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BESIII Experiment

CMS energy: 2.0- 4.6 GeV (4.95 GeV now)
Muti-bunch: 93 T Emm———

Cross angle: 22 mrad
Peak lummosrcy 1.0 X 1033cm S 1Ct/)(3770)
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Al history at BESIII
In 2014, 567 pbl at 4.6 GeV

A, - pKm + 11 CF modes PRL 116, 052001 (2016)
A, > pK* K-, pm- PRL 117, 232002 (2016)
00t T "] A, - nK,m PRL 118, 112001 (2017)
- ST AN : - A, - pn, pr® PRD 95, 111102(R) (2017)
100 F o bl e h PR — PLB 772, 338 (2017)
- —— BESIII fit : . A, - EOWK PLB 783, 200 (2018)
[ . PHSP model l _ -+ - A, — A PRD 99, 032010 (2019)
200 |-+ Threshold 7] ’ | . A, - pK,n PLB 817 (2021) 136327
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100 I~ : ] A, - Aptv PLB 767m 42 (2017)
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PDG in 2015

A+ DECAY MODES

Scale factor/

Mode Fraction (I;/T) Confidence level
Hadronic modes with a p: S = —1 final states
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PDG in 2020

Hadronic modes with a p or n: S = —1 final states
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PDG in 2015

Hadronic modes with a hyperon: S = —1 final states
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PDG in 2020

Improvement: Not only the central
value, but also the uncertainty

Hadronic modes with a hyperon: S = —1 final states
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Charmed baryon A/

Singly-charmed baryon %
r L —_— _— — A —_— L —_— _—

o — T PRL 119, 112001 (2017)
S 180F LHCb 13 TeV
§ 160
& ]40:_ ~+ Data
5 - —Total
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§ ]00;_ ---Background
‘-g 80 F
S 60F

40

20F

0 S T

L K V""-... PRI TR S R
3500 3600 3700
Meyg(Z1H) [MeV/c2)

m LHCb observed doubly charm baryon =2}

. N + + + 4 —cc ~100F e PRL 121, 162002 (2018)
withgZr - ALK n*n* and Zfn* decays. } izl
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o
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AY is lowest-lying charmed bayron: |
Important for the higher mass charmed 20}
baryon and bottomed baryon 055003550 00 3es0 3700

m(Ein") [MCV/('Z]




A: hadronic decays

Internal W emission W exchange
» > " [u > > u
— ?‘T+ 3 ﬂ-_'_
d g d
A :‘:ﬁf{ ) Al d
C - | d C > gﬂr > d mn
d > d d > U

Nonfactorizable components

A, hadronic decay amplitudes[1][2] Experimental input

Factorizable components

[1]: L. L. Chau and H. Y. Cheng, Phys. Rev. Lett. 56, 1655 (1986).
[2]: K. YO0ji, Phys. Rev. D. 44, 2799 (1991).



Singly Cabibbo suppressed decays

A SU(3) s Cheng et al.  Our work Expt.
104Bs+ ko | 10.5+1.4 14.4 91+48 ||
104Bsog+ | 5.2+0.7 7.2 55+1.6 | 5.240.8

10*B,, o /I T 1.3 0.8 02 0.8+1.4
108, | 11.2+28 12.8 11.4+3.5 | 12.443.0
10*B,,, | 24.5+14.6 Tl-4104
10'B,.+ | 7.6+1.1 0.9 7.7+ 2.0 |—
10*Bprog+ | 6.6£0.9 10.7 5.9+17 | 61%12

Ref: J. High Energy Phys. 02 (2020) 165

*nm™ ,pn and pn’ were observed in 2022.

Challenge: Small branching
fractions of 1073 or below

Various models: SU(3) flavor
symmetry, pole model and
current-algebra, topological-
diagram approach, etc



A production at BESIII

|-----------------1
e [ [
J /v BES 11 "06 09 :'(‘)S) |
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Threshold effect: pair production of charmed mesons/baryons !

ete” - DD,DD*,D*D*, AL A;
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Double-tag approach

@ Process of interest Model-independent

(sm)

(3

® /
@

NiSTZZNOXBiXEiST

NiSDT —_ ZNO XBl XBS X EiSDT

Z:Nis DT

YXN; st X €ispr/&isT

Bs

Tag-side
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Luminosity pb’

1500 -

1000 -

New data sets at BESIII

Newl
Collected in 2020

500 -

and 2021

4.6—-4.7 GeV 0.6 + 3.8 fb!
4.7 -4.95 GeV 1.9 fb!

4.6

4.7

| | | 1 ! | | | 1 ! |
48 49
/s GeV
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Events / 1.25 MeV/c?

5000

4000
3000 E
2000 F
1000 F
1000
800 F
600
400 |
200
800 |
600 F

400
200

600

400 |

200 F

600
400

200

Vs = 4.682 GeV as an example

K

An i

A tagging

PRL 128 (2022) 142001
v"10 singly tagged modes at BESII|

Mac = [Edeam/c* = P12/
* Eyeam IS the beam energy.

. ﬁj—\g is the momentum of the Az candidate.
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Events / 10 MeV/c?

Observation of A - nm™
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ﬂp wen Alon
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Neutron peak

PRL 128 (2022) 142001

MI?eC — (Ebeam — En+ )2/C4 —|p- ﬁO — ﬁn+|2/C2

o — 2 2 _m2 -2
P = \/Ebeam/c mA‘C"C

* Do = —Pa;/|Paz| is the unit direction opposite to the ST
Ac

Energy-momentum

conservation !

v Select the * against the ST AZ.
v' Extract the yields from the invariant mass of the
missing part =» Neutron as missing particle!
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Measurement of AL - nm™

E ¢ data
120 __“o 12: ; s Aln Tt
Y i) l | ,% i Branching fraction
> B E oF 1 ' e ALY W
% 80 —E 6}“} M 11 | ««x background A-(l,‘_ - n7T+ 50 i 9 (6.6 i 1'25tat i O.4‘Syst) X 10_4
= ) o
5 0F M IIIIIIIIIIIIIIII |‘ -q?__ Af - An™ 376 £+ 22 (1.31 T 0.085¢5¢ T O-OSSyst) X 1074
5 WF B I N b ot AF -0t 343£22 (122 £ 00850 £ 0.074y5) X 1072
20 :— \ | \ /_{_ +
—\
" 09 1 11 1.2 1.3
M .. (GeV/c?) + + N 0
v'Red peak: AY ->nnt 730 R=B\; »>nr”)/B(A; = pr”)

with results

from PDG Belle from PRD 103, 072004 (2021)

v Blue peak: A} - Art ]_ Consistent  v"Use B(AF — pr®) < 8.0 X 1075 at 90% C.L. of

v Green peak: Af - X077
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Compar'ison to theory

Branching fraction this work

AL onr™ 5019 (6.6 1.2 & 0.44y5) X 107*

B(AE - nn+) x 107 “ Reference

PRD 55, 7067 (1997)

v’ Contradictory with most of

9 2 PRD 93, 056008 (2016) oredictions
113+ 29 2 PRD 97, 073006 (2018)
8or9 450r8.0  PRD 49, 3417 (1994)
2.66 35  PRDO7 074028 (2018) ¥ Revisiting the A¢ — pr® with the
6.1+ 2.0 47 PLB 790, 225 (2019) larger data sets. New results will

7.7 + 2.0 9.6 JHEP 02 (2020) 165 |  COMe out late this year.
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Observation of A7 - nntn’, n3w, nK™ 2w

CPC 47, 023001 (2023)

=4 Data

[ — Totar it [ Tein: (b) - (©) ~ Data

\ | — Ajonmin® 60— — A= TR 200 - e — Total fit_
2 IS0 kS o Lr [ § = e
% - — AEK; BKG % % - comb. BKG
= - — Chebyshev s = 150
S B com. BKG = = -
S 100 — e e .
> 2 2 100E 11
5 5 5
5

50 2 S
a F = =250 !

=0 _lﬁti_u.._,_;_;.,,_,_L.....i TN .. = §

En 1.'..4‘ - tYY FY P AN ) [ i_" é(, E: 3 3 ry

0.8 0.9 1 1.1 1.2 1.3 0.85 0.9 0.95 1 0.85 0.9 ) 0.95 1 1.05
M () (GeVic?) M () (GeVic?) M. (K'T') (GeV/e?)
AF > notn® At s notn A >nK n'n

Signal decay B (%)
A} — nrt 0.64 +0.09+0.02 v" Double-tag approach

A; — it 0.45+0.07+0.03 v Neutron as missing particle
Al - nK n*n* 1.90+0.08 +0.09
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Results

B(A} - pKIn®)/B(A} - pK?) =1.24£0.10

\

B(A} - nn*n®)/B(A} - nn™) 9.7 +2.4
B(A} - prtn™)/B(A} -» nntn?) 0.72+0.11
B(Af > nan n nt)/B(Af > nK n ™) 0.24 £ 0.04

/

Consistent with CKM
|V 41/1V.| =(0.224 + 0.005)



Branching fraction of A7 > n+ X

PDG 2(122 Inclusive modes PRD 45, 752 (1992)
— e AVhDE o e - - - (2954 032) % o
p anything (50 16 )% I
n anything (50 £16 )% [
/A anything (38.2 %2 ) %
K%anything (9.9 +£ 0.7 )%
3prongs 24 +£8 )%

How large does A decay into a neutron ?
Large uncertainty in the indirect measurement

19



Strategy

arXiv:2210.09561

Under CP symmetry :

A, >n+X © Af->n+X

« AY - pK~n™ as tagging, yield 24577 + 179
* Discriminate the n from the neutral noise:
Eﬁ > 0.48 GeV, Sﬁ > 18 sz, HitSﬁ > 20

Events / 2.5 MeV/c?

2000 |
1500
1000 |
500 |

1500

—
[
[
(e}

1500
1000

500

4000
3000
2000
1000

500 |

F (s=4.600 GeV

a \s=4.612 GeV

E‘l“_,._qr\_\ el

- (5=4.628 GeV

g {5=4.641 GeV

(5=4.682 GeV

2 (5=4.661 GeV |

Vs=4.699 GeV

e

226 228 23 232 234

226 228 23 232 234

Mg (GeV/ce?)
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Anti-neutron signals

L. Liu, X. R. Zhou, and H. P. Peng, NIM A 1033 (2022) 166672

EM shower

e 10 billion J /4y events at BESIII
* ]/ — pmn as control sample

Three key variables: deposited energy

(E5), second moment (S5), number of hits
for each shower (Hitsz)

Hadronic shower

E.[GeV] S [cm®]

Hits,

103
L L L L I B B T 7
— 250F 300 =
= o E B ]
D o9, (b) 7 — 250 (¢ 1
2 - B - r
(e} L — — 200F -
1 ] - g
— - E = 150f E
» 100F - o s ]
c i E 3 100f =
q>) 50 F : i
L - = 50F B
P RS TP RN RN SR . | 0 S R I IO BRI IR B er O: A R T T T P . 3
824 06 08 1 12 14 16 18 2 0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
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25% is missing

300 {s=4.600 GeV| 250 (s=4.661 GeV
- 200
o 200 150
g 100 100
= 50
=
L%) 60 1s=4.612 GeV 600 :— {54682 GeV
40 400
20 200
250 V5=4.628 GeV "‘ —
200 150 F (s=4.699 GeV
25% of A} decays into a neutron haven't been observed 100°F
50 F
50 C e e b
DO | e
200
/12' = Ngirect + X (4.88 £ 0.30)% 150
PDG 100
At > A+ X 8.03 £0.41)% 25.4 + 0.8)%
(Exclusive) ¢ ( % B e 50

AF S5T/E+X (125 +0.66)%
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Summary

BESIII has collected about 6.5 fb-! data between /s =
4.6 and 5.0 GeV.

A > nnt, netn® .. have been observed for the first
time.

B(Af - n+X) is about 33% of total A decays, and one-
fourth of decays into a neutron have not yet observed.

More results of A will come very soon. Stay tuned |

Thanks for your attention!
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Data collected at BESIII

Totally about 33 fb? in 10 year running

Data sets collected so far include,

> 10x10° J /1 events

> 0.5%10° 1’ events

» Scan data [2.0, 3.08] GeV; [3.735, 4.600] GeV
130 energy points, about 2.0 fb!

» Large data sets for XYZ study above 4.0 GeV
about 20 fb?

Unique data sets at open charm thresholds
3.77GeV 2.93fb~" DD
4.008 GeV 0.48fb~' DD
4.18GeV 3.2fb~!' D,D?
4.6 —4.7GeV 0.6 +3.8fb 1 ATA;

10

10

E 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I 1 : 1 1 1 “_L | | "]r'w
i PDG 201::) ¢ u, d’ S ‘
3 ]un]) ]JQCD
L T s —— Naive quark model =
; 2175 5

0.1 fb1!

4130. 4160,

R

" Energy Scan 526 pt 4190, 4200,

C‘an cover 04 9 GeV from f*

4210, 4220,

Inclusive

- . 236. 4245,
B measurements
dlrect annlhllatlon or ISR B | 270 420,
1 1. 5 2 25 4290. 4315.
et e = P 4340, 4380,
YRS (aoao : 4420 4400, 4440
A Mark-I 0.5 fb! 4230+4260 1.0 fb! 2
Mark-1 + LGW 1.9 fb-! 7.7 fol
M.‘n‘-lf—‘“ 1',“/ i W oo } | ’ 4600 —_
e PLUTO 0_5).:109 r o |l i 0.6 fb 1 1
EX DADP ‘ | :" | : 1
# Crystal Ball L~ | i % i
* BES " , ”& *4—1 ’ | 3
1 | i
ol ’ { ||I1 %& 301b’~"’o.‘fb x
S 5 [ :
‘_L__‘?‘—“j[i} can13fb](130points) 5 =
1 1 1 1 1 1 1 1 1 1 Il 1 1 1 - |
3.5 T 4.5 5
Vs [GeV ¥
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