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Why Antiprotons?

e low fraction of antimatter in cosmic rays p/p ~ 10~*
@ very sensitive probe for new physics

@ complemantary to gamma ray searches
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precise prediction for the p-background is indispensable
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Secondary Antiprotons

@ scattering of primary cosmic rays (p,He) on the interstellar matter

qsec(T) ~ /dT/(g_?');‘)prod ”A|sm¢A A=H, He,...
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Proton and Helium Fluxes

@ primary proton and helium fluxes measured to high precision
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@ clear indication of spectral breaks
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Challenges for Cross Sections

@ no theoretical calculation of cross sections

@ experimental situation (old data, systematic errors) < Mattia's talk
but improved with NA49

o “feed-down problem”:

e 1/4 of p are produced via strange hyperon decay
o decay length comparable to detector scales c7;; ~ 0.1 m

e measured inclusive cross section depends on experimental setup
@ no experimental data on n production

@ no experimental data on p-He and He-He scattering
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Invariant Cross Section

@ Lorentz invariant differential cross section
_ d3c
f(pp — P+ X) = Ep pecl

p

@ define scaling variable xg = 5— or xf = \;TL/z
max

@ constituent exchange models predict power law behavior

foc(l—xg)"

@ radial scaling regime

V5 > 10GeV
—————— f(xr,PT)

f(v/s, xR, PT)

Cross section at one /s determines cross section at all /s > 10 GeV
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The Invariant Cross Section from Na49

@ Na49 at CERN SPS: fixed target pp collisions with E, = 158 GeV

o large acceptance hadron detector, 70% of charged particles identified

NA49 Data, Fit
{ == pr =0.1Gev
{ == pr =05Gev
i pr =0.9 GeV

pr = 1.3 Gev o f(xg,pr) from fit function
provided by collaboration

@ extrapolation with (1 — xg)"

f [mb/GeV?]

N\ @ include uncertainties in
o NG fragmentation power,
: normalization
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e Hyp

@ old data contain unknown fraction of o3 5,5 — systematic error

@ NAA49 uses precision tracking to exclude p from hyperon decay

10 : : \ \ ‘ our approach

o use NA49 data and add hyperon
component

1072

dnA/dx,

o deduce oj 5,5 from phase
space distribution of parent
hyperons
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@ similar phase space distribution of prompt and late p (deviations?)
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Energy Scaling

o verify radial scaling with high
energy data

;;i; Capiluppi et all
‘ ' $d10  Alper et al.
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CERN ISR data at /s = 53 GeV
(E, = 1.5 TeV)
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Energy Scaling

o verify radial scaling with high
energy data

O O Brahms Data
1k PR == Na49 Fit

f [mb/GeVv?]
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data from RHIC Brookhaven at
\/s =200 GeV (E, =20 TeV)
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Energy Scaling

o verify radial scaling with high e scaling violation at /s < 10 GeV

energy data e scaling approached faster at low

Xr, weak pr depenendence

O O Brahms Data
1k PR == Na49 Fit

@ data rare < uncertainties

Allaby et al. Data
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@ standard assumption in cosmic ray physics oppsp = Tpp—si

@ suggests equal p-production in pp and pn scattering

But:

§ pp Data . .

i pn Daw @ isospin effect

— isospin factor 1

0.20 l{ -- isospin factor 1.37
- projectile n p
final state | pn pp, nn pn
I3 -1 -1/2 0 1/2 1

Xf

. @ suggests enhanced n-production
-01 0.0 0.1 02 03 in pp collisions

@ consistent with nuclear

Onpsp = 1.4 0ppsp
in projectile hemisphere
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Proton Nucleus Scattering

@ Previous approach: fit to large set of proton-nuleus scattering data

o for light nuclei, better to construct pA cross section from pp

====  pp scattering

—— no isospin @ no pHe data available, but pC

— isospin 1.4

0.30

@ seperate target and projectile
hemisphere

@ enhancemet of multiplicity in
target region due to multiple
scatter and isospin effects

dn/ dx

@ nuclear medium effects
subdominant

direct measurement of p-He highly welcome!
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Source Term

@ Comparison with previous work, Monte Carlos
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Source Term

@ Comparison with previous work, Monte Carlos
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@ consistent with di Mauro et al.

Martin W. Winkler (Bonn University) Cross Section Problems for Antiprotons July 7 2015 12 /19



@ propagation: random walk through the galaxy

Spallation

%

L=3-10 kpe

v
1=0.1 kpe | [ H#Her) 1oy

from D. Maurin

o diffusion equation
V(—K VNI_J + Ve NI_J) + 8E(b|oss N[_J — Kee aEN;'J) + Mann Nf) =dp

@ semi-analytic solution in two-zone diffusion model

e five transport parameters: Ko, 6, L, V¢, Vo, <= B/C analysis
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Primary Fluxes

Carbon
: e B/C ratio used to determine
: propagation parameters
Oxygen-1072
N @ B is pure secondary
% 1o Nitrogen:-10~* .
. e C, N, O, Ne, Mg, Si
K spallation contributes
E 10 Neon-107%
5 2 98% to B flux
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Spallation Cross Sectio

@ spallation cross sections: straight-ahead approximation

® 0Ogpal constant at T 2 10 GeV (?)

I data

— Webber 2003 R
50 eober @ Webber parameterization

@ large uncertainties, no
high-energy data

@ introduce energy bias
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needed: experimental data on spallation cross sections
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B/C Analysis

e new AMS-02 data on B/C ratio

I  AMS-02B/C data N
--------- B/C best fit
propagation uncertainties

10’ 102 10°
RI[GV]

e at high energies B/C oc T7°

o selected 500 configurations, trend towards smaller 6 = 0.3 — 0.6
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107 —
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AMS p/p data

______ best fit B/p

- propagation uncertainties

nuclear uncertainties
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Remark on Propagation Unceratinties

1

data
—— Webber 2003
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Remark on Propagation Unceratinties

I data
—— Webber 2003
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Conclusion

@ Cosmic Ray Antiprotons play a key role in the search for new physics
@ substantial progress in modeling antiproton production

o further improvement requires experimental input

o low-energy scaling of cross sections

e hyperon-induced p production

e isospin effects in antineutron production
e proton helium scattering

@ propagation suffers from uncertainties in spallation cross sections
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