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Introduction: Why NP?

e SM achieved great success, including the discovery of Higgs particle.
However, It is regard as an low energy effective theory which can not
explain:

e experimentally:
e small mass of neutrino raising in neutrino oscillation
e dark matter

e dark energy

matter/anti-matter
asymmetry

® Pursue theory of everything
. K]



Why rare decay?

Standard SM contribution is
\VileYe =) dominant
New Physics
rare decay

Standard Model

New Physics

New Physics

SM contributionD
highly suppressed

SM contribution is
forbidden

)

High order,
FCNC, Weak
decay in
charmonium

BNV/LNV,
CLFV



Resent results of rare decay at BESIII

Jhy = p =t p” 160 PRD109, 052006 (2024) rare QED
20 - X ety, 16000 PRD107, 012002 (2023) SU(3)f breaking
Q - 3207 54000 JHEPO5, 141 (2024) AS =2
Q™ - nkK~ 24000

Df — n*nl*e” 7000 arXiv:2404.05973 FCNC
Df > Kzl e 2100 accepted by PRL

Df — Kgn+e+e‘ 8100

w(3696) - AfE +c.c 1400 CPC47,013002 (2023) Weak decay
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Resent results of BNV&LNYV at BESII!

A—A 440 PRL131, 121801 (2023) BNV
20 » Ke* 360 PRD108, 012006 (2023) BNV
B> Kte~ 190

D° - pe* 120 PRD105, 032006 (2022) BNV
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Jly = eu 0.45 Sci.China Phys.Mech.Astron. 66, cLFV
221011 (2023)



Search for J/y — LTIl

Pure leptonic processes are ideal for - First observatlon
testing accurate QED predictions
due to their simplicity and lack of
nonperturbative effects.

. 007306308 31 32319516 2
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NP in Hyperon: Search for AS = AQ violation

e BFof AS # AQ process highly suppressed in ¢’
SM, or related to breaking effect of SU(3),, - Ve
CP and CPT invariance e
e Data: 10 billion @J/y energy point ’ :Wg > >—d
through J/w — 2% — Signa)Z%( — Ax™), =0 u—> > diX = nx”
provide 10° hyperon pairs, double tag s B s
method Second order weak interaction in SM

e Upper limit at 90% C.L.
BE’ - Xe'y,) < 1.6x107*
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NP in Hyperon Searoh for AS =2 process

BF of AS = 2 process
highly suppressed in SM

May enhance to 107 with

some NPS[x.c. He,PRD108,055012]
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FCNC: Search for D, - h*(hV)ete™

Data: 7.33 fb~! @4.128%4.226 energy point

Single tag analysis
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Events / (1MeV/c?)

Weak decay: Search for y(3686) - ATX™ +c.c

0.45 billion y(3686) events @3.69GeV c > C
w(3686) = AYEZ™ + c.c, with AT — pK=2", 27 = pa° 5 A
Look signal in mass of M(pK~ 7Z'+)
1 (3686)
i Nslgnal = 0.7+329 W u
15— Ny = 274.4 £19.0 B u =
i C S
10: 4+ 4+ 4 ml l 4
i 3
L GLINGET or -
2.26 2.27 2.28 2.29 2.3 2.31

M(pK'*) (GeV/c2)

(color online) Fit to the M(pK~n*) distribution for the
candidate events from ¢(3686) —» A}Z~. Points with error bars
are data. The red (black) dashed line is the signal (back-
ground), and the blue solid curve is the total fit. The pink
dashed line is the inclusive MC sample. The red solid curve is
the signal shape enlarged by a factor of 100.

B (x10°)

B(y(3686) - ATE~ +c.c) < 1.4x107°

@ 90% C.L.
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Weak decay: Search for J/w — D™ u*v, + c.C

10 billion J/y events @3.09GeV
. —_ + —_ + —_ —

UsingJ/w —» D" p™v,, D™ - K'K™x

Signal extracted by

Umiss = Emiss — |Pmiss|

>
§ gy L  — — TotalFit —— Data
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=
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mlSS

Upper limit at 90% CL
B(J/p > D-p+v, +c.c.)<5.6 x 107

Predict to be at order of 1073 or lower in

SM
The first search of a charmonium weak
decay with a muon in the final state.

C - C
J/ D~
C > > d
+
+
%4 L
Vi
5 1 _— ------ Initial curve
]

-+ Fit curve

0.8 |-

- —— Convolved curve
0.6
0.4

0.2 |

0' ‘2‘ ll& 6II -é 10 12 14 16
B(J/ y—D v, +e.c) (x107)

12



Weak decay: Search for J/y — D% h%*
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J/p— D pt 186+262 <514 <6.0x10°7 " 13




W s -

With Beams

Bl
AR

= Andrei Sakharov (1967) conditions
¢ Baryon number violation

¢ C and CP violation

¢+ Departure from equilibrium

Anti-Universe !

The asymmetry of matter and antimatter in the universe is
one of the major frontier issues urgently to be solved in

particle physics, astrophysics and cosmology.
14



Search for A — A oscillation

e Since 1980IPRL44,1316] there have been many
experiments searching for BNV through n — n

oscillation[PbG2019] with upper limit results, while

few results from other baryons.

e 2007, K.-B. Luk pointed out that A — A oscillation may also exist.

e 2010, X.-W. Kang and H.-B. LilPRD81,051901] gjye a prospect of searching for A — A

oscillation at the BESIII experiment.
. . —_ =0 o e
e 2017, the LHCb experiment present a constraint on .:L(b) — =, oscillation.

* The theoretical advantage for using A — A is it has a second generation quark, which
can give further searches with the result of proton decay which only have the first

generation quark.

15



Search for A — A oscillation

Result based on 1.31 billion J/y events

An oscillation event (c.c. implied)

oscillatin
I g> pK™A

Jhw — pK~A

Time integrated oscillation rate
By — pK=A) NObS/GWS

@(A) - A obs
By - pK—A) NRS /€Rg

Bkg free, sys. uncertainty very low (1%)

Upper limit on oscillation rate at 90% CL

obs

N,
P(N) < Ri WS _44%1076.
NO S/GRS

Oscillation parameter (90% CL)
P(N)

TA

Smyx = <3.8x10718 GeV
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< 1 .
%) i 3_ Data: dot WS
= | a3 ‘L with error bar
< i 1E
S o050 o .
*qc'; - Signal Wmdow. I
u>.| i red arrows
0!; ' '
4
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103 error bars
102 Solid line: fit result
10677 e
1 L L N L N L " N L L L 1 N " L L 1 L L N L
1.09 1.1 1.11 1.12 1.13 1.14
M, (GeV)

Right Sign Channel (Opposite Charge)
J/b = pK™A - pK~(pz™)



BNV/LNV: Search for 2 - Ke

> >
> >

e 10 billion J/3 events e
e First search of BNV in = decay =0 |, 2 u
e Double tag method Ly
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LNV: Search for ¢ — z7nte e

e 10 billion J/3 events through J/yw — ¢n
e First search of LNV in ¢

Uu

& 0.65]

_06)

S |

@ 0.55:— H

S

e Background free analysis = o0
* Upper limit at 90% C.L. PP S
0.5 1 1.5 2 2.5
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B¢ »nmrrte e ) <3.7x107°
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cLFV: Search for J/w — eu

e 8.998 x 10° J/y events (without 2012 data)

e Searching for two back-to-back e u
e Expected 24.8(J/1)+12.0(continuum) bkg events

e QObserve 29 candidate events

0.1 0.1r
0.08 :_ Signal MC 0.08 :_ . g .. Full data
20.06 20.06 !i' “
TE L E s ’, .
£10.04 21004 S
. [ A
0.02 - 0.02 - ’-57
_ fi ° ;. 0
0 ob— 1 | G e
0.8 09 N 1.2 0.8 09 1 11 12
E;J/\s E,J/\s
. . Nsignal
e Upper limit at 90% C.L. 0O 5 10 15 20 25

B(J/Y - eu) <4.5x%x10-9
® Improve the previous best limit
by a factor of 30

® The most precise cLFV search e e
in heavy quarkonium B(J/ v —eL)
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SESII

e Searching rare decay from experiment plays key role to reveal NP
beyond SM.

e Present constraints are still above SM predictions, no evidence of NP
have been found yet.

¢ |n the future, more data on BESIII will collected, new results and more
strict constraints can be expected.

Thanile vou!

T &b gk K

HENAN NORMAL UNIVERSITY
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Introduction: BEPCII/BESIII

Lmac. The m]ector, a 202M long

"% electron position linear accelerator that
'_';;? can accelerate the electrons and

N

o

The storage l‘illg' A sports track shaped
accelerator with a ctrcumference of 237.5M.

‘5%\ *‘ —

BESIII Beijing Spectrometer III, |
the main detector for BEPC 1.




Introduction:BESIII Detector

SC Magnet: 1T

MDC: gy = 115um
/ Ap/p = 0.47%@1GeV

a7 5600 resolution ofdE/dx = 5.2%

| ., a0 / 75— .
Barrel and B e
endcap Muon | '
counter: g,g = . \ e & et >
14mm~15mm g & g Uji . = rEU S

o,~17mm S W’ e
! | z
..................... bmo0n NG Endcap TOF: MRPC
] oy = 70 ps
1

Barrel and endcap EMCAL
AE/E = 2.5% @1GeV ,0c = 6 mm/VE

* General purpose detector at BEPCII, E

Barrel TOF: Scintillator
o= 80 ps

om = 2-4.6 GeV, Lpeak ~ 1033/cm?/s

* Versatile researches in t-charm physics 23



Introduction:BESIII Collaboration
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BESIII: ~600 members 85
institutes, 17 countries.
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Introduction:BEPCII
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Data sampl

O [mb]

10~

© o

es at BESIII

I/
3 A « BESIII has collected the largest data samples of J/y and y(3686)
T W L on the threshold in the world!
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