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BESIT

IR ARG AY
ERES

(8A)
1E+05
1E+04 ] /q, ﬁ z[:
1E+03
1E+02
tesor | XN

100 12 2500

HeHRF

N\
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N\
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MENANT O REEREE RPN
EXETRE  gERME ESTHE
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> D9(+) samples
3000

2000

1500

1000

500 I
0 7 |

MARKI DELCO MARKII MARKII BESII CLEOc BESII

» Dgt/Dgt /At samples

1E+00
MARKIII  BESI BESII

huge sub-samples, such as ,77’, w, ¢, K. ,hyperons ... 0 GEs

4.03/4.14 GeV 417 GeV 4.009/4.178/4.6 GeV
135 Bt 42, £2.0-4.95 30001
BESIl  GeV @ H3E B T #230fb-133%  2000]
1000

CLEOc BESIII
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BESIT BB KA B

H52: STARPEAIR AR 695 5T

5

uniform blinding strategy and datasets

- Common standards & tools ~E common statistic and standards

sharing methods, tools and codes

BNV&LNV processes =y

LFV processes =

I
Sa————— ~ dark pho
Other symmetry violatici=
are decays — Invisible signatuypes
C processes =4 Exotic searches =
= ig0s, Z'
——
Charmonium weak decays =
= exotic resonances
Other rare decays_=2

1£43: FRBEFEBRAETESRTLET
iﬁiﬂ%ﬁ%‘%ﬁ; 29%_
R RISK AT, REFORAREES 05 o Gy

2015-2019: 11 (5+6)
2022/8/22 BESII| %36 E£3%-F. QCD A 4L afit 4 2020-2022: 12 (3+9) 4
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% 0,80 X _EF#7  F sessiondR 2

Session VI
Chair: £ #g# (SYSU)
(20")

10:30-10:50 Charmonium hadronic weak decays at BESIII %) 3% % (USCQ)
10:50-11:10 Charmonium semi-leptonic weak decays at BESIII 2= & Z(SYSU)
11:10-11:30 Rare decay and NP search with Hyperons at BESIII Z % 4~ (PKU)
11:30-11:50 Search for CLFV decays at BESIII 2 A (SYSU)
11:50-12:10 BSM particle searches at BESIII ¥ ax, (PKU)

AT Em—RRHER, PALRERBENHRAS/E R
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BGS]]I JIy weak decays

w

W c

wt

R 9|

W

& S <

c

C - C

J/w =D ey, J/w — D;p* and J/y — D°K*

@ Hadronic, electromagnetic, and radiative decays of the J/1) have been
widely studied, weak decays seldom searched before, especially for
purely hadronic processes.

e Kinematically, the J/v» cannot decay to a pair of charmed D mesons,
but can decay to a single D meson.

@ The weak decay of charmonium are rare decays. Searches for weak
decays of charmonium to single D or Ds mesons provide tests of
standard model (SM) theory and serve as a probe of new physics.

2022/8/22 BESIII 246 4858 T-. QCD M ¥4 Fnmtit < Dayong Wang 6



BGS]]I Search for charmonium weak decays (¢
JAb — D-e*v, and Y(3686) — A*_anti-Z" "

- - Data " |signal MC JHEP 06 (2021) 157
% 30 _ — Fit result ___Inclusive MC
> 25| -w--Background Umiss = Emiss — C|Pmiss]|
20 , 4
215 - & + J * * 1! L# JAp — D-e+ve+c.c.<7.1X108 @ 90% CL
210 el <M
Sy ARl 4 * T {‘H v' mproves the limit by a factor of 170.
0 e s 1F }1 - %o | v stringent constraint for NP models
-0.06 -0.04 -0. 02 0 0.02 0.04 0.06 v muon channel analysis ongoing
Uniss (GeV)
Arxiv:2207.10877 Nygne = 07 %329
e Ny = 274.4 £ 19.0
C > L
d Af g [
U s 0| | | | U1l See Zhijun and
1(3686) ( Sl | l J | Luyan’s talk
W i g 1t ‘ iU H \
¢ ] 5 LJ_‘ IQ 1
b o 5o el Lﬁ“ﬂ%‘%r“ el
B(p(3686)— A*. anti-27) < 1.4X10>. * - MoK (Govied) -

2022/8/22 BESII sz F4238 7. QCD M Baftish £ Dayong Wang 7



B4
BGS]]I Search for FCNC process D? — m°

In SM, FCNC is highly suppressed by GIM mechanism,
only through loop diagram, a very small BF 109 ~105

The suppression in charm decay is much stronger than B
& K system, stronger diagram cancellation

Analyzing 10.6 X 108 D°D? pairs g " / ) /

B(D° - %) < 2.1x10™* @ 90%C. L.

The first constraint on charmed hadron to di-neutrino  ° ﬁéf—:v “ A K
w w- w w-
S )

x10°
X103| 400 _— T — T T T T T
.................. +eeme+ Wrong tags i
[ 0° decays involving K: 350 : - - - - Other D’ decays L
Il 0’ decays not involving K/ 300F Signal Shape P L
«. 18 Non D’ decays > E s =
L =2 2
16 E £ 1
814 32 2
S o
81 o 150 . I
€ . 100 k)
£ 8 o5+
qC) - e D e JREEP =i g - -
ot | R S £ :
g oLt L Jx10°
; ...15... 2.... ....3 i ¥ - 5 o e
M2 [GeVZ/cY) ' i . . . . 4 16 Branching fraction
miss

2022/8/22 BESII SE56 FAZSR T+ QCD LB BRI 2 Dayong Wang 8



BGS]]I Search for A, » py’ (FCNC process)

arXiv:2208.04496 250F”

| AL AL N LN N N B NN LN BLI LA

Massless dark photon Using 4.5 fb~! data in % 200§~ 9{ DAa:taepK" i :
s predicted 4.6 - 4.7GeV 3 F =pecrelboanf
with U(1),, staying 10 hadronic decay modes Q ISOE_ } R —
unbroken, 2100~ .
which can induce \I/‘ g E :
FCNC transitions Rl E

rec(K p)

Double-tag , " ' :
- *— O0 02 04 06 08 1 12 14 16 1.8 2
e e (GeV?/c#)

—
[ \®]
T =

/

9 other A{A. background -
E3 qq background
Signal

Events / 25 MeV?/c*
AN

B(A, - py') <8.0x107° @ 90% C.L.
00 0.01 0.02003004 0.050.06 0.070.080.09 0.1

2
2 i (GEVICY
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BT IE%2 1
BGS]]I Search for cLFV: J/y — ezt

* Analyzing 10.087 X 109 J/ events, with searching Phys. Rev. D 103, 112007 (2021)
processJ/y — et, T - v

Uniss = Emiss —C|Pmiss|

10 —— : . . . .
s 8 s 19 ™ B } See Jingshu’s talk
= = ]
o 6} ] o 10}
< | <
ﬂ 4+ -1 ﬂ :-.
c s o } |
> 2 1T ] > | | HH |
w L ! :
022 0 02 022 )
U (GeV) U

* Determination of upper limit at 90% confidence level (C.L.)
with Bayesian method. Combined result:

« BR(J/¢ — e1) < 7.5%x10~% @ 90% C.L.

 This result improves the previous published limits by two
orders of magnitude and comparable with the theoretical
predictions.

« X3 7qABHX PBIBAR Y R Y Y Y
B(J/y— ex)

2022/8/22 BESIII S28& 4858 F . QCD KP4 HEmFit e Dayong Wang 10



J& 11552
BGS]]I Search for LFV decay J /1 — eTu®

Analyzing 8.998 X 109 J/{ events

Searching for two back-to-back e u

B(J/P - epn) < 4.5x107° @ 90%C. L.

Improve the previous best limit by a factor of > 30
The most stringent BESIII upper limit measurement
The most precise CLFV search in heavy quarkonium
Excluding the parameter space of some models

arXiv:2206.13956

Wi See Jingshu’s talk

%

/mm\@?"

'.1:; {//, m

Y

%

(\ium////,,,

0.1 0.1¢ —
0.08 _ Signal MC 0.08 _ . % Full data
2 0.06 - 2 0.06 -
T%- L Tln- i
£10.04 - 21004 -
0.02 - 0.02 ]
0:. | - 0: R R C e ) ] I:Xlo-g
0.8 1.1 1.2 0.8 . 11 1.2 0 2 4 6 8 10 12 14
Eyf \s B(J/y—eu)
ies SN S RA 9| R Ei=Y vin
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BESIT &7/ % 7 &k ir it 2 BNV/INVIEY:

P
)
®
e+

ABBTHERMR TR, BR "EFHFTE  f VO
B, STERTHFRELELAEEZE L n’
B2 BRBERT FHEFTHHIR, Flle X —H T &
# 8 Georgl — Glashow#£ & (@)

z K IEHAB A - B-L5 e : T’T@,:‘i%&LNV‘}’&/ﬂ'] Phys.Rev.Lett. 32 (1974)+438-
BNViLAE, XERWR AR 5L BRI
4o R P F ZMajorana !, ML REFARTFHK
IR TAR
STEMEERHRNETELATEIREIRZHKE,
S RTS, ERTFTREFFRBNV/INVEAEZ
BRRAMEHETHRELTSA: 1) TFHK
%, BEFHEBFRZ £ REAB=1, AB-
D=0); QRAZTFHEEKEAB=2) QRARTFX
& % (AL=2)
At BESIII, the BNV/LNYV processes have been searched in the decays of D, J /Y, and
hyperons, with ULs on BFs are at the level of 1073~10"*




BGS]]I Search for LNV & BNV D? — pe™

& T1E552

BNV can happen with A(B — L) = 0 at dimension-six

PRD 105 032006 (2022)

operators wof
: : : o D° - pe*
With A(B — L) = 2 allowed at dimension-seven operato _ .|
Analyzing 2.93 fb* 3.773 GeV data Z ro6].
B(D® - pe*) < 1.2x107° @ 90%C. L. " sl
B(D° - pe™) < 2.2x107° @ 90%C. L. ME
-0.10 -0.05 OO.? . 0.05 0.10
The most stringent ones to date for these processes e
Still far above higher generation model prediction 188 D° = pe-
2 1.875— :
Y X
c > c > - 1.85;
D° D° i
o < — . 1.84
u ) u ) R TRy a— 'o.‘o'o‘ s 0.0
AE™ (GeV)

2022/8/22 BESIII 5256 F2&5mT-. QCD Mo inftisf &= Dayong Wang
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BESM Dt — n(n)et: search strategy

T T )%3:4£%2
T
= - « Data: 2.93 fb~! @ 3.770 GeV
D- * Double Tag analysis
e’ « Absolute BFs
p+ § B = Np1/(NsT X€sig)

\ Signal
ne \

Charge conjugated processes are implied & 30 DoK' g Do KmTR 4 e
. X o @ | o © 3 © |
Tag Mode Sig Mode g 4
N, 1 4
= t
D™ > K'n n~ N > j l
D™ - K*tn n m! poomne c
0 [A(B - L) — 0] g 6 D*— Kln*n® 4
D™ - KJm T 4@
D~ - K%n~n® s N S ) 2
D™~ Kn n” m* D* —ne AN
- +— - — — 84 186 1.88 84 186 1.88
D - K'K™m [A(B L) 2] Mgpc(GeV/c?)
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BGS]]I Selection of DT(7) — n(n)e+( )

A kinematic fit(2C): constrain the
invariant mass of D(D); loop 4-
momentum of (anti-) neutron

Opening angle of (anti-)neutron
momentum to shower in the EMC:
10°(15°) for neutron(anti-neutron)
Multivariate Data Analysis(MVA) based
on a Gradient Boosted Decision
Trees(GBDT) algorithm: EMC

The shower-shape variables have a
significant dependence on the momentum
of the (anti-)neutron. MVA is performed
in separate (anti-)neutron momentum
bins of interval 100 MeV/c

Ratio in total sample/(0.025)

0.1

I I I

p<0.5GeV
GBDT>0.97

0.7GeV<p<0.8GeV
GBDT>0.96
anti-neutron

| p<0.5GeV
| GBDT>0.61
§ neutron

0.7GeV<p<0.8GeV
GBDT>0.51

0. 5GeV<p<0 GGeV
GBDT>0.93
anti-neutron

0.8GeV<p<0.9GeV
GBDT>0.95
anti-neutron

0.5GeV<p<0.6GeV

GBDT>0.57
neutron

0.8GeV<p<0.9GeV
GBDT>0.49
neutron

05 0 05
GBDT value

| | !

0.6GeV<p<0.7GeV
GBDT>0.97
anti-neutron

p>0.9GeV
GBDT>0.89
anti-neutron

0.6GeV<p<0.7GeV
GBDT>0.60
neutron

p>0.9GeV
GBDT>0.39
neutron

W signal: n/n
background: K; &y

2022/8/22 BESIII 5256 F&&5m 1. QCD A Hatit <
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BGS]]I Preliminary Results

(a)

3 I <1.43x 10°@90% C.L. 1
_.g : < 1.43x 10°@90% C.L. with uncertainty
© 1 7
X
e, . . |
8 BESIII Preliminary |
Dt - ne” D~ > ne g 091 i
— — [e) r + o o
E LT @] 2 T S S
> 4F Nj,= 0+ 1 1 2 ig= 2% 3 :  — — 3
= = : BR(x10?%)
< 15 —
= i 5
& 3 <2.90% 10°@90% C.L. ®)
S __g - <2.91x 10°@90% C.L. with uncertainty -
> , o 1 7
|_|_| 6 1e= | D+ - ne+
o
3 |
D~ R = ]
& [&) i ®©®05 —
= S JE” B-ESIIII :
£ 3 i2 Preliminary -
g g E i | LW L o 1 L L |
o- o‘ —: 0 2 4 8
> = E BR(x10°)
a2 a2 ]
c c ]
o o :
W g% O‘IBVL.(1G {/z/ 21).4 e 1s W 87 9% 'of?;/i ‘16 '{}2"21} g 1.$(D+ - ﬁe+) < 1_4)(10_5
eV/c eV/c _
" n(GeVic) B(D* - net) < 2.9x1075,
at 90% C.L.  BESIII Preliminary
i — e | i
2022/8/22 BESII 524 E&25% 7. QCD Ay Fiwit 2 rst searches:
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BEST **“** BNV/LNV search at BESIII

Data Source Mode |A(B—L)| @ 90% CL
D* > Ae? 0 6.5x10~7
Dt - X0t 0 1.3x10°°
+ " _6
J5 = 3.773 GeV 2.93 fb1 D™ - Ae 2 1.1x10
Dt - x0e* 2 1.7x10°°
NtO_E D
D™D~ 0 = 4 2 -6
(8,296 + 31 + 64)x103 | mesons | D7 pe 1.2(2.2)x10
D* - ne* 7 1.4(2.5)x1075
Ntot_
DODO 5 DO s K‘n+e+e+ p) 2.8)(10_6
= (10,597 + 28 + 98 )x10
D" - K ete’ 2 3.3x107°
Dt - K n%e*e” 2 8.5x10°°
Vs = 3.097 GeV jy (= A 0 6.9x108
meson | J /1 - pK~A - pK~A 2 [BF ratio P(A) < 4.4x1079]
tot
Nj7y P
= (1,310.6 + 7.0)x10° hyperon
=%hyperon EO%Kie-T- +cc. ) In progress

2022/8/22
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BEOII

Search for A= invisible

» Some models predict baryon invisible decays:

PRD105, L071102 (2022)

Phys. Rev.D 99(2019) 3, 035031

See Yangu’s talk

Y @ Phys. Lett. B 745 (2015), 79
Phys. Rev. Lett. 111, 222501 (2013)

> Mxﬁ,‘s’ also relate to neutron lifetime puzzle: | ;zeam _ m> B | [ B(n > p + X) ~ 99%

e a0
§ 300 E_ ----- Signal 70 E_ E
g 250 ;_ ~— - Background = 60 ;_ s D'ata _:
§ 200 = 50F . ClrecteaRackgronaa
_g 1505— g 40k Other Background ]
S 100F Ky : :
TR 30F :
50 _g g ]
0 E Il 7R | [0 1 L o —m g 20 : :
1.00 1.05 1.10 1.15 1.20 1.25 T} - -
RM(pr*) [GeV/c?] 10 .

T > _ 002 04 06 08 1 12
e e Eenc [GeV]
A y il =
B(A - invisible)< 7.4x107>
tnvistbte
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BESIL 21 Vo 2 g

J&TAES3

invisible ,,

ﬁ 8.848x107 J /¢

77" 6.2 ’ugfécl)mporvement $063.073.063.00 31 3.113.123.13 3.14
10 over M (GeV/c?)
25 — Observed limits
----- Expected lmits
B Expected limits + 1o
2 Expected limits + 20

BF UL @ 90% CL

Events /10 MeV

0 02 04 06 08 1 12
Myisie(GEV/CY)

25 13 185 14 145 15 155 16 165
E,"(GeV) —
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BESIT

« Search for a CP-odd Higgs bosonin J /i — yA°,AY - utu~

BF UL (10%)

-t
]
(]

T lllllll

10

T

T

T IIIIHI

T T T
—— Observed limits

----- Expected average limit
[ Expected limit (68%)
Expected limit (95%)

L1117

1 lllllll 1

1

PBA )

g % tan’

Light Higgs search

J&TAES3

See Peicheng’s talk

— BIaBar

T

BESII (tanfi=0.50)
- BESII (tan@=0.75)

BESIII (tanf=0.40)
BESIII (tanf=D0.60)
BESIN (tanf=1,

S

, , ) . . _®
05 1T 15 2 25 3 0 0.5 1 1.5 2 25 3
M. (GOV/CD) m,. (GeVi/c?)
AO
10% E ~ LI BRI B LN BN BT U N LR
= - —— BaBar - -~ BESIII (tanB=0.4) ]
- ] - BESIII (tanp=0.5) BESIII (tanB=0.60) .
- i L BESIII (tanp=0.75) —— BESIII (tanf=1) .
= _
10° = £ 10°F :
& - 3 ) n ]
o - . < C ]
. B —~ om — =
S 10 = &
L - — Observed limits = S 102}
m " ---- Expected average limit ] % -
n I Expected limit (68%) i o -
Expected limit (95%) -
10 £ 3 i
N -015----;----115----21----215-.--5-— 10° =5’z NI Sy
- vt (VS - myp (Gev/cd)
A Better than BaBar limit for m(A0)<0.7 GeV
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BEST AT IR

BHREVHREIFLE (1)

o X XF: APAE

rELHEIFLLE (10)

o ¥ XEFE: XF, FiEM, &0, TFL, KU, ZHK
o HRMBEMRTE: i, KAF, KFE

o PLKRF: HEFH

EHREEHEEE (2)

o X XF: KM, T
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BESIT BH5RE

BESII L 2R T #HA XX F3 W E BRI

o HFFsHE: KEHE. SRZWEEBE. BTHKIE £NTFHELEE
F UL BAE A SARIE. R AK

o REFHARBERN IR, FREITAEYHIET, BRI
B FRAWIE, RV 4R RERBIFRE G KRR

o MERSHERERTRIE, HEHTTLY

Future Physics Programme of BESIII
Chinese Phys. C 44, 040001 (2020).

RRABEIRA, ERK BT HAT

o BRENPEZTER, FoOESITAR, HIFRLHRPH
o AFTEFREAF: AIRE. HEE. XHAE

o BT AERNER (ZRBRFHR, PATER38%)

o BEREZXBELS, F2EFSRR, FEEFHHAE
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BESII

Thanks!
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