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- The science goals

INFN
C

High energy particle detection in space

— Study of the cosmic electron and photon spectra

— Study of cosmic ray protons and nuclei: spectrum and composition

— High energy gamma ray astronomy

— Search for dark matter signatures in lepton spectra

Detection of
10 GeV - 10 TeV e/y
50 GeV - 500 TeV protons and nuclei
with excellent energy resolution, tracking precision
and particle identification capabilities

- Exotica and “unexpected” , e.g. GW e.m. counterpart in the FoV
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The collaboration

C

CHINA
— Purple Mountain Observatory, CAS, Nanjing Prof. Jin Chang
— Institute of High Energy Physics, CAS, Beijing
— National Space Science Center, CAS, Beijing T
— University of Science and Technology of China, Hefei
— Institute of Modern Physics, CAS, Lanzhou

ITALY

— INFN Perugia and University of Perugia

— INFN Bari and University of Bari I I
— INFN Lecce and University of Salento

— INFN LNGS and Gran Sasso Science Institute

SWITZERLAND n
— University of Geneva
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Plastic Scintillator Detector
(PSD)

Silicon-Tungsten Tracker
(STK)

BGO Calorimeter
(CALO)

Neutron Detector
(NUD)

- Charge measurement ( dE/dx in PSD , STK and BGO)

high ener
- Tungsten converter (pair production) & &Y i
- Precise tracking (silicon strips) |:> y-ray, electron and cosmic ray
- Thick calorimeter (BGO bars) telescope

- Hadron rejection (neutron detector)
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The Silicon TracKer (STK)

CFRP plate Top 5‘
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768 silicon sensors
Al honeycomb —g4

Silicon detectors ‘““'"“Hlnnuummmmuinn'u' SRR
1]
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CFRP frame —

Tungsten plates

CFRP plate bo(m-'

12 layers, 6-x and 6-y

192 ladders

Analog Readout of
each second strip:
384 channels / SSD- Ladder
* 48 um wide Si strips with 121 um pitch Charge sharing
* (95 X 95 X 0.32 mm?3) Silicon Strip Detector (SSD)
768 strips in each SSD

* One ladder composed by 4 (SSD) oy | |
* 16 Ladders per layer (76 cm X 76 cm) — Scnsorra oo
* 12 layers (6x + 6y) |
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=5 The CALOrimeter

INFN

e 14 layers of 22 BGO bars
— 2.5X2.5X60cm3 bars

— 14 hodoscopic stacking
alternating orthogonal
layers

— depth ~32X,

z

C

e Two PMTs coupled with each
BGO crystal bar at the two ends

 Electronics boards attached to
each side of module

....................

l Attenuating filter PMT with Dy2,5,8 readout
—— Y
308 bars — T : =
616 PMTs Elastic optical connector BGO crystal
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&° The Plastic Scintillator Detector
»~ and the NeUtron Detector
* 1.0 cm thick ,2.8cm wide and 82.0 cm long
scintillator strips
e staggered by 0.8 cm in a layer
e 82 cm X 82 cm layers
e 2layers(xandy)

i s A Single large-Layer |
= L)
45mm 28mm 20mm

I Strip Type B |

= SIrip ype A

* 4 large area boron-doped plastic
scintillators (30 cm X 30cm X 1cm)

e
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e/y Energy res.@100 GeV (%)
e/y Angular res.@100 GeV (deg) 0.2

Comparlson with AMS-02 and FERM
—mm

0.3

10° - 10°
17

0.09

0.1
103
8.6
1

e/p discrimination 10°-10°
Calorimeter thickness (X,) 32
Geometrical accep. (m?sr) 0.3

Scint.

Strips

Si Tracker é i 760. Omm

BGO
Calorimeter

Neutron
Detector

CRIS-2018

1 80.0m

492, Omm

Mass: 1400 Kg
Power: ~400 W
Livetime: > 3 years
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4 Acceptance estimates
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~0.3 m?sr
~0.2m?sr T
E 10-1-
X ~0.04 m3sr
£ — ~0.03 m2sr
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'E 10-3 - —— e* (Chang et al., [astro-ph/1706.084531)
E —— Y (Xu et al., ICRC 2017, Preliminary)
—— p (Yue et al., ICRC 2017, Preliminary)
| —— He (Gallo et al., ICRC 2017, Preliminary)
U | T T T T T T UL L L L | T T T T T T UL L L |
10° 10! 102 103 104

Bgo Energy (GeV)
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Test beam activity at CERN

14days@PS, 29/10-11/11 2014
— e @ 0.5GeV/c, 1GeV/c, 2GeV/c, 3GeV/c, 4GeV/c, 5GeV/c
— p @ 3.5GeV/c, 4GeV/c, 5GeV/c, 6GeV/c, 8GeV/c, 10GeV/c
— 1-@ 3GeV/c, 10GeV/c
— y @ 0.5-3GeV/c
e 8days@SPS, 12/11-19/11 2014
— e @ 5GeV/c, 10GeV/c, 20GeV/c, 50GeV/c, 100GeV/c,
150GeV/c, 200GeV/c, 250GeV/c
— p @ 400GeV/c (SPS primary beam)
— Y@ 3-20GeV/c
— W@ 150GeV/c,
J 17days@SPS, 16/3-1/4 2015
— Fragments: 66.67-88.89-166.67GeV/c
— Argon: 30A-40A- 75AGeV/c
— Proton: 30GeV/c, 40GeV/c
e 21days@SPS, 10/6-1/7 2015
— Primary Proton: 400GeV/c
— Electrons @ 20, 100, 150 GeV/c
— Y@ 50,75, 150 GeV/c
— W@ 150 GeV /c
— 71+ @10, 20, 50, 100 GeV/c
. 10days@SPS, 11/11-20/11 2015
--  Pb 30AGeV/c (and fragments) (HERD)
e 6days@SPS, 20/11-25/11 2015 1
-- Pb 030 AGeV/c (and fragments) \ s .
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%' The launch: Dec 17th 2015, 0:12 UT

IHFN

Jiuguan Satellite Launch Center
Gobi desert

CZ-2D rocket

Mass: 1850 kg (scientific payload 1400 kg)

Power : 640 W (scientific payolad 400 W) .
Orbit: sun syncronous - -
Altitude: 500km

Inclination: 97.41°

Period: 95 minutes

Downlink: 16 GB / day

Lifetime: > 3 years

] 1.
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On orbit performance: PSD G
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On orbit performance: STK
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On orbit performance: BGO

“Mip”s before temperature proton “mip”peak (14 layers)
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1. Study of the shower topology ok
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One possible “shape parameter”

F = Spread i><i Yz

tot
Rejection power > 10°

N B & : Frn
N o & PR S,
N = . R '-"'-:-:-:‘%“'-I:“E'-F e
- = ——————— | — e -f;- : f--_._ lc-w'-",Ba-cR. 'Uuﬁd
# B \ P -form_slde_,
10—2 l ‘I I.'- ;".|” 1
10°
Electrons / Sum of Transverse Spreads (mm)
positrons e
— = e —— | W—] I —  e——— p—
Protons — e e— —— — — ——
S - - = e I — —_—-
and — —_— — : = __— —— —
nuclei — — M ——— __—

CRIS-2018 |. De Mitri : Results form the DAMPE space mission 17 / 30



S ph““ MATTE"
I

On orbit energy scale calibration
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o Electron IDentification DAMI £
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Direct detection of a break in the teraelectronvolt
cosmic-ray spectrum of electrons and positrons

—
L
-

First Direct Evidence for
a spectral break in the
all-electron spectrum

at 0.9 TeV

- 530 days

E® x Flux [m—2s 'sr'GeV?]

10

- 2.8 billions CR events

- 1.5 million CREs above 25 GeV

CRIS-2018

The DAMPE (e*+e’) spectrum

v, =3.09+ 0.01

Ey,=9141+98 GeV

vy =3.92 +0.20

—— Smoothly Broken Power-Law

Stat @ Sys

Energy [GeV]
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. The all-electron spectrum
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" Proton flux measurement Gk
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He flux measurement
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Summary s

TicLg gx?lS

The detector
* Large geometric factor instrument (0.3 m? sr for p and nuclei)
e Precision Si-W tracker (40um, 0.2° )
* Thick calorimeter (32 X, , o/E better than 1% above 50 GeV for e/y, ~35% for hadrons)
e “Mutiple” charge measurements (0.2-0.3 e resolution)
* e/p rejection power > 10° (topology alone, plus neutron detector)

Launch and performances
e Succesfull launch on dec 17, 2015
* On orbit operation steady and with high efficiencies
* Absolute energy calibration by using the geomagnetic cut-off .. ) C)
* Absolute pointing cross check by use of the photon map _ /I

Physics: first results and goals

e Study of the cosmic electron and photon spectra

Study of electron anisotropy and nearby sources contribution
Study of cosmic ray protons and nuclei: spectrum and composition
Precise measurement of CR discrepant hardenings and spectral indexes
High energy gamma ray astronomy

Search for dark matter signatures in lepton spectra

The “unexpected”: GW electromagnetic follow up in FoV

DAMPE in the.sky
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,j The Silicon TracKer (STK) - 2

Power consumption: 83 W  Mass: 155 kg

Silicon area [m]

10° 107
Mumber of readout channels
* y ‘_l-!1 |
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! Test beam activity at CERN: ions Gl
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The identification of nuclei is made by using the PSD signal.
Complementary information can be given by the BGO calorimeter and the STK
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. Dec 24th 2015: HV on

1.3 TeV carbon candidate
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Advanced Show: Show Trajectory Start Animation Continuous Animation
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Time Point:
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! Dec 24th 2015: HV on

330 GeV electron candidate
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Time Point:
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Direction:
Theta: 31.3 deg, Phi: -13.0 deg




. ec 24th 2015: HV on

12 GeV proton candidate
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., The all-electron flux
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Extended Data Figure 3 | Ratios of the energies reconstructed with

the P- and N-side readout data. All events have deposited energies
between 500 GeV and 1 TeV in the BGO calorimeter. The error bars (£1a)
represent statistical uncertainties. The red line represents a Gaussian fit to
the data, with a mean of 1.005 4 0.005 and a & of 0.016 £ 0.001.
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Electro analysis: cross checks
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Extended Data Figure 2 | Ratios of the ¢ values calculated from

the P- and N-side readout data. The events have deposited energies
between 500 GeV and 1 TeV in the BGO calorimeter. The error bars
(1) represent statistical uncertainties. The red line represents a
Gaussian fit to the data points. The mean of the ratios is 1.015£0.002 and
7is0.110£0.005.
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The all-electron flux
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b The all-electron flux
-
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C
Table 1 | The CRE flux (in units of m—2s~1 sr-1 GeV—1) with 1o statistical and systematic errors
Energy range (GeV) (EY (GeV) Acceptance (m? x sr) Counts Background fraction (e" +e )toumtoys
240-27.5 257+03 0.256+0.007 377,469 (26+03)% (1.16 +0.00+0.03)» 102
275316 295+04 0.259+0.007 279458 (25+03)% (7.38+0.02+0.19)»103
316-36.3 339+04 0.261+0.007 208,809 (24+02)% (4.76+0.02+0.13)»1073
36.3-41.7 389+05 0.264£0.007 156,489 (24+02)% (3.08+0.01+£008)x103
417-47.9 446+06 0.266+0.007 117,246 (23+02)% (2.00+0.01+0.05)x10-3
479-55.0 51.2+06 0.269+0.007 87,259 (23+02)% (1.28+0.01+0.03)x103
55.0-63.1 588+07 0.272+0.007 65,860 (22+02)% (8.32+0.04+0.21)x10*
63.1-724 67608 0.275+£0.007 49,600 (2.1+£0.2)% (5.42+0.03+0.13)x10*
724-83.2 776x10 0.277 £0.007 37,522 (2.1+£0.2)% (3.54+£0.02+0.09)x10*
83.2-955 89.1+11 0.279+0.007 28,325 (2.1+0.1)% (2.31£0.01+0.06)x10-*
955-109.7 1022+13 0.283+0.007 21,644 (20+0.1)% (1.52+0.01+0.04)%10-*
109.7-1259 1174+15 0.282+0.007 16,319 (20+0.1)% (1.00+0.01+0.02)x10*
1259-1445 1348+17 0.286+0.007 12,337 (20+0.1)% (6.49+0.06+0.16)x10°
144.5-166.0 1548+19 0.287 £0.007 9,079 (20+£0.1)% (4.14+£0.04+0.10)x10-°
166.0-190.6 177.7£22 0.288£0.007 7,007 (19+0.1)% (278+£0.03+0.07)x10-°
190.6-21828 2040+26 0.288£0.007 5,256 (20+£0.1)% (1.81 £0.03+0.05)x10-°
2188-251.2 2342+29 0.290+0.007 4,002 (19+0.1)% (1.20+0.02+0.03)%10-°
251.2-2884 2689+34 0.291 +0.007 2926 (20+02)% (7.59+0.14+0.19)x10-5
288.4-331.1 3088+39 0.291 +0.007 2,136 (2.1+02)% (4.81+0.11+0.12)x10°5
331.1-380.2 3545+44 0.290+0.007 1,648 (2.1+:02)% (3.25+0.08+0.08)x10°5
380.2-4365 407.1+5.1 0.292£0.007 1,240 (20+02)% (2.12+0.06+0.05)x10-5
436.5-501.2 467.4+58 0.291 £0.007 889 (22+02)% (1.32+£0.05+0.03)x10-©
501.2-5754 536.6+6.7 0.289+0.007 650 (22+02)% (8.49+0.34+0.21)%10-7
575.4-6607 616.1+77 0.288+0.007 536 (20+02)% (6.13+0.27+0.15)%10-7
660.7-758.6 7074+88 0.285+0.007 390 (20+02)% (3.92+0.20+0.10)x107
7586-871.0 8l122+102 0.284+0.007 271 (23+03)% (2.38+0.15+0.06)»x10"7
871.0-1,000.0 9325+11.7 0.278+£0.008 195 (23+03)% (1.52+0.11+0.04)»x1077
1,000.0-1,148.2 10707 £134 0.276£0.008 136 (26+04)% (9.20+0.82+0.27)x10°8
1,1482-13183 1,2293+154 02740009 74 (36+0.5)% (4.38£0.53+0.14)=10°8
1,3183-15136 14114+176 0.267 £0.009 93 (22+04)% (4.99+053+0.17)»10°8
15136-1,7378 1,6205+203 02630010 33 (5.0+09)% (1.52+0.28+0.06)x10-8
1,737.8-1,995.3 1,8606+£233 0.255+£0011 26 (54+09)% (1.07+£0.22+0.05)x 108
1,995.3-2,290.9 2,1363+26.7 02490012 17 (58+09% (6.24+1.61+0.30)x10-°
2,290.9-2,630.3 24528+30.7 0.243+0014 12 7o9+1.1)% (3.84+1.20+0.21)%10-°
2,630.3-3,019.9 2816.1+35.2 0.233+0015 4 (18.2+2.5)% (1.03+0.63+0.07)x10-°
30199-3467.4 3,2334+404 0.227+0017 4 (154+2.40)% (9.53+5.64+0.70)x10-10
34674-3981.1 37124+464 0.218+0018 4 (11.2+2.86)% (9.07 £5.12+0.77)x10-10
3981.1-45709 4,2624+533 0.210+£0.020 3 (114+40)% (6.15+4.02+0.60)x10-10
{E) is the representative value of the energy in the bin, calculated in the same way as in ref. 14. Nature volume 552' pages 63_66 (07 December 2017)
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