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Large amount of the Universe is “dark”. The nature of dark
matter and dark energy challenges severely the modern physics.




Dark matter candidates

Sterile neutrinos: MACHOs: lensing,
neutrino oscillation, gravitational waves
X-ray astronomy T

10720y 1072V keV' MeV GeV TeV M. ~ 10°"GeV

= —

Ultralight DM (axion-like WIMPs: direct detection,
particle, dark indirect detection,
photon, ...): collider detection

cavity experiments, radio
astronomy
Many dark matter candidates span nearly 100 orders of

magnitude in mass (and interaction strength)
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Neutrinos

ANNIHILATING DARK MATTER According to supersymmetry theory, a type of weakly interacting massive particle (WIMP)
known as the neutralino should be left over from the Big Bang. When two of these particles come very near each other, they

annihilate and produce a shower of familiar particles, which quickly decay into other particles and photons. ATIC and PAMELA
may have seen electrons and positrons from these decay events.

> Among many candidates of dark matter, the weakly interacting massive
particles (WIMP) are still one of the most promising candidates

> The indirect detection of its annihilation or decay products in cosmic
rays and gamma rays is one of the leading ways




yARE MATTS

Characteristic signals

Monochromatic y-ray

Spherical y-ray morphology
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Gamma-ray emission

Acceleration Propagation Detection
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Maximum rigidity of AMS-02: ~ few TV




DAMPE (“Wukong”) lanuched on
Dec. 17, 2015

A ‘ . Altitude: 500 km
" « Inclination: 97.4°

* Period: 95 minutes

* Orbit: Sun-synchronous
12



Indirect detection of

dark matter (high-
precision measurements
of e+e- and v)

[ ‘
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. wnioi Gamma-ray_astronomy

Cosmic ray physics (measurements of

(measurements of SPectra, morphologies,
nuclei spectra up to and variations of y-ray

100 TeV) sources)
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Astropart. Phys., 95, 6 (2017)

The plastic scintillator
detector (PSD)

The silicon tracker (STK)

The BGO calorimeter (BGO)

> PSD:
> STK:
> BGO:
> NUD:

charge measuresument via dE/dx and ACD for photons
track, charge, and photon converter

energy measurement, particle (e-p) identification
Particle identification

The neutron detector (NUD)

14



(e, > 2 layers (x,y) of 88.4 cm x 2.8

cm x1cm
st - > Active area: 82 cm x 82 cm
; [ H H ] [ TI n—n & Strip type A > We]ght . “’103 kg

| > Power: ~ 8.5 W
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> Detection area: 76 cm x 76 cm

> Weight : ~154 kg

> Power: ~ 82 W

> Three 1 mm tungsten plates for
enhanced photon conversion (0.86
Xo)
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> Quter envelop: 100 cm x 100 cm x 50 cm
> Detection area: 60 cm x 60 cm

> Total weight: ~1052 kg

> Total power consumption: ~ 41.6 W
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>n+ " "B—oa+ Lit+y
> 4 plastic scintillators
> Active area: 60 cm x 60 cm
> Total weight: ~12 kg
> Total power: ~ 0.5 W
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A typical event
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Since the launch on Dec. 17, 2015, DAMPE has operated on-
orbit for 6.5+ years, surveyed the sky for 14 times, and

recorded more than 12 billion events
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Performance
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All sub-detectors work in very stable condition
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Bethe-Bloch formula
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Charge measurements

Astropart. Phys., 105, 31 (2019)
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0. Set Initial values:

1. Predict state & error covariance:
X, =f(X,)
P, =AP,_A"+Q

:

2. Compute the Kalman gain:

K, =P, H'(HP, H +R)

:

3. Compute the state estimate:
%, =% +K,(z,~h(@,))

°sD STK BGO

300}~
200
1001~ e ‘ _______.y
- .‘=‘“ a : {/_,;
0_’_— -ov":: ‘. —‘___—‘ o8
. w.‘ l-& . a__ r:__.r‘
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State 300 200 100 0 100 200 300 400 500
Estim.
> X

4. Compute the error covariance :
P, =P, —K,HP,

]Repeat

Kalman filter for track
reconstruction
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Angular resolution calibrated with photons from pulsars
and stacked AGNs gives ~0.4 degrees @ 10 GeV



BGO energy measurement DAMI E
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BGO calorimeter
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BGO energy measurement QLY N
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> An energy scale higher by (1.2+/-1.3)% from the geomagnetic cutoff

> Cutoff energy is stable with time (a slight decrease due to solar
modulation)
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measurement
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> DAMPE uses lateral (SumRMS) and longitudinal (energy ratio in last
layer) developments of showers to discriminate electrons from protons

> For 90% electron efficiency, proton background is ~2% @ TeV, ~5% @ 2
TeV, ~10% @ 5 TeV

Nature, 552, 63 (2017) 30
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Results: e™+e” spectrum
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Nature, 552, 63 (2017)
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Implication of e+e- softening (LY §=
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> Cooling time of TeV electrons ~ Myr, effective propagation range ~ kpc

> Assuming a total SN rate of 0.01 per year, the total number of SNRs
within the effective volume and cooling time is O(10)

Astrophys. J., 836, 172 (2017)
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> Hundreds of GeV hardening
consistent with previous
measurements

> Newly detecting a softening
at ~14 TeV with a high
significance (4.7 o)

Science Advances, 5, eaax3793 (2019)
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Results: helium spectrum “
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Results: proton vs. helium DAMl E
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PRL, 126, 201102 (2021)
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> Proton: softening at 14*41 , . TeV
> Helium: softening at 34+¢-7 5 . TeV
> A nearly Z-dependent softening
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Implication of p, He spectrum QLY -
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Yue et al., Front. Phys., 15, 24601 (2020)
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Results: B/C ratio
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Results: B/C ratio
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DAMPE can precisely measure B/C to much higher energies and
critically test whether there is a high-energy break of B/C
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Results: cosmic ray anisotropyQLy =
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> DAMPE observed the Forbush decrease of cosmic ray e+e-
with high precision
> Reveal new features of the recovery time
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Results: y-ray skymap

E>2 GeV, 6 years
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Data available at http://dgdb.pmo.ac.cn/dampe/
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Obtain the most stringent constraints on dark matter
annihilation cross section or decay lifetime
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+ AGN * pulsar ® sNR/PWN M Binary * Global Clauster

Results: y-ray catalog

¥ unassociated

Source Type Number
AGN 175
Pulsar 45
SNR/PWN 11

Binary 4
Globular cluster 1
Unassociated 13

Total 249
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> Fermi bubbles are detected
with ~18c significance

> Spectral cutoff is favored at
~3.70
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Results: GC y-ray excess QLILES
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The Galactic center y-ray excess was detected with ~110

significance. The spectrum is consistent with a dark matter
annihilation model with m~43 GeV and <ov>~2e-26 cm3/s
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Summary
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> DAMPE detector works smoothly for 6+ years, opening a
new window to look at the high-energy Universe above TeV

> Precise measurements of the e*+e- spectrum show a break
at ~TeV energies

> Precise measurements of proton (helium) spectra reveal
interesting softening features at ~14 (34) TeV

> Stringent upper limits on dark matter annihilation/decay
into monochromatic y-rays have been obtained

> More than 250 y-ray sources are detected, including Fermi
bubbles and Galactic center excess

> More results about cosmic ray nuclei and y-rays are coming

Thank You!
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