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» eTe™ colliders

 Millicharge DM models at BESIII/STCF/Belle2/
Babar/CEPC

» Z' DM models at CEPC
* DM effective operators at CEPC

* Dark photon invisible decay at BESIII/STCF

* Summary
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BEPCII/BESIII
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Sa‘l'elll‘re view of BEPCII /BESIII —
/Q X f‘T\_ : 4_ ‘ \t} “{

\f
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Beam energy: 1.0-2.3 GeV
Designed luminosity: 1.00X103 cm-—s!
Optimum energy: 1.89 GeV
Achieved luminosity: 1.00X10% cm™3s’!
Data taken from: 2009

BESIIT
detector
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STCF

Super Tau-Charm Facility (STCF)

[0 Peak luminosity 0.5-1x103> cm™s? at 4 GeV
0 Energy range E_, = 2-7GeV
] Polarization available on electron beam (Phase Il)
[0 Basic Features of machine :
— Symmetric machine with dual-ring
— Large Piwinski angle collision + crabbed waist solution for the IR

— Siberia snake for polarization

— Total cost 4B RMB
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~ Drift Chamber

Instrumented Flux Return

Silicon Vertex Tracker

The BaBar detector was built at SLAC to study the millions of B mesons produced by the PEP-II storage ring.



http://www.slac.stanford.edu/
http://www.slac.stanford.edu/grp/ad/ADPEPII/ADPEPII.html

PEP-II/BaBar

PEP-II Records

Last update:
Peak Luminosity April 8, 2008

12.069%10* cmsec™ August 16, 2006
1722 bunches 2900 mA LER 1875 mA HER

Integration records of delivered luminosity

Best shift 339.0 pb'l Aug 16, 2006
(8 hrs, 0:00, 08:00, 16:00)
Best 3 shifts in a row 910.7 pb'l Jul 2-3, 2006
Best day 858.4 pb™ Aug 19, 2007
Best 7 days 5.411 b Aug 14-Aug 20, 2007
(0:00 to 24:00) .
Best week 5.137 fb' Aug 12-Aug 18, 2007
(Sun 0:00 to Sat 24:00) o
Peak HER current 2069 mA Feb 29, 2008
Peak LER current 3213 mA Apr 7, 2008
Best 30 days 19.776 fb~' Aug S — Sep 3, 2007
Best month 19.732 fb™ August 2007
Total delivered 557 fb™

PEP-II turned off April 7, 2008
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Belle Il

" New beam pipe Supel‘KE KB

& bellows

Add / modify RF systems
for higher beam current

Low emittance positrons
to inject

Damping ring ” N

"

Low emittance gun

Positron source

New positron target /
capture section

Low emittance electrons
to inject
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ete™ — |
\/s =240 GeV |

"H Mode:

Mode: e'e- — 7
\/E =91.2 GeV §

ete- — WHW-
/5 = 158 ~ 172 GeV]

CEPC collider ring (100km)
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Millicharge DM models

Zuowei Liu, Yu Zhang, 1808.00983, PRD
Zuowel Liu, Yong-Heng Xu, Yu Zhang, 1903.12114, JHEP
Jinhan Liang, Zuowei Liu, Yue Ma,Yu Zhang, 1909.06847




uantization

mass - =2.3 MeV/c? =1.275 GeV/c? =173.07 GeV/c? 0 =126 GeV/c?
charge - 2/3 » 2/3 ~ 2/3 0 0 H
spin > 1/2 1 112 1 0 ,
up . charm | top ggggﬁ
=4 .8 MeV/c? =05 MeV/c? =4 18 GeV/c? 0 Q — 1
(V)] : \ ‘
! -1/3 ! -1/3 -1/3 p 0 e
Q<: 112 1122 112 1
8 down  strange | bottom photon Q _— 2 / 3
— — —’ l/t
0.511 MeV/c? 105.7 MeV/c? 1.777 GeV/c? 91.2 GeV/c?
-1 -1 & 0
12 3 1/2 {W 12 1 n Q —_— — 1 /3
> d
electron muon tau Z boson o
(V)]
m <2.2 eV/c? <0.17 MeV/c? <15.5 MeV/c? 80.4 GeV/c? 8 Q — + 1
=2 o0 - 0 , 0 +1 w [ [
E 1/2 w 1/2 w 1/2 w 1 O
o =
electron muon tau
‘_'I‘ neutrino neutrino neutrino W boson g
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(A Millicharge

* In general, electric charge can be of any value
* L = €AY X
c ek 1, yismillicharged

* Stringent constraints on millicharge of SM particles

Q, — Q. < (0.8+£0.8) x 1072'¢ | Marinelli et al. 1984

Qn < (—0.14+1.1) x 10~ **e| Bressi et al. 2011
Qn, < (—0.4+1.1) x 10~ *'e | Baumann et al. 1988

Q. < 10~ 17¢ Barbiellini et al. 1987

16



Accelerators
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Accelerators

SN dimming
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Millicharge & 21 cm anomaly

Age of the Universe (Myr)
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Bowman et al., Nature25792 (2018); Barkana, Nature25791 (2018);
Munoz, Loeb, Nature 557 (2018) no.7707, 684; + others
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i Basic detector cuts

BESHI & STCF: BESIIL, 1707.05178

- EMCHE#(barrel):
| E, > 25MeV & |cosd,| < 0.8

- EMCimE(end-caps): ;
| E,>50MeV & 0.86 < |cos6,| < 0.92 |

CEPC CEPC, 1811.10545
' E>OlGeV&\cosH\<O99 i
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Smaller colliding energy has better sensitivity !
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Distributions at CEPC
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‘w’)  BESIII & STCF sensitivity on millicharge { 3}
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=) Limits from BaBar data

ete™ = Y(3S) — yAY BaBar, 0808.0017

High-E (28/fb): 3.2 GeV < E!/ < 5.5 GeV, —0.31 < cos(67 ) < 0.6
Low-E (19/fb): 2.2 GeV < E! < 3.7 GeV, —0.46 < cos(67 ) < 0.46
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Z' DM models

Zuowei Liu, Yong-Heng Xu, Yu Zhang, 1903.12114, JHEP
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e’ Distributions and cuts
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DM ettective operators

Zuowei Liu, Yong-Heng Xu, Yu Zhang, 1903.12114, JHEP
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Vector: L = Az XY XL,
%

1 _
Scalar(s): L = —yx¥l,
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1
Scalar(t): L = ——5xtlx
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Sensitivity at CEPC
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Dark photon invisible decay
at BESIII/STCF

Yu Zhang, et. al., 1907.07046, PRD
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