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BGSI[[ Searching for New physics
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First collision in 2008, physics run started in 2009

Operation c.m. energy: 2.0-4.6GeV

BEPCII reached peak lumiof 1x1033 cm™s*@21.89GeV in April 2016
BESIII collaboration includes 66 institutes: 38 Chinese institutes , 16
European ones , 5 US ones and 7 from other Asian countries
Secured the running for another 6-7 years, with small(but critical)
energy increase and lumiupgrade
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BESI

Magnet: 1 T Super conducting

Ref: % 2
NIM A614, 22/°| Data sets for results in this talk
345 (2010) =
MDC MDC EMC
! Exps. Spatial dE/dx Energy
resolution resolution resolution
CLEO-¢ 110 pm 5% 2.2-2.4 %
high lumi, large datasets, hermetic detector with BaBar 125 pm 7% 267 %
good performance and clean environment at BESIIl | Belle 130 pm 5.6% 2.2 %
are helpful for probing BSM physics BESIII 50,
— . 115 pm (Bhabha) 2.4%
competitive in channels with low energy
electron/photons, neutrons, pi0’s
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BGSI[[ Selected topics from BES

the processes that are allowed in the SM (but rare)
+ Charmonia weak decays
+ Charm meson radiative decays
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BESII
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J/w =D ey, J/w — D;p* and J/y — DK

@ Hadronic, electromagnetic, and radiative decays of the J/v) have been
widely studied, weak decays seldom searched before, especially for
purely hadronic processes.

e Kinematically, the J/v cannot decay to a pair of charmed D mesons,
but can decay to a single D meson.

@ The weak decay of charmonium are rare decays. Searches for weak
decays of charmonium to single D or Ds mesons provide tests of
standard model (SM) theory and serve as a probe of new physics.
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Dy mesons are reconstructed by:

D - K"K 7w~

D 5> KtK 7 7% & 7% — v~y
Dy - KK~ & K{—ntn~

D - KK ntn™ & K?—ntn

D™ — D~

B(J/w — DTetv, +cc.) <13 x 107

B(J/w = D:~etv, +c.c.) < 1.8 x 107°,

PHYSICAL REVIEW D90,112014 (2014)
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BESIT
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B(]/(// — D;p+) <13x%x10 B(J/w — D°K* +c.c.) <2.5x107°

Searches with other states, Dpi,  pyygical REVIEW D89,071101(R) (2014)
Deta Drho etc are in progress
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BGS]]I radiative decay D* - ye'v,

e Tree level No helicity suppression

No hadron in final state \, N \l \’:N
>::AMA< M e
(b) . \\\
M >wém< , . T
e Figs. (a) and (b) are Structure- e
Dependent (SD) radiative decays, )
. . FIG. 3: 1-loop QCD corg ‘;ec‘.\o“
e fig. (c) is the Internal o QCD 99,_", .
Bremsstrahlung (I1B) radiative decay. _/_f';i‘,\‘ﬁ”*\Q?p i }
e (d) Suppressed by a factor of

1/M, 2, thus can be neglected.
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BESII

150~~~ T ;
>0r 2.9fb* @3.773GeV
- —¢— data .
> [ total fit = pio e v background
[
S 100———- n%"v, bkg. f . ith
S [ W otherbkg. | | | normalization wit
I ¢ T dedicate DT analysis
S 50 . 0 |
it B ex NT N. 8
I o = N_gTDTl- Z 85 TT EpT a0
L g1l i e, “DTa0 '
-0.2 -0.1 0 0.1 0.2
Umiss (GeV)
B ( D+ —_ }/e+ ye) < 3‘0 X 10_5 . Source Relative uncertainty (%)
. Signal MC model 3.5
With EY>10M6V e tracking 0.5
e* PID 0.5

y reconstruction 1.0
0 2.7°

r’e"v, backgrounds
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BGS]I[ Selected topics from BE

processes that are not allowed in the SM at tree level
¢ FCNC processes
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FCNC s suppressed in SM

PHYSICAL REVIEW D VOLUME 2, NUMBER 7 1 OCTOBER 1970

Weak Interactions with Lepton-Hadron Symmetry*

S. L. Grasmow, J. Iuorouros, axo L. Mawmxaf
Lyman Laboratory of Pkysics, Harvard Universily, Cambridge, M assackuseits 02139

(Received 5 March 1970)
BESIII can probe c— ull, esp c— uee
Stronger diagram cancellation than down-types
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BESII

d,s,b

Search for the rare decays 2
JWW- D%e*e” +c.c.and ]
P(3686)— DeTe” +c.c. X c

dataset: 13120M J/ ) and 448M 1/(3686)

With D decay modes:
D% > K~r*
D - K m*m"
DY > K mntmtm™
Published at Phys. Rev. D96,111101(2017) (RC)
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Simultaneous fit for three decay channels.
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BGS]]I The Upper Limits on BRs

combining three D decay channels

Phys. Rev. D96,111101(2017) (RC)
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B(Jly — D’e*e) (x 10°%) B(y(3686)—D%"e) (x 107)

Considering the systematic uncertainty, at 9go%C.L.

JIw— D% *e™ + c.c. <8.5X1078 more stringent by 2 orders in
magnitude compared to the previous results Phys. Lett. B 639, 418 (2006).

W(3686)— D% *e 4+ c.c. <1.4 X 1077 setfor the first time
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Event selection

O

O

P(3686) > Al pete” + c.c.
> Al -opK m"

Final state

> ppK mwt(K*m)ete

At least 3 positiveand 3
negative charged tracks are
required with zero net charge

partiD, vertexFit, 4CFit >

Define 2.25< m(A}) <2.32
GeV as signal region (>99%)

New physics models predict the BR

could reach ~10°¢

Phys. Rev.D 60, 014011(1999);
Nucl. Phys. 25,461 (2001);

29 simulated events remain after 4C kinematic fit, from
inclusive 1 (3686) MCsample of 506 M events.
Most of the background contain A or A particle.
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M,

To further remove the background -
>  M(pr)>1.13 GeV and M (pm~)> 1.13 GeV

The continuum background in the ¥/(3686) data is negligible.
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Signal region:2.25-2.32 GeV.

Phys. Rev. D 97, 091102(RC)(2018)

and @  No signal is found.

e the 90% C.L. upper limit
(Nup=47.3) is obtained
taking into account the
efficiency and systematic
uncertainties.

3" 4 Data A} mass: 2.286 GeV
S Signal MC
—~ 25) :
S | -
? o  Sideband :  Sidebj;
= £ g
< 0 $ignali region
~ 1.5_ : :: '
8 L
S I
> 1— ® o o 0 ®
L i
o5t
B ‘i"\ AT
27505 21 215 2.2 225 53 235 2.
pKR (GeV/c)

® The BF upper limit @90% C.L.

4 Nucl. Instrum. Methods A 551 (2005) 493—- 503.

is determined to be 1.7x107°

with systematic uncertainties taken into account.
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Besm Search for De->yy: Result

Major background DY-2>a"z" is

2917 y(3770) determined in data with similar
- double-tag method. 2.9 fb! y(3770)
§ 12 *’la L |
T P

° o 3 120
;e
5 ¢ s ®
< _B S 60

:

5.

. . 1.845 1855 M;;.‘;ézi”cz) 1875 1.885
N B(DO—1017°)=(8.24%0.21+0.30) x 104
2ol 2-D fit to AE in both tag side and yy sides
§ °F to determine D%->vyy yield.

Rl B(D%—yy)<3.8x107°
o PRD91, 112015 (2015)
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BESII

Decay Upper limit Experiment Year Ref.
DY — mlete~ 45.0 CLEO 1996 [14]
DY — nete” 1100 CLEO 1996 [14]
DY — wete™ 180.0  CLEO 1996 [14]
D% — Kl%te~ 110.0  CLEO 1996 [14]
DY — pete~ 124.0 E791 2001 [15]
DY = gete 50.0  E791 2001 [15]
D% — K*0cte~ 47.0 E791 2001 [15]
DY — ntn=ete” 370.0 E791 2001 [15]
DY - KtK-ete™ 315.0 E791 2001 [15]
DY — K- ntete” 385.0 E791 2001 [15]
Dt — ntete” 1.1 BaBar 2011 [16]
DT — Ktete 1.0 BaBar 2011 [16]
Dt — rralete” _

Dt =t Klete In unit of 106

Dt — KTrlete™

Dt — KTt K%*te~

O Previous DOlimits are in the level of 10-° ~10-4
O D*limits are better, but only few three-body decays
O LHCb observed some four-body decays of DO—hhu*u~ at 107 level
O BESIII could probe all of the above e+e- modes
2018/8/13  SI2018 Dayong Wang 19




DT: Fully make use of DD pair
production at threshold
O Event is very clean, bkg low

O High tagging efficiency

Events/(0.0006 GeV/c%)

cancelled
O Could measure absolute BFs

1.88 1.84 1.86 1.88

O Many systematic uncertainties can be

Blind analysis based on Monte Carlo P P
(MC) simulations to validate the R h '

150 %

' ' '
) + 4+ 0nt+a- ! ' + + 0nta-
o0 b P’ Kt 3_D—>nnee: ' | D> K'nle'e

50

1.84 1.

F D> K'Kete” f D’> n'mete”

Event/(0.003 GeV/&)
o

Events/(0.0045 GeV/c")

analysis strategy, 4 :
3D’ noé+e- D’-n é*e' D> o :e*e'
Data I A
Inclusive MC 1} I' | . PE Lt
. H vt agna ol b1y Ll b
S I d e ba n d 0 1.84 1.86 1.88 1.84 1.86 1.88 1.84 1.86 1.88
M;E(GeV/c)
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BESIT

D—h(h’)ee: BESIII results

Signal decays B (x107%) PDG [9] (x1075)
Dt = ntalete” <l4

Dt - Ktn%"%e™ <15

D" - Kdntete <26

DT - KYKTeTe™ <1.1 e
DY > K-Ktete <1.1 <31.5
DY - gtaete <0.7 <373
DY > K ztete T <4.1 <38.5
DY - 7l¢te <04 <45
D? = pete” <0.3 <11
DY > wete™ <0.6 <18
DY > Klete~ <1.2 <11
"in M, ,- regions:

[0.00,020) GeV/c?  <3.0 (1.5119)

[0.20,0.65) GeV/c2 <0.7

[0.65,0.90) GeV/c?

<1.9 (1.0799)

Phys. Rev. D 97, 072015 (2018)

With double tag technique at
threshold, both D° and D* FCNC
are studied.

UL for D* 4-track events are
provided for 15t time

other FCNC upper limits are
greatly improved

divide the M(ee) distribution intc
3 regions for Kpiee to help
separate LD effect

2018/8/13

S12018
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BGSI[[ D+f>h+§+e— and D+._>h,_

D" =5 K'ete 'DJr —ntete”
5 sk R, 88 F L. ., ':.:... oo
; [ - ,ﬂ,° ,‘ ’ ..q'"):“o .
IR PR A I 16 F se o e ., %
R IR e
S 0 o 0w oms o.mBES]]I'Ba-o.lo 005 000 005
' | | Preliminary
., Df—oKeter R Tmeten |
188 . nr 188 . Yo e s
v o@.. ! f:’ o-; ..
186 | NI . 186 | N A
o o e e o : t ¢ ¢ .o o 0.
W' o o °, A e e o .
1.84 " 1 a am 1 84 P Ll W s "
010 005 000 005 010 010 005 000 005
_BES]]I data data A CoV —6
Preliminary Ninside Noutside fscale € [%] AS}’S [%] S90 B[X].O ]
DT 5 Ktete™ 5 69 0.08+0.01 22.53 54 194 <1.2
DT 5 K etet 3 55 0.08+£0.01 24.08 6.1 102 <O0.6
DT s ntete” 3 65 0.09+0.02 25.72 59 42 <0.3
DT 5> n etet 5% 68 0.06 £ 0.02 28.08 6.8 20.0 < 1.2
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BGSI[[ Search for D° — 7%viv :

EM dynamics is absent
LD contributions are much suppressed
Much clean to probe FCNC transitions in charm

Could be complementary to results from B mesons
+ Belle B h®™ vv: Phys. Rev. Lett. 99, 221802 (2007).
+ BaBar B° ->yvv: Phys. Rev. Lett. 93, 091802 (2004).

Decay mode Experimental limit Brsp Br; p Pure n eutral final
D'—X,e'e 2X10°° state with missing
DYoatete <4.5%X107° 25304
DYsxtutu” <1 SX19 1.9%107¢ momenta.
D*—ptete” <1.0x107* asx10-¢  Unique for BESIII,
D Xxlete 0.8X10°% i
Do—mrge'e <6.6X10° 0.8X10 ¢ Work IigflIng
D% plete” 5. 8%10™4 1L8%107¢
<23X10~* 18307
1.2X%10™%

5310715

AR 107

gxio™
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BES]]I Selected topics from BESII

processes that are not allowed/existent in the SM
Charged lepton flavor violation(CLFV) processes

Baryon number violation(BNV) processes

C-violation EM processes and C and CP violation decays
Exotic resonance search: light Higgs/Dark photon etc

* & 6 o o

Invisible decays

2018/8/13 S12018 Dayong Wang 24



PRD 90,092002(2014) Peaking background
QaE T T Background channel Expected counts (N"*¢)
;‘:2: ]/l/) > lyy BGS]]I_ J/?/)—)fyfro,vro—>2’y 185+ 1.9
U14— J/V — yn,n — 2y 24.6 £1.6
%j :ﬁj < j; T/ — YNes Ne — 2 1.34+0.3
S o ” HH ‘ N } T/ — 3y 0.9 + 0.3
R L I IJJE Total 15.3£25
= i LA A “."ITMII T s Nu_;;

4 10 342 344 3.1 — -
- 328 ?‘(coie\j/cﬂ3 ” B = 1<y wasse) X € X Bix (1= Ay)

[T \ o] beakma ackground
2 CLEC: R
3 3%—]/¢ 2 e B (B(J/p = 1)< Bx 10 PRL 101, 101801 (2008)
| .. B(J /1 > yy) <2.7x 107
% i: * Improve a magnitude for /] /Y — yy
\ /
3 2E

15

PN PO PR 0 ORI 11 LY RO L0 PRI L I P PRI AL T IO
0.99 1.00 1.01 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.09
Mg+ g— (GeV/c?)

B(J /1 = y¢) < 1.4x 1076 ]

|+ Unique report for J/Y = y¢
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BES]]I CP and P violating pseudoscalar dec

O SM predicted BR: ~10-27 (weak interaction only)
O BR can be enhanced to 10-7~10-15 by introducing a CP violation term in QCD
lagrangian or allowing a CP violation in the extended Higgs sector .

« 225MJ/y data: J/Y - yP,P - nin PRD 84,032006(2011)
o 1 ~, 250°F ~, 100 i
7-[ 7-[ % % 150 % 60 :
E £ 100 T 40
i@ @ 50 @ 20
%5 o052 054 056 058 06 %9 092 o094 096 098 1 Qe 285 29 295 3 305
M(r* ) (GeV/c?) M(r* ) (va/cz) M(m* ) (GeV/c?)
90 F 1 : 1]
% 30+ / @ 5y 120 %
> 70F 3 100¢ 3
= % 3 = got g
o 0 o
T[OT[O 8 a0} 2 60} 3
E 30% § 40} s
i fg w 20f 7
045 05 055 06 065 085 o9 08 1 105 Y Y B TR T
M(r® °) (GeVi/c?) M(r° =) (GeV/c?) M(° 0 (GeV/c?)
Process Ngy & (%) Tys (%) S BY (90°/oCL)
n— 7T 48 54.28 7.3 0.80 3.9 x 107* oo n’ and 7, results are the
Y p——— 32 53.81 8.6 0.lc  55x10° ¢ _
0, — 7T 92 25.27 27 150  1.3x107* world best, provide
n— 7o 36 23.75 8.6 0.6 6.9 X 10~* experimental limits for
' — ma 110 23.18 8.5 2.60 45X 107% .
n. — 707° 40 35.70 28 010 42 x 1073 theoretlcal StUdy.
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BES]]I Search for | /Y —> K. K,
testing EPR and K° oscillation model
Search for |/ - K K¢ |

o CP and Bose-Einstein statistics violating process

¢ EPR: ~1078level

+ KD9oscillation model: 10~°

¢ Compared MARKIII and BESII, the upper limit is

Events/(0.3MeV/c)

nE
improved by 10? and reaches the order of EPR expectation | ‘ ]1 ‘
1.46 1.47 1.48
x 12}%’ i‘; P, (GeV/c)
emc (%) 25.7
B(J/y — KsKs) (95% C.L.) <14x1078

arXiv: 1710.05738
PRD 96, 112001 (2017)

Measurement of B(J]/{ = K K;)

o B(J/PY - KK;)=(1.91+ 0.01(stat.) +0.05(syst.))x107%,

¢ the precision is improved from 19%(PDG) to 2.6%, while the
central value consistent.
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BES]]I Search for Charge flavor lepto
V|olat|on(c V) process
Considering neutrino x '
mixing, extended vSM W/\{;\ Mo Z Ueiluiprz M2
M 'yux'ye e ~ O( O 54)

Possible CLFV from NP models

%) X : 0 € — e
Q m H‘ t
o Ij IJ . W .
o M $olgeieb——e M ° T ° t t
3 ]

q ° q q v q q v q

Supersymmetry Heavy Neutrinos Extended higgs models

(7))
£ |
IG_J H e d u e
] L V2,2
S
g q q d e q q
J Compositeness Leptoquarks New Heavy Bosons /

Anomalous Couplings
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BESTT 1> g

04

0.35 S5l/v/5 % 20 and E,;/\/s + 20

0.3 0.93 < E,is//s < 1.10 and |Ep|/{/s < 0.1

0.25 .. PRD 87, 112007 (2013)

0.2

0.15

01

J-

0.05 -

A l L Al A l A L A l ALl L A A1 1l L l A L A L l L A

' A L l LAL 1 L A
0.7 0.8 0.9 1 11 1.2 1.3 14

E"l.r-i.s/\/g
B/ — ep) < 1.6 X 1077 (90% C.L.)
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0142

A(V — 6122) = E(pl; 81) |:A€/1£2'}/u + B‘l;lez’)/‘u")/g) + 77‘:‘/

(p2 _pl),u
iD3E
J/Y —ewr
J/p —en
J/Y-vye(w
P(2s) > ye(uw) T

+ (P2 — P1)u s } v(pa2, 52) €'(p)

et el
Expected to Current UL 20%x 107° 83x 1070 |L6X 10"
improve the UL BESIII projected(CC) 3.0x107% 45x107% 1.0x10°®
by ~102 BESIII projected(MVA/ML) 1.5 x 107 2.5 x 10°% 6.0 x 10~
Leptons Constraints Phys. Rev. D 87, 112007 (2013).
Wilson coeff (GeV ~2) 0105 Current Projected
U 5.5 x 107 [5.0,7.1] x 107° efficiencies ~30-35%
Ot /A2 er  1.1x107* [6.5,8.7] x 1075
rovennn e e TOXI070 (28,37 X 107
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BES]]I Search for LNV: D>Kmne'e*

H.R. Dong et al Chin, Phys. C 39 013101 (2015).

i i d d (vl i d d
“' "‘ f v'.‘ l{ D / R” DU f .l‘ [ T D i " | )"'”
(v' L Ls/ c L. S « 17 d L: (- d
.‘_l L_?— .'_7 L?_
WL WL, WL wo L
I . . [ I 1
VN N l’_\;l N
i . l 1 l' ]‘
wi i z i 7 il 1 i
W ~ W7 N WL N W7 _n
%<:. w L<; ™ < K / K
(a) D 5 K—n~171* (CF)  (b) Dt = K%~ 171+ (CF) (c¢) D? - K—#~ 1717 (DCS) (d) D¥ — K- x’1t1t (DCS)

Lepton number violating(LNV) process (AL =2)

+ possibly due to a single Majorana neutrino exchange
The best BR limit around 10 ~10-° level by E791prL 86, 3969(2001)].
BESIII could improve them to ~10-¢

Further constrain mass-dependent D> Ke*vy(ne*) decay
+ constrain mixing matrix element |V y/?

Work in progress, the results to be published
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BGS]]I Search for BNV process

The first of "Sakharov conditions": “there must be BNV process”
Many theory could have BNV, such as Georgi — Glashow GUT

model, thetre are X and Y bosons with charges4/3 and 1/3, which O ‘
couples quarks and leptons and thus BNV and LNV )

Phys.Rev.Lett. 32 (1974) 438-441

§10 * 10
% 8
= 4
% j §E2.24 226 228 23 2.32 AB=1, A(B_L)=O
= f HH\IHHHH .
2 22 24 28 28 arxiv: 1803.04789
M-t (GeV/c?) Submitted to PRL
a : g+;1>x/;-bar(2-bar)e+ B(J/\V _ Ac+e-) <6.9 X 108
-
D* ->nbar e* expected UL with 1019 /4. 107°

DO ->pbar e*

will benefit from the final
charm dataset
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BGS]]I light Higgs search:Motivation

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

ff mf 0_ d=d,s, b, e u T
L+ =-cosd, tan X A d(iys)d,
ff mf O_ u=u,ct Ve VyV;
L+ =-cosd, cot f v A uliy,u,

\7 E. Fullana et. al,
Phys. Lett. B 653, 67 (2007)
V ":,:0.100 JRER tang=3 3
u o ]
tan f =+ Yoosof | -
V AN o :
m 1

d /M 0.010 & =
0.005 Fy =

0.001 —
0 12
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BESI

BF UL (10®)

L] I L] 1 1 L I L] L L] L] l L] L] L] L} I 1 L] L] L]
— Observed limits

LI B

---- Expected average limit
- | Expected limit (68%)
Expected limit (95%)

102 |- 3 e/
: ] ARl
N 1 o107 FAHR (a) E
I | Phys. Rev. D 93(2016), 052005 '

1 L1 115

g x tan’PxB(A"—p )

10F ~ ?‘ 0.2 B =
i 1< P i
Phys. Rev. D 93(2016), 052005 1% o4k -
Il L PO W TR T [N WO WO SO SN (NN SO ST SO WO (N SN TR T SN N S A 3 Tt b
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<

New BESIII Results(225M J/W
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4 C 5';'/ hdy, S
ER R Tt Rt R T
e '?"':t v;’{. 'r:-' "!:-g: 47 Y _;‘ "
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T
BESII (tani=0.40)

BESIII (tanfi=0.60)
- BESII (tanfi=1.0)

a B -

, 0 P8 F

B A :; =

05

1

15

2

2.5

3

Th limit fi m,s (GeV/c?)
€ new limits are tive PRD 87, 031102 (R) (2013) (BaBar experiment)

times below our previous BES]II vs. BaBar measurements
results (2012, Psip) comparison and combination,A0
BESIII [PRD 85, 092012 (2012)l— js mostly singlet
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BESI

a

Engrgy

/
/ ; 7
Cosmic //

y4

S

Intensityz b

Standard
model

Dark sector and portal

BSM
(heavy)

It is also referred as to heavy photon,

hidden photon, A’ , y’

or U boson in

] the literature
SUSY, extra dim...?
Lhiscation) Portal Particles Operator(s)
“Vector” <@ — ooty B F™”
N R “Axion” | Pseudoscalars | F, S e Gz,wa o 6; 2L ahrytySy
“Higgs” Dark scalars (uS +ASHHYH
dark sector “Neutrino” | Sterile neutrinos ynLHN

(light)

M

Dark Sectors 2016 Workshop: Community Report

Jim Alexander (VDP Convener),!
Echenard (RDS Convener),® Rouven Essig (Organizer),** Matthew Graham
(Organizer),® T Eder Izaguirre (DMA Convener),® John Jaros (Organizer),* # Gordan
Jeremy Mardon (DD Convener),®
Convener),” Tim Nelson (Organizer),” ! Maxim Perelstein (VDP Convener),
(DD Convener),'® Adam Ritz (DMA Convener)," Philip Schuster (Organizer),*% Y Brian
Richard G Van De Water (DMA

Krnjaic (DMA Convener),”

Shuve (RDS Convener),”
Conv cncr) 12

201&)/0[ 1o

Natalia Toro (Organizer), ¢ **

New bosons?
Light dark matter ?

Marco Battaglieri (DMA Convener),?

arxiv: 1608.08632

ol£LU 10

Bertrand

David Morrissey (RDS
I Matt Pyle

5 David

Ph ysicists hunt for
dark forces

Dayong Wang
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RESTIT

Dark photon search with ISR

Search for narrow structure on top of the continuum QED background e* e~ — ysrl* I

» Use an untagged photon method to perform

this analysis.

Event selection: € ¢ —>u+,u'ym and € ¢ —>e"e';/ SR

distance to interaction point R,y <1.0cm
R, <10.0cm
acceptance 04rad< @< m-04rad
to supress background PID
# charged tracks =2
total charge =0
# photons = 0 (untagged analysis)

missing photon angle

<01rador>mn-0.1 rad

1C kinematic fit

X% < 20

events /10 mrad

emc
|

emc
fe——xol

tagged: untagged:
photon hits EMC photon leaves the detector

10° p— o

= (=]

L i

- O D -

2 Q

L = TAGGED s

> Z z .
10% b= 5

- .

Iy :

3 z

= < baarders of EMC 1 /
10°

C : :

[ L
10—

= Lo I 1 =1 1 (Il { B 1 I 1 I 11" l 1

0 0.5 1 1.5 25
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BGS]]I Mass spectrum of mumu and ee

Events /0.010 GeV/c?

data/MC

UNTYy

&, 2
</ \Gd
DY o
< -
o )

7

893

2.9fb1 psi(3773) dataset(2010+2011)

Lo BT P

[ wwy MC

L —¢4— data BES]]I

\

4
10 10°

Events / 0.010 GeV/c?

; PHOKHARA a BABAYAGA

T T —L | I I oo | I I I

A PR I I #’ """ i o L T 1 e

3 . b sttt 2 At MRS woat®e ) S TR AR s s .
1o?ﬁfﬁ‘wi%ﬂ;ﬁ‘%fﬁ*&ﬁmwvw¢ ;...i.#,,t.‘*h‘@fﬂf 44444444 *“ 44444 q#’i«“ﬁ c\u 10;%'&*?“@*%%@%’@%%@% P AP A —_—

0.9 T [ © . e LRy
'I"'I"'I"'I"'I"'I"'I"I"'"'-c0'9|||||||||||||||||||||||||||||||||||
1.6 18 20 22 24 26 28 3.0 32 3. 1.6 1.8 2.0 22 24 26 2.8 3.0 3.2 3.4

m,...- [GeV/c?]

m,... [GeV/c?]

Cover mass region: 1.5 GeV/c 2 ~ 3.4 GeV/c
O <1.5 GeV/c 2 : - background dominates arXiv:1705.04265,
O >3.4 GeV/c 2 : hadronic qg-bar process Phy. Lett. B 774, 252(2017)

oilete” =¥ ysk = 1717 yisr) _ NIP(ete™ — /s = 1Tl ysp) 1 3m-e2-my
oi(efe” =y yisr > 1T nsr)  NB(ete~ — v* yisr — [Tl vigr) € _QN'ffl*a A
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These processes were first

observed by BESIII

W Phys. Rev. D 89, 092008 (2014)

e (1310.6 + 7.0) x10° J /1 data sample

*

* I/

—~yn'—=etern

n' -s>yntn~/ nutn

n' window [0.93, 0.98] GeV/c?
—yn-eteTn

n-oyy/ n’ntn”

n window [0.52, 0.57] GeV/c?

J Fu et al., Mod. Phys. Lett.
v 1= A27,1250223 (2012) ?

10" y— Pe'e

102

10°E

10*E

With 1.3 billion J/y data, itis a
good opportunity to search for
the dark photon through decays
J/p-ny,y >ete at
BESIII.
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Mass spectrum of ete-

§300 (a) 103 (a) Di/:m:a:‘ra?a -j;:;;{::‘::CMC ;:1&::’1:' MC
% — 102 l e ngC B po'e MC w-—e'e"MC
E, 200 Besm ’rl' —)Yn.’n- N§ L o. »e & MC . Combined
8 PRELIMINARY 2 : e
£ 100 o BN I
5 =1
AT A g
£ . £
3 b o gl 0 e
I S R T 10

n _ J _ _
§ 100 (b) ]
[ 4
= BESIT N Nt ]
g' 5 PRELIMINARY 1
2 :
s ] . |
po i st 107 PRELIMINARY
£ ‘ I
g f) ‘wdo*w‘m*v"mwhﬂﬁmm};Miﬂ};MH‘h}-{bw--:

2

05 . 15
M(e e’) (GeVic?)

m,..- (GeV/c?)

e 0.1~2.17/001~24 GeV/c? < Exclude p/mand ¢ massregion
* Signal: Two crystal-ball function ¢ No unexpected peaking structure observed
e Background: c;m + ¢,m?+e€3™/ 2nd polynomial or c;m + c,m?+e€3™
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BESIII Constraints on DP  BESII

| I— T T 1111
=y
BESIIl
KLOE 2013

KLOE 2015

BESIII
ISR

=1

107
w
BESIT
- PRELIMINARY -
Euuudgp 1 1 11l 1 r 1 a3 aaal [ Ll 1 lllll
10” 10 , 1 10
m,. [GeV/c]
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BGSI[[ Search forn /' invisibled

n/m’ 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 x, 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.

T S A Br(n'—invisible)/Br(n'—yy)<2.39x10-2
- PRD 87, 012009 ] Br(n —invisible)/Br(n—yy)<2.58x10-4

12 -
nm’—vv ]
10 LIS=2 :

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)<9x10-4@90%C.L

: & Br(n —invisible)<6x10-4@90%C..L .
R AR oG Theory : Br(n'—yy) ~8.1x10-7

83 04 05 06 07 08 09 1 1.1 12 Br(n —yyx)~7.4x10-5
(GeV/c?) B. McElrath, PRD 72, 103508 (2005)
recono
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BGS]]I Omega and phi invisible decay

The first search of

. . . ¢ — v < 8 [—4— Jy data Jhp—yn MC
InVISIble decayS Of 2 S L JIp—o¢m, p—anything MC - Jhp—wn, o—anything MC|
. recoil direction @ ° -] Signal MC (w—invisible) 7 Side-band data
light vector mesons i 2 [0 Sonaic (pinvisie '
' ’ ’ ” - (D -
’ L, - — L b
- 1 v » -
arxiv:1805.05613 I e S 4
Accepted by PRD I
51 H l HU L
L > ot
tag directi e - " : [Lnl
e %.4 0.6 0.8 1 1.2
TRt or vy MY . (GeVic?)
o 8 o~ 8
S ] S
e 4r S 4
—t ek gl gl gle Ll e L Ly ool du I
0.7 0.6 IVIwO.S G V/12) 1.2 94 0.6 ¢O.8 12 1.2
. . recoil (E€V/C Mrecoi (GeV/c?)
Upper limits set at 90% C.L. '

B(w—invisible) -5 B(¢—invisible) .y
B < 8.1x 10 eoired) < 3.4 x 10

B(w — invisible) < 7.3 x 107° B(¢ — invisible) < 1.7 x 1074,
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BGS]I[ Summary

BESIII has performed wide range of searches of BSM new physics

2

L 2

*

L 2

*

2

*

2

Charmonia weak decays

Charm meson radiative decays

FCNC processes

Charged lepton flavor violation(CLFV) processes
Baryon number violation(BNV) processes

C-violation EM processes and C and CP violation decays
Exoticresonance search: light Higgs/Dark photon etc
Invisible decays

BESIII has great potential with unique datasets and analysis
techniques ...More to come!

Operation for another 6-7 years forseen, with small(but critical)
energy and lumi upgrade

Great opportunity for new physics searches

e Awhite bookin preparation, ideas/collaborations are welcome
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e

Events/(15 MeV/c?)

Comparison and prospects

PhysRevD(2016).93.051102

0 >
50 “‘ QD
r BELLE

40}
30 .
—\ ks
20" \\ +
10 \\
ETEEN N BN R R B |_-_-\||'|—|-‘_|J_|_L

of
17 175 18 185 19
M(yy) [GeV/c?]

1.95

2

Events/ ( 0.01 GeV/c? )

Phys. Rev.

sy

30

25

20

16
D 85 (2012) 091107R > 14
] (O] N
: i x/27=1.53 0 12
Combinatoric - S | e
Combinatoric + 192 “_ S 10
Combinatoric + x°7°+ Signal 3 ) ",
4 C 8
o [
§ 6 :— !
q) -
-g r
5 40
Z r
2
¥ o
Z 1%

Source Contribution
Cut variation +6.8%
PDF shape +30 events
Photon detection +4.4%

K reconstruction +0.7%

70 identification +4.0%
B(D° — K%r°) +3.3%

Uncertainties independent of fitting procedure

Source

Relative uncertainty (%)

Photon reconstruction
MY requirement

ST D yields

Total

2.0
3.1
1.0
3.8

O BESIII has the least background
contamination

O and very good control of systematics

O Could still be competitive with the final
DDbar sample

O Detailed projection study is needed to
check what is the critical points for
DDbar sample size

2018/8/13 S12018
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BES]]I Search for D% - yK*0(¢) @

S

% « — %0
(a) W\
DO
u

® Belle Collaboration (2004)
® B(D° - ¢y) = [2.6013.29(stat)*315 (syst)| x 1075

O BESIII work in progress

® B(D® - ¢y) = (2.78 £ 0.30 +£ 0.27) x 107> gamma K* could be within
® B(D® - K*°y) = (3.28 £ 0.20 + 0.27) x 10~* reach

O Difficult for phi, due to phi
pi0 and phi KL backgrounds

® Belle Collaboration (2017)
® B(D° - ¢y) = (2.76 £ 0.19 + 0.10) x 10~°
® B(D° - K*%y) = (4.66 + 0.21 + 0.21) x 10~*
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Nsig UL EVENTS/5MeV/c?

BF UL(1075)

» E (’a) """""""""" o Coupling of c-quark to the A°:
il o N Expected BF: 107 -10
+ e NI " | | [PRD 76, 051105 (2007)]
10° H— + } ¥ t t + .
10 3 ‘ |
' BESIII [PRD 85, 092012 (2012)]
106M psi’ data

PR (ST VRN P CHSS (RN [N /LN ST | | PUSSERS (RSN YR SRS W WRY QU (S WL [N T T |

0.5 1 15 2 25 3
M) (GeVic))

BESIII exclusion limit ranges from 4 X107 -
2.1 X10- depending on A? mass points-.
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