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particle proauction in the atmosphere

Gaisser, Stanev, Tilav, 2013 - arXiv:1303.3565

. . o . Development of cosmic-ray air showers
direct observations indirect observations
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particle proauction in the atmosphere

Ylto P ISVHECRI2014@ 18Aug2014
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particle production in the atmosphere
nadronic 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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particle production in the atmosphere

forward pnysics

dn/ dy Figure by T.Pierog
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duction in the atmosphere
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particle proauction in the atmosphere
forward pnysics

tuning hadronic interaction models
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particle production in the atmosphere

central region

[TTTTTTTTT | TTTT I TTTT I rTTT | TTTT | TTTT | TTTT I TTTT I TTT I_
85_ Ny >2,p, >100 MeV, [n| <25 -
u ATLAS\s=7TeV N
7 =
6 ;“.‘.0 0.0000.... .momo’“Oo’m—_

3 == Data 2010 —

u — PYTHIA ATLAS AMBT1 N
ok -=-- PYTHIA ATLAS MC09 =

- — PYTHIA DW -
1 --= PYTHIA 8 ]

- e PHOJET R

S e b b b e e Lo Loy Ly
1.2[~ == Data Uncertainties ]
- === MC / Data 2

1_ —
0_8:-;-;'-:'--L-;-"-—----—----------—- ---- -—':.';-":-'4'1__
e
25 -2-15 -1-05 0 05 1 15 2 2.
n

) &N, /endp, [ GeV?]

o

N

1/N,, 1/(2

Ratio

T T III T T T T T III T T T
107 Ny, 2,p_>100 MeV, |1 | < 2.5
10E%= ATLAS\s =7 TeV
1 —
10
102
10°
10'4 =
107
10°
107 - == Data 2010
108 — PYTHIA ATLAS AMBT1
oF ==+ PYTHIA ATLAS MCO09 LN
10 & —. PYTHIA DW =
10"°E --- PYTHIA 8
10‘11 """" PHOJET =
- — ] e =
2r ~
-== Data Uncertainties gL
1.5 MC/Data l,—'_ -
1 -
0.5 =
10" 1 10
p_ [GeV]

Paolo Desiati

C
- 10
> pp@1aTev A P = 812 exp(-n)
S g
— 3 . A
510 forward |48 forward
T 10°
f “H1T7m
10
& b
of Gl Reseed
1 24 2
& g S e
10

no tuned Pythia
model consistently
describes
experimental data
consistently



particle production in the atmosphere
central region

1/, ., <dng/dm>

Theory/Data

oo —
> ® o M Do

7000 GeV

<dn_, /dvp> (nchz1, pT>O.O4, 5.3<nl<6.5)

m TOTEM

—— PY8 (Monash 13) 0.2 0.0

—=— PY8 (40)

PP

— --x%-- PY8 (20) 6.120.0
B -
B O
— O
- Data from Europhys.Lett. 98 (2012) 31002 z
- Pythia 8.181 S
| | >

:_ M—B\B—E—E—W
E X T 5 X -3 - X X XK XX
F | 1 | ! | | | | ! |

5.5 6 6.5

n

Paolo Desiati

P
= 10
> pp@1aTev A P = 812 exp(-n)
g 10 i n il ATEASE S
£'% forward forward
= 4 11m
102
10
e
g ~HOM-240n 420
1 o4 8
o S
10"

10-8 6 4 2 0 2 4 6 8 10

new tuned Pythia model to
better describe multiplicity
observations

(diffraction & saturation still needs work)



particle production in the atmosphere
central-forward region correlation

[JHEP 11 (2012) 033]
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[arXiv:1405.0722]
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particle production in the atmosphere
forward region

hadronic interaction models for CRs don’t Swo N
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particle proauction in the atmosphere
forward region

Y.ltow, Forward production at LHC

Very forward neutron at 7TeV p-p
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particle produc

n/1on-ion collisio

Y.Itow, Forward production at LHC
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jon In the atmosphere

ISVHECRI2014@ 18Aug2014
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dependency on
collision centrality

nuclear shadowing
gluon saturation

affecting forward
region and low pr



particle produc

lon In the atmosphere

1/Ng, 1/27tp_ OQN/(dedy) [(GeV/c)?

n/lon-ion collisions
10° B ; , . E,] S
=N Blast-Wave
:$ < p-Pb sl EPOS LHC
10 « = =+ Krakow

i DPMJET

collective flow effects In

ion/ion collisions

currently only in EPOS

- O

K'+K

Hydrodynamic models
(EPOS, Krakow) show a
better agreement than QCD
inspired models (DPMJET).

p+p

data / model
- O

£S

- O
Na N a O arn
,'.:. - A “ A¥

o

8 10

P, (GeV/c)

Phys. Lett. B 728 (2014) 25

14

Paolo Desiati



15

summary #1

- soft component of hadronic processes (non perturbative)

e tuned collider & CR hadronic models not able to explain all observations

e cxtrapolation to forward region is challenging

- forward region is important for cosmic rays & atmospheric neutrino
predictions

* pp collisions important but p-ion (pPb, pO, pN, pC) necessary for CR

e nuclear collective effects, saturation and shadowing
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Neavy gquark production
aboratory for perturbative QCD
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» LHC data show agreement of observations
within FONLL (wide range of n) - pQCD

» intrinsic charm production: asymmetry in CC
baryon production (SELEX 2002)

» P — AQL + D° of order 1% (ms/mc)2
compared to associated production p — AK™

» inclusive D-meson spectrum dominated by
intrinsic charm at high pseudo-rapidity & pr
(Lykasov+ 2012; @LHC: Bednyakov+ 2013)

» non-perturbative QCD
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heavy quark product

penchmark for pertur

data slightly marginal but in agreement with pQCD
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neavy quark production
oenchmark for perturbatve QCD

at high energy increase of gluon distribution for x~0
non-linear QCD effects
slows down cross section growth

‘ | Increase __E é(?g in crease__ E a
@/ 0@/ -

bare dilute dense

are non-perturbative effects important
iNntrinsic charm production
experimental evidence 7
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heavy guark production and astrophysics

» effect of charm production models

» effect of primary cosmic ray spectrum
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[ Sibyll 2.2 - Fedynitch 2014
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heavy guark production and astrophysics
degeneracy prompt-astropnysica
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— cah neutrino telescopes probe
charm production ?
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prompt neutrinos? astrophysical neutrinos
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summary #2

- prompt neutrino contribution unknown but currently affecting
astrophysical spectrum estimate (and viceversa)

- probe charm production with neutrino telescopes?
e consistent multi-flavor & north-south (self-veto) neutrino detection
¢ |[eading muons in muon bundles (complications from multiplicity)
e muon bundle lateral distribution (composition sensitive)

- model (pQCD+intrinsic charm) and composition dependency
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one Tinal remark
\

- asymmetry between muon and neutrino @ high energy

- muons dominated by unflavored n mesons > PeV
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