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 How much luminosity do cosmic rays and
extensive air showers provide (compared to
LHC)?

* What's the imprint of Higgsplosion events on
EAS?



Introduction

c.m. energies up to 400 TeV in CR-air collisions
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Counting Interactions in EAS

V /GeV . .
0 e o for single showers of fixed energy:

* very close to primary energy dominated
ot by nucleons (- leading baryon effect)
— K0 - pions take over at ~ E /10

— hyperons e power law with index a = -2
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Inclusive spectra

fold with CR spectrum:
spectral index

dNint dV; t
= dEO = E E() J(E = y=-2.7...-3
dE dE ( | ) ( O) _IjS\ 07 H4a model
vV SNN/GCV (\'l: 3
102 103 10* 10° £ 10
_ } } } } E 10_13
}75 10_1 é 02 total nucleus flux
5107
|
TE 10_13 — lecleons
E — X 1012
Z“E\m 10719 4 —— hyperons E/GeV
3= =+ primary nucleon flux
10—25

— %, « CR spectrum steeper than dN._/dE

- S .

g.g el [y e « dominated by nucleons

g4 0 ; . — . * secondary nucleon flux < 80 %

10" 10" 10" 10" 10" :
greater than primary 5

E/eV



L(>E)/ (pb~'km2yr~lsr7!)

Luminosity
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integrate over whole Earth surface (5 x 108 km?)
e.g.L_ (>10 TeV c.m.) ~ 30 pb* yr?
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for comparison:
LHC run 2: 50 fbtyr?
planned p-O run: 200 pb?in 1 week



Cross—section (pb)

Part Il: “Higgsplosion” in EAS

h* (p2 > mﬁ) — m X h transition rate growing with n!

pp — n x h via gluon fusion
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Degrande, Khoze, Mattelaer
PRD 94, 085031 (2016)
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energy fraction converted to Higgs:

X Mh - 9

NE

e = 100 mb cross-sections reachable?!
* observable impact on EAS?

n.b.: theoretical foundations of the

mechanism still under discussion:
Monin, 1808.05810

Khoze, Spannowsky, 1809.11141

Dine, Patel, Ulbricht, 2002.12449



Implementation in CORSIKA 8
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Shower maximum: Xma
<Xmax>

X

6 T
10 eV p
14 - QGSJetll-04

Xmax — XO + Xmax

point of first shower development
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Shower maximum: Xma
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X fluctuations

* fluctuations caused mainly by standard
hadronic interactions

* possibly artifact of oversimplified model
implementation

* N =50 events probably insufficient
statistics
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ratio to
QGSJetll-04
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Muon energy spectrum

bump of ~PeV prompt muons
from Higgs decay
overall increase of muon number

muon production increasing with f
* decreasing with €

ratio N,
€=01 £=1.0
0.1 1.11 1.08
0.3 1.31 1.21
0.5 1.49 1.38
0.9 1.82 1.82
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Sphalerons in EAS

expected u energy distribution per event
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Brooijmans, Schichtel, Spannowsky,
PLB 761 (2016) 213

BLNV process generated with HERBVI

qq — 7q+ 3l +24W/Z

similar signature!
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Conclusions

CR provide O(10...100) TeV c.m. interactions
with tiny luminosity

large multiplicty Higgs production can have sizeable effect on EAS
observables

- decrease of X,.., and o(X,,.,)

— Increase of muon number O(10...50 %)
- huge increase of high energy muons

to do: comparisons with data, implications for composition, v
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Auger muons
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Khoze, Spannowsky, 1704.03447

Higgsplosion
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Higgsplosion

h* (p2 =>> mﬁ) — n X h transition rate growing with n!
in the limit of
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Interaction
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