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BSM
(heavy)

SUSY, extra dim...?
Unification?

It is also referred as to heavy photon,

hidden photon, A’ , y’

the literature

or U boson in

M

Dark Sectors 2016 Workshop: Community Report

‘e
--------------------

dark sector
(light)

New bosons?

Light dark matter ?

~———= arxiv: 1608.08632
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Portal Particles Operator(s)
“Vector” ¢_Dark photons> — oot Bun F™
“Axion” | Pseudoscalars |£F P + G éf s 'i‘;‘—aaafy"fysd
“Higgs” | Dark scalars (uS +A\S?)H'H
“Neutrino” | Sterile neutrinos ynLHN

“l;mlnlz;sicists hunt for

dark forces




BGS]I[ Dark photon: characteristics

SUB)c®@SUR)LU1)yoU (1) pu®...

F B H
Lsm = Loy +Lsy+Lsu
Lov = L5,(X) = M, ~ 100 - 1000 GeV wimPp
+ [,g]\,[ (U) = my ~ GeV Dark Photon U or V,.A..
-+ /:,g]\[(h,) —> Higgs potential breaking U(1)pas
‘C'T'I'I."I:.’lﬁ.'

+ Higgs—Dark Photon int. + ...
€ (or H..): kinetic mixing parameter ¢ ~ 10~ ° — milli-charged SM fermions

with coupling € e to the dark photon (neglecting mixing with the Z)

Low energy, high luminosity e+ e- colliders are believed to be good places to search new
physics models with dark sector phenomenology.
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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 61 institutes: 36 Chinese institutes ,
14 European ones , 5 US ones and 6 from other Asian countries,
~450 collaborators
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BESTT BEPCII: a t-c Facto

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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BESI

BESIII Detector

Solenoid Magnet:

| T Super conducting

Ref:
NIM A614,
345 (2010)

A

EMCAL: Csl crystal
AE/E =2.5% @1 GeV
G, = 0.5~0.7 cm/VE

MDC: small cell & He gas
0,,~ 130 pm
Sp/p = 0.5% @1GeV
‘ dE/dx=6%

% 2018: Inner upgrade

750 | :

.TOF:
G = 90 ps Barrel
110 ps Endcap

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

2015 ETOF upgrade: 60ps

“ Muon [D: 8~9 layer RPC
Opo=1.4 cm~1.7 cm

Trigger: Tracks & Showers
Pipelined; Latency = 6.4 pus

Clean environment and high luminosity at BESIIl are
helpful for indirect probe of new physics
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BES]]I BESIIl data samples

~0.5B Y (3686) events ~ 24xCLEO-c
~1.3B [ /W events ~ 21xBESI|I
~2.9/ftb Y (3770) ~ 3.5xCLEO-c

~9/tb XYZ states above 4 GeV Unique

« 20 points for R &QCD Scan: [T g T T
500/pb finished in May 2015 F

« Y(2175) resonance: 100 /pb : i
finished in June 15, 2015

. 2016: 3/fb Ds data at 4170 Me\
~ B X CLEO-c

« 2017-2018: 6-8B J/y (NEW)

~ other data sets: tau, A, resonance .. 5o sy
scan and continuum, etc. Ecm (GeV)

4230

)

4600

Lumifsity (pb”’
8
|
o
o
|
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BGS]I[ Dark photon search with ISK

Search for narrow structure on top of the continuum QED background
ete” — YisrR I+ |-

» Use an untagged photon method to perform EMC EMC

this analysis.

Event selection: ¢'e” —>u+u'ym and € ¢ —>e"e';/15R

H H
l=—xrl [=

. ) . . tagged: untagged:
distance to interaction point R,, < 1.0cm photon hits EMC photon leaves the detector
R, <10.0cm
®
acceptance 04rad< 6< m-04rad = m*L—
e FoO o
- - b
to supress background PID S 8 3
| £ L& TAGGED s
g b
# charged tracks =2 3 gl 5 5 }
total charge =0 £ 7
- < baarders of EMC > /
# photons = 0 (untagged analysis) ol
missing photon angle <01rador>m-0.1 rad E . :
1C kinematic fit X% < 20 el g
= | .| l e ey L1 1 | 1 I | - | | 1
2017/9/1 PANIC2017 o 0% ! b
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Events /0.010 GeV/c?

data/MC

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

T[] wrwy MC - e'e’y MC BES]H
- B [ 7™ Preliminary rd
Preliminary 3 A~
Vi
10 =2 10°
S -
2 -
m —
= -
[
2 L
- BABAYAGA
P I T I [T SO (S ST I SR NSRS SR NNINTN S ST N T T T B B D B I B
A e g § 0 PO Qo LI L Tt I R SRR S
- . 8 bt st A AR OHRAIRLIANAY coplai®e ) = 1T Bt R e aa La .
1oﬁfﬁuﬁ*ﬁfb;ﬂ‘%‘wﬁiig#,wvf#q.#?'d#g+§¢“¢"’+‘P"“'" 44444444444 q#’i«“ﬁ c\u 10;%'&*?”@:*%%@%’@%%%%:&?5, Soida S0 i
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
O >3.4 GeV/c 2 : hadronic qg-bar process

arXiv:1705.04265,
submitted to Phy. Lett. B
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BGS]]I Number of sighal events

2000
1500 Fit QED background with
N : 4 order polynomial
© 1000 A1 .
> 000; k 1 | y[“[ ‘ No peaking structure
O 500 | ! i observed
S 0 ull |. I |||"| Il it Uil Combined statistical
o l | . . g
> 5ooﬁ | m significance less than 3 o
E | ‘ 90% confidence level
> C - fi . . .
G100+ oo gf;/ Be<l limit obtained
-1500 o Preliminary m with profile likelihood
f approach
-2000- ] 6 1 8 2 0 2 2 2 4 2 6 2 8 3 0 3 2 3 4 W. Rolke et al., NIM A 551, 493 (2005)
[GeV/c] B systematic uncertainty
included

arXiv:1705.04265,
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BESTT  BESHI ISR search
102

w
107
Preliminary
gilefe” =" msr = 17 yisk) _ NjP(ete” =y s = Ml yisg) 1 3moe®omy
(ete™ = v*yisr = [T~ YisR) NB(ete= = y*visg = [Tl visr) € 2N}+l_a T IA
10-4 ] IIIIIII ] ] IIIIIII ] ] L1 1 111

10° 10 1 10

2
arXivi1705.04265 M, [GeViel




BGS]]I DP search through meson deca

Theoretical prediction for the reach of dark photon.
The black dashed line represents P=7'

w 1E

dU( = PULD) o | fur(@) P 1, 4md\?(  2m}
dg*T (¢ — Py)  3m | fup(0) | ¢2 <1 ¢ ) <1 e )
JFuetal.,
2 \2 Am2a? 13 Mod. Phys. Lett. A27, 1250223 (2012)
XKl‘I' 2q_ 2>_ 2_¢q22]
My, —Mp (m3, —mp)
opportunity to improve the precision of

This process was first observed by B(// — n'ee™) and search for the dark

BESIII with 225M ] /1y sample photon through decays J /¢ —

Phys. Rev. D 89, 092008 (2014) n'U,U— e*e” at BESIII
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BES]]I J/Ww — n'e*e” Event selection

® Selection of yete n™n~ /yyete ntn~

o Four good charged tracks with e*e™ identified successfully
At least one/two good photons in EMC

.
¢ eTe mwtnm™ successful vertex fit
.

vete n*tn™ /yyete mtn~ 4C fit withxZ, < 100

® \eto of y conversion : §,,, < 2cm
10 e
':I.(a}

195 6 5 7o
R, (cm)
® Addition selection for each mode

o N oyntn”
Veto %: M(ye*e™) & (0.10,0.16) GeV/c?

1.3B J/psi dataset(2009+2012)
3x10§

—+— Data (b)
— MC+Sideband
- Signal MC
Conv. MC
B Sideband

& o

4 6 T8 10
Oy (CM)

o N onuta”
Selectn:  M(yy) € (0.48,0.60) GeV/c?

2017/91 PANIC2017
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0.9 0.95 1 0.9 0.95 1
M(yrttt) (GeV/c?) M(yyrtt) (GeV/c?)
® Signal: MC shape @ Gaussian @ Non-peaking background: Chebychev Polynomial
® Peaking background: MC shape ( / )
Signal Yield 6436.9 + 87.1 2494.4 +51.3
Background Yield 981.4 + 43.8 27.3 £10.0
Efficiency (%) 28.21 19.94
B(J/Y »nete™) (107°) 5.98 + 0.08,:, + (- 5.65 1 0.1244; + 0.33),;
Combined result(107° 5.81 + 0.074.4¢ + 0.29 BESIT
ombined result( ) - stat — SYSt__Preliminary

“Improves on the previous BESIII measurement of B(//y¥ —» n'e*e™)
2017/9/1 PANIC2017 Phys. Rev. D 89,092008 (2014) 15



DP search:
BGS]]I selection,resolution,efficiency

® Additional event selection criteria
1. Without y conversion veto
2. n' signalregion [0.93,0.98] GeV
3. M(ete™) > 70 MeV/c?
® Resolution and selection efficiency from signal MC

+ The resolution o, of dark photon signal and selection efficiency
depend on dark photon mass my.

10

~ 8 (@ ]  oast (b) | ;7’ - ]/7-["'7-[_
S | € oal |
< ///é D ¢ Om: 2-7MeV
Z af 1 2 0.35f ]
5 ) i
o2 o Efficiency: 35 -41 %
005 1 15 2 05 1 15 2
my, (GeV/c?) m, (GeV/c?)
10 . 0.4 . : : :
4 ©, @ L
K 2 o3 ] 77’ —nNn'm
> 6f c
[})
Z 4 g T ¢ O,: 2-8MeV
bE ﬁ 0.2} .
2..
oz : T 5 01— : T 5 2 Eff|C|ency 22 - 28 %
my (GeV/c?) my (GeV/c?)
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BES]]IDark photon search strategy

® Strategy: ® Signal description:
¢ Assuming the background is smooth, ¢ Shape: Asum of two Crystal Ball (CB)
dark photon would appear as a narrow functions with opposite tails.

peak on the top of the background. y = CBy(z; p,01,n1,a1) + f % CBy(; , 09,12, t9)

+ We look for a narrow peak signal on o Parameters are interpolated
invariant mass of e*e” by a step of 2 based on signal MC samples
MeVin[0.1, 2.1] GeV range. generated with different my

hypotheses.

® Background description:
+ Shape: A sum of 2" order polynomial and exponential, parameters are determined

from data fit. y=p0+pl-x+p2-22+e®
¢ w and @ regions are excluded.

——

w
o
o

100

200

i ' -
100 n —2>yn'm

¥

—_———————

Data / Fit Events /(20.0 MeV/c?)
Data / Fit Events /(20.0 MeV/c?)

1Em*w* i b WW

4 -
0 | it‘kﬁhﬁhﬁ“ﬂm Tt +**HH+’H}0H*+HHHHHFH*L'HM

0.5 1 1.5 '
2017/9/1 PANICZO17 M(e e) (GeV/c2) M(e+e') (GeV/cZ) ‘ 17




BGS]]I Dark photon search

© 20:_{ | N - 777.[+7.[— @ :;T
P of *“’Z"W*%‘«W*%"‘”&‘ﬁ:‘*"’"’"“‘“‘“ Z o TRRRPTRIERL WP 2
- -20I- -:
4 T
? g &
” M) (Gevied) Y mete) Gevieh) = T Preliminary -
] ]
e N, : Number of signal yield. S o ﬁﬁ &\,w -
. . . . e . . 0 0:5 ——'1’ i
o S : Statistical significance of signal , defined as M(ee) Gevics
S = sign(NSig)\/—an(ﬁo/ﬁmaX)
e No significant dark photon signal is observed.

e Set combined limits @ 90% C.L. on the branching fractions
1. B(J/Y »n'U) xB(U - ete)
2. B(J/Y »n'U):B(U - e*e™) is considered as a function of my from
Phys. Rev. D 79, 115008 (2009).
2017/9/1 PANIC2017 Dayong Wang 18




Exclusion limit on mixing
BGS]]I strength ¢

B(J/y — n'U)
B(J/ — n'y)

my :Mass of particle X

= *|F(mg)”

A3/2(m3/¢,m727,,m%)

/\3/2(m3/¢,m727,,0)

arXiv: 0904.1743

B :Branching fraction

€ :Kinematic mixing strength between

SM photon and dark photon
w 1072

F :Form factor
[F(¢®)] = 1/(1 — ¢*/A?)
A= 3.686 GeV

107 g

BESII

Preliminary

it

-3
Mod. Phys. Lett. A 27, 1250223 (2012) 19

107 1
M, (GeV)
A\ : Kinematic factor
2 2 2
2 2 2\ m 2 dmim
A(mi,m3,m3) = (1+ —m§_3mg) - (mf_lmg’)z‘
2017/9/1 PANIC2017 Dayong Wang 19



Light Exotica searches E — Observed lmit
- --- Expected average limit
- [ Expected limit (68%)
Phys.Rev. D 85, 092012 (2012) . Expected limit (95%)
Phys.Rev. D 93, 052005(2016) ~OF E
l
&
Meson invisible decays 3 E
g Phys. Rev. D 93, 052005(2016)
+ eta/eta’->inv: Phys.Rev. D 87,012009 (2013) .
i . I015111151221523
+ Ongoing: f \ 0 (GeVic)
e Jpsi ->inv, ./ Phys.Rev. D 87,012009 (2013)
e Jpsi -> gam+inv ‘ 2l plg E
e phi/omega ->inv . 10] =
Ongoing DP search channels * *° | il |
6 - |
+ Invisible DP in ISR process ) S l 3
C ;o ! 'I: |;i:
+ - - f | i
» 10> nete IS AnLTN IR
¢ ... and more 83 04 05 06 07 08 09 1 14 1.2
Myecoi o(GEV/C?)

2017/9/1 PANIC2017 gy veay =



BES]]I Summary

- BESIII has joined the world wide efforts of DP search.

- DP search with untagged ISR events in 1.5 GeV/c? ~ 3.4
GeV/c? set competitive limit on the mixing strength
between 103 and 10+ in this region

« The branching fraction of //y —» n'e*e™ is updated with
1.3 billion J /¢ data to be (5.81 £ 0.0744¢ + 0.295,,5,)x107>.

o DP is searched j/y - n'U, U—- e*e™. Upper limits on
B(//yY - n'U) xB(U - e*e”)and B(J/yY — n'U) is set for
the first time, the mixing strength ¢ constrained

o As the only currently running tau-charm factory, BESIII has
great potential with unique datasets: More to come, stay

tuned!
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BESII

Thanks!

Extra slides...
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