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NUCLEAR
INSTRUMENTS

idea,of AMS (1994)n5ree:

I, il

An antimatter spectrometer in space

Antimalter Study Group
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cal,challenges

« AMS is designed with'the'same capability/as
state-of-art CERN-LHC detectors
but small enough to fit in space shuttle

 AMS needs to work for 20 years in extreme
space enviroment without access nor repair




One week flight on space'shuttle DISCOVEI'}'._
with the same magnet as AMS-02




... and it took ~12 years
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Spacegqualification at ESA

Mar~Apr/2010
EMI (Electro Magnetic Interference)test

 Thermal Vacuum test
Pressure < 10 bar, Temperature -40 ~ +90 °C
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CERN.beam test (2010)

Protons 400 + 180
Electrons 10, 120, 7190,
290
Positrons 1, 24, 04, aU,
120, 180
Pions 20, 60, 80, 100,

120, 180

1,650

{/ each

{/ each

7/ each

Full Tracker alignment,

TOF calibration,
ECAL uniformity

TRD, ECAL performance
study

TRD, ECAL performance
study

TRD performance to 1.2
TeV
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May/16/2011
« Last Endeavor flight
« Total weight 2008 t
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AMS installed on the ISS

19/May/2011
Start taking data only 4 hours later

lu +_ 1

Smce then, AMS}is C.@ntmu@usly recordmg b
=16 b1111011 Cosrmc-Ray events everyjyear :




Ku-Band (down):
Events <10Mbitis=>

atlol"l and data llnk S-Band (up & down):

Commanding: 1 Kbit's
Manitoring: 30 Kbit/s

F"aylnad Operations Caﬂﬂ ' Payload Operations Cuntﬁﬁl
_ICenter (POCC).in Talwan‘ '  Center (POCC) at CERN*:




Tier-2 Centers

LHC Tier1: Academia Sinicé{; "_
IN2P3, INFN

‘I I AN "ZJ-Jue'tich (2300 cores) |

IN2P3 = LYON (400 cores) :

‘CIEMAT-MADRiD codicores] | < m
=%

& AMS@CERN- GENEVA (768 cores),  NLAA=BEIWING (1024 cores)
W— SEU="NANJING (2016 cores)

l_l ACAD. SINICA - TAIPEI (3000 cores

CNAF - INFN BOLOGNA (1300 cores)




GeV-TeV :

Direct measurements
with balloons and
in space

GeV :

Fundamental physics
with antiparticles
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Cosmic rays

Proton spectrum
Helium spectrum
e- spectrum

B/C ratio

Nuclei spectrum

Dark Matter

et fraction
et flux
Anisotropy

Future Plans

e’ to TeV

p/p ratio
Antimatter
New physics, ..



Colliders Direct search Indirect search

I>O<x ﬂ x>(<f
/ Time x 7 Time I x Time !



Positron fraction

»Rhysicsiofy R, Positron Fraction

M. Turner and F Wilczek, Phys:Rev. M2 (19490, 1001;
I. Ellis, 26th ICRC Salt Lake City, (1999] astro-ph/9911440;%
H. Cheng, . Feng and K. Matchey, Phys: Reve Fett 89420020 211301,

S. Profume and B Ullig, J. Cosmology Aslroparticle Phys. JEAFD7 (2004)/ 006;
D. Hooper and |. Silk, Phys. Rev. D 71 (2005) 083503;

E. Ponton and . Kandall, JHEP 0902 (2009] 0BS80;

(. Kane, R. luand 5. Watson, Phys. Left. BaE1 (2009) 151;

D. Hooper, F Blasi and F. I, Serpico, JCAF 0901 025 (2009) 0510.1527; B2

my =800 GeV

xty—=ett+te ...
0.1 My =400 GeV

Collisian of Cosmic Rays
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Eirst,results of AMS

M. Aguilar et al.,
PRL 110, 141102 (2013)

“Precision Measurement
of the Positron Fraction
in Primary Cosmic Rays”
of 0.5-350 GeV
(April/2013)

PHYSICAL
REVIEW
[ _ETTERS.

g " B0 n
ymerican Physical Society o Yolume |10, Number 14
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AMS results (2014)

week ending

PRL 113, 121101 (2012) PHYSICAL REVIEW LETTERS R 10 SEPTEMBER 2014

o

™
High Statistics Measurement of the Positron Fraction in Primary Cosmic Rays of
(L.5-500 (eY with the Alpha Magnetic Spectrometer an the International Space Station

week ending

PRL 113, 121102 2014 PHYSICAL REVIEW LETTERS 1% SEFTEMBER 2014

»
Electron and Positron Fluxes in Primary Cosmic Rays Measured with the Alpha Magnetic
Spectrometer on the International Space Station




EDifficultiesmiGR positron measurement

- Low abundance : 0.01~0.1"%"of Cosmic Ray:s__
=» Large acceptance and long duration needed

—~10*
* Large backgrounds S 10
(1) Protons X 103~104 .?:';
=> Redundant o e
et/p sep{araﬁnn '_E,ﬁz fafﬁﬁ
capability 310
10 &
(2) Electrons X 10~100 10 Cox
=» Deflection measurement mj & Os, (G.J;
in a magnetic field :gq- f*”oa
to determine charge sign qpff——d i,
1 10 10 10°

Energy (GeV)
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TOE.and RICH

measure velocity

Time Of Flo_ght
] .&‘6' 1~ 2 70




T OE.and RICH

: 6;=2%
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TOE.and RICH

RICH event display
Data from ISS
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Fleece—Radiator
.06 gic m’

One of 20 Lavers




Umne ol 20 Layers

JL.RD estimator

| Fleece—Radiator
006 gienr’

22 mm

10 °

! O 100 GeVp* 4 =107

O mm

[0 20GeVe +y=239100

S 10



JL.RD estimator

0.03—

0.025

0.02

TRD estimator = -In(P /(P +F,))
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- Proton Rejection: -
£ — Electrons -
- 10% - 10° .
: — Protons _
02 04 06 08 1 12 14 16 18



EM.calorimeter
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Cut on ECAL BDT
Reduce proton BG,
Minimal effect on
et fraction

ECAL BDT

Rarticle 1D

1 III IoF
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F Boosted Decision Tree, BOT:
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protons
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173-206.GeV
B0 e
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173-206 GeV
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Positron Fraction i

0.07

o Positrendraction (low energy)

_'-i-.].

o AMS-02

PAMELA
AMS-01
HEAT

s TS93
CAPRICE®S4
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Slope [GeV] &
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Elux,determination
N

D(E) =

I Aef[ v Elrig,. ° AE

@ : Absolute differential flux (m?2srls'GeV1)
E  :Measured energy (GeV)

N  : Number of events after proton selection

T  :Exposure life time (s)

A,y : Efftective acceptance (m? sr)

€y : Irigger efficiency

AE :Energy bin (GeV)



Data period : May/2011 — Nov./2013] (30'months)’

Live time: 6.1 X100’ s Uive Time Eracton

Latitude [ ° ]

-150 -100 -20 0 50 100 150
3. Hz Longitude [ “]



Exposure time

Live time : 6.1 x10’ s

3

Latitude |

Cutoff Rigidity (GV)

50 100 150
Longitude [ °]

Data period : May/2011 — Nov./2013/(30'months)




Acceptance

A off =Ageam " &gl " &g ” (13£0) 558 | ;

A,y : Effective acceptance

Agcom: Geometrical acceptance  (~550 cm? sr)

£ - Selection efficiency

&g et 1dentification efficiency

O : Minor correction from Data/MC comparison

(2% at 10 GeV to 6% at 700 GeV)
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Cﬂunter (ACC)

ﬁ

Anti Coincidence

B T -

R

- - - -

ey 'i‘!-{!tt._; .
g

LA UTOF

P | TOF

Horizontal Particle High-Z particle

- Rejected Accepted

TOF + ECAL Trigger

Accepted




M
o
o

—
N
o

-
L=
o

;IIlTlTlII|II[I|IIII|IIII|III.I

E'D, [GeV m sr s ]

a0
Q

Electron flux

e AMS-02

o PAMELA
Fermi-LAT
MASS
CAPRICE
AMS-D1
HEAT

/

[ ]

.'..-—
o ‘
|-.-|

L

....
i
ey
Lo by rr e

10°
Energy [GeV]



Positron flux
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Electron flux
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Positron flux
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and e~ flux
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limits,of.e’ dlpole anisotropy
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400 ® AMS D2 (2011-2013)
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Cosmic rays

Dark Matter

Proton spectrum e" fraction
Helium spectrum e* flux

e- spectrum

B/C ratio

Nucle1 spectrum

Anisotropy

Future Plans

e’ to TeV

p/p ratio
Antimatter
New physics, ...
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Charge resolution AZ (au)
for Carbon (Z=6)

» Tracker planel :0.30

« TRD :033fﬁﬁsa
» Upper TOF :0.17 B

* Inner plane 2-8§ :0.15 B

+ Lower TOF :0.20 25

« RICH : 0.32

* Tracker plane9 :0.30






Inner = 4.8

LTOF = 5.2

RICH = 5.0
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Cosmic rays Dark Matter

Proton spectrum e" fraction
Helium spectrum e* flux

e- spectrum Anisotropy
B/C ratio

Nuclei spectrum

Future Plans

et tn TeV

p/p ratio

Antimatter
New physics, ..



. Donato et al,,
k PRL 102, 071301 (2009)
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Cosmic rays

Dark Matter

Proton spectrum e" fraction
Helium spectrum e* flux

e- spectrum
B/C ratio
Nuclei spectrum

Anisotropy

Future Plans

e’ to TeV

p/p ratio
Antimatter
New physics, ..
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14 Verified using MIPs and E/p ratio;
12 compared to the test beam

10' In the beam range (10-290 GeV),
the uncertainty is 2% and
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g increases to 5% at 0.5 GeV and 1 TeV
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