The new results from AMS




Outline

* |ntroduction of AMS

* Review of published results (e+, e-)

* New results in AMS days (p, p, He, ...)
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CERN beam test (2010)
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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

« AMS 75t
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After 123 seconds,
1,000:tons'of fuel was'spent
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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>

S-Band (up & down):
Commanding: 1 Kbit/s
Monitoring: 30 Kbit/s

Payload Operations Co nt l‘ l
| Ce‘nter (POCC).ln Tanw*a _U }




AMS computing

LHC Tier 1 : Academia Sinica,
IN2P3, INFN

IN2P3 — LYON (400 cores)
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GeV-TeV :

Direct measurements
with balloons and
In space

GeV :

Fundamental physics
with antiparticles

F (m?srs GeV)'
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Dark Matter searches

Colliders Direct search Indirect search
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Physics of CR Positron Fraction

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. Matchev, 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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First results of AMS

PHYSICAL

M. Aguilar et al., EE‘T/E‘ZS
PRL 110,141102 (2013) e ) e SAmRION
“Precision Measurement T
of the Positron Fraction a,_ 1_@
In Primary Cosmic Rays” E W I
of 0.5-350 GeV —
(April/2013) e



First results of AMS - e* fraction
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Citation increasing ...
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New AMS Results (Sep. and Nov., 2014)

week ending

PRL 113, 121101 (2014) PHYSICAL REVIEW LETTERS 19 SEPTEMBER 2014

€on
S

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

JoL
.

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



Difficulties — CR positron measurement

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

 Large backgrounds E:gz
(1) Protons (x103~104 10
— Redundant P 1 :0,0
e*/p separation ;232 {o,,
capability L4103 'S/@
(2) Electrons (x10~100) :g“; o %,
— Deflection measurement s Os,b &
In @ magnetic field 107 %
to determine charge sign 107 == T e T T

Energy (GeV)



AMS - 9 layers of silicon tracker

Permanent Magnet
0.14T
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Magnetic Rigidity Measurement

A(1/R) = AR _ 8As /
R*? 0.3BL? /

Maximum Detectable Rigidity = I/:' P
D——: - TR——
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1o ~——180GV | \ Rigidity
5 | : 4 4 5
L RS R e, AT R = pc/ge
X 1 10 107 10° MD

Rigidity (GV)



TOF and RICH

e Determine direction and

measure velocity

Time Of Flight
AB:1~2 %
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TOF and RICH
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TOF and RICH

RICH event display

Data from ISS
ATT T AL T

s Z=26 (Fe) N
5 b= 0.795 Tevic B

1 ||

A | —+3 33 3 3 3 =3 3 33 3 3 33 1N\
1! iy ammnvid
/ ' oV
T T T
[ 1
{- - | — C— * — — e - 4-}
! f
A e s —— I
- -
\ aw
‘ Jl,ir-
. m .
y :'F/"J MI




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 = -In(P_/(P,+P,))
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EM calorimeter (ECAL)




Ecal Energy resolution

Energy Resolution(%)

— e+’ e_
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Y AE/E=10.4/NE® 1.4 %
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Projection (TRD estimator)
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Positron fraction (low energy)

PRL113,121101
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Positron Fraction

Positron fraction (high energy)

PRL 113,121101
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FIt to data
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Flux determination

N
D(E) =

T * Ay ® &g * AE
@ :Absolute differential flux (m~2sris1GeV1)
E : Measured energy (GeV)
N  :Number of events after proton selection
T . Exposure life time (S)
A  Effective acceptance (m? sr)
&g, - ITIGger efficiency

AE :Energy bin (GeV)



Electron flux
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Positron flux
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Electron flux (High energy)
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Flux comparison
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Spectral indices are not constant

N PRL 113,121102

x Positron Spectral Index
2.5 I } P -2.75+0.05
!
]

Spectral index

| * " -2.97+0.03 , oHH‘HHHHHMHI '
4 44 . +H. 50-200 GeV ."
3 *++ Hi “:jj;jv -3.15%0.04 4

", 3284003 - H“””*HH“”

”Hﬂ LTy "ﬂ“’““* 83-290 GeV

19-32 GeV ‘ o

-3.5 Electron Spectral Index

10 10°
Enerqgy [GeV]



Fit to e+ and e- flux
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Electron anisotropy
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Upper limits of dipole anisotropy
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All (e*+e’) flux before AMS
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AMS all (e*+e’) flux up to 1 TeV

PRL 113, 221102 (2014)

PHYSICAL REVIEW LETTERS

week ending
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

No need to separate charge sign g
— Loose cut and large acceptance ®
— Higher statistics

= hligheFeRneigy reacni(> =1 lev)

Good energy resolution ~2% at 1TeV
Energy scale calibrated by beam tests
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AMS all (e*+e’) flux up to 1 TeV
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AMSDéyS'atCERN =% o0 ® Thursday, 16 April 2015
The Future of Cosmic Ray Physics and Latest Resuls- 08:30-12:45 Chairman:F. i

08:30 B. Bertuccl, Perugia ™ 14:00 P. Picozza, INFN, Rome Tor Vergata
- The (e plus e*) Spectrum from AMS The JEM-EUSO Program
09:00 V. Choutko, MIT 15:00 F.Halzen, Wisconsin
The Proton Spectrum from AMS o Latest Results from Ice Cube
09:30 S. Haino, Academia Sinica, Talwan
" The Helium Spectrum from AMS 16:00 Break
16:15 A. Watson, Leeds
10:00 Break W . Latest Results from the Pierre Auger
10:15 L. Randall, Harvard Observatory and Future Prospects in
Indirect Detection: Enhanced particle physics and high energy
Density Models and Antideuteron - astrophysics with cosmic rays
11:15 S. Sarkar, Oxford, Niels Bohr Inst. o 1715 P. Michejson, Stanford E
E Background to Dark Matter Searches  « Ldtest Results from Fermi-LAT
Jrom Galactic Cosmic Rays - . 3

12:15 Lunch "

Sam
WWMMMNM Cosmic Ray Energetics and Mass:
- J.I.Eh.w:cd.,unhn,-l From Balloons to the ISS
Super-symmetric Dark 14:30 W. Hofmann, MPI Heidelberg
- - 09:30 A. Oliva, CEMAT Latest Results from HESS and
- AMS Results on Light Nuclei - B/C the Progress of CTA
09:45 L. Derome, LPSC, Grenoble 15:30 G. Kane, Michigan
AMS Results on Light Nuclei - Li Are there currently well-motivated and
10:00 M. Hell, MIT phenomenologically allowed dark matter
AMS Results on Light Nuclei - C/He candidates (besides axions)
10:15 Break 16:30 Break
16:45 M. Salamon, DOE
The Cosmic Frontier at DOE
17:15 R. Battiston, ASI, Trento
What next in fundamental and
particle physics in space ?

17:45 S. Ting, MIT, CERN
Summary

12:45 Lunch

Contact: Ms. Laurence Barrin
<laurence.barrin@cern.ch>
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The Future of Cosmic Ray Physics and Latest Results.
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16:30 Break

16:45 M. Salamon, DOE
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What next in fundamental and
particle physics in space ?

17:45 S. Ting, MIT, CERN
Summary
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The Future of Cosmic Ray Physics and Latest Restts
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Summary
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Antiproton analysis

Lowenergy (R< 10 GV)
TRD (e~ B.G.)
TOF/RICH (mt B.G.)

Middle energy (R < 50 GV)
TRD, Ecal (e” B.G.)

High energy (R > 50 GV)
TRD (e" B.G)
Tracker (p B.G.)

R =-363 GV antiproton
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Charge sign determination
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AMS Antiproton : current status
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AMS Antiproton : current status
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DM interpretations after AMS days

10_3 T Al T Lioais i bt o | T T T . s am A | T T T
. : | MIN 2.5 TeV ——
3 MED 3.0 TeV
Propaggtlon. MIN/MED/MAX | e |
arXiv:1504.04276 AMS-02 +—o—

arXiv:1504.04604
arXiv:1504.05554
arXiv:1504.05937
arXiv:1504.07848

Other propagation models
arXiv:1504.07230

Ibe et al., arXiv:1504.05554
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TABLE I: Astrophysical parameters giving the maximal, median and minimal supersymmetric antiproton flux and compatible
wih B/C analysis (x% sc < 40). It is also given in unit of rw, rsp (kpc) for two kinetic energies 1 GeV and 10 GeV.

case | 0 Ko L Ve Va |xB/c rw(kpc) rep(kpc) | Donato et al.,
(kpe? /Myr) | (kpe) | (km/sec) | (km/sec) [1GeV/10GeV] | [1GeV /10GeV] PRD 69

max | 0.46 0.0765 15 ) 117.6 [39.98 29./73. 26./57. i

med [0.70| 0.0112 4 12 52.9 |[25.68 2.4/9.2 4.4/15. 063501 (2004)

min [0.85| 0.0016 1 13.5 22.4 [39.02 0.33/1.8 0.69/3.1




SNR interpretation after AMS days
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AMS is not only providing “signal” data : e*/(e*+e’) and p/p

Providing accurate “B.G.” data is
another important goal of AMS : p, He, Li,...B,C,...

il




Nuclei identification in AMS




Multiple charge measurements

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

 Tracker planel :0.30

« TRD :0.35
 Upper TOF :0.17
* Innerplane 2-8 :0.15
 Lower TOF :0.20
 RICH :0.32

 Tracker plane 9 :0.30




Proton/He selection
30 months ISS data (May/2011 ~ Nov/20153)
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Flux determination

D(R)) =

T. : Exposure time

Llll l A e l

N

]

10°
Rigidity [GV]

102

Latitude [deq]

no =
o O
I i
l

o

N
(=)

IITIIIIII

T ¢ A, AR

Cutoff Rigidity

-150 -100 -50 0 50

100 150
Longitude [deg]

l
o




Flux determination

D(R;) = ‘ i

e . Trigger efficiency
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Flux determination

@(R) = Ni
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He survival Data/MC comparison
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Validation of He inelastic cross section \ / ¢
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Unfolding

Correction of bin-to-bin migration & (R ) N[.
due to the finite resolution function G/
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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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Verification of Tracker alignment
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week ending

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

5’4
Precision Measurement of the Proton Flux in Primary Cosmic Rays from Rigidity 1 GV

0 1.8 1V with the Alpha Magnetic Spectrometer on the International Space Station
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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 _;,o _”: WILIl L€ ;" _71l'l__\l-04'0llv14:'ll'l’_--_lrl_:!!‘il0|iﬁ\lf_$' I ldlioll

Supplemental Material

Rigidity [GV] () Ostat. Otrig. Oacc. Ounf. Oscale Osyst.
100 — 108 | (4.085 0.007 0.006 0.040 0.035 0.022 0.058)x10?
108 116 | (3.294 0.007 0.005 0.033 0.028 0.018 0.047)x10~*
116 — 125 | (2.698 0.006 0.004 0.027 0.023 0.016 0.039)x10~*
125 — 135 | (2.174 0.005 0.004 0.022 0.019 0.013 0.032)x10~2
( )
( )

135 — 147 | (1.727 0.004 0.003 0.018 0.016 0.011 0.026)x10~?
147 — 160 | (1.358 0.003 0.003 0.014 0.013 0.009 0.021)x10~2

525 — 643 | (3.357 0.017 0.018 0.047 0.052 0.057 0.092)x10~*
643 — 822 | (1.860 0.010 0.012 0.028 0.032 0.040 0.060)x10~*
822 — 1130 | (8.571 0.053 0.071 0.139 0.192 0.254 0.355)x1075
1130 — 1800 | (2.933 0.021 0.035 0.055 0.092 0.130 0.173)x1075




He flux is coming soon ...
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Li flux : current status
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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

"«10° AMS days at CERN (Apr./2015)
— Fit to data
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Spectral indices for p and He

i " TAMS days at CERN (Apr/2015) 1
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proton/He ratio
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B/C selection

Truncated mean of Inner Tracker charge measurements
Misidentification < 0.1 % with > 98 % efficiency
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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 ratio
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B/C compared with other measurements
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The latest AMS measurements provide precise and
unexpected information.




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.

Y



May,2015 S.Haino

91



AMS 10 years expectation

Cutoff energy = DM Mass = 700 GeV
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AMS 10 years expectation
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Adapted from Donato et al,,
PRL 102,071301 (2009)
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F. Donato, D. Maurin, P. Brun, T. Delahaye & P. Salati (2008)

X X->W+W-

10-6
Donato et al.,

Modulation with ¢, = 500 MV

Scan with B/C compatible data
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