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Light meson Physics

* Light mesons

M(q)=0 M(q)>0

v Important roles in particle physics

Chiral symmetry

spontaneously SUB)

v'Strong interactions, Quark Model, CP violation ... | ‘broken g
¢ RlCh thSlCS Goldstone
bosons
v'Test ChPT predictions e |
v'EM Form factors .
s Mg Mo

v'Test fundamental symmetries

v'Probe new physics beyond the SM
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Experimental /1’ samples

ete- Collider

J/Ww = vyn/n
BGS]]I J/p -y (@tn™n)
J/Y - d/wn/n’
KE ¢ ->yn/n
Fixed-target
pp = nX
Cou;r,%. Yp = nX
: \ Crystal Ball
N\
HADES pp = nX
ij{?F at JI:a?) -
ST yp - nX
Pr‘op ose d REDTOP .
RedTop and m pLi - nX

HHaS@HIAF =

1.1 x 107

2.2x107
2.5 x 107

3 x 108

~3 x 107
~3 x 108
~4.5 x 108
~107

~10% n/yr

5.2 X 107

6.5 x 10°

1.5 x 10°

Proposed STCF

34.0 times BESIII statistics
~10"%n /7’



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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(MAML-B, MAINZ, BONN)
(BESIII Collab.)

(BESIII Collab.)
(KLOE/KLOE-2 Collab.)
(KLOE-2 Collab.)
(HADES Collab.)
(COSY-ANKE Collab.)
(BESIII Collab.)

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,,

1744 e~ 14

Dalitz decays 0<q2<M?  Annihilation process g>>M?  Two photon process g2<0
8/15/2026
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TFF of n/n — ye e A2 YD) _ gD (a?) x 1Fe(q?, 0))? p TAMIN

dq?I; 2 Y e
v Slope par.: by, = _dll;(qqz ) | 2_
@1045""'""I""I"""""""l""""'BESjIII:PRDIO9,O72001(2Q;4) S0 A A AL AN AN AN v
S - + ,— 2/ndf=1. Q — 2/ndf=
% 103__ 77 — Ye e e za/tadf ' F( 2) 1 % 5 (b) n’ - ye‘l'e : ﬁa/tr;df 0.8 |F( 2)|2 AZ(A2 -|-}/2)
g — fit resul =5 - : =
g : Mot 7 1 —qg*/A\? o 10 :2}(;:;:: ’ 9 ] (A% = g%)? + N2
8 102 51 besking e § % peaking bkg
% E o, .0

S “LUL Bt S, 02% = 1574 % 0.048 £ 0.016 (GeV/cZ) 2
2] B st < E
£ 10 i A [ I , . b
: 10 UMMJWWHLWW 2" SNTPIpEI
i U by A (1.781.4 0123 +0.033) GeV /c2 [ ﬁﬂﬂ A0y

1 ; L (S o 1 il || A e .W.ﬁ TIRA T

0 0.050.10.150.2 0.250.30.3504 ‘0 01 02 03 04 05 0.6 07 08

+a 2
O 10tk B B B L % T I T
> s>yn - yntn S i -
. I =y = ymim ? 40l J/p -y -yt
n—vyee O I vt

o 10° ' S | b, = (1.645 + 0.348 + 0.017) GeV /c
S - 0993 i0.024) GeV /c? S 20 K . - /
2) ': -
T g T = _ 2
G>J BESIII: PRDI112, O52007L2025) .
uJ 5 > O PR W isisscss ASEEREE ERkbowonc: PACBRAE B B BT v by -

5 w .

b . + s E . ° . 3
gi e et i (5) o wtte s '¢ S ERG Sl
8/15/2826 0.1 0.2 0.3 0.4 0.5 0.2 0.3 0.4 05 9

M(e'e) (GeV/c?) M(u*w) (GeV/ic?)



TFFofn' » mtm~ 111~

—— Data (a)
— Fitresult

n';)'yrc'*ﬂf MC
------- Sideband background

10 B
5 ; i . L KT
S ol y f ;
o T AN #
E t
5E ‘ . J . .
0 0.1 0.2 0.3 0.4 0.5 0.6
M(e'e) (GeV/c?)
45 ; —— Data
& 40 —— Fit result (d)
L = — = Jly—=yn' = n—u MC
% 35§ - Jly—yn, Nt MC
= 30F Jy—yr'r e MC
© 25F Jhy—yyo0—-n'nmtn MC
~ 20[
2] -
2 15F
$ jof
w =
5
5 o
5 [~
S ok L VL TSR TR WA AR X 1
o 5 Yﬁ+ ++ e ¢
5E ‘ . + . ‘
0.1 0.2 0.3 0.4 0.5 0.6 0.7
8/15/2026 ~ MW'W) (GeVic?)

Events/0.01 GeV/c?

Events / (6 MeVi?2)

Pull

1 400 ;_ —e— data
' —fitresult
12008 oy simisin
1000 sideband
800 — x?/ndof = 1.04
600}
400
200}
o [ AT EPErTEp pssawew Y TS )
03 04 05 06 07/(7‘3@ 09 1
SF }
ok #, t
: ot o
© 03 04 05 06 078 09 1
M. (GeV/c?)
35 E_ : El?ir?esult (b)
30 —-J:'w—wn n'on nnn—)u uMC
B - Jhy—y', W'sr Tt MC
] S YA AT
20 ;—
15
10F
5F '
0: +1|$+| 1 atbay + + ++
had TH' Tﬂ+ 'r'r+ +‘r‘r+1»r 1, 'r++ rT+7m
_5 -
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M(rc*r) (GeVic?)

BESIII: JHEP 07, 135 (2024)

10 billion J/y allows to access the dynamic
Box-anomaly is needed to describe data
w — T~ is also necessary

First time to assess the form factors withn’ —

ntm~ "1™ within VMD
b, =1.30£0.19 (GeV/c?)

This work |—
TPC/Two-Gamma |~
CELLO [~
CLEO —
Lepton-G |-
BESIII —

VMD -

Quark Loop [~
t+loop ChPT |~
Dispersion (—
P.A fit to data [~

P o b e by
121416 18 2 22 24 26

10

b, (GeVic?)*



BESIII: PRD 111 (2025) 072008
(arXiv:2501.10130)

Study of n > n*n” 1"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.

—— Data 50 } —— Data
Q102 M$3h & - :ZM£3L Bﬁ?—>ﬂ+ﬂ_e+e_)Zﬂn—+ﬂ+ﬂ_g+#_)
L Background | LQ 40 Background | (10—4) (10_9)
> > B Background Il
o Background |l Q B ---- Background IlI Unit PT 1 9 99+0-06 7 50+1-80
= - Badkground Il > b e Backaraundty|  Unitary xPT [1] 9970 09 5020270
T 0F . (a) © (b) Hidden gauge [2] 3.14+£0.17 8.65 £ 0.39
a2 i @ 20f VMD [2] 3.02 4+ 0.12 8.64 + 0.25
& b & CMD-2 [4] 3.7725 £ 3.0
T =5 o 10p 0.2 5
W TE w r WASA [5] 43192 £ 04 < 3.6 x 10°
SZG - KLOE [6] 2.68 £0.09 £0.07

S o bbbt HEab b 5 et bt b b
0:3 0 _*++++T+T +++T++++ ++ + ++++T +++T ¥ +$ ‘rhl“ + ¥ 1 023 . T++%T++++TH+T+++T+H f+++T++!f++++r +

51 o . 5F . . .

0 0.05 0.1 0.15 0.2 0 0.05 0.1 0.15 0.2
M(e'e’)(GeV/c?) M(r*r)(GeV/c?)
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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~*

—~ I I L L N
T ) 2l ¢ Data _
_ :il’_‘““ ; 10 —— Fit result 3
§ 150 -'—2;;::[1'\]4‘( This work = é ¥l || Peaking background 1
C‘S :—:):::Sl;‘g,eb:::f;::::d 1 BESI015) |- ~ i * : Inclusive background -
é 100:_ Other background ] Vv, | § 10 E_ : | f Other background _g
g i VMD, |- : i I T ]
50 v ]
E - g |l ARt ‘ -
Q u 3
g : P PR R BRI AR R R R > i .
Qo5 01 015 02 025 0. 1 12 14 16 18 2 22 24 26 = r‘ .
| \ L ”77 | (1 Nl
M trlete)-M(nt" mn’) (GeV/c?) Br(x 10
5 ¢
A 2 267T2M7?,O{an_>,yw F 5119 0 Z** * + ﬂ é
| nr—)e+e*w| - (MZ, . M2)3 | (q )’ E* % L ; ﬂ
n w 5 C . ) . . . . . .
(M2 o q2 L M2)2 . 4M2q2 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18
/ w w .
LT = (2 — B%sin?6) M(e'e) (GeV/c?)
_ dF 1 TFF is measured for the first time: A=1 = (2.92 + 0.83 + 0.15) GeV !
slope =
o 2 2
8/15/2026 dq q?=0 A 12



Summary of the TFF for n/n’

LI L B B B B B
This Work — = BESIII: PRD 109, 072001 (2024) R B B e B I i e
A2 — BESIII: PRD 109, 072001 (2024) .=
NA60 — —— BESIII(2015) — —
TPC/Two-Gamma — & Lepton-G — -
CELLO [~ . BESIII: PRD112, 052007 (2025) TPC/Two-Gamma — A —
CLEO N . WZW Lagragian |— — CELLO B N O
VMD — L Dispersion relation [— —_—— CLEO — —k—
Quark Loop - o Pade Approximant (— * VMD B
Brodsky-Lepage |~ = el Pe””':j::’;‘: Quark Loop | !
1-loop ChPT | . A b Brodsky-Lepage — .
Dispersion — @ Samplell(i-ye'e’) - —_— 1-loop ChPT — B
P.Afit to data [~ — e T Dispersion |~ -
el e o Uy eals R ool o & P.A.fit to data [— ——
1.2 14 1.6 1.8 2 : 0-..114...116...118.|.é... v e b b e by v b by b by
b. (GeV/c)? : : - 08 1 12 14 16 18 2 22 24 26
M ( ) A? /] (GeVic?)? bn. (GeV/c2)?

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

n-yupu:b, = (1.645+0.343 £ 0.017) GeV /c?

8/15/2026

n' - wete : A71 =(2.92 4+ 0.83 £ 0.15) Gell/3_1



SpaCE'like TFF for Tl'O BESIIT arXiv:2509.07685

¢« 293 fb1ete collision data @ 3.773 GeV
« Signal tag method, measure TFF: F(Q%, Q5 ~ 0) at 0.2<Q?<3.5 GeV?

T ARG TR R TR M T T T T [ T T e T T T T e A
CELLO, Z. Phys. C49 (1991) 401 .+ BESIII stat. errors only

: '-I-< CLEO, Phys. Rev. D57 (1998) 33 .+ BESIII total errors
0.20 T BESIlI stat. errors only N L N
|+ BESII total errors
%‘ L |
2 0.15+ — -l- - —-
- n T
-1 = | - |
F(O2)2 — doBorn [ dowzw _ N {;Ij , {TI:} {» A
| (Q )| - 2 2 . S~ 0.10+ 7 A B
a2\ dQ Low0r g g T

N d ! N ik I
. sig OWZW ‘\6 i = 1 L 2
AQ?Le(1+46)Byy \ dQ? i : | 1 [ &
0.05+ VMD 1 | B |
' ,l_ M. Knecht et al. (LMD+V) + A. Gérardin et al. (LQCD)
. . . . I " Eur. Phys. ). C21 (2001) 659 | I Phys. Rev. D100 (2019) 034520
O-WZW 1S the pOlnt-llke BOI‘n Cross SeCtIOIl H. Czyz et al. (1-Octet) T r M. Hoferichter et al. (dispersive)
Phys. Rev. D85 (2012) 094010 | i Phys. Rev. Lett 121 (2018) 112002 i
H. Czyz et al. (3-Octet) G. Eichmann et al. (Dyson-Schwinger)
I Phys. Rev. D97 (2018) 016006 i Phys. Lett. B797 (2019) 134855
oo b e b b by e by by ey v b b by b by e e b
0'08.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

8/15/2026 Q? [GeV?] Q2 [GeV?] 14



Double Dalitz decaysn » ete"ete™ .

»Expected to proceed through two virtual photons, TFF

—_ L 1 * T
NU C
S 2f J/Y =N @ ]
8 ! Mode I
8 15 —e— Data N -
S e ]
=) C —nimete ]
Z 10 —— RBKG ]
2 5 4, z
° it
a8 oEE=aE= e W N T - e I W o okl
0.5 052 054 056 0.58 0.6
M(eteete™) (GeV/c?)
Mode Nebs e (%) B (x10°)
1 35.9+6.7 13.1 2.51 +£0.47
I1 29.5 +6.1 4.7 2.80 £ 0.58

The combined branching fraction is
determined to be (2.63+0.34+0.16)x10™

8/15/2026

Events / (0.002 GeV/c?)

[\
]

.
|9
T

5

oo

[a—
-}
T T T

£p1)

f(m) N L
7 £(pag)

£(ps)

(ps)

BESIII: arXiv:2605.04898v1

Ve

Mode II

U

||||||

‘ This work
f—Data driven approach
: VMD

- Hidden gauge

5 052 054 056 0.58
M(ete—ete) (GeV/c?)

rrrrrrrrrr

s

0.6 0 '1 2

3 4

B(n — ete"ete™)(x1079)

Source

n — eTe eTe™

(X 10_5) " KLOE: PLB 702 (2011) 324
Hidden gauge [11] 2.68 4+ 0.13 7. Petri, arXis
Modified VMD [11] 2.67+013 "

Data driven approach [12] 2.17+0.20 ( 100 | "
KLOE [13] 2.40 £0.22 o ot
BESIII [14] . L -

500 525 550 575 600
M, [MeV] :
1



/ + + ! + + + - 4 -
71 _)e e e’ e n—eepp n—"HpHHpH n—eepu 101 fo" (13 TeV.
300F F Dat = 70 T T T T T T T (\e!
dal & —+— Dat b F —_p — — CR . s = E
il tt\ Fit Nigy=301£7.0 1 2 o595 —— Fitresult (b) _. S0 J—r T 12 T pam (a) E SU}CMS _____ g:!s;‘alrzun:u E
—  signal %’ F —— Signalshape 3 25: — — Iy E oL = F —— Signal shap -~ = g 3
% 20} gn o o] E Jhg—yn' W ne‘e = F Jhy—m’ 'ﬂ*ﬂ! e © 10 Jy—mnorree 2 5o —— Full fit =
; . Jy—yn, n'—yee o~ 200 — Jy—n' m—yn” 8 F Jy—=m'n-n'T u W O] F — = Jly—ynn-yntn % E + Data -
(] background o F gt u & 20F — — Jhy=m’ nﬂv o gE Jy—mn—retu z ,F 2/ ndf = 68/ 60
= S 150 J/\Vﬁyn T‘ﬁ‘)’ S o J/\yﬁy 8 E — — Polynomial background B 40_
e e S 15F S eC / | 8
—~ *~ ~ = - = - f—
(7] vy 100 2 o ~ F
E 1o + B 2 s 10 I }L *
w - 580 @ gF s AT 1
@ . : ' SRR o -
in ; o ol R — =t R
H = - = 2BV it aa gt aaiias ] e T 0
0 : L . ’1‘ > Omh fa 2‘#7 it f‘;#?‘ﬂ"} “H Hétt h'} bty W2 Qg = g nhbig b TR, by NELSLILINE
09 092 094 096 0.98 1 B T e s A e o SRR 5 t
.- » 0.88 09 092 094 09 098 1 0.9 092 094 096 0.98 1 0245 """""""""" Oé """"""""" 055 """""""""" 65 35 } il i i “ R
M(ee’e’e) (GeV/c?) M(e'e ) (GeV/c?) M) (GeV/e?) ‘ een) (GeVied) O & o’ i li Hiyi ﬂ”;{
BESIII: PRD105.112010 (2022 BESIII: PRD111 052002 2025 505 055 06 065 07 075 08 085 09
!

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

" ete ete” 2.680(13) x 107° 2.668(13) x 10~° 2.17(2) x 10~° 2.40(22) x 10~ [11]

_|_

n —ete"ete” 2.384(4) x 107°  2.317(4) x 107° 2.10(45) x 107° 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

8/15/2026
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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

8/15/2026
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With n sample from J/y - yn',n’ > n*n™n, ]/ - yI*1~ background is highly

reduced compared with J /Y — yn S
O] S (a)
BESIII: arXiv:2512.07144v2 : S S
16 —+ Data O F
= & 14 — Fitresult §, 2
100__ + Data % 12:— —— Signal shape % 1.5
& [ — Signal MC }l O NSt £ b |
~ B e ] . dlL S _
> — ' - TR = - N>t Tutu et 2 \ \
R S - A e Wb 379467 S A
a4 [ —=n'OnTE R | | - - %9.9 02 0.94' 096 098 1
S 60 jj E pree (GeVI)
S I } 1 = , H $ 2
E " | Bt o RAR - N ITTIT] Q) 1.8;: ~+ pata (b)
= 8 + + IA H:} 07046 048 05 052 054 05 058 0.6 5 i:i
2 20 H 4 M, (GeV/c?) = iaf
: + i—-"..H+ 1 3 IE—
0 T osE
(=== ‘E 0.6
0.9 0.92 0.94 0.96 0.98 1 9 ol
M, (GeV/c?) *oap | |
. S S X R T R = S ¥ A X
Br(n->utu)=(58+1.0+0.2) x 10~ M, (GeVie)
Br(in »ete™) <2.2x1077 at 90% CL
5152076 PDG: Br(n » u*u™) = (5.7+0.8) x 107% and Br(n » ete™) <7 x 1077 at 90% CL ”



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

8/15/2026

- —— Signal MC ¢ Data

— [ Inclusive MC [ ] Continuum

a T]’ — el BESIII Preliminary®
- !

— [ [ |— b b
T " | .LI__A PR R

9 092 094 096 0.98 1

Mrecoil (GeV/CZ)

_

/c*

Entries / (2 Me

[ — Signal MC — Inclusive MC —- Data

I

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

8/15/2026
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BESIII: PRD112, 112021 (2025)

Search for LNV processn » m e e”

* Rare and forbidden Lepton Number Violation (LNV) process

e According to the SU(2) @ U(1) theory concerning left handed neutrino fields, massive
neutrinos could induce spontaneous LNV processes

‘ Related to the origin of neutrino mass

* J/Y — ¢n is used to suppress continuum backgrounds

it S 1 esive Me ‘
B(n—natntee”) < B(n —yy) x ]\J/T‘E;Z_e_ § 4 Inclusive .
vr | €y >
@) °
B(n — xtnte"e™) < 4.6 x 107° T
Eo ‘
B
= 05
1 12 14 16

8/15/2026 My (GeV/c?) 21



The nature of n/n': Pseudoscalar mixing angle 0,

: Pseud lar mixing angle 6
77=778C089p—771$1n9p seudoscalar mixing angle 6,

‘ v QM basic parameter N. H. Christ, etal.,, PRL 105 (2010)241601
] . T. Feldmann, [JMP A915 (2000) 159
77’ — 778 S1n HP + 771 COS GP ‘/ IHPUt for Lattlce QCD C. Amsler and F. E. Close, PRD 53 (1996) 295

\/ QP: _14_.10 ’ _170 ) _180 ’ _24_.50 X.Y.Jiang, etal,, PRL 130 (2023) 061901

« J/y radiative decay to n/n ' can be used to measure 6p

- BESIII: PRD108,092002 (2023)
i I 4 +- Data i 60000 oy _———————
« 71 e I o BESIII 2023 .
10 billion (::/1[1 % oo
g I g BESIII 2018 B
. o Theory 1 »
o M, (GeV/c?) > M,,(GeV/c?) Theory 2 .
3
r - yn'
po LU =) (p_"> cot26,  Op=—(22.11 £ 0.26)° heory 3 :
Fg/-wn  \py
Theory 4 .
Consider J /1 — yn® 0p = —(19.34 £ 0.34)° 26 24 22 20 A8 A6 a4 a2

8/15/2026 Phase angle 6;° 22



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 !

8/15/2026
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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
T 'GTC"
+ O' a*
(L €+ o' p §~. ]
’ L 4 ’ 7T
P N P *) :
= - —AN- T EEEEE
14 Ml
™ s~ P
-
- e

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

8/15/2026 24



Amplitude analysis resultof n’ > T 171

BESIII: JHEP 07, 135 (2024)

Hidden gauge Full YMD Modified VMD
] b Model I Model IT Model ITI
ci1—cy=c3=1 c1—ce=1/3,c3=1 c1—caFc3
my (MeV/c?) 954.3+87.8+36.4 857.4+76.5 787.5+£173.9
my.»(MeV /c?) 765.34+1.2+20.2 765.4+1.2 764.8+1.3
my,(MeV /c?) 778.7+1.3+£17.3 778.7+1.3 778.7+1.4
B(1073) 8.5+1.440.7 8.5+1.4 8.1+15
0 1.440.3+0.1 1.440.3 1.440.3
c1—co 1 1/3 —0.03+1.09
c3 1 1 1.0340.03
x%/ndof(ete™,mtn~) | 77.9/82.0, 47.8/65.0 | 78.7/82.0, 47.6/65.0 | 79.4/82.0, 45.1/65.0
by (GeV/c?) 2 1.10£0.20+0.07 1.36+0.24 1.61+0.71

8/15/2026

Hidden gauge  Full VMD  Modified VMD
o =yt Model I Model II Model III
c1—ca=c3=1 c1—cp=1/3,c3=1 c1—co F£c3
my (MeV /c?) 649.4+55.9+35.6 601.6+25.7 589.6+25.9
my.-(MeV /c?) 757.3424.1+18.0 765.4+18.8 774.4+43.5
c1—c2 1 1/3 0.01+£0.45
c3 1 1 0.9840.40
x2/ndof(utu=,mtm™) | 48.1/34.0, 32.9/46.0 | 48.3/34.0, 32.9/46.0 | 49.7/35.0, 32.4/46.0
by (GeV/c?)~2 2.3740.41+0.27 2.7640.24 2.8840.25
25
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  𝜼


  𝜼 ′


  J / 𝜓 → 𝛾 𝜂 / 𝜂 ’


  𝟏 . 𝟏 × 𝟏  𝟎 𝟕


  𝟓 . 𝟐 × 𝟏  𝟎 𝟕


  J / 𝜓 → 𝛾 𝜂 ’ (  𝜋 +  𝜋 − 𝜂 )


  𝟐 . 𝟐  𝟏 𝟎 𝟕


  J / 𝜓 → 𝜙 / 𝜔 𝜂 / 𝜂 ’


  𝟐 . 𝟓 × 𝟏  𝟎 𝟕


  𝟔 . 𝟓 × 𝟏  𝟎 𝟔


  𝜙 → 𝛾 𝜂 / 𝜂 ’


  𝟑 × 𝟏  𝟎 𝟖


  𝟏 . 𝟓 × 𝟏  𝟎 𝟔


  p p → 𝜂 X


  ~ 𝟑 × 𝟏  𝟎 𝟕


  𝛾 p → 𝜂 X


  ~ 𝟑 × 𝟏  𝟎 𝟖


  p p → 𝜂 X


  ~ 𝟒 . 𝟓 × 𝟏  𝟎 𝟖


  𝛾 p → 𝜂 X


  ~ 𝟏  𝟎 𝟕


  p L i → 𝜂 X


  ~ 𝟏  𝟎  𝟏 𝟑   𝜼 / 𝒚 𝒓


  𝜼 / 𝜼 ′


  𝟏 𝟎 𝟏 𝟎


   𝜼 ′ →  𝝅 +  𝝅 − 𝜼


  𝑱 / 𝝍 → 𝜸 𝜼


  ⟹ 𝟏 ×   𝟏 𝟎 𝟕   𝜼


  𝑱 / 𝝍 → 𝜸 𝜼 ’ ,   𝜼 ’ →  𝝅 +  𝝅 − 𝜼


  ⟹ 𝟐 . 𝟐 ×   𝟏 𝟎 𝟕   𝜼


   a 𝜇


   e +


   e −


   𝛾 ∗


  𝛾


  P


  𝛾 / V


   𝛾 ∗


   e +


   e −


  P


   𝛾 ∗


   𝛾 ∗


   e +


   e −


   e +


   e −


  P


  𝛾


   𝛾 ∗


   e +


   e −


  P


   |  F (  q 2 ) |


  𝜼 / 𝜼 ′ → 𝜸  𝒆 +  𝒆 −


  𝜼 → 𝜸  𝒆 +  𝒆 −  


  𝑱 / 𝝍 → 𝜸  𝜼 ′ → 𝜸  𝝅 +  𝝅 − 𝜼


    𝜼 → 𝜸  𝝁 +  𝝁 −  


  𝑱 / 𝝍 → 𝜸  𝜼 ′ → 𝜸  𝝅 +  𝝅 − 𝜼


  𝜼 → 𝜸  𝒆 +  𝒆 −  


  𝜼 ′ → 𝜸  𝒆 +  𝒆 −  


   b 𝜂 =  (  1 . 645 ± 0 . 343 ± 0 . 017 )   G e V /  c 2  


   b  𝜂 ′ = 1 . 574 ± 0 . 0 48 ± 0 . 016      (  GeV /  c 2 )  − 2


   b 𝜂 =  (  1 . 645 ± 0 . 0 93 ± 0 . 024 )   G e V /  c 2  


   b 𝜂 =  (  1 . 781 ± 0 . 123 ± 0 . 033 )   G e V /  c 2  


    d 𝛤 ( P → 𝛾  l +  l − )  d  q 2  𝛤  𝛾 𝛾 = Q E D  (   q 2 ) ×    |   F P (  q 2 , 0 ) | 2


   b  𝜂 / 𝜂 ′ =   d  |  F  (   q 2 ) |  d  q 2    ​ |   q 2 = 0  


  𝛚 →  𝛑 +  𝛑 −


   𝜂 ′ →  𝜋 +  𝜋 −  l +  l −


   𝜼 ′ →  𝝅 +  𝝅 −  𝒍 +  𝒍 −


   𝒃  𝜼 ′ = 𝟏 . 𝟑 𝟎 ± 𝟎 . 𝟏 𝟗      (  𝐆 𝐞 𝐕 /  𝐜 𝟐 )  − 𝟐


  𝜼 →  𝝅 +  𝝅 −  𝒍 +  𝒍 −


  ( 𝜂 →  𝜋 +  𝜋 −  e +  e − ) =  (  3 . 07 ± 0 . 12 ± 0 . 19 ) ×   10  − 4


  ( 𝜂 →  𝜋 +  𝜋 −  𝜇 +  𝜇 − ) < 4 . 0 ×   10  − 4


   m V =  (  749 ± 54 ± 14 )   M e V / c


  η →  𝜋 +  𝜋 −  𝜇 +  𝜇 −


  J / 𝜓


  609 . 1 ± 27 . 7


  𝜂 ′ → 𝜔  e +  e −


  Br ( 𝜂 ′ → 𝜔  e +  e − ) = ( 1 . 79 ± 0 . 09 ± 0 . 12 ) ×   10  − 4


   𝛬  − 1 =  (  2 . 92 ± 0 . 83 ± 0 . 15 )     G e V  − 1


  𝜼 ′ → 𝝎  𝒆 +  𝒆 −


   b 𝜂 =  (  1 . 707 ± 0 . 0 76 ± 0 . 029 )   G e V /  c 2  


  𝜂 ′ → 𝛾  e +  e −


  𝜼 / 𝜼 ′


  𝜂 → 𝛾  e +  e −


  𝜼 → 𝜸  𝝁 +  𝝁 −


   b 𝜂 =  (  1 . 645 ± 0 . 343 ± 0 . 017 )   G e V /  c 2  


   b  𝜂 ′ = 1 . 30 ± 0 . 19      (  GeV /  c 2 )  − 2


  𝜂 ′ →  𝜋 +  𝜋 −  e +  e −


  𝜂 ′ → 𝜔  e +  e −


   𝛬  − 1 =  (  2 . 92 ± 0 . 83 ± 0 . 15 )     G e V  − 1


   b  𝜂 ′ = 1 . 574 ± 0 . 0 48 ± 0 . 016      (  GeV /  c 2 )  − 2


   e +  e −


  F (  Q 1 2 ,  Q 2 2 ≈ 0 )


   𝝅 𝟎


   𝜎  W Z W


  𝜼 →  𝒆 +  𝒆 −  𝒆 +  𝒆 −


  𝜼 / 𝜼 ′ →  𝒍 +  𝒍 −  𝒍 +  𝒍 −


  𝜼 ′ →  𝒆 +  𝒆 −  𝒆 +  𝒆 −


  𝜼 ′ →  𝒆 +  𝒆 −  𝝁 +  𝝁 −


  𝜼 ′ →  𝝁 +  𝝁 −  𝝁 +  𝝁 −


  𝜼 →  𝒆 +  𝒆 −  𝝁 +  𝝁 −


  𝜼 →  𝝁 +  𝝁 −  𝝁 +  𝝁 −


  < 𝟏 . 𝟕 𝟓 ×   𝟏 𝟎  − 𝟔  


  < 𝟓 . 𝟐 𝟖 ×   𝟏 𝟎  − 𝟕  


  < 𝟔 . 𝟖 𝟖 ×   𝟏 𝟎  − 𝟔  


  𝜼 →  𝒆 +  𝒆 −


   𝝁 +  𝝁 −


  ( 𝜂 →  e +  e − ) < 7 ×   10  − 7


   e +  e − → η


  ( 𝜂 →  𝜇 +  𝜇 − ) = ( 5 . 7 ± 0 . 8 ) ×   10  − 6


  𝜂 →  l +  l −


  𝜼 →  𝒆 +  𝒆 −


   m e 2


  ( 𝜂 →  e +  e − ) =  (    5 . 31  − 0 . 04  + 0 . 14 ) ×   10  − 9


  ( 𝜂 →  𝜇 +  𝜇 − ) =  (    4 . 72  − 0 . 21  + 0 . 05 ) ×   10  − 6


  B r  (  𝜂 →  e +  e − ) =  (  5 . 37 ± 0 . 04 ± 0 . 02 ) ×   10  − 9  


  B r ( 𝜂 →  𝜇 +  𝜇 − ) = ( 4 . 54 ± 0 . 04 ± 0 . 02 ) ×   10  − 6


   (  𝜂 →  e +  e − ) < 2 . 2 ×   10  − 7   a t   90 %   C L


  ( 𝜂 →  𝜇 +  𝜇 − ) =  (  5 . 8 ± 1 . 0 ± 0 . 2 ) ×   10  − 6


  𝜂


  J / 𝜓 → 𝛾 𝜂 ’ ,   𝜂 ’ →  𝜋 +  𝜋 − 𝜂


  J / 𝜓 → 𝛾  l +  l −


  J / 𝜓 → 𝛾 𝜂


  ( 𝜂 →  𝜇 +  𝜇 − ) = ( 5 . 7 ± 0 . 8 ) ×   10  − 6


  ( 𝜂 →  e +  e − ) < 7 ×   10  − 7


  ∝    (  Δ  m  i j 2 /  M W 2 ) 2 ~   10  − 50


  ℬ  (   𝜂 ′ → e 𝜇 ) < 4 . 7 ×   10  − 4


   𝜼 ′ → 𝒆 𝝁


  𝜼 → 𝒆 𝝁


  𝜂 ′ → e 𝜇


  J / 𝜓 → 𝛾 𝜂 ′


  η → e 𝜇


  J / 𝜓 → 𝛾 𝜂 ′ → 𝛾  𝜋 +  𝜋 − η


  𝛈 → 𝐞 𝛍


  𝛈 ′ → 𝐞 𝛍


   𝜂 ′ → e 𝜇


   |  C /  Λ 2 |


   ℓ 1  ℓ 2


  ℬ (  𝜂 ′ → e 𝜇 ) < 4 . 7 ×   10  − 4


  ℬ (  𝜂 ′ → e 𝜇 ) < 6 . 3 ×   10  − 7


  ℬ ( 𝜂 → e 𝜇 ) < 6 . 0 ×   10  − 6


  ℬ ( 𝜂 → e 𝜇 ) < 6 . 8 ×   10  − 7


  u , d


  s


  u , d


  s


  u , d


  s


  u , d


  s


  |  C  A L / A R  q  ℓ 1  ℓ 2   / Λ 2 |


  e 𝜇


  2 . 1 ×   10  − 1


  1 . 9 ×   10  − 1


  7 . 4 ×   10  − 3


  6 . 8 ×   10  − 3


  3 . 0 ×   10  − 3


  2 . 1 ×   10  − 3


  1 . 0 ×   10  − 3


  7 . 0 ×   10  − 4


  |  C  P L / P R  q  ℓ 1  ℓ 2   / Λ 2 |


  e 𝜇


  3 . 9 × 10 ⁴


  3 . 6 × 10 ⁴


  1 . 4 × 10 ³


  1 . 3 × 10 ³


  1 . 7 ×   10 3


  1 . 2 ×   10 3


  5 . 8 ×   10 2


  4 . 0 ×   10 2


  |  C   G ~ L /  G ~ R  q  ℓ 1  ℓ 2   / Λ 2 |


  e 𝜇


  5 . 0 × 10 ³


  1 . 8 × 10 ²


  1 . 6 ×   10 2


  5 . 4 ×   10 1


  𝜂 → e 𝜇


  < 6 . 8 ×   10  − 7   @   90 %   C L


  P →  ℓ 1    ℓ - 2


   C i  ( D )


   |  C /  Λ 2 | ∝   ℬ  (  P →  ℓ 1    ℓ - 2 )


   ℒ  ℓ q :      C  P L / P R  q  ℓ 1  ℓ 2


   ℒ  ℓ q


                 C  A L / A R  q  ℓ 1  ℓ 2


   ℒ G


               C   G ~ L /  G ~ R  q  ℓ 1  ℓ 2


  L / R


  < 6 . 3 ×   10  − 7   @   90 %   C L


  J / 𝜓 → ϕ 𝜂


  𝜼 →  𝝅 +  𝝅 +  𝒆 −  𝒆 −


  𝜼 / 𝜼 ′


   𝜽 𝑷


  R =   𝛤 ( J / 𝜓 → 𝛾 𝜂 ′ )  𝛤 ( J / 𝜓 → 𝛾 𝜂 ) =    (     p  𝜂 ′   p 𝜂 ) 3     c o t 2 ⁡   𝜃 P


  𝜂   =  𝜂 8   cos ⁡   𝜃 P −  𝜂 1   sin ⁡   𝜃 P


  𝜂 ′ =  𝜂 8   sin ⁡   𝜃 P +  𝜂 1   cos ⁡   𝜃 P


   𝜃 P = − ( 22 . 11 ± 0 . 26 ) °


  𝑱 / 𝝍


  J / 𝜓 → 𝛾  𝜋 0


   𝜃 P = − ( 19 . 34 ± 0 . 34 ) °


  𝜂 ’ →  𝜋 +  𝜋 − 𝜂


  𝜂


   𝜼 ′ →  𝝅 +  𝝅 −  𝒍 +  𝒍 −


  𝑴  (   𝒔  𝝅 𝝅 ,  𝒔  𝒍 𝒍 ) =  𝑴  𝒎 𝒊 𝒙 × 𝑽 𝑴 𝑫 (  𝒔  𝝅 𝝅 ,  𝒔  𝒍 𝒍 )


   𝒄  𝟏 , 𝟐 , 𝟑


   𝜼 ′ →  𝝅 +  𝝅 −  𝒍 +  𝒍 −

