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_Antiproton in cosmic ray and Dark Matter . . .

Most of the antiproton in Cosmic Rays (CRs) have a secondary origin,
produced by the interaction of primary CRs with the interstellar matter.

A search for an excess with respect to the secondary component is
particularly interesting for Dark Matter indirect measurement since an
antiproton component is expected to be produce from the annihilation of

Dark Matter candidates of many models.
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Any search for an excess need the secondary antlproton LIS and its uncertainties has to be prec1sely modeled

~ Possible room for hlgh energy antiproton excess for antlprotons has been 51gn1f1cantly reduced using 1mproved
CRs propagation modelling trough the Galaxy and antiproton production cross section.
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Antlproton n COSIIllC ray and Dark Matter

Phys. Rev. Research 2, 023022 (2020)
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Few works claimed a possible excess in the low energy region in
the AMSO02 antiproton.
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Further analysis reduce the significance of the excess if all the
systematics uncertainties and their possible correlation are taken
into account.
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Galactic Cosmic Rays propagation in the Heliosphere , |

The expected signal from DM is expected to be a small fraction of the secondary component, thus precise

modelling of the backgroud and its uncertainties is essentlal

Below few tens of GeV the propagatron of CRs is affected by the Hehosphere Thrs reduce the 1nten51ty w1th
respect the Local Interstellar Spectrum This represent also one of the rnaJ or source of uncertarnres at low energy

In order to search for an excess a model of the seocondary antlproton LIS is

needed along with a reliable model for CRs propagation through the

" . Heliosphere. In particular the charge sign dependence is relevant.
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Antiproton solar modulation and sign charge dependenc

B The effect of the charge
# sign dependece is of the
§ order of 5-10% up to 10
8 GeV/n.
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NV ] B 1f a model like the force

—— AntiProton LIS (ApJ, 878, 59) 1 B H——-—
Solar Minimum(SZ%OS A0 ) ,: field approximation tqned
Solar Minimum (2008 A < 0 1 on the proton spectra is

Solar Maximum (2014 A >0 A\ ] i _
Solar Maximum }2014 A<0 | LB B SpBEies gt
\ 1 10% is introduced.

8 Modulation model need to

| take into account for all

} the mechanism in order to
study antimatter.
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An antiproton LIS able toreproduce the experlmentaldata g

3 AIltipI'OtOIl 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)

PAMELA July 2006 - December 2008
BESS Polarll December 2007 - January 2008
AMSO02 May 2011 - May 2015

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

PAMELA, BESS PolarII

and AMSO02 antiproton

data will be used to fine

tune the antiproton Local

B Interstellar Spectrum

obtained with
GALPROP in order to

% reproduce, when
| modulated with a 3D

numerical model tuned
on the proton spectra, the
measured antiproton

# spectra.




Antiproton data set from PAMELA, BESS Polarll and A

Cycle 21 ) Cycle 23
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Calibrate the solar modulation on protons: PAMELA ,

8 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 | 3

LIS Modulated (2006-2008)

Proton PAMELA
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B The diffusion
coefficients of the 3D
numerical model were

LN § tuned in order to
Data reproduced S, 8 reproduce the PAMELA
at the level of 2% ., } data (chi2 minimization).
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AR 8 systematics which take
e B into account for the
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uncertainties.
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 The Antiproton LIS from PAMELA data

The GALPROP
antiproton LIS has been
modified in order to

LIS Modified (PAMELA) 3 reproduce the
LIS Modulated (2006-2008) it

| e Antiproton PAMELA Bl experimental data when
' \ # modulated with the
. \ # parameters calibrated on
AN @ the protons (opposite
# polarity of the HMF).
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Calibrate the solar modulation on protons: BESS
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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.




 The Antiproton LIS from BESS Polar Il data

The GALPROP
® antiproton LIS was
LIS GALPROP Modified BESS e SIIlOOthly modified in
LIS BESS Modulated (Dec 2007-Jan 2008) i3
®  Antiproton BESS POLARII i order to reproduce, once
§ modulated, the BESS

Polar II data .

Flux (m?srs GeV)!

B Below 2 GeV the BESS
| Polar II antiproton data
8 has lower statistical with
8 respect to PAMELA
B uncertainties which
S ‘ 8§ reflects in a smaller

[ Ratio LIS/ Modulated . .
Constant fit: p0 = 0.999 + 0.023 Systematlcs for the LIS .

Ratio GALPROP/Mod

WOO“U Sy ptestesogoyd Since experimental data
LT T #T7, "947 e @7

.6§ s ol 1T T, | extend just up to 3 GeV
%107 3x107 4x10™! 1 20 Kin ]%f)n (Gé({/ /ns)o above thiS energy the
8l LIS cannot be re-defined.




Flux (m?sr s GeV)'!

Ratio GALPROP/Mod

~ Calibrate the solar modulation on protons: AMS-02 .,

Data reproduced
at the level of 4%

. LIS GALPROP

LIS Modulated (2011-2015)

e AMSO02 (2011-2015)

Ratio LIS/AMS02 2011-2015
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8 AMS-02 antiproton data
@ extend over 4 years in a

period of maxium solar
activity and a polarity

reversal of the HMF. Is
# more challenging to

reproduce the
appropriate solar activity

® conditions.

B AMS-02 proton data
I were split into two

dataset one for each

# HMF polarity and they

were modulated

| separately.

Then the average spectra

M was considered.




The Antiproton LIS from AMS02 data

% The GALPROP

@ antiproton LIS was

@ smoothly modified in

B order to reproduce, once
B modulated, the AMS-02
8 data .

LIS Antip Original GALPROP Modified AMS02
Modulated Modified AMSO02 (2011-2015)

Antiproton AMS02

Flux (m? sr s GeV)'!

B The associated
| uncertainties are much
W lower with respect to the
8§ PAMELA and BESS
fl Polar II derived LIS due
L] ‘ B to the higher statistics.

| L | 1 LI 1 1 1
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Ratio GALPROP/Mod
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Antiproton AMS02 Phys. Rev. Lett. 117 (2016) 091103

@ Physics Reports 894 (2021) 1
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The GALPROP
antiproton LIS was
smoothly modified in
order to reproduce, once
g modulated, the AMS-02
8 data .

The associated
uncertainties are much
lower with respect to the
PAMELA and BESS
Polar II derived LIS due
to the higher statistics.




Estimating the uncertainties with Markov chain
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Flux (m?sr s GeV)

107 -

A parametrization of the antiproton LIS is obtained with an arbitrary function in
order to reproduce as better as possible its shape with an initial set of parameter.
107 ] The LIS is modulated and the modulated spectra is compared with the
experimental measurement. A chi2 is measured.
: Then the parameter are changed and the new LIS is modulated and compared
1078 - again with the measurements. If the results have a better chi2 then the new

: parameter are accepted.
With this recursive mechanism the best parameter for the LIS can be found as
well as their uncertainties
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Estlmatlng the uncertalntles w1th Markov Cham '

Parameters dlstrlbutlon for the LIS parametrlzatlon
Gaussian fit to each parameter in order to estimate the sigma
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Estimating the uncertainties with Markoy chain
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Estimating the uncertainties with Markoy chain
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Ratio GALPROP/Modified

Estimating the uncertainties with Markoy chain
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Ratio GALPROP/Modified
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Differences between the LIS
obtained with different data set
will be considered as
experimental systematics
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Estimating the uncertainties with Markov chain -
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Estimating the uncertainties with Markoy chain

| AL

LIS AntiP Korsmier

Antiproton AMS02

£l

Flux (m®sr s GeV)'!
T HH‘

* AntiP DM Modulated FF

T TTTTTTE

AntiP DM Modulated 3D

AntiP + DM Modulated FF

HHH‘

" AntiP + DM Modulated 3D

T

T 1 1T

T WH\H‘

L I A
AntiP+DM Modulated Korsmaier FF Numerical
L] AntiP+DM Modulated Korsmaier 3D Nurgerical

.

ol EMNE D
008 i boaii1aia00 90, :00% 070 0 0
BEAEE L2404 41008 400N 5 4 2 12 I i

Ratio GALPROP/Mod

AR LAY AL RRRRN LAY ALY RARRN L)

L L : 1 : L n s n ' n n L L PR |
2x107" 3x10™ 20 30 40 50 60 10?

2><‘1o2 3x10° o
KinEn (GeV/n)




Flux (m? sr s GeV)

Ratio GALPROP/Mod

CLCOL mE=m=
AN N0 O = = N WA

O'l_ T[T T[T T o [T T TrTT

Ju

Es_timati;ng‘t'he._.

.

[y

uncertainties w

LIS AntiP Korsmier

LIS Antip Original GALPROP Modified AMS02
LIS Antip Original GALPROP Modified BESS
LIS Antip Original GALPROP Modified PAMELA

1 I I T
[ ] My AMS02/ Kors LIS

] My PAMELA / Kors LIS

My PAMELA / Kors LIS

2x107" 3x107!

Il L n TR ST L n L 1

5 6 78910

n L L n 1 L PE—— | i i
20 30 40 50 60 10? 2x10>_ 3x10?

KinEn (GeV/n)




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25

