited

o No absolute BFs have been measureqs/calculated until 2019

» Belle measured abs. BFs in 2019, but uncertainties are large. 6B ~30%

Zt: relative to the decay of 2 2w+

No absolute branching fractions have been measured.The following are branching

Mode

Fraction (T'; /T")

to £~ n7 .Cabibbo-favored (S = —2) decays — relativeto £~ 7~

I
I
I3
Ty
I's
T's
I7
Iy
Iy
T'o
'
T2
I3

I'is
T

Cabibbo-suppressed decays — relativeto =~ 7+

Ty
Ig
T
T2
I

p2 Ky}
A?ln*'
2(1385)°K
AK2xt
AK (892)°z*
Z(1385) K-+
Kzt
K (892)°
K 2xt
Eox+
E2at
5(1530)°z*
507{-7{0
-2t
.E'Oe’ue

QK n™

0.087 + 0.021

1.0£05
0.323 + 0.033
<0.16
<023

0.94 +0.10
0.81 +0.15
0.27 +0.12
0.55 +0.16
DEFINEDAS1
<0.10
23407
17405
23807

0.07 £ 0.04

Decay Modes =0

=
Mode
Cabibbo-favored (S = —2) decays
I pK K n*
I, KK 8920, K — Kt
I; pK K~ z* (no E*O)
Iy AK}
Is AK nt
I AEOIL'+II_
I, AK ntntn~
I
Ty E-ntntn
Tio @K
' E-ety,
Cabibbo-suppressed decays
I E°K*
I3 AKTK™ (no ¢)
T4 A

Fraction (T; /T)

48+12)x107°
(2.0 +0.6) x 1073
(3.0 +0.9)x 1073
(3.0 +0.8) x 1073
(145 £ 0.33)%
seen

seen

(143 £ 0.32)%
(4.8 £2.3)%
42+1.0)x1073
(1.8 +1.2)%

B9+12)x10™
41+14)x10™*
49+15x10™*

pK n™

x4 Very limited knowledge on their decays

Ztata

KK

-.| We have opportunity to systematic study more decays
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BESII

Studies on the Q2

Mode Fraction (I'; /T)

+~ No absolute branching fractions have been measured. The following are branching rati
Cabibbo-favored (S = —3) decays — relative to Q77"

I Q nt DEFINED AS 1
I Q ntn® 1.80 + 0.33
| ) §Fp™ 13

I Q rx2xnt 0.31 + 0.05
I's ey, 24+12
L =% 1.64 +0.29
Iy K- #t 1.20 +0.18
Iy 2% K > Kt 0.68 + 0.16
i =Kt 2.12 +0.28
Tio EK2nxt 0.63 + 0.09
'y 2(1530)°Kkzt , 50 > Ext 0.21 + 0.06
L5 =K gt 0.34 + 0.11
T3 Stk Ka' <032

T ARK 172 + 0.35
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BESII Studies on most of the £, /Q,. weak
decays are missing in experiment (I)

BFs of CF decays

RQM Pole Pole RQM Pole Pole (i

Decay Korner, Xu, Cheng, Ivanov |Zenczykowski| Sharma, Expt.
Kramer (’92) |Kamal (’92) [Tseng (’93) et al. (’98) (’94) Verma (’99)
= -+ otKO 6.45 0.44 0.84 3.08 1.56 0.04
=F — 20t 3.54 3.36 3.93 4.40 1.59 0.53 | |0.55+0.16°
20— AK? 0.12 0.37 0.27 0.42 0.35 0.54 seen
=20 - 20K 1.18 0.11 0.13 0.20 0.11 0.07
20— StK- 0.12 0.12 0.27 0.36 0.12
20— =050 0.03 0.56 0.28 0.04 0.69 0.87
=29 — =0 0.24 0.28 0.01 0.22
=0 — =0 0.85 0.31 0.09 0.06 \
BV En 1.04 1.74 1.25 1:22 0.61 2.46 seen
Q% —» =0K0 1.21 0.09 0.02
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BESIT Studies on most of the 2, /Q%weak

decays are missing in experiment (lI)

Decay asymmetry o for CF decays

Longitudinal pol. of daughter baryon from unpol. parent baryon

= information on the relative sign between s- and p-waves

Decay Korner, Xu, Cheng, Ivanov |Zenczykowski| Sharma, Expt.
Kramer (’92) |Kamal (’92) | Tseng ("93) [et al. (’98) (’94) Verma (’99)
=F - otk —1.0 0.24 —0.09 —0.99 1.00 0.54
25— B0t —0.78 —0.81 —0.77 -1.0 1.00 —0.27
20—+ AK? —0.76 1.0 —0.73 —0.75 —0.29 —0.79
20 - »0K0 —0.96 —0.99 —0.59 —0.55 —0.50 0.48
20 BtK- 0 0 0 0 0
:2 — B0x0 0.92 0.92 —0.54 0.94 0.21 —0.80
=20 =0 —0.92 -1.0 —0.04 0.21
=0 — =0/ —0.38 —0.32 —1.00 0.80
20— B —0.38 —0.38 —0.99 —0.84 —0.79 —0.97 [\-06+04
Q0 — 20K0 0.51 —0.93 —0.81 \




BESIHT Studies on most of the =, /Q2 weak
decays are missing in experiment (lI)

Charm-flavor-conserving weak decays

» Light quarks undergo weak transitions, while ¢ quark behaves as a

“Sp

Br(E0>A.m) = 2.9x10-

ectator”

Br(Est—An0) = 6.7x104
Cheng, Cheung, Lin, Lin, Yan, Yu ('92)

Semileptonic decays

[LHCb, PRD 102, 071101 (2020)]

e.g. E.— Acn (s » Wu). Can be studied using HHChPT.
BEQ — 7-A¥) (0.5 + 0.02 + 0.18)%

Larger than
theoretical

predictions

These can be further tested at BESII|

|— NRQM | RrRam LFQM  QsR QSR
Process Pérez-Marcial |Singleton | Cheng, Ivanov | Luo |Marques de Carvalho| Huang, Expt.
et al. [85] [86] |Tseng [81] |et al. [87]| [88] et al. [89] Wang [90] [3]
2Q 5> E-etr. | 18.1 (12.5) 8.5 74 8.16 9.7 seen
2& - =% tv, | 18.4 (12.7) 8.5 7.4 8.16 9.7 seen
in units of 1010 s-1
IS’(E.2—>E_eJr e) = (1.72+0.10 £ 0.12 + 0.50)% )
IB(E® - E-pty,) = (1.71+0.17 £ 0.13 £ 0.50)% [Belle, arXiv:2103.06496]
Boxn (B0 = E-¢tw,) = 2.43(0.25)(0.35)(0.72)% [ALICE, PoS ICHEP 2020, 524(2021)]
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BESII

=Z. — 2 Form Factors and =, — Z¢Ty, Decay Rates From Lattice QCD

The first Lattice calculation on =, SL decays

Qi-An Zhang,! Jun Hua,? Fei Huang, Renbo Li,®> Yuanyuan Li,?
Cai-Dian Lii,%® Peng Sun,*[| Wei Sun,* Wei Wang,? m and Yi-Bo Yang6 7.8:[f]
L Koo Lohoratary for Particle Actramhucice and Coemaloay (MOFE)

arXiv: 2103.07064

B(E? - E"etv,) =2.38(0.30)(0.33)%, ~
B(E - B ptr,) =2.29(029)(03D%,  $ .|
B(E} — E%Tv,) =7.18(0.90)(0.98)%, .
BEF — 2%t y,) =6.91(0.87)(0.93)%. S §°-°5
R, .= BE 2 S w)  BE 2Sutv) e 1
& B(EQ - E-etv.) B(ES — E%ty,) g% (GeV?)

= 0.962 £ 0.003 £ 0.002,
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3G Weak radiative decay

® Charm-flavor-changing — ﬁ } §

+ + = 0_.,=0 L (0
AC _)2 y, d — = y

c

® Charm-flavor-conserving

=AY, Q. —Ey

1) e.m. penguin c—uy, very suppressed
i) y emission from external quark in W-exchange
vy emission from W boson in W-exchange
Br(A. - Xy)=49x107, a =-0.86
Br(Z) - E2%)=3.6x107", a =—-0.86

Cheng, Cheung, Lin, Lin, Yan, Yu ('95)

aiRE BEPCIFHEBESIIHIREA ST
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BESIL  Charmed baryon spectroscopy

=5 1o o ot 2467.61
=0 L™ g 0 ‘of 2470.88_0_80 weak
gt 11 o 1t | 2575.6+31 Sy
g0 11 o 1t | 2577.9+29 Sy
E(2645)F | 3T |1 0 1t 2645.9792 2.6+0.5 S
E.(2645° | 37 |1 0 1t 2645.9 + 0.9 < 5.5 S
E(2190)t | &7 |0 1 17| 2789.9+3.2 <15 =
Ee(2790)° | L7 |0 1 17 2791.8 + 3.3 <12 R s
S(2815)T | 27 o 1 17 2816.6 + 0.9 <:3.5 S, Eenrm, Sh
S(2815° [ 37 [0 1 1 2819.6 + 1.2 < 6.5 S, B, B
2S 1/2+ = [ E.(2980)F | 77 |7 7 7 2971.4 + 3.3 26+7 |S.K,AKm, S : :
Z.(2980)° | 77 |7 7 7 | 29680+ 26 07 InKAKnzg (nunits of MeV)
1D 3/2+ = | E(3055)T | 77 |7 7 7 3055.1 + State JP | Sy Ly Jf‘ Mass Width Decay modes
530550 | 77 |7 7 7 2059711 AS 1o 0 ot | 228646+0.14 weak
1D 5/2+ —» | E.(3080)F | 77 |7 7 7 3074.6+(Ac(2595)F | 17 |0 1 17 | 259225+0.28 | 2.6+0.6 em, Aemm
2.(3080)° | 77 ?2 7 ? 3079.9 + | Ac(2625)" %— 0o 1 1 2628.114+0.19 0.97 Acmm, B
Q0 1T 11 0 12S[%:*2695+ | Ac(2765)T | 7?7 |7 7 7 2766.6 + 2.4 50 e, Ao
Q2m70° [ 37 11 0 1t | 27659+£]A.(2880)* | 3T |7 7 7 | 2881.53+0.35 | 58%11 [Sm, A.wm, DO
Ac(2000)* | 27 [2 7 7 2939.3+14 1778 |5, Agnm, DOp
S(455) ] LT[ 1 0 1t | 2453.98+0.16 | 1.9473%8 Acm
S(u55)t | 1T 11 0 1t | 24529+04 < 4.6 A
De(2455° | 1T [ 1 0 1t | 2453.74+0.16 | 187109 Acm
S(2520) 3T [ 1 0 1t 2517.9+ 0.6 14,8733 Acm
(25200t | 3T |1 0 1t | 2517.5+23 <17 A.m
225200 [ 37 |1 o0 1t 2518.8 + 0.6 155 Acm
3/2- —» [Z(2800)TF] 377 |1 1 2- 2801+ 7512 A, Sm, A
3/2- —» |[Z(28000t 3771 1 2 2792+14 6270  |A.r,Sm, Agrr
3/2- —> | Z.(28000° [ 3771 1 2 28063 7272 A, Sm, A
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BESIT

Hidden charm baryon
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BESIT Observation of pentaquark at LHCb§

PRL 115 (2015) 072001

A% - K-, _

b ]/l/’pz 5 5 s Ap — 1/1111771 _ PRL 122 (2019) 222001
e S | g h) o S gl seev_ PRL 117 (2016) 082003
gwoof—:L‘ﬁiLSioui d g 20 g arXiv: 2012.10380
8 ool o “ 3 1508 S +d_
£ i N ;—3 I = - LHCb @ P, ]
2 [ e L 100} ) O Fit without P,,

g 600 Ll AW : = B - — Fitwith P,
TS Ll T - . B 10 my->22GeV =]
400'-W " X S0 : = ]
I P 512)+ P (4440)" | P (4457) - ]
T e |
[ J\ 4.5 5 55 k
4(2\(;0 42ISO 4300: 43I50 4400 4456 4500l 45ISO. I4I600 Miikeliec) L IT o | ] i EaH i
My [MeV] 0: TT T T T ]
— I4I.4I — I4.215I — I4|.5. —
My [GeV]
State M [MeV | I' [MeV ] (95% CL) R %] Sysem  [8.07),  [E.D")
P,(4312)* | 4311.9+0.7458 | 9.8+2.7F 31 (< 27) |0.30£0.07%55% -
4.1 +8 10.22 AE -17.8537  -11.8%3;
P.(4440)* | 4440.3 +1.37%1 | 20.6 £4.97,5 1 (< 49) | 1.11+0.337922 Py iipe W,
=33 *V-3.0
P.(4457)% | 44573 £0.67+4 | 6.4+£207 37 (<20) |0.53+0.167515
State My [MeV | '[MeV ] F (%)
P..(4459)° 44588 4+29*17 1734+65%22 2.7 +(1) o

BEPC3 could reach the mass of F; up to 4.6 GeV 1n ete”™ - pP,,
and that of P.; up to 4.5 GeVinete™ - A(Z)P.

BEPCIIF EEBESIIYIREESTHTES

25



BGS]]I Pentaquark states

in e* e annihilations and b-hadron decays

Z(s) from e*e™ annihilations and Z.,, from B decays

» Zcs(3985) vs Zcs(4000): masses are close, but widths are different.
Same state or not?

« Zc(3900) vs Zc(4200) : much more different

How about pentaquark states?

PRL126, 102001 (2021
1001 Significance + s 40 ; —

§ >80‘ :;:::al!g":ound fit NQ35 E_ E . 4-681 Gev

8 80:_ - PHSP MC %30 ;_ (a)

5 ool 25 % Jr ]l

o - > i

° 5200 IRE L L )]

.‘g B 3 _.‘215 - T IA ll II

& 20f S10F | \ 'HH_ HH J{

L - le=ra. U
0==37" 38 39 40 g _f«}&;j%; SR
Mmax(n*J/y) (GeV/c?) 4 4.05 4.1 4.15
1.2 GeVA/c* < M(K.m) < 2.05 Gev%“/ RM(K™") (GeV/c?)
\ After vetoeing K*(892) mass region 180 Z.(4200) H 32((1;:(2)1(5'018?3 . Bt - J/YK* ¢
. =N T T T ; E 72 4> S
T 2000 m(E*7—) € [1085,1265] MeV _ ; 250 ; I _ FIC b
Bo _>]/II)K+T[_ 5200 ;_ —— I>ata 9O '
g T | S 1SOF [ e .
= 1o00|- LHCb - S 100fF — =..caocoo0>
5 . > -
ool e | 4o [PRD 90 (2014) 112009] SOE
| l K* veto' region | — = =
3500 4000 4500 I PR VR T 18 20 22
[PRL122, 152002 (2019)] m(J/ym) [MeV] M (J/y,m), GeV</c
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3 Threshold for pentaquark states

bound virtual
4.55 _
103
. o —
4.50
P;(4457) D
g (-
5 445 P.(4440)
e
£ 4.40 Dy
4.35
Dy,
B P (4312)
4.30
1/2~ 32 B2 =
4'70:_ bound ~————— virtual
D*E*
4.65F — — ey ¢
4.60F D&l
 —r - -
_4.55 - B
% D=*
I |
© 4501 D=
a 4.45F — Py o
4.40F
4.35F _ DE,
4.30F 1/2° 3/2 5/2

5.00
4.98
4.96

S 4.94

[«}]
S
g 4.92

4.90
4.88

4.86

5.15}

5.10}

4.85

arXiv:2101.01021

a bound virtual B ]
D,%%
HE H H N <
_ R
H EH BN ]
L D,¥, ]
H BN _
g DS o
0 B 5
1/2+ 3/2°F 5/2+ 7/2°F 1
C bound virtual ]
DyE: ]
- | | | 1 1
D=
| . L — "
B Dy=!
L |
D,=!
L - - N
B D,=,
[ -
L D2,
[ [
L1727 3/2" 5/27F 7/2% ]

However, we don’t know the production ...
BEPCIIF4; EBESIIYIREE S TS
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BESII

Summary

* BESIII has been playing significant role in
renaissance of A, decays
* BEPCII energy upgrade during 2020-2021 has
improved the BESIII capability in A, physics by
accumulating more statistics at different energy points
* Proposal BEPC3 (3x luminosity and energy up to 5.6
GeV) will greatly extend the physics opportunities in
baryon sector
v’ systematic studies on decays of ground charmed
baryons: A, X, Z.,
v’ spectroscopy of charmed baryons
v’ pentaquark states
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BESII

Backup

BRE BEPCIIFHEEZBESIIIREC S TTE 20



BESII

70¢
60F-
o Belle, PRL 113, 042002 (2014,
50 o «— 50 Mo~
405 Integrated luminosity % 3000 Slgna | tags:
— = -
N3 / Intermediate | & 36447+432
: . goals w 20001
20f-  Machine/detector X - @ 978/fb
: commissioning l summer .2 § R
10~ "\ shutdowns i 100 o 1000
O P I (S [ e o 2 4 2 ¢ 51 - w
x10%5 gf_ LS
6
Tenes o Instgntapeous 0
4 3 luminosity 2000~  (b) WS sample
2 1000 -
- | o I 1 1 i
LTI 2018 2020 2022 2024 05 2.1 2.2 2.3 2.4 2.5

M, ..(D"pr) (GeV/c?)

« Belle tags ~36K A%, while BESIII now tags 15K AL (567/pb@4.6GeV)

« By middle of 2019, BELLEIIl will have 5/ab data, 5x of BELLE data;
= 180K tagged A?:

« We will have 150K tagged A, however, BESIII is very clean

* Many precise measurements at BESIII will reach to the level of
systematic dominated
= BESIIl has advantages on backgrounds and systematics
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BESIT world campaign on the charmed baryon

BESIII Belle(-l) LHCDb
total yields
S/B ratio - . % . %
Systematic error x Kk kK x % % -
Systematic research ok k x ok * o x x
Semi-leptonic mode ok Kk K * o * *
n/K; -involved mode * K x ok k * x
Photon final state * ok kx ok -
Absolute measurement * ok ko x x % S

« The threshold data at BESIII have systematic
advantage over Belle(-1l) and LHCb

a1



BESII

Measurement of the Decays A, — X7 at Belle

H & =T % 1% 2 | B T T I T
NQ Q N
E 250 2 > Ag_ E+7TO7TO by
= 5 120 f 3 ‘
— o
‘2 200 ‘\'; 100 * ‘\|
5] € »
> ) AL71e J
W 450 o . v Ful !.,.‘.,‘s‘ ———M Ry
60 e A0S~ 3 TR o
C] [t 8
100 B . $ v
50 20 . -
ok ok prassgrsssgessines ] ] )
4 _
3 8 PANNN® P Vo = . 3 D e ".“-s’*p"-“'ﬂﬁ"o\- e S WY S
2 2 ‘!. M M. o ‘w. J.h. Q 2 ’ s [ ] e %40 () % ..
7 2
=
20 D50 004 206 008 23 230 244 236 238 24 2.2 2.25 2.3 2.35 2.4

M(E*n0) [GeV/c?)

arXiv: 1802.03421
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BESII

= ]:) pr—
o \ERB,E018) —=m Z* (LHCb, 2019)

A PRCARIBYS (LHCb, 2019)

70 —_—
S R EEeele) = =% (LHCb, 2019)

QY (PDG, 2018) ===

Q% (LHCb, 2018)

0 200 400 600
lifetime [fs

— Changes lifetime hierarchy
* Previous world averages
Tgt > Ta+ > Tg0 > Too
=g s = c

e Using LHCb surements
T+ > THO > TA+ > T=o0
b 4 c (5 -tC
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BESII

A theoretical Framework for Charmed Hadrons

« Topological diagrams + Symmetries + Experimental inputs
— to understand the decaying dynamics, predicting
double-charm baryon decays, CPV, etc. (predictive power)

— A branching fractions used for global analysis
= Eft > AYK ntmt and Efnt are large enough for observation.

Ar B4 p > =@

a3
ar 2

Br(Af - p$)/IVusl? =2% =» Br(gf} - I K) = O(%)
[PRL 117, 232002 (2016)] \ /

=+ + ‘ot -t

Large enough for observation

A¢ BFs from BESIII s> Stronger predictive power
a4



BESIT Contributions to Eérc+

« LHCb observed EL from £ —
A7K "™ and E] ™ decays
* Credits from theorists
- T(EL") ~31(Ef) (Chang, Li,
Wang, Karliner, et al.)
— “Discovery channels of
EIrT > AK mrnT and Ef T
was predicted benefited from
BESIII A7 measurements ”

(Fu-Sheng Yu, et al, ’17)

observation

Candidates per

180

LA RN RRRERERE RN

|||||

LHCb 13 TeV

—+ Data

— Total

‘‘‘‘‘‘‘ Signal
---Background

. L l L 2"..., N ' | L L L
3600 3700
m.,(Ze) [MeV/c?]
S
} LHCb

' PRL 121, 162002 (2018)
-+ Data
— Total
...... Signal
Background

PRL 119, 112001 (2017)

v3650 3700
m(Z;nt) [MeV/c?

3500 3550 3600
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arXiv:2009.01404

=y E @l * * T T & © & T & ° °© T '3
Q t S e
;-41 0 - ‘+' ete——> XX 4
Q E 4t~ I3 E
© el ] Energy (GeV)
s 3 2.3960 1.8340.2640.24
10F ,—-—-T ........ R 4 2.6454 0.66+0.15+0.11
T A S = ; 2.9000 1.0640.36+0.09
1 = -~
E " 1 1 | 1 3

well described by pQCD motivated model
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BESII

=, tagging efficiencies

& Mode Br % eff_sub %
-t
AR 0.92 114 £2 Mode Br % eff_sub %

2Kt 2.69 12.1
K"K nt 4.8 22.6
LOK-mtnt 0.77 6.9 P b
E0nt 1.57 12.4 AKs 3 16.8
Tttt 2.86 9.2 AK~nt 1.45 20.3
200 6.58 6.3 =t 1.43 11.6
E0ntntne 486 6.2 = rntntn~ 4.8 6.5
Q-K+m* 0.20 1.9 Q~K* 4.2 6.1
.U 0.01 58.6 Total (3 B; * &) 2.62%
Total (3, B; * &) 1.67%

ete” - Y 57 /EV B2 at 4.946 GeV
Signal MC simulations
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BESIT

Charmed baryons productions

In the charmed baryon system, the light quarks are more from Marek Karliner

like di-quarks

Belle, arXiv:1706.06791
AL (c[ud]spin=0), Ze(c[ud]spin=1) elle, arXiv

The spin-0 diquarks: "good" diquarks
The spin-1 one : "bad" diquarks.

A(2595)

10,
: A(2625)"

o/ (2J+1) (pb)

The bad diquarks are heavier. So if the hadronization i xc(zszo);i.‘“"“'~-..___N__\\
from the initial (ccbar) proceeds in one step, by attaching i
diquarks, it will provide a simple and natural explanation for i 2'~maz's(Gwz's) g ae

the fact that the A, cross section is much bigger than that of X..

Then how about the behaves at the threshold, and to test it at BES/II will be
very interesting/
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BGS]]I First Measurements of absolute BFs for =,

Belle, Phys.Rev.Lett. 122, 082001 (2019)
Belle, Phys. Rev. D 100, 031101 (2019)

B(ES — E-7%) = (1.80 + 0.50 £ 0.14)%, € o 2o,
B(E? - AK—nt) = (1.17 £ 0.37 £ 0.09)%, S o} e +
B(Z% — pK~ K~ n%) = (0.58 & 0.23 & 0.05)%, ju;f o
B(EF - 2 ntnt) = (2.86 +1.21 £+ 0.38)%, S o AL A Bl S
B(E — pK~n") = (0.45 £0.21 + 0.07)%. oy 24;é44'é;e‘é;g“2's"é;2'

(GeV/c )

N=o = 40.9 =+ 9.0
* Large errors c

* Belle I will improve these to ~10%

g 15 _— o Data

* BESIII has potential to improve them 2 | ~Background
S 1oF Generc e
a
'E 5H ——
S o - BT,
S -- i

0
24 242 244 246 2.48 25 2.52
M5 (GeV/c?)

N+ = 18.8+6.8.
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3C5I GlueX results

“First measurement of near-threshold J/p exclusive photoproduction off the proton”
GlueX Collaboration, May 26, 2019, PRL 123 (2019) 072001

GuiX-

“GlueX Physics” on 18/8
(Sun.) at S1 by M. SHEPHERD

—_—
o

o(yp — J/yp), nb

PessasssafeancsascfesiasiaPocssasBontasigersassannians

— GlueX
oo —a— SLAC
.... “‘ Cofne” L
] cecasccn JPAC P(4312) 3/2|BR=2.9% | Model-dependent upper limits

——— JPAC P.(4440) 3/2|BR=1.6% || at 90% C.L. from JPAC model
s JPAC PL(4457) 3/2|BR=2.7% [{ [PRD 94 (2016) 034002]

107

E, Gev 20

A less model-dependent limit at 90% C.L.:
Omax(¥P = PHXB(PF - J/Yp) < 4.6,1.8,3.9 nb for P.(4312)*, P.(4440)*, P.(4457)", respectively.

T at the resonance maximum
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