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* Particle showers induced by UHE neutrinos at the Surface Detector
array of the Pierre Auger Observatory
* Types of neutrino-induced showers:
Up-going (tau neutrinos) & Down-going (all v flavours)
* |dentifying neutrino candidates at Auger
* Analysis of data and results

% Limits on the diffuse flux of UHE neutrinos



The Pierre Auger

Observatory in Argentina Pierre Auger
Observatory
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Observatory completed in June 2008

Fluorescence Telescopes

4 sites (6 telescopes each)
total 24 Telescopes




Area of the Observatory (approx. 3000 km?)
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SD station

% photomultiplier tubes

Signals are digitized with 25
ns time resolution

FADC trace

Plastic tank with 12 m3 of water




UHE neutrino-induced showers
Types: Up-Going & Down-Going

Components
DG double-bang v_ shower Regular proton shower otthe shoyver
J Muonic
Deep DG v shower %
i SN Electromagnetic
DG v, interacting in the e ¥
mountains Auger SD e

UG Earth-skimming v_ shower

UG: Earth-skimming tau neutrinos DG: Vv’s interacting deep in the atmosphere

1 T’s travel large distances in the Earth 4 Sensitivity to ALL v flavours
not losing too much energy before

decaying close to the detector 1 Sensitivity to ALL weak interaction

channels CC & NC

1 J Sensitivity to v_ CC channel 4 Large solid angle: 60° - = 90°

J Small solid angle: = 90-95 J Dilute mass target (air)

1 Dense mass target (Earth crust)



UHE neutrino-induced showers
Interaction channels

Charged current
Vv

e Vp
\ high energy \
hadroni‘& ~~~~~~~~~ M

* electron
hadroni&
Jet E Jet E ~~~~~~~ -

Neutral current
v v

\T \"\
‘ high energy .
tau ‘ ------
hadronic hadronic \‘~\)X

Jet

Jet t ~~~~~ -

UG: Earth-skimming tau neutrinos

1 v's travel large distances in the Earth
not losing too much energy before
decaying close to the detector

1 { Sensitivity to v_ CC channel
J, Small solid angle: = 90-95°

1 Dense mass target (Earth crust)

DG: Vv’s interacting deep in the atmosphere
1 Sensitivity to ALL v flavours

1 Sensitivity to ALL weak interaction
channels CC & NC

1 Large solid angle: 60° - = 90°

J/ Dilute mass target (air)




UHE Neutrino-searches in Auger

Use MC simulations of neutrino showers and training (real) data to
establish neutrino identification criteria

. BLIND SEARCH / \

Search for neutrino Compute identification
candidates in rest of Auger efficiencies
data

Fold exposure with neutrino cross section
&
produce (if no candidates) upper limit




Identifying neutrino showers with the Auger SD
Look for INCLINED & DEEP showers

Atmosphere @ Auger site
Vertical = 880 g cm™

Horizontal = 32000 g cm2

Primary Cosmic Ray

Top of the Atmosphere

Regular inclined

hadronic shower Interaction
point

Ground

Shower Core

OLD shower (develops far from the detector): Electromagnetic (EM) component absorbed
in the atmosphere: only muons survive. Small EM halo (215 %) mainly due to p decay
close to the ground.



Identifying neutrino showers with the Auger SD
Look for INCLINED & DEEP showers

Basis of identification: broad signals in the early region of an inclined shower

Regular hadronic
shower

(OLD shower)

Deep DOWNGOING
neutrino shower
Neutrinos can
interact at any

atm. depth

(YOUNG showers)

Deep UPGOING
neutrino shower

Electrons & Photons

Muons

Interaction
point

“Fast & narrow signal”
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Inclined events: selection & quality cuts

We reconstruct the events and select the inclined ones
e 0,.,.>75°

“Speed of propagation of signal” along the footprint very close to speed of
light (<V><0.313 m ns)

vertical shower horizontal shower
\ <\>>>C <V>=¢c=0.3 mns!
5‘\g\a\ Speed />W
5} » O .
8 | j
L

Quality cuts for v identification:

e RMS[signal speed] / <signal speed> < 0.08
e Shape (Elongated Footprint): L/W > 3 (DG) or > 5 (UG)
e 3(UG)/ 4 (DG) or more stations with local trigger
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UG: variables and trigger+ tau identification
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Discrimination very inclined showers (E2 v_flux) and real events (training data, < 1%)
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Looking for broad signals: Area Over Peak (AOP)

Signal

FADC trace
Peak value AOP = Area/Peak
/ Area
Time (ns) V

“Slow & broad signal”
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DG: Broad signals in early stations

Inclined real events vs. simulations of deep neutrino showers

Training data 1 Jan 2004 — 31 Oct 2007 (black) and v showers (red)

1

10" Mean 1.188 1 - Mean 0.2771
10" E
RMS 0.1787 = RMS 0.1246
10° 102 Mean 1.554
Mean 3.213 E
— RMS 0.4411
10° RMS 1.204 10°
10 1°4é_
10° 10°
10°® 105E
10-7 IJ]" 1 | [ | | 1 nl 10‘7 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 l |n| 1 1
16 18 20 0 1 2 3 4 5
AOP_1 log10(AOP_1*AOP_2*AOP_3*AOP_4)

Area Over Peak of the first station AOP Product of the first four stations
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DG: Broad signals in early stations

Inclined real events vs. simulations of deep neutrino showers

Training data 1 Jan 2004 — 31 Oct 2007 (black) and v showers (red)
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DG: Fisher Discriminant method

e Standard procedure to separate two classes of events.

— |In our case hadronic & simulated Neutrino showers.

e Simple idea:

— Find the line so that hadronic & Neutrino showers are well separated.

Simple example in 2D

var,

Neutrinos
0 Discriminating variable:

F=a,-var, +a,-var,

O

O
OXO),

O N
Hadrons 88

O

O CIOT N NS N » var,
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DG: Fisher variables

0.02

[ |

0.5 1 15 2 25 3 35 2
log10(AOP _1*AOP 2*AOP_3*AOP_4)

Three sets of events: ¥ P— oo 1847
. |[RMS 0.4011 RMS 0.4955
0.08_—
Small 4 to 6 stations - Mean 2.253
0.06—
Medium 7 to 11 stations - RMS 06248
Large 12 or more stations 0041
:

10 Fisher variables:

e First 4 AOPs

e First 4 (AOPs)2.

e Product of the first 4 AOPs.
e An asymmetry parameter : Mean[early AOP] - Mean[late AOP].

=)

IMPORTANT: Auger data 1 Jan 2004-31 Oct 2007 used to train the Fisher method
data 1 Nov 2007-28 Feb 2009 used to search for UHE neutrinos (limit)
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DG: Fisher results (training data)
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DG: Fisher results (training data)
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DG: Fisher results (training data)

Fisher distribution(6 <N < 12)
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DG: Fisher results (training data)
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Fisher distribution(6 < N < 12)

5 10
Fisher discriminant value
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DG: Fisher results (training data)
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Probability

DG: Neutrino identification efficiency

1EeV 85 degrees
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Distance [Km]

Calculation of the Aperture with the real SD array

The exposure is calculated taking into account that the SD array
(continuosly monitored) configuration changes with time

Snapshot of the

array configuration
in Aug 2007

A shower NOT
/:criggering the array
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0

Candidates found for the search period

1 Nov 2007 - 28 Feb 2009 (DG)
1 Jan 2004 - 28 Feb 2009 (UG)
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Conclusions

PIERRE
AUGER

OBSERVATORY

* The Surface Detector of the Pierre Auger Observatory is sensitive to UHE
neutrinos (max. in the EeV region)
* Two different channels: Up-going/Earth-skimming tau neutrinos &
Down-going. Key for identification: inclined showers with EM comp.
* No v candidates found in the Auger data set
* Spectral index dependent limit on the diffuse flux of UHE neutrinos:

UG: E°dN/dE=4.7x 108 GeV cm™? st srt

DG: E°dN/dE=3.2x 107 GeVcm?stsrt

* GZK/BZ neutrinos could be tested in 10 years
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