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B Physics with light meson decays
m Brief review on n/n’ physics
m Recent progresses

B Summary and Prospects



Physics with light meson decays

@ Rich physics
@ test ChPT predictions
@ Form factors
@ Precision test fundamental symmetries
@ Probe new physics beyond the SM

@ Excited states (strange, strangeonium ..)



Source of light mesons

’ Collaboration
CEBAF Large Accaplance Spactrometer

CLAS?2 Crystal Ball WASA-at-COSY




BESIII: a factory of light mesons

® n/n from from J/y—yn/n' = 1%x107n, 5.2x107
m n/n from J/y—¢n/n' > 4x106n, 2.5x10°n

o Hadronic decays
e N — m+m-n, o1°n
o N —Tm+m-T+m- M+m-1o7°
e n/n" —m+m-m°, n/n" —>momOnO
o Radiative decays
e n/n —ye+e-
e n/n —yym
e n/n —ym+m-
o Rare/forbidden decays
e n/n’— invisible decays
e n/n" —mev
[




Achievements with 1.3 billion J/v events

® n' -=2(mm), mmnono PRL112,251801( 2014)

® n —ye+e- PRD92,012001( 2015)

® nomr 0, n/n" — mOnon® PRD92,012014(2015)

® n —owe+e- PRD92,051101( 2015)

® n—Kn PRD93, 072008 (2016)

® n—opn PRL118,012001(2017)

® n —yymo PRD96,012005(2017) (Felzk, 20184F =L —254%)
® n —ymwmT PRL120,242003(2018) (Z i, 20214 26 —5542)
® n —mmn, h —»monn PRD97, 012003(2018)

® oo o PRD98, 112007(2018)

® tfwo photon decays of P. PRD97,072014(2018)

® n —yyn PRD100, 052015(2019)

® Absolute BF of n” decays PRL122,142002(2019)

® n — mom0 mo O PRD101, 032001(2020)

® n - mmre+e- PRD103,092005(2021)

® n — mutu- PRD103,072006(2021)



n/n’ hadronic decays

e N —m+m-n/momon
e h/n'—31m
o n'—>41'[



Dalitz plot of n” — wmn, T0nn
(fiZE%: bam-00443: draft)
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Evidence of the cusp effect!
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MF(nr°) GeV?/c* MF(n°n°) GeV?/c*
Parameters Fit I Fit II Fit III Fit IV
a —0.075 £ 0.003 £ 0.001 | —0.207 £ 0.013|{—0.143 + 0.010| —0.077 + 0.003 4+ 0.001
b —0.073 +0.005 £ 0.001 | —0.051 £+ 0.014 | —0.038 £ 0.006 | —0.066 £ 0.006 4+ 0.001
d —0.066 £+ 0.003 £ 0.001 | —0.068 £ 0.004 | —0.067 4+ 0.003 | —0.068 + 0.004 + 0.001
ap — a2 - 0.174 £ 0.066 | 0.225 £ 0.062 | 0.226 £ 0.060 4= 0.024
ao - 0.497 + 0.094
as - 0.322 +0.129
Statistical Significance 3.40 3.70 3.60
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N —T+T-T+7-, T+T-1070 ChPT+VMD:
nl t O(p®
AR (Bl , BT (inprogress ) only oceur at O(p°)

F.K. Guo, B. Kubis, A. Wirzba Phys. Rev. D 85,014014 (2012)
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n—>1r+11-11°, n—>3TIO (FEBE3k: BAM--00543 )

Dalitz variables:

310 V3
Y = — 1, K= == er—=T"
2 2 (Tge — Tp-)

Parameterizations for n—m+m-m°
JA(X,Y)|? = N(1 4+ aY 4+ bY?2 + X +dX*?

EeXY £y )
Parameterizations for n—3m° :
AP oc 1+ 2aZ +28BX%Y = Y*) + 2927 +---+26 > p(s
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1 0.5 0 0.5 1 -1 0.5 0 05 1
X Y 13
ogmbins | a | b | | 4 | | £
-1.128+0.015  0.153+0.017+ 0(fixed) 0.085+0.016 0(fixed) 0.173+0.028
Sl +0.008 0.004 +0.009 +0.021
KLOE-2 -1.104+0.003  0.142+0.003+ O(fixed) 0.073+0.003 O(fixed) 0.154+0.006
+0.002 0.005 +0.004 +0.005

® Consistent with BESTIT previous results

® No evident C-parity violation
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n —p'm+C.C.
D. Gross et al., PRD19,2188(1979)

Dpmrteat g (d—)?-

Mg

Pn —nrnta—

’ 7[0/
n . o
\n-
Tls no n"' ;
- T N. Beisert, B. Borasoy, Nucl. Phys. A716,186(2003)
n_

PRL, 118, 012001(2017)

1 500 n 4 Data n" — m+m-nd
30 S g _ g:t nal
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FEBEBE: in progress
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http://arxiv.org/abs/1606.03847

n/n’ raidative decays

n" —e+e-e+e-

N —T+T-e+e-, T+IT-U+p-
n" —ye+e-

N —yym°

N —ym+m-



n — et+e- et+e-
(E% 2, BAM-00501)
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n —ye+re-
(MAJE, EREFE)

® Tnvestigate the inner structure of the meson
® Transition form factor e+

n e-
g Y
dl’'(n' — ~IT17)

dg?*I'(n’ — 7

3
20 1 4m? 2?2 2 2
=== 1——21(“’—21)(1—— |7(a*)]
3T q q q m77

= [QED(¢*)] x |F(¢®)[?,




Phys. Rev. D 92, 012001 (2015)
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.012001
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Events/(4.0MeV/c?)

N —yym°

Phys. Rev. D 96, 012005 (2017)
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.012001

Amplitude analysis of n"—yym®
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B(n” —yym¥)\e=[1.8+0.5+0.7] X 105 Lots of checks performed

® Dominated by p,®

® Non-resonant contribution (>5c)

® With non-resonant contribution: B(n" —yp (— ym9)=30+-3%

® Without non-resonant contribution: B(n" —yp (— yn®)=51+-4.3%
® Non-resonant contribution necessary
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n" —ymn decay dynamics (EWiE)
® high term of WZW ChPT— box anomaly
® studied by many experiments (CB, L3 ..)

® no consistent picture due to limited statistics
® p mass shift or not ?
® box anomaly or not ? ~0.9M events
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—e— Data
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Model-(in)dependent fit

fit with p(770)-w-box anomaly  fit with p(770)-w-p(1450)  F(Em) =1+ & Smm+ B O(S m) +3 BW,
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v Extra contribution (maybe p(1450) or box-anomaly) is also necessary

Crystal barrel: o = (1.80+0.49+0.04)GeV-2

B=(0.04+=0.36+0.03)GeV-
GAMS-2000: o =(2.7£1.0)GeV-=

* Physics Letters B 707 (2012) 184-190
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n/n’ rare decays

O n/n'—>Tl‘Tl’
e n/n’ invisible decays
e n/n" weak decays

.....
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n/n'—invisible in J/y—¢n/n’

n(m') —vv >4

. Reconstructing ¢—K*K and
recoil directio”,@ looking at recoiling mass of ¢
I, t -7 g
,//,/ 14""|""I""I""l""|"rl|nnu|||..1|.|.._
T /b ,ﬁ',, i Phys. Rev. D87, 032006 (2013)

—
o

Events/4.0 MeV/c?
o

tag direction

¢ — KTK~

>4
”‘I ‘ 1]

At
L. T

8304 05 06 07 08 09 1 11 12

@90%C.L. M(recoiling ¢)(GeV)

' —

~ )] 2]
IIIIII|III|III|III|IIIIIII|I

&

—

225 million J/y events

N

B(n—invisible)< 1.0x 10
B(n'—invisible)< 5.3 x 10



Search for weak decays of n/n’

Phys. Rev. D87, 032006 (2013)

® within SM : B(h—me*v+c.c.)~2 x10-13
H. Neufeld and H. Rupertsberger, Z. Phys. C 68, 91 (1995)

® by considering scalar or vector type interactions:

B(n—me*v+c.c.)~10-8 -10-2 P. Herczeg, Prog. Part. Nucl. Phys. 46, 413 (2001)
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Events/(4MeV/c?)

Search for n'—yyn, n" —>mOmMOnOn°

Phys. Rev. D100, 052015(2019)
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B(n" —yyn): ~2.6 X104

Phys. Rev. D101, 032001(2020)
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y conversion: n/n’ inclusive decays
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PWA of J/y —K+K—n’

(Z2WF, in progress)
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Summary

BESTIT : also a factory of light meson decays

Precision test of fundamental physics

Recent progresses

n — me+e- PRD103,092005(2021)

n — TIu+u- PRD103,072006(2021)

Absolute BF of n decays arXiv:2109.12812 (accepted by PRD)
Many analyses are in progress

10 billion J/v events are available at BESIII
m update n/n’ decays

m search for rare decays

m other light mesons, p, o, ¢, .... excited states
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