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Motivation and DAMPE

* All charged particles have multiples of : « DAMPE Experiment

electron charge except quarks. According i DAMPE is a space experiment for detecting

to theories of quantum chromodynamics : high energy cosmic rays launched on Dec.17th
(QCD) free quarks do not exist, however : 90915

Fractionally Charged Particles (FCPs) are
of great interest. Our first try is based on .
heavy lepton assumption. n

Plastic Scintillator Detector
(PSD)

Silicon-Tungsten Tracker
(STK)

* There are three possible sources of FCP .

In CosmIC rays ’ BGO Calorimeter oyl
. early universe :: (BG0)
. _ «Charge measurenment 0
- high-energy astrophysical processes b S
. extensive air shower (NUD)
: Astropart. Phys. 95 (2017) 624



Search for FCP with DAMPE

Charge reconstruction is based on Bethe-Bloch . Data Sample

Formula. The energy deposited in the PSD and STK & *Simulation ( Assumption ):
IS proportional to the square of particle charge. ; . like a massive lepton (e.g. muon)

; - The charge would be 2/3e

dE ,Z 1 1 2MuC2 B2y ooy , §(By) « «Flight Data: 2016.01.01 ~ 2020.12.31
—— =Kz*~=[=In - g2 - —=2 : 2
dx A B2 5 |2 P 2 : : l.
- U D Data :
. 1.5} ’
PSD Charge resolution STK Charge resolution " § 1
(Charge unit, c.u.) (Charge unit, c.u.) . E
Proton 0.06 0.04 ; !
Helium 0.10 0.07 N
:: | PSD Charge (e)

. FCP Signal Region 4



Upper Limit of 2/3e FCP

FCP Upper Limit (cm@sr's™)

"
|

—

S

107'°

TABLE I. The comparison between DAMPE and other similar types experiments.

Experiments Geometric acceptance(cm™2 sr) Exposure time (s) Upper limit (cm™2 sr~!s71) (I) < 6 2 % 1 O_ 1ocm_2 Sr_l S_l

AMS-01 3000 3.6 x 10* 3.0 x 107 (95% CL)
BESS 1500 32 x 10° 4.5 x 107 (90% CL) /

DAMPE 3000 2.3 x 107 | 6.2 x 10~'° (90% CL) |
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Prospects for Searching for Light FCP

heavy lepton
* Shower can happen

e Mass may be light

FCP should not be constrained to be Energy loss: Bremsstrxhlung

* Electron-like light-mass particle
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Based on the dataset accumulated by DAMPE, the mass-,
energy-dependent spectrum are supposed to be observed.

I

. eLight-mass FCP simulation.

. *Evaluate the background contamination (electron,
. proton, gamma ).

i *Evaluate the selection efficiency and effective

| acceptance.



* We search for 2/3e FCP with DAMPE experiment

» Space experiments can detect FCPs with energy as low as
a few GeV

* FCPs are assumed to be a type of heavy lepton

* No FCP signals are observed and a flux upper limit of ® <
6.2 x 10-10cm-2sr-1s-1is established at the 90% C.L..

* Result is published in Phys. Rev. D 106, 063026 (2022)

» Searching for Light FCP is on-going.
Thank you!
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https://link.aps.org/doi/10.1103/PhysRevD.106.063026

