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M. Turner and F. Wilczek, Phys. Rev. D42 (1990) 1001; J. Ellis 26th ICRC (1999)
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AMS

Preliminary Data.
Please refer to the AMS

forthcoming publication in PRL.
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1.9 million positrons

1.2 TeV
Dark Matter 
+ Collision of 
Cosmic Rays

ץ 1.2 TeV
(J. Kopp, Phys. Rev. D 88, 076013 (2013))
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1.9 million positrons

1.2 TeV
Dark Matter 
+ Collision of 
Cosmic Rays
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Dark Matter model is based on J. Kopp, Phys. Rev. D 88, 076013 (2013). 



AMS 2300
1) J. Kopp, Phys. Rev. D 88, 076013 (2013); 
2) L. Feng, R.Z. Yang, H.N. He, T.K. Dong, Y.Z. Fan and J. Chang Phys.Lett. B728 (2014) 250 
3) M. Cirelli, M. Kadastik, M. Raidaland A. Strumia,Nucl.Phys. B873 (2013) 530 
4) M. Ibe, S. Iwamoto, T. Moroi and N. Yokozaki, JHEP 1308 (2013) 029 
5) Y. Kajiyamaand H. Okada, Eur.Phys.J. C74 (2014) 2722
6) K.R. Dienes and J. Kumar, Phys.Rev. D88 (2013) 10, 103509 
7) L. Bergstrom, T. Bringmann, I. Cholis, D. Hooper and C. Weniger, PRL 111 (2013) 171101 
8) K. Kohriand N. Sahu, Phys.Rev. D88 (2013) 10, 103001
9) A. Ibarra, A.S. Lamperstorferand J. Silk, Phys.Rev. D89 (2014) 063539
10) Y. Zhao and K.M. Zurek, JHEP 1407 (2014) 017
11) C. H. Chen, C. W. Chiang, and T. Nomura, Phys. Lett. B 747, 495 (2015) 
12) H. B. Jin, Y. L. Wu, and Y.-F. Zhou, Phys.Rev. D92, 055027 (2015)
13) A. Reinertand M. W. Winkler JCAP 01 (2018) 055 

and manyother excellentpapersΧ

1) R.Cowsik, B.Burch, and T.Madziwa-Nussinov, Ap.J. 786 (2014) 124
2) K. Blum, B. Katz and E. Waxman, Phys.Rev.Lett. 111 (2013) 211101
3) R. Kappland M. W. Winkler, J. Cosmol. Astropart. Phys. 09 (2014) 051 
4) G.Giesen, M.Boudaud, Y.Gènolini, V.Poulin, M.Cirelli, P.Salatiand P.D.Serpico, JCAP09 (2015) 023;
5) C.Evoli, D.Gaggeroand D.Grasso, JCAP 12 (2015) 039.
6) R.Kappl, A.Reinert, and M.W.Winkler, arXiv:1506.04145 (2015)

and manyother excellentpapersΧ

1) T. Linden and S. Profumo, Astrophys.J. 772 (2013) 18 
2) P. Mertschand S. Sarkar, Phys.Rev. D 90 (2014) 061301
3) I. Cholis and D. Hooper, Phys.Rev. D88 (2013) 023013
4) A. Erlykinand A.W. Wolfendale, Astropart.Phys. 49 (2013) 23
5) P.F. Yin, Z.H. Yu, Q. Yuan and X.J. Bi, Phys.Rev. D88 (2013) 2, 023001
6) A.D. Erlykinand A.W. Wolfendale, Astropart.Phys. 50-52 (2013) 47
7) E. Amato, Int.J.Mod.Phys.Conf.Ser. 28 (2014) 1460160
8) P. Blasi, Braz.J.Phys. 44 (2014) 426
9) D. Gaggero, D. Grasso, L. Maccione, G. DiBernardoand C Evoli, Phys.Rev. D89 (2014) 083007
10) M. DiMauro, F. Donato, N. Fornengo, R. Linerosand A. Vittino, JCAP 1404 (2014) 006
11) K. Kohri, K. Ioka, Y. Fujita, and R. Yamazaki, Prog. Theor. Exp. Phys. 2016, 021E01 (2016)

and manyother excellentpapersΧ

AMS 
e+

ᵣ
AMS e+

ᴰ
AMS e+

14



ᵣ : 

P. Mertsch and S. Sarkar, Phys.Rev. D 90 (2014) 061301 15
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1.2 TeV 
Dark Matter 
+ Collision of 
Cosmic Rays

Dark Matter model is based on J. Kopp, Phys. Rev. D 88, 076013 (2013). 
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Preliminary Data.
Please refer to the AMS

forthcoming publication in PRL.



ᴰ AMS

R. Cowsik  et al., Ap. J. 786 (2014) 124
ᴰ , (pink band) AMS 

ᶛ (gray circles) 
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Science358, 911-914 (2017)
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HAWC ҹ ₮Ҍ ‖
Science358, 911-914 (2017)
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Preliminary Data.
Please refer to the AMS

forthcoming publication in PRL.
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e+ Ⱶ Ⱶ+ Ⱶᴼe+, e-, Χ
ԍeς ε(e++eς) Ⱶ ᵞ

AMS(e+ + eς) ҍῒז ת

HESS syst. error

Preliminary Data.
Please refer to the AMS

forthcoming publication in PRL.
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AMS (e+ + eς) ₃ҩῒז ת

HESS syst. error

Preliminary Data.
Please refer to the AMS

forthcoming publication in PRL.
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AMS ӊ╠: ∆ (Helium, Carbon, Oxygen)
̂ ԍ ̃



25

AMS ∆
(He⁸C O) ᶭ

200 GV ҈ ⱴ

ӊ



AMS

(Li, Be, B, Χύ

∆ ֟ ױ ᴰ ׃

26

ISM



↨ ’
(Li⁸Be B) ↨ ’

200 GVӊ҉ӞẒ ԅ ѿ

27



∆ ↨
200GeVẒ ᴰ ѿ

ᵖ ױ ↨ Ҍ Ȃ

28



29

AMS ʊN

2.2 million events
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Ҭ:   C/O =  0.54 N/O =  0.17

:  C/O =  0.90 N/O = 0.09  
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LHC-b, ATLAS,CMS

AMS
ⱴ: x 103ï106

ⱴ⌠ ~TeV⌠

LHC
CERN

Italy

the Alps

p̱ > 6.6 * 1033 years  

Super Kamiokande
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Date: June 22, 2017 06:11:40

⌠ -4HeṜ Ԋᶛ
anti-4He track in Y-Z bending plane

Cherenkov cone in RICH (X-Y plane)
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Momentum =  32.6± 2.5 GeV/c
Charge =  -2.05 ± 0.05
Mass =   3.81± 0.29 GeV/c2

Mass (4He)    =   3.73 GeV/c2
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ױ .1 ⌠ңҩщIŜԊᶛ̆ ₃
ҹ3×10ѐ³. 

῏ԍ4He
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2x10-7, ԍ5-sigma

3.  3He/4He ᶛҹ10-20% 
3He/4He ᶛҹ300%.  
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AMS session on July 6, 14:00 ðChair A. Kounine (AMS)

Z. Weng óIdentical Rigidity Dependence of the Primary Cosmic Rays Helium, Carbon and Oxygenó

Y. Jia òProperties of the Secondary Cosmic Rays Lithium, Beryllium and Boronó

J. Berdugo òMeasurements of Light Nuclear Isotopic Composition in Cosmic Raysó

Z. Weng òPrecision Measurement of Electron and Positron Fluxes in Primary Cosmic Raysó

Z. Li òPositron fraction and the combined electron and positron flux in Primary Cosmic Raysó

Z. Tang òProperties of Elementary Particle Fluxes in Primary Cosmic Raysó

J. Casaus òAnisotropy of Elementary Particle Fluxes in Primary Cosmic Raysó

J. Berdugo òPrecision Measurement of Nitrogen flux by AMSó

S. DellaTorre òPrecision Measurement of the Monthly Cosmic Ray Fluxesó

Plenary Session on July 11, 11:00
S. Ting òLatest results from AMSó ðPlenary presentation

Detailed AMS results will be presented in the AMS session at ICHEP
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First anti-Helium event 
in the cosmos: 

Momentum = 33.1 ± 1.6 GeV/c
Charge =  -1.97 ± 0.05
Mass =  2.93 ± 0.36 GeV/c2

Mass (3He)   =   2.83 GeV/c 2

Date: 2011-269:11:19:32

Physics of AMS to 2024:
1. Study of complex anti-matter ïHe, C, O
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K. Blum et al., Phys. Rev. D 96, 103021 (2017)

3He flux models from collisions of cosmic rays 

Kinetic Energy/nucleon

model variations
factor of ~300
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R. Duperrayet al.,  Phys. Rev. D 71, 083013 (2005)
From the collision of ordinary cosmic rays:  3He/He[8-40]GV = 6 X 10-12     

M. Cirelli et al., JHEP 8, 9 (2014):

From the collision of ordinary cosmic rays: 3He/He[8-40]GV = 3 X 10-11     

AMS Measurement: 3He/He[8-40]GV  = 2 X 10-8

K. Blum et al., Phys. Rev. D 96, 103021 (2017)

From the collision of ordinary cosmic rays:   3He/He[8-40]GV = 6 X 10-10     

E. Carlson et al., Phys. Rev. D 89, 076005 (2014)

From dark matter annihilation: 3He/He[8-40]GV= 1.4 X 10-9     

3He/He flux ratio predictions
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Conclusion: 
There are large uncertainties in models to ascertain the origin of 3He



Study of anti-Carbon, anti-Oxygen

By 2024, we will have more than 

100 million carbon and oxygen to 

study anti-carbon and anti-oxygen

Current Analysis of C and O to TV 

uses L1-L8

Analysis of C and O to 100 GV

use L2-L8

as for He

L2

L8

L1

L8

é

é
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Physics of AMS to 2024:

2. Positrons and Dark Matter

47

To date, we have a 2-sigma effect.


