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____ Review

A? is the ground state charmed baryon, which provide important information to
understand strong and weak interactions.
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4.575 48.9
4.580 8.5
4.590 8.2
4.600 586.9

In 2014, BESIII collected the first data of At A, pair at threshold (35 days),
leading to a series of important physics results of Af.
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____ Review A

[ First round physics results on A} }
7 PRL + 10 PRD /PLB/EPJC/CPC produced !

Hadronic decay

At - pK~nt 4+ 11 hadronic decay modes PRL 116, 052001 (2016)
Af > pKYK -, prntn~ PRL 117, 232002 (2016)
AY > nKdm* PRL 118, 12001 (2017)
Semi-leptonic decay

Af - Aety, PRL 115, 221805 (2015)
Inclusive decay

Ar > AX PRL 121, 062003 (2018)
Af > Xetv, PRL 121, 251801 (2018)
Production

AT A7 cross section PRL 120, 132001 (2018)
Decay Asymmetry

Af weak decay asymmetry PRD 100, 072004 (2019)
Spin

A spin PRD 103 L 091101 (2021)
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____ Review

During December 2019 to June 2021, BESIII collected ~5.85fb™! of data at +/s
between 4.61 and 4.95 GeV.

E.mns/MeV
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1.0 1.2 1.4 1.6 1.8 2.0
Beam energy (GeV)

2.4

4611.86+0.12+0.30
4628.00+0.06+0.32
4640.914+0.06+0.38
4661.24+0.06+0.29
4681.924+0.08+0.29
4698.82+0.10+0.36
4739.70+0.20+0.30
4750.05+0.12+0.29
4780.54+0.12+0.30
4843.07+0.20+0.31
4918.02+0.34+0.34
4950.93+0.36+0.38

103.65+0.05+0.55
521.53+0.11+2.76
551.65+0.12+2.92
529.43+0.12+2.81
1667.39+0.21+8.84
535.54+0.12+2.84
163.87+0.07+0.87
366.55+0.10+1.94
511.47+0.12+2.71
525.16+0.12+2.78
207.82+0.08+1.10
159.28+0.07+0.84

This spark another wave of research about A} and contribute to

a serious of new important result !
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____ Review

[Second round physics results on Al }
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PRL 131, 191901 (2023)
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In summary, BESIII
has achieved great
success on Al study!
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I C P  Future Plan A
What’s next for A} ?

1. The precisions of measurements for A¥ decays are still less than
the charm meson sector. => (need more data to improve)

2. Unique physics goals on BESIII:
a) Polarization study;
b) Final states containing neutral particles; (n or K})
c) Semi-leptonic decays;
d) Inclusive decays;
¢) Quantum correlation;

f) Cross section close to threshold.
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____ Partl A

Part I Large data taking at certain E,,
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1x10°Upgrade vs BEPCI| »

Part | BEPCII Upgrade
BEPCII Upgrade:
BE}’CI BEPCII- | BEPCII-
U U
23 S@éeV @2.35GeV | @ 2.8GeV
L 10%em=2577] 3.5 11 3.7
By [cm] 1.5 1.35 3.0
Beam current [mA]| 400 900 450
SR Power [kW] 110 250 250
$y lum 0.029 0.033 0.043
Emittance [nmrad] 147 152 200
Couping [%] 0.53 0.35 0.5
Bucket Height 0.0069 | 0.011 0.009
Oz0 [cm] 1.54 1.07 1.4
g, [cm] 1.69 1.22 1.6
RF Voltage [MV] 1.6 3.3 3.3
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Double beam power &
Optics upgrade &

Higher gradient of magnets
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BEPCII Upgrade y
BESIII Physics Report

Chinese Physics C

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]].
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Part | BEPCII Upgrade

Planned future data set

Table 7.1:  List of data samples collected by BESIII/BEPCII up to 2019, and the proposed
samples for the remainder of the physics program. The most right column shows the
number of required data taking days in current (T¢) or upgraded (Ty) machine. The

machine upgrades include top-up implementation and beam current increase.

Energy |  Physics motivations | Current data | Expected final data | Tc / Tu
1.8 -2.0 GeV R values N/A 0.1 fb~1 60/50 days
Nucleon cross-sections (fine scan)
2.0 - 3.1 GeV R values Fine scan Complete scan 250/180 days
Cross-sections (20 energy points) | (additional points)
7 J/v peak Light hadron & Glueball 321" 3.2 b N/A
J/v decays (10 billion) (10 billion)
¥(3686) peak | Light hadron & Glueball 0.67 b~ ! 4.5 fbT 150/90 days Com p|eted
v Charmonium decays (0.45 billion) (3.0 billion)
¥(3770) peak D°/D¥* decays 2.9 fb~! 200 fb-1 4] 610/360 days
3.8-4.6 GeV R values Fine scan No requirement N/A
XY Z/Open charm (105 energy points)
4.180 GeV D, decay T e 6 fb~1 140/50 days
XY Z/Open charm
XY Z /Open charm
4.0 - 4.6 GeV Higher charmonia 16.0 fb~! 30 fb~! 770/310 days
cross-sections at different /s at different /s
4.6 - 49 GeV | Charmed baryon/XY Z 0.56 fb~! 15 fb~* 1490/600 days
cross-sections at 46 CeV at different "/Z 18 fb_l
4.74 GeV YA cross-section N/A 1.0 fb~! 100/40 days +
4.91 GeV Y.Y, cross-section N/A 1.0 fb~! 120/50 days AC data
4.95 GeV =. decays N/A 1.0 fb~! 130/50 days

in 2020-2021, 5.8 fb! is taken

Chin. Phys. C 46, 113003 (2022)
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Where to take data ?

+ A— - ° °
A-A; cross section: Already taken:
B ; —— . oie Sample Ecms/MeV Lhabha/pb ™' Lii-photon/pb ™"
- B e'e > AA, 4610 4611.86+0.12+0.30 103.65+0.05+0.55 103.3740.13
- 4 BESIII 2023 4620 4628.00+0.06+0.32 521.530.11+2.76 520.17+0.28
400 <-BESIII 2018 4640 4640.9120.06£0.38 551.65+0.1242.92 550.67+0.29
B PRL 1 31, 191901 (2023) i+ Belle 4660 4661.24+0.06+0.29 529.43+0.12+2.81 527.53+0.29
i - w Threshold 4680 4681.92:0.08+0.29 1667.39:0.21:8.84 1665.88+0.51
= ] N 4700 4698.82+0.10£0.36 535.54+0.1242.84 533.66+0.29
o} T 4740 4739.70+0.20+0.30 163.87+0.070.87 165.08+0.16
200 ¢ o oo 4750.05+0.120.29 366.55+0.10+1.94 367.57+0.24
- ‘ R . 4780 4780.5420.12+0.30 511.470.1242.71 512.03+0.29
- . o 4840 525.16+0.12+2.78 526.01+0.30
- 4920 ¢ 207.82+0.08+1.10 208.09+0.19
0 - LA R U B B 4950 4950.93+0.360.38 159.28+0.07+0.84 159.85+0.17
4.7 4.8 4.9 \
Vs (GeV + . Cp——
GeV) AT polarization:
_BES"I Colsbiraten T T 1771 | T T | 1 T 1 L | L | L l L | I I 1T T4 P ro posed ra n g e :
[ Dat - ]
. e 0w 03lBAM-00724 - 4630~4700 MeV
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s . 9 - 17
s 8 :
s T -I- | 02
= . N el ~ ]
v ﬁ | _
"}< r non-polarized baselind |1° B _ La rge CrOSS
3 S 01— —] .
= s = r 1 section & large
7 [ A B N . .
< 4 - A transverie polarizatign——— % o ] polarl Zatlon
i pa g bs g 50 ¢ay clia geq - —
_1 _0‘5 0 0‘5 1 - I 11 L1 1 1 | 1 1 1 | L1 1 1 l L1 1 1 | L1 1 1 | L1 1 :
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/s (GeV)
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Further study of Z.,(3985). The cross section line shapes are:

10 )
¢ oBxBr o
- 8 L 1 — mean :
o) - X =8 4r
= 6 5 I
q ! AR 2 |
X 4 N 'j' \ 2 N
= 2 iii “"', | g [ +
L 7 i N = i
:/j - . “"s \\ b [ l
Ox--""""-"""'\N |} HP S P SR TP
462 464 466 4.68 4.7 4.72 4620 4640 4660 4680 4700
s (GeV) Energy (GeV)
Z,.(3985)" Z,.(3990)°

The proposed range (4670 ~ 4690 MeV) is good for Z.,(3985)".
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Improve the precision of A decays to the level of charmed mesons!

N;l‘;_f N;:lag SCS Semi-leptonic
K*K~:(4.01 + 0.07)x1073 2%) et v, (2.91 + 0.04)x1073 (1.4%)
DY  7.2x107 7.9x10°
i (1454 + 0.024)x1073 (1.7%) m nletv,: (1.45 + 0.07)x1073 (5%)

KQK*:(2.95 + 0.15)x1073 (5%) % *v,: (3.72 £ 0.17)x1073 (5%)
Dt  57x107  4.1x10°
mtm0: (1.247 £ 0.033)x1073 2.6%) 7w m etv,:(2.49£0.11)x1073 (4%)

K*™n:(1.73 £ 0.08)x1073 (5%) K%*v,: (3.4 4+ 0.4)x1073 (12%)
Dy  6.2x10°  5.0x10°

Kdmt: (1.05 + 0.05)x1073 (5%) petv,:(2.39 + 0.16)x1073 (7%)

AK*:(6.21 + 0.44)x107% (7%) pK~e*v,: (8.8 + 1.8)x107* (20%)
Af  7.6x10°5 1.2x10°

nt: (6.6 + 1.2)x10~* (18%) ne*v,:(3.57 £ 0.34)x1073 (10%)

Baseline: at least about 15 fb! AL A7 is needed to improve the precision to 5%.
(about 150 day)

Welcome your suggestion!
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Part II Data Taking near AL A threshold

Pei-Rong Li (LZU) -ing plan for charm baryon study 2024/05/12 14




Numerous experiments support non-zero cross sections near baryon threshold -6l

—_

a) C 400

— Fit O BES —+— This work I ete” = A/A;
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e BESII 2015 A E760 2 300f a1 L - 4 BESIII 2023
% BESll(unTagged) 0 E835 = ——DM2, | <-BESIII 2018
— & BaBar(Tagged) # PS170 E et E:E}?; 400 ' Belle
O = < BaBar(unTagged) »* DM2 ’<F TN dL 0 Threshold E '
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To explain the non vanishment of cross section of e*e™ — BB (B is a spin -1/2
baryon) near threshold!!~¢], Sommerfeld!”! & Sakharov!®! put forward the
parameterization form based on one-photon exchange(OPEX) assumption:

2
T L UGu@P + 5-1Ge)P)

q 2T
where the interaction between the outgoing baryons is considered in the Coulomb

factor C = ¢ - R, which plays a very important role in description of nonzero cross
section near threshold due to the enhancement factor € = ma /[
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Model for ete™ - ALAZ:

2
2 2M
4oy ,BC % 12 9
o= T2 1Gu() + —2E|Ga(a®)
s: ¢? is the invariant mass squared of the e™e™ system
iai= €”/(4m) is the electromagnetic fine structure constant vector meson dominance
..... (VMD) model
: Bi= \/1 - 4Mi+ /s is the velocity of baryon A7 7 = q2/(4M/21+) AN
C is the s-wave Sommerfeld-Gamow factor corresponding to the final state Coulomb interaction,
ik
which is C(y) = % “.I
(i and G\ can be obtalned by combining the Pauli and Dirac form factors
T v T M2 : !
[ TTTTTTTTT T R ( LB ) i Be — Ri i !
| Ge(d) = Fi(®) + TR, || f“LZﬁ TR T My —s—iMu TR |
! o ¥ P
i Gm(q”) = F1(q”) + F2(¢7), ! i P! — 1 i !
A N VRV O (VRS SN B C R e S
e e e e e (= TR [ N S
Ri1 = ¥(4500), Ra = 1(4660), Rs = 1(4790), and Ry = (4900 /
' w( ) ? ¢( ) ° w( ) ! ’¢( ) State  Mass Mr (MeV) Width I'r (MeV)
_ Parameter Value Parameter Value (4500 4500 125
fi=1=P51—P2— Pz — pa, gn. 1.173 + 0.259 B4 Z0.141 % 0.097 1/)E4660§ 4670 115
fo=pyr—l-oz—oz—ou 5 0iiae e oumionss  Y(A4T0) 4790 100
B3 —0.439 4+ 0.194 a4 0.133 4 0.096 1(4900) 4900 100
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By employing the vector meson dominancel®-''l (VMD) model, the electromagnetic
form factors (EMFFs) in the formula of cross section can be described well by
many theorists groupl!?13!:

ARSI BAELEL L NLRL LR BRI B SN SR B 700

700 3 # BESIII 2023
| — best fit ] 600 |
600 | [ Juncertainty| 7
L = Belle ]
500 [ B -
3 o BESII ; 20l

¢ BESIII 2018
# Belle 2008

400 F:

o (pb)

300 F:
200 F1

100 F!

-100 F:

4.6 4.7 4.8 4.9

V5 (GeV)

The electromagnetic form factors of A, hyperon in the

vector meson dominance model ete” — A} A7 Cross Sections and the A} Electromagnetic Form Factors
within the Extended Vector Meson Dominance Model

1 : 2,a Lb
Junyzo Wan:; Yongliang Yang ™", Zan Tu Cheng Chen(Bi)!2*, Bing Yan(I2K)13*, and Ju-Jun Xie(i#i 3% )121*
! School of Physics, Southeast University, Nanjing 211189, China
2 College of Physics, Qingdao University, Qingdao 266071, China
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However, the existence of Coulomb factor C ’s effect hasn’t been really confirmed,
since the current model for baryon cross section can fit to experiment data whether
including the Coulomb factor or not:

Born Cross Section of e* € — Al A, Born Cross Section of e* € — Al A,
) o)
O | O
5 250l — C=yil-e) 5 250
B ! 8 B !
3 (PLK'Q —cC=1 » [ —
2 o o et & oC — —
8 200 R I BESIII measurement =~ 8 200 l:/ Iy
ﬂ \ / >
150 \ 150 7
i \\\i“ C / — C=y/(l-¢")
i \ . B —cC=1
100 N 100
B N, \ L
/ B I BESIII measurement
50[- 50 E
0 B | | | T | | I T | L1110 I | T | | T | 0 B | | | | | | 1 1 L 1 1 1 1 I 1
0 50 100 150 200 250 300 350 400 () 2 4 6 8 10
AE=Ey-2m,. (MeV) AE = Egy,-2m,. (MeV)

The two line shapes begin to diverge only at the points extremely
close to the baryon threshold !

Pei-Rong Li (LZU) . taking plan for charm baryon study 2024/05/12 18




Currently only a few measurements for baryon cross sections touch the region
within 2 MeV of the baryon threshold.

e*e~ - BB T'(‘l'\’lez"‘]‘;ld Firs(tl\‘l/f\}’)"i“t AM (MeV)  P™E (MeV)
Y pp 1876.54 1876~ 1880 (ISR) § 1.46 : 0
T 1879.13 2000.0 12087 0
AR 223134 2231 ~ 2250 (ISR) 9.16 pr-) 101
y+E- 2378.74 2379 ~ 2440 (ISR) 3076 (pn®) 189

L DX § o 238528 3864 G L2 ioan
::: ETEY f 2643.42 2644.4 P098 1 (AmT) 140
oot 3344.9 3490.0 451 (AkT) 211
PATAD 4572.92 4574.5 PS8 1 pKomt) 823

llllllllllllllllllllllllllllllllllllllllllll

Among these baryons, the measurements for cross section of e*e™ — AtA7 has
great advantages, since the final state particles of AL still have large momenta to be
detected, while other channels are not.
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Pre-research A

To confirm the non-vanishment of the baryon cross section near threshold, ete™ —
AT A7 collision data extremely close to the A} A, threshold is important !

The observed cross section of ete™ — At A7 can be derived from of born cross
section:

[ e e ]
1 4m2 I
| 1 o —~(Ben.—ELym )2 L~ 7 o Eé m A1 T, M+ I
! 5(Bom., mys, 25M5) / dE,,, e 0y / " 4 F(a, B, ) T e > 5
| V2mOBEMS Jom, 4 0 11— [[(Eecm.)] !

|

which 1s determined by the cernter-of-mass energy Ecp,, baryon mass m,+ and

beam energy spread §EEMS. l Application

F(x,E(,;) is the radiative correction factor

>@4600 MeV
|1 — [I(E,,,,)|? is the vacuum polarization factor. >Smallest 2

Op; = 1.63 + 0.24 MeV

Op; = 1.50 + 0.24 MeV
I Oop =2.22 1+ 0.24 MeVI .
»Consistent with the performance 852 aget Lo 2ol iz

of BEPCI, as well as the previous
method af,

A,
= A
.
.
1 4
b .
I I n I I

0.5 1 15 2 25
Beam Energy Spread (MeV)
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Pre-research

Derived observed cross section:

G, Under different models G5 Under different models
200 — 200 —
180 ;— Coyl(1-¢?) 180 ;—
160] 160 :
- — C=1 =
140 140 —
120~ + BESIII measurement 120 i
g - .’g -
= 100 = 100 — — C=y/(1-¢”)
5 i o -
80 80_ cot
60— 60—
= = —‘ﬁ BESIII measurement
40— 40
20 20—
:\\\ e b by e b e b e b b ey :\\\‘ i e e e e e e e b e Ly
074550 4600 4650 4700 4750 4800 4850 4900 4950 5000 feo 4565 4570 4575 4580 4585 4590 4595 4600
Ecm (MeV) Ecm (MeV)
The difference between different models
40
35 f—
30| ]
. . B —— C(y/(1-e)) - C(1)
The difference of observed cross section - OF
o) =
. ° \Tn 20—
between two possible models: 3
15—
o
5
= L L L L ‘ L L L L L Il ‘ L L Il ‘ L Il L ‘ L L L L ‘ L L ‘ L L L
£60 4565 4570 4575 4580 4585 4590 4595 4600

Ecm (MeV)
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Pre-research A

Base on statistical method of hypothesis testing, the minimum luminosity needed to
distinguish two models with a significance of 5o is estimated:

Luminosity vs Ecm G, Under different models
300 200
- 2 -
- 1 _ 52 180 — |
psol 2 (O-obs aobs) -
— X - ( 6 ) 2 160 — :
- Omeasure E
200F 140]
- - 2 1 r
‘é : I = X Oobs = 120
= ~ - 1 2 2 £ = y
= . . — - 100— C=y/(1-e
g 10 g (0,5 — 05ps) 3 yi(1-¢")
E - ——— A! threshold 80~ — =1
- 100— F
* 56 m,.:2286.32(MeV) statistical 60—
L ‘ - + BESIIT measurement
so— - 56 m,.:2286.46(MeV) statistical 40—
- 50 m A::2286.60(MeV) statistical 20 :
C ‘ L L 1 L ‘ Il L Il L ‘ 1 L Il L ‘ 1 L L L ‘ 1 L L Il ‘ Il L L 1 ‘ Il 1 B Il Il ‘ Il L L L L L ‘ L L L ‘ Il L L L L L L L L 1
0 4565 4570 4575 4580 4585 4590 4595 4&60 4565 4570 4575 4580 4585 4590 4595 4600
Ecm (MeV) Ecm (MeV)

Data taken at 4573.6 MeV (about 0.7 MeV above the threshold) can test the
Coulomb factor best in this VMD model. [CPL 41, 021302 (2024)]

Proposed data taking points: (about 6 day)

E ., (MeV) 4572 4573 4574 4575 4576 4577 All
Luminosity (pb™1) 100 76 70 77 95 128 546
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____ Summary 4§ A

Summary
A proposal of data taking is raised up to further study the A baryon.

1. Large data set taken at about 4630 ~ 4700 MeV , about 15 fb"!
(150 days) 1s needed, which has relatively large cross section and
polarization;

2. Data taken at the /s region close to AZA7 threshold, from 4572 ~
4577 MeV, about 550 pb-! (6 days) is needed.
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____ Backup

Backup
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Pre-research

Base on statistical method of hypothesis testing, the minimum luminosity needed to

distinguish two models with a significance of 5o is estimated:

300

Luminosity vs Ecm
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____ Backup y

Suggestions from accelerator experts: Thanks Prof. Cheng-hui Yu !

2.3 GeVIRIMAER T (JFOREE4. 6GeVIHIT) , HAER /N EK0. 12MeVRER E (2K .
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1E 7R IR ) ARk B R A ST IR 2 AR S 1 B B B RS R % A sart (0. 12%%2+0. 125%%2) =0. 17MeV
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4 A

Luminosity vs Ecm
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____ Backup

Fitting the born cross section with high E ,,, data:

Born Cross Section of e e — A K;
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____ Backup A

x? test for current data near threshold to distinguish different models:

Ecm(MeV) Oobs X* With 0¢ is not constant X* With o¢ is constant
4574.5 113.0 £ 5+ 20 2.7640 33.9233
4580.0 133.0+16 2.1006 0.3068
4590.0 178.0+19 0.4600 0.7920
4599.5 169.1+2.3 1.3381 1.9107

Total \ 6.6627 36.9328
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