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Antimatter in CRs is mainly produced by the interaction of
l primaries CRs with the interstellar medium (e+, antiP...).

Tw

Another antimatter source 1s.behved to b.e annihilation or  §& . e ° i
decay of Dark Matter (DM) in the galactic halo. i A e e SRR

Other possible sources of antimatter in CRs are belived to - ® PAMELA
be astrophysical object like pulsar (e.g. positron). - " AMSO2

o Fermi
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P0551b1e excess w1th respect'to. e

The DM signal introduce an
issue at the lowest energies.

0 5 a a
b
RERLL B R 1L (R
-\. — 20" -
I = R s o,
. a1 I =
1 r~'-_ e é (prmr=tae: *%\fi%*ﬁ“ﬂ
] > —4 ‘é .............. o
18 © 10 —20
2 —Im ,’/ Parents
] I‘ea 40k~ XS
5 G
1 E h
il B [T en
Best Fit (#o =0) e -y -5 — Best Fit with 1,20 | |
Best Fit with 1o ,20|: 10 - Tertlar | —
- Tertiary ] — DM Y 3
i ' g 7L ~ .
ST AR I I ‘fl) il |,‘/||i||H| LTI AR RETTT I RNRET| |
5 LEALLY AR ALY i 4 eI_III AU mmman (L0 B ERERRLL UNRELLL BRI
f P 2 - g | -
| 0 e 'H
.| T T E —2 - : P
S 3' a _4\_1 a1 Coovnl bl Lol
10 10 B =1 0 1 2 3 4
X 10 10 10 10 10
R[GV]

Transport
Total

Debated result,
other works
claim no excess
if all the
uncertainties
are taken into
account




The antiproton modulation
# factor i.e. the ratio
i between the LIS and the
#1 modulated spectra during
) @ different phase of solar
— AntiProton LIS | B activity modulated with a
Solar Minimum (2008 A >0) N3 8 3D numerical model (see

Fhlx(mzsrsG-eVI1

Solar Maximum (2014 A > 0) g d c.g., Aslam, O. P. M., ApJ,
| 873, 70).
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—— 2008
— 2014
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CRs at Earth the propagatmn

trough the Hellosphere

Heliosphere: an ideal environment to test the

theory of propagation of CRs under conditions

g% which well approximate the cosmic condition.

—» Convection

-3 Diffusion

Perpendicular
diffusion

- (G,C & NS Drifts

Shock-drift

The Parker Equation

1 of
— 7*V'be+v'(Ks'v{)*<VD>‘Vf+§(v' )0In + Q(x, p, t)
c d _f_’ £
e

istribution of CRs; (b) convection with solar wind V; (c) diffusion by magnetic field irregularities; (d) drift, curvature and
) adiabatic ener, :

losses; () local sources (Jovian electrons)

il With 3D numerical models for the CR
il propagation trough the Heliosphere that solves the

Parker equation is possible to reproduce the

¥ measurements at Earth and fine tune the LIS of
d the different species




Solar modulation on the antiproton LIS |

#@ The effect of the charge
@ sign dependece is of the
B order of 5-10% up to 10
B GeV/n.

Flux (m? sr s GeV)™!
S

AntiProton LIS oo0s ] 2 if elldmodel like the force )

olar Minimum ) g fi c .

Solar Minimum (2008 A 1 leld approximation tqne
Solar Maximum (2014 A ) 1 on the proton spectra 1S
Solar Maximum (2014 A ] B used a systematics of 5-

115 A A ] 8 10% is introduced.

1.1

1.05 : fl Modulation model need to
1 ’ 8 take into account for all
0.95 | the mechanism in order to

0-9 study antimatter.
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Estimate antlproton LIS uncertaltles due to solar modulauon

Antiproton LIS GALPROP D. Bisschoff et al., ApJ 878 (2019) 1

LIS Modulated (July 2006 - Dec 2008)
LIS Modulated (Dec 2007 - Jan 2008)
LIS Modulated (May 2011 - May 2015)

Flux (m?sr s GeV)'!

PAMELA July 2006 - December 2008
BESS Polarll December 2007 - January 2008
AMS02 May 2011 - May 2015

Fmal Goal
Estimate the best
antiproton LIS and its
uncertainties due to the
solar modulation and the
experlmental data

PAMELA, BESS PolarH

and AMSO02 antiproton

i data will be used to fine
B tune the antiproton Local
d Interstellar Spectrum

obtained with

8 GALPROP in order to
| reproduce, when
| modulated with a 3D

numerical model tuned
on the proton spectra, the
measured antiproton

g spectra.




Proton modulation: m,od.eli_'(Ealibratidh.ﬁPAMELAl;' p i

-

# The published PAMELA
@ proton data were

averaged over the period
July 2006 and December
2008.

- LIS GALPROP D. Bisschoff et al., ApJ 878 (2019) 1 |

LIS Modulated (2006-2008)

Proton PAMELA

Flux (m? sr s GeV)'!

The diffusion
8 coefficients of the 3D
& numerical model were
LN il tuned in order to
Data reproduced o, 8 reproduce the PAMELA
at the level of 2% . B data (chi2 minimization).

= Lo B, o - .
1.2 E 4
115 ° Ratio PAMELA / Modulated ® The shaded area

1.1E [ Uncertainties ; d
1.05 - o . represent an estimate
1 L 02 %62000%% 0,06 S0 0010:0. g o 0000000000004, o . e . q
AR # systematics which take
el B into account for the
07§<16"2 107! 2107 3x107! eXperimental
uncertainties.

Ratio LIS/Data
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Flux (m? sr s GeV)!

Ratio GALPROP/Mod

0,6 =
2x10

| Antiproton LIS to reproducePAMELA data -

A The GALPROP

LIS Modified (PAMELA)

[ Uncertainties
- LIS Modulated (2006-2008)
[ Antiproton PAMELA

L Ratio LIS / Modulated

l:] Uncertainties

4 °
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antiproton LIS has been

modified in order to

reproduce the
experimental data when

modulated with the
# parameters calibrated on

the protons (opposite
polarity of the HMF).

| An uncertainties on the
B modified LIS was

evaluated.

' ~:1 The LIS is lowered

(increased) in order to

| obtain upper and lower

limits which define a
95% confidence interval
based on a chi2

8 calculation.
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Flux (m? sr s GeV)'!

1.2

LIS GALPROP

LIS Modulated (2007-2008)

BESS POLAR II (2007-2008)

Data reproduced
at the level of 3%

1.15E
1.1
1.05 £
1E

@ Ratio LIS/BESS 2007-2008
Constant fit: p0 = 0.997 £ 0.001
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The published BESS

polar II data refers to the
period from December
2007 to January 2008.

The diffusion
coefficients of 3D
numerical model were

@ tuned in order to

reproduce the

experimental data.




Flux (m? sr s GeV)'!

Ratio GALPROP/Mod

LIS GALPROP Modified BESS
LIS BESS Modulated (Dec 2007-Jan 2008)
Antiproton BESS POLARII

1
A
)

[""] Ratio LIS/ Modulated

Constant fit: p0 = 0.994 +0.023
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Antiproton LIS to reproduce BESS Polar I data |

# The GALPROP

@ antiproton LIS was
smoothly modified in

@l order to reproduce, once
#d modulated, the BESS

# Polar II data .

B Below 2 GeV the BESS
| Polar II antiproton data
8 has lower statistical with

B respect to PAMELA

uncertainties which

8 reflects in a smaller

systematics for the LIS.

Since experimental data
extend just up to 3 GeV
above this energy the

B LIS cannot be re-defined.




| Proton modulation: model calibration AMS-02

Bl AMS-02 antiproton data
d extend over 4 years in a
= ESICAEReE & period of maxium solar
LIS Modulated (2011-2015) "1 activity and a polarity
. AMSO2(0112015) @ reversal of the HMF. Is
# more challenging to
| reproduce the
§ appropriate solar activity
# conditions.

Flux (m?sr s GeV)'!

Data reproduced ‘, 8 AMS-02 proton data

at the level of 4%

i were split into two

§ dataset one for each

B HMF polarity and they
Ratio LIS/AMS02 2011-2015 were modulated

oo . . 8 separately.

Ratio GALPROP/Mod

‘ B Then the average spectra
2 3 4 5 6 78910 20 . 30 40 50 60 3 .
KinEn (GeV/n) 8 was considered.




Antiproton LIS to reproduce AMS-02 data

Te GLPP
antiproton LIS was
smoothly modified in

I LIS GALPROP Modified AMS02
LIS GALPROP Modified AMS02 Modulated (2011-2015)

Antiproton AMS02 order to reproduce, once
g8 modulated, the AMS-02
# data .

Flux (m? sr s GeV)'!

The associated
uncertainties are much
lower with respect to the
PAMELA and BESS
N\ f§ Polar II derived LIS due
L] B to the higher statistics.

1 1
I Ratio AMS Modulated LIS
Constant fit: p0 = 1.005

Ratio GALPROP/Mod
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Antiproton LIS to.repro

Flux (m? sr s GeV)'!

Ratio GALPROP/Modified

-

]

Original LIS GALPROP

LIS GALPROP Modified PAMELA
LIS GALPROP Modified AMS02
LIS GALPROP Modified BESS

1
5 6 78910

30 40 50 60 7080 107 2x10%

KinEn (GeV/n)

Comparison between the

LIS derived from the
antiproton measurements
of PAMELA, BESS
Polar IT and AMS-02 and
their associated
uncertainties.

The lower panel
represent the factor that
was used to modified the
original GALPROP
antiproton LIS.




Co’nclusions -

JANCTD) soIar modulatron numencal model for the CRs has been tu!.é_f:,'lf,d to reproduce the solar actrvrty
condltlons correspondlng to the antrproton data set of PAMELA BESS Poiar II and AMS 02

An estimation of the' uncertalntles related to the solar modulatton model has been performed obtalnlng
maximum systematlcs of about 3 4 % at the towest energles e , Eund :

sy amlpmton 0 T LIS e Obtamed‘,to‘-’-' el u;odulated the expenmental data ;:;]'.
Systematlcs on the modlfred LlSs were' 60unt for the experlmental uncertamues,', : '_

Combine the mOdIerd LISs and th _tr-'_}nc rtarntles in order to obtaln global unCertamtles WhICh take |nto i
‘accounts for the p055|ble,systemat|cs between dlfferent data set e . - e

Compare the LIS WhICh best reproduce the expenmental data set Wlth models for secondary antlproton
spectra and see if excess are present compatlble W|th e g dark matter annrhilatlon
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