Measurement of leptonic cosmic rays
with AMS-02, interpretation Iin terms
of dark matter
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AMS-02 Overview
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Protons ~ 90 %
Nucleus ~ 10 %
Electrons ~ 1 %
Positrons ~ 0.1 %

» Matter is the principal
component of cosmic rays,
antimatter is rare.
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* The positron fraction exhibits an
increase from 8 up to 350 GeV

* This positron excess is not
compatible with a pure
secondary origin

* It exists a source of primary
cosmic positrons in our galaxy



Production Propagation (diffusion)

) . Observation
and acceleration in our galaxy
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The identification of this primary positron component needs a
precise measurement of the positrons and electrons trend
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Dark matter can
produce an
additional
antimatter in
cosmic rays that
can be observed
by experiment
such AMS-02




== AMS-02 : particle detector in
space
N=SSSESSSS==ic=C
_—aﬂfa\ TOF .
R \ » Charged particles and gamma
) oK rays up to TeV
Z 3 N . Tracker . ,
21 — N  Taking data since May 2011 (5
. = ﬁ—fv— \ years of data available)
\ B - Installed on International Space
E T Station at an altitude of 400 km
g // / / \ )& \\\ RICH « Operational up to 2024
[ n lII]]IILfI’IIIIIIII[IIIII

M.y " EI=)} ECAL

24/11/2016 GDR TeraScale - Paris 7




I T
T T ¥
T T T rr
o —

) r T
1 1
s — 1 /
1 | - 1 1 1

i

v
srsal e
NECESS
{11} ANER o
L
| [Pt | gt —
3] ] ||
U THATRR
L .d | L
allg® M
s H | H
b I = [
- - | [ TH HH
L, I ]
- MH A
g
=

10.0.0) /

20 GaV x7 DATA v GEANT MC

TOF

§ . N o+ I P —
Y I BT N f . o
= \ - | leptons
N .
prd \ _ Tracker
|} | K
< § \
N
z‘ E I\ ; E'i_m_ - i" ..35
S [
; TOF g F Ent:tezmpz?sgoo
£ T " [~ B ke
; ! 0~07;— — [132-151] GeV
g RIcH 3 proton
IR lIIllIILffIIIIIIII[III[I I%jgtons TRD eStlmator
50 cm Sk
—=»y E=JI=} ECAL

TRD likelihood estimator

24/11/2016 GDR TeraScale - Paris 8



100 cm

24/11/2016

MAGNET

| AL A AL ALL A AT A AL A TLLS

LI

OO

M >y " EI=} ECAL

TOF

Rigidity (p/z)

RICH

ARIR>1 @ 2 TeV

GDR TeraScale - Paris

. Test Beam

10°

' HIHHIN

o=10 ym

1y

-100 -80 -60 -40 -20

0 20 40 60 80 100

9



100 cm

50cm

24/11/2016

VIS VTS ITISS |
x

MAGNET

TSI IS T ITTT

LI

TITI

-

__...y

} ECAL

Energy resolution (%)

GDR TeraScale - Paris

5_
4.55— Test beam
8
3.53—

aF- (10.4 £ 0.2)%/VE® (1.4 £ 0.1)%
" Resolution 1.7 % @ 100 GeV
o
15E- r
10I I IIZIOI I I4|l3I I ISIOI I I810l J l1(;0I ' I12[0I l IMIfOI I l16|0I I '180

Energy (GeV)

10



| 1 I T q_ L3 T 1
] A ]
! 1 ‘I.I 1|1 1 I-‘ | I SN S S S —
T T h L 1 T 1 | I | SN S S S —
—B—1r Ty
B U 1 1 al P/ S N I S —
T N— I
ﬂ L - T T
...... i T—
1 L' S 1
L L% I I L I L 1y
| N, | "W S S SN SN S S — -
LU IST 1 I 1 Ly
T - T
1 1 1 1 ¥
T T I L T T ¥
| S —— — B P — ——
L A 15 1 L I ¥
T T
T  — — /
! 1 113 1 1 1 1 |
I N |7 S N S —

MAGNET

| LA AL AAA L LT LLLLLS LT LT ST s |

ST TS TT IS T ITTL VIS VTSI |
x

100 cm

[HERRRRARE IR

OO

24/11/2016

le

(0418),
T

 Events
g

3

On§2857 14n;
[¥]
=]

-
-
2]
S
D
q

ectrons

GDR TeraScale - Paris

m y T = =} ECAL m——-

frons
* TRD estimator
« Charge sign
estimator
 Ecal estimator

leptons

11




Causes of charge confusion :
e Resolution of curvature

measurement

e Multiple scattering

e Secondary production of
particles in the detector
material

~1 % @ 50 GeV
~10 % @ 400 GeV
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= TrkBDT
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BDT estimator based on tracker
variables developed in order to
discriminate wrong sign and true sign
events.
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Protons

1 i
TRD likefinood x Gl

Electrons ©
Positrons (and electrons WS) positrons

* The position of an event on the cube [TRD likelihood, ESEV3, TrkBDT] is sufficient to

know if the event is an electron, a positron or a proton.
« To count the number of electrons and positrons, we construct the PDF of this species on

this cube.
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ChargeConfFactor = 0.0385 + 0.0082
nsigElectrons3D = 1406 + 39
nsigPos3D = 268 + 20
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Convection Synchrotron, inverse /i - % — 8!

(convective wind) Compton

', ionisation,
bremsstrahlung, adiabatic

CK(E)AY 4+ 2 (WV (2)) 4 - (bato (E)¥) + 2h8(2) -~ ( Das (E)¥ — C(E) a—w) _ q(E),

0z ok ok ok
I Maurin et al. 2001
Modele | & | Ko (kpe2Myr—") | L (kpe) | Ve (kms™') | Vo (km.s™')

Roberto Lineros thesis

Energy losses

lefus!on (turbu!en? min | 0.85 0.0016 1 13.5 22.4
galactic magnetic field)
med | 0.70 0.0112 4 12 52.9
max | 0.46 0.0765 15 5 117.6

This equation can be solved with a semi-analytical method (cf Mathieu Boudaud thesis)
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" Examples of model Z, > 3
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The computed secondary positron flux at low energy is more important than what is
observed by AMS-02 for some propagation models — this model are excluded by data

Min and med
excluded !
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Modele | & | Ko (kpc?Myr—') | L (kpc) | Ve (km.s™') | Vo (kms™1)
min | 0.85 0.0016 1 13.5 22.4
med | 0.70 0.0112 4 12 52.9
max | 0.46 0.0765 15 5 117.6
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Why is it interesting ?

¢ PAMELA 2012
¢  AMS-022015

' Giesen et al 2015

Uncertainty from: =53 Cross-sections
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Leptonic production via a light scalar mediator
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 We show measurements of AMS-02 up to 700 GeV for the
positron flux and 1 TeV for the electron flux with an extended

dataset of 5 years

« dark matter only failed to explain the positronic excess on the
entire energy range of the measurement of AMS-02

» Astrophysical sources such pulsar can explain the positron
excess (cf for example “A new look at the cosmic ray positron
fraction.” Astronomy & Astrophysics, 575 :A67, feb 2015)
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