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Light meson Physics

* Light mesons

v Important roles in particle physics

v'Strong interactions, Quark Model, CP violation ...

* Rich physics
v'Test ChPT predictions
v'EM Form factors
v'Test fundamental symmetries

v'Probe new physics beyond the SM
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n/n’ sample from J/i decays at BESIII

1400 J/\P 'rl’
1000
E 800 l M
= 600
Nows  BESIIL: 10 Billion .
200
Br x 10~

CBAL Markll Marklll DM2  BESI  BESIl  BESII /

 High production rate of n/n’ in J/y decays
 Radiative decays: 5.2 x 107 n’, 1.1 x 107 ¢y
* Hadronic decays: 6.5x10°1’, 2.5 x 107 ¢

« Unique opportunity to investigate the decays of n/n’
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BESIII: an important role in n/n’ decays
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New approach to investigate n decays withnp’' - 7t ™n
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Xiao-lin Kang, Yuyao Ji et al, PRD 108, 014038 (2023)

e Production rate lower than n’
« Background from QED and J/vy decays
« Help distinguish muons from pions

> J/Yp-oyn =1x1077

> J/Yy-yn,w -oatny = 2.2x107 7

One more n' constraint to suppress the background events |

Allow us to access the rare n decays!



Recent highlights

v" Transition Form Factor

v Double Dalitz Decays

v Charge Lepton Flavor Violation Decays
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Meson transition form factors .

»n ¢ Low energy QCD: 11 g3 1, q2

* Enters in th. description of QCD processes

» Evolution with Q? predicted by pQCD: models can
be tested using data on Q% dependance

* Light-by-light contribution to a,,

1744 e~ 14

Dalitz decays 0<q2<M?  Annihilation process g>>M?  Two photon process g2<0
7/16/26



TFF of n/n’ — yete~
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TFFofn' » mtm~ 111~
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BESIII: JHEP 07, 135 (2024)

10 billion ]/ allows to access the dynamic
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BESIII: PRD 111 (2025) 072008
(arXiv:2501.10130)

Study of n > n*m” I"l” | 7 <

» BESIII: 10 billion ]/ radiative decays Br(n » n*n~e*e™) = (3.07 £ 0.12 + 0.19) x 10~*
« Allow to access dynamic but with limited statistics my = (749 + 54 + 14) MeV /c

« Noeventleftforn —» n"n~u*u~ hypothesis Br(n - n*n u*p™) < 4.0 x 10~* at 90% CL.
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TFF of n’ — (l)e+ e BESTIT arXiv:2603.08120

« With 10 billion J /3 events, 609.1 + 27.7 n' - we*e™ signal events are observed
Br(n' - wete™) = (1.79+ 0.09 + 0.12) x 10~*
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slope = dr _ 1 TFF is measured for the first time: 471 = (2.92 + 0.83 + 0.15) GeV 1
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Summary of the TFF for n/n’

LI L B B B B B
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— 2
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Double Dalitz decaysn —» ete e*e”

»Expected to proceed through two virtual photons, TFF

e T T T T T T | I
CF 1 &
2 5ol J/Y =W @ ] 2
S [ Model 18
W 15__ —e— Data A -~
% - n—yete 8
S o nN-ontmete B =)
Z 10: — RBKG Z
2 g
S S5r 4. 2
) I 3
a8 ] i v e ST - S I WS an aE
0.5 0.52 054 056 058 0.6
M(eteete”) (GeV/c?)
Mode Nobs e (%) B (x107°)
I 305.9 £6.7 13.1 2.51 £0.47
II 29.5 £6.1 4.7 2.80 £ 0.58

The combined branching fraction is
determined to be (2.63+0.34+0.16)x107>
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Source (x1079) (x1079)
Hidden gauge [11] 2.68 +0.13 2.38 £ 0.40 . Petri, arxiv:1010.237
Modified VMD [11] 2.67 & 0.13 2.32 4 0.40
Data driven approach [12] 2.17 £ 0.20 2.10 +0.45 ~ETEEY
KLOE [13] 2.40 £ 0.22 -
BESIII [14] . 4.50 + 0.12
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Double Dalitz decays n/n' - 717171

m,, [GeV]

- Very limited Statistics! I

Decay

Hidden gauge [9] Modified VMD [9] Data driven approach [10] Experimental result

N et g “ete” 2.680(13) x 107° 2.668(13) x 10~ 2.17(2) x 107° 2.40(22) x 1072 [11]

n —ete"eTe” 2.384(4) x 107°  2.317(4) x 107° 2.10(45) x 10~° 4.5(1) x 107° [12]
n—up ptp 3.992(27) x 1077 3.797(26) x 10~* 3.98(15) x 10" 5.0(8) x 10~ [13]
n = pTpTptp 2.360(12) x 107° 2.185(10) x 107° 1.69(36) x 10~® < 5.28 x 1077
n—ete putp™ 2.213(26) x 107° 2.154(22) x 107° 2.39(7) x 107° < 6.88 x107°
n —ete puTp~ 8.626(33) x 1077 7.968(31) x 1077 6.39(91) x 10~ 7 <1.75 x 106
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Study of n > ete  and u*u~

»SM:n - [71™ proceeds via fourth-order electromagnetic transition,
dominated by a two-photon intermediate state

>n — ete”: Suppressed, helicity factor is proportional to m2
BI(T] — e+e_) — (531t8(1)2) X 10_9 P. Masjuan and P. Sanchez-Puertas, JHEP 2016 (8), 108.
Br(n — ptp~) = (4.721§93) x 107°

»Based on dispersive representation for the n transition form factors:

Br(n - €+e_) — (537 i 0.04 i 002) X 10_9 N.Mes.serli,l\./[.Hoferichter, B.-L. Hoid, S. Holz, and
BT(]] N ,U+‘Ll_) — (454 i 0.04 i 002) X 10—6 B. Kubis, arXiv:2512.13776

e Astringent UL of Br(n = eTe™) <7 x 1077 at 90% CL obtained from ete™ - 1

 The world average of Br(n - u*u~) = (5.7 + 0.8) x 10~°, combining the results from
SATURNEII and Lepton-G more than thirty years ago

7/16/26
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« With n sample from J/Y - yn',n’ - n¥n~n,J /P - yI*1~ background is highly

reduced compared with J /i — yn o
g ’ ;_ — Signal MC (a)
BESIIT: arXiv:2512.07144v2 s s
16 — Data CENN:
: “E 14; — Fit result g. 2E
~ 100~ —+ Data % LE T Signal shape i S5
NU [ — Signal MC + &) F e n‘_)n+ﬁ'n+1t‘ A’ § 1B H
g - 4 e 10 o b + >~
% 80 - nN'—>n T = - =T TUU 379467 =5 [ \ \
) i M Ve | S 8 -Jy—-yntnnt ’ ) T il | I T L
o5 [ —-N—>N oUW | * - 6: %9.9 0.92 0.94 0.96 0.98 1
> -
g. 60_— -y Tt f i = - M, e (GeV/c?)
3 i +‘ | g A l 2
~ B = " E
s 40 | l g +vws (b)
s I + m +|" | 0 05 052 054 056 058 0.6 O L4
=l 8 t M. (GeV/c?) g
0 o P E_
0.9 0.92 0.94 0.96 0.98 1 3
M, (GeV/c?) " b | |
0051 052 053 058 055 05 05 058

Br(n »utu=)=(58+1.0+0.2) x107° M, (GeVic?)
Br(in »ete™) <2.2x1077 at 90% CL
PDG: Br(n » u*u™) = (5.7+0.8) x 107% and Br(n » ete™) <7 x 1077 at 90% CL
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Search for CLFV processn’ —» ey andn — eu

* Highly suppressed in SM « (Aml?j/M‘ﬁ/)ZNlO—so

a) Dipole interaction.

—, > i?%<

FOHI fermion interaction. GlllOIl fermion interaction.

* Many New Physics models introduce Charge Lepton Flavor Violatlon (CLFV) processes

 Latest result B(n—ep)<6.0x107¢ from CLEO in 2000 and B(n’ — eu) < 4.7 x 10~* from SPES2 in 1996

* Forn' — eu with J/i — yn' process is used.

« While forn - ey, J/Y - yn' - yn*n™nis used to suppress continuum backgrounds

W

Events / (2.20 MeV/c?)
- n

o
o U LU w oA
TTT

7/16/

- —— Signal MC ¢ Data

— [ Inclusive MC [ ] Continuum

- ! .. R

- — BESIII Preliminary®

' - ep 2
=

- | S

- : F:

— [ [ |— ] b ‘E
84|

T " | -LI__A PR R

9 092 094 096 0.98 1

Mrecoil (GeV/CZ)

[ — Signal MC — Inclusive MC —- Data

ittt s ot

0.94 0.96 098 1
M(n Te) (GeV/ed)

Entries / (1 MeV/c?)
o

BESIII: arXiv:2606.22373

| — Signal MC —  Inclusive MC —+- Data
1-
M- ep
I X ¥ S S —
M(e* i) (GeV/c?)



_? 10 - 1= « P — ¢,4, are sensitive to different Wilson
SO BESIII Preliminary BESIII: arXiv:2606.22373 . (D) _
— 08 coefficients C;~ by |C/N?| B(P - €11€2)
i / - e
- N U o
g Z ‘3 ! : ; v pseudoscalar coefficients in L,: Cgf/lﬁfe
0.4 | : < 6.8 Vv avi . : qt14;
_ axial coefficients in £ C
X 1077 @ 90% CL X 1077 @ 90% CL ta AL/AR
02 v" gluonic coefficients in £ cttz
i 8 G GL/GR
%% o5 1 15 2 25 0 ——— \;\~ —— —x10" L /R specify the chirality of the heavier lepton
BF B(M — &)
PDG This analysis PDG This work
IC/N] o, | By 47 % 1074 By~ en) B <60%x107 | B < 68x 1077
(GeV—=2) 12 (" —ep) <47 X < 2_3 x 10~7 (n — eu) - (- ew) .
u,d S u,d u,d S u,d S
ICXf},fé/AZI ey |21x1071 19x107! | 74x107% 68x107% |3.0x1073 21x1073 [1.0x1073 7.0x10~*
CEe2 /A% ep | 39x10*  36x10* | 14x10° 13x10%® | 1.7x10% 12x10°® | 58x102 4.0 x 102
CEa /N2 ep 5.0 x 10° 1.8 x 107 1.6 x 10° 54 x 10

* Improvement of the ULs on the Wilson coefficients of effective operators describing LFV
interactions at low energy scales
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Conclusions

« BESIII: a light meson factory

* Significant progresses achieved on n/n’ decays
 transition form factors, decay dynamics, rare /forbidden decays ---

* ' - w1 significantly improves the ability to study rare n decays

* More results are expected to come soon !
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