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Pierre Auger Observatory

The surface detector array

~ 3000 km?

~ 1660 water Cherenkov stations
~ 24 hour per day
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— sensitive to electromagnetic
and muonic component (Not
separately)

— can measure the time
structure of the signal induced
by electrons and muon

GPS Antenna
Communication for timing

Antenna

Electronics enclosure

40 MHz sampling Solar Panel

Batterv Box

Tank in polyethylene
containing 12000 L water

3 photomultiplier
tubes of 9 inches



Inclined showers

rotonor nucte | ¢ Protons & nuclei initiate inclined
showers high in the atmosphere.

v Shower front at ground:
hadronic

- - electromagnetic component
absorbed in atmosphere.

- mainly muons remaining

Top of the atmosphere

EM component

Top of the atmosphere

EM component - Neutrinos can initiate deep showers
~ o dronic close to ground.

comporentl Shower front at ground:
- electromagnetic + muonic

components
EM component . .
N n— Searching for neutrinos
— component searching for inclined showers

with electromagnetic component
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Charged Current
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2) Deep Down-going v shower Electromagnetic

component of the shower
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LIGO GW150914

- Qravitational Waves detected by Advanced-LIGO

Inferred source: merger of 2 black-holes at D=410(+160)(-180)
Mpc

Energy radiated in Gravitational wave ~ 5.4x10°* ergs

Position in the sky uncertain: assume 90% CL contour

ANTARES Collab.,

3
% iceCube Collab., LIGO
Scientific Collab., and
GW (99% CL) Virgo Collab.

GW (90% CL)
GW (50% CL)
X neutrino




LIGO GW150924

- Qravitational Waves detected by Advanced-LIGO
14 September 2015 at 09:50:45 UTC

Inferred source: merger of 2 black-holes at D=410(+160)(-180)
Mpc

Position in the sky uncertain: assume 90% CL contour position

- Models predict Gamma-Ray-Burst (GRB) after merger of
compact objects where neutrinos can be produced:

GRB "prompt" emission may last up to 500 s

GRB "afterglow" timescale is hours — days



Auger sensitivity to GW150914

- Sensitivity to UHEV limited to large zenith angles

- At each instant of time neutrinos can only be detected
from a specific portion of the sky

- GW150914 not visible in ES (90°, 95°) within £500s of its
UTC time but visible in DGH (75°, 90°) angular bin

- GW150914 visible in ES & DGH a significant fraction of
1 day after occurring



GW150914 as wewed from Auger
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Fraction of visible time

ES channel
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Unblinding results

No neutrino candidates found .
in any of the data periods unblinded

e Data +/- 500 s around GW150914:

— No inclined events found in ES selection

— No inclined events found in DGH (75° - 209}
selection

e Data 1 day after GW150914:

— 12 inclined events found In ES selection, none
passed young

shower selection => no candidates

— 24 inclined events found in DGH (75° - 90°), none
passed young shower selection => no candidates



Constraints

Assuming a standard ANSW LGW 12
E-2 spectrum dE, v
90% Cl_ ]CGW(5) _ 2.39
upper limit |5 Ei*eaw(Ey,0)dE,
limit N,
Upper oy EQd Tsearch — kGW(é)Tsearch

to neutrino v dE,
fluence



Constraints on UHEV flux normalization
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Constraints on E._the energy
radiated in UHE neutrinos
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summary

 No candidates found, The first following of GW events with
vs of > 100 PeV

* [he most stringent upper limit to the total energy in the form
of UHE vs tor GW150914 event

dN
Theory by 2 % _8 5 1 1
Kotera and Silk Iy JE, < (1.5—-6.9) x 107°GeVem™ “s™ “sr

dN.
) Djp
Auger v iE.

* Place a most stringent upper limit on the fraction of GW
energy channeled into neutrinos of ~ 14%

<6.4%x107°GeVem ?s tsr™!

 Multi messenger observations reveal properties of the
Sources



Thank you!

QRuestrons anol comumendts?



|[dentifying vs in data collected at SD

With the SD, we can distinguish muonic from electromagnetic shower fronts
(using the time structure of the signals in the water Cherenkov stations).
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