The latest results from AMS
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Original idea of AMS (1994) et

& METHODS
IN PHYSICS

An antimatter spectrometer in space

Antimatter Study Group
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Technical 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
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Space qualification at ESA

* EMI (Electro Magnetic Interference) test

 Thermal Vacuum test
Pressure < 10-° bar, Temperature -40 ~ +90 °C
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CERN beam test (2010)
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AMS installed in Space Shuttle

Kennedy Space Center 2010~2011
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Launch of AMS-02

 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
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Ku-Band (down):
Events <10Mbit/s>

Operation.and data link s we & down

Commanding: 1 Kbit/s
Monitoring: 30 Kbit/s

Payload Operations Co nt
| Cen'ter (POCC).in, Taw% _U




AMS computing e

LHC Tier 1 : Academia Sinica,
IN2P3, INFN

IN2P3 - LYON (400 cores)

CIEMAT - MADRID (200 cores)
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Cosmic-ray

energy spectrum
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Search for antimatter

Apparent asymmetry of matter and antimatter is one
of the fundamental problems in cosmology

Detection of anti-nuclei in Cosmic Rays will be a
strong evidence of primordial Anti Matter

Anti-Universe




Matter/antimatter asymmetry

Direct search

4

Balloon and space
(AMS, BESS,...)

| Search for Baryogenesis

}

Sakharov conditions

/_/H
CP Violation Proton decay
BELLE, BaBar Super K

KTeV,NA-48 (1, > 6.6 X10°° yr)
CDF,DO

!

LHC-b, ATLAS,CMS



Dark Matter searches

Colliders Direct search Indirect search
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Cosmic-ray Positrons

M. Turner and F. Wilczek, Phys. Rev. D42 (1990) 1001;

J. Ellis, 26th ICRC Salt Lake City (1999) astro-ph/9911440;

H. Cheng, J. Feng and K. Matchey, Phys. Rev. Lett. 89 (2002) 211301;

S. Profumo and P. Ullio, J. Cosmology Astroparticle Phys. JCAPO7 (2004) 006;
D. Hooper and J. Silk, Phys. Rev.D 71 (2005) 083503;

E. Ponton and L. Randall, JHEP 0904 (2009) 080;

G. Kane,R. Lu and S. Watson, Phys. Lett. B681 (2009) 151;

D. Hooper, P. Blasi and P. D. Serpico, JCAP 0901 025 (2009) 0810.1527; B2
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Difficulties — CR positron measurement

 Low abundance : 0.01~0.1 % of Cosmic Rays
— Large acceptance and Lcmg duration needed

 Large backgrounds ’ng
10
(1) Protons (x103~10%) 10
— Redundant . /O,O
e*/p separation %:3:2 {o,,
capability 107 &
(2) Electrons (x10~100) > AN,
— Deflection measurement s OS/}, &
In @ magnetic field 107 %
to determine charge sign 107 T T TG

Energy (GeV)



AMS - 9 layers of silicon tracker

Permanent Magnet
0.14T
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Magnetic Rigidity Measurement

A(I/R) = oD
R? 0.3BL? /

Maximum Detectable Rigidity 4 ,/:' P
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TOF and RICH

e Determine direction and
measure velocity

Time Of Flight
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Transition Radiation Detector (TRD)

Fleece—Radiator

LRP 375 BK (ATLAS)
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TRD signal

AMS TRD
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TRD estimator

TRD estimator = -l

n(PJ(P.+P,))
1 e L
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EM calorimeter (ECAL)

ECAL (17 X,)




g 105 T T T T T
- TRD gl i o, S o
8 4 ** @ »
ol St % Ecal
14 .. "o.. ”
§103 8 ~.. ?
o B ®
E 102 ..15
10 1
1 s I 2 2 2 asanal 2 2 s asaas U e L S el QI e e a e
1 10 102 10° 1 10 102 10°

Momentum (GeV/c) Momentum (GeV/c)



SJUSAT JO JaquinN

un < o N
= (- = = S
5, S P L — o e

1010 1110 11
_ | Wi

_; _____—;;;.__4_:

|

___ _;___%H_;: j_ |
N (N O (N«

& e O O S
1d4d 1vOd

lojewisa adeys Jamoys s

Q(+1)*TRD Estimator



Particle ID

Cut on ECAL BDT
Reduce proton BG
Minimal effect on 02
e* fraction 02
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E: Energy z
(ECAL) g
P: Momentum
(Spetrometer) o
L
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Charge confusion: 9
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Projection (TRD estimator)
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Projection (E/P)
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First results of AMS

PHYSICAL
M. Aguilar et al., EE}’;‘E‘Q’S
PRL 110,141102 (2013) e e s i >

“Precision Measurement e
of the Positron Fraction s_ﬁ
In Primary Cosmic Rays” E _,___ I
of 0.5-350 GeV i

(April/2013) : *T—



Citation increasing ...
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New AMS Results (Sep. and Nov., 2014)

PRL 113, 121101 (2014) PHYSICAL REVIEW LETTERS 10 SEPTENBED 2014
€O
cy

High Statistics Measurement of the Positron Fraction in Primary Cosmic Rays of
0.5-500 GeV with the Alpha Magnetic Spectrometer on the International Space Station

week ending

PRL 113, 121102 (2014) PHYSICAL REVIEW LETTERS 19 SEPTEMBER 2014

oL
~

9
Electron and Positron Fluxes in Primary Cosmic Rays Measured with the Alpha Magnetic
Spectrometer on the International Space Station

week ending

PRL 113, 221102 (2014) PHYSICAL REVIEW LETTERS 28 NOVEMBER 2014

Precision Measurement of the (¢" + ¢~) Flux in Primary Cosmic Rays from 0.5 GeV to
1 TeV with the Alpha Magnetic Spectrometer on the International Space Station



Positron fraction data table

High Statistics Measurement of the Positron Fraction in Primary Cosmic Rays of
0.5-500 GeV with the Alpha Magnetic Spectrometer on the International Space Station

week ending

PHYSICAL REVIEW LETTERS 19 SEPTEMBER 2014

PRL 113, 121101 (2014)

TABLE I. Positron fraction as a function of energy. The number of positrons, N, , is corrected for charge confusion. Errors due to:
statistical error (stat.), acceptance asymmetry (acc.), event selection (sel.), energy scale and bin-to-bin migration (mig.), reference
spectra (ref.), charge confusion (c.c.), and total systematic error (syst.).

Energy [GGVJ Nc Fraction O, Oacc. Ogel. Omig. Orref. Oc.c. 65};»1.

0.50-0.65 1242 0.0943 0.0027 0.0009 0.0034 0.0023 0.0003 0.0009 0.0043
0.65-0.81 5295 0.0917 0.0015 0.0008 0.0024 0.0020 0.0002 0.0008 0.0033
0.81-1.00 10 664 0.0862 0.0008 0.0007 0.0014 0.0018 0.0002 0.0007 0.0025
1.00-1.21 14757 0.0820 0.0007 0.0006 0.0009 0.0016 0.0002 0.0006 0.0020
132.1-151.5 271 0.1327 0.0083 0.0002 0.0020 0.0007 0.0006 0.0024 0.0032
151.5-173.5 228 0.1374 0.0097 0.0002 0.0023 0.0007 0.0007 0.0031 0.0040
173.5-206.0 225 0.1521 0.0109 0.0002 0.0027 0.0007 0.0008 0.0044 0.0053
206.0-260.0 178 0.1550 0.0124 0.0003 0.0034 0.0007 0.0011 0.0076 0.0084
260.0-350.0 1 o 0.1590 0.0168 0.0003 0.0045 0.0007 0.0015 0.0123 0.0132
350.0-500.0 72 0.1471 0.0278 0.0003 0.0064 0.0007 0.0022 0.0182 0.0194




Positron fraction (lLow energy)
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Positron Fraction

Positron fraction (high energy)
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Positron fraction slope
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Positron Fraction
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Fit to data
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N

th

trg.

eff

Flux determination

N
D(E) =

I - Aeff ’ gtrig. * AE

: Absolute differential flux
: Measured energy

(m~2srisiGeV1)

(GeV)

: Number of events after proton selection

. Exposure life time

. Effective acceptance
. Trigger efficiency

: Energy bin

()

(m? sr)

(GeV)



Acceptance

Aeff = Ageom ’ gsel ’ gid ’ (1+6)

A+ :Effective acceptance
A com - Geometrical acceptance (~550 cm? sr)
£ - Selection efficiency

&q - e€*identification efficiency

0 : Minor correction from Data/MC comparison
(2% at 10 GeV to 6% at 700 GeV)




Flux measurement
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Fit to e+ and e- flux
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Spectral indices are not constant
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Electron/positron anisotropy

e+ Arrival direction Exposure map
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O Upper Limit ( 95% C.L.)

Upper limits of dipole anisotropy
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Future sensitivity of e* anisotropy
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All (e*+e’) flux before AMS
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AMS all (e*+e’) flux up to 1 TeV

week ending

PRL 113, 221102 (2014) PHYSICAL REVIEW LETTERS 28 NOVEMBER 2014

Precision Measurement of the (¢ + ¢~) Flux in Primary Cosmic Rays from 0.5 GeV to
1 TeV with the Alpha Magnetic Spectrometer on the International Space Station

0.14F
ERv N | e Energy resolution
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No need to separate charge sign ‘

— Loose cut and large acceptance A= —— Absolute scale uncertainty
— Higher statistics OZ';’_
— Higher energy reach (> ~1 TeV) |
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AMS all (e*+e’) flux up to 1 TeV
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Coming experiments

Payload Energy Region | Energy Resolution e/p separation : EXPOSUN. . | Total Weight
D hing Bate) (GeV) Instruments™ in 5 years (ka)
g (m2 sr day) g
Magnet Spectrometer (0.15T)
AMS-02 1-2,000 ~10 % 104 -10° + Sampling Calorimeter 55@2TeV = 000
(2011) (~800) @100 GeV (SciFi + Pb: 17X) (170@8006eV) '
+TOF+TRD+RICH
CALET ’y’ ~10" Imaging Calorimeter (W+SciFi: 3 X))
el 1-20,000 ¥ Mostly Energy + Total Absorption Cal. (PWO : 27 X,) 220 650
(2015) (>10 GeV)
Independent +Charge Detector (SCN)
DAMPF‘ ~Hicon |"(l(.KC"-‘ ‘
. : 5-10,000 ~1.5 % +Total Absorption Cal. (B6O: ~31 X,) 900 1,500
(China : 2015?)
+ACD Detector +Neutron Detector
GAMMAA—‘?OO ~1 % Imaging Calorimeter (2X,) + 730(vertical) -
SR et (>1006eV) ~4x10° Main Calorimeter- calocube (25 X,) 10 (all) i
2017_)) 10'000  § € ain caiorimerter- caiocube 0 X1 a

Table by S. Torii

(CALET)




From jaxa.jp

FED FHE 509

20D &Y) | 5SHEHTVS)
H-IBO% v b5 S

M 2015#8819a {15 L7 !
M 20154882551 #&£535%T !

CALET installed at Kibo on Aug./26 ~ °



The Future of Cosmic Ray Physics and Latest Restits

ot

AMS DaysatCERN ~ -

4

11:45 Lunch

13:00 F.Zwirner, Padova, CERN ) -
New Physics, Dark Matterand the LHC -

08:30 B. Bertuccl, Perugia
. The (e” plus e*) Spectrum from AMS
09:00 V. Choutko, MIT
The Proton Spectrum from AMS
09:30 ' S. Haino, Academia Sinica, Talwan
The Helium Spectrum from AMS

10:00 Break W .

V0-18:15 (

14:00 P. Picozza, INFN, Rome Tor Vergata

The JEM-EUSO Program
15:00 F. Halzen, Wisconsin
o Latest Results from Ice Cube

16:00 Break

16:15 A. Watson, Leeds
Latest Results from the Plerre Auger
Observatory and Future Prospects in
particle physics and high energy
astrophysics with cosmic rays

1715 p. Stanford

Contact: Ms. Laurence Barrin
<laurence.barrin@cern.ch>




Antiprotons : another probe

. Positrons

Quarks
\ e
e — @ ! Electrons
aui 'lnﬁﬁﬁghin;Am.il

‘ Leptons Antiprotons

Supersymmetric Protons
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Donato et al.,, PRL 102,071301 (2009)
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Antiproton analysis

R =-363 GV antiproton
Lowenergy (R<10GV) Cg—r——mr—r
TRD (e B.G.) = -

TOF/RICH (1t B.G) TRE
2 T}

Middle energy (R < 50 GV) %\
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Charge sign determination
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AMS Antiproton : current status

p/p ratio
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Antiprotons : history and future

Year 1995 19597 2004 2007 2011-2014 2011-2024
Np 4 415 1,520 7,886 ~290,000 -~1,100,000




AMS Antiproton : current status
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Anti-deuterons

PHYSICAL REVIEW LETTERS week ending

PRL 95, 081101 (2005) cotlin = 2 = el 19 AUGUST 2005
10
Search for Cosmic-Ray Antideuterons :'E‘ : BES 592!9? %'m'ﬂc%.[}x ?’ P
S LF T Refll G g Rel D]
H. Fuke,’ *T Maeno,” K Abe,>* S. Haino,” Y. Makida,” S. \1alsuda * H. Matsumoto,® J. W. Mitchell,” A. —\ \{omccv' 10 -2 . 3 P
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' “The University of Tokyo, Tokyo 113-0033, Japan o PBH p
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SUniversity of Maryland, College Park, Maryland 20742, USA —_ 4 R 2' 100 3
(Received 16 April 2005; revised manuscript received 6 July 2005; published 16 August 2005) w10 E: } | (R~2,2x /pG A
We performed a search for cosmic-ray antideuterons using data collected during four BESS balloon g \\
flights from 1997 to 2000. No candidate was found. We derived, for the first time, an upper limit of i : 3 \
1.9 X 10 % (m?ssrGeV/nucleon) ' for the differential flux of cosmic-ray antideuterons, at the 95% -5 This Work (BESS-Polarll) \
confidence level, between 0.17 and 1.15 GeV /nucleon at the top of the atmosphere. 10 EF 1.9x 10 - (95%CL) \\
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K.Yoshimura et al., COSPAR 2014



Anti-deuteron

Important probe complementary to e+ and antiproton
with Astrophysical B.G. is much suppressed

1
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TOA d—flux from yy = bb or W*W~ (Einasto & med propagation parameters)
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Understanding backgrounds
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Nuclei identification in AMS
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Cosmic-ray nuclei flux
m Primaries
ﬂ He

i Secondaries
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Multiple charge measurements

Charge resolution AZ (au)
for Carbon (Z=6)

 Tracker planel :0.30

« TRD :0.353
 Upper TOF 0L 17
* Innerplane 2-8 :0.15
 Lower TOF :0.20
 RICH :0.32

 Tracker plane 9 :0.30
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Flux determination : exposure time
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Flux determination : trigger efficiency

D(R)) =

¢ . Trigger efficiency
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Flux determination : acceptance
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He survival probability measurement

Direct determination with ISS data where AMS is pointing
horizontal direction: 2 days in total (from 4 years on |SS)

Target He ID:L8-L2 He ID: L2-L8 Target

A A A A
| N \ L9 ( N |

g L1 L9

- e =
—
- —

-

"— k- LY —-)
- e f——*

Survival prob.L2 — L1 Survival prob. L8 — L9



Unfolding

Correction of bin-to-bin migration

D(R)) =

Bin-to-bin Migration

due to the finite resolution function
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Resolution function

Proton : Calibration with CERN SPS 400 GeV primary beam
Aug. 2010 (just before the launch of AMS in May. 2011)
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week ending

PRL 114, 171103 (2015) PHYSICAL REVIEW LETTERS 1 MAY 2015

S

Precision Measurement of the Proton Flux in Primary Cosmic Rays from Rigidity 1 GV
0 1.8 1

willl the Alpna viagnetuc specirometer on tne international space stauion
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week ending

PRL 114, 171103 (2015) PHYSICAL REVIEW LETTERS 1 MAY 2015

S

Precision Measurement of the Proton Flux in Primary Cosmic Rays from Rigidity 1 GV

0 1.8 TV with the Alpha tic Spectrometer on the International Space Station

Supplemental Material

Rigidity [GV] P Ostat. Otrig. Oacc. Ounf. Oscale Osyst.
100 — 108 | (4.085 0.007 0.006 0.040 0.035 0.022 0.058)x 10~
108 116 | (3.294 0.007 0.005 0.033 0.028 0.018 0.047)x10 2
116 — 125 | (2.698 0.006 0.004 0.027 0.023 0.016 0.039) x 10~
125 — 135 | (2.174 0.005 0.004 0.022 0.019 0.013 0.032)x 102
135 — 147 | (1.727 0.004 0.003 0.018 0.016 0.011 0.026)x10~2
147 — 160 | (1.358 0.003 0.003 0.014 0.013 0.009 0.021)x 105

525 — 643 | (3.357 0.017 0.018 0.047 0.052 0.057 0.092)x10~4
643 — 822 | (1.860 0.010 0.012 0.028 0.032 0.040 0.060)x10~4
822 =0 1130 [5(2.571. 0:0685.0.071 10.139°°0:192:70.254-40:355)x 107°
1130 — 1800 | (2.933 0.021 0.035 0.055 0.092 0.130 0.173)x107°




He flux is coming soon ...
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Proton flux with recent measurements
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He flux with recent measurements
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Proton flux fit with two power laws
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He flux fit with two power laws

T 3:><1o3 AMS days at CERN (Apr,/2015)
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Spectral indices for p and He
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proton/He ratio

g AMS days at CERN (Apr./2015)
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B/C selection

Truncated mean of Inner Tracker charge measurements
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B/C sample purity control

The main backgrounds: Fragmentation events in the detector
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B/C sample purity control

The main backgrounds: Fragmentation events in the detector
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B/C compared with other measurements
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Li flux : current status

Flux x R*" [GV'' m2sr'sT]
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Carbon flux : current status
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Carbon, Helium spectral index
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The latest AMS measurements provide precise and
unexpected information.

The accuracy and characteristics of the data,
simultaneously from many different particles, require
a comprehensive model to ascertain if their origin is
Dark Matter, Astrophysical sources or a combination.
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