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Propagation of cosmic rays in the Galaxy

Two-zone model and semi-analytic method

1 < L <15 kpc

Vc = VVC Sign(z)gz

2 E2 2
KEE(E):§V02K(§)

Cosmic rays transport equation

Oy — K(E)V?¢ + 9; [V sign(2)¢)] + O [b(E, B)Y — Kpr(E, ©)0ry] = Q(E,t, %)

QE,t,@) = Q°"*“(E,,%) — Q*"*(E, )
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Propagation of cosmic rays in the Galaxy

Two-zone model and semi-analytic method

1 < L <15 kpc

Ve = Ve sign(z)e.

2 E?p32
Kpp(E)= -V, ——
sB(E) = gV K(E)

Cosmic rays transport equation

Oy — K(E)V?¢ + 9; [V sign(2)¢)] + O [b(E, B)Y — Kpr(E, ©)0ry] = Q(E,t, %)

QE,t,@) = Q°"*“(E,,%) — Q*"*(E, )
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Propagation of cosmic rays in the Galaxy

Two-zone model and semi-analytic method

1 < L <15 kpc

V.=V, sign(z)e-

2 E?p32
Kpp(E)= -V, ——
sB(E) = gV K(E)

Cosmic rays transport equation

Oy — K(E)V?¢ + 9; [V sign(2)¢)] + O [b(E, B)Y — Kpr(E, ©)0ry] = Q(E,t, %)

QE,t,@) = Q°"*“(E,,%) — Q*"*(E, )
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Propagation of cosmic rays in the Galaxy

Two-zone model and semi-analytic method

1< L <15kpc
R S5

K(E) =Ko B8 [ —~
(B) oﬁ(RO)

Ve = Ve sign(z)e-
2 9 E2ﬂ2

Kpp(E) = §Vu, KB

Cosmic rays transport equation

Y — K(E)V?9 + 8; [Ve sign(2)¥)] + 9g [b(E, Z)¢ — Kpr(E, 2)9py] = Q(B,t, )

Q(E,1,@) = Q*“"**(E,t,%) — Q* """ (B, )

The transport equation can be solved using Bessel expansions or Green functions. J
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Cosmic ray positrons

Cosmic Ray Alpine Collaboration
M.B, S.Caroff, A.Putze, Y.Genolini, S.Aupetit, G.Belanger, C.Goy, V.Poireau,
V.Poulin, S.Rosier, P.Salati, L.Tao and M.Vecchi

Based on A&A 575,A67(2015)



e
AMS-02 Collaboration - PRL 113,121101(2014)

AMS-02 measured the positron fraction (PF) with an unprecendent high accuracy
from 0.5 up to 500 GeV.
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AMS-02 Collaboration - PRL 113,121101(2014)

AMS-02 measured the positron fraction (PF) with an unprecendent high accuracy
from 0.5 up to 500 GeV.
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The data confirm the ’positron anomaly’.
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Positrons propagation

Cosmic ray positrons

Two-zone model and semi-analytic method
HE positrons E 4+ > 10GeV

1< L <15kpc

8y — K(B)V?¢ + 9 [b(E)Y] = Qo+ (E, t,7)

~ 04
osfia¥ 0% o AMS-02
}":? 11 ,{ 10% of total expected data . _
Lo 1 ”H : “ T (Maurin et al. 2001) [Case | 6 | K, kpc/Myd | Z kpel
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Positron anomaly

QLB =41 > > ny /dE d)z(El,ac)—(E — E) ¢ = projectile

i=p.a j=H,He j = target
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Cosmic ray positrons Positron anomaly

) do
QC(E,E) =4r > > nj/dEi¢i(Ei,f)d—&(Ej—>E)

i=p,aj=H,He o

—+o0
i = projectile
j = target

th
ot

PF= — ¢
(P + &e+)P

(¢ + ot )P : AMS-02 data

(PRL 113,221102(2014))
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Cosmic ray positrons

Positron anomaly

B do
Q¥¢(E, @) = 4n Z Z n; / dE;¢i(E;, &) —- dE, (Bj — E) j = target

i=p,aj=H,He

th
PF = fet

(P + &e+)P

(¢ + ot )P : AMS-02 data

(PRL 113,221102(2014))

i = projectile
0.25 T T
-------- MIN Propagation uncertainty 1 AMS-02
MED
- - - MAX
0.20 - B

0.05
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Cosmic ray positrons

Positron anomaly

B do
Q¥¢(E, @) = 4n Z Z n; / dE;¢i(E;, &) —- dE, (Bj — E) j = target

i=p,aj=H,He

th
PF = fet

(P + &e+)P

(¢ + ot )P : AMS-02 data

(PRL 113,221102(2014))
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E [GeV]

This is the positron anomaly !
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Positron anomaly

Cosmic ray positrons

i = projectile

B do
Q¥¢(E, @) = 4n Z Z n; / dE;¢i(E;, &) —- dE, (Bj — E) j = target

i=p,aj=H,He

0.25 T T
-------- MIN Propagation uncertainty 1 AMS-02
MED
PF _ ¢2}~]F 0.20 | T MAX 1
(fe— + e+ )P ]
T, 015t I I 1
. jig! ﬂ
(¢e— + ¢e+ )exp : AMS-02 data << 0.10 | HITII 1 g
© o
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This is the positron anomaly !

We need another component to explain the data ! J
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Cosmic ray

The Dark Matter scenario

dark matter

luminous matter

B Addison-Wasley Langman
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Cosmic ray positrons The Dark Matter scenario

X e, u 7 W, Zb... —— et ..

-

~ i annihilation channel  decay  final products

X/\/ .... €+,M+,T+,W+7Z7B7... -_— 6j:

The DM source term

g aen

AN 2
DM = p(T) 1 dN(E)
E’ = —_— X — < ov >
Qe (B,7) ( My ) 2 ; v dE

astrophysics particle physics
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Cosmic ray positrons The Dark Matter scenario

X e, u 7 ,W7,2b,... —— et

. ’ PR

annihilation channel  decay  final products

X/\/\' ettt W, 2,8, —— ot

The DM source term

g aen

N 2
QeD_,I_\/[(E,f): (@) X%;<O’U >7‘%(E‘)

My E

astrophysics particle physics

p(Z): DM density profile
NFW
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Cosmic ray positrons The Dark Matter scenario

X e, u 7 ,W7,2b,... —— et

. ’ PR

annihilation channel  decay  final products

X/\/\' ettt W, 2,8, —— ot

The DM source term

g aen

My E

N 2
QeD_,I_\/[(E,f): (@) X%;<O’U >7‘%(E‘)

astrophysics particle physics

dN(E) n
p(Z): DM density profile T: e™ spectrum at source
NFwW MicrOMEGAs_ 3.6
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Cosmic ray positrons The Dark Matter scenario

X e, u 7 W, Zb... —— et ..

-

~ i annihilation channel  decay  final products

X/\/ .... €+,M+,T+,W+7Z7B7... -_— 6j:

The DM source term

g aen

N
DM . p(Z) 1 dN(E)
EZ)= | —= X = E < ov >
Qe (B,7) (mX) 2 i v dE

astrophysics particle physics

dN(E) n
p(Z): DM density profile 1E : e spectrum at source
NFwW MicrOMEGAs_ 3.6

2 free parameters:

my: DM mass < owv >;: average annihilation cross-section

Scan over m, and < ogv >; to fit the AMS-02 data using MINUIT C++ package.
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Cosmic ray positrons

The Dark Matter scenario

astrophysical background (MED) { AMS-02 data, published errors
exotic contribution | AMS-02 data, corrected errors.
total
“ {ov) =1-10"2'em®s 7!
my = 27TeV
Single annihilation channel analysis 7o i | e
+ | /H’ A DN Yot = 065
_ P
e.g xx — bb—ete™ + ... Mﬁ’f*v."
v ;-i‘ll\(;vv', W
Channel my, [TeV] {ov) [cm3 s‘I] )(2 Xgof P
e 0.350 +0.004 | (2.31+0.02)- 102 | 1489 | 372 0
u 0.350 +0.003 | (3.40 £ 0.03)- 1072 | 346 | 8.44 0
T 0.894 +0.040 | (225+0.15)-1072 | 93.0 | 2.27 | 42-10°°
u 31.5+29 (1.43+0.20)- 10721 | 252 | 0.61 0.97
b 27.0+22 (1.00 £0.12) - 1072 | 26.5 | 0.65 0.95
t 425+33 (1.81 £0.21)- 1072 | 29.4 | 0.72 0.89
z 14.2£0.9 (6.02+0.58)- 10722 | 43.8 | 1.07 0.31
w 122+£0.08 | (5.10+0.48)-102 | 41.1 | 1.00 0.42
H 232+ 1.5 (8.17+0.77)- 10722 | 39.1 | 0.95 0.51
¢ —e | 0.350+0.0008 | (1.56+0.01)-1072* | 534 | 13.0 0
¢—p | 0590 +0.022 | (5.87+0.36)- 10 | 175 | 427 0
$—T 1.76 £0.08 | (4.51+0.32)-1072% | 835 | 2.04 | 7.7-107°
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Cosmic ray positrons The Dark Matter scenario

astrophysical background (MED) 1 AMS-02 data, published errors
exotic contribution | AMS-02 data, corrected errors
total
00 _ _
(ov) =1-10"2*cm®s71
my = 27TeV
. FEEY . . —~0.15 bb
Single annihilation channel analysis S o i | ~ 5

- Lu/u’ L R ~\‘\‘\ Xor = 065
S |

o
AT

e.g xx — bb—ete™ + ... M =

0.05

100 107 10°

E[GeV]
Channel my, [TeV] {ov) [cm3 s‘I] )(2 Xgof P

e 0.350 £0.004 | (231+0.02)- 1072* | 1489 | 37.2 0
u 0.350 +0.003 | (3.40 £ 0.03)- 1072* | 346 | 8.44 0
T 0.894 +0.040 | (225+0.15)-107% | 93.0 | 2.27 | 42-10°°
u 31.5+2.9 (1.43+0.20)- 1072 | 252 | 0.61 0.97
b 27.0+£22 | (1.00+0.12)- 1072 | 26,5 | 0.65 0.95 o The agreement is excellent for
t 425+33 (1.81 £0.21) - 10’2 294 | 0.72 0.89 quark, gauge boson and Higgs
z 142+0.9 (6.02+0.58)- 10722 | 43.8 | 1.07 0.31 boso -
W 122+008 | (5.10+048)- 102 | 41.1 | 1.00 | 0.42 Son pairs.
H 232+ 1.5 (8.17+0.77)- 10722 | 39.1 | 0.95 0.51

¢ —e | 0.350+0.0008 | (1.56+0.01)-1072* | 534 | 13.0 0

¢—p | 0590 +0.022 | (5.87+0.36)-10* | 175 | 427 0

$—T 1.76 £0.08 | (4.51+0.32)-1072% | 835 | 2.04 | 7.7-107°
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Cosmic ray positrons The Dark Matter scenario

025

- astrophysical background (MED) i AMS.02 data, published errors
exotic contribution | AMS-02 data, corrected errors
total

I {ov) =4.51- 1072 cm®s ™!
my = 1.76 TeV { ‘

: i

L.
% 010 m}ﬂy/l ST XX — 27727
A Xy = 2,04
e.g XX — ¢ — 277277 — 2eT2e™ + .. e

Single annihilation channel analysis

0.05 [~

10! 10% 10°
E[GeV]

Channel m, [TeV] (ov) [em?s7T] X | X P
e 0.350 +£0.004 | (2.31+0.02)- 102 | 1489 | 37.2 0
u 0.350 +0.003 | (3.40 £ 0.03)- 1072* | 346 | 8.44 0
T 0.894 +0.040 | (2.25+0.15)- 1072 | 93.0 | 2.27 | 42-10°° Th . llent f
u 315429 | (1.43+020)-102 | 252 | 0.61 | 097 o "The agreement is excellent for
b 270£22 | (1.00£0.12)- 102 | 265 | 065 | 095 quark, gauge boson and Higgs
t 425+33 (1.81£0.21)-1072! | 29.4 | 0.72 0.89 boson pairs.
A 142+ 0.9 (6.02+0.58)- 10722 | 43.8 | 1.07 0.31 . s
W 122 £ 0.08 (5.10 +0.48)- 1022 | 41.1 | 1.00 0.42 e Individual annihilation channels
H 232+15 | (8.17+0.77)-102 | 39.1 | 0.95 | 0.51 disfavor leptons as the final state.
¢ —e | 0.350+0.0008 | (1.56+0.01)-1072* | 534 | 13.0 0
¢—u | 0590 +0.022 | (5.87+0.36)-10 | 175 | 4.27 0
6T 1.76 £0.08 | (4.51+0.32)-1072 | 83.5 | 2.04 | 7.7-107°
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Cosmic ray p

e Dark Matter scenario

Channels combination analysis

xX — Be e+e_+BH ,u+u_ +B T+T_+Bb bb

What is the best values for
the branching ratios B;7

astrophysical background (MED) {  AMS-02 data, published errors
——— exotic contribution | AMS-02 data, corrected errors
—— total

my = 600 GeV

io

06

Branching rat;i

02

00

0° 10!

600 GeV ' iy [TeV

Mathieu Boudaud LAPTh

10°
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Cosmic ray p e Dark Matter scenario

- - -~ astrophysical background (MED) 1 AMS-02 data, published errors
exotic contribution | AMS-02 data, corrected errors
total

N o . 020 =
Channel combination analysis my =20TeV
~on
b

xxX — Be €+67+B# pwtp=+Br Tt 4By bb Sou

What is the best values for
the branching ratios B;?

005

0.00

10! - - 107 10*
E[GeV]

06

Branching ratio
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Cosmic ray positrons

Constraints on dark matter annihilation cross-section (ov)

e Gamma rays (Fermi/LAT, VERITAS, MAGIC, HESS)
o CMB (WMAP, PLANCK)
o Antiprotons (PAMELA)

Mathieu B

<ov> [em/s]

FERMI data analysis by A. Lopez et al.

The Dark Matter scenario

arXiv:1501.01618v1
101"
XY — bb, €0
1020 & solid:  single-channel 4
dashed: mixed (uniform €)
dotted: mixed (non-uniform €)
1021 -
propagation:
o MED
102 ® bestfit E
107
102 AMS-02 (best-fit)
Fermi/LAT dwarfs (20)
10% ! ! sl ! o tent ! !

0.1 1 10

positrons and antiproton

100

i
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e Dark Matter scenario

Constraints on dark matter annihilation cross-section (ov)

e Gamma rays (Fermi/LAT, VERITAS, MAGIC, HESS)
o CMB (WMAP, PLANCK)
o Antiprotons (PAMELA)

FERMI data analysis by A. Lopez et al.

arXiv:1501.01618v1
101"
XY — bb, €0
1020 & solid:  single-channel 4
dashed: mixed (uniform €)
dotted: mixed (non-uniform €) P
102! - -
= propagation:
g o MED
=102 ® best-fit E
2
B
\%
0%
102 AMS-02 (best-fit)
Fermi/LAT dwarfs (20)
10% ! ! sl ! o tent ! !

0.1 1 10 100
m, [TeV]

All best fit (ov) values are excluded at 20 CL !
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Cosmic ray positrons The pulsar scenario

The PSR source term

QPSR(B,4,7) = 6(t — t.)6(7 — .)Qo (Eﬂo) T eap (_7)

Total energy released by the pulsar through positrons:

+oo

ENT7 E
[ran(£) "an(-2) -
0
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Cosmic ray positrons The pulsar scenario

The PSR source term

QPSR(B,4,7) = 6(t — t.)6(7 — .)Qo (Eﬂo) T eap (_7)

Total energy released by the pulsar through positrons:

e E\ " E
s () ()
0

o Fixed parameter

o Fc ~ 1TeV
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Cosmic ray positrons The pulsar scenario

The PSR source term

QPSR(B,4,7) = 6(t — t.)6(7 — .)Qo (Eﬂo) T eap (_7)

Total energy released by the pulsar through positrons:

+oo

ENT7 E
[ran(£) "an(-2) -
0

o Fixed parameter

o Fc ~ 1TeV

o Free parameters
e 1.5 <y<25

o Wy < 10°4GeV
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he pulsar scenario

Observed PSR’s from the
Australian Telescope National Facility catalogue
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he pulsar scenario

Observed PSR’s from the
Australian Telescope National Facility catalogue

1e+10 — G 0 7 PSRs Positron Flux
. & 10 GeV. Te-02 T T T T
. PRSI 100 GeV J1745-3040 ——
16409 N . ~ t mﬂ‘g Cov J1 7GM -2054
Y ol o ulsar 4 eminga
L aAsT - J1825-0935
= ax Monogem
. = Vela
1e+08 £ 5 o3 | 17403015 - i |
— 3
5 o7 — 38
<] N H %
H S
> e ) i g le04 ]
e 2 1 %
& ) ; F
& . E
100000 |- 1 e
S
S 1e05 1
&
10000 b o ]
1000 = 4 a { d
le-06 - : :
0.1 10 100 Te-01 1e+00 le+01 le+02 le+03 le+04

L
dist [kpc} Positron Energy E [GeV]

Only few young and nearby PSRs contribute to the positron flux for £ > 10 GeV !
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Cosmic ray positrons The pulsar scenario

Demonstrating that the positron fraction data can be explained by a
unique pulsar contribution provides with a valid alternative to the
DM explanation of the positron anomaly.
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Cosmic ray positrons The pulsar scenario

Demonstrating that the positron fraction data can be explained by a
unique pulsar contribution provides with a valid alternative to the
DM explanation of the positron anomaly.

Since there is only an upper limit on the injection normalisation
fWa, if the single pulsar hypothesis is viable, a combination of
pulsars is capable of reproducing the experimental data.
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he pulsar scenario
The single PSR hypothesis

Can we explain the positron fraction with the contribution of one single pulsar? )
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he pulsar scenario

Cosmic ray p

The single PSR hypothesis

Can we explain the positron fraction with the contribution of one single pulsar? J

YES !

30 10

Wo[10% GeV]

distance [kpc]

distance [kpc]

2.00-05

0
1 00

positrons and anti implications
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ons he pulsar scenario

The 5 survivor PSR’s from the ATNF catalog

Name Age [kyr] | Distance [kpc] | fWo [10%* GeV] y X X | P

0 (295+0.07)-107 | 1.45+0.02 | 234 | 0.57 | 0.99

J1745-3040 546 0.20 (3.03+:0.06)-1073 | 1.54+0.02 | 33.6 | 0.82 | 0.79
13 1 2.54 9902 | 241 0

0.17 (1.48£0.03)-1073 | 1.56 £ 0.02 | 26.8 | 0.65 | 0.96

J0633+1746 342 0.25 (1.63+0.02)-1073 | 1.68£0.02 | 49.6 | 1.21 | 0.17
Geminga 0.48 (1.01+0.06) - 102 | 229 +0.02 | 332 | 8.10 0

0.10 (228+0.05)-107 | 1.48+0.02 | 21.7 | 0.53 | 0.99

J0942-5552 461 0.30 (2.61+0.04)-1073 | 1.69+0.02 | 61.0 | 1.49 | 0.02
1.1 1 2.65 7747 189 0

0 (2.13£0.05)-107 [ 1.46£0.02 | 19.8 | 0.48 | 0.99

J1001-5507 443 0.30 (249+0.03)-1073 | 1.70 £0.02 | 62.4 | 1.52 | 0.02
14 1 2.46 13202 | 322 0

0.1 0.80+0.02)- 107 | 1.52+0.02 | 21.0 | 0.51 | 0.99
J1825-0935 232 0.30 (1.45+0.03) - 103 | 1.94 +0.02 126 | 3.07 0
1.0 1 2.64 12776 | 312 0

-~~~ astrophysical background (MED) I AMS-02 data, published errors -~~~ astrophys «ckground (MED) 3 AMS-02 data, published errors
exotic contribution 1 AMS-02 data, corrected errors. exotic contribution 1 AMS-02 data, corrected errors
total total

020 020,
ATNF distance N ATNF minimal distance
[Wors = 163-10% GeV {{
~ - ~o1

\\  Geminga

0 0 10 10 0 0
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Cosmic ray positrons The pulsar scenario

Conclusion

The DM scenario cannot both:

e provide a good fit of AMS-02 PF data.

e avoid the constraints on (ov) from Fermi/LAT, HESS, PLANCK and
PAMELA p.

The single PSR scenario provides a valid explanation for AMS-02 PF data for 5
observed PSR’s. J
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Cosmic ray antiprotons

M.B, M.Cirelli, Y.Genolini, G.Giesen, V.Poulin, P.Salati and P.D.Serpico

Based on:
JCAP 1505 (2015) 013
JCAP 1509 (2015) 023
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ray antiprotons ntiprotons propagation

P astrophysical background relatively under control compared to other channels
(e+7 ’Y? "')'
e No astrophysical primary component

o Propagation uncertainty is rather small

P. Salati for the CRICATPP conference (2010) 7. Delahaye et al. (2008)
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Preliminary p/p ratio from AMS-02

AMS-02 collaboration presented for the first time the measured p/p ratio from
~ 1GeV to ~ 500GeV.
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Preliminary p/p ratio from AMS-02

AMS-02 collaboration presented for the first time the measured p/p ratio from
~ 1GeV to ~ 500GeV.

AMS p/p results and modeling

Secondary production

105 ! Donato et al., PRL 102, 071301 (2009); my = 1 TeV 1 T
r ! ! ! ! = 4.
100 200 300 400 500s
Kinetic Energy [GeV],~= 1
- - o = = - 5
: : W -~ gy N
8 AMS-02 has suggested an antiproton excess with respect to the astrophysical T

B8 background! A



Cosmic ray antiprotons ntiprotons propagation

Is this the discovery of dark matter?

Mathieu Boudaud LAPT lications



Cosmic ray antiprotons Antiprotons propagation

Is this the discovery of dark matter?

Let’s compute the systematic uncertainties for
the astrophysical antiprotons background
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Cosmic ray antiprotons Antiprotons propagation

Secondary astrophysical p source term

p+H—-p+X ~70%
a+H—=p+X ~25%
p+He—p+X ~4%
a+He—p+X ~1%

+oo

do; _
QB =ax 3 S [ BT (B o By (B xm )
i=p,a j=H,He B0

i
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Cosmic ray antiprotons Antiprotons propagation

Secondary astrophysical p source term

p+H—-p+X ~70%
a+H—=p+X ~25%
p+He—p+X ~4%
a+He—p+X ~1%

+oo

do; _
QB =ax 3 S [ BT (B o By (B xm )
i=p,a j=H,He B0

i

o Primary CR sources
— Supernova and pulsar distribution ( Yusifov et al. 2004)
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Cosmic ray antiprotons Antiprotons propagation

Secondary astrophysical p source term

p+H—-p+X ~70%
a+H—=p+X ~25%
p+He—p+X ~4%
a+He—p+X ~1%

+oo

do; _
QB =ax 3 S [ BT (B o By (B xm )
i=p,a j=H,He B0

i
o Primary CR sources

— Supernova and pulsar distribution ( Yusifov et al. 2004)

° 7 (E), 28 (E)
— AMS-02 preliminary data (AMS days 2015)
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Cosmic ray antiprotons Antiprotons propagation

Secondary astrophysical p source term

p+H—-p+X ~70%
a+H—=p+X ~25%
p+He—p+X ~4%
a+He—p+X ~1%

+oo

do; _
QB =ax 3 S [ BT (B o By (B xm )
i=p,a j=H,He B0

i
o Primary CR sources

— Supernova and pulsar distribution ( Yusifov et al. 2004)

° 7 (E), 28 (E)
— AMS-02 preliminary data (AMS days 2015)

® OpH—pX
— NA49 data parameterization/extrapolation (Di Mauro et al. 2014)
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Cosmic ray antiprotons Background uncertainties

Primary flux slope parametrization uncertainties

AMS-02 p and « fluxes presented during the AMS days.
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Cosmic ray antiprotons Background uncertainties

Primary flux slope parametrization uncertainties

AMS-02 p and « fluxes presented during the AMS days.
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Cosmic ray antiprotons Background uncertainties

R\2
d(R)~ R |1 —
(R) Jr(Ro)
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Cosmic ray antiprotons Background uncertainties

Production X-sections uncertainties
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ray antiprotons Background uncertainties

Production X-sections uncertainties

o NA49 data parametrization/extrapolation procedure
o Isospin asymmetry : opg—nx ~ [1,1.5] X opr—px
Di Mauro et al. (2014)
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y antiprotons Background uncertainties

Production X-sections uncertainties

o NA49 data parametrization/extrapolation procedure
o Isospin asymmetry : opg—nx ~ [1,1.5] X opr—px
Di Mauro et al. (2014)
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Cosmic ray antiprotons Background uncertainties

Propagation uncertainties

O\ ] 5 parameters constrained using the B/C.
- \ N Maurin et al. (2001)
/‘ e \\\\ " Donato et al. (2003)
L /’//// Case I K, [kpcleyr] L [kpe] | Ve [km/s] | V, [km/s]
— MIN |f 0.85 0.0016 1 13.5 22.4
MED | 0.70 0.0112 4 12 52.9
Primary p MAX | 0.46 0.0765 15 5 117.6
10-6
0.01 0.1 1
TS (GeV)
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Cosmic ray antiprotons Background uncertainties

Propagation uncertainties

5 parameters constrained using the B/C. Case || o | Ky kpe/Myr] | L (kpe] | V- tknis] | Vi, ksl
Maurin et al. (2001) MIN | 0.85 0.0016 1 13.5 22.4
Donato et al. (2003) MED | 0.70 0.0112 4 12 529
MAX | 0.46 0.0765 15 5 117.6
10-3
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R
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ray antiprotons Background uncertainties

Solar modulation uncertainties

Force Field Approximation : ¢f, = [0.3,1.0] GV ~ P + 50%
bp o =1 ] oF ® Cirelli et al. (2014)
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Cosmic ray antiprotons Background uncertainties

Solar modulation uncertainties

Force Field Approximation : ¢f, = [0.3,1.0] GV ~ P + 50%
bp o =1 ] oF ® Cirelli et al. (2014)
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Cosmic ray antiprotons Background uncertainties

Astrophysical background uncertainties
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Cosmic ray antiprotons Background uncertainties

Astrophysical background uncertainties

10-3

é PAMELA 2012
¢ AMS-02 2015
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o
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° Uncertainty from: Cross-sections
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AMS-02 data are consistent with the astrophysical background.
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Cosmic ray antiprotons Background uncertainties

AMS-02 data are consistent with the astrophysical background.
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Similar conclusion from independent analysis:
Ewvoli, Gaggero and Grasso, arXiv:1504.05175

x10™ Kappl, Reinert and Winkler, arXiv:1506.04145
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Updated dark matter constraints



Cosmic ray antiprotons Background uncertainties

Updated dark matter constraints

Annihilation constraints from p / p Astrophysical uncertainties on the constraints
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ray antiprotons Background uncertainties

Conclusion

o There is no clear antiproton excess. J

e Stronger bounds on DM annihilation X-section or decay life-time.

e Data seem to prefer a relatively mild energy dependence of the diffusion
coefficient at high energies (such as MAX model).
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New cosmic ray positron analysis with:
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Ongoing works - preliminary
New cosmic ray positron analysis with:

o AMS-02 positron flux PRL 113.121102(2015)
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Prospects and ongoing works

Ongoing works - preliminary
New cosmic ray positron analysis with:
e AMS-02 positron flux PRL 113.121102(2015)
o AMS-02 proton flux PRL 114.171103(2015)
o AMS-02 helium flux PRL 114.171103(2015)
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Prospects and ongoing works

Ongoing works - preliminary
New cosmic ray positron analysis with:
e AMS-02 positron flux PRL 113.121102(2015)
o AMS-02 proton flux PRL 114.171103(2015)
o AMS-02 helium flux PRL 114.171103(2015)

Single annihilation channel analysis
astrophysical background 1 AMS-02
= — = dark matter
total preliminary

te~ + ... — bb
‘ w11 |

e.g xXx — bb— e

sr-1GeV?)

Channel | m, [TeV] (ov) [em®s71] X | X P ~_
e 0.500 (limit) | (3.39 £ 0.04) - 1072% | 4560 | 95.0 0 b N ]
p | 0.500 (limit) | (5.8440.06) - 1072t | 2356 | 50 0 o) = 1102 ems1
7| 0.500 (limit) | (1.07+0.09)-10-% | 573 | 12.0 | 5.1 10~% ) CATTeV
u 4204026 | (1.14£0.08)-1072 | 166 | 3.45 | 6.6- 10715 L Ty = &A1
b 4474030 | (1.05+0.08)- 10722 | 199 |4.14 | 2.7- 1072 L/ AN
¢ 6144044 | (1.63+0.12)-1072 | 150 | 3.31 | 8.2- 1071 - i 3
Z | 2584015 | (7.354048)-102% | 162 | 3.37 | 2.8-10°1 B (GeV]
w 1.58£0.26 | (4.254+0.75)-10"2% | 114 | 2.37 | 2.7-10°¢
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Prospects and ongoing works

Ongoing works - preliminary
New cosmic ray positron analysis with:
e AMS-02 positron flux PRL 113.121102(2015)
o AMS-02 proton flux PRL 114.171103(2015)
o AMS-02 helium flux PRL 114.171103(2015)

Single annihilation channel analysis

astrophysical background 1 AMS-02
-~~~ dark matter
— total preliminary
e.g XX — bb—eTe™ + ... xx = bb [ HI
2414 i
Xog = 414 TgT
Channel | m, [TeV] (ov) [em®s71] X | X P N

e 0.500 (limit) | (3.39 & 0.04) - 1072% | 4560 | 95.0 0

( )-1
wo | 0.500 (limit) | (5.84 4 0.06) - 1072 | 2356 | 50 0
7| 0.500 (limit) | (1.07 £0.09) - 10-2 | 573 | 12.0 | 5.1 10-%
u 4204026 | (1.14+0.08)- 10722 | 166 | 3.45 | 6.6-10°1 /
b 4474030 | (1.0540.08)-1072 | 199 | 4.14 [ 2.7-10°% K : AN
t 6.14+044 | (1.63+0.12)-10722 | 159 |3.31 | 82101 - - Y,
z 258+0.15 | (7.354+0.48)-102 | 162 | 3.37 | 2.8-10~1 E(GoV]
w ( )

1.58 +£0.26 | (4.25+0.75)-10723 | 114 |2.37 || 2.7-10°°

All single annihilation channel explanations are excluded!
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Prospects and ongoing works

Thanks for your attention!
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