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Rare event physics experiment

\/ Various detectors dedicated to rare events physics
(neutrino physics and Dark Matter search) use liquid
noble gases (argon, xenon) as active medium .

\/ Liquid noble gases act as scintillators : light isproduced by excitation
and recombination phenomena occurring after the passage of
lonizing particles .

\/ Light collection is mandatory in this kind of detectors . It has been
used both for identification of interacting particle (XENON, DarkSide,
GERDA) and for ftriggering and localization of events (ICARUS,
MicroBooNE ).
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Large area PMT at cryogenic temperature

\/ Various technological problems arise while working
with liquid noble gases: work at cryogenic temperature
(77 Kand 165 Kfor Ar and Xe respectively) and VUV
light emission (128 nm and 178 nm for Ar and Xe
respectively) .

V Cryogenic  temperature : special PMTs with Dbialkali (K,CsSb)
deposited on Pt under -layers for photocathode and dinodes, in order
to extend the range of temperatures the devices can be operated at.

V VUV or UV light emission: PMTs are not usually sensitive to VUV
emission, therefore windows need to be coated with wavelength

shifters, an example being TetraPhenyl-Butadiene ( TPB). Sand-blasted
window isnecessary to permit a good adherence of the TPB
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Tested PMTSs

\V We tested new generation large area 8-inch PMTs Hamamatsu R5912 Mod
and R5912-02 Mod and ETL9357 FKLB

\ Testswere made to choose the best model for the light collection system of
the ICARUS TG00 detector, a big volume LAr TPC (Time Projection Chamber)
that will study the possible presence of sterile neutrino state in the next years.
Light will be used for triggering , localization and identification of events.

\V Main characteristics of the devices measured at 77 K are reported below .

R5912 R5912-02 ETL 9357 KFLB
Dynodes 10 14 12
Ground Anode at ground Anode at ground Firstdynode at ground
S.E.Rpeak to valley ratio 2.8 2.6 2
Rise Time 3.8x1.1ns 3.6£09ns 40x£20ns
FWHM 4.4+0.1ns 50+£0.8ns 6.4+3.2ns
Electron transit time 55.1+1.5ns 70.1+£1.5ns 66.4£2.2ns
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Overview

ACharacterization at room temperature

\V' Photo - cathode uniformity

V' Quantum efficiency with TPB coating

ACharacterization at cryogenic temperature
V' Gain

V' Linearity

\/  Dark counts rate

AConclusion
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Photocathode uniformity

\/ The PMTisenlightened with a 405 nm laser diode , by
means of an optical fibre. Data are then analyzed with
a Multi Channel Analyzer ( MCA ).

\/ A proper support isused, able to sustain the optical fibre, normal to the PMT
window surfaces at various position .

\VV The SERIs studied as a function of the position along two perpendicular
orthodromes .
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Photocathode uniformity

\VV Good photocathode  uniformity in the central region, ftill 10 cm from
centre , for the R5912. Farther from the centre a gain reduction occurs .

V' Very good uniformity isobtained also for the ETL9357 KFLB where the gain

reduction in peripheral region islessevident .
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Q.E. with TPBcoating : acquisition system
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Q.E. with TPBcoating

AQuantum efficiency is measured, as a function of wavelength, by

comparing the current produced on the photo

-cathode with that collected

with a reference diode, enlightened with the same amount of light.

AAIl PMTs show a Quantum Efficiency of the order of

incident light , when coated with TPB.
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Characterization at cryogenic temperature

\V PMTare directly immersed in liquid nitrogen , to test them in
real experimental conditions . Measurement are carried out
after three days of restin cryogenic environment .

\/ The PMT is enlightened with a 405 nm laser diode, by means of an optical
fibre fixed at the centre of the PMT window . The fibre and the other cables
are allowed to enter by a proper feed -through, used to preserve darkness
conditions and thermal insulation .
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Cryogenic temperature: Gain
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V Values well fitted by a power law
function G=V<" as a function of the
dynodic voltage V; n isthe number
of dynodes and a ranges between
0.7 and 0.8.

\/ Gain reduction at 77 Kof ~70% for
R5912 and 9357 KFLBand ~-30% for
R5912-02.
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Cryogenic temperature: Linearity

\/ Linearity of the devices is studied illuminating them with increasing
light intensity, by using neutral density optical filters.

\V Measurements are carried out with a pulsed light source (2 nswidth )
at a repetition rate of 20 Hz
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Cryogenic temperature:

Linearity

V No difference
at room
temperature

and

V R5912 and 9357 KFLB are lineary

up to ~400 and ~200 phe ..

VV R5912-02 reaches saturation after

~10 phe..
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Cryogenic temperature: Linearity

V' Dedicated tests are carried out to
better understand this linearity losses
of R5912-02.
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\/ Saturation problems occur in the
first stages of the dynodic chain and
seem to be connected to the
internal design of the amplification
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Cryogenic temperature: Dark Rate
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\/ Dark rate ismeasured with a counter and
a discriminator by gradually increasing
threshold (from 1to 255 mV, 1 mV step).

\V/ 9357 KFLB no possibility to obtain a stable
SERvoltage peak .

\V Dark counts rate increase . Source of the
emission is found in photo cathode, but its
nature and features are not understood vyet.
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Conclusions

\V We have investigated the behaviour of three different
large area PMTsto be used in liquid noble gas detectors,
both at room and cryogenic temperature

V' All tested PMTsshow a good photocathode  uniformity and Q.E. .

\/ Tested PMTsare suitable for cryogenic application
Asuitability of the bialkali photocathode on Pt under -layer is
verified ;
Again decrease at 77 kisbetween 30%and 70%
Alinearity up to 200 and 400 phe is achieved for 9357 KBFLand
R5912, while saturation occurs after 10 phe for R5912-02;
Adark counts rate at cryogenic temperature is 2-3 times higher
than the one at room temperature .

\VV For the wuse in ICARUS detector, the Hamamatsu R5912 was
preferred , due to its stability and good linearity response .
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Thank you !
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Cryogenic temperature: Dark Counts

\V/ The increase of dark rate with falling temperature isreferred as Non-Thermal
Dark Rate.

\V The source of this emission isfound in the photo cathode, but its nature and
features are not understood vyet.

1000

100 =

dark rate »(7) (Hz)
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Ref: HO. Mayer, Dark rate of photomultipliers at cryogenic temperatures,
arXiv:0805.0771v1
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ICARUS T600

V' Two identical T300 modules
(2 TPC chambers per module)

\/  LAr active mass 476 t:

(17.9 x 3.1 x 1.5 for each TPC) mS3;
A drift length = 1.5 m;
A Eqie = 0.5 kVicm; v 4 = 1.6 mm/ ns
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The refurbished light collection system will be composed by 90 PMTs
for TPC,behind each wire plane .

The photo cathode covered area will correspond to the 5% of the
wire plane area .

Trigger of all events with E > 100 MeV, localization with a precision
better than 20 cm, Iidentification of topology with an error ~5% are
achievable



