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Predicted antideuteron flux near Earth [1]
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Content of this talk

 What is needed to calculate cosmic ray antinuclel fluxes

e Current status of antinuclei inelastic cross section measurements
 The ALICE experiment

e Method to determine antinuclei inelastic cross sections with ALICE

* Antiproton, antideuteron and He inelastic cross section

 Possible implications for indirect Dark Matter searches
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A long way to the detectors

Interstellar Medium

* |njected primary cosmic
ray (CR) spectra

* Production of secondary
CR in interstellar medium

* Transport
* Absorption and
(re-)acceleration

Local interstellar flux
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A long way to the detectors

Interstellar Medium Heliosphere

* Injected primary cosmic » Solar wind shielding
ray (CR)ISIDeC’“fa e Most dominant effect
* Production of secondary at low momenta

CR in interstellar medium

. Transport * Time dependence of

. tivit
* Absorption and activity
(re-)acceleration
Local interstellar flux Solar modulated flux
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A long way to the detectors

Interstellar Medium Heliosphere Near Earth environment

* Injected primary cosmic  Solar wind shielding  Shielding/deflection
ray (CR) spectra « Most dominant effect by Earth’s magnetic
* Production of secondary at low momenta field
CR in interstellar medium |
. Transport - Time dependence of * Backgrouna
. Absorot ’ activity production and
SOrption an absorption in Earth’s
(re-)acceleration
atmosphere
Local interstellar flux Solar modulated flux Flux at experiment
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A long way to the detectors

Interstellar Medium Heliosphere Near Earth environment

Steps in calculating antinuclei fluxes:
* Propagation: Common for all (anti)particles
* Annihilation in interstellar medium and Earth’s atmosphere

«Production of antinuclei in pp, pp, p-He, p-He, ...

[1] CERN-SPSC-2019-022; SPSC-P-360 Measurements of antinuclei inelastic cross sections | S. Koenigstorfer | ICHEP 2020 | 31.07.2020 6



'I'u'" Technische Universitat Miinchen A Large lon Collider Experiment %ﬁ
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Interstellar Medium Heliosphere Near Earth environment

Uncertainty on p/p ratio for AMS-02 [1]
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Interstellar Medium Heliosphere Near Earth environment
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Current status of antinuclei inelastic cross sections =

* Antiproton inelastic cross section is well known.
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Current status of antinuclei inelastic cross sections =

* Antiproton inelastic cross section is well known.
* Antideuteron inelastic cross section is poorly known at low energies.
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Current status of antinuclei inelastic cross sections =

* Antiproton inelastic cross section is well known.
* Antideuteron inelastic cross section is poorly known at low energies.
* Antihelium inelastic cross section has never been measured before.
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Current status of antinuclel inelastic cross sections

* Antiproton inelastic cross section is well known.
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ALICE

* Antideuteron inelastic cross section is poorly known at low energies.
e Antihelium inelastic cross section has never been measured before.

= (Jse ALICE to measure antinuclei inelastic cross sections!
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The ALICE experiment at CERN

General-purpose (heavy-ion) experiment at the Large Hadron Collider

* Excellent tracking and particle
identification (PID) capabilities =

* Most suitable detector at the LHC
study the physics of (anti)nuclei
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i a
gl .,

Measurements of antinuclei inelastic cross sections | S. Koenigstorfer | ICHEP 2020 | 31.07.2020 8



'I'u'" Technische Universitit Miinchen A Large lon Collider Experiment %ﬂs
The ALICE experiment at CERN

General-purpose (heavy-ion) experiment at the Large Hadron Collider
* Excellent tracking and particle
identification (PID) capabilities _ ,,
* Most suitable detector at the LHC iy
study the physics of (anti)nuclei ‘

PEERE AW . Y 'RV (A= n\l'.l .

Inner Tracking System (ITS)
* Tracking, vertex, PID, (dE/dx)

i a
gl .,

Measurements of antinuclei inelastic cross sections | S. Koenigstorfer | ICHEP 2020 | 31.07.2020 8



'I'u'" Technische Universitit Miinchen A Large lon Collider Experiment %ﬂs
The ALICE experiment at CERN

General-purpose (heavy-ion) experiment at the Large Hadron Collider
* Excellent tracking and particle
identification (PID) capabilities = _ ,/
* Most suitable detector at the LHC iy e
study the physics of (anti)nuclei

PEERE AW . Y 'RV (A= n\l'.l .

Inner Tracking System (ITS) T
* Tracking, vertex, PID, (dE/dx) f—
Time Projection Chamber (TPC)
* Tracking, PID (dE/dx)

Measurements of antinuclei inelastic cross sections | S. Koenigstorfer | ICHEP 2020 | 31.07.2020 8



'I'u'" Technische Universitit Miinchen A Large lon Collider Experiment %ﬂs
The ALICE experiment at CERN

General-purpose (heavy-ion) experiment at the Large Hadron Collider
* Excellent tracking and particle
identification (PID) capabilities = _ ,/
* Most suitable detector at the LHC iy e
study the physics of (anti)nuclei ‘

PEERE AW . Y 'RV (A= n\l'.l .

Ve .-
N =
> g

L J
W —

(7 :
I////// N ,’ My \

il /B [

Inner Tracking System (ITS)
* Tracking, vertex, PID, (dE/dx)

Time Projection Chamber (TPC)
* Tracking, PID (dE/dx)

Time of Flight detector (TOF)
 PID (TOF measurement)

Measurements of antinuclei inelastic cross sections | S. Koenigstorfer | ICHEP 2020 | 31.07.2020 8



'I'u'" Technische Universitit Miinchen A Large lon Collider Experiment %ﬂs
The ALICE experiment at CERN

General-purpose (heavy-ion) experiment at the Large Hadron Collider
* Excellent tracking and particle
identification (PID) capabilities | ,,
* Most suitable detector at the LHC 4 e '-;.-:-'
study the physics of (anti)nuclei

PEERE AW . Y 'RV (A= “I'.\ .

-
:~~ ——
-~

Inner Tracking System (ITS) i 2
» Tracking, vertex, PID, (dE/dXx) s

— . —
!.' / ety 2
‘.' /. .
]

I' / [ N u
_ » 2

E/7] —

Time Projection Chamber (TPC)
* Tracking, PID (dE/dx)

=
T

i»
e

Time of Flight detector (TOF)
 PID (TOF measurement)

Transition Radiation Detector (TRD)

Measurements of antinuclei inelastic cross sections | S. Koenigstorfer | ICHEP 2020 | 31.07.2020 8



m Technische Universitat Munchen A Large lon Collider Experiment %

- ALICE
Use the LHC as an antimatter factory...
At LHC energies, particles and antiparticles are produced in almost equal amounts.
* Primordial antimatter-to-matter ratio approaches unity with increasing /s
This talk: L p/p ratio at mid-rapidity vs \s [1]
— uncert® = stat® + syst®
- (Anti)->He results from high o A op T AN
multiplicity pp collisions at 0.9~ collisions
\/s = 13 TeV, ~10° events ol
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: _ A ISR O NA 49
* (Anti)proton and (anti)deuteron 051 . STAR . PHOROS
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... and the ALICE detector material as a target

[1] Journal of Instrumentation 3, S08002 (2008)

ALICE

/‘ 4 \\\
// ) \\\
. _// it , \\\
. X t k¥ N
/ 1\ f N
// 1] L IL! .
- | } ' § »
P i\ /]
// W y
/, _— —
J
‘/I '
[/
7 /
y ‘/
. /
f
/' : T | ‘
| ' |
g \
e — )
I‘ / i N .ll
] \ 11}
‘ ;
S | B ) | | S —
\ r . l S / YI
\ l , ' : /
‘ ! |
|
% 1
A. ‘\ . ’/
\ TP (: A/
\ /
\ / /
\ /
\ \Y /
~ ‘ A\ ’ -~
N P 4
& ‘ \ ‘ S
" # [ | 7
~ {} \ ’
N /
" ! /
\\ r‘ )1 ! >
Ny ' ’
“~d e

Measurements of antinuclei inelastic cross sections | S. Koenigstorfer | ICHEP 2020 | 31.07.2020 10



m Technische Universitat Munchen A Large lon Collider Experiment %

... and the ALICE detector material as a target

ALICE material budget at mid-rapidity [1]:
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... and the ALICE detector material as a target

ALICE material budget at mid-rapidity [1]:
 Beryllium beam pipe (~0.3% X))
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... and the ALICE detector material as a target

ALICE material budget at mid-rapidity [1]:

 Beryllium beam pipe (~0.3% X)) o
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Idea: use raw reconstructed antiparticle-to-particle = M s g T =
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... and the ALICE detector material as a target

ALICE

ALICE material budget at mid-rapidity [1]:

Idea: use raw reconstructed antiparticle-to-particle
ratios (p/p, d/d, He/ He)
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... and the ALICE detector material as a target

ALICE material budget at mid-rapidity [1]:
 Beryllium beam pipe (~0.3% X))

« ITS (~8% X))

« TPC (~4% X))

« TRD (~25% X)

« Space frame (~20% X, between TPC and TOF)

Idea: use raw reconstructed antiparticle-to-particle

ratios (p/p, d/d, He/ He)
* No correction due to detector efficiency or absorption
from material.
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ALICE

ALICE material budget at mid-rapidity [1]:

Idea: use raw reconstructed antiparticle-to-particle

ratios (p/p, d/d, He/ He)

* No correction due to detector efficiency or absorption
from material.

* Correct for secondary (anti)particles from weak decays
and spallation processes.
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... and the ALICE detector material as a target

ALICE material budget at mid-rapidity [1]:
 Beryllium beam pipe (~0.3% X))

« ITS (~8% X))

« TPC (~4% X))

« TRD (~25% X)

« Space frame (~20% X, between TPC and TOF)

Idea: use raw reconstructed antiparticle-to-particle

ratios (p/p, d/d, He/ He)

* No correction due to detector efficiency or absorption
from material.

* Correct for secondary (anti)particles from weak decays
and spallation processes.

» Measure 0| Via comparison with detailed Monte Carlo
simulations using Geant4.

[1] Journal of Instrumentation 3, S08002 (2008) Measurements of antinuclei inelastic cross sections | S. Koenigstorfer | ICHEP 2020 | 31.07.2020 10
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Particle identification in TPC and TOF

Complementary information from TPC and TOF
detectors allows to select high purity
(anti)particles:
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ALICE

Raw primary p/p ratio:

* Higher loss of antiprotons in detector material

o Step at 0.7 GeV/c due to additional detector
material

Monte Carlo simulation:

e Detailed simulations of the ALICE detector
performance

* Propagation with Geant4

Vary 6;ne/(P) in Geant4 based simulations until MC

ratio is +10 and +20 away from experimental ratio ->
measurement of Gjne/(D)
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Data / MC

oinel(P) on average ALICE detector material.
Good agreement with Geant4 parameterization as expected.
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Hint at steeper rise at low momentum. O \(&
S
= 1.2 & s’
— ALICE s . o
g p—Pb |5, = 5.02 TeV > &
3 ' < & ALICE (d)
o o ¢ > 51
0.8 = . o2, p—Pb \s,, = 5.02 TeV
< | (Z)=14.8,(A)=31.8,In<0.8
2 4 _
0.6 Data — - 0,,,(d) Geant4
O ITS+TPC analysis B MC Geant4 3 —e— Data (ITS+TPC+TOF)
® ITS+TPC+TOF analysis o |(a) +16
0.4 + 3.0% global unc. not shown G ne (a) +26
2 inel

Data / MC
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3 ALICE
Anti-"He inelastic cross section <.
aine|(3He) on average ALICE detector material. < O >

. ANV
 Much steeper rise at low momentum o
e Good agreement for momenta > 1.5 GeV/c

324 — T ' — 1 T — T ]
ol2 T ILELELELE LU I DL LR BB g -
‘E i E I % 50 ALICE Preliminary _:
ﬁ T 0 o - = pp/s =13 TeV -
i Ol @ P | £16 Z )= A)=17.4 -
o8 U | D (Z)= 85,(A)=1T. i
- e " | I |171<0.8 :
0.6 |- ALICE Preliminary — 12{ — — 0ine|(’He) Geantd
- o ppls=13TeV | N D&Y 6ici(*Fe) ALICE 10 -
0.4 o ITS-TPC analysis | . 3 o "
i e ITS-TPC-TOF analysis - % I Ginel('He) ALICE <20 _
0.2 = O - MC Geant4 N 4 _\ @ 95% confidence upper limit —
i 4.5% global uncertainty not shown | i ~ | _
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3 _ ALICE
Anti-"He Inelastic cross section
0ine|(’He) on average ALICE detector material, <\ >
» Much steeper rise at low momentum A4
e Good agreement for momenta > 1.5 GeV/c =

‘:5"‘ 6 4 f | I | | | | | | | | | |

@12 T T T T T T — || ALCEPreliminary = — oine|‘He) Geantd
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C;: E D_i_ . ® . E \—%E A | T Z[ )(:0184.8, < A >= 31.8 O'ine|(3H_e) ALICE +25 -
0.8 - i gL —= — S | T | i
o5l ALICE Preliminary - 3 _4\ .

- o pp Vs =13 TeV i i -
u | - o —
0.4 o ITS-TPC analysis i -
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02 [o = MC Geant4 - e
i 4.5% global uncertainty not shown _ i
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ALICE
Anti-3He Inelastic cross section /

0inel(PHe) on average ALICE detector material.

 Much steeper rise at low momentum
Good agreement for momenta > 1.5 GeV/c -

N
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i 4.5% global uncertainty not shown _
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Effect on antinuclel In cosmic rays
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Effect on antinuclel In cosmic rays

* Particles can get reshuffled to lower
momenta due to energy loss effects
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Effect on antinuclel In cosmic rays

* Particles can get reshuffled to lower
momenta due to energy loss effects

* The flux iIs most sensitive to the
cross section at the peak
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Effect on antinuclel In cosmic rays

Production cross section for
antideuterons [1]

* Particles can get reshuffled to lower = . 12500 Gov
Q 10—31 -
momenta due to energy loss effects cﬁé ﬁ ‘ e
» The flux is most sensitive to the g TS (L
cross section at the peak AL .
10‘33:— .: e
101G 5 | | B 60 GeV
10E & 3 Gev
10" 1 10 10° 10°

Kinetic energy per nucleon [GeV/n]

[1] Phillip von Doettinchem, arXiv:2006.12707
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Effect on antinuclel In cosmic rays

* Particles can get reshuffled to lower
momenta due to energy loss effects
* The flux iIs most sensitive to the

cross section at the peak

Flux (m~4sr1s=1GeVv1)

=

-

I
=
o

scaled/default
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ALICE
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1061
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Antideuteron flux

Work of L. Serk$nyté

LIS
Solar modulated, ¢=0.693 GV
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Effect on antinuclel In cosmic rays

* Particles can get reshuffled to lower
momenta due to energy loss effects

* The flux iIs most sensitive to the
cross section at the peak

» Since this measurement agrees with
current parameterization at the
momentum where the peak of the
flux is, the effect on the secondary

spectrum is small

Flux (m~4sr1s=1GeVv1)
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-

I
=
o

scaled/default
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ALICE
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Effect on antinuclei in cosmic rays (cont.)
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Effect on antinuclei in cosmic rays (cont.)

 Dark matter peak expected in/below this
measurement range
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ALICE

Effect on antinuclei in cosmic rays (cont.)

Predicted antideuteron flux near Earth [1]

 Dark matter peak expected in/below this

measurement range

103

10+

1 O-r’.

107

10°

102

T IWIm' T ITTYIWI

Antideuteron Flux [m-¢ s sr' (GeV/n)']
2
:
/;
7

rvrn]

LSP (SUSY)

imn . = ,‘; :':' C;t;‘ "'.‘.
BESS limit

|

[ . “11 11111111 L L La1NIL

-
b

1 10 100
Kinetic Energy per Nucleon [GeV/n]

[1] Physics Report 618, 1
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ALICE

Effect on antinuclei in cosmic rays (cont.)

Predicted antideuteron flux near Earth [1]

 Dark matter peak expected in/below this

measurement range

102
LSP (SUSY

— n= 30 Ge!

= 10° BESS limit

- e L/7P (UED

8 m = 40 e

- 104

| .

)

? o [GAPS AMS MS

-\‘l

o eCOI

= - ‘

o 107

- -

O -

.

2 107l

> 3

ke, -

- = .

= measurement
i | 1LAAA11 A 11114.4'1 | | -
0.1 1 10 100

Kinetic Energy per Nucleon [GeV/n]
[1] Physics Report 618, 1
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Effect on antinuclei in cosmic rays (cont.)

Predicted antideuteron flux near Earth [1]
102

* Dark matter peak expected in/below this LSP (SUSY)
measurement range = 10 [ s
* Increased cross section would reduce s B i 40 Ge
dark matter signal more than the T
background from secondaries o . . [GAPS AMS AMS
E B N\ .
3 10s [
I
% 107 |- /
E 108 / This
_F measurement
: Lo gl L1111 i1 1.1
0.1 1 10 100

Kinetic Energy per Nucleon [GeV/n]
[1] Physics Report 618, 1
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Effect on antinuclei in cosmic rays (cont.)

Predicted antideuteron flux near Earth [1]
102

 Dark matter peak expected in/below this
measurement range

* |ncreased cross section would reduce
dark matter signal more than the
background from secondaries

* This could reduce the signal/background
ratio for a dark matter signal in cosmic ray
antinuclel spectra

103

BESS limit

105

/ This

: measurement
C 1 : s 230 1 L L 114 1 L L AN
0.1 1 10 100

107

Antideuteron Flux [m-¢ s-7 sr' (GeV/n) ]

104

Kinetic Energy per Nucleon [GeV/n]
[1] Physics Report 618, 1
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Effect on antinuclei in cosmic rays (cont.)

Predicted antideuteron flux near Earth [1]
102

 Dark matter peak expected in/below this
measurement range

* |ncreased cross section would reduce
dark matter signal more than the
background from secondaries

* This could reduce the signal/background
ratio for a dark matter signal in cosmic ray
antinuclel spectra

103

BESS limit

105

/ This

: measurement
C 1 : s 230 1 L L 114 1 L L AN
0.1 1 10 100

107

Antideuteron Flux [m-¢ s-7 sr' (GeV/n) ]
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Kinetic Energy per Nucleon [GeV/n]
[1] Physics Report 618, 1
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Effect on antinuclei in cosmic rays (cont.)

 Dark matter peak expected in/below this mf

measurement range

* |Increased cross section would reduce
dark matter signal more than the
background from secondaries

* This could reduce the signal/background
ratio for a dark matter signal in cosmic ray

antinuclel spectra

A Large lon Collider Experiment %

ALICE

Predicted antideuteron flux near Earth [1]

103 BESS limit
3

10+

ooooooooooo
.

10°

107

Antideuteron Flux [m-¢ s-7 sr' (GeV/n) ]

oD /Tl 10V
LSP (SUSY)

m.= 30U eV

: : . Thi
= Potential lower antinuclei signals would 0 ‘%r/measurlesment
be compatible with dark matter models! e

Kinetic Energy per Nucleon [GeV/n]

[1] Physics Report 618, 1
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Summary and outlook
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ALICE
Summary and outlook

Analysis of raw reconstructed p/p, d/d and *He/’He ratios.

« Measurement of oj,¢| Via comparison with detailed ALICE
Monte Carlo simulations using Geant4

Measurements of antinuclei inelastic cross sections | S. Koenigstorfer | ICHEP 2020 | 31.07.2020 18


https://arxiv.org/abs/2005.11122
https://arxiv.org/abs/2005.11122

m Technische Universitat Mlinchen A Large lon Collider Experiment R\
6 :

| Y T v .
ALICE

I k =S | ALICE (c)
Summary and outloo : 5 p-Pb S = 5.02 TeV
| o T 3 | Nl (Z)=85,(A)=17.4,[n|<0.8
Analysis of raw reconstructed p/p, d/d and “He/”He ratios. | — — 6, (d) Geantd
» Measurement of 6jne| Via comparison with detailed ALICE ey YAl
Monte Carlo simulations using Geant4 Tjnel(d) £20 _

First low energy measurement of the antideuteron inelastic
cross section. 0 —
 Paper on arXiv:2005.11122 b (GeV/c)

NEW: arXiv:2005.111221
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6 , . . r ' .

ALICE

Summary and OUtIOOk % i g\i—gt:)E\(s*w=5.ozTev “
aH (Z)=85,(A)=174,n<0.8

Analysis of raw reconstructed p/p, d/d and *He/’He ratios.

| — - o,,,(d) Geant4 .

: : : : ——D ITS+TPC
- Measurement of 6jn| via comparison with detailed ALICE ~ 3[ o @)t S
Monte Carlo simulations using Geant4 , L Oine(d) £20 _

First low energy measurement of the antideuteron inelastic
cross section. 9 R T S

NEW: arXiv:2005.111221
4

. 0 1 2 3
 Paper on arXiv:2005.11122
o 24 | | | |
First measurement of the “He inelastic cross section. L0} ALICE Preliminary
* Drastic difference to Geant4 for low momenta PP Vs =13 TeV
* Paper in preparation |<2'|>= 8.5,(A)=17.4
n1<0.8

— — 0ine|(°He) Geant4

B8N 5, c(’He) ALICE +10

3
. inel
N @)}
[ T%l#l*ﬁﬁﬁf?l I

mIIII|III|III|IIIIIIIIIII

8
I *  0ne(*He) ALICE +26
4 i!; 95% confidence upper limit
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Analysis of raw reconstructed p/p, d/d and “He/”He ratios. | — — 6, (d) Geantd ,
- Measurement of ojg| via comparison with detailed ALICE ~ 3[ — 22%?2”%) -
Monte Carlo simulations using Geant4 , L Oine(d) £20 _

First low energy measurement of the antideuteron inelastic
cross section. 9 R T S
 Paper on arXiv:2005.11122

NEW: arXiv:2005.111221
4

324 I ‘ | I
First measurement of the “He inelastic cross section. L0} ALICE Preliminary
» Drastic difference to Geant4 for low momenta pp /5 = 13 TeV
* Paper in preparation |<2'|>= 8.5,(A)=17.4
n1<0.8

— — 0ine|(°He) Geant4

B8N 5, c(’He) ALICE +10
*  0inel(°He) ALICE +2¢

Work In progress:
* Influence of these results on expected antinuclel
fluxes in cosmic rays is being investigated 4

 Extend the analysis to other antinuclei (t, "He, ...)
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, T . T ' T ,
ALICE
ALICE (c)
Summary and outlook

Ginei(d) (D)

p—Pb |s,, =5.02 TeV
(Z)Y=85,(A)=17.4,In| <0.8

Analysis of raw reconstructed p/p, d/d and “He/"He ratios. — 5, .(d) Geantd -
« Measurement of 6| Via comparison with detailed ALICE — gat'f'ag'Tf‘;TPC)
Monte Carlo simulations using Geant4 One(d) 120

First low energy measurement of the antideuteron melas’ur

NEW: arXiv:2005. 111221
4

cross section. 061“ : :
« Paper on arXiv:2005.11122 2\
\ | |
First measurement of the “He inelastic cross section. @20t ALICE Preliminary
* Drastic difference to Geant4 for low momenta - PP Vs =13 TeV
e Paper in preparation > |<Z|>= 8.5.(A)=174
n1<0.8

— — 0ine|(°He) Geant4

B8N 5, c(’He) ALICE +10
*  0inel(°He) ALICE +2¢

Work In progress:
* Influence of these results on expected antinuclel
fluxes in cosmic rays is being investigated 4

 Extend the analysis to other antinuclei (t, "He, ...)
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= ALICE
Back-up slides
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Parameterisations used in GEANT4

Direct Glauber calculations in GEANT4 in a run-time mode are too heavy

— parametrise Glauber calculations with [1] :

tot -
Aorh N

a,f‘/’qt=27rRi In| 14

2
27T RS |

tot -
Aorh N

in __ 2
Oppa =TT R In| 14

Racannot be directly connected with known values due to some simplifications

2 y
TR _

tot __
Oy =

ops =1 (RE +R3)In

27 (R + R3)In| 14

14

tot
BAO'N N

271 (R4 + R%).

tot -
BAorh N

T (R% + R%)

A Large lon Collider Experiment %

ALICE

Use equations as a determination of Ra having calculated ona and osa with Glauber

For total cross-section:
pA Rp=1.34A%% +1.35/A'3 (fm),
dA Rp = 1.46A%41 +1.45/A'/3 (fm),
tA Rp =1.40A%%" +1.63/A'/3 (fm),

@A R4 =1.35A04

[1] V.M. Grichine, Eur. Phys. J. C 62 (2009) 399, Nucl

1.10/A'> (fm).

For inelastic cross-section:

pA Ra=1.31A%%* 4+0.90/A'> (fm),
dA R4 =1.38A%%! +1.55/A'/3 (fm),
tA Ra = 1.34A%1 +1.51/A'° (fm),
&A Ra =1.30A%*" +1.05/A'° (fm).

_Instrum. Methods B 267 (2009) 2460
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Comparlson of pp and p- Pb systems
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ALICE Prellmlnary

ALIGE Preliminary pp Vs = 13 TeV, p-Pb |, = 5.02 TeV

pp Vs =13 TeV, p-Pb s, = 5.02 TeV

o il

Ratio of pp / p-Pb
o
@)

Ratio of pp / p-Pb

|llll|llll||llll|llll|

1E (T 1 THE 1 ﬂ
ikl i |
0.95 — — — Expected from primordial ratio : -
o Data E/p
O'9|||||||||| IIIIIIIIIIII T N 0'81111111111 ,,,,,,,,,,,, Ly v oo b v a [ oo v o0 Ly a1y
0O 05 f 15 2 2.5 3 3.5 4 4.5 0 05 1 15 2 2.5 3 3.5 4 4.5

p (GeV/c) p (GeV/c)

Comparison of raw primary antiparticle-to-particle ratio in p-Pb and pp collisions.

= Consistent with the difference expected from primordial antimatter-to-matter ratio.

= The cross section measurements are independent of the collisions system, as expected.
= Analysis method is consistent.
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Propagation in the galaxy

oy . 0 Jdw d | dp p .
— = 4(r,p) + div(D,_grady — Vy) + —p?D, —— — — |y— —=(div-V)y| —yT"
v q(r,p) (D grady — Vy) app o 2 o v 3( )l/f] 1/

1 2 3 4 5 6 7

1 source function: PRIMARY OR SECONDARY
2 diffusion
3 convection
4 diffusive reacceleration
momentum losses:

5 Via lonisation and bremsstrahlung

s adiabatic
7 annihilation

Work of L. Serksnyte.
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ALICE material budget
, . D — - Average over ¢ Tracks at the center of TOF sector
ALICE material budget at mid-rapidity [1]: 3 s SS SRR AN RN U B NNy w\\
1.4 /. N S R\ \v
 Beryllium beam pipe (~0.3% X) X - \ ¥
T 120 \ \/
] | , : \
e ITS ("'80/0 X, ) " : | | \ R -
0 R \ , JOR\\ "
— . \ ,a %
» TPC (~4% X,) g I wo\ \\ A\ ¥
O 0.8 \"' -
= ]
o ~ o — . S—
TRD (~25% X) qE) 06l TPC %
. [
« Space frame (~20% X, between TPC L
- - -
V.t
and TOF e BN L
) O 02k A% |
2 VMY PRt ) \
0— : 4 S S —— — — — - AA.l 1' ) e e s s s o S e e TS
0 50 100 150 200 250 300 35 400
r(cm)

[1] Journal of Instrumentation 3, S08002 (2008)

arXiv:2005.11122
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Uncertainty due to Oinel (proton)

How precise Tinel (proton) is described by Geant4?
* Check available experimental data (Be,B,C,0,Al,Fe,Cu,Ge,Sn,Pb)
*Vary Geant4 parametrisation, calculate x2 for all data points

* Minimum ¥2 and 10 : 0.9925 +0.0375 _j 4325
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Scaling factor for Geant4 Oinel (proton)

ALICE
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Variations of e with simple Geant4 model ALICE

Vary each oel by £20% in all combinations and check the final ratio
* Ol CcONtributes to scattering effects in ITS, TPC and TRD material

* Only a minor effect on the ratio (1% forp / p, =2% for d / d)

For final results: cross-check the variations with full ALICE MC simulations
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