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Introduction

The DArk Matter Particle Explorer - DAMPE

DAMPE is a high energy astroparticle satellite launched on December 17
2015 into a sun-synchronous orbit at the altitude of 500 km.
Key scientific objectives:

Dark Matter search

Indirect Dark Matter
search.

e DM + DM —

wv;;r)e(X _ Cosmic and 'y ray physics

(v, Zo, H) or @ Cosmic ray physics. DAMPE can provide
measurements of various nuclei fluxes to better
understand the origin and the acceleration of cosmic
rays.

other new
neutral particle;

@ DM decaying in
charged
particles.

@ v ray physics. DAMPE can reveal the engimatic
nature of high energy y-ray phenomena, especially
> violent GeV-TeV transients;
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Introduction

The Detector

@ A Plastic Scintillator Identify Z -
strip Detector (PSD); e 7, tracking, y conversion
@ A Silicon-Tungsten | =
TracKer (STK); [~ -
@ A Bismuth
Germanate Oxide
Calorimeter (BGO); NUD

discriminate e/p

@ A boron-doped
plastic scintillator
serving as a NeUtron
Detector (NUD);

E of e+,e-y, il
hadrons WA

DAMPE can perform the measurement of y rays and e from 5 GeV to 10
TeV with og/E ~ 1.5% @ 100 GeV (TB result), and of charged cosmic
nucleis up to 100 TeV.
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Introduction

The Silicon-tungsten TracKer converter

STK has been designed to measure charged particle tracks, to convert v into

e+

cosmic rays.

STK consist of:

@ 7 support planes, 3 with Imm
thick W inside, forming 6
tracking double layers;

@ 192 /adders, 16 on each
sensitive face (12). Each
ladder is made by 4 SSD
320umx9.5mm x9.5mm.

,€  pairs in order to measure the photon direction and to measure the Z of

y X
z
Charged particle

w \\ L
AN A
converter AV 24

@ 1 ladder has
768 strips;

@ every other
strip is r/o,
total 384
(6x64).
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STK Calibration for Z = 1, 2

Equalize the response of the chips

The charge resolution of the tracker is degraded by a number of detector effects
that need to be taken into account and corrected for.

The In-flight VA response equalization of the Tracker is done using the statistics
accumulated over 2 months of operation.

Maximum of Landau conv with Gaussian noise function for Signals of Z = 1

)
S
3

E X? I ndf’ 54,76 / 45
B E Prob 0.1511
,,,,, 800 Constant  62.08 £ 2.51

E Mean  52.02%0.05

e 700 — Sigma 1652 + 0.044

600 Maximum E of VA before eq. X2/ ndf 12.99/7

- Prob 0.07242
N B 500 Maximum E of VA after eq Constant ~ 923.5 + 40.4
Mean 51.99 + 0.00

Sigma  0.1241% 0.0035

Figure: Signals of Z= 1 particles

7

57

collected in the 6 VAs of a Si ADC count
ladder. The fit is done using a
Landau convoluted with a Gaussian
noise function.

Stefania Vitillo University of Geneva

Figure: Equalization of 1152 VAs (192 ladders x
6 VAs, corrVAgactor = Eq.parameter/Maxg,,, )
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STK Calibration for Z = 1, 2

1: a variable used to know the impact position

The cluster amplitude depends on the impact position of the particle on the Si
sensor and on its inclination.

The variable n divides signals generated by a particle impinging on readout strips
and signals generated by a particle impinging on floating strips:

where S; and S» are the two channels with highest signal in the cluster, identified
by their readout channel.

Incident particle

48 pym 2500
—>

r/o 2000

floating

1500

1000

500
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STK Calibration for Z = 1, 2

Event sample selection

@ Flight data from

@ Fiducial volume cut: projection of STK track

27/12/15 to on BGO [-280 mm, 280 mm];
30/06/2016, not in @ Geometrical acceptance of STK track on PSD
SAA; [-410 mm, 410 mm];
@ Not in pole region @ Match STK-PSD within 15 mm;
(80° < [geon| < 90° Correlation PSD
excluded);

@ Selecting only events
with Eec in BGO> 10
GeV;

@ Only one track in the
event, at least one PSD
hit, Eyec in PSD > 1
MeV;

@ Selecting only tracks
with at least 5 hits;
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STK Calibration for Z = 1, 2

Charge sample selection

X 0
PSDy,ycharge = max X €05(Oazimuth)

E|

MIP 3 5.769€+05 £ 686.6
MPVpso,  0.9827 + 6.885e-05
Oso, 005334 £5.137e-05

Correlation PSD

10
MPVpso 09882 £ 7.026e-05
Opso,  0.05434 £ 5.142e-05

10 7

10

10

B )/ ndf 1219/ 889
24.7 +0.4195
3.115 £ 0.002217
0.1699 + 0.002361
3.112 £ 0.002116
0.1621+ 0.002068

@ Select Z =1, 2 through 2D
Landau:
MPVpsp, ;) — OPSD, ) <
PSDy(y) < MPVpsp, ) +0psD,

@ Select Z > 2 through 2D
Gaussian: HPSD,(y) — OPSD,(,) <
PSDx(y) < HpsD,,, + OpsD

()

x(y x(y)
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STK Calibration for Z = 1, 2

Charge measurement in STK

The parameter to - :s;io;al B gf;
identify the Z in STK is 10" 74 _7z.5
the truncated mean F Z=6 z=7
defined as: 103; He —Z=8
St = i

T 10°

T IIHIII[

where n is the number

of clusters entering the 10
truncated mean

calculation and S; the

signal of the cluster.

T IIIIIIII

_.
© T

@ VAs showed to have a saturation and therefore a change of gain
after O = different calibration after O has to be implemented. J
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STK Calibrati

Dependence of signals from impact angle and n for Z =1

Cluster chargevs n forZ=1, IBxyl <5°
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Cluster charge for 0.40<n<0.42,Z=1,[8, y| <5°

£ Entries 49797
Mean 3015
Std Dev 1677
X2 1 ndf 1756140
Prob 0
L PO 222240026
E pL 31184005
p2 4.89e+04 = 2.24e+02
r p3 4277 0.038

1000

500

1
Entries. 89834

Mean 5828
St Dev 1945
X ndf 20171120
Prob o
424420028

45482004
9.07e+04 % 3.09¢402
3.923:0055

|
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STK Calibrati

Dependence of signals from impact angle and n for Z = 2

Cluster charge vs n for Z =2, IBxyl <5°

Stefania Vitillo

Cluster charge for 0.44 <n<0.46,Z=2, 6, y| <5°

Entries 22352
Mean 2181
Std Dev 80.29
X2 1 ndf 203.3/106
Prob 4145008
PO 22184038
pL 1606205
P2 2.326+04 = 2.908402
3 0.01285 + 0.29353

£
1535022
290202
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STK Calibration for Z = 1, 2

Dependence of signals from impact angle and n

Energy vs m, Z = 1 When the IP is close to the floating strip

g™ : the charge is shared with the 2 neighbour
110 . . .
: ’ strip that collect about 65% of the orig-
inal released charge. If the particle hits
. the readout strip almost all the charge is
F collected.
E ¢ 2 . S o4 Corr factors for 30°< [0 | < 35°
SERASALI LT IE0Y A 3 =
E e s ; fad=", E
E o oz 3 o o‘sn i e v::::‘:“. :
. ; vvvivy .
2 F 3 v He
Fi In first approximation the correction fac-
L F8coesspopapetdssdl .
& A ET S tors result similar for Z = 1 and 2. As-
F LRl . . . .
E SRR suming that this is true also for higher
E ‘ ‘ ‘ ‘ Z, the He correction factors are applied
0.1 0.2 03 0.4 05
" up to O.
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Conclusions

Conclusions

@ The equalization of all 1152 VA chips of STK ladders was performed,;
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@ The equalization of all 1152 VA chips of STK ladders was performed,;

@ A procedure to correct signals of cosmic rays as a function of the
impact point and angle of the incoming particle was studied;

@ As a first approximation, calibration parameters computed for He
were applied to Z > 2 until O;

@ Thanks to the calibration procedure the identification of ions for
Z > 4 improves; this aspect is very important in CR physics (ex.
B/C ratio etc.);
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impact point and angle of the incoming particle was studied;

@ As a first approximation, calibration parameters computed for He
were applied to Z > 2 until O;

@ Thanks to the calibration procedure the identification of ions for
Z > 4 improves; this aspect is very important in CR physics (ex.
B/C ratio etc.);

@ The correction factors for also the other ions are under study in
order to improve the charge resolution thanks to the increase of the
statistics (here 6 months of flight data with a tight cut selection are
shown).

Stefania Vitillo University of Geneva

Nuclear charge measurement using the DAMPE Silicon-Tungsten Tracker 15/16



Conclusions

Conclusions

@ The equalization of all 1152 VA chips of STK ladders was performed,;

@ A procedure to correct signals of cosmic rays as a function of the
impact point and angle of the incoming particle was studied;

@ As a first approximation, calibration parameters computed for He
were applied to Z > 2 until O;

@ Thanks to the calibration procedure the identification of ions for
Z > 4 improves; this aspect is very important in CR physics (ex.
B/C ratio etc.);

@ The correction factors for also the other ions are under study in
order to improve the charge resolution thanks to the increase of the
statistics (here 6 months of flight data with a tight cut selection are
shown).

@ More calibration methods are under study to improve the charge
identification for ions heavier than Oxygen.
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DAMPE more in detail

The PSD has a double layer
configuration and 82 detector
modules totally; each module
has a long plastic scintillator
bar of 884 mm with a 28 mm
x 10 mm cross-section;

The BGO Calorimeter is
composed of 308 BGO
Crystal bars 2.5 cm x 2.5 cm
x 60 cm each;

@ BGO Depth: 32 Xg, 1.6 A;

@ NUD 30 cm x 30 cm x 1.0
cm block of Eljen
Technologies EJ-254

boron-loaded plastic
scintillator.
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Conclusions

Seint. 165. 0mm
Strips ;
By 3 +10nm
Si Tracker —————————1i60.0m S
21 '
T 3 15um
Calorimeter 492. 0mn
1 80.0m

Neutron

Detector

DAMPE geometrical acceptance: 0.29 m?sr.
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Conclusions

Gain of the VA
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Conclusions

Energy distribution in PSD

LEL b IR LL
14 16 18 2
PSD

X

0
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Conclusions

Dependence of signals from impact angle and n for Z =1

Energy vs n, |6Xy| <b5°forz=1

0 v e b b b by b v L L L
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
n
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Conclusions

Dependence of signals from impact angle and n for Z=1

Cluster charge vs n forZ =1, |9Xy| <5°

10*
@ Each track has two
projections: one on the xz 0
plane, one on the yz plane
and two angles between the 10
z coordinate: 65 and 0.
10
EHH\HH\HHMHw\mm\uH\HH\HH\HH\HH 1
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 05

n

Energyfor0<n<0.12,2=1,p,_|<5 Clustercharge for 040 < n<0.42,2 =1, B, | <5°

Once VA equalized all the 192 @ We can clearly see a different signal
ladders, we summed all them amplitude as a function of 1 and Oy y.

together.
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Conclusions

St after application of 1 correction factor

H
L —S total —Z=1
104 —Z=2 —Z=3
3 Z=4 —2Z=5
C Z=6 Z=7
i He
10° -
1025—
10
1=

10
S;

Figure: Remind: for H it was used a different set of 1 equalization parameters.
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Conclusions

Number of nuclei collected with thight selection

| PSD | STK (no shower no fragmentation)

Ng | 417361 407749
Nue | 17675 17572
Npi 2890 2785
Nge 3804 3644
Np | 14109 11209
N¢ | 47046 22343
Ny 2908 716
No | 22243 1050

Table: The number quoted are very rough, estimated from an integral, not
from a fit.
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