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China Deep Underground Laboratory

“" :
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Indirect detection

(Annihilation)

““Direct detection
Experiment: Xenon, LUX, DarkSide, PandaX, CDEX...
(Scattering)
XtpP—=X+p

pTp=2XtX

(Production)
Experiment: LHC...

Particle Collider

=MEENAER )

Experiment: AMS02, Fermi LAT, ..., DAMPE...
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PAMELA experiment

e —
| Time-Of-Flight
plastic scintillators + PMT: g
- Trigger -~
- Albedo rejection; L
- Mass identification up to 1 GeV; ~

- Charge identification from dE/dX

Electromagnetic calorimeter
‘W/Si sampling (16.3 X0, 0.6 AI)

- Discrimination e+ / p, anti-p / e~
(shower topology)

-
- Direct E measurement for e
Neutron detector
- High-energye/h
discrimination
Spectrometer
microstrip silicon tracking system + permanentmagnet
Itprovides: GF:22.6 e st
- Magnetic rigidity - R=pc/Ze [ i——
- Charge sign Dimensioni: 130 x 70 x 7o cm?
- Charge value from dE/dx Power Budget: 360 W

PAMELA
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o HiLiE+EREDS

The Fermi LAT

+ 18 x-y layers of silicon strip detectors
+ Used for direction reconstruction and
particle identification

+ The Large Area Telescope (LAT) is one
of two instruments on the
Fermi Gamma-ray Space Telescope

+ The LAT is a pair conversion telescope

Anti-coincidence Detector (ACD)

+ 89 segmented plastic scintillating tiles
- Used for particle identification

Calorimeter (CAL)
+ 1536 Csl(Tl) crystals arranged in 8 layers
- Hodoscopic, image shower shape and profile
« Used for energy measurement

e

NUCLEON apparatus is placed on
board of the RESURS-P regular
satellite as an additional payload. The [
spacecraft orbit is a Sun-synchronous
one with inclination 97.276< and an
average altitude of 475 km.

Lanched December 28, 2014.

From July 2015 up to now - regular
measuremetns.

The planned exposition time is not
less than 5 years (more expected)

Vessel:
Weight ~360 kg

Power consumption ; r G— -
~160 W _E,_ ?
Telemetry —~10 GB/day o 2

NUCLEON mission

3

The NUCLEON detector on board of the satellite RESURS-P N2,

onwcer s DAMPE

Tracker

r

Neutron Detector

BB T A SRR B AR FE 2, #RH 6



&P B 3R A 22

.« SEBRRSRINE Hb 5
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mE s BUE e e sume e aimg

(m*St) (@ REE) @100Gev
PAMELA T £ 0.002 17 12% 2006.6
Fermi-LAT D& 2.4 8.6 8.5%  2008.6
AMS-02  ZT[EJy5  0.05 17 2% 2011.5
CALET  =Z[E¥y 0.1 28 2% 2015.8
DAMPE DE 0.3 32 1% 2015.12
DAMPE: WS K. HEReX R
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BURETFRADE (152S) o izeze

DAMPE : DArk Matter Particle Exploges¥

st O

. ‘ 1 . 1.858
> 500km orbit R

» e+/-,gamma-rays

MyBH-HB]IRIF

» 5GeV to 10TeV

> 1.5%@800GeV

» Total weight:~1.4T
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« Plastic Scintillator Array

— Response : Z=1~20

— 12 layers Si-strip detectors
« BGO Calorimeter

— 14 layers BGO crystals

— ~32X, -5
* Neutron Detector

— Plastic scintillator with Boron

/55 e
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Latitude
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| anaitude

~50 Hz average trigger rate
- 100GB (H.L.)/day on ground (about 5 M events)

11

BB T A SRR B AR FE 2, #RH



ANHLPE

Counts

10°

10°

10

10°

1072

| | | |
01/01/16 01/04/16 01/07/16 O1/1

SRR AR =

E e - — —
L ]

NN Iz - AllCounts
_ &it¥: ~5,000,000/ 3
—— o | . y y = Counts_LT500GeV
[ - Counts_LT1000GeV
— Counts_ L T10000GeW
: Counts_GT10000GeV
1; P -
15 o e = SRR T SRS eSS
I -
= >10TeV,
E oz e S0 2
— I I I I I

BB T A SRR B AR FE 2, #RH

| | | | | | |
0/16 31/12/16 01/04/17 02/07/17 O01/10/17 31/12/17

Time (Day/Month/Year)

12



SUREEURES

|
|

: Calibration : Reconstruction Analysis
|

____________ I S S S S SR e e e e e e e e

| | r I
: | L1 [ t | |
1) | psDcali | 1! | | PSDrecon | | ] Merit -)| STK topology | |
1 I I |
I 1 i t | |
¥ S + | |
I | : . |
1 STK Cali : : i | STK recon : : Energy analysis BGO topology | |

| [ | |
I L | } | |
¥ I =% I i % i | 1 |
: | ol i [ | |

| s L] ! I | ; Event

= ; |

: ' | BGO Cali i : ! | BGO recon | || Track analysis classification | |

| | | |
1 A e S B '
i : : I : | :
I — | [ } | .
I | NUDCali |1} | | NUDrecon | | | [ |
1, | i ] I | analysis |
I B o i i i i I A i i e e e |
|

|

L

. L

Definition of standard et classes

BB T A SRR B AR FE 2, #RH 13




PSD R R

g F
§ 0.998%‘”" i i f
= E Y
W go9g— I + +T 1 [
- l . e LT 5 _”l% N
0,994_,.._.+ r’w I ty ++T++ 41L ~HJ1 ! ‘T
- B ] g
0.992f—-| !
0.99F- J T
0.9882_ e Top layer
0.986—
PYT Y| TR — - Ebars05MeV | o1
0.982)
R B I R R R
PSD Bar
BGO &=t #s 1IMIPsii
0.06
0.05

o
o
B

o
o
o

Normalized Entries
o
o
w

IIII|IIIIIIIIIE[III'IIII'IIIIII

; P R I
1000 1200 1400

600 800

[ SRR ¥ R W}

450 —— P M —30.6
- :——noise>5 ADC e
400 [ — 10>n0|se>5 ADC‘ De¢ 30 2015 Jqu 3 20’17 E
o PPN —jos
350 [— E
. E Number of n0|sy channels _
® 300 . : =Ho4 2
E : : 1 =
g 250 b Iy : S
5 E ; - K 03 ©
5 200 = > : ~~~~~ i PR 5
= E E : - B
S 150 M e : :0_2 =
TS S e e ’ F -
- S e e i i o S S s
oEJiFimMiaimigigl Aisi ol Ni DI gi Fimi Al M
ok S S U S S S T S S T N S PR NP 1N
() 100 200 300 400 500
Noise Runs
A} N
ST B 3
> ]
Q - i
S 5
S === 7
= - H
5 :
0-8_ .............
0.6—
[ — Data, inclu. SAA; ovérall§ effiQier{cy =096.7 %
04—~ Data, exclu. SAA, overall'e =67 %
. —— MC, overall efficiency =/98.6
0.2_ ...............................
0 I S I R B
10° 10*

BGO corrected energy [GeV]

BB T A SRR B AR FE 2, #RH

14



BGOE RERTEIARE

@
=]

@
o]
=
EGG

0 [— |sTkaoc |
L |ecoenery i | T —

| |eco:sey
[ | 1.4
200 1.2
1
0.8
0.6
400 0.4
0.2
0
j G ki . 3 bk 500
1] |
-150 -100 50 1] 50 100 150 — I8-1]()
longtitude
10e s60|- < Simulation
= — 0.2<8,,<0.3 *M I P L H H
g N e tt d * Flight data
_ s ‘MIPs vs. Latitude - Fis
e -~ 0.4<8,,<0.5 0r
— o — 0.5<8,,<0.6 =
= 2 - S ®
%10—1 0.6<6,,<0.7 % 320 &8 *
= Z —0.7<6,,<0.8 g’ C 95 kS s s *
P - 0.8<8,,<0.9 & s00f- s
5 E —0.9<6,,<1.0 L
C}l F [
E . 280
=0 = B
= E B
|_|__47 2aol o .
10 = . oinaE
© 0.02
= 3 GmE
i ‘B 0E bt - w »
il g oo 2
Sl L Ll L L *0»035 = - hd
1 10 102 ¥ 1 S —
Energy(GeV) Magl atitude(rad)

BB T A SRR B AR FE 2, #RH 15




| |
| |
: Calibration : : Reconstruction : Analysis
| |
____________ I s s s e e e e e e e e

| | [ |
: | 1 : | ' | |
| || PSDCali | 1] I | | PSDrecon | I | Merit -;| STK topology | |
1 [ I |
|| i B t i i
| I b | :
L o T L T | _ . |
I STK Cali T 1 1 | STKrecon | | i i | Energy analysis BGO topology | |
| := I 1 1 g : :
N S S S 1
: ' |1 1 L ' :

| 2 Ll I ' | : Event

~ |

: L BGO Cali | : : ! BGO recon := : I'rack analysis Alrcsificatini I

I 1 I
J I I e T | '
I : : (I t : | :
1! - | 1! | I e
1! | NUDcali [} 1! | NUDrecon | 1 | R |
1 H 1 ' | analysis |
| I..____________.!I 1 1_H_u_u_u_u__.[| o e i i 1
- i - I

(=

Definition of standard et classes

BB T A SRR B AR FE 2, #RH 16




Counts

1 L | | L L I i L Il L | i I 1 Il | 1 i | i l L | i | i L | Il I

0 5 10 15 20 25 30
Charge

A (PRS0 2

i
EmERn
bt LT

The Legend Title
m AllofEvents
ey, o Events w/ GoodTrack

=,
IIIII|'|T| TTT

g
Y

8]
10° 0
%] Eo
‘q; C
5 10°
0
i &)
0* 2,
102 C'.
ol |
10 Q!

1 cvnd el el vl ol ||||||||<%f Lol

107! 1 1Energynegg;ition in B%Cal {GBW 10 1

<

HEE (EHEAY)

han ), BB T A SRR B AR FE 2, #RH 17



Mg 5 T U

Top view

25 GVic e+
(vertical cutoff)

10.99 GVic e-
{vertical cutoff)

- C —

Ttracer- - :

i i i i i i i i |
Energy (GeV)
FHEZBT SRR PR FE 2, HkH 18




| | | |
| |
: Calibration : : Reconstruction : : Analysis :
| | |
| sl | Possssssssss] | PR e e e R |:
| T b I . {
1 PSD Cali ' 1 , | PSDrecon ' 1, Merit —4 STK topology | ||
1 [ (I |
T i1 I
1| i 1| : I 1
|| o ! I b I i
I STK Cali : : 1 1| STKrecon | | i I 1 |Energy analysis BGO topology | ||
| I I |
: | 1 L 1 L | I:
R R S ! 1 i
I ! I " I '
I : BGO Cali I' I i BGO recon t' I | Track analysis - I
1! A ! 1 1! classification | 1
|| iL + I | b 1| ¥
[ : 1 ﬂ } (I & N
1! i :: 1! :: 1! v /CPF N |
1! | NUDCali |1 1 ! | NUDrecon | | 1! . '
P! i1 P! i ! analysis l
i I 1 | | il | I I
i o oy o o i I | OO G - i O S P O U WO 11
| , | , | ! |

Definition of standard et classes

BB T A SRR B AR FE 2, #RH 19




Nops (B, E + AE)

®(E,E + AE) =

AE Ajﬂexp Aeff Ctrig

d = Absolute differential flux (m-2sr -1 GeV-1)
Noos = Number of observed events

ATeyp = Exposure time (s)

A.s = Effective acceptance (m2sr)

Eu.g = Trigger efficiency
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