Cosmic-ray composition

Implications for atmospheric muons
and neutrinos up to PeV
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Motivation/outline

Spectrum of nucleons is needed to calculate
inclusive spectra of wandv

Direct measurements of p, He ... only to 100 TeV
Air shower spectrum is for all particles
— Suggestions from KASCADE about composition

Combine information and make a working model
consistent with what we know

Combine with new information from u*/w

— K/mt ratio is especially important for v

— Seasonal variation of TeV muons also useful



Assumptions for a realistic toy model

5 nuclear groups: p, He, CNO, Mg-Si, Fe
3 populations: SNR, Galactic B, extra-galactic
All features depend on rigidity, R = Pc / Ze

Requirements

— Consistency with air shower measurements of the all-
particle spectrum

— Anchor to composition from direct experiments below 100
TeV

Goals (long-term)

— derive spectrum of nucleons
— Calculate atmospheric muons and neutrinos to PeV
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5-component model, 3 populations
Hillas model: SNR, Galactic B, extragalactic

All-particle spectrum  ¢;(E) = Z?zl a;; £ X exp [_Zf% ]
1dle,g

Spectrum of nucleons  ¢; N(En) = A x ¢;(AEy)

R, Y| p He CNO MgSi Fe
~v for Pop. 1 — | 1.647 1.571 1.634 167 1.675
Population 1: 4 PV | see line 1 | 7860 3550 2200 1430 2120
Pop. 2 (H3a): 30 PV 1.4 20 20 134 134 134
" (H4a): 30 PV 1.4 20 20 134 134 134
Pop. 3 (H3a): 2 EV 14| 1.7 1.7 114 114 1.14
" (Hda): 60 EV 1.6 200. 0 0 0 0
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Polygonato, Galactic only
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Spectrum of nucleons (GeV/A)

All-nucleon spectra
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Muons and neutrinos

Same form for y; 1 + By, cos(0)E, /e, 1 + Bg, cos(0)E, ek
Different kinematics N Acborm v }
- u, v differences 1 + Beharmy €05(0) E, /€charm
Neutrinos Muons
1 L | v L | v L | N L | 4 L | 4 T T L | v L |
0.8
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& 04 |
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0100 — 1Io1 102 103 . 1lo4 I. 1.cl)5 | ";—0500 Bl 1.(I)1 .I 1l(I)2 .. 108 Tof‘ . 1I(I)5 II 1.06
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Follow charges

X X
on(E) = on(0) x eap(—3-)  A(X) = 8o éw(0) x eap(~1)
_ _p(O)—n(O) i:]‘—pr-i_ZIm 1
N=p+n 50_p(0)+n(0) Al 14 Zpy+ Zy, Ay
Spectrum-weighted moment reflects 1 do(z)
hadronic physics for each process ZPK+ — ; / z’ dz dz = EK/EP

Example: p 2 K*+ A

5. (B = on(E,) Ay % 0.5(1 % B0

1+ BE Ecos(0)E,/ex
_ _ 7 — 7
17w I 909 o, = 220 10165
1 — pr + an Zp7r+ + Zpﬂ'_
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MINOS (OPERA analysis similar)

k =[ = N 0.054 f -+ } frr =0.55
N. - l.lE#+ cosf 1.1E“+ cosé
H I+ 115 GeV I+ 850 GeV f = 0.67
K+ - .
X/[ (1= frt) , 0.054(1 —fK-)}
I.1E,- cosf I.1E,- cosf
1 + = ] + g
115 GeV 850 GeV

Problem: f - # 1 —f+ because p=> K*A > u'
has no corresponding process for forward K-

bac(™) = 2N A
Znk 1+ Bygcos(0)E,/ex

Angag(1+ Bdy)/2
1 + Byk COS(@)E#/EK
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3 fits to u*/u ratio:

. p(0) —n(0)
Lo % = p(0) +n(0)
2. 9, energy-dependent from fit to CREAM, etc.

= constant = 0.76

3. 9, energy-dependent + decrease K*
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Fitting the u*/w ratio
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2.6

w/u ratio

1.4 |

energy independent
new composition
plus reduced K/x

v / anti-v ratio
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Seasonal variations of u in IceCube
and K/m ratio

Draft paper almost ready for distribution
Paolo Desiati, TG, Takao Kuwabara
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AR, /<R,>, AT/ <T 4> [%]

Correlation coefficient relates Rate & T
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Theoretical a depends on K/m

A A
E )6 = E L -
du(E,, 0) on(E,) X {1.1_BMCOSQEM/67r T 1+BKMCOSOEN/€K}

A/rvni 02 h() €x,0 T

Ecritical = — X
cos g* cos 0* cT; cos@* Ty

_ 1 dou(Ew,b)
b ) =T o~ ar

See Desiati & TKG
PRL 105, 121102 (2010) T d Ary _ AnBrycosOE, /e
dT'1 + By, cosbE, /e, (1 + Br,cosOFE,/€,)?

| T
~ [dE¢,(E,0) x A, (E,0

o, (6) S % diT / dE ¢,(E) X A, i (E, 6).
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K/mt ratio
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For the future

* Measure muon energy spectrum to PeV
— Patrick Berghaus is using u-brems to get ¢,

* Look for charm as temperature-independent
component T

08

06

0_4 — v ."-. "._' -

Temperature coefficient

02 -

0 1 1 o1 1 1 o1 1 1 o1 1 1 o1 1 1 1
10° 10° 10° 10° 10°% 10°
E, ,(GeV)

P. Desiati & TG, PRL 105 (2010) 121102

MANTS, Uppsala 24/9/11 Tom Gaisser 20



