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The Alpha Magnetic Spectrometer (AMS) 
M. Pohl, F. Cadoux, M. Habiby, C. Leluc,  
Y. Li, M. Paniccia, D. Rapin, P. Saouter 
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AMS in 2013 
•  Presentations at ICRC 2013: 
•  Precision measurement of the positron fraction in primary 

cosmic rays of 0.5−350 GeV 
•  Precision measurements of the electron spectrum and the 

positron spectrum with AMS 
•  Precision measurement of the e– + e+ spectrum with AMS 
•  Determination of the positron anisotropy with AMS 
•  Precision measurement of the proton flux with AMS 
•  Precision measurement of the Helium flux with AMS 
•  Precision measurement of the cosmic Boron-to-Carbon 

ratio with AMS 
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Positron Fraction 

From: Kounine et al., ICRC 2013 
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Nuclear Charge
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Nuclei: Relative abundance 

No correction for fragmentation 
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Helium Identification 

Marion 
Habibi 

0.0 < |θM| < 0.2 
0.2 < |θM| < 0.3 
0.3 < |θM| < 0.4 
0.4 < |θM| < 0.5 
0.5 < |θM| < 0.6 
0.6 < |θM| < 0.7 
0.7 < |θM| < 0.8 
0.8 < |θM| < 0.9 
0.9 < |θM| < 1.0 

Rate of He nuclei above cutoff, for 
several geomagnetic locations 

High latitude 
(low cutoff) 

Equator 
(high geom. cutoff) 

(R = p/Z) 
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He-3 and He-4 separation 

Yang Li 
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Selection of tracks with Z=2, 
above geomagnetic cutoff  

Inner tracker rigidity (GV) 

Z=2 particles,  
below cutoff  
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He-3 and He-4 separation 

He-4 

He-3 

Mass  (Gev/c2) 
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Solar Physics 

Mercedes  
Paniccia 
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Modification of geomagnetic field 
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POLAR: a Gamma-Ray 
Burst Polarimeter in space 

M. Pohl, S. Orsi, M. Paniccia 
F. Cadoux, N. Produit, N. Gauvin 
 

Univ. Geneva 

ISDC Geneva 

PSI Zurich 

IHEP Beijing 

NCBJ Warsaw 



Page 13 

Silvio Orsi 

DEPARTEMENT DE PHYSIQUE NUCLEAIRE ET CORPUSCULAIRE 

!

POLA
R

Eu
ro

pe
–
Pro

gr
es
sRep

or
t

POLA
R

DPNC
ES

PR
00

5
00

5
A
tm

os
ph

er
ic

Ea
rt
h
sc
at
te
rin

g

W
he

n
th

eph
ot

on
spr

od
uc

ed
by

aGRB
ar

riv
eto

th
eEar

th
,t

he
y
ca

n
sc
at

te
r

on
th

e
Ear

th
at

m
os

ph
er
e

an
d

be
se
nt

ba
ck

to
th

e
int

er
pl
an

et
ar

y
m
ed

ia.

POLA
R,fly

in
g

in
a

low
Ear

th
or

bi
t
at

an
alt

itu
de

of
ab

ou
t
40

0
km

,ca
n

re
ce

ive
so

m
eof

th
is

ba
ck

sc
at

te
re
d
ph

ot
on

s(se
efig

ur
e18

).
Eve

n
if
th

ein
iti

al

GRB
sig

na
lwas

no
t
po

lar
ize

d,
th

e
Ear

th
-sc

at
te
re
d

ph
ot

on
s
ac

qu
ire

so
m
e

po
lar

iza
tio

n
th

ro
ug

h
th

esc
at
te
rin

gpr
oc

es
s.

The
re
for

e,
th

ey
ca

n
co

ns
tit

ut
ea

ve
ry

da
ng

er
ou

sso
ur

ce
of

ba
ck

gr
ou

nd
for

POLA
R,t

ha
tne

ed
sto

be
ca

re
fu
lly

stu
di
ed

.
W

e
ha

ve
us

ed
th

e
pla

ne
toc

os
mics

sim
ul
at

ion
pa

ck
ag

e
[6]

th
at

ha
s

be
en

de
ve

lop
ed

us
in
g
GEANT4

to
re
pr

od
uc

eth
eEar

th
with

its
at

m
os

ph
er
e

an
d

m
ag

ne
tic

fie
ld
.

Fi
gu

re
18

:
Sc

he
m
at

ic
re
pr

es
en

ta
tio

n
of

GRB
ph

ot
on

s
in
clu

di
ng

th
e
Ear

th

sc
at

te
rin

g
e�

ec
t.

The
pla

ne
toc

os
mics

sim
ul
at

ion
s
ha

s
be

en
sli

gh
tly

m
od

ifi
ed

to
pe

rfo
rm

ou
rstu

dy
:ade

tec
tin

gsp
he

re
ha

sbe
en

in
clu

de
d
to

re
pr

es
en

tth
epl

ac
ewhe

re

POLA
R

is
loc

at
ed

.Its
ra

di
us

an
d

co
or

di
na

te
s(a

lti
tu

de
,l

at
itu

de
an

d
lon

gi-

tu
de

)ar
egiv

en
by

th
eus

er
in

a
m
ac

ro
.All

ph
ot

on
sth

at
en

te
rin

th
esp

he
re

ar
e

re
co

rd
ed

int
o

a
ROOT

tre
e

(ty
pe

t0
)
th

at
is

us
ed

as
an

in
pu

t
to

th
e

POLA
R

sim
ul
at

ion
pa

ck
ag

e.
In

th
e
pla

ne
toc

os
mics

co
or

di
na

te
sy

ste
m

th
e

ce
nt

er
of

co
or

di
na

te
sis

at
th

ece
nt

er
of

th
eEar

th
,a

nd
th

ez
ax

is
is

po
sit

ive

in
di
re
ct
ion

to
th

eEar
th

Nor
th

po
le.

The
GRB

ph
ot

on
sar

eco
m
in
g
alw

ay
s

with
m
om

en
tu

m
�z

an
d

di
str

ib
ut

ed
ov

er
an

ar
ea

of
ra

di
us

lar
ge

rth
an

th
e

Ear
th

’s
ra

di
us

,a
nd

alt
itu

de
hi
gh

er
th

an
th

ede
tec

tin
gsp

he
re

alt
itu

de
.A

co
-

or
di
na

te
co

nv
er
sio

n
is

do
ne

for
th

eph
ot

on
sre

co
rd

ed
in

th
ede

tec
tin

gsp
he

re
,

Apr
il

23
,2

00
9

21

POLAR 

Prompt emission 

26kg, 40W Gamma Ray Bursts 

Launch in 2015 onboard the Chinese Spacelab TG-2 
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1600 plastic scintillator bars 
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Why polarization? 

Horizontal polarizer 

Vertical polarizer 

Visible light X-Rays 
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Space Qualification 2013 
Static accel.  

(ESTEC, ESA) 
Vibration (Terni, Italy) 

Shock 1 (Terni) 
EMC (Terni) Shock 2 (Valence) Thermal (CERN) 

TVT(Terni) 

Shock 3 (Terni) 

POLAR                            vibration-shock                   test report

SK-0000511757-01 – Page 21/124 
 

 

    © Propriété de Sagem Défense Sécurité - Reproduction et Divulgation interdites / Disclosure and copy prohibited. 

   
24039597-E 

4.2.4. Test 4: Shock Absorber System 

4.2.4.1. Accelerometers location 

 

 

 

 

 

 

 

 

 

FIGURE 4.10 - ACCELEROMETERS LOCATION _ TEST 4 

4.2.4.2. Configuration 1 : with “Sorbothane” absorber 

 
 

 
 
 
 
 
 
 
 
 

FIGURE 4.11 - TEST 4 _ CONFIGURATION 1 

Configuration: 
- 1 mass simulator (cylindrical shape, with shoulder): 6 Kg 
- 4 shock absorber systems (see details below) 
- 3 accelerometers: 1 underneath the interface plate, 1 in the middle of mass simulator, 1 on the 

edge of mass simulator. 
- 2 Sorbothane rings per shock absorber as dumper 

 

 

Sorbothane ring

Measure ch 2 

Measure ch 3 

Pilot ch 28 

Measure ch 1 
(Below the center of the plate) 
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DAMPE: DArk Matter 
Particle Explorer 

X. Wu, M. Pohl,  
P. Azzarello, F. Cadoux, 
V. Gallo, D. La Marra,  
S. Orsi, A. Tykhonov 
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Plas%c	
  Scin%llator	
  Detector	
  	
  

BGO	
  Calorimeter	
  	
  

Neutron	
  Detector	
  	
  

The DAMPE Detector  
      High energy particle detection in space 

–  Search for Dark Matter signatures with e, g	


–  Study of cosmic ray spectrum and composition 
–  High energy gamma ray astronomy 

Silicon-­‐Tungsten	
  Tracker	
  

Launch: 
China, 
2015 
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Silicon Tracker (STK) 

Details of  
Ladder 

Bonding 
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All tests performed at: 
SERMS laboratory in Terni (Italy) 

Vibration test 

Shock 
test 

-30°C 

+50°C 
Thermal test 

DAMPE: Qualification Tests 
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Cosmic rays facility

2

Tuesday, December 17, 13

Setup to test DAMPE ladders with cosmic rays in DPNC  

Top scintillator 

Bottom scintillator 

NIM/CAMAC modules 
to create trigger DAMPE ladder  

under test 

First data!

4

Work in progress...
Tuesday, December 17, 13

First event: 16 Dec 2013 
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1/35

The High Energy cosmic Radiation 
Detection (HERD) facility 

onboard China’s Space Station

Shuang-Nan Zhang (ᓴঠफ)

Center for Particle Astrophysics 
㉦ᄤ໽ԧ⠽⧚Ёᖗ

Institute of High Energy Physics
Chinese Academy of Sciences
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HERD Conceptual Design 

Silicon-Tungsten Tracker + LYSO Calorimeter 
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Conclusions and Outlook 
•  AMS:  

–  Data taking; first scientific results in 2013 

•  POLAR:  (flight in 2015)  
–  Qualification in 2013, to be ended soon 
–  Ongoing construction of flight model 

•  DAMPE: (flight in 2015) 
–  Geneva responsible for silicon tracker  
–  Qualification ongoing 

•  HERD:   (flight in ~2020) 
–  Conceptual design 

•  LOFT:   (flight ~2022) 
•  Other projects: Astro-H, JEM-EUSO, …  
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Thank you! 



Page 27 

Silvio Orsi 

DEPARTEMENT DE PHYSIQUE NUCLEAIRE ET CORPUSCULAIRE 

AMS: A TeV precision, multipurpose spectrometer 

TRD"
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TRD  
Identify e+, e- 
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E of e+, e-, γ 
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Par%cles	
  and	
  nuclei	
  are	
  defined	
  by	
  their	
  	
  

charge	
  (Z)	
  and	
  energy (E ~ P) 

 Z, P are measured independently by the  
Tracker, RICH, TOF  and ECAL 

 Magnet 
±Z 
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The agreement between the data and the model shows that the 
positron fraction spectrum is consistent with e± fluxes each of which is 
the sum of its diffuse spectrum and a single common power law source.  

Po
si

tro
n 

fra
ct

io
n 

Fit to Data with Model 
F2/d.f. = 28.5/57 

Data 

e± energy [GeV]  

)e+  = Ce+ (−Je+ + Cs(−Js e-E/Es  
 
)e-  = Ce- (−Je- + Cs(−Js e-E/Es  

Physics Example: Comparing data with a minimal model. 

Positron Fraction 

From: Kounine et al., ICRC 2013 
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Rigidity (GV)
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Counting rate during solar flare 
Decrease after solar flare 
(Forbush decrease) 

Above 
geomagnetic 
cutoff 

Below 
geomagnetic 
cutoff 

Increase during solar flare 
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Scientific Objectives of DAMPE 
      High energy particle detection in space 

–  Search for Dark Matter signatures with e, g	


–  Study of cosmic ray spectrum and composition 
–  High energy gamma ray astronomy 

Detection of 5 GeV - 10 TeV e/g, 100 GeV - 100 TeV CR 
Excellent energy resolution and tracking precision  

Complementary to Fermi, AMS-02, CALET, ISS-
CREAM, …  
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STK: Quarter Plane Test (2) 
Test on Z axis (worst case) 
- Resonance search confirm some big Q factors (amplification at resonance peak) 
- Random VIB at full load showed some failures on Si Wafer (due to wrong gluing!)  

First frequency at 144 Hz 

Resonance search… on Z axis 

Random at 0db… on Z axis 

Xin Wu 31 Geneva CAP 
meeting, 12/12/13 
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HERD 

Dark matter particle 

proton 
He 

Gamma-ray 

electron 

background 

Slide from Shuang Nan Zhang, 2013 
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Detector Characteristics 

33	
  Geneva	
  CAP	
  mee,ng,	
  12/12/13	
  Xin	
  Wu	
  

Total detector weight: ~2000 kg	


  type size X0,λ unit main functions 
tracker	

(top) 

Si 
strips 

70 cm ×	

70 cm 

2 X0 7 x-y	

(W foils) 

Charge 
Photon 
conversion	


tracker	

4 sides 

Si 
strips 

65 cm ×	

50 cm 

-- 3 x-y Nucleon Track 
Charge	


CALO	
 ~10K 
LYSO 
cubes 

63 cm ×	

63 cm ×	

63 cm 

55 X0	


3 λ 
3 cm ×	

3 cm ×	

3 cm 

 e/γ energy	

nucleon energy 
e/p separation	
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Expected performance of HERD 

34	
  Geneva	
  CAP	
  mee,ng,	
  12/12/13	
  Xin	
  Wu	
  

γ/e energy range (CALO)  tens of GeV-10TeV 

nucleon energy range (CALO) 	
 up to PeV 

γ/e angular resol. (top Si-strips) 0.1o 

nucleon charge resol. (all Si-strips) 0.1-0.15 c.u 

γ/e  energy resolution (CALO) 	
 <1%@200GeV 
proton energy resolution (CALO) 	
 20% 

e/p separation power (CALO) 	
 <10-5 

electron eff. geometrical factor (CALO) 	
 3.7 m2sr@600 GeV 

proton eff. geometrical factor (CALO) 	
 2.6 m2sr@400 TeV 
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DM annihilation line of HERD 

35	
  Geneva	
  CAP	
  mee,ng,	
  12/12/13	
  Xin	
  Wu	
  

0
00

00

Z+→+

+→+

γχχ
γγχχ
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The POLAR Detector 
•  Compton polarimeter 
•  26 kg / 40 W 
•  25 Flat panel multi anode PMT 
•  ASIC readout 
•  1600 scintillating bars 
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Polarization & Modulation 
•  Photons tend to Compton scatter at right angles to the incident 

polarisation direction (Klein-Nishina formula) 

dσ
dΩ
(θ ,η) = r0

2

2
E '
E

⎛
⎝⎜

⎞
⎠⎟
2

⋅ E '
E

+ E
E '

− 2sin2ϑ ⋅cos2η⎛
⎝⎜

⎞
⎠⎟

dσ
dΩ
(θ ,η) = r0

2

2
E '
E

⎛
⎝⎜

⎞
⎠⎟
2

⋅α ⋅ 1− sin
2ϑ
α

⋅cos2η
⎛
⎝⎜

⎞
⎠⎟

α = E '
E

+ E
E '

⎛
⎝⎜

⎞
⎠⎟

dσ
dΩ
(θ ,η) = r0

2

2
E '
E

⎛
⎝⎜

⎞
⎠⎟
2

⋅α ⋅ 1− sin
2ϑ
α

⋅cos2η
⎛
⎝⎜

⎞
⎠⎟

α = E '
E

+ E
E '

− sin2ϑ⎛
⎝⎜

⎞
⎠⎟ η 

Modulation of η 
(period π) 

dσ
dΩ
(θ ,η) = r0

2

2
E '
E

⎛
⎝⎜

⎞
⎠⎟
2

⋅α ⋅ 1− sin
2ϑ
α

⋅cos2η
⎛
⎝⎜

⎞
⎠⎟

α = E '
E

+ E
E '

− sin2ϑ⎛
⎝⎜

⎞
⎠⎟

dσ
dΩ
(η) = A ⋅ 1− B ⋅cos2η( )

θ 
Recoil  
electron 

Polarized  
photon 

Compton 
Scattering 

plane 

Polarization 
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Modulation factor: µ =  
Peak amplitude 

Mean value Polarization: Π =  
µ 

µ100 

where µ100 is the modulation factor for 100% polarized photons 

Peak amplitude 

Mean value 

 x  

 y  
 z  

p 

E 

E’ 

!  

! 

" 

p 

Fit function: 

Modulation Curves 

Mod. angle : ξ0  

f (x) = A 1+ µ100 ⋅cos 2(ξ – ξ0 )+π[ ]{ } ⋅ 1+ µbkg ⋅cos4(ξ – ξ0,bkg ){ }
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JEM-EUSO 


