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The Pierre Auger Observatory: a brief reminder

Using the Surface Detector to search for neutrinos above 100 PeV
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Constraints to the flux of cosmogenic neutrinos
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transients: follow-up search of BNS merger GW170817
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WE'RE LOOKING
FOR MUUUUUUONS.

The Surface Detector - SD

ﬁ P . -
o —i : r GPS and |
= - - _ communication

- antenna

||1r

wehavenoidea.com

Primary goal: study of UHECRs

Detection of extensive air showers _
initiated by primaries in the : 23
atmosphere: sampling of shower ' T -
particles at ground level
(Cherenkov radiation in water)

~100% duty cycle

- : — 105 | 12°tons
Typical energy: EeV = 10° TeV | = purified water
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Searching for neutrinos with and air-shower detector

Regular proton shower

DG v, interacting
in the mountains

e

Deep DG v shower
60° < H<90°

Muonic component of the shower

=

E-M component of the shower

~%

_Upgoing ES v_shower 90° < 6 < 95°
s

)\T ~50km @ 1 EeV

— Down-going (DG) showers: all flavours

— Earth-skimming (ES): v_only
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Zenith 8 > 60° — atmospheric depth > 1700 g/cm?

500
time [ns]

signal

500 1000 1500 2000 2500 3000

deep v-induced shower - broader signal
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BACKGROUND

vs: EARTH-SKIMMING and DOWNGOING

proton or nuclei
Top of the atmosphere

hadronic
component

Top of the atmosphere
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DGL 60°-75°
DGH 75°-90°

Unblinding of data Es " 00-05°

| | | » 14.7 yrof operation

Jan 2004 2008 Aug 2018 = 9.7 yr complete SD
start of SD completed
data taking

Bkg expected: <1 event in 50 years

101 < L | I | I | I | I
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B
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[ Data: 1Jan 2004 - 31 Aug 2018. Mean=-0.375, Sigma=0.06
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12

Unblinding of data

DGL 60°-75°
DGH 75°-90°
ES 90°-95°

Jan 2004 2008
start of SD completed
data taking

DG split in two channels

to optimize the search

- different combination
of observables

- same principle

POSTER #503
M. Schimp

No neutrino candidate found
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Normalized entries

Aug 2018

| p LATyr of operation

Bkg expected: <1 event in 50 years

= 9.7 yr complete SD
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[ Data: 1 Jan 2004 - 31 Aug 2018. Mean=1.189, Sigma=0.074

Monte Carlo v: Mean=2.837, Sigma=0.723
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dN TN
— v
Energy range and exposure No,=J o5t (E)E(E,)dE,
E, v T
integrated over the solid angle
| e—— AlgEr Ve + Y, + Vg — ), DG (N —
1018 4 -_-; : Eagsr:iti;qonu:i:ﬁaffds-)gomg (DG) N :i E§+ DG B SenSitiVity to Vr s dominant
@ * For a E? spectrum (1:1:1)
NE 1017 L
> channel relative
> contribution
g >
Lu 1016 ~ ; . .
— flavour relative contribution 0.86 : 0.10 : 0.04
Vv, Ve # v,
16 ll? I18 ‘19 I20
10 0 10Eu (eV) 0 10 — 90% of the events in the range 0.1 - 25 EeV
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Where UHE neutrinos
come from?

charged cosmic rays
deflected by magnetic
fields

..

! .ngl

VYSVYN/3dN230] wolj pajdepe
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accelerator R

I,
|
charged cosmic rays
deflected by magnetic
fields

COSMOGENIC FLUX
CMB ¥

E, = 4x10" eV
(orpy—>pn nov)

GZK

g

Where UHE neutrinos
come from?

VSVYN/3gND3D| wouy paydepe



10~°

E2 dN/dE (GeV cm~2 s~ 1 sr1)

10—10

10—7 a

Limits to the diffuse flux of UHE neutrinos

AGN (Murase 2014)

Pulsars SFR evolution (Fang 2014) Single flavor
Cosmogenic: p SFR (Aloisio 2015) Ve:Vyive=1:1:1
Cosmogenic: p, Fermi-LAT, E.jn = 3 x 10*7 eV (Ahlers 2010) '/.-
Cosmogenic: p, FRII & SFR source evol. (Kampert 2012) 7’

Cosmogenic: p or mixed, SFR & GRB (Kotera 2010) 7

Cosmogenic: Fe, FRII & SFR source evol. (Kampert 2012)

N 90% CL limit Auger
& {Earth-Skimming) 90% CL limit
90% CL limit Ny, ANITA 14114111 {2018)
Auger {2019)

90% CL limit
lceCube {2018)

10—8_ /N D I B AN BN AN B N DN N DN N DN N BN N SN N D N .

90% CL limit
. Auger (2019)

10" 108 10 10°°
E, (eV)
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Best sensitivity ~ 1 EeV

Integral UL for a k E2 spectrum

k~4.4x10°GeVcm?s?tsrt

Pierre Auger Coll., JCAP10 (2019) 022

13



(Expected v-event rates | '

Pierre Auger Obs., 1 Jan 04 - 31 Aug 18

[Cosmogenic neutrino models}

protons, FRIl evol. (Kampert 2012)
protons, FRIl evol. (Kotera 2010)

protons, SFR evol. (Aloisio 2015)4

protons, SFR evol, Epyax = 102! eV (Kotera 2010){

protons, SFR evol. (Kampert 2012)

protons, GRB evol. (Kotera 2010)

protons, Fermi-LAT, £, = 10%° eV (Ahlers 2010)
protons, Fermi-LAT, Epni, = 10173 eV (Ahlers 2010)
mixed CR (Kotera 2010)

iron, FRIl (Kampert 2012)

[Astrophysical neutrino models]

radio-loud AGN (Murase 2014)
Pulsars, SFR evol. (Fang 2014)

o e e e e

T

N

W e P i

4 5 6 7 8 9 10
Number of events
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Heavy constraints on scenarios
assuming sources accelerating
only p and with strong evolution with z

-«

Constraints on proton models

- sources evolution ~ (1+z)"uptoz__

| | | 1 1 100

90% CL Pierre Auger, Jan 04 - Aug 18

CRPropa o ;

Proton spectrum at injection: fii
E™25, Epax = 6 x 1020 eV 80

60
40
20
0

Confidence level [%]



Where UHE neutrinos
come from?

accelerator

Photons and neutrinos are not deflected

- they point back at the source

- UHE photons: limited horizon (local universe)
- UHE neutrinos: messengers from sources

: Multi-messengers

e i astronomy
charged cosmic rays
deflected by magnetic
fields

VYSVYN/3dN230] wolj pajdepe




|Istantaneous effective area

DGL 60°-75°
DGH 75°-90°
ES 90°-95°

10° |
— Auger ES v, E=101% eV
=== Auger ES v, E=10'% eV
| — Auger DGH, v, CC, E= 10'? eV
107" e Auger DGH, ve CC, E= 10*% eV

— Auger DGL, v. CC, E=101% eV
== Auger DGL, ve CC, F = 10%¢ gV

l—l
o
.

l—l
o
"
\

Effective area (km?)
] ]

Strong dependence
on the zenith angle

For point sources

(steady and transient)

the capabilities of observation
depend on where the source
IS in the FoV of the SD

7
r4
’l
1074 AT ! :
, -y
/!
,f
1072 T 4 I T T T |
60 65 70 75 80 85 90 95
6 (dea)
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Ey (eV)

1013 10|,14 10|,15 10|,16 lol,l_)'

I
10|,18 10|,19 1020

DGL 60°-75°
DGH 75°-90°
ES 90°-95°

Optimal observation position:
source in the field of view of
the Earth-skimming channel
(right below the horizon)
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Point-like steady sources (and long transients)

AugerES v, E=10" eV, 8=01"

Auger DGH v, CC, E= 10 eV, 8=77°

10°- AugerES v, E=10'"%ev, 8=92" Auger DGH v CC, E= 10 eV, 8=80" __1 ! I
AugerES v, E=10"%eV, 8=293" Auger DGH v, CC, E=10% ey, 8 =85"
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SD deployment
(area increasing)

Time (yr}

Effective area ~ constant in time
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|

The total exposure depends on
the source declination

as it defines the fraction of
sidereal day spent by the source

. in each search channel
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Limits to point-like steady sources

e [ceCube 2017
e e ANTARES 2017

e Ayger DGH 75%< 8 < 907

— Auger 2018
mmememe Auger DGL 60° <8< 75°

= mmmm Ayger Earth-Skimming
|

! I I I ! I I
|

10—5 . | I
] | Upper limits 90% CL I
|
1

10764 f L
T
w1
T
£ 10774 -
o
% Single flavor
9, VeiVyibe=1:1:1
I o I e —— -
T E 17 o~ _
> 510-4 eV s E, s 10! eV \..\\ E <10V eV_
o 1 o s g s s
fI:'u o —— i —— — N\ | - —

s \ 1012 eV s E, s |10V eV Y
1077 \ e ——— i}
] \_—-—’_.
Southern sky Northern sky
1071° T | | T T | | | | | T
-90 -75 —-60 —-45 -30 -15 O 15 30 45 60 75 90

Declination & (deg)
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DGL 60°-75°
DGH 75°-90°
ES 90°-95°

- Good sensitivity in the EeV range
in a broad range of declination

- Maximum sensitivity at
declinations -53° and 55°
(the source spends more time in the

Earth-skimming channel)

Pierre Auger Coll., JCAP11 (2019) 004
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Searching for UHE neutrinos in coincidence with a
GW event: BNS merger GW170817 + short GRB

GW170817 Neutrino limits (fluence per flavor: v, +7,)

ApJ, 850, L35 (2017)

T —

— GW (00% CL)
+ NGO 1993
¥ neutring candidate (IeeCube)
& neutrine candidate (ANTARES)
— === leeCulbwe horizon
— — ANTARES horizon
[ Auger FaV {Earth-skimming)
[ 1 Auger FoV (down-going)

/// . 7\\\
. Inthe ES channel: sweet spot for Auger detection |
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10% i [£500 sec time-window | 3
ANTARES
_10%%
i) Auger
E 10'} IceCube T ]
O 109t L 7T = - E
=~ 0~ _-- .
. el Kimura et al.
a 10—tk 4 _ —— EE moderate 4
= . P
1072 EKimura et al. 0 : e — .. Kimura et al§
EE optimistic 4 < 0° prompt
]0—3 ul { ‘ T T R TIY RN
10°
10°} | Auger [
; 10"k I E
8 100} *\L‘:C,“b_“l—,iung &
> Metzger
(:-]L 10-1 L 30 days
= Fang &
1021 \ Metzger |
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—3 | | L L L 1 1 1
070710107 i0s Toe 107 10° 10° 100 o

E/GeV
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Conclusions

The Surface Detector of the Pierre Auger Observatory can be used as a large area
detector for neutrinos at UHE energies ( 0.1 — 25 EeV)

Mostly sensitive to tau neutrinos

Strict limits to the flux of cosmogenic neutrinos

Auger as key detector in multi-messenger astronomy at UHE energy:
-~ Excellent sensitivity to neutrinos in the EeV range

— Coverage of a large fraction of the sky

More results, including the follow-up search of Ligo/Virgo
O1-0O3 BBH mergers
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