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Cosmic Rays

Equivalent c.m. energy \s,, (GeV)

10° 10° 10° 10° 10°

u;'-‘l()wgluw T T T T T T T T T T T T
s P Lt oy
< - RHIC (p-p) Tevatron (p-p) 7TeV 14 TeV ¥ HiRes-MIA
5 100 HERA (y-p) LHC (p-p) 4 HiRes| Data from
- E A HiResll
K E - ‘aigen i ICRC 2011
' * TA 2011 (prelim.
E [* g (prefim.)
_ 107 o
@ E )
= o Typically 20% energy
w X
o B scale uncertainty
w 16

107
= =
= [=
=
= r
5] 15
w 107 Extrapolated flux
&3 F o« atc «  KASCADE [QGSJET 01) a;}' -----

I ¢ PROTON = KASCADE (SIBYLL2.1)
10 ¢ RUNJOB *  KASCADE-Grande 2008 *
E * TibetASg (SIBYLL2.1)
103 = PERTITT R ATITY R R RTTTT TR TTIT AR ETIT AT BN ETTT BT L
10" 104 10" 10" 10" 1! 1" 107

Energy  (eV/particle)
6

Open questions: Features of the spectrum, e.g. what happens at 1020 eV?
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Extensive air showers and fluorescence light




Fluorescence light and shower profile

Fluorescence light from the
excitation of No-molecules
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Pierre Auger Observatory - a hybrid experiment

Loma Amarilla
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@ near Malargiie (Mendoza, Argentina)
@ ca. 1600 water tanks (surface detectors, SD) on a 3000 km? array

@ 27 fluorescence telescopes at 4 sides (fluorescence detectors, FD)
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Fluorescence Detectors (FDs):

- determination of mass composition via >i 1ax distribution

- energy determination of primary particle‘ia fluorescence light yield
- but: only 15% duty cycle |

Surface Detectors (SDs):

- determination of mass composition difficult, therefore upgra"'?e to distinguish
between electrons and muons |




Fluorescence telescopes

Telescopes consist of

o filter and aperture with corrector ring,
@ mirror and
@ camera with 440 Photonis PMTs.

Filter +
Corrector ring




FD-Photomultiplier Tube (PMT)

PMT + electronics:

FOCUSING ELECTRODE o Ampllflcatlon stage Wlth
"‘w LASTDYNODE ~ STEMPIN gain &,
! 4 . VACUUM 4 H
DIRECTION i e—-r‘ i . 9 ac COup|Ing netWOFk,
oFLIGHT  — || D [:’\(;’\* -
\ E5 i TR ELTER _
FacepLate L\ | k'\/\] 9 |0W pass f||ter.

\ EicoTron iUz \ ANosE “* Poisson statistics:
| FrOTOeATERE Fluctuations (o?)
= info background light
different background light conditions

(for a gain of 10°): .
condition Iy (#A) o2 (ADC?) g
no moon 0.5 25 - ey
1/4 moon 5 250 by A O O DT
full moon 50 2500 Time [50 ns]




Actual status and goals

data sheet Photonis
ACtU a I ga in Of P M TS: Gain shift when the anode current varies
G — 105 from dark current to 10 pA and back

i O

(for a gain G=10%) n.s.: no standard specificatior

< no operation at higher background light possible (quick aging of PMTs)

Superior goal:

@ Operate PMTs at lower HV (i.e. lower gain) & higher background.

@ But: Performance of PMTs at low HVs (400-600 V) and higher
background light unknown.

@ Test stand to simulate new conditions and determine aging of PMTs

But: Is the shower reconstruction for the high energy events (> 108 eV)
still possible at higher background light conditions?



FD measurements at nominal conditions (Los Morados)
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Simulation with an added Gaussian noise (1000 ADC?)

Eye 2 Mirror 4 Pixel 184
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Reconstruction at higher background light
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@ Error on the Xmax reconstruction still small and

@ shower selection efficiency still equal to 1 for 02 <1000 ADCZ2.

variance [ADC2]
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Experimental setup

Distribution board PMT Monitoring
(8 HV inputs) ‘wheel photodiodes

Integrating
sphere

Flasher
board

| 2-channel HEAT Trigger SMU &
HV DAQ unit Picoammeter




Experimental setup




PMT characterization - Electronic gain calculation

Electronic gain

( ADC counts/(phel /50 ns) ):

@ v,: relative variance of
the PMT gain

o (14 vg): single
photoelectron resolution

@ D: variance of flasher
pulse signal (in ADC?)

@ M: mean value of flasher
pulse signal (in ADC)

e F = 3.3 MHz: noise
equivalent bandwith

@ Measure single
photoelectron peak for
vg-determination,

@ use optical filters and
aperture to reduce light
flux.
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Searching single photoelectron peak - example PMT 41249

600, Start timestamp of measurement 1411111813, flash signal of pixel #: 4
500}
400)
) aperture diameter:
5300 26.95.mm
S
200
100
00 350 200

200

250
Charge (ADC counts)
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Searching single photoelectron peak - example PMT 41249

600, Start timestamp of measurement 1411117775, flash signal of pixel #: 4
500}
400)
) aperture diameter:
5300 18.00.mm
S
200
100
00 350 200

200 250
Charge (ADC counts)
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Searching single photoelectron peak - example PMT 41249

600, Start timestamp of measurement 1411118824, flash signal of pixel #: 4
500}
400)
) aperture diameter:
5300 14.00.mm
S
200
100
00 350 200

200

250
Charge (ADC counts)
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Searching single photoelectron peak - example PMT 41249

600, Start timestamp of measurement 1411119558, flash signal of pixel #: 4

aperture diameter:
12.05.mm

Counts

00 350 400

200

250
Charge (ADC counts)
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Fitting single photoelectron peak to calculate SER
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D/M calculation with long flasher pulses

Ge= 1 ﬁ M(t) =~ M - exp(—£) — fit function

I&@CQ and exponential fit with variance boundaries (pixel 4, amplitude 400, length 65 us)
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D /M calculation for all PMTs

D/M calculation @ 1250 V
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Summary & Outlook

Summary:

@ Mounting of PMT test stand completed,

@ systematics mostly understood, excepting external noise signal,
@ single photoelectron peaks can be seen and
o

characterization of used PMTs is possible.

Outlook:
@ Finish characterization measurements of used PMTs, i.e.

e gain determination for all PMTs and
e check linearity of PMTs for different AC & DC light conditions.

@ Start aging measurements at nominal and lower HV.

o Find lower HV for higher background conditions and impliment results
directly at the Observatory in Argentina.
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MeV )

@ 20 +'s per 1 MeV energy deposit (e~: 2.2 o om?

@ Xmnax X De - In(Eg/A) = De - (In Eg — In A),
o Nf=A (B4) = are.n,

Edec
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