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DAMPE Instrument
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DArk Matter Particle Explorer
(DAMPE)

Dark Matter Particle Explorer is a space-borne cosmic ray detection experiment
measuring energy to over 10TeV

Three major scientific goals

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

Cosmic ray 2

y-ray
physics .

astronomy

Dark matter
indirect detection




Instrument design

DEMIRRSUERS
Plastic Scintillator Detector(PSD) Silicon Tungsten Tracker(STK)
»y anticoincidence »y convertor, particle track
»Z-measurement »Z-measurement

BGO Calorimeter(BGO)

» Calorimeter (32X&1.61)
»elp separation

»Trigger primitives

Neutron Detector(NUD)
»>elp separation

Y-layer, 22
BGO crystals

— 8

14 layers|n total

More details can be found at Astropart. Phys., 95, 6 (2017)
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PSD detector
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Strip Type B

> Strip type A

el

> 2 layers (x,y) of 88.4cm X 2.8 cm
X 1cm

| » Active area: 82 cm X 82 cm
. » Weight : ~103 kg

» Power: ~ 8.5 W
» Charge Res.: 0.06 for Z=1
efficiency(99.99%) 7
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768 silicon sensors
95 x 95 x 0.32 mm3

192 ladders »Detection area: 76 cm x 76cm

»>Total weight: ~154 kg

»>Total power consumption: ~82W
»Three 1Tmm tungsten (0.86X0)

P N >Spatial resolution: 0.05mm

Y

S :

1,152 ASICs

73,728 channels
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X Layer (22 BGO bars)

/

14 Layers

BGO calorimeter

» Outerenvelop: 100 cm x 100 cm x 50 cm
» Detectionarea: 60 cm x 60 cm

> Total weight: ~1052 kg

> Total power consumption: ~ 41.6 W

> Energyres.: 1%@>50GeV 9
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NUD neutron detector DAMI E
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» 4 plastic scintillators with
boron doped

» Active area: 60 cm x 60 cm

> Total weight: ~12 kg

> Total power: ~ 0.5W 10
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Proton & higher z particle
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S DAMPE Test beam @ CERN
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Payl cad Manager
System Crate

Over 500 configurations: p,e",e ,z",y,u ,nuclear fragments with p=0.5GV~400GV
12



Test beam validation
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On-orbit performance



%ﬁ’ PSD charge measurement
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=¥ published Astropart. Phys., 105, 31 (2019)
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BGO energy calibration
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BGO energy linearity DAMI E
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BGO energy linearity
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BGO energy linearity
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Absolute energy scale
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» An energyscale 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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e/p separation
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» We use the lateral (SumRMS) and longitudinal (energy ratio in last layer)
developments of the showers to discriminate electrons from protons

> For 90% electron efficiency, proton backgroundis ~2% @ 1TeV, ~5% @ 2
TeV, ~10% @ 5 TeV

Nature, 552, 63 (2017) 22
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Stable Data Taking

RS
B -

event rate in 2 orbits
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Physical results
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A? Errors of e*+e- spectrum
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Implication of the spectral softening:
e A1SCFEtENess of source distributions?

» 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)

100
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Flux x E27 (m2 s sr GeV/n)-1 x (GeVin)2-7
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%ﬁ? DAMPE proton spectrum
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Implications: source population(?)
Nearby source(?)
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A DAMPE helium spectrum  QLILES
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See:
Volume 358 - 36th International Cosmic Ray Conference (ICRC2019) - CRD
https://pos.sissa.it/358/058/
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Summary

DAMPE detector is working extremely well since launch

Precise measurements of the e*+e spectrum from 25 GeV to 4.6 TeV
have been obtained, showing a spectral break at ~0.9 TeV energies

Precise measurements of proton spectrum from 40 GeV to 100 TeV
have been obtained, revealing interesting softening features at ~10
TeV

More results are coming
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Number of Events
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For 90% electron efficiency, proton background is ~2% @ TeV, ~5% @ 2

TeV, ~10% @ 5 TeV.



Raw count spectra
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Laser experiment
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Three-component e*e- model
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» Primary e- accelerated together with ions (in e.g., supernova remnants)
» Secondary e- and e+ from hadronic interaction of cosmic ray nuclei



