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The physics goals

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
2 GeV -10TeV 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



The CR spectrum: the overall picture

Direct measurements:

© Particle identification/Energy
calibration, anti-matter

® Space: Weight/Size constraints
limit the energy range (< PeV)

Indirect measurements:
© Ground: Extended energy
range (>PeV)
® Pid/Energy : dependence on
modelling of atmospheric interactions
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FERMI all sky map
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DIRECT # EASY

No atmosphere: Stratospheric Balloons
Space

Detector design focused on specific
measurements

Limits on size and time:
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The instrument we need has ...

performance a la ‘particle physics’:

— high resolution measurements of energy, charge, particle id,
momentum, velocity

characteristics to properly work in the space
environment:

— Vibration (9 G rms) and acceleration (up to 500 G)
— Temperature variation (day/night AT = 100°C)

— Vacuum (10-19 Torr)

— Orbital debris and micrometeorites

— Radiation (Single Event Effect)

limitation in weight, power, bandwidth and maintenance
compliant with EMI/EMC specs

Produce two pieces: Qualification Model and Flight Model

exact stress and limitation values depend from the detail of the mission



Operation in space

Mechanical stress at launch:

=Static acceleration
=Random vibration
=Sinusoidal vibration
=Pyroshock

Life in space:

»Thermal stresses due to Sun-light
(seasonal / day-night effects)

=\/acuum

Careful Design, Model validation
» and Qualification are needed to €—

Earth Emitted
‘ Energy
A ¢

Solar Incident
Energy

’ Solar
Reflected Energy

ensure highest possible reliability
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The physics goals

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
2 GeV -10TeV 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



The detector

STK: 6 tracking double layer

+ 3 mm tungsten plates.
Used for particle track and
photon conversion

PSD: double layer
of scintillating strip

detector acting as
ACD

a9

BGO: the calorimeter made of 308 BGO NUD: it's complementary to the BGO by
bars in hodoscopic arrangement (~31 measuring the thermal neutron shower
radiation length). Performs both energy activity. Made up of boron-doped plastic

gn;rn%surements and trigger scintillator

rosli



The detector (1)

W converter (1.43 X,) + thick calorimeter (31 X,)
+ precise tracking + charge measurement =
high energy y-ray, electron and CR telescope
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Scint.
Strips

Si Tracker

The detector (2)

BGO

Calorimeter

Neutron

Detector

Mass: 1400 Kg
Power: ~400 W

Data: 12 Gbyte/day
B CHERTCETS

492. Omm

' 80. Omm
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FM final integration (06/2015) -
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The collaboration

* CHINA
— Purple Mountain Observatory, CAS, Nanjing Prof. Jin Chang
— Institute of High Energy Physics, CAS, Beijing
— National Space Science Center, CAS, Beijing s
— 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

* SWITZERLAND

— University of Geneva n
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MoU signed on April 2013

CAS (China), Geneva Uni (Switzerland), INFN (ltaly)
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The Silicon TracKer (STK)

CFRP plate Top Xl

768 silicon sensors
Al honeycomb ~—y

Silicon detectors mumummmmuuumuuinuiumu|'|""' LIRS
DRI g
|I

CFRP frame —>

Tungsten plates

CFRP plate bod

192 ladders

VA140 (front end chip)

152 ASICs 73728 channels
* 48 um wide Si strips with 121 um pitch Analog Readout of each
* (95 x 95 x 0.32 mm?3) Silicon Strip Detectors (SSD) with 768 strips second strip:
* One ladder composed by 4 Silicon Strip Detectors (SSD) 384 channels / SSD- Ladder
16 Ladders per layer (76 cm x 76 cm ) Charge sharing

* 12 layers (6x + 6y)
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AMS-01 Silicon Tracker
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STK Silicon Sensors

* Single-sided Silicon strip detectors produced by
Hamamatsu

— 9.5x9.5 cm?, 768 strips, 121 um pitch (AGILE
geometry)

— 320 pm thick (AGILE: 410 um)
— Resistivity 5-8 kQ, V¢, 10-80 V
— Total strip capacitance 2.1 pF/cm
e 150 SSDs for EQM (Engineering and Qualification Mod

Leakage current at 150 V

,l"llllll'lllll"IIIIIII'"H[IIII'llll'lllllllll'llll'lllllllll'lI|I|IIII'IIII|IIII|Ill||ll|l|||ll|llll|

* 865 SSDs for FM (Flight Model) F h_lst150_f1
— Excellent quality of b |
— <> ~120 NA @150V (spec: <900 nA¥-
— V<50V i3
— Very few bad channels i
— Cut precision: ~ few um 5— Waw

0 50 100 150 200 250 300 350 400 450 500
1 (nA)
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STK Readout Electronics

 Readout every other strip, readout pitch 242 um
e ASIC: VA140 from IDEAS, updated version of VA64hdr of AMS-02
— Low power (0.3 mW/channel) and large dynamic range (200 fC)
— Analog readout
e Charge measurement
e Better position resolution with charge sharing
* Tracker Front-end Hybrid (TFH)

* Thin bias circuit mtegrated with a PCB housing 6 ASICs, and a
readout cable (“pigtail”)

e Support structure for the SSDs
e Vias and copper bands for heat transfer
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STK Silicon ladders

e Precise jigs to assemble (align, glue and bond) 4 sensors to form a ladder
— require 20 um alignment precision = achieved, most (¥97%) <10 um

Linearity top side Linearity bottom side
hlinearity1 hlinearity2
| Entries 192 35 Entries 192]
25— Mean 3.62] B Mean 2.743)
B RMS 1.717] RMS 2.281
30—
20—
B 251
15 20—
L 15__
10 [
5
CII|VIIIIIIIIII IIIII]I_IllIIIIIIIIIIIIIIIII I“I‘J:lllnllllmllllllllnllll
[¢] 2 4 6 8 10 12 14 16 18 20 8 10 12 14 16 18 20
linearity [um] linearity [um]
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STK Tracker planes

e 16 ladders glued to each surface of the support trays (except top and bottom)

e L

Ladder Ieage‘ currents at 80V

h_lc
Entries 192
Mean 0.3255
RMS  0.2246

80

: The excellent quality
of the silicon sensors

maintained through

60—
50
40—

30

the ladder production
and plane assembly
processes!

20

10

b el NIRRT |\ ) bt 1 Lo
0 02 04 06 08 1 12 14 16 18 2
Ladder leakage current (uA)

Assembled planed are measured with  Leakage current of 192 ladders
metrology machine, flatness 100 um  after plane assembly at 80 V

(NSRS



Several layers
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Flight Model Assembly

 The Flight Model assembly has been completed in April 2015
— Tested with cosmic rays before delivered to China
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The Silicon TracKer
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Engineering and Qualification model

 An EQM has been constructed in July 2014

— full size model as the final Flight Model (FM), but only 26 ladders with real
silicon sensors, the rest with dummy sensors

EQM passed a series of
space environmental
qualification tests:

- ' vibration, acceleration,
shock, thermal cycling,
thermal vacuum

SERMS laboratory
Terni - ltaly
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DAMPE Mechanical testing:

v - _J —
- PHASE 5 Hardware:

* 2 bare trays (d=3,5mm)
* 0 ladders

* 0 dummy ladders
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The CALOrimeter

* 14 layers of 22 BGO bars BGO AL 1A

— Dimension of BGO bar:
2.5x2.5x60 cm?3

— 14 hodoscopic stacking
alternating orthogonal
layers

— depth ~32X,
e Two PMTs coupled with

each BGO crystal bar in
two ends

308 bars
616 PMTs

G. Ambrosi
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The CALOrimeter -2
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The PSD and the NUD

PSD

* 1.0 cm thick ,2.8cm wide and 82.0 cm long
scintillator strips

» staggered by 0.8 cmin a layer

* 82 cm x 82 cm layers

* 2layers(xandy)

A A _N_N_N_ N _ N _ 8 _ N _ B _HN _ N =3
----------------\”-.
A Single ldrge-Layer ) |
¥
25mm 28mm 20mm

Strip Type B

= Strip type A

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

NUD

n+""B—ooa+ Li+y
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Comparison with AMS-02 and FERMI

—mm

e/y Energy res.@100 GeV (%)
e/y Angular res.@100 GeV (°)
e/p discrimination

Calorimeter thickness (X;)

Geometrical accep. (m?sr)

0.1
10°

Si Tracker ! 1 1760. Omm

Calorimeter

Neutron
Detector

G. Ambrosi

492. Omm

1 80.0m

0.3 0.1
10° - 10° 103
17 8.6

0.09 1

Mass: 1400 Kg
Power: ~400 W
Livetime: > 3 years



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
 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
— u@ 150GeV/c,
* 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
* 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
— m+ @10, 20, 50, 100 GeV/c
. 10days@SPS, 11/11-20/11 2015
-- Pb 30AGeV/c (and fragments) (HERD) A
* 6days@SPS, 20/11-25/11 2015 { =
-- Pb 030 AGeV/c (and fragments) X s
G. Ambrosi




DAMPE first flight: EQM beam test
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Test beam activity at CERN: electrons

C 200 r
250 220 [
t [ Epoan: 0.5GeV A Ezee’ 1:066V 200 E poun’ 1-568V 180) Epgan’ 2068V 140 Epoun’ 3.0G8V 70 E poan 4.0GeV
[ | E coipon 0-38GeV 200 A E cunne: 083GeV N o 129600 160 Euns’ 1.74G0V E E gy 2.6660V E guen” 3.58G0V
2001 Resolution(c): 11.43% )\ Resolution{o): 7.18% 180 "l Resolution(oy: 5.43% Resolution(o): 464% | 1201 Resolution(c}: 3.95% Resolution(c): 3.22%
t 160 140 g
i 100F
’?50? ?50 £40 gZO E :
3| ] 320 3% §so:—
100 100 b 8 s
: 80 60 :
i % 60 “ 40F
500 E
i o 2 200
20 E
2 L I A e L) 2 4 WRTITY AU IS TN DR Eul o ™
900 300 400 500 600 700 O “"B00 600 1000 1300 1400 1600 O F00100012001400800I80000E20400 1000 1500 2000 2500 3000 015002000 2500 3000 35004000 4500500
Energy(MeV) Energy(MeV) Energy(MeV) Energy(MeV) Energy(MeV)
F 220 0 b [
50 E poum’ 5.0GeV 200 % Eppun’ 5.0G6V E o 10.0GoV s00k Eqoun 20.0G8V 100 E poan: 50.0GeV
r E curan: 4.52GV N E ey 48768V 350 Eupey? 971GV F M Eupee: 19.34GoV [ E cuae’ 47.24G0V
n Resolution(c): 2.96% 180 X/ Resolution(c): 2.98% A Resolution(c): 2.10% r '\ Resolution(c): 1.76% r Resolution(c): 1.60%
401 160 300 400 80
e T 44 250 a [ e [
Sa0f 820 5 B00F 560
S I 0o 0 S St
201 80 150 200r 400
L 80 r L
E 100 ¥ [
10 40 100~ 20
. 20 50 [ [ j .
ot 0 50 e > maemenl o Liotina : ookt OG5 58 106108 T Tta
3000 4000 5000 6000 7000 8000 4J0a20040MG0AB0G00B20B405605600 80008500 9000 9500100000500 100011500 1800070001600 90020002 100220023000 34 500620001004500MB00RDOVRZ0CEHOCAE000 Energy(MeV)
Energy(MeV) Energy(MeV) Energy(MeV) Energy(MeV) Energy(MeV)
8 100 E . ENSrgy LISHOUtion
E poan 149.0G6V [ E poan’ 197.0GeV 90F Epgun’ 23.0GeV < %0° Er 14
70| W Ecopay: 142.31GeV 8 E oy’ 189.41GeV 80F E ooy 232.33GeV i‘ o o ‘ _)?3 .
N Resolution(s): 1.41% 801 Resolution(s): 0.98% 3 Resolution(s): 0.89% e o Mean x 6.625
60 | [ 708 = o] o Mean v 1 508,04
L E U
250 260 2% B 4ne o)
5 50 350 ‘ o (o}
84 N Caf (o)
20 “r i
[ 305 o
20 20} 20: 10 (o]
10 [ 10 , o
ey 10" gl k1 Qbsluabd A0 (o]
%20 130 140 150 160 170 060”170 180 200 210 220 230 200 21022°Eﬁ3? 22‘“2 2\/5)0 260 270 280 o
Energy(MeV) Energy(MeV) orgyie
10 . . .
0.5,1,1.5,2,3,4,5GeV @ PS Longitudinal profile
N PPN EPEPEPE IR RPN PP P RSP
5, 10, 20, 50, 100, 149, 197, 243 GeV @ SPS 0 2 ' C E 10 12 14

G. Ambrosi



Test beam activity at CERN: electrons

- S ]
- v i
) Y Beamtest Data 5T
10°F ® =
%‘ - O Simulation ® .
S | Y ]
(&
c 10F s E
3 I o ]
2 | ® ]
L o
i ® i
10-1 | — |
10" 1 10 10?
Energylincident(GeV)
—_ S beamangle(electrons,ExternalTrigger)
X 45 e odegree |
~ = 5degree
C 4 A 15degree ...............
8 3.5 v 30degree
=
B 3:_ .....................................................................
8 2_5;._" ....................................................................
o =
2:._!.i ..................................................................
1 5.:_A..T ....... e, oo Y e,
’ E A . v b4 :
15._ ....................... @eccecereccicentcaccaanan PO .. .....
05:._ .....................................................................
E L I ' 1 l ' ' ' ' I 1 ' L ' l L ' ' ' l L
® 50 100 150 200 250

BeamEnergy (GeV)

G. Ambrosi

pARK MATTEY

DAMI E

» <
4 R
X 7rcyg pxrLd

PRELIMINARY

IIIIIII|III|III|III|III|III|III|III|III

I IIIIIII

I IIIIIIII I

v BeamTest Data:

o Simulation:

I IIIIIII

I_
0, _ 00606 @0.0203 ©0.0082 1
E JE/GeV ~E/GeV
o, 00611 _ 0.0147 ©0.0088

E JE/GeV E/GeV

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

IIIIII\| L1 1|

—
<

1

10 10?

EnergyRec(GeV)




DARK MATT

panid4 / painsea|p

Energy Resolution

[est b tivity at CERN: i -
.1,,”“ S ““‘
est beéam acCtivity 4 . 10NS |
. Sl
FlrstLayeM/ﬂ PsofBar = : —
q —_— E ' "i,¢
_.u_? — He . o) 80_ ce@anaraadnannarasl T S i = .,"’,3—1
3 160 — Nal Al - LA s F : ¢ . . A
o C D Li Be B C N O FNe Ar — 2 ndt 0.005877 / 2 - ¢
| -_— —0.8
a0 ® ,F ] Prob 0.9971 | ... i
- I & EqPO 0.8856 + 1.549 i g
— ‘ ‘? 50 p1 4584 +0.3644 et =
120 — | o F gt t —_0.6
| 1 O ok e
— o o §
: L o w i E wf o o4
— o =)
80 :— Il 1 v ‘]lm i P v 20;
60— v J m] v 105
= ST A,
— v | 2 4
i W
[ q X ’ [
2of s BGO "k
0 ' T M\H PR ST S T ST SN ST NN N TN ST SN S NN ST SN NN SN NN NN NN SN AN NN m’d\l.ln. ke 0 o2le 1o
0 10 20 30 40 50 60 70 80 90 100
sqgrt(Energy(MeV))
Total Energy in the BGO (MeV) 20 .
-§ : = 1 - @ 40 GeV/n N gt
1.4— — '
8 C Mg24 el Reconstructed Energy B . '
S12— > ) ' -
e L ¢ w=(@=Sigma N
Z2Fr l 220 A
1— I ] a(@mEnergy Resolution - L T ey
0.8 i w 150 :
046; ? WM
! 0.10
0.4 50
0.2 0 0.00
0 5 10 15 20 25 30 35 40
o BEY s T x10°
100 200 300 400 500 600 700 800 900 1000 A
Energy(MeV)

G. Ambrosi



2400
2200

1800
1600
1400
1200

800F

600
400
200

2500

1500

STK resolution after alighment

residuals x z -210_mm

o=77pm
mean=7um

" L P dd
.6 0.4 0.2 0 0.2 0.4 0.6

Residual (mm)

residuals x z -111_mm

.6 -0.4 -0.2 0 0.2 0.4 06

o=48um
h mean=2um

Residual (mm)

G. Ambrosi

residuals x z -176_mm

3000p- o=48um
- n mean=-2um
2500_—
2000
15005—
10005—
500(
: . AP B e
O3 02 0 02 04 T
Residual (mm)
residuals x z -79 mm
¥ o=41pm
3000
- n mean=-1lpm
2500
2000}
1500}
1000
500
:..I.. T PREPE TR
5392 o 02 04 76

Residual (mm)

“h"“ MATT“-k

DAMI E

» *
4 <
X 7rc; p pxrtOg

residuals x z -144 mm

X o=48um
3000
- n mean=-1lpm
2500
2000
1500
1000
s00f-
:. PR (AR IR
®5—07 02 0 02 04 0
Residual (mm)
residuals x z -46_mm
2500F
i o=68um
s mean=-3um
2000 N
1500
1000
500/
. aa s b oo L
5% 02z 0 02 04 —7s

Residual (mmv)



The launch: Dec 17th 2015, 0:12 UTC
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DAMPE Satellite

* Launch: December 17th 2015, CZ-2D rocket
— Total weight ~1900 kg, power consumption ~640 W
 Scientific payload ~1300 kg, ~400 W
— Lifetime > 3 year

Altitude: 500 km
Inclination: 97.4065°
Period: 95 minutes
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Orbit: sun-synchronous
12 GB/day downlink

o WA
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Dec 24th 2015: HV on

330 GeV electron

|
<< First < Previous 4911 Next > Last >>
Goto
Colors: 01 02 03 04 05 06 07 08
Stereo Effects: Red Cyan Red Blue Active Passive No Stereo
Advanced Show: Show Trajectory Start Animation Continuous Animation
File Name(s):

../display/20151224_2A/DAMPE_OBS_20151224B012559_RECO5000.root

Event Number:
4911

Time Point:
01:28:17.746, 24/12/2015

Total Energy:
328.276531 GeV

Direction:
Theta: 31.3 deg, Phi: -13.0 deg




Dec 24th 2015: HV on

12 GeV proton

Z-X View Z-Y View

<< First < Previous 160 Next > Last >>
Goto
Colors: 01 02 03 04 05 06 07 08
Stereo Effects: Red Cyan Red Blue Active Passive No Stereo
Advanced Show: Show Trajectory Start Animation Continuous Animation
File Name(s):

./display/20151224_2A/DAMPE_OBS_20151224B012559_RECO02000.root

Event Number:
160

Time Point:
01:26:05.040, 24/12/2015

Total Energy:
12.452557 GeV

Direction:
Theta: 44.6 deg, Phi: -91.2 deg




Dec 24th 2015: HV on

1.3 TeV carbon

<< First < Previous 1965
Goto
Colors: 01 02 03 04 05
Stereo Effects: Red Cyan Red Blue

File Name(s):
Event Number:
1965

Time Point:
01:26:56.936, 24/12/2015

Total Energy:
1306.882750 GeV

Direction:
Theta: 26.8 deg, Phi: -45.9 deg

WwE G,

Advanced Show: Show Trajectory Start Animation

Continuous Animation

../display/20151224_2A/DAMPE_OBS_20151224B012559_RECO5000.root




Trigger rate in orbit
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~50 Hz average trigger rate
- 100GB/day on ground (about 4 M events)
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STK noise behavior

| Entries 73728 |
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STK signal on all ladders
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More on-orbit performance plot
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Electron identification

One possible “shape parameter”
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On-orbit energy calibration

e® rigidity cutoff with 1 month statistics
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All-electron spectrum

= Measure the all-electron flux up to about 10TeV
= Measure with high accuracy the sub-TeV region and the possible cut-off around one TeV
= Detect structures in the spectrum due to nearby sources and/or DM induced excesses

= Detect anisotropies at high energy
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_Identifying protons and nuclei
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Photons
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Summary

The detector

 Large geometric factor instrument (0.3 m? sr for p and nuclei)
* 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)

* “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

* Absolute pointing cross check by use of the photon
map

| o
Stay tuned for physics results /’

DAMPE in the.sky




