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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
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 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’



Decay channel
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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



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,,

» Search for light dark force mediator

Experimentally

. e+ €+ P

y M
P _
e

v/V e Y

Dalitz decays 0<q2<M?  Annihilation process g>>M?  Two photon process g2<0




TFF of n/n’ — yete~
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Precision study of n’ » w171~

2000 F . paa 100 |- —— Data
—— Fit result
> [ — Fitresult —~ - - --. Signa
%1500 g, Signal MC Conv. Gauss. (a) (l) 80 I .?/ie:n’\:'li'en*n'nm‘ MC (b)
o [ [ In'—ya'w MC 4 % [ —— J/w:Yn::n:;t:::n:n:u;t;_MC 7T+T[_ +,,—
E | —  Remaining background m'm e e E 60 :_ jﬁ_,z:;nm- [\/Igyi _Y Me 'u 'u
81 000 |- C\:{ ! Jhp—yyo, o=t MC 434 i 25
p- - 0 40
- : c i
5 s00[ 22725 & e |
L i 155 = i
0_ 03— """"""" 3 Lo paedd : Seurizifizarle
0.92 0.94 0.96 0.98 1 0.9 0.92 0.94 0.96 0.98
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BESIII 2024 with 245 + 0.02 +0.08  2.16 + 0.12 + 0.06
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(10 (107")
Hidden gauge* 2T =021 2.20 £+ 0.30
Unitary xPT* AL L 17t e
VMD* 2.2¢4=0.13 2.41 = 0.25
BESIII (2013)*| 2:11 £0:12 + 0.15 <29
BESIII (2021)°| 2.424+0.05+0.08 | 1.97+0.33 +0.19
CLEO® 250755 £ 05 < 24

BESIII: JHEP 07, 135 (2024)

VMD Contribution
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Study of n’ » w171
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BESIII: JHEP 07, 135 (2024)

» Box-anomaly is needed to describe data
> w — 't is also necessary

» First time to assess the form factors withn’ —
ntn~ 1]~ within VMD

This work
TPC/Two-Gamma
CELLO
CLEO
Lepton-G
BESIII

VMD

Quark Loop
t+loop ChPT
Dispersion
P.Afit to data

b, =1.30+0.19 (GeV/c?)

1 1214 16 1.8 2 22 2.4 26
b, (GeVlc?)?
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BESIII: PRD 111 (2025) 072008
(arXiv:2501.10130)

Study of n > n*m” I"l” | 7, Q

» BESIII: 10 billion ]/ radiative decays ol — g ]
Background | 40 ; uni
Br(n » n*n~e*te™) = (3.07 + 0.12 + 0.19) x 10~* 2 g | 21
T w0 (a) € "t
Allow to access dynamic but with limited statistics ¢ | g
U 1B 7 10F
my = (749 + 54 + 14) MeV /c B ;E ] ﬂm B :
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KLOE [6]  2.68%0.09 + 0.07 -

KLOE: PLB 675 (2009) 283
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Asymmetry in ') - gt 11"

e Testof non-CKM CP Violation

* Arises from interference between CP conserving magnetic and

CP violating electric transition

n' ->ntnete”

n' > ntnTutuT

350

E —e— Data
C —— Fit result
oo 300 :35' » 30 = (b) —_— Fl(:p;e(s:znv. Gauss
Al FLIN © C - Jy—=yn'n'—x'ra'x MC
© 250 & ‘(\_‘ 25 - — = =y’ Tn—ute MC
q F - = Jhp—yr'xatn MC
O 200F o 20 } Other backgrounds
~ F \ ~
,g 150 Wik % 15 -
0.>) 100 — Fit result t g 10
o F — F(g) Conv. Gauss L -
50 n'—yx'n MC =
E — - Sideband background -
Ol O PR —— e 0:_1. RETTENE] FRNSSTSCETPS IYSCTRETS FUCIUS COPEY YSTCTyReTe TLCTT TR CIras |
2 0 2 -3 2 -1 0 1 2 3
% @
Acp = (=0.214£0.73+0.01)%  Acp = (0.62 £ 4.71 £ 0.08)%

BESIII: JHEP 07, 135 (2024)

6/29/2026

Events / 0.0628

D. N. Gao, Mod Phys Lett A17 (2002) 1583
M. Zillinger, B. Kubis, P. Sdnchez-Puertas, JHEP 12 (2022) 001

n-ontn ete” n-ontn ete”

L —— Data O Data
[ —— Fitresult .
30 — F(p) Conv. Gauss 220 E ;g::{;tkg
- Background | M Signal MC
25 Background Il 200 )
[ ----. Background llI
20F - Background IV
: 150
15
| J] | 100
ottt £ AP TIERAN b o
5 | a3 I; 5uhil I"‘
ity il A
0 ERR S | oot cendeteninterta s sn sk L (-'0.5 -04 0.3 -02-01 0 01 02 03 04 05
_3 _2 1 0 1 2 3 sinpcosd

¢ (rad)

BESIII: PRD 111 (2025) 072008

KLOE: PLB 675 (2009) 283
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Study of n’ » we*e”

|4
>n' - wete (w - mtn~nY) was first obsered by BESIII PRD 92, 051101 (2015)
with 1.3 billion / /1 events sf —}— data
; 4+ -\ —4 35 i— # other backgrounds
»Br(n' » wee™) = (1.97 & 0.34g¢5: £ 0.175y5) X 10 Sof | - oo o, e
& 2sf
Decay mode Yield e (%) Branching fraction 5 ok
W —wy 33187351 21.87 (2.55+0.03 +0.16) x 102 2 sf 1
7 — wete” 66+ 11 545 (1.974+0.34+£0.17) x 107 2 of
Br(n’ - Cl)e+e_) -3 5 P T T St . 4
= (771 i 134 i 054) X 10 8.05 01 015 02 025 03 035 04 045

Br(n' —» wy)

M(rornete’)-M(non*r) (GeV/c?)

» Chiral Lagrangian with vector meson fields and the 1’ field
predicted the Br to be (1.69 + 0.56) x 10~*

C. Terschlusen, S. Leupold, and M.F.M. Lutz, EPJA (2012) 48: 190



« With 10 billion J /3 events, 609.1 + 27.7 " - we*e™ signal events are observed

Br(n' - wete™) = (1.79+ 0.09 + 0.12) x 10~*

8.05 0.1

|An’—>e+e*w|2
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-+ Data

£~ [

a4 L.~ Fit result
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8 .~ Peaking background
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i L
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= 50

5] L

> L
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0.15
M(rt et e)-M(tt T r’) (GeV/c?)

This work |—

BESIII2015) |-

VMD,;
VMD,
VMD,
0.2 0.25 0.2 1 N ‘1.2I | |1‘4‘ | I1.6‘ | I1.s‘ | Izl | ‘2.2I | ‘2.4I | ‘2.6
Br(x 10™%)
202 M3, Al sy .
- [F'(q”)|

(M,g, — M?2)3
(M,gf —q? — M?2)? —4M?2q?

Events / (0.002 GeV/c?)

BESIIT arXiv:2603.08120

[

=
[}
™

[a—
&
|

F— | T T TTTTT

T T T | T T

¢ Data
— Fit result

|| Peaking background

[ ] Inclusive background
. f Other background
I

1 IIlllJll

I IIIIJIII

——
=1
LIIIIIII

. b

M(e e) (GeV/c?)

(2 — B sin? 6) 50002 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18

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’

T T T T LI B B
This Work = BESIII: PRD 109, 072001 (2024) AR B B e B B B e
A2 — BESIII: PRD 109, 072001 (2024) -
NAG60 —A— BESIII(2015) — —
TPC/Two-Gamma A Lepton-G — &
= TPC/Two-Gamma — ——
GELEe BESIII: PRD112, 052007 (2025)
CLEO ——A— CELLO [— —
VMD |- - epionsaaton |- . CLEO I~ e
Quark LOOp — o Pade Approximant (— o VMD [— m
Brodsky_'_epage L m Chiral Perturbation |— —_— Quark Loop - -
1+-loop ChPT | . NAZ’: Brodsky-Lepage |— .
Dispersion — @ Sample Il |—>ye'e) |- —_ 1—Ioop ChPT =
P.Afit to data [— e T CHERERIO — =
TATTTIAEREEE PN P n_iju__ .“ P.A fit to data —
1.2 1.4 1.6 1.8 2 Qb TR R S S A S T S T
b. (GeV/c?)?2 14 1.6 1.8 2 08 1 12 14 16 18 2 22 24 26
n { ) A?/ (GeV/cY)? b, (GeV/c?)?

Combined the twon — yete™ samples: n' - yete : by, = 1.574 + 0.048 £ 0.016 (GeV/c?) >

— 2
b, = (1.707 £ 0.076 + 0.029) GeV /c ) > mm-etens by, = 130 £ 0.19 (GeV/c?)~2

+ oo — ) + 0. + 0. 2
n—yup by = (16451 0.343 + 0.017) GeV /c n' - wete™: A7l =(2.92 + 0.83 + 0.15) GeV 1



Double Dalitz decaysn —» e*e"ete

((p1) ten) n—eteete”
ol (ps) 300 |
?(p:z) T S
{(pa) 3 ,
{(p4) 200 |
{(p3) (ps)

» Expected to proceed through two virtual photons, TFF 00

»n — eTe"ete” was first obsered by KLOE

" "50 25 50 575 600

Source n—ete ete” n —eteeTe Meeee (MeV]
(x1079) (x1079) KLOE: PLB 702 (2011) 324
Hidden gauge [11] 2.68 +0.13 2.384+0.40 Petri, arXiv:1010.2378
Modified VMD [11] 2.67 & 0.13 2.32 4 0.40
Data driven approach [12] 2.17 £ 0.20 2.10 4 0.45 CPC42(2018)023109
KLOE [13] 2.40 & 0.22

BESIII [14] - 4.50 £ 0.12
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T — T 1 T T - 20_ L B L A A B B
20k @ 4 2 | (b)
- Model & f Modenl *
15:, —e— Data ] - i
: e S 10] ]
10:_ —EBKG E % i
- a 5_ _
5 _~_ - 5 i
0; 1 T e N T ‘l_ [E 0 i ll L
05 052 054 056 058 06 05 052 054 056 058 0
M(eteete™) (GeV/c?) M(eteete™) (GeV/c?)
Mode Nobs e (%) B (x107°) S (o)
1 35.9+6.7 13.1 2.501 +£0.47 5.9
11 29.5 6.1 4.7 2.80 = 0.58 7.8

BESIIT: arXiv:2605.04898v1

- This work
- KLOE  —&—
-Data driven approach

- VMD -

T

Hidden gauge -

......................

B(n — ete~ete™)(x107°)

The combined branching fraction is determined to be (2.63+0.34+0.16)x10~
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EVENTS/(5 MeV/c?)

BESIIT: PRD105,112010 (2022)

Double dalitz decays n/n' - 717171

n—>eeee

—4- dal ata
— total Fit
- signal
Bl Jy—yn, n'—vee
10

background
off

20F

Ngigna = 30.1£ 7.0

y

0.9 0.92 0-.94 0.96 0.98
M(e*e'e*e’) (GeV/c?)

- Very limited Statistics!

1

+ + / + +
—>e’e - te utu~
300F 1 e F ] rREERE n—-eenn o 7O MO O (13 TEV)
T —om (b g o ~ F . 5 f " signatn - E
< os0b e I B e, T 1t B @] ErCMS o Beckround =
s Teomnres | S 25F =2 e = 10f T I mmeree % ook — Fullit E
O s00F =y 3 F Jy—nonre’e Q{0 Jy—mn-onnete ? 50F —
o~ E jxaz::\‘ﬁ;pp 15} 20: j;wﬁyn o' up g F j;wayn,nayn‘n = F + Dzata -
C — — - — " C =Y N—T i) E =
8 150 J/Wﬁ«m nﬁy % o J/maznn Y 8 8; ——F:\[ynyn“\?a\l;!:clgground 'E 40_ i/ ndf = 68760
s S 15 S o i 8 of
2 1008 g 1o 5 4 }L *
2 5o = & .f T
w = S5k o 2 ‘ l :
= N = 2B ¥tk kTl ] L pEee—eee e 0
DB g e 3 Rt e i ] 5 B LI S PR TMSVEIE ST 5
088 09 062 004 086 008 1 05 082 084 086 088 1 T e 18 b—-gﬁ--f--i --------- 5--5-5 -------------------- 65 5 P BRI
M(e*e ) (GeV/cd) ML) (GeVic?) : - eeiy) (GeV/ed) ‘ & ofunhi il ii!’; -ﬂ M ll, H it r;”;‘f
BESTII: PRD111,052002 (2025) :

05 055 06 065 07 075 08 085 09
m,, [GeV]

CMS: PRL 131 (2023) 091903

Decay

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

_|_

n—)eeee

n —ete eTe

_|_
_|_

2.680(13) x 10™° 2.668(13) x 10~° 2.17(2) x 107 2.40(22) x 1072 [11]
2.384(4) x 107°  2.317(4) x 107° 2.10(45) x 10~° 4.5(1) x 107° [12]

n—utp”pt T 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 %1077
n—ee putu”

n —ete ptp” 8.626(33) x 1077 7.968(31) x 10~7 6.39(91) x 10~ 7

(
2.213(26) x 107° 2.154(22) x 107° 2.39(7) x 107° < 6.88 x 107°
( <1.75x 107

Quite close to the SM predictions 19



Study of n > ete  and u*u~

-

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

>n — ete™: Suppressed, helicity factor is proportional to m? It
BI(TI — e+e—) — (531t8%i) X 10_9 P. Masjuan and P. Sanchez-Puertas, JHEP 2016 (8), 108.
Br(n - utp~) = (4.721393) x 107°

»Based on dispersive representation for the n transition form factors:
N. Messerli, M. Hoferichter, B.-L. Hoid, S. Holz, and

Br(n > ete™) = (5.37 £ 0.04 4+ 0.02) X 1072 B Kubis, arXiv:2512.13776
Br(n — u*u") = (4.54 + 0.04 + 0.02) x 10~

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
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With n sample from J/i - yn',n’ - n*n™n, ]/ — yl*1~ background is highly

reduced compared with J /Y — yn 5 o
g ’ ;_ — Signal MC (a)
BESIII: arXiv:2512.07144v2 F > s b
16 — Data O F
- & - — Fit result S 0
i RS 14 = .
- 100 _+_ Data % H E — Signal shape i % 1.5
& | —— Signal MC © F n'-n'nntn £EF -
< B o o
% 80 - n'—-rn' Tt S ) =5 [
o~ I n'—-T T | | - %.9 0.92 0.94 0.96 0.98 1
g 60— f I £ M, . (GeV/c2)
S ! -
PEEUS | g +vws (b)
o B '“ | : 0.5 082 054 0.6 O 4
20— ? = 12F
= 20 L M, (GeV/c?) 3
L+ < osf
0.9 0.92 0.94 0.96 0.98 1 3
2 = F
Mn+n'll+ll' (GeV/c) 0.25—I | | l | | l | |
%951 052 053 054 055 056 057 058

BI(T] - ,u+,u_) = (58 + 1.0 + 0.2) X 10~° M, (GeV/c2)
Br(in »ete™) <2.2x1077 at 90% CL

PDG: Br(n » utp™) = (5.7 £ 0.8) x 1076 and Br(n » ete™) <7 x 1077 at 90% CL )



Search for CLFV processn’' — ey andn - eu

* Highly suppressed in SM « (Amizj/Mﬁ,)z,\,lO—so
 Many New Physics models introduce Charge Lepton Flavor Violation (CLFV) processes

» Searches for CLFV effects have been carried out in decays of bosons (Z, H), leptons (u, 1),
pseudoscalar mesons (m,n,n’, K, B) and vector mesons (¢, J /¥, ¥(25),Y)

« Latest result B(n—eu)<6.0x10-¢ from CLEO in 2000 and B(n’ - eu) < 4.7 X 10~* from
SPES2 in 1996

‘4 q 2 g 44

EQ q 52 9 £2

(a) Dipole interaction. (b) Four-fermion interaction. (c) Gluon-fermion interaction.
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e Forn' — eu with J /Y — yn' process is used

« While forn — eu, J/ —» yn' - yn*m ™1 is used to suppress continuum backgrounds

* Blind analysis technique is used to avoid bais

&; 4 - —— Signal MC ¢ Data
S 3.5 F [ Inclusive MC ] Continuum
Q - —
S 3F_.7 BESIII Preliminary®
c — e =

25 :—]1 K ¢
o - =
— 2 - ! \(:]/
PREIE i P
aCJ - | E
2 1 4 4 b b Lﬁ
sk

0 R R T R Lo .I-L_A R R R

09 092 094 096 0.98 1

Mmcoil (GEV/GZ)

* Signal efficiency: (17.93 + 0.06) %
* Survived background events: 0
* Survived data events: 2

(=)

U1
1 1 I

BESIII: arXiv:2606.22373

0.9

:— Signal MC —  Inclusive MC — Data | — Signal MC —  Inclusive MC — Data
— 1__
% n—en
- > i
(]
2 L
H »  0.5H]
2 L
B
[= L
ﬁﬁ oy ft
+H++H ||_|| L | 1 1 I L N L | N : L L h L X L | 1 L 1
2

0.94 0.96 0.98 1 8.5 0.52 0.54 0.56 0.58
M(r'metu®) (GeV/e?) M(e*uF) (GeV/c?)

* Signal efficiency: (14.96 + 0.05) %
* Survived background events: 0
* Survived data events: 0

0.6
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> . : _ 5 T e
P — ¢,4, are sensitive to different Wilson  F r BESIIT Preliminary BESIII: arXiv:2606.22373
.y D > Tosl
coefficients Cl.( )by |C/N\?| JB(P = £,8,) ~ °® R n - eu
.. : qf1? 0.6 | n eu
v’ pseudoscalar coefficients in L, CPL/lpf2 i
v’ axial coefficients in L, CaL/aR o % 10~7 @ 90% | % 10~7 @ 90% CI
: . . ql1t, '
v" gluonic coefficients in L CG~L/G~R o B . | I ~__
: T : o 05 1 15 2 25 0 ! 2 3
L /R specify the chirality of the heavier lepton BF B — 1%
PDG This analysis PDG This work
IC/N) 0, | By > ew) < 47 x 107 By’ ei) B(n - ew) < 6.0 x 1076 | B(n = ep) < 6.8 x 107
(Gev2) *t1tz | BT —ep) <4 <83 x 107 (n—ew) <6. (n - en) <6.
u,d S u,d S u,d S u,d S
ICXf},fé/AZI ey | 21x1071 19x107! | 74x107° 68x107% |3.0x1073 21x1073 |1.0x1073 7.0x107*
CH2 /A2l ep | 39x10*  36x10* | 14x10° 13x10® | 1.7x10% 12x10%® | 58x102 4.0 x 102
ICEGR /N2 en 5.0 x 10° 1.8 x 10 1.6 x 10 5.4 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
* a unique place for light mesons
* Allow to study light meson decays with high precision

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

* More results are expected to come soon !
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Decay Amplitude of ' » w71

2

8k2

|M (8,57, S11) |2 xl( oS ,m,su)x |1 — B% sin? 0, sin? @|s, % sin? 0,

A. Faessler, C. Fuchs, M. 1. Krivoruchenko, PRC 61, 035206 (2000)
B. Borasoy, R. Nissler, EPJA 33,95 (2007)

T. Petri, arXiv:1010.2378

2
|°An’—>n+n‘l+l‘ | (Sums St 07, 01, @) =

M(Snm Sll) — Mmix X VMD(Snm Sll)

contains the information of the decaying particle and the form factor

3 3 m2 3 m? m%
VMD(s,.,s;) =1—=(cqy — ¢y, +C2)+H~=(ci —Cy — C v X L4 —
(S Su) 4( 1 2 3) 4( 1 2 3)my su—imyT(sy) 3 mZ—sy—imyT (s) my . —Sam—imy uT (Spr)
VMD contribution
;| ol '¢TC+
+ O’ e’
(L €+ ‘O p .~~ i
’ L 4 ’ 7T
P N P *) Tl
= - p—N- TR SE
14 .
™ Qs P
-
- wy

Various VMD models can be switch by adjusting the ¢4, 3 values
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