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BEPCII is the only collider currently running at T-charm energy
First collision in 2008, physics run started in 2009

BEPCII reached peak lumi of 1x1033 cm-2s-1@1.89GeV in April 2016
BESIII collaboration includes 31 Chinese institutes , 13 European
ones , 6 US ones and 6 from other Asian countries, ~300
collaborators
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BGS]I[ BEPCII: a t-c Factory

O Rich of resonances, charmonia and charmed mesons.
O Threshold characteristics (pairs of T, D, D, charmed baryons...).

O Transition between perturbative and non-perturbative QCD.

O New hadrons: glueballs, hybrids, multi-quark states

O New Physics: high lumi, large datasets, hermetic detector with
g00d performance
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BESII

BESIII Detector

Solenoid Magnet: 1 T Super conducting

MDC:

(S

Ref: |||
NIM A614,
345 (2010)

EMCAL: Csl crystal
AE/E =2.5% (@] ('Ja:"v“
= 0.5~0.7 em/NE

':.:'.-"

Data Acquisition:
Event rate = 3 kHz
Throughput ~ 50 MB/s

2017-

small cell & He gas
o, =130 pm

Sp/p = 0.5% @1GeV
dE/dx=6%

18: Inner upgrade

O

LTOF:

Y0 ps Barrel
110 ps Endcap

2015 ETOF upgrade: 70ps

‘H Muon [D: 8-9 layer RPC
Tope=1.4 cm~1.7 cm

Trigger: Tracks & Showers
Pipelined; Latency = 6.4 ps

Clean environment and high luminosity at BESIII are
helpful for indirect probe of new physics
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BGS]I[ BESIII data samples ‘
~05B Y (3686) events ~ 24xCLEO-c
~1.3B [ /W events ~ 21xBESII
~29/fb  P(3770) ~ 3.5xCLEO-c
~5/tb XYZ states above 4 GeV Unique

« 20 points for R &QCD Scan:

500/pb finished in May 1st, 2015 0 3

« Y(2175) resonance: 100 /pb

finished in June 15, 2015
2016: just finish 3/fb Ds data at
4170 MeV ~ 5XCLEO-c

N
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o
I

~ other data sets: tau, A_,
scan and continuum, etc.
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BESII

JIy — ey Analysis

Event selection
Background estimation
Systematics

Results
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BES]]I Motivation for J/y — ep

With finite neutrino masses included, Lepton Flavor
Violation (LFV) is allowed, but the smallness of the
mass leads to the predicted branching fraction well
beyond current experimental sensitivity.

However, there are various theoretical models such
as SUSY may enhance LFV effects up to a
detectable level.

Any detection of a LFV decay indicates the existence
of new physics.

The LFV decay have been searched in lepton decay,
pseudoscalar meson decay and vector meson decay.
It is equally important to search it in heavy
quarkonium decays.
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BGS]I[SignaI box definition based on
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BGS]I[ Event Selection Optimizat

The optimization method
€

Z§0b5=0 P(Nobs |Nexp) * UL(N g |Nexp)

The optimized cuts after maximizing the FOM

FOM =

L ized ve 0.048F
Criteria optimized value ! i
IA0] < 0.9° 00461
Ao| < 1.4 _ oouf
egam < 15 MeV - F (ﬂ
) O o.0a2
egaml < 50 MeV = [
egam?2 < 15 MeV 0.041
fore: E/P > 0.94 0.038]
AT PR PIITS IPRT TS RPN TP IOPPT IO PP
for p: Xgg 4 < -1.8 0.88 689 0.5 091092097004 095 0.060.97 698
for p: Depth = 40 cm F/P

2016/6/22 cFLV2016 Dayong Wang 11



N
1=
>
=
0
O
)

.E. T .E..

number of tracks
g

.E..

NEEE

number of tracks

E

=]

=

2500

number of tracks

number of tracks

. § 58P EEEEE

1600

1000

”
-+
=
O
c
.

11rr|||11[||||'|rr|||11r|||

==
=

(18] oz o3 {1 ] L1 0.E

Energy (GeV)

2016/6/22 cFLV2016

Dayong Wang 12



BGS]I[ Background study

Background channel normalized number Model
Ji — ete” 2.7 x 107 PHOTOS and VLL[13]
Ji — ptp 2.7 x 107 PHOTOS and VLL|13]
J/ — atwT 1.0 x 10° PHSP[13]
J/—= KTK 7.0 x 10 PHSP[13]
ete” — efTe (v) 2.7 % 107 Babayaga[15]
ete™ — utu(v) 1.0 x 10° Babayagal[15]
04 0.4
_»
T 038
. From Exclusive MC o3 . From Inclusive MC
G = oz Y Nep = (475 % 1.09).
= .%; 0.2
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BES]]I Systematic Uncertainties

Sources Error

e tracking 100 ' pen-T/y, T/y—e'e, pp
w= tracking 1.00

e ID 0_62:>wa—}3€=
Acollinearity, acoplanarity 5.36 v HA
Photon veto 1.19 W — uu

Total 5.84

Relative, most from control
samples, in percentage
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BGS]I[ J/y — eu: Unblinded Dat:
and Results

|Xp|/\/s £ 20 and E,; /\/s £ 20
0.93 < E,is/v/s < 1.10 and |Xp|//s < 0.1

Among 225M
J/y, 4 events in 0.05
the signal box

)

. . i
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

E—m‘sfﬁ
B(J/fp — en) < 1.6 X 1077 (90% C.L.)

=
=
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.87.112007

BESII

Ongoing and Potential
cLFV Studies

y-> e T/uT  (going on)
y-> yet/yut (started)

FLV in mesons: D, n, 1’ (to be further
investigated)
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BGS]]I Y(1S,2S8) - e 1/uT1 lyet/yut

CMSprellmlnary 1971b1 Vs = 8 TeV
||||||||||||||||||||||||| |||\| UL

LA , 0 Jets

072 * 8/

Could non-trivial Yukawa Coupling be v

a nhew interaction? L .

=>Flavor Changing rates be enhanced e | ) |
BR(h — %) < 1.57% (95% C.L.) =, I i ]
|y'r,u| < 3.6 X 10—3 :12Jet: = .
BR(h - 75u%) =089 7)) %(2460) 1% —

‘ 15105005 115 2 2.
|Yrp| = 2.7 % 1077 Best Fit to Br(h—ut), %

YrY, = 2.48 X 1073
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BGS]]I Possible Enhancements
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BES]I[ cLFV beyond ep: estimations

v' From preliminary MC studies,
J/ —e'T T o WUVt CEC. the efficiencies could reach
J/Y —»pt T - eV, tec.  ~30-35%, and the BR
sensitivity could be in the level
of 1E-8 to 1E-7
v’ Better up limit could be
J/W->yuttT t - e v.v,+cc. achieved if QED description &
PID on muons improved

J/Y - yettT T - puv,v,+ cc.

v'Detailed analysis with data without photons
is going on (J/y-> e 1/uT)

v'Further study on the channel with photons is
started (J/@p-> yet/yut)
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BGS]]I Symmetry breaking process

More possibilities

In Both Charmonium and
Charm meson decays

ClLepton Flavor Violation
(LFV) processes

OLepton Number Violation
(LNV) processes

COBaryon Number Violatoin
(BNV) processes

BESIII is more competitive in channels with
low energy electron/photons, neutrons, piO’s

cLFV processes from D, nand ' decays are
also possibly to search at BESIII, esp for

LFV
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(x10%) 2 9 fb"w(&’??(}) The 1(3770) resonance is below the threshold for DD
' production, so the events from ete~ — ¥(3770) — DD
have DD mesons with energies equal to the beam energy
(Ebeam) and known momentum. Thus, to identify D° can-
didate, we define the two variables AFE and Mpc. the beam-

constrained mass:

40 ¢

(a)

AE =Y E; — Evcam,

Mgc = \/Eg:am - |Zﬁf|2v
i

Number of events/0.00025 GeV/c?

e e T T :‘.--.'."r.".-:ul-
1.86 1.87 1.85

M::(GeV/c?)

Cut on Mg on the tag
side, and search for yyin

Tag D? with 5 channels on tag side.

T

185 186 187 188

M:(GeV/c?) AE,. on the recoiling side

We could use similar technique to perform the D(Ds)
__ LFV search, and estimate the sensitivity
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BGS]I[ Do->yy Results

Major background DY-=2>an" is

- 2.9 fo”" y(3770) determined in data with similar

3" double-tag method. 2.9 b w(3770)
0 12 _‘_,.-"? 4, 1an;—
_% R % :jg:
2 2 b
6 e 3
. 3
< 2 E mz_
o i JE 44:-;—
Z 20

1.845 1.855 M::;“':IEI?;ZFEE} 1.875 1.885

B(DO—1701%)=(8.24+0.21+0.30)x 10~

2-D fit to AE in both tag side and yy sides
to determine D°->vy yield.

B(D%—yy)<3.8%x1076
consistent with BaBar result,
will update with a 4X larqger sample.
PRDS91, 112015 (2015)
2016/6/22 cFLV2016 Dayong Wang 22
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BGS]I[ n and n’ decays

n and 1)’ yields with J /¢ data set

In 1.3B Jpsi(09+12)

— N'0(— K"'K') 3.0 X 105 n’

6.8 X106 n’

I/ -

—>no(— K'’K) 50x10%n

_)an 1.4 X 108 n

0 10 20 30 40 s0
BRx 105

We could use same phi tag to perform the study,
the sensitivity could be estimated similarly
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BESII

Other New Physics
Searches

Charmonium weak decays

Charm FCNC and LNV rare decays
Search for meson invisible decays
Search for CP-odd Light Higgs
Search for Dark Photons
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BGS]I[ Rare Decays to probe N

_ Br(J/w—Dle"v, +cc) <1.3x10° =
Rare Charmonia Decays

+ Semileptonic weak decays
+ Two-body weak hadronic decays

Br(J/yw —Dev, +cc)<1.8x107°
Br(J/y - D p*)<1.3x107

« C/P violation decays Br(J/y —»D°K™)<2.5x10°
¢ Invisible decays Br(J Iy —yy)<2.7x107
e LFV, INV, BNV decays Br(J/w — yp) <1.4x107°
Rare Charm decays o Q - D «
* LNV :c>up'u' forbidden in SM ) ‘HL‘H—L___ “°
v’ Majorana neutrino: ~ 103923 |evel, PRD64 (2001) 114009 1 3
v' May be greatly enhanced: ~10-5™6 with EPJC71 (2011) 1715) ;: :—C "

d

(a) D> K ¢ ¢ n~ (CF)
* FCNC: c>up*u highly suppressed in SM by GIM mechanism BF,,~10-9 [PRD64

H.R. Dong, F. Feng and H.B. Li, Chin, Phys. C 39 013101 (2015)

(2001) 114009] \yhile can be enhanced by physics BSM [PRD 76 (2007) 074010]
- Rare FCNC: D%->yy
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BES]I[ Search for n /)’ invisible d

":r'f

Y

o

Events/4.0 MeV/c?

nim’ decay play special role in low energy scale QCD theory.

Invisible and radiative decays offer a window for new physics beyond the SM.

The observation of the invisible final states provide information for light dark
matter states y, spin-0 axions, and light spin-1 U bosons.

Huge J/y sample, large branching fraction of J/y—(y/¢)n/n’ and narrow
intermediate meson widths provide clean, large n/n' sample.

121

10

1r|1||]r

f[llr'|1rT

14—

PRD 87, 012009

L

A L II&LK

83704 05 06 07 08 09
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TEIL'-EI”{I

(GeV/c?)

Br(n'—invisible)/Br(n'—yy)<2.39x10-2

Br(n —invisible)/Br(n—yy)<2.58x10-4

.

Br(n'—invisible)<5.21x10-4@90%C.L.
Br(n —invisible)<1.01x10-4@90%C.L.
Improved PDG Values

PDG : Br(n'—invisible)<9x10-*@90%C.L
Br(n —~invisible)<6x10-4@90%C.L.

Theory : Br(n'—yxy) ~8.1x10-7
Br(n —xx)~7.4x10-5
B. McElrath, PRD 72, 103508 (2005)
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BES]]I light Higgs search:Motivation

» Coupling of fermions and the CP-odd Higgs
Al in the NMSSM:

_ mf s d=d,s, b, e ur
L) =-cosf, tan B : Ad(iy.)d,

_ _ U=u,ct v,Vv, Vv
Ly =— ~Auliru

LUWgrrrr—T— T T rrrrrrrr T

0.500 E. Fullana et. al,
% ¥ Phys. Lett. B 653, 67 (2007)
tan ﬁ —pLa [ tang=20 T
30.100 TR tang=3 E
V 20050 F | E
d ) b :
m
M 0.010 I E
0.005 [ E
0.001 =— -
0 12
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BGS]I[ Results with Y’ data in published in 2

Nsig UL EVENTS/5MeV/c?

BF UL(10°9)

e

Y’->pipi J/yp, JIg—yA?, A'—p*p-

=

—
(=]
T T

10 £

Expected BF: 107 -10-°
[PRD 76, 051105 (2007)]

BESIII [PRD 85, 092012 (2012)]

106M psi’ data

0.5 1 15 2 25 3
M) (GeV/c?)

BESIII exclusion limit ranges from 4 X107 -
2.1 X107 depending on A’ mass points-.
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BGS]]I J/p -> yu*p-: Fit Results

» Perform the ML fit to the m,4 distribution at 2035 mass points in the
steps of 1-2 MeV/c?.

3000 —
&5“ B significance=3.42c
400 — (a) 33Zc % :
- 2 0%, _ 20180V
200 __ g A°
Z‘% B E 1000
OF 5
L L PrOJectlon PIot
N 0 S
-200—

Mg (GeV/c )

v'Significance distribution: consistent with unit-width Gaussian

N
T T I T T

Q
Q
- 107 £
S o
= O g
c [ S 1oL
2 i 3
w -2_ = C
L
N 1 3

1 2 \ 3
3 2
(GeV/ c )mgn Sig}x/—ZIn(ﬁﬂ/ﬁnmk— Significance
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BESTT  New BESIIl Results(225M Ji

—~ 1f—BsBar . BESI {tanB=040) 1=
MANLLBL BN R R LN B BB BB B R BN W) Y ---- BESIN (tanl=0.50) BESII (tanp=0.80)
| — Observed limits ] = — BESII (tanf=0.75) - BESIII ':h:""rF1-U':'_,._g.'a'_-_'Ea::_-}.E:"f: 1
- - - Expected average limit . DT ' Elga LI‘:'I:1 :
~ I Expected limit (68%) - % 10! A
) Expected limit (95%) & : ;
- 10 :_ —: NE
@D - [
D - L
s B ] xd
2 i o104 ¢
o | Phys. Rev. D 93(2016), 052005 H—H-'-'-'-'-
10 E = 1=*'~‘ D-E B ]
C E T"—'-E_._
Phys. Rev. D 93(2016), 052005 18 ok )
e b e e e ] B
05 1 15 2 25 3 3 (b)
Mo (GeV/c) 0 05 1 15 2 25 3

o fi m,. (GeVic)
The new limits are five PRD 87, 031102 (R) (2013) (BaBar experiment

times below our previous BESIII vs. BaBar measurements
results (2012, Psip) comparison and combination,A0
iIs mostly singlet

IJquI Iv vvai Iv 30
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BESTT Dark photon search with ISR

Dark Photon (A’) as dark-force carrier is EM-equivalent expected in the dark sector.
It couples to SM particles via kinetic mixing. The idea sparked world-wide efforts

» Use an untagged photon method to perform EMC EMC

this analysis.

Event selection: '€~ _}P‘f.":":-]"ﬂm and € ¢ —3'€+€_:IER

H H
T

g . . . tagged: untagged:
distance to interaction point Ri'ﬁ <l0em photon hits EMC photon leaves the detector
R, <10.0cm
a
acceptance 04rad< @< n-04rad £ ok
a - O [
= - wd 7]
to supress background PID S [ 8 3
. g | & TAGGED <
e Z z ,
# charged tracks =2 g w3 5
total charge =0 K H
= < boarders of EMC :'/
# photons = 0 (untagged analysis) ol
missing photon angle <01rador>n-0.1 rad -
1C kinematic fit X%e < 20 el *
= (R R L | T S T S S S —— | 11 1 1 | L1 1 | Ll I |
0 05 1 1.5 2 25
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BGS]I[ Spectrum of ee and mumu cha

X P 1y MC L
> | ¢ data . | —t+ data
o s |i s PRELIMINARY
2] BESIT s,
~ " ~
P PRELIMINARY P
£ | - =
:

data / MC

2.9fb-1 psi”
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BGS]I[ Upper limit setting

» Set the 90% C.L. upper limit using TRolke method.
Nucl.Instrum.Meth., A551, 493-503 (2005)

2000
combined statistics,
P including s;.rstematics
1000 | H ' .1
“l

.m |:| i llny

i i !

events/ 10 MeV
=

i

|_¢_

=500

J

0L+ data - fit BESTT
dmg_ — CL=90% PRELIMINARY
-zm_ 1!5. I |.1-|EJ 1 Izl L1 lz!zl 1 |!-|.u| | lz!ﬁl L Iz!al (] .:Ij 1| |3fz| [l |3-4

m,, [GeV/c?]
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BESIL,

w

BESIII ISR search results

KLOE 2013

BESIII

- P

BESII

Preliminary

10 10" 1 ,. 10
m,. [GeV/c]

Some searches with meson decays are also going on with
BESIII data, but less competitive

10
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BGS]I[ Summary

High lumi and good detector enables BESIII
sensitive to LFV in meson decays

The published results on J/y — ey yield the
best limit from Heavy Quarkonium decays

LFV J/y¢ decays involving T are going on, would
be more close to probe some models

FLV in other mesons: D, Ds, eta, eta’, V's
are also possible, to be further investigated

Other New Physics searches from BESIII are
also active, more to come
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BESII

Thanks!

Extra slides...

2016/6/22 cFLV2016 Dayong Wang 36



BGS]]I Lepton flavour violatio

B(r~ »>p puTp”) < 46x10"° at 90% CL

B(B° —» e*uT) < 2.8x 1077 at 90% CL
B(B? - e pT)<1.1x107°

B(D° = e“u™) < 1.5 x 1078 at 90% CL
-+ - <4 <4 —8
B(DI -7 ptpt)<1.1-107°

2016/6/22 cFLV2016 Dayong Wang 37



Probing NP with Charmonia and Charmed mesons
Symmetry breaking, Invisible decays, FCNC ...

% T Theory:
g 12/’9087' 052006 (2013) ] PRD 72, 103508(2005)
3 1o B(n—invisible)< 1.0x 104  BR(n—yy) ~ 7.4 x 10
& g B(n'—invisible)< 5.3x 104 BR(M'—yy) ~ 8.1 x 107
o @90%C.L.
‘
:
8-7|\
‘© 24000
Z
04 & 20000
- S B(Do—vy)<3.8 X 10-6
0.35 & o
03 E_ E 16000
% 0,25;— ® e B(J/y—eu)<1.6 X10-7 (90% C.L.) % 12000 PRDQ]' 112015 (2015)
o 02F %
A o1sf . PRD87, 112007 (2013) = °°®
01 ¢ é 4000
D,tlﬁ;— -‘ > N L
u : S | e | S ———] [T | | e —— | | e 0_2 []. 2 4 6 8 '1{)
0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4

B(D® = yy) x 10°
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BGS]I[ D0->yy: Motivation

« FCNC mode, forbidden at tree level

— Larger GIM suppression

— Short distance: BF~10Q-11 [PRD66 (2002) 014009]

— Long distance due to VMD: BF~1(-8 [PRD66 (2002) 014009]

— MSSM up to BF~10-6 [PLB500(2001)304] j @ c—uy via gluino exchange

+ BaBar (PRD85, 091107(R) (2012)): Phys. Rev. D 85 (2012) 091107R
— Reconstruct through D™ — DO(— yy) T*, £121= 153
normalized by D™ — D°(— Ksm®) m*.
— Peaking background from D% — 1m0,
— B(D%— yy) <2.2x10° @ 90% C.L.

Combinatoric
Combinatoric + afxf ]
Combinatoric + 2’2"+ Signal 4

20

Events/ ( 0.01 GeV/c?)
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