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AMS on ISS : along journey...
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What is aiming AMS ?
L

= [ AMSisa large acceptance

(~ 0.5 m?.sr) spectrometer
designed to operate Iin the
International Space Station
(ISS) for a long duration stay
(3 years)

[1 Good particle identification power (including photons)
[] Able to measure cosmic spectra from 500 MeV to few TeV

[1 Charge identification up to Iron (Z=26) and light isotopic
separation

[1 Search for antimatter and darkmatter with unprecedent
sensitivity

Workshop AMS (Annecy), 8-9 Mars, 2010 F.Barao (4)



Detector Requirements

I T ——
Antimatter I DarkMatter I Astrophysics I
antinuclei production from e ¢ and p produced in detection of a large
matter collisions is strongly p + I.S M collisions range of nuclei (2)
suppressed ) e physics background :
(p+ISM — N +...) p/et ~ 103 ability to identify
S My —m e” /p ~ 10° different isotopes
% o exp (— SO]VMeVp) /P .
signals: p,e™, v, d detection of gamma

detection of antinuclei
would be a clear signal of
existence of antimatter

rays

a good e,p separation is
needed

B/S ~1% |

Rejection Factor ~ 10°

Bl charge identification

M rigidity measurement

M velocity measurement

B e.m energy measurement

M e/p separation
M albedo rejection
M strong system redundancy
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From AMS1 to AMS2

‘ Improved capabilities I

[ larger acceptance

~ 0.5 m?.sr

[J Superconducting magnet
a magnetic field ~ 8 times larger

[ larger silicon Tracker
8 double-sided layers
~ 6.5 m? silicon surface

[] a momentum resolution improved
a factor ~ 10

‘ New Detector systems I

[ New Cerenkov Detector (RICH)

[] Electromagnetic Calorimeter (ECAL)
[] Transition Radiation Detector (TRD)

R.Becker 09/05/03

Lead / Fiber Pancake

Photomultipliers

Photomultipliers

TRD:
Transition
Radiation
Detector

TOF: (s1,s2)
Time of Flight
Detector

MG:

Magnet

TR:

Silicon Tracker
ACC:
Anticoincidence
Counter

AST:

Amiga Star
Tracker

TOF: (s1,s2)
Time of Flight
Detector

RICH:
Ring Image
Cherenkov Counter

EMC;
Electromagnetic
Calorimeter

Alpha
AMS ez
Spectrometer

Integration MIT
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AMS
Sub-detectors
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Superconducting Magnet

Construction

[] 14 superconducting coils

[] geometrical configuration to ensure a
null magnetic dipole moment

[J minimization of the stray field outside
magnet

[ indirect cooling system based on
Superfluid Helium

» cold mass : 2000 kg

» helium vessel capacity : 2500 liters

It provides

[] an intense magnetic field : ~ 0.9 T

0 a large bending power : ~ 0.8 T.m?

Helium vessel
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Time-of-Flight (TOF)

Construction
[1 4 scintillator planes
[] atotal of 34 paddles large of 12 cm
[] light guides twisted/bended to
minimize magnetic field effects
[1 2/3 PMT's for light readout at both
ends
It provides
[] fast trigger (3 x 4) on 200 nsec

[]
[]
[]

velocity measurement
absolute charge measurement

upward/dowward particle separation
(1077)

AMS 11

PLANE X-Y UPPER TOF
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Silicon Tracker

Construction

[] atotal of 5 planes (3 inside the magnet and
2 outside)

[] 8 layers of double-sided silicon microstrip
sensors

[] a total of ~ 2500 sensors arranged on 192
ladders

[] 7 — 15 sensors per ladder

It provides

[1 8 independent position measurements of
the particle track

O particle rigidity (R = £7) from track
reconstruction

[ electric charge (Z) from energy deposition
(dE/dzx)

\ HTEHID BOR 011G
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Transition Radiation Detector (TRD)

Construction

[1 modules (328) made of fleece radiator and
straw tubes

» 16 straw tubes per module
» radiator thickness of 23 mm

» straw tubes (& = 6 mm) filled with
Xe/COq

1 20 layers assembled on a octogonal shape

» 4 layers on upper/lower part along the
bending plane

» 12 layers on the middle transversally
placed

It provides

[] evaluation of the particle v = % boost

[] separation of particles with extreme mass
differences

X-ray photons radiated when particle crosses ra-

diator boundaries (~ 100 transitions)
o ~ v (eV)

L4 N’y ~ & Nirgnsitions

detectable signal for v > 1000
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Ring Imaging Cerenkov Detector (RICH)

Construction

[J proximity focusing Ring Imaging Detector

[1 dual solid radiator configuration
low index aerogel : n = 1.050, 2.5 c¢m thickness
sodium fluoride : n = 1.334, 0.5 cm thickness

[1 conical reflector 85% reflectivity

[J photomultiplier matrix
680 multipixelized (4 x 4) detectors

[ spatial pixel granularity : 8.5 x 8.5 mm?

It provides

[] accurate particle velocity measurement
AB/B ~ 0.1% for protons

[ electric charge determination
AZ ~ 0.2

[] albedo rejection
directional sensitivity

radiator
——

reflector
e——

pmt matrix
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Electromagnetic Calorimeter (ECAL)

I I ||
[ [
B Construction [
[ [

[1 sampling e.m. calorimeter
658 X 658 x 166 mm?

[] lead-scintillating fibers structure

[] 9 superlayers
10 layers of lead+fibers piled up
disposed along X and Y alternately

0 ~ 17Xo(~ 1lem) radiation lengths

(1 multi-pixel (2 x 2) photomultiplier’s
large dynamic range

s lnaalannlannlnnalonnlloan]
2 4 6 8 10 12 14 16 1
Depth (Layer unit)

[ cell granularity ~ 0.5 R, (35 fibers to rivi
pixel)
18 samplings of e.m shower

It provides

0 e*,~ energy measurement

[] particle direction

[] fast trigger signal for photons tagging
(dynode)
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Particle
measurements

velocity, charge, energy, momentum
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Velocity measurement (3) with TOF

I N
- ; ; ; ; [ TOF:Time Resolution(outer excluded) _ tofh13 -
| [] the particle velocity is derived from Entries 15475 ||
E %2 I ndf 75.96 / 54
o o o C . Constant 647.8+ 6.4
- measuring the time difference (At) e R Sl A B N Mean  -0.01045 = 0.00292 -
L C Sigma 0.3566 + 0.0021
between the upper and |Ower SC'nU”ator YY) U SO DU AN, S oo
planes and the track length (As) S o
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\
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Velocity measurement () with TOF

[] the particle velocity is derived from
measuring the time difference (At)
between the upper and lower scintillator
planes and the track length (As)

_ A cB __ fBc
B = At 5 = AsOt

[] single pad error (o:) depends on :
e signal shape (o1 /v/'N)
e photons path length dispersion
(02 d/V/'N)

e electronic noise (o3)

sc1 \ (tL

SC2 O(

SC3 (t3

SC4 X (t4

[ TOF:Time Resolution(outer excluded) tofh13
Entries 15479
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Velocity measurement with the RICH

: [ The AMS Tracker provides the particle

] direction (60,
radiator

[1 Ring of cerenkov photons

¢) and impact point at the RICH

Is function of 6.

geometrical and likelihood methods applied to

reconstruct 6.

[] Velocity obtained from 6. measurement

B =1/n cosf.

60

-20 L
-40 £

-60 |

20 [

Pkol= 0.78424

(Ao 77

40 |

Ber vyl i um

[ RUN 9901 /EVENT 3

0= 17.38 Deg
iNb us hits= 58

60

40

20

-40

-60

R
oY

Ber yI I u m Pkol=0.94968

20

( NaF) T

RUN 9901 /EVENT 15 Q"= 41.26 De
et /,-*H* 9

Nb us hits= 32
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: [ The AMS Tracker provides the particle

direction (6,
radiator

Ring of cerenkov photons

¢) and impact point at the RICH

Is function of 6.

geometrical and likelihood methods applied to
reconstruct 6.

Velocity obtained from 6. measurement

B =1/n cosf.

sources of 8 uncertainties :

» pixel size ( 8.5 mm)

» radiator chromaticity, n(\)

» radiator thickness (htan6..)

photon emission point unknown

A8
€]

= tan 6.

A6,

/Npe

Aec — (Agc)p’iwel D (Agc)thick D (Agc)chrom

AO( )~

AR g2 0.

i=pixel,thickness

AOL) ~

1 An

— tanf. n

i=chromat.

8§ 8 8 Bz

60

-40 £

-60 |

20 [

Pkol= 0.78424

Ber vyl i um

[ RUN 9901 /EVENT 3

(AgL)

40 |

,iNb us hits= 58

0= 17.38 Deg

-20

Velocity measurement with the RICH

Ber yl i um

[=h=A=A=

Pkol= 0.94968

© i NaF)

40 —

RUN 9901 /EVENT 15

74{/ :
AT

P~

Nb us hits= 32
T

Q"= 41.26 Deg

20

-20

-40

-60

0 4 e 0 a0 20 2
AOZ™ (mrad) Agchrom | Afe | (AB/B)pst

Agthick AgPizel (mrad) (mrad) (B~1)
AGL 3.3 4.6 3.2 6.5 211073
NaF 0.3 0.6 4.8 4.8 421073
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RICH velocity reconstruction : results

| Simulation results I ‘ Test Beam (2003) results : fragmented ions I

Geom acceptance

. ] ! NaF
g "gllO'J w | 103k He ® data
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z
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Charge measurement (Z) with TOF

[1 energy deposited on scintillator

AFE o Z2

up to 4 A E samplings

dominant uncertainty comes from
energy deposition fluctuations

[] test beam data with fragmented ions
charge separation up to Z ~ 15

Measured number of photoelectrons

350
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250 o
it e iiolly
150 - S—
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o
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o
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P8 T
n i Z
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Charge measurement (Z) with TOF

_1345\6 1011121314151617181920

[1 energy deposited on scintillator
AE o« Z?

up to 4 A E samplings

dominant uncertainty comes from

energy deposition fluctuations g

[] test beam data with fragmented ions
charge separation up to Z ~ 15
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Charge measurement (Z) with Tracker

L —— N |
.
. g - -
[] energy deposited on silicon sensors - B L
(300 :u’m) 104 L “ n Ne
AE x Z? l n “ P
_ N Ca
[] upto 8 AFE samplings 10° &
[ 6 ladders were tested (2003) with - re
fragmented ions 102 H u p “ u “ “
charge separation up to Z ~ 26 -
ﬂ._u...l....I....I....I....I....
0 5 10 15 20 25
g"‘m; """ Measured charge by K-side
< C
o 3500
3 : ; | a3 ' | -
5 3000F s e SR T *°F Kside
£ r ! "
S oo wr d 04 F
@ 2500 it e N } -
% — 10° © B +
R L E 2 o0sf .
2 4 1 %) " o’
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‘ . 02 __ ® () o
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Charge measurement (Z) with Tracker

[1 energy deposited on silicon sensors
(300 pm)
AE x Z2

[] upto 8 AFE samplings

[] 6 ladders were tested (2003) with
fragmented ions
charge separation up to Z ~ 26
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Charge determination with the RICH

B B D
.
M [] Charge determination :
- N
Z° o T

e = ring efficiency
ring acceptance, ~ absorption,...

[1 Z Uncertainties :

» statistical : AN, . = \/Np.e (1 + ag,e)

» systematics from non-uniformities :
e radiator : n, thickness, clarity, ...
e detection : LG, PMT, temperature effects, ...

- 1 1+Jg2).e 2 AE 2
AZ = 3/ —x 2= + 22 (5F)
[ results from test beam (2003) with
fragmented ions LE smmmen o

3 Dj;ﬁjﬂﬂiﬁ%ﬂ . wffi‘o
“F £ e R
AIRE: ERu T R =
s ' %k;m ‘ri‘?;”f: e T
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Rigidity measurement

I ©uaa—n—n— e
I
[1 charged particles bend under i 22TV L
magnetic field (B ~ 0.8 T) -8 layers / -
.- c
8 silicon double-sided layers crossed o s
. : 5 i
[] spatial resolution ) I
. 7]
10 um on bending plane 2 -
30 pm on non-bending plane > 10'F protons
L . T :
) rigidity, R = pc/Ze, is measured > L
. oc i
expected resolution TN
~ 1% at 10 GV and MDR ~ 2 TV for 102 —
protons :\Illllll | IIIIIII| | IIIIII\| | IIIIIII| | IIIIIII|
1 10 102 10° 10
| Tracker momentum resolution: 10~15% | [ Residual for 400 GeVic Pmtorﬁlﬂlldlt\f (GV)
£ [ IR H X103
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Electromagnetic energy measurement

I © IS
[ Angular resolution | [ |
_ 4r |
[] electromagnetic shower sampled 1sF.. A0(100GeV) = 8 5mrad -
18 times JF 0=0°
: : - F =75
[] energy linearity within 2% (up to 25 0
& - N=.15
250 GeV) 5 f
< 15F
[ test beam results (2007) : electrons SN
6-250 GeV 08 e e e
00_ I50 — I100I I15{]I I200I I250
[ Electrons Energy Resolution: 2.5-3% |
g F 45y =~ 10% _ 551.5%
- 180 250 GeV f; VE(GeV)
oo [ ar
1500:— _ 3.5f 6=0°
i T 0=7.5°
1000_— ) E
C ° gl “ 0 =15°
500 Y
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C A T T
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Mass reconstruction

|

|

|
o
\21\9

| TOF, RICH and TRK resolutions

TOF beta error (p)

TOF beta error (Be)
RICH/agl beta error (p)
RICH/agl beta error (Be)
RICH/naf beta error (p)
RICH/naf beta error (Be)

mom error (o

10?

_______
P
o

102

E%(?Gewnuc)
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Mass reconstruction
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Particle
identification

anti-protons, positrons, gammas, isotopes
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antiproton (p) detection

IS
|
[] backgrounds [1 background rejection [
B, /D5 ~ 104 — 105 | & _ /&, ~ 107 ep:10% — 10* (up to 400 GeV/c) -
_ ee” :103 — 104
[ selection ~
e TRD : e/p discrimination R acceptanCQe
o Tracker : sign e~ 0.16 m2.sr (up to 16 GeV/c)
e TOF/RICH : velocity (low energy region) s 0.0 m=-SHIT6S0CEVC)
e ECAL : E//P (high energy region)
. . 0. 06 -
Proton Rejection ‘ Anti Prot on Acceptance(m2sr) :
i 0.05 [15-300] GeV/c P
+ 0. 04; 8
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* | £ | ¢
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10°}

positron (e™) detection

[] backgrounds

®,/P 4+ ~ 103 — 10%

O, /D4 ~ 10

[] selection

e TRD : e/p discrimination

e Tracker : sign

e TOF/RICH : velocity (low energy region)
e ECAL : /P (high energy region)
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S 10
[ _ S -
- Positron Acceptance (m zsr) Q [ e Measured Spectrum (No Energy Unfolding Don
I Average acc (5 <E<250 GeV) =0.045 m 2 gr ‘TC) 9fF
K 8 — Initial Spectrum
L n gL
N - F'L i
i + ¥ -
g - T, e 7
- —+ 5 6f
—o- v 5
- e - I
- 3
o o
7 EET 1i 10 102
1 10 10
Energy(GeV) Energy (GeV)

Workshop AMS (Annecy), 8-9 Mars, 2010

F.Barao (26)



photon (v) detection

I D
Converted photon v — e~ e™ ‘ mean acceptance (10 — 250GeV) I
[ some matter before the 1st TOF layer ~ 0.05 m? sr
¢~ 0.25 Xg
conversion probability ~ 20 % 0.2
[] ~ energy and direction reconstructed G(f),’f_ AMS conversion mode
from Charged pair L AMS single photon mode
[] energy range limited by double track 3 o
reconstruction (E ~ 200 GeV) e
[l large angular view (0,4, ~ 42°) I ”“1|o o ””:ozEne,'gy(;e\;)
Non-converted photon = ; Wde
[J direction of reconstructed photon inside °, g --------- e
fiducial region (0,4 ~ 22°) J:
[ large rejection power against protons N E AMS conversion mode
and electrons ( ~ 10°) e ST T T A
O large energy range (8 GeV — 103 GeV) 1 * 10" Eneray (601
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Light iIsotopes

d/p

| Aerogel events, Ekin =5.75-6.92 GeV/nucleon
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Some preliminar results

Cosmic runs (Dec 2009)
Test Beam (Feb 2010)
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Cosmic runs 2009 : RICH mass reconstruction

[] cosmic rays : proton mass reconstructed with the RICH (aerogel
and NaF radiators)

AMS RICH NAF p Mass Measurement II 2071 AMS RICH AGL P Mass Measurement II 5599
Constant 308.1+ 34.9 Constant 432 + 50.2
w)
E Mean 0.9452 + 0.0045 B Mean 0.9312 + 0.0074
< 500
i1 [ Sigma 0.03529 + 0.00530 - Sigma 0.05132+ 0.00880
300
L 400}
250 -
200 - 300K
150
200/r
100+ 1 LHTRTI
] 1 100{7 1|1 | |
B ! ! ! | A T i | I 1 1 ] | 1 1 |J 1 L
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Mass (GeV/c?)
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Cosmic runs 2009 : TOF mass reconstruction

[] cosmic rays : proton and deuteron masses reconstructed with the

TOF

AMS ToF Mass Measurement

| Integral 4.57e+04

£10° M,= 939 6,=70 MeV/c>
Z
103 E_ -
: o :
S T "
o TJ[ H 'H'+ +
10 +
1 1 1) 1 1 I | 1 1 1 I 1 1 1 | 1 L l | 1 1
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Test Beam 2010 : RICH 3 reconstruction

[1 400 GeV protons with the magnet switched on at 400 Amps

AMS Event Display Run 1265403904/ 439 Fri Feb 5 22:05:25 2010 |

3 AMS Test Beam 201(
. - - < — beta
AR PN 70— | Entries 720 Protons
as R gEs - | Mean 0.9999
vim - T 60—_ RMS 0.0019 E=400 GeV
- | X?/ndf 13.41/ 14
e =553 503_ Constant 64.05+ 3.51
N A S - | Mean 0.9999+ 0.0000
N - | Sigma  0.001022 0.000045
S 40—
' 30- \aerogel
P TR o0 10 e o v Lo o 20—
10~ + h
O:. T S T a1 .m.thh#t'l*.ll. L *Wl*.u. o
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Conclusions

Measurement | statistics | energy physics goals

400 GeV
400 GeV | Dark Matter
10° GeV
8 GeV/A
8 GeV/n
8 GeV/n | Astrophysics
10Be 7 GeV/n

Measurement | sensitivity | rigidity physics goals

He/He 10~ 10°GV | Antimatter

C/C 108 103 GV
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