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UHECRSs: Flux of cosmic rays
and interaction energies

Equivalent c.m. energy Vs, (GeV)

10° 10*

— X1~
. . Center of mass energy
10 10

p
10°
1O1g§lllllf I? | I*
- HERA (y-p)
1018 = RHIC (p-p)

Scaled flux E2° J(E) (mZs'srlev')

—
Q,
~J
&
-

R

Tevatron (p-p) 7 TeV 13 TeV
LHC (p-p)

knee(s)

EAS

KASCADE (SIBYLL 2.1)
* KASCADE-Grande

*  Tibet ASg (SIBYLL 2.1)
m  IceTop

Cvd vl vl el vl il |||||u* R

t% ankle

100 TeV
FCC (p-p)

~  Telescope Array
e Pierre Auger Obs.

i

oo |
.

10‘5;—
10" -
1014:_ * ATIC
; < PROTON
— o RUNJOB
10" =
1013 1014
p
%

Laboratory energy

10" 10'® 10"’

[
it N

10'®

10" 10%° 107
Energy  (eV/particle)

Courtesy R. Engel




UHECRSs: Flux of cosmic rays
and interaction energies
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Fluorescence AERA array
detector (FD) (radio)
e 4 sites e Grid with
e 0-30° var. spacing
e E>1018 eV e 17 km?2
* >150 stations TR O L I
« E>10175eV P e
Surface detector array (SD) BT LR T R AR ARARIAR LD O
» Grid of 1500 m ' '.:.:.:.:.:.:.:.:.:.:.:...:.:.:::.:.:.:.:.:.:.:.:.:.:.: LI
» 3000 km? Y= O3
+ 1660 stations R e oo et ec
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Fluorescence AERA array
detector (FD) (radio)
e HEAT .

e 30°-60° .

e E>1017 eV

Surface detector array (SD)

» Hexagon of 433 m - .\
e 0.5 km? g ...... ceectetseaesense
e 7 stations ' 20
e E>1016-5 eV '
Central 10
e Grid of 750 m Campus....
e 24 Km?2 b i Los Leone?

e 61 stations
e E>10175 eV



Hybrid detection
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15% duty cycle  °
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* calorimetric measurement of energy (S
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* ca.| 5% duty cycle 2

SD:
* data driven shape of LDF
* optimal distance at 1000 m
* ca. |00% duty cycle
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All particle spectrum E/eV

1018 1019 1020
A
'; 107} X
N . .
. . — A
Systematic uncertainty L Bl YT -u.-.*lr
é < :
of energy scale e "ol b $ ¢ *
|
Auger: AE/E =14% = | *+
- +
N 1037_
| t T
N——— - O J
~ ~ ® SPD-1500 vertical
() - ® SD-750 vertical ¢ |
E - A Hybrid : v
L] 1036 ® SD-1500 m inclined

17.5 18.0 18.5 19.0 19.5 20.0 20.5
Ig(E/eV)



All particle spectrum E/eV

Systematic uncertainty

of energy scale

Auger:

AE/E =14%

E.pkle = (5.08 + 0.06 + 0.8) EeV

Es = (39 4+ 2 + 8) EeV

-~ ® Auger (ICRC 2017)

17.5l 118.01 - 118.51 - 119.01 - 119.51 - IZO.OI I
Ig(E/eV)



Mass composition at top of the atmosphere

relative abundance

1g(E/eV)

No composition data
at and above onset of
suppression

Surprises are expected
to happen here!



AugerPrime:
Detection principle
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Remote control

5 remote control rooms installed
7 more underway

AUGER Internet local Internet

uplink uplink
VPN tunnel
VPN VPN
Router Router
T ] virtual LAN link T
AUGER CDAS remote shift room
LAN LAN
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Computing and data storage at CC Lyon

1. Download/upload to/from CC Lyon: - -
$ IRODS (integrated Rule-Oriented Data System) | R O D s

Raw data transferred from Malargiie

Event merging done at and stored at CC Lyon

Personal accounts at Lyon for data processing and
simulation purposes

AUGER

OBSERVATORY
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Raw data storage

Raw data streams centrally stored at CC Lyon: 46 TB
* Fluorescence detector data: 20 TB/10 yr

» Surface detector data: 14 TB/10 yr
e Radio data: 22 TB/ 5yr
. AMIGA: <1TB/ 3yr

Offline event merging for various data streams at CC Lyon
* Merging ~8 days after data taking
* Fluorescence detector data: 1 TB

* Eye centric
o Stereo
e HEAT (+ Coiheco)

 Surface detector data: 4.3 TB
o \rtical data set 6€[0,60°): 750 m & 1500 m array

 Inclined data set 6€[60°,80°]: 750 m & 1500 m array
e AERALet (AMIGA & Radio & SSD test bed)

* Radiodata: 1.2TB

AMIGA: 10GB

14
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Monitoring data

 Amalgamation of different  Event-based data Surface Detector

Array with monitoring values

sources at Wuppertal, e Calibration
Aachen, KIT 5TB

 Detector stations
 Additional devices, e.qg.
 Weather stations
e Field mill (b-field)
* Lightning detectors

e Detector status

e Non-event-based data
e Weather stations
 Atmosphere

* External data (GDAS) (LIDAR, LASER)
. Batteries . S S
* (Collected in data e« Communication
streams at . | T et SD efficiency = 95%
 Malargte (PMS) A ‘ww,.,,,.»\wm,.,,w
* Lyon o |

o
03]
o

 Accessible via Sqlite,
Mysal,

o
fo'

Il IIII|IIII|IIII|III*I?§II|II

0.75

# working WCD/ # deployed WCD

0772014 122014 0772015 1272015 0772016 1272016

Time
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VO Auger

e Computing on the GRID 3

L & 8
> s M m 0022000
VO organized by Czech collaborators AN etaCentru oS

 EGI - Operation Centers in Auger VO, 2014-2017

NGI_CZ:prague_cesnet_lcg2,praguelcg?2
NGI_DE:FZK_LCG2,RWTH_Aachen
NGI_FRANCE:GRIFIN2P3-CC,M3PEC,0OBSPM
NGI_IBERGRID:BIFI,CESGA,IFCA-LCG2,NGC-INGRID-PT
NGI_IT:INFN-CATANIA,INFN-LECCE,INFN-T1
NGI_NL:NIKHEF-ELPROD

NGI_RO:RO-ISS-13

NGI_SI:ARNES,SIGNET

ROC_LA:CBPFICN-UNAM

e Total number of jobs 1,008,604
 Total of 700 TB of files produced

 DIRAC (Distributed Infrastructure with Remote Agent Control) Resources
INTERWARE for job submission

« CVMFS distributed, global,
read-only filesystem used for software distribution

e Docker/Container tested

CernvVM

- File system

17



Simulation production Qffline

 Typical simulation sets

e (Contain some 10,000 CORSIKA showers
(# of events for SD ~6,000,000)

e 1 hadronic interaction generator
e ~2GB/shower at 1019V

e Thinning algorithm

« TJotal 5-10 TB

 Or sets simulating
e time-dependent
« atmosphere
e detector status
e Using

e (CONEX (fast 1D simulation of long. development)
Millions of showers with no detailed particle info at ground

« COoREAS (Radio extension of CORSIKA)
Computational expensive

e some 100 GBto 1TB

18



The need for more simulations

 AugerPrime: Wealth of new data (SSDs, AMIGA, Radio, FD)
e Top-down simulation for high-quality events (1000/yr), e.g.

e 100 p and 100 Fe showers per event
(exercised already with Radio and Hybrid subsets)

e Unthinned showers

 Get detailed view of different components, e.q.
 Proton: 1019 eV (120 CPU days)

Emoo B 18.5 < Iogm(ENIC [eV]) <18.6
 Total: 1.2TB “Srio0 c
 Sampling at detector positions only: 20 GB - F ;f:?-“ FEL L . [pomse
9ooi— 2
* ,Exotic" searches: Neutrinos and photons E P
* More stringent cuts and less systematics F N :h
by scanning the tails - N
600—
500o_lllo.|2||Io.|4|||o.|6||Io.|8|||LIII1.|2III14
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The need for more simulations

 AugerPrime: Wealth of new data (SSDs, AMIGA, Radio, F™
* Top-down simulation for high-quality events (10007
e 100 p and 100 Fe showers per event

e Unthinned showers
e (et detailed view ~
Proton: 1071°

-~

\ g

\
° . %0 \ Emooz 18.5 < Iogm(ENIC [eV]) <18.6
\0‘ 1S Only: 20 GB :gﬁoo:— - Photon Sim.
B b, N L . - Proton Sim.
5 a jooof— i kel T
e Exou ‘\\“ sutrinos and photons gooé"- f"-"‘-' ;
* Mol igent cuts and less systematics e, N
by scanning the tails ooF- R
600?— -
500O 012 OI4 0.16 | 018 L 1I2 1.4
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Filter

New analysis tools and paradigms

Total signal: 364 VEM

Physics based approaches
investigating details of the
shower development:
Shower universality

Feature extraction using

Machine learning / deep learning:

GPU farms

Feature maps

Convolutions Subsampling

Convolutions

Subsampling Fully connected

750 1000 1250 1500 1750 2000 2250
r/m

Simulated

Detector Data
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(Public) data

1% of data
publicly available

Pierre Auger Observatory
Public Event Explorer

Publication policy
under revision

= — e

Pierre Auger Observatory

PUblIC Event Explorer Public Event Explorer
Welcome to the public event display of the Pierre Auger Observatory.
- - - : : : . . Event Selection
The Pierre Auger Collaboration agreed on making 1% of its data available to the _
SImUIatlons WI" have public. This web site allows browsing over the events collected since 2004, and is Min Max
to be provided too et Gl Nb. of stations 5

You can enter an event Id in the search window, search for an event with the event
selection menu, or display an event already in cache. You can also download an ascii
file with all events.

Zenith Angle 0

Energy (EeV) 15

The current data set has 46544 events between 0.1 and 49.7 EeV. Last event is =
Current data storage 45044400 and has been recorded on Oct 23 2017 11:33:44, UTC Time. Order( 1d / Date (reverse) %]
- ' Show | 10 ¢ | Events
drlven by Events already in cache |
: | Search
Of the CO||ab0ratIOI‘l Top 3 most seen events
Pk gk ok s Pk gk w 2 Gotoeventld 4128900
4128900 11966500 1234800
Ko ooy
Pt e N
Y o o)
- f.‘ o
concept established o
beyond life-cycle of the
experiment All events in cache, ordered by energy, with frequency of access indicated (larger bar

means more seen):

(WG in place)
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Summary

 Resource saving approach: ~50 TB of raw data
Will at least double until 2025

 Simulations on the GRID: /00 TB so far

 New level of data quality
= New simulation and storage requirements

(increased demand by factor of 10-20)

e New hardware resources needed
(e.g. GPUs)

* No long-term data preservation concept yet

 Funding for post-docs and phd-students
in new fields of work needed
(currently even lack of funding for data manager)
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* Real-time correlation analysis of the high-energy signals

across all known astronomical messengers
— photons, neutrinos, cosmic rays,

and gravitational waves -

for iriggering and follow-up

Auger: Cluster of CRs in close temporal
and spatial proximity (<3° and <100 s)
Bears signature of burst

of neutral particles produced

iIn astrophysical transient.

= AMON follow-up alert

Auger will provide AMON with measure of
“photon-likeness” of each event transmitted
to AMON in real-time.

@ Cosmic rays
O Photons .

@ Grav. waves
@ Neutrinos

THE ASTROPHYSICAL JOURNAL LETTERS, 848:L12 (59pp), 2017 October 20 https://doi.org/10.3847/2041-8213 /aa91c9
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