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2.University of Science and Technology of China, Hefei.
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5.National Space Science Center, CAS, Beijing.
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2.INFN Bari and University of Bari.
3.INFN-LNGS and Gran Sasso Science Institute.
4. LNFN Lecce and University of Salento.
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DAMPE

DArk Matter Particle Explorer

Charge.
The plastic scintillator veto for gamma
detector (PSD) roy: 2x41
The silicon tracker (STK) Direction, chor‘ge:
12 layers
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The BGO calorimeter (BGO) Energy, direction,
charge’ 14x22 crystals

T8

v
flass

Proton electron

The neutron detector (NUD) S
seperation: 4 blocks

v Four sub-detectors, 1.4 tons in total. 32 radiation length &
1.6 nuclear interaction length
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» 2 layers (x,y) of 88.4cm x 2.8
cm X 1cm
| T — | SweTypen » Active area: 82 cm x 82 cm
§ | I [ - IM I L T > Welght : ~103 kg
» Power: ~ 8.5 W

‘‘‘‘‘‘‘

100% effective area. high detection efficiency.
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Silicon (tungsten) track detector

768 silicon sensors
95 x 95 x 0.32 mm?

1,152 ASICs

73,728 channels

192ladders 3 Detection area: 76 cm x 76 cm
» Total weight: ~154 kg
» Total power consumption: ~ 82W

» Three 1 mm tungsten plates for
\ photon conversion (0.86 X,)

Total area is ~ 7 sqm: direction resolution ~ 0.1 degree
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The BGO Colorimeter

Parameter Value

Active area 60 cm x 60 cm (on-axis)

Depth (radiation lengths) 32

Sampling > 90%

Longitudinal segmentation 14 layers ( =~ 2.3 rad. lengths each)
Lateral segmentation ~1 Moliére radius

Excellent energy resolution for electron/positron above ~10s GeV:
Excellent ability of separation between proton and electron(positron).



The Neutron detector

> n+ 'Boa+ Lity

» 4 plastic scintillators

» Active area: 60 cm x 60 cm
» Total weight: ~12 kg

» Total power: ~ 0.5 W

Extension of the ability for separation between p/e ot high energy.
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#S " The launch: Dec 17th 2015 & long-term status

2015.12.17 launched from Jiugquan ‘ N

1. The first satellite
dedicated to notural
(astronomical)
science from China.

2. ‘Launches the (nhew)
era of Chinese space
science = {Noture)

st bl DAMPE Event Variation Diagram (updated 20240531)

* Expected lifetime: 3
years Daily event count ~5M/day

800 -

* Row data: 16GB per day.

¢ 0l"bl'|‘3 SUNTSvyNC. "'WWW
~500km, ~9Sminutes

¢+ Smoothly operated
since lounch for more
than 8 years. | More than 15B events so far.
m@”@\,@x fpo“'bQé?) m@“’b\:ﬂb q,Q\/'\QQ;Lv m@“’«'\:‘?\/ f@\"bgb@ mo“'q’ol\,b q,Q\’O’Qb\y /\9\9\"’\'\/ r@”QQbQ% r\,&@,’\f&‘ q,Q’”\'Qbéb f\,g’”\’\:og %&,LQ%"’Q q,éii\}@ q,éf)g)%& féf)\’\jp q,é"@o)\’% 8



ARE MATTER

#S " The launch: Dec 17th 2015 & long-term status

2015.12.17 launched from Jiugquan ‘ N

1. The first satellite
dedicated to notural
(astronomical)
science from China.

2. ‘Launches the (nhew)
era of Chinese space
science = {Noture)

* Expected lifetime: 3 - DAMPE Event v
years Daily event count ~5M/day

800 -

* Row daota: 16GB per day.
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Results
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electron+positron spectrum

* Excellent ability of particle identification.

e + e+ spectrum:  Excellent energy resolution.
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electron+positron spectrum

 Ongoing work.

1. Understand and calibrate the detectors
e + e+ spectrum: very carefully.
2. Novel data processing approaches applied.

250
- First direct : : :
o . Applying NUD in nalysi
7 ‘J% observation of a 3. Applying NU to data analysis.
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Astrophys. (2020)
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1. Large

acceptance.

Flux x E*"(m2sr's™' GeV'?)
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2. Good charge
resolution.
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F. Alemanno et al. PRL 126, 201102 (2021).

60

50

40

30

20

Number of events

10

llllllllllllllllllllllllllllll

19.953<E,, /TeV<70.795

--- MC proton
--- MC helium :
—— MC proton+helidm

—e— Flight data i +

PSD charge




A

e PR SoRE

Proton,Helium
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v Confirm the hardening at around hundreds of GV.

v’ Strong detection of softening around ~10TeV with high confidence level.
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A Proton,Helium (new updates) oAw €

1. Much more deepening understanding for the detectors and more statistics at higher energies.
2. New data processing approaches applied, i.e. ML tracking and Particle ID.

3. Updates and new approaches on detector calibration. Saturation.

Rigidity
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v’ Very consistent with published results.

vY'Fits for spectra breaks from DAMPE’s proton and helium are both in favor of charge-dependent
hypothesis.
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2 Proton+Helium spectrum -
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v'Showing the hint for a re-hardening above 100TeV.

¥’ Crucial bridge to ground-based experiments.
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Flux x E*® (m2sr's'GeV'®)
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v'Hardening for both C
and O are confirmed.

v"CNO combined
spectrum also
confirms the
hardening at ~8TeV

Parameters Hardening
[380 GeV-100 TeV]
3.94e-5 + 1.2e-6 [m?s~lsr=1GeV~1]
-2.71 £ 0.04
8 TeV £ 4 TeV
0.35 £ 0.04

5 (fixed)

Fit range




S Secondary-primary ratio

B/C flux ratio B/0O flux ratio
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Secondary spectra, Li, Be and B.
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Iron spectrum
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v Preliminary, the hardening of iron spectrum with DAMPE is observed.

v'Spectrum shows similar feature below 1TeV/n with AMS-02 and CALET.




v Preliminary, the hardening at around 1TeV is observed, the softening at around 30TeV is also

observed.

v"Much more and higher MC data is needed for extension to much higher energies (PeV).
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Neon

Other elements.
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Gamma-ray astronomy

~250 point sources detected an studies in 7 years
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Heliosphere physics
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v'Approaching the maximum of solar cycle-25, DAMPE can
play a key role in understanding the heliosphere.

v’ Particularly, DAMPE crosses over the Earth’s two poles in
each orbit.

v'More events observed.
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#% Searching for fractional particles
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v’ Most stringent limit among space-based experiments at a few GeV.
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Potential in the era of MIM.
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v'Not lucky enough, but we still recorded a significant excess of side-in “events”.

v'More patience.
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A3 Summary

 DAMPE mission

1.DAMPE has been operating smoothly since Dec. 2015, for over 8 years.
2.Largest acceptance in-flight and good performance.

3.Good potential for extension above 100TeV.

4.Stable operation to collect much more data.

e Sciences

1.Direction observation of break at TeV in e™* spectrum.

2.P&He show the softening around ~14TV, suggesting Z-dependent.

3.P+He confirms the softening and shows the hint above 100TeV.

4.C,0 and CNO confirm the hardening at hundreds of GV, suggesting a Z-dependent softening.
5.B/C,B/0O show the significant hardening above 100TeV/n, challenging the conventional models.
6. Secondary elements, Li,Be,B confirm the hardening around hundreds of GV.

7. Preliminary iron spectrum shows the hardening around 1TeV/n for the first time.

8. Confirm the FB. and GCE as a independent measurement.

9. Heliosphere physics in terms of low energy electron measurements, unique point of view.

10.Most stringent constraint for FCP among space-based experiment.
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A3 Summary

 DAMPE mission

1.DAMPE has been operating smoothly since Dec. 2015, for over 8 years.
2.Largest acceptance in-flight and good performance.

3.Good potential for extension above 100TeV.

4.Stable operation to collect much more data.

e Sciences

1.Direction observation of break at TeV in e™* spectrum.

2.P&He show the softening around ~14TV, suggesting Z-dependent.

3.P+He confirms the softening and shows the hint above 100TeV.

4.C,0 and CNO confirm the hardening at hundreds of GV, suggesting a Z-dependent softening.

5.B/C,B/0O show the significant hardening above 100TeV/n, challenging the conventional models.

6. Secondary elements, Li,Be,B confirm the hardening around hundreds of GV.

7. Preliminary iron spectrum shows the hardening around 1TeV/n for the first time.

8. Confirm the FB. and GCE as a independent measurement. Th a n k yO u !
9. Heliosphere physics in terms of low energy electron measurements, unique point of view.

10.Most stringent constraint for FCP among space-based experiment.
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