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cOsSMIC rays

produce backgrownd for neutrino searches but it’s also a signal.

are linked to astrophysics and propagation in interstellar media
their interactions involve particle physics
their by-products probe atmospheric physics, geophysics

primary cosmic rays

atmospheric target

>
spectrum
mass composition
>
density & temperature profile IceCube Lab
>

hadronic interaction models

propagation

2

primary interaction
secondary interactions
Interaction cross sections
fragmentation & hadronization
heavy quarks

(non) perturbative processes

electromagnetic component
penetrating component

i il
11 / :
|
LI ]
1
i3 i |
111
xl?: A
T 113 )
) § i A
| ! 4
.. B
i
!
{
1
( ]

Deep Core

Paolo Desiati

Monday, October 14, 2013



primary cosmic rays
spectrum & composition

» cosmic ray all particle spectrum observed

IN wide energy range

» composition directly observed < 100 TeV

» statistically estimated at high energy

» large uncertainties on mass compaosition

» affect atmospheric lepton uncertainties
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direct

indirect
measurements measurements

Gaisser, Stanev & Tilav, 2013 - arXiv:1303.3565
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atmospheric target

U production spectrum & atmospheric temperature
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» COSMIC ray target changes properties

over the seasons

ICRC 2011
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hadronic interactions

» CR showers dominated by soft component with small
pT (non-perturbative QCD)

» hard component with high pr with heavy quarks (pQCD)

» phenomenological descriptions of hadronic interactions
with minijet production for hard component

» models to describe soft/hard interactions in forward
region & extrapolated to high energy

» interaction models from accelerators, extrapolated to forward region at high energy
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hadronic interactions

» forward region the most relevant in cosmic rays

» models tuned to accelerator measurements and extrapolated

laboratory energy E, , (¢V)
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hadronic interactions

» forward region the most relevant in cosmic rays

» models tuned to accelerator measurements and extrapolated

» LHC experiments (e.g. TOTEM, LHCH) starting to fill the relevant parameter space
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atmospheric neutrinos
NIgN energy and neavy guarks

» neutrino telescopes searching for high energy
astrophysical neutrinos (point to origin of CR)

» atmospheric neutrinos as irreducible
background at high energy where heavy
quark processes are involved

» production of hyperons and particles with
charm affected by increasing uncertainties

» CORSIKA numerical simulations
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IceCube Coll., PRL 110, 151105 (2013)
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atmospheric neutrinos -
NigN energy and neavy quarks
flo’
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atmospheric neutrinos

experimental observations

observed through gomg V,, + ¥
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» extend CORSIKA
production to neutrinos

» generation of muons &
neutrinos with consistent
primary composition and
hadronic interaction model

» correlated systematic
effects on backgrounds for
physics analyses (zenith,
energy, /K, charm)
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atmospheric neutrinos
charm production

» due to large quark mass, perturbative QCD can be used (hard component). However
» significant charm production observed at /s = 20 GeV
» asymmetry in charm / anti-charm baryons (Selex Coll. 2002) — intrinsic production

» |p) = aluud) + Bluudee) + ... : the c-pair produced in projectile fragmentation can
recombine with valence quarks and with sea-quarks to produce charmed hadrons.

[p — A(Jf + DY ~order (ms/me)? (~1%) compared to p — AK+]

» inclusive D-meson spectrum dominated by intrinsic charm at high pseudo-rapidity & pr
Lykasov+ 2012

» steep cosmic ray spectrum might enhance the effect of intrinsic production of charm

11
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atmospheric neutrinos
charm production

» effect of charm production models

» effect of primary cosmic ray spectrum
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observed through-going up-ward ¥, + P "

atmospneric neutrinos T e
. . N = e s ras 95 ]
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and constrain models ? LT P U EE S
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atmospheric neutrinos
down-ward veto (self-veto)

Atmospheric muons and

neutrinos are produced in
the same processes.

Primary cosmic ray

Sufficiently vertical/high-
energy atmospheric
neutrinos come with
accompanying muons!

1.5 km of ice

The Schonert et al.
calculation was based on
survival probability
only. What if the
accompanying muon
goes undetected?
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atmospheric neutrinos
charm and astropnysical neutrinos

» search for high-energy all-flavor neutrinos interacting inside (starting) the lceCube km3
iInstrumented volume from all directions

» charm & astrophysical signal are degenerate

» need to determine charm contribution: multi-flavor global fit

J. van Santen - TAUP 13
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atmospheric neutrinos
charm & V seasonal varnatons 298
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» U produced by same processes as v

» BUT not contaminated by astro signal

» hadronic model uncertainties (effect of
unflavoured mesons)
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charm production in the atmosphere
oreaking the degeneracy with astropnysical signa

» separate p bundles (smooth) from high energy p (stochastics)

» measure energy spectrum up to PeV scale
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simulating CR-induced background

e CORSIKA to generate atmospheric muons and neutrinos
e 5 mass groups: re-weight with arbitrary CR composition
e hadronic interaction models with charm production: recent updates from LHC results
e consistent treatment of muons and neutrinos (for prompt measurements)
e correlated systematics in reconstructed muon / neutrino events
e correct general treatment of self-veto for any analysis (different thresholds)
e 39 party generated neutrinos input to NeutrinoGenerator
e track parent particle 1D

e Wweight meson decay for higher efficiency

Paolo Desiati
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direct indirect

primary COsmiC rayS measurements measurements
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primary cosmic rays
spectrum & composition
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direct
measurements

indirect
measurements

Gaisser, Stanev & Tilav, 2013 - arXiv:1303.3565
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hadronic interactions
reduction of systematic uncertanties
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hadronic interactions
reduction of systematic uncertanties

8

inelastic cross section (mb)
w w sy L+ w o N
g8 88888 8 8

1181111 TI' -TYTITYT1‘[TY‘I]’]111 1 \7711‘[]'711'[771'1

n
3
ay

~
8

1

8

.7VTIT1YIIT

8

llT‘lTY]

inelastic cross section (mb)
w
e

8

[
S
I]11[

n+Air

24

>500

S
S 400

E
350
300
250
200
150
100
50

_ p+Air |nl<25 .
: QGSJETI-03 :
- — EPOS1.89
~ .--- EPOSLHC .
- L J
g . /
- .- QGSJETIFO4 . Y
= L/
: < 2
- J s
o ‘e 7
- ¥ .
— n"’-é:-f-’/
. ey I

10 10 10

Vs (GeV)

N f ]
- meAir |n|<25 N
] .
- ./.
— © s
- L )
8 * o, 7
- .../ ’
2 »” i
3 P
: -'PY' 1 3 s l 1 l s

10 10 10

Vs (GeV)
Paolo Desiati

p+Air

-A'IITTIAT(T.II]TTI]IYI-]IIIT‘[I1TTI-TKII'7-1‘IYITT

P | ' | ]
3 5 6
10 1,0 10
vs (GeV)
- m+Air
;2. N~ T .
- ~0', .
p \. ® .
- N, C.
- \. .
- ~0 . .
- -~ -
5 e
: 1 l 2 l 4 I l L
3 5 6
10 100 10
vs (GeV)

Monday, October 14, 2013



p ..{" < First interaction {usually several 10 ki high)

/] Alr shower evolves (particles are created
N\ and most of them later stop or decay)

> 100s TeV cosmic rays
ndirect observations M

b Some of the particles (Fly's Eve)
|
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> 100

PeV cosmic rays

» inclined showers develop earlier and

exhaust higher in the atmosphere

» only penetrating muons reach the ground

» higher p flux observed above 10'® eV

» N19/QGSJet-1I(107 eV) = 2.13+0.04+0.11 (sys.)

» mass composition affected by the large
systematic uncertainties of interaction

models (+ experimental techniques)
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atmospheric neutrinos
NIgN energy and heavy guarks
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] . Fedynitch, Becker Tjus, PD 2012
atmospheric neutrinos
NIgN energy and heavy guarks
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Fedynitch, Becker Tjus, PD 2012

atmospheric neutrinos
NIgN energy and heavy guarks
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atmospheric neutrinos
NIgN energy and neavy guarks
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atmospheric neutrinos

current status observed cascading
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atmospheric muons and neutrinos
effect of cosmic ray spectrum

Fedynitch, Becker Tjus, PD 2012
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Dist =400.4 m

atmospheric neutrinos AD = 3.5°
At = -20 ns

charm and nigh pr Muons

» search for y + p bundle
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FIG. 14. (Color online). The minimum muon transverse mo-
mentum of DPMJET simulated shower events that pass all
selection criteria for different energy parameterizations as a
function of zenith angle. The interaction height comes from

Fig. 1.
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atmospheric neutrinos

/K & Y seasonal varations
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atmospheric neutrinos

chanm & V seasonal vanations 79058

effective temperature
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atmospheric neutrinos
/K & V seasonal varations
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E, min|| no charm |[RQPM charm | ERS charm || int. charm

o Rate ||« Rate |« Rate || Rate
0.5 0.83| 2050(/0.82 20701(0.82| 2050(/0.82| 2060
10 098 1.26/0.89 1.40/|0.97| 1.26((0.94| 1.34
100 1.0 (0.00251/0.53| 0.00490.91|0.0028 [|0.71|0.0036

TABLE I: Correlation coefficients for muons with (§ < 30°)
for three levels of charm (energy in TeV; rate in Hz/km?).

E, min(TeV) no charm RQPM charm
Zone 1 o |Events/yr|la |Events/yr
all 0.54 16000 || 0.52 17000
3 0.70 590010.62 6300
30 0.94 3501(0.72 450
E. min(TeV) no charm RQPM charm
Zone 2 a |Events/yrila |Events/yr
all 0.66 60001(0.62 6400
3 0.88 12301/0.75 1450
30 0.98 37//0.46 80
By min(TeV) no charm RQPM charm
Zone 3 a |Events/yrila |Events/yr
all 0.68 16501/ 0.64 1750
3 0.91 2601|0.75 320
30 0.99 5.2|0.41 13

TABLE II: Correlation coefficients with and without charm
for neutrinos in three zones of the atmosphere (see text).

PD et al., ICRC 2013

configuration or” x “/ndf v

1C40 0.274+0.21 | 22.85/12 0.557f§:%z

IC59 0.50+0.15 | 12.30/11 | 0.5 18t8:88;

IC79 0.45+0.11 | 4.48/10 0.4891’0:005
Paolo Desiati
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