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BEPCII and BESIII
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BESIII has collected the

largest charmonium dat
samples on threshold

> 20 fb~1 data above 4
GeV in total
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20 fb~1 W(3770) will be

coming in 2024, large D

meson sample from ) —» DD
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Data samples at BESII|
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O Symmetry violation

Charged Lepton Flavor Violation
Lepton Number Violation
Baryon Number Violation

CP violation

C parity violation

0 Exotic particle

v’ Dark photon y’

v Axion-like particle a
v’ Light Higgs Z°

v SUSY particles

Vo

NEW

AN N NN YN

0 Other process
v Invisible decay

v’ Lepton universality test
Vo

O Vary rare decay
v" Charmonium weak decay
v’ Flavor Changing Neutral

Current process
Vo
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BESIII physics data

v" Physics of BESIII v" 10 billion J/ collected by BESIII
« NSR 8 (11) 2021 . CPC 46 074001 (2022)

NSRe= ® —
Review  ueshoins

Iopscience,org/cpe [ cpe.ihep.ac.cn

ER
457

Physics ohttié BESII Experiment

&P, Science Press| OXFORD
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Charmonium weak decay

O Charmonium weak decays are allowed in SM, but highly
suppressed by strong and EM decays

O The inclusive J/{ weak decay branching fraction is predicted to be

at the order of 1078 or below in SM z phys. c62 271 (1994)

O Some new physics models can enhance the BF of / /3 weak decay
to 107>, e.g. Top-color model, two-Higgs doublet model

O Semi-leptonic weak decay

« J/ - DIy,

e l=e¢eu

0 Hadronic weak decay
« P(2S) > AFE

o Jb Dyt

2023/9/21 CKM 2023

PLB 345, 483 (1995)
PLB 119, 136 (1982)
PRD 15, 1958 (1977)
PRD, 60, 014011 (1999)
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v" An event display
of J/ - D~ u*v,,
D" > Ktnm m~

EPJC,54,107,2008
PRD,78:074012,2008
AHEP,2013:706543,2013
PRD,92:074030,2015
JPG:NPP,44:045004,2017

Theoretical QCDSR CLFQ BSW ccaQw BSM
model (SM) (x10711) (x10711) (x10711) (x10°11) (x10711)
J/W - D etv, | 0.737343 5.1—5.7 6.079:8 1.71 2.03%5:52
J/Y = D u*y, | 0714335 4.7 -55 5.810:8 1.66 1.98194%
]/ - Dye*v, 18*1 53 — 58 104.0%39 33 36.713%
J/ - Dsutv, 17*1 55— 57 99.312:2 32 35.4%39
v' SM prediction for J /1 — D l*v;: ~10710 — 1071 9




Search for J/yYy —» D™ l"v; + c.c.

O Analyzing (10087 + 44) x 10° J/{ events hHJJ\<
w
O Using D~ - K*m~ 1™ to reconstruct D s , ,

J/Ui ]

O Fitin Umiss(= Emiss —C- |Pmiss|) s
N51gnal
. 010 20 30 40 50 60 70 6, ,
355_ —+—Data T_:\Signal MC 1— - g 80; — — Total Fit —4— Data Q_E lj . <<= Initial curve
%3";‘ — Fit result " lInclusive MC 0.8 ] o i mmmcasay =L \ - Fit curve
25F -.-.Background oL s 2 60 RSB s - e
520; ™ } + dE 0‘6A Upper I|m|t : 5 N, = 35 + 28 06 ¢ I-d .
%155— # ﬁm 0 T h } -IE]M: If # 04l scanning E a0 #Jnu#ﬁ 04{ Upper limit
210 ‘? s b sfprse M “;,‘ THIR ! : ] B . i
2 4# T H il Hi J | 0.2} : 20 M ok " scanning
f’— . J L L 44) ‘ e e 0 Ty T 7 - ’ 1 | \../\ \'1 ol | I |
20.06 -0.04 002 0 002 004 006 0 S 10_ 1520 5 25 " 006 000 002 0 002 004 006 L A TR R T
U, .. (GeV) B(J/y —De*v, tc.c) (x107) - (GeV) B/ y—D v, +e.o) (x107)
> B(J/Yy > D etv,+c.c.) <7.1x107% @90% C.L. > B(J/¢ - D_H+Vu +c.c.) <56x%x 1077 @90% C.L.

» The upper Limit (UL) is improved by more than two

» The first search for the charmonium weak decay with a
orders of magnitude

JHEP 06, 157 (2021) muoninthe finalstate. . 5347 02165
2023/9/21 CKM 2023
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Search for ¥ (2S) - AtX~ + c.c.

. + . . .
O Analyzing (448.1 + 2.9) x 106 U(2S) events Will have a A/ peak if signals exist

i Nygna = 0.7 £32.9
O Using AY > pK 2™ - pr® S g = 27842 150
s Upper limit
O Fitin M(pK ) to extract signals = . scanning
15 > (__:M E
\\
AT 1 [ _ L (_‘0 L \”2"'-— . J[ L
U 7% N - NS 231 B (10%)
o A massvalue B
qﬁ 4 1 > B(W(3686) > AfX™ +c.c.) <1.4x107° @90% C.L.
AR VT R
S Pl mdianitls e
1 B w'ﬂf’h e I » The first search for the charmonium baryonic weak decay
T _ Data | » An additional 2.3 billion events at BESIII are available now. This
N SR larger data sample offers an opportunity to further improve the

sensitivity.
2023/9/21  CKM 2023 Chin Phy C, 47, 013002 (2023) 11



OUTLINE

« BEPCII and BESIII

» Charmonium Weak Decays

* FCNC Processes
 Baryon/Lepton Number Violation
 Charged Lepton Flavor Violation

e Summary

2023/9/21 lizhj37@mail2.sysu.edu.cn

12



D meson and FCNC process

O Flavor changing neutral current (FCNC) process

v" FCNC is strongly suppressed by GIM mechanism N
and can happen only through loop diagram: e Y l e,
e BF102~1071> jn SM for D meson decays 4D ;e WETTE nl D j——s FCNC decay
‘/ et e e -+

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

due to the down-type quarks involved
vV coulll=euv _
l [ l
l_ “% o 10’
+ —_ < 30 D= Kor
¢ sW u ¢ W wou LT
v Short distance (SD) process: FCNC = A
r<:: L v Long distance (LD):
[ ° Non-FCNC,
v * Through vector meson

1.84 1.86 1.88 1.84 1.86 1.88

|

I

I —_—

‘ e D> hV, V- ll M(GeV/c)
2023/9/21  CKM 2023 v" Tag D meson by hadronic decays at BESIII 13



Event/(0.003 GeV/c?)

Search for D - h(h("))e*e™ and D° - nlvv IM\

D > h(h()e*e™ O Analyzing 2.93 fb™! data at /s = 3.773 GeV DO S ovv
— — - pWill have a peak if signals EXIStXms

3 . F P = 400 —_—
3 | D" ft“ﬂ“e‘e'i E _ D" K*at”e*;e' | D' KgK‘e*é:' é . 350 é i
] cf I P " > aoof @t .
: | L N 3 L Upper limit ]
LF PoF : - : » Q E ¢ ;
: _,_p_,_,_x_...m_.I_A_A L L .,_l__ E "z‘,zoo g_ - SCanning
o ' " " s £ E o)
. : P . |_%Mso 5 i
. 100E 8 05 -
s50F E :
F = 4
0 -
_ 2f 1. 5
S 9 Ll L L |10
ab N R 0.2 0 0.2 0.4
3D n“?’e‘ : D"en?"e‘ ' [ D°—)m;e*e‘ L D°— ngife‘ 0 02 04 O-BEEM:.[SG ev]1 12 14 1€ Branching fraction
L :I . Lt § Pt : E P : v Egyc: EMC energy not associated with 7° and tag D decays
0 WY I IR, e ] N ST R - I T P

1.84 1.8 1.88 184 186 188 1.84 1.8 188 184 186 1.88 . ‘/ If has signals, it WI" have events exceeding Z€ero in EEMC
N j : vV B(D° > %) <2.1x107* @90% C.L.

g2 P, |2 _ : _
v Red: data Mg = |“heam D v" The first experimental results of search for ¢ — uvv processes

v" Blue: background MC
v' Upper limit of B(D = h(h(M)ete™):

e Atthelevel < 107°~107°
2023/9/21 ckm 2023Phys, Rev. D 97, 072015 (2018) Phys. Rev. D 105, L071102 (2022) 14

20 fb~1 samples at BESIII are coming soon. This larger data
sample offers an opportunity to further improve the sensitivity.
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Search for massless dark photon via A, = py' . &mﬁ\

v Double tag method

v" New physics: An extra Abelian gauge  eeeneenenns 250 G S +Dt() :
. . : : ata . a
group, U(1)p, Causing the associated Hgdm"'c 200 e 1
gauge boson, the dark photon \ ecay/ 2. @ qbuckground
Tag . I 3 ; Signal ]
: . . : £ 100 0 . 3
v If symmetry remains unbroken, it will 5 e, : 5 K; peaking background
: A= G : 50 E
cause a massless dark photon y’ P A : _ o
............. : -.............' .002' (1’4'0.6-0,8. .1 ‘12.“14 1.6 18 2
v y' can be produced via FCNC process : M ) G202 e,
4 ) I;)F 105 h p. 5 Will have a peak if dark photon exist
ﬁ
c—uy ( in new physics) O - 5 ]
1, o A = pK] ]
PhyS Rev. D 102, 115029 (2020) e+ — — o~ a; :8:— B other AYA, background_:
Y ﬁ " r &3 qq background ]
¢ R N u g 6'_ Signal _:
AF u : « p Phys. Rev. D 106, 072008 (2022). E
v
d g d @ — i AL G »iy 0 0.025 0.05 0.075 0.1
N S M (GeV¥c*)

ec(A. p)

detected Invisible v' The first search for massless dark photon
] v B(A, - py') < 8.0 x107°@90% C.L.
2023/9/21  CKM 2023 M2, = |(EAC — p) — (Pp, — Pp)2| v New physics prediction: ~107° 15

O Analyzing 4.5 fb~! data @4.6~4.699 GeV
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_epton / Baryon Number Violation

v Lepton Number Violation (LNV) processes can be used
to test the nature of neutrino, Dirac or Majorana?

v Neutrinoless double beta decay is the most promising

v LNV can also be probed with hadron/lepton decays

v" In the SM, baryon number is always conserved.

v" However, baryon anti-baryon number is highly asymmetric
in the universe. Baryon Number Violation? (BNV)

v' BNV is allowed in GUT and SM extensions A(B — L) =0
* BF:107%°~107%°

v" Furthermore, another BNV under dimension seven
operators allow A(B — L) = 2

2023/9/21 CKM 2023

PRD 22 1694 (1980)
PRD 101 015017 (2020)
PRD 72 095001 (2005)
PRD 59 091303 (1999)
JHEP 05 030 (2009)

PRL 120 132501 (2018)
PRD 93 094026 (2016)
JHEP 08 068 (2011)
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v" LNV processes is given by exchanging a single Majorana neutrino

v' Analyzing 2.93 fb~1 data at+/s = 3.773 GeV

« B(D° > K metet) <2.8x107° @90%C.L.
« B(D* > Kdm~etet) < 3.3 x107° @90%C.L.
« B(D* - K nlete?) <8.5x107°% @90%C.L.

v Majorana neutrino is searched for with different mass assumptions

i i d d il a d d
“.‘ ‘ K- D: "‘.‘

Do "' ‘ | | R® po : \

(a) D° —» K7~ 1t1* (CF)  (b) Dt — Ko7~ 1*1* (CF) (c) D° — K- n~1t1* (DCS) (d) Dt — K~ =%I*1* (DCS)

2023/9/21 CKM 2023

2
sig Ebeam D
Mpe = 4 2
c c

PRD 99 112002 (2019) ©

Events/ 1.0 MeV/c?

s
G

U1

o

10 f

5

1,84

ﬁsn‘|e e’

‘ﬂ

ETTI H
0:

—>K1teeJr (c)

185

1.86 1.87
Mg (GeV/c?)
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Search for BNV decay D° — pe

v’ Baryon anti-baryon number is highly asymmetric in the
universe. Baryon Number Violation? (BNV) 188 * Signal window
3 1.87
v" BNV is allowed in GUT and SM extensions A(B — L) = 0 =
. BF:1073° o e
M;Lég =\/E§eitm _ |PD2|2 = 1.85; DO - I_)e-l_ and EO e pe_
y © F B< 1.2 x107° @90%C.L.
v’ Analyzing 2.93 fb~1 3.773 GeV data A= Eo = Bveam 1'{2;—0- S TR I
« Double Tag mothed is applied, very clean background | | AE® (Gev) '
e* 188F + Signal window
Y X |
N 1.87
c > — | = c > =
D° d g D° S 186
o < < u O < 29 I .
oo rasf D° - pe~ and D° — pe™
D™ - pe™ inSU(5) . . [ B<2.2x107° @90%C.L.
* X, Y:leptoquarks with electric charge seorce T R Y

AE™® (GeV)

2023/9/21  CKM 2023 Phys. Rev. D 105, 032006 (2022) 19



Search for BNV decay Dt — (anti—)n/A/X%e™

v" BNV is allowed in GUT and SM v Analyzing 2.93 fb_l 3.773 GeV data AA(B I_IL) : IO SA(IB'_' L) .=. 2
extensions A(B — L) = 0 * Double Tag mothed is applied DS N= 0x 1 (Y g Ng= 221 ©F

* BF: 10729 for D* — Ae” Il e BT ] ]
10-3% for D+ — et v’ n, 71 are regarded as missing particle & 1J\HH$H|HH““M[ g ; :

v’ Using A - pmt™ to reconstruct A D Boras L 1 L firepetresiiEa

. 0 :: M,(GeV/c?) .

v" Another BNV under dimension seven v Using 0 > y A to reconstruct %0 D o7 =TT -
= S oF Ngg= -1+ 3 9 =

operators allow A(B — L) = 2 D S { B2 Ny= 201516 3 &
Mode (+c.c.) | BVl @90%C.L. |: S« =D [ ]

. £ - i ] .

D* - ne* | <1.4x107° 0 24 ARSI - ARSI ¥

. . MA(GeV/cd) E: M,(GeV/c?) E

D" - Aet | <6.5x1077 | of : :

D* > X%+ | <1.3x1076 |

D* - net | <2.9x107° E

D* > Aet | <1.1x1076 |if || b oxer  § b e

D* - 2%+ | <1.7x1076 [ 1|17 W :

* elementary = o :

scalarfield @ phys Rev. D 101, 031102(R) (2020) :

2023/9/21 KM 2023 Phys. Rev. D 106, 112009 (2022) ...1-8...‘.8.2..1.-%’1\..1@@1.\4.;;8.(3(.'5:‘;/:1;‘%?. .‘.%4..1-§Q.J§ﬁ.2.(.).:
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CLFV of J /Y

v" With neutrino mixing, Charged Lepton Flavor Violation
(CLFV) is allowed in extended SM, but very rare to be 3 "
BR(u - ey) = —— Z 1] e
detected. 32m | £, W el Mz,

v" Some new physics models can enhance the BF of CLFV to a
detectable level:

> BF(J/Y — eu) @ 1071~107°

> BF(J/Y — et) @ 10719~1078

JY

 Model-independent prediction
* Rotating mass matrix
e Unparticle physics

+ Effective Lagrangian v" CLFV via Z’ or leptoquarks

 MSSM with gauged baryon and lepton number Phys. Lett. B 496, 89 (2000)
Phys. Rev. D 63, 016003 (2000). Phys. Lett. A 27, 1250172 (2012).
Rev. D 83, 115015 (2011). Phys. Rev. D 94, 074023 (2016).  BESIII has collected 10'° J/1,
Phys. Rev. D 63, 016006 (2000). Phys. Rev. D 97, 056027 (2018).  offering an opportunity to search them

2023/9/21 CKM 2023 22



Search for J /Y — eu

v' Analyzing 8.998 x 10° J /i events

(a) 010 ) 010
0_03; Signal MC 0_08; .
v" 29 candidate events are observed L cional wind i
. - 006 Signal window o 0.06[
v’ Estimated background: 36.8 + 4.0 R R
o 0.04; 1 Signal MC W 0.04;
0.02f- &G 0.02f-
0j NP R . R R ol
0.8 0.9 1.0 1.1 1.2 0.8

Y, E, /s
BT 7 5 '
X '\\T\\\\\\\“"""Iﬁ/é‘ * Y p: the magnitude of the vector sum of the momenta
P 5
§ /fé E,;s: the total reconstructed energy of en?nd u
"-‘:E_; 5;’ olHlsu”10”'5"‘31"85Il”_20””25”.
T ab v B/ = ey) < 4.5 x 10-°@90% C. L. T
R e . — - -
s v' New physics prediction: 10~16~10~° : . E
Upper limit ]
v’ Improves the previous published limits by a factor stanning :
of more than 30 S j
i . . :-’o\'ul.s .-...-:} > 1
v" The most precise CLFV search in heavy quarkonium b i 10
0 2 4 GB(J/ 8 )10 12 14
y—eu

2023/9/21  CKM 2023 Sci. Chin. Phys. Mech. Astron. 66 2 (2023) 23



Search for J /Y — et

v' Analyzing 10.1 x 10° J /1 events L] pwapn - — ]
o] %‘* . [ [ bedkground  Data sample | ] 1T
V' Uniss = Emiss — ¢|Prmiss ‘- 1312M J ] imi
v 13 (69) candidate events are e E,..: missing energy E of I 1 Upper' limit
observed in sample | (I1) «  P,iss: Missing momentum = | ...—'_E os | scanning
o 4r H 1=
e | IIL .
v Estimated background in sample | (l1): @ I% 2 ‘ } “u ;
6.9+ 1.9 (63.6 + 13.2) / I sy B ¥ T ¥ R Y T
U ics (GeV) B(J/y— e1)
e
? 15 —O—da‘ta ) j
l S | wegens  Datasamplell{ v/ B(J /iy — er)
2 | 8774M|J/p |
e [T R -':.1;‘ . @ o 10f 1 <75x1078@90%C.L.
— .0 < | | . on:
detected I decay detected g 5[ ” } ) New physics prediction
L Y o
et f. @ L TR A

« J/Y - et, > an’v Ve missing Upiss (GeV) Phys. Rev. D 103,112007 (2021)

2023/5/21 KM 2023 v Improve the previous best limit by two orders of magnitude 24
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Summary

» The rare decays and symmetry violation processes (LNV, BNV, CLFV) are
essential to probe New Physics beyond the Standard Model

» BESIII has performed wide studies on these processes in the charm system.

> BESIII has collected 1010 J/3p and 2.7 x 10° 3’ events
> BESIII will collect 20 fb~! @ 3.773 GeV data sample (D D)

» More & better results are coming soon!

2023/9/21 CKM 2023 26
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