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”“' BESIII: Data sample

A BESIIl has the largest on-threshold charmonium data
setsin the world!
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F”--ﬁ: BESIII: New physics searche<B&SII

e e

eReresnresneisnisss ‘ A Charmonium weak decays
T p llowed in - -

LOCGSS 6Il:) OWed i A" Charm meson rare radiative and leptonic decays
2 i Lol [t A Very rare processes beyond prediction

!. .................................................... A F|aVOr Changlng NeUtra| Current (FCNC)

. i the S at tree level: | A Charged Lepton Flavor Violating (CLFV)
PhySICS e eeeseepesoeeseeeseesee s seeeseesesesneee e, - A Violation of CP and other symmetries

Topics
A Lepton/Baryon Number Violation (LNV/BNV)
A Lambda oscillations

A Exotic resonance searches

A Invisible signatures
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= J/C weak decays BCSIT

C ¢ ¢ C

| ) X . . | Ds Charmonium weak Experimental upper
> \/\L/-LL’<d decays limit (@90% C.L.) events
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Fig.(d) Feynman diagram of *I © 'Q ya ' attree-level. [3] JHEP 01, 126 (2024)
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&= J/C weak decaydit © 4z & I ©

A Theoretical predictions within the SM: &
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J/I¢ weak decaysontaining a D meson
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& FCNC decays BESIT

S e

I ) . ; 5 7O A Flavor-changing charged currents (FCCC):
11"%Z< - A Transitions such as®© Q)& &, w° Ai)od
A Allowed at tree level in the SM

- & A Flavor-changing neutral currents (FCNC):
. A Transitions suchas®® 6, ®° od d
d/s/b A Only allowed at loop level in the SM
J/wc (s g ! o A Highly suppresseddue to GIM mechanism© lower BFs
s : ¢ A New physics models beyond the SM (Top-Color model[ 1],

Fig.(c) Feynman diagram of FCNC process*ff © O a & . _ _ _ _
the supersymmetry extensions of the SM with or without R-parity

L v violation[ 2], the two-Higgs doublet model[3], dark sector[4,5], 6 )
ds,b
/N suggest BFs of FCNC processes may be largely
T W enhanced
C > C

_ _ - o [1] Phys. Lett. B 345, 483 (1995)  [4] Phys. Rev. D 102 (2020) 015023
Fig.(b) Feynman diagram of FCNC process*f © O . [2] Phys. Lett. B 119, 136 (1982)  [5] Phys. Rev. Lett. 94 (2005) 151802

[3] Phys. Rev. D 15, 1958 (1977)
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& FCNC decaysl/c ¥ DO

A Using ( 8 8 ) b+ events cl_zomjom|20m|30|||40m5|<J|H6|(JH'TIS?O

A Reconstruct D©: = L . it curve
AOO0 *“ (model 08 e
A'OOyp “ “ (modell) 06
AOO0O “ “ “ (modell) 04"

A Result is consistent with a background -only hypothesis: 02 -
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JHEP 04 (2025) 061
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F’m; FCNC decaysl/S Y [ D%+c.c.

A Using ( 8 8
A Reconstruct D©:
AOO0 *“ (model

)

AOOUy *“ “ (modell
AOOQy *“ “ * (modelll

A Result is consistent with a background -only hypothesis,

(b © ar el
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- #=_ FCNC decays:

-
SD & LD contributions of ry© K D@ m
A Short Decay (SD) of ry© i (i )'H"H : A Long Decay (LD) of y© i (i )'H'H:
AveZZmm ArvyOZ gm:0 ©“ %%° Q0
AmvolZgm ArvoZ mm:0 O % %° QQ,

A Tv© HZ - o)
A SD-only processes (FCNC decays) are A A radiated photon or an intermediate
highly suppressedby the GIM mechanism meson

A BF in the SM ~ 10° A Getrid of GIM suppression
| ~

¢ e .Z\\N< A BFin the SM ~10°» . ; :
e - > e
v c u
. w* b w y Pw? W <O n*/ p*

A SD-only processes (FCNC decays) are often overshadowed by the LD effects.

PhyS REV Lett 133, 121801 (2024) Ti anzi Songs e nSulhn IY\HG‘ rls |4
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_s=._ FCNCdecaysiv° K Dm m

i Oz R O 150 - 07 7
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significance 18 ,, _ _ S 20
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Phys. Rev. Lett. 133, 121801 (2024)

-
2

1.9 1.95
M(D;) (GeV/c?)

Ti anzi Songse(nSuUmiY\aet‘rlsiE



. Qutline

;
;
;
.
u
)

BESIII introduction

[ SIF NOK F2NJ Wk- 6SI1 RSO}
Search for Flavor Changing Neutral Currents (FCNC)
Search for Lepton Number Violation (LNV)

Search for Baryon Number Violation (BNV)
Summary

Ti anzi Songse(nSuLhninaet‘rlsie



—&=_ | NV decaysMajorana neutrino

Sa

Neutrino oscillations

P mixing angle

A See-saw Mechanism :
A Two statesof Majorana neutrinos, heavy ’ and light
' . We have just observed the light one.

A Majorana neutrino can be manifested through LNV
decayshy =
A Neutrinoless double beta decay (04 r)ris the most
promising way.

2 four-body decays
g

_
<
S
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_.
=
4

104E

10°E

N * E791
* o A LHCb
x. " )
* * :
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L
Phys. Rev. D 98, (2018) 09600
- 5 | m 5 | 3 | Py S | 3 I - | 5
_Q Q Q Q g Q Q g Q i

UL A L=2 three-body decays

Neutrino mass
(small value)

~

10*
RPN e
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2 decays on BESIII

UL of AL

BESII

The SM should
be extended

PRD109,L031101(2024) PRD101, 031102(R) PRD99, 112002
CPC49 (2025) 043001  PRD105, 032006  PRD99, 072006

JHEP01(2025)109 PRD103, 052011 PRD106.112009
© BESII
@ Belle
1074 4 O
O O
o 00°
O
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10°7 2 0@ o ®
1077
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10_8 — T T T T T T T T T T T T L L A
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2 aLafTyyEEs
Ti anzi Songse(nSuUmiY\aetrlsi/




s LNV decaysirv©° | | mm

A 6signal channels: | : Lt 7z ; |:Z 77 I

Cabibbo Favor (CF): O © % QQ e e
Singly Cabibbo Suppressed(SCS): 0O © % QQ,0 00 “ QQ S el
Doubly Cabibbo Suppressed (DCS): 0 © 0 0 QQ Comee e e e

W-exchange (Wexc): ©O © % “ QQ, 000 “ QQ - - __.7

A First measurementof four-body 3, ¢ $ decay e —
A Somemodel predictions up to * (p 1 ) <~ -

(¢) D — Kgm~ete™ (SCS). (d) DI — KYK~ete™ (DCS).

A Using 7.33fh1'QQ © 0 O data, taken between I .

4128~ 4.226GeV e -
A Using single tag method e e
\.\ F" ‘-\.\ n K

(e) DF — 7 rnletet (W-exc.). (f) DF — K- nlte™ (W-exc.)

JHEP 01 (2025) 109 Ti anzi Songs e(nSuUmiY\rclet‘rls ie



°l lum)
& _ | NV decaystLs of' (y .

A No obvious signal: ULs of BFs @90% C.L. JHEP 01 (2025) 109 ' @90%C.L.
A Searchfor Majorana hy in Tve mho © 2 m Decay channel e (%) Bui (Bt

A Different assumption of &  from 0.2~0.8 GeV DY = éreet 30401 6.9 (3.5) x 1077
Df = ¢K—etet  1.840.1 9.9 (10.8) x 1075

A Require inyariant mass of “* 'Q to be within D¥ = Kdr—etet 64401 1.3 (24) x 100
a v, ha T, D — KOK—etet 4.0£0.1 10-5

2.9 (2.3) x
A The ULs of BFs @90% C.L. as a function of  Di—maefe” 64401 29 (27)x107°
& rangefrom p TX p T Dl — K-n%Tet  51£0.1 3.4 (39)x107°

F . 10715
30F DI — oK eter - Df s K{meter = o/" ) TR
T g L T 200 ' . amol O O %0 O Q
> = | = -1 10°F
2 2 20 2 7 . E
o C\I [ o L % O 3:
= - T 104 ) 3
2 2 10F r o~ 1077E
= T Tt o =
2 e I g @ -
(I w w r +— —4
0
L C L L L \Y\ L L |_c|_6 10 EE
1.9 1.95 2 o0 C
M(KOmete) (GeVied) — 1 075 E
60 507 (@] E
C DY =K nltet — -
% T T 4of 2 10°°F
3 3 40 > =
= = | = 30e # -
g g g | 1077| coe e o b o by e by e b |
5 s 5 = 7] 02 03 04 05 06 07 08
= = 5
F r 2
L%J E }j 10} I?’tvm (GCV/C )
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& INVdecays: © Z 7 m m BESIT

A Using ( 8 8 ) b+ events |
A To avoid the large uncertainty from ' (Uff © %o): B(¢p - n'n'e e )= B¢ — K'K ) x Nm;zte ; iﬂ*ﬂw-e-
K+K-

a [ —%—— Data
Py - 1] Iy—mmnyt, n— eey”
e’ o T w e
—_— ——— | E10F —— e
e— § - OO Jw—n(1450)y, n(1450)= n'nmm—e'ey
L [ ] I—rnte, o-nly
n % | E—"-1 Others
ntnte e '= | signal 2 5 T One possible Feynman diagram of
S | %O “ “ QQ
Gar [ <P + J( H+ ' JT 0.65 .
71 B
n @WH ﬁ+ %ﬁ i ; .
] 0.5 25 0.6 .
—_— €< (GeV/cZ) & . R
o Comparlson of data and MC % 0.55F . L . R
L |L k@ (background modes) % T IATSER SN
_ _ = osf signalregion '
A No obvious signal events are found : -

-~ A v 0.4 : P .'1 — T
ApC °Z Z gm) 8 Q BASES 0.5 1 e 25
Chin. PhyS- C 49, 043001 (2025) Tianzi SongsegnSulhn iY\raet‘rZs iC
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H-':w-: BNV decaysMatterantimatter asymmetry BESII

e

A To explain mater-antimatter asymmetry, Sakharov proposed three conditions :
A Out-of-thermal-equilibrium conditions in the early Universe
A Charge (C) or Charge-Parity (CP) violation
A Baryon Number Violation (BNV)

e Sy st >

o Sy
. & # b
[ 2 C
E =|
l',@'é;

s S

A In Grand Unified Theory, proton candecay into light quarks, suchasn© ‘Q “
A This mechanism simultaneously breaks BN and LN while conserving (|| 4).

BNV decays pT I mraa( ) Latest BESIII results

O © NQ M 220/120 PRD105, 032006 (2022)
0 © £(3)Q 2910 (1430) PRD106, 112009 (2022)
¥O0 N VL QwaQ 7400 PRD105, L071101 (2022)
0 ° y(t )Q 110 (170) PRD101, 031102(R) (2020)
0 ° ¥(t )Q 65 (130) PRD101, 031102(R) (2020)
Ur ¥ 'Q &8 6.9 PRD99, 072006 (2019)
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= BNVdecays: oscillations vidift ©  BESII

A 4 d oscillation : many experiments; Other E E U & ©<0illation : few resultso

A K.-B.Luk:  eoscillation may also exist! ™ € 7 €
. . . N — U
A Secondgeneration quarks © richer physics S S

—
<2

0 (A(r) mp —AE, OMAR A(t) 10
I—|( - — _ 10°F 105k
ot A(r)) OM R mj — AER A(1) P /\ @ s b
1 a :transition massbetween ¥ and ¥ 310 gm/
i 10 F S
30 ; : energy split (neglected here) 2 11OWWW = 1:);me
A , . [P(N) 1
A The oscillation parameter] & : i = 2 . ‘;]1_'12' T Yy I ‘;)1.1‘2’ EEERE
T (c®ocmdtq p 1 :meanlifetime of ¥ o
A Searchingfor OIf © ¥ yand Gff O ¥y with (ptmYy xy@t D) Tt p 1 Ul events, result
@90)/0 C.L.: ] Wrong Sign
. ' (07r O ¥y ¥ ¥ u&B) 0
0 (¥) - - P& p T
(U;fr O YY) Right Sign 0O X
#es B ¢ HAT o
Phys. Rev. D 111, 052014 (2025) oo d o P
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& Summary BCSII &

- -

A BESIII data set:

Lbr- 8 x 8 & "HA F ( )
X events 8 'HH "HH

A We have reported some rare charm decays on BESIII:
A B+ weak decays containing a D/D %/Ds meson
AFCNC decays:Uff ©710 &8 Uff ©0‘ * ,O © "TQQQ
A LNV decays: O © QQQ'Q,%° “ “ QQ Thank you
A BNV decays: ¥ v oscillations via GIf © ¥¥
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FCNC decay®3rief summary

Experimental upper limit

FCNC decays (@90% C.L.) Data sample
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