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Introduction

Discovered about 50 years ago

Phys. Rev. Lett. 12,567(1964)
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Introdcution

on/n' : a rich physics field
o Unique place to test fundamental symmetries in QCD

at low energy region
o Probe physics beyond the Standard Model (SM)

n/n' —2y chiral anomaly
n/n’ —m+m-nd quark masses
N — YT+T- box anomaly
n/n" —nm CP violation

n/n' — p+u-m0 e+e-m® C violation
n/n — e LF violation



Source of n/n' events
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Bird view of BEPCII

!, - .

/fé% o ,s“\ﬁ. '-
/”/ - .
GREN. S’rorage rmg e

o~
-

2004 star'r ons‘rr'u;:'non |
. 2008: test run
2009 -now: data taking

.—charm physucs

i n Charmonium(-like) physics

m Light hadron spectroscopy



Super-conducting
magnet (1.0 tesla)

Drift Chamber (MDC) »
oP/P (°/,) = 0.5%(1GeV) ~
G ge/ax (/o) = 6%

Time Of Flight (TOF)
c;: 90 ps Barrel
110 ps endcap

- MCounter

8- 9 layers RPC
OR®=1.4 cm~1.7 cm
EMC: GE/VE(°/,) =2.5% (1 GeV)
(Csl) GZ'¢(Cm) =0.5-0.7 cm/VE



n/n' events at BESIII

m 1.3X10° J/y events (2009+2012)

®m n/n' from J/vy radiative decays
> 1.4x106n
> 6.8x10%n’
= n/n' from J/y hadronic decays ( e.g., J/y—¢n)
- 5x10°n
-> 3x10°n



Recent results on n/n’ decays

o Hadronic decays
e n—n+w-n%, n/n" —>nonOn?
e N >n+w-n+w-, w+mw-non°

o Radiative decays
e N —>ye+e-
e N —yyn® (Prel.)
e N ~>yw+n- (Prel.)



Matrix Element for the Decays n—>n+n-n% n/n" >n%n%n°

arXiv:1506.05360

Investigate the fundamental symmetries

Measure the light quark masses difference
Comparison to the theoretical calculations

Previous measurements (KLOE, WASA-at-COSY ..)

V3 3T
X=— T+ —-T, - Y =
Q ( + ) )

I’x denotes the kinetic energy of a given pion in the n rest frame

1.

Q = My — Mg+ — Mg— — Myz0

AX, V)2 = N1 +aY +bY2+cX +dX?

+eXY + fY? 4+ ..,
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Comparison to experimental and theoretical results

a

h =
d =

(

b

d

—1.128 £ 0.015 £ 0.008
0.153 £ 0.017 £ 0.004
0.085 £ 0.016 £ 0.009
0.173 £ 0.028 £ 0.021

—1.128 =+ 0.015.
0.153 + 0.017.
(0.047 =+ 0.851) x 1072
0.085 =+ 0.016.
0.017 =+ 0.019.
0.173 + 0.028.

Experimental

- - a g BESIII
- 9= e " WASA-at-COSY[11]
- - - KLOE[10]
—— e e CBarrel[31] (fixed d)
® " LAYTER[32]
Theoretical
b * b NREFT[7]
e g o BSE[30]**
b ® Absolute dispersive[33]*
o o Dispersive Theory[15]*
—e— —0— —e— — ChPT NNLOI[9]
° ° ChPT NLOI[8]*
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No charge conjugation violation is seen
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Comparison to

experimental and theoretical results

Experimental
—— BESII

* Average(s) (ﬂ )
8 KLOE[14]

—— WASA at COSY[13)]

- CBall[12]
—_—— SMD34]

—_—— CBammel[35]
—— GAMS-2000[36]
ce TN Theoretical |
® ChPT NNLO[9)
g BSE[30]"
. Dispersive Theory[15]"
. | . P Y | ChPT NLO[S]*

—— BESIII (b)
— GAMS-4[18]
GAMS-2000[17]
| A |
-1 -0.5

® In agreement with previous measurements

® o for n" >n%n°n? significantly deviates from zero

-:1(1]‘—>3nﬂ}




0.0

n > nt+r-t+w-, M+T-M' T

PRL112,251801(2014)
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Observation of n" —ye+e-
arXiv:1504.06016
® Investigate the inner structure of the meson
® Transition form factor

n e-
g Y
dl' (' — ~I[T17)

AT (7 = 77)
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B(n' — veTe ) = (4.6940.20(stat.) £0.23(sys.)) x 10™*
42X10* effective meson theory, PRC61,035206



A?%(A? +~?)
_ (A2 — q2)2 + \2+2
1 Ay = (0.79 £ 0.04(stat.) £ 0.02(sys.)) GeV

F(q°))” =

— (0.13 & 0.06(stat.) £ 0.03(sys.))

by = (1.60£0.17(stat.)4 0.08(sys.)) GeV~?

0 040203040506 07 0.8
M(e'e) (GeV/c?)

® In agreement with the results of n" —yu+u- from CELLO
by = (1.7T+£0.4) GeV~ 2

®Theoretical predictions:
by = 1.45 GeV™?  VMD
b,y = 1.60 GeV™2  chpT

_ 1 rq+0.15 2 N .
by = 1.537 53 GeV ™2 Dispersion



Observation of n" —yyn°

® check the high order of ChPT
® no experimental evidence yet

o excluded, p-® mxing?

B=[6.91+0.51+0.54+0.20(PDG)] X 104

200F
Consistent with theoretical predictions: £ !0
S
% 100}
B(n" —vyym0): ~6 X104 g I
> i L,
P. Jora, Nucl. Phys. Proc. Suppl. 207-208, 224 (2010) 50

R. Escribano, PoS QNP 2012, 079 (2012)
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N —~yn*n- decay dynamics

® 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 ?




Model-dependent fit

1). fit with p(770)-w 2). fit with p(770)-w-p(1450)  3). fit with p(770)-m-box anomaly
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v Besides p(770), the w is needed

v" p(770)-w cannot describe data well

v Extra contribution (maybe p(1450) or box-anomaly, maybe both of them) is also
necessary to provide a good description of data
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G6AMS-2000:

Model-independent fit

AP(SJTJT)FV(SJTJT)lzro(sJTJT)

* Physics Letters B 707 (2012) 184-190
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® w is necessary
® Linear polynomial is insufficient




BESIII status on n/n' decays

n —mmn PRD83, 012003( 2011)
n/n" —mm,mono PRD83, 032006( 2011)
n" —m 0, mOnon® PRL108, 182001( 2012)

n/n" — invisible PRD87,012009( 2013)
n/n" — mev PRD87,032006( 2013)
n" —3(mm) PRD88,091502( 2013)
n —2(mm), mnnon® PRL112,251801( 2014)
n" —vye+e- arXiv:1504.06016, accepted by PRD

n—m* 19, n/n" — monon®  arXiv:1506.05360, submitted to PRD

n —yym© (preliminary)
n"—ymm (Preliminary)



Summary
B n/n’ decays: a rich physics field

B Recent results from BESIII are presented

® nen'nn° n/n" = nnn°
® n—>n'n w'n, ' no0n°
® n —vye+e-

® n—>yntn-

® n —yyn?

m BESIII: n/n’ factory
B more results are expected to come soon

(n'—=rn*nt w0, we+e-,..)



Thanks for you attention



