Search for new physics
from ultra high energy
cosmic rays and neutrinos

Yongsoo Jho
(IBS and Yonsei U.)

Work In progress, collaborated with
Seongchan Park (Yonsei U.), Carsten Rott (Sungkyunkwan U.)

KEK-PH2018
KEK@Japan, Feb 13, 2018



New Physics from
UHE cosmic ray event

e Ultra-high E cosmic rays events : up to 400 TeV in CME.
(It is the only way to reach above 10 TeV now.)

e Studying high E new physics event at ground detector
arrays Is important.
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e Ultra-high E cosmic rays events : up to 400 TeV in CME.
(It is the only way to reach above 10 TeV now.)

e Studying high E new physics event at ground detector

arrays Is important. .

* Above 10 TeV, there are some High multiplicity process
possibilities:

e (B+L)-violating electroweak sphaleron process

 BH production in TeV (or higher)-scale gravity models



High multiplicity NP
Cross section

e UHE neutrino-nucleon collision cross section

Z/da: folz,¢?) 6(8 = 22mnE,)

depend on
new physics
PDF uncertainties at example.

small z < 107°
high /¢2 > 0(10) TeV



Sphaleron cross section

o(F,) = Z/da: fo(x,q%) 6(5 =2zmpyE,)

e NP case : Electroweak sphaleron

unknown parameter
typically, p ~ O(10~" — 10~ 7)
expected A

' Klinkhamer and Manton, 1984 ]

' Rubakov and Shaposhnikov, 1987, 1996 |
' Ringwald et al., 1990 ]

' Tye and Wong, 2015, 2017 ]

Fspn(5) = =S (V5)'

My
l\ can be unsuppressed

at \/g > ESph



Microscopic BH cross section

o(E,) = Z/daz fo(x,q%) 6(5 =2zmpyE,)

e NP case : Microscopic BH in TeV-scale gravity

5‘BH(§) i WbQBH — W(GD §> o

Current pp Collider bounds are Mp ~ 5 — 6 1eV
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Event rate at ground arrays

dN Ermax L' do,(E,) do, E,.
dE.; / v(By) dovn - x(Ev, Y) A(Ea)
0

d
at Eth ’ dby, _dy
SM or NP
One guaranteed source

: GZK neutrinos

p+voMB = T +n
7r+—>u++1/u
p,+—>e++1/e+17u,
p+YoMmB — T° +p
7r0—>’)'+’7



SM CC/NC air-shower
at Auger observatory

2.0
—— GZK v (FermiLLAT, best—fit) GZK v (Kotera, FRII, E,x=316 EeV)
---- GZK v (FermiLAT, 90% CL upper) —— IceCube (2008—-2014)
------ GZK v (FermiLAT, 90% CL lower) —— Auger (2004-2013)
Au g er — GZK v (Yoshida, m=4, Z,n;x=4, y=2) ---- Auger North (expected)
1.5

9 yrs

No direct detection of UHE 1/-induced,
highly inclined air-shower yet.



New Physics air-shower

with various GZK r flux assumptions
EW Sph, Es,n = 9.0 TeV, p = 0.3

10.0 - —— GZK v (FermiLLAT, best—fit) GZK v (Kotera, FRII, E,,,x=316 EeV)
[ ---- GZK v (FermiLAT, 90% CL upper) —— IceCube (2008-2014)
50 Au g e r ------ GZK v (FermiLAT, 90% CL lower) —— Auger (2004-2013)
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NP event rate bounds : Auger 9yrs search p < 1071
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BH vs. Sphaleron
on alr-shower detector array

10.00,
5 OO- —— GZK v, EWSph Egp, =9.0TeV,p=0.3 —— IceCube (2008—2014, 6yr data)
] Auger — GZKv, BHMp.M... )= @,6)TeV  —— Auger (2004—-2013, 9 yr data)
GZK v, BH Mp, M) = (5,8) TeV  wseen- Auger North, expected
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No expectation to observe blackhole air-shower
with (Mp, Mmin) > (4,6) TeV in near future.



Extensive air shower
In the atmosphere

* Air shower cascades in the atmosphere are described
in terms of |

. I f Ln(#) of Particles
Atmospheric X:/ o(z) da
XL

Interaction Depth i Xl nt
£
a
e The Gaisser-Hillas function .
for the fitting
X — X Xma>><\_X0 Xmax — X G !
NE) = Now (g =) T ee(T) [

* In the longitudinal distribution, Sphaleron and BH air-showers
are very similar to heavy-nuclei showers [L. Anchordoqui et al, 2004]

'E. J. Ahn et al., 2005
(smaller X .« than proton QCD case) Vi Soannonky of al_] 20161




Auger [1-excess in UHECRSs

e 174 selected events in 9-yrs data set with
e £+ > 0.3 GeV for each muons and Ecgr > 10” GeV

® 62° < Oenith < 80” and 6% . = 67° (highly inclined)
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[arXiv:1408.1421]



(-excess in other CR obs.

Astropart. Phys. 92 (2017) 1-6
[arXiv:1609.05764]

No muon excess for

Ecr <5 x 10% GeV
lLow E CR

E,+ >10.0 GeV

Logo(c/nb)

Energetic U
O
Hzenith < 30 . . . P id
Vertical air-showers Log,o(E,/GeV)
Experiment | altitude, | X, E, eV E,., |r/Ro 0 Muon excess
m a.s.l. | g/cm? GeV (data over MC)
HiRes-MIA [6] | 1500 | 860 | 107 —10" |>0.85|>10| N/A yes
PAO [2, 4 1450 | 880 >10° | >1 [>10| 70° yes
Yakutsk [5 100 1020 210 21 2> 10 45° yes
IceTop [26] 2835 680 | 10" — 107 | > 0.2 | =23 | 13° mean no
BAS-VSU 190 990 | 10'"—10"®| >10 | <3 30° no
(this work)




NP interpretation of [i-excess

For EW Sph with p ~ O(1 —10~"), assuming 100% Sph events

e 1019 eV 4 x 10" eV
-PYTHIA8 QCD (proton), QGSJET ~~ — EW Sph, h = 5.0 km
for hadronization
0.5} QCD (proton), EPOS-LHC — EW Sph, h =7.0 km
- CORSIKA 7.57 — QCD (iron), QGSJET EW Sph, h = 10.0 km
for cascade . 041 __. QCD (iron), EPOS-LHC ~ — EW Sph (p = 1.0), (R,(Ecg))
O
o --- Auger muon Excess
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Only highly deep air-showers can contribute
to the recent muon excess.
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Conclusion

e Sphaleron air-shower event rate can be tested as
p<O(1—-10"1) (Auger 9yrs search)

p<O(10~' —=10"%) (Auger North 10yrs, expected)

. . o Auger oI o
* With the stringent bounds | 9yrs

from pp collider search, N

Microscopic BH induced

UHE air-showers are not 7

expected in near future. A Ao T
Auger North s | | | o\

10 yrS 1x10° 5x10%  1x10° b Gev) 5x10° 1x10' 5x10'°

(Expected)

e High multiplicity NP (Sphaleron and BH) does not provide a
good fit to the recent Auger muon excess, except highly
deep air-shower cases.



