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BESIII Experimem‘
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A¢ history at BESITI

400FT - T T T T 1
. . -1 [ ete > AMA; : ]
@ A'é- hadronlc decay 2014: 0.567 fb! at 4.6 GeV _ E -z BEsmcd/:a
O BF(A{ —pKn") +11hadronic modes : PRL 116, 052001 (2016) 300 [~ =¥ Belle data - »
O BF(Af —pK'K-, pr'm)  : PRL 117, 232002 (2016) P S 4
O BF(Af —nK.1") : PRL 118, 12001 (2017) o k= i b
O BF(Af—pn, pn°) : PRD 95, 111102(R) (2017) o | = '
O BF(At— =-n'm'n®)  :PLB 772, 388 (2017) kb ; ]
O BF(A? - E ()0K+) : PLB 783,200 (2018) i * 1
O BF(Af - Annt) : PRD99, 032010 (2019)
O BF(Af - £, 2%) : CPC43, 083002 (2019) 0 %56 457 458 459 4.6
O A! - BP decay asymmetries : PRD100, 072004 (2019) Vs (GeV)
O BF(A} - pK.n) : PLB 817, 136327 (2021)
O A} spin determination : PRD 103, L091101 (2021) T 1 _ 4.6-4.7GeV 0.6 +3.8fb?
: : - o _ 1
e A{ semi-leptonic decay 1500 - : : 4.7-4.95GeV 1.9 fb
O BF(A}—Ae'v,) : PRL 115, 221805 (2015) N N New |
O BF(Af —Ap’ : PLB 767, 42 (2017 a. - : ; .
- A ) 2 o0 : : Collected in 2020
e At inclusive decay AL 2>A+X 2 - and 2021
O BF(At—AX) : PRL 121, 062003 (2018) § -
O BF(Af —eX) : PRL 121 251801 (2018) 2 500 — Tt e d . .
O BF(A} —KX) : EPJC 80, 935 (2020) I : .
e ALAT pair cross section : PRL 120,132001(2018). ol pai® ¢
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Charmed baryon A7

Singly-charmed baryon

m | HCb observed doubly charm baryon =z}
withg - ALK n*n* and Zfn* decays.

At is lowest-lying charmed bayron:
Important for the higher mass charmed

baryon and bottomed baryon
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Interesting Physics for A7 - nn™

Internal W emission W exchange
u B U u > > u
_ ¢t [
¢ g d
A ‘jf‘( u A, d |
( > > d & > §U > d Ln
d > d d > > u

Difficult to calculate
Nonfactorizable components

A, hadronic decay amplitudes[1][2]

Factorizable components

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



Importance of experimental results

Singly Cabibbo suppressed decays

Ar SU(3) s Cheng et al.  Our work Expt.
10*Bs+xo | 10.5+1.4 14.4 19.1 + 4.8 m
10Bsog+ | 52+07 7.2 55+16 [ 52208 1
10480 P 1.3 1 0.8+1.4
1085, 11.24+2.8 12.8 114435 | 124+3.0 | pomm———— w—
10°B,,, | 24.5+14.6 ATV E——
108, 76+1.1 0.9 7.7+2.0
10*Bpog+ | 6.6+0.9 10.7 59+ 1.7 E—

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

: Latest experimental results

Lack of observation

Challenge: Small branching
fractions of 1073 or below

Input more precise results
from experimental studies

B(A¢ » ntt)/B(AL - pr®),
test different models:

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



Advantage of Af study at BESIIT
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Threshold effect: pair production of charmed mesons/baryons !

ete” - DD,DD*,D*D*, At A;



Double-tag approach

. N; or = 2NaXB: X&;
~ Process of interest ‘° 0TSt

miss

5., /

Nis pr = 2NgXB;XBsX&is pr

. B 2Nis pr
S
* N;¢r: The yields in the i singly tagged(ST) mode.
* & s7: The efficiency in the i singly tagged(ST)

XN; st X€is pr/&isT
mode.

@ * Njspr: The signal yields in the i singly tagged(ST)

mode.
Tag-side

&;s pr: The signal efficiency in the i singly
tagged(ST) mode.

* Ny: The number of Az A} production.

e Bs: The branching fraction of the signal decay.



Events / 1.25 MeV/c?

Vs = 4.682 GeV as an example

5000
4000
3000
2000
1000

I_)Kbn.

Phys. Rev. Lett. 128 (2022) 142001

v" 10 singly tagged modes at BESIII

1000 F
800
600
400 [
200 £

v Ngr = 90692 + 359 with 10 tags @ 4.612-4.699 GeV

800 F
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400 |
200 |

— 2 =il
600 | Mpc = \/Ebeam/c4 — |pAg |2/c?
- PRI AT
400 [ .

ok Epeam 18 the beam energy.

600 | 50, S * Pz is the momentum of the A7 candidate.

400 F

200 F ﬁ -
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2.25 23 2.25 23
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Events / 10 MeV/c2

Study of AL » nm”

{‘ ¢ data

| Phys. Rev. Lett. 128 (2022) 142001

%‘hh | o
| Mrzec — (Ebeam_En+ )2/C4— |p.ﬁ0_ﬁn+|2/cz

« E_+and p_+ are the energy and momentum of =+ candidate

— 2 2 2 2

-

* Py = _ﬁl_\E / |ﬁ,—\z| is the unit direction opposite to the ST A7

M, (GeV/c?)
@ Energy-momentum
°. conservation !

The background from

continuum processes ® . Select the signal pion after reconstructing the ST A.
The back‘;fo(jng fﬁ;_m’ fﬁe (e & ¥ Require no charged tracks from the missing part.
other decays of Ati\z (Tike ) v’ Extract the yields from the invariant mass of the

c > ATt

GO missing part.
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Study of AL - nmt”

: ¢ data
190 |- *F e
S fil lw | 11 ool Afomrt 5049 (6.6 % 1.255¢ + 0.4gy5 )X 1074
2 6o;— jﬁﬂ ik SR J\" 'fm_bkg At - AT 376 + 22 (1.31 £ 0.085¢at £ 0.054yt)x 1072
o T ] \W Af - 30t 343422 (1.22 £ 0.084a¢ + 0.075y5) 1072
\

Y e R = B(A{ > n™)/B(AL > pr°)
v Red peak; A‘g N n71-+ 730 v' Use B(At - pT[O) < 8.0)(10_5 at 90% C.L. of
v Blue peak: A¥ —» Am* COI}lISiStefit Belle from Phys. Rev. D 103, 072004 (2021)
‘ it t
v Green peak: Af - 20z } fom PDG.

Phys. Rev. Lett. 128 (2022) 142001
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Comparison to theory

Branching fraction this work

Az onr™ 5019 (6.6 & 1.2 & 0.44y5)x107*

B(AE » nnt)x10~* R Reference

A 5 PRD 55, 7067 (1997) v" For the bra'ncl'lit?g fractiog of Af » nn™
and the ratio, it is contradictory between
2 PRD 93, 056008 (2016) / our measurement and these references.

11.3+£29 2 PRD 97, 073006 (2018) _ o _ .

v" The branching fraction is consistent with our
8or9 450r80  PRD 49,3417 (1994) result but the ratio is contradictory with it.
2.66 3.5 PRD 97, 074028 (2018) /

6.1+ 2.0 4.7 PLB 790, 225 (2019) v" The branching fraction and ratio are consistent
7.7+ 2.0 9.6 JHEP 02 (2020) 165 I_, with our results, but the uncertainty of

9

B(At - pr®) is about 100%.

13



Prospect: hadronic decays

e AL - pr® ~5 events, input Br = 1x10™*
— For the hint of A - pr!

DT Method .
Sensitive in different models like SU(3); | = Frovide new results about

| » R = B(AY » nnt)/B(AL - prr?)

 With MC simulation ~30 significance

e Use~0.5fb~1 datain 2014

_I_
Measurement of Ac = p1) B(AE — pn) = (1.24 + 028410 + 01055 )x1073
ST Method
More precise input. * Expect 0541 0.28 = ~0.1

For the hint of A - pn’

neutral modes of 7 as missing in the selections
DT Method

{ « Dominant decay modes, n’ — m 71 and

* With MC simulation ~40¢ significance
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Prospect: semi-leptonic decays

— Find the hint of AT - pK~e%v, I e With studies of MC simulation,
Use DT method. expect > 50 significance

* (Clean signal peak.

—

dr

[ J F f—
S dqg?dcosOpdcosOy dy

—~  Measurement of A¥ - Aetv, S ~F(f1,12)
Use DT method. f1, f> 1s form factor

 With 16 times MC of data at 4600 GeV, the
precision for f,/f; will be ~15%

— e * If combining electron and muon channels,
the precision of f,/f; will be expected to
reach ~12%
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74
75
76
77
78
79

e™ anything
p anything
n anything
A anything
K%anything
3prongs

Inclusive modes

( 3.95+ 0.35)%
(50 +16 )%
(50 +16 )%
382+ 22)%
(9.9 + 07 )%
24 +8 )%

» From PDG, in the inclusive
modes, the precision ~32% for
p + anything and n + anything
and ~9% for e + anything.

Prospect: inclusive decays

— Measurement of Az > 1+ X < Challenge:
Use DT method. consistency between

Thousands of candidates data and MC for n.
from MC simulation

Measurement of AL - X + e*v,  Improve the

Use DT method. precision

More information: Future Physics Programme of BESIII (Chinese Physics C Vol. 44, No. 4 (2020) 040001)
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https://iopscience.iop.org/article/10.1088/1674-1137/44/4/040001/pdf

Summary

v'In 2022, AL —» nr* is measured for the first time at BESIII with 3.8 fb-! data between
Vs = 4.6 and 4.7 GeV: Phys. Rev. Lett. 128 (2022) 142001
> B(AY - nnt) = (6.6 + 1.2t = O.éls,},st))(lO_4 with a statistical significance of 7.3 o.

> R(AY - nnt /AL - pr®) > 7.2at90% C.L.
v’ The results disagree with most of the predictions.

v More results of A, will come very soon.

Thanks for your attention!
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Data collected at BESIII

Data sets collected so far include,

> 10x10° J/y events

> 0.5%x10°% ¢y’ 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_r|

10:

Totally about 33 fb-! in 10 year running

o
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I 1 1 1 1 l T
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