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OUTLINE :

> TAUWER project

> Silicon Photomultipliers (SiPMs) tests
% Laboratory tests in Roma

% Outdoor tests at Sphinx Station

> Mini Array Tests at KIT

% shower detection capability & results
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TAUWER (TAU -neutrino multltoWER) Project :
L 10 * is a ground based surface array desighed to measure UHE
S0tk Fluxes of Cosmic Rays (0.01-100 EeV) neutrinos using the Earth-skimming technique.
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SiPM Tests in Rome Lab : The Prototype Detector and its components

Counter box :
@ Kuraray Organic Scintillator (20 x 20 x 1.4 cm?3)

@ SiPM SensL 30035FM series ; gain ~2.4*10°
@ read out by mini circuits low-noise amplifier
5454+ - dissipation power ~ 300mW

f - each having 1024 sampling capacitor 1
- Domino wave circuit generates a write pulse
€ which opens analog switches at the sampling  §
 cells of each channel.
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SiPM Tests in Rome Lab :

done in lab, Rome

SensL 30035FM :

@ dimensions : 3x3 mm?2

@ microcell size : 35 ym

@ gain ~2.4*10°

@ cross talk < 10%

@ recovery time 130 ns

@ 14% PDE@450 nm
25% PDE@500 nm

May 22-24, 2013 -

AsTroParTucIe Physics B

Readout Board

@ readout via Minicircuit low-noise

B amplifier S454+
' @ amplification factor ~ 10

Readout circuit

, Ali YILMAZ, Abant izzet Baysal University, BOLU - TURKEY
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@ air temp: -25°C 10 5°C

/ ARDUINO

USB cable

LEMO cable

gain vs temp.

i‘ * sample the thermal signal of the amplified SiPM with a !
| Lecroy WaveRunner HRO 64Zi (12 bit - 2 GS/s) ‘
integrating the full signal charge.

|

|

scope trace of SiPM.
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SiPM Tests in Rome Lab : Gain & Breakdown Temperature Tests

Operating Yoltage (V)

. ARDUINO

N N N
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| | |

\ The Arduino will be used to regulate the operating voltage and gain of the SlPM as a functlon of temperature,
|‘ once the calibration and gain have been measured and mapped to the Ardumo processor

—

gain vs temp.

breakdown voltage vs. temp : ) [+ ]Data

SensL 3 mm x3mm 50mu y=-Bx+A
intrinsic Gain Vg,=29.5 V A=1.556+ 0.015
B=0,031 + 0.002
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Sphinx SiPM Tests :

aim:

- Testing the detector prototype for hard environmental conditions.

- Testing the suitable array location. Counterbox: ;
location: Sphinx Observatory Center - Jungfraujoch / Switzerland ® Kuraray Organic Scintillator (20 x 20 x 1.4 cm?)

@ SiPM SenslL 30035FM series ; gain ~2.4*10°

The Detector Station : @ read out by mini circuits low-noise amplifier

€ 3800 m as.l. S454+ - dissipation power ~ 300mW

@ average air pressure : ~ 653 mbar
@ air temp: -25 °C and -5 °C

e —__—— =
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: Weather conditions of the Station

data taking period : November 2012, (474 hours) ; taken from Sphinx Station

Run # vs Daily Temperature Run # vs Daily Weather Conditions

Temperature [C]
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Run #

+ ' ~ %
+ 1 measured daily average temp: ~ -25 to -5 °C observed daily average cloud coverage above ~ 40 %

X :: measured average wind: 20 - 50 km/h

X :: measured daily minimum temp: -24 °C
* .. measured sudden wind : 60 - 120 km/h : reach to 120 km/h
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We Protected the Box for air temperature differences

Power vs Thickness at Different AT

Sphinx SiPM Tests:

we protected each counter by jackodur xps , ,
A T=5 Kelvi
A TZ1O K:Ix:z

A T=15 Kelvin
A T=20 Kelvin
A T=25 Kelvin

thermal conductivity of Jackodur insulator, k = 0.034 W/mK

10cm 2*3mm

thermal conductivity, 0.034 W/(m-K) thermal conductivity, 0.19 W/(m-K)

O = AXUX[T;-Tou] — |
1/L[cm'1]

300 x 107°W QUK e i
0.15m2 x 0.23 ;/VK - 19 ext. tfemp:-25°Cto-5°C |
m~ X | : _ R —————

ﬂn_

;',_; B = e fg
ﬁ int. temp : -16.6 °C to +3.4 °C |
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Sphinx SiPM Tests: DAQ and event measurement .

n
o

voltage (mV)

Not Working Now

tof (c2 -c1) = 5.2 ns

[T T W TR NN TR NN TN SR NN S NN SN

o ' I I | | | | | | | | | | | |

ﬂ operated @ 2GS/s ;t _

=]

110 120 130

chd DRS4

c3 BOARD
ch2 External
ch1 Trigg

tof method :

@ search a signal in a given time window (516 ns)
@ find minimum of the signal

@ require at least 6 points backwards from minimum

@it a line to obtain signal time start point for TOF calculation by using the least square method

e e === = == : — ——————
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Sphinx SiPM Tests: Time of Flight

||jlll|1!33lll|llll|llll
Entries 500
Mean 4.168
/ndf2542 / 19

own-ward

Scintillator 0. 1715 + 0.2520
31.48 £ 2.237

4.862 + 0.1402

X013+ 0.1260




Sphinx SiPM Tests:
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Average Rate vs Trigger Voltage

~ O 2 mHz |

| coincidence rate :

©0.001 | : : : : : : :

red points represents the rate with some ghost

spikes at each triggering voltage
0.0008 |- green points represents the corrected rate at each
triggering voltage

0.0006 %

| mcr'easmg the negative ’rr'lgger'mg vol’rage leads ’ro

‘l‘ decrease in coinc. rate
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useful info to use an electronics board a‘r op’rumum ’rhr'eshold vol'rage
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Mini Array Tests at KIT :

—_— e e e ——— = —

|
}} aims: - test the high energy shower detection

| | @ used low voltage R5783 Hamamatsu PM
| capability of mini-array

| @ DAQ uses one indipendent DRS4 per each

location: Karlsruhe Institute of Technology - station and gets per each fired counter a unique |

Karslruhe (Germany) near to Kascade experiment huts fime stamp obtained via NTP synchronization
" with Kascade time server to allow the

comparison with Kascade reconstructed events

' Test has been going on with large (> 90%) array up-time for about 1.5 year:
0 Run O (vertical setup) 10/6/2011 to 2/8/2011 - Total live DAQ time ~ 1.1*1076 sec

| @ Run1 (horizontal setup) 27/8/2011 to 5/4/2012 - Total live DAQ time ~ 12.9%10°6 sec §
§ @ Run 2 (vertical setup) 12/4/2012 to 11/1/2013 - Total live DAQ time ~ 16.4*10"6 sec

DAQ and data logging have been managed remotely from Roma with few inconvenient for all
§ The test running period.

E—— ————— P AR - =
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Mini Array Tests at KIT :
Array layout at KIT

Display of 1 event with 4 fired stations
Run O - vertical setup

D Kascade station, Kn

== Tauwer station, Tn

® run209 h

Shower 1 T
- e unixTime hDate
arrac 1310442771 Tue Jul 12, 06:52:51 NOT CONNECTED
=) -T3. ST Tuw 2 12 082051 2011 w200 - T4 gverd D08 Tew 24 12 065251 2001

[ DAQ station ' = -
. s .

USE cable

> trigger cable
Low voltage
{(+15 ¥V, GND)

b
3 o ‘--’_}-.'.'::"4 -,
T e T~ ]

S 8 a3 8 b 48 5 o 3

e e
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Mini Array Tests at KIT: Phase 2 (vertical) results & background comparison

Phase 2 - verticals only
Cut 2.5 < TOF < 8 nsec

Phase 2
o | fesn : (vertical)

Uirecs v “SGD

= = JToaz

<T> = 4.95 nsec . . Phase 1 normalized ;‘ Tower multiplicity of Phase 1 (horizontal) |

o =1.06 nsec ‘ toPhase 2 time ratio  \\ ) “steeper” than Phase2 (vertical)
Clean events

Good time
resolution ; * Cut on higher tfower multiplicity
' ection
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I
= [TT1
QL

TOF [nsec] — PO PU O P TSI pp—

PRI B I N ST ST T S NS S S ST S S NSRS RS

1 2 3 4 5 6 7

Absolute rates A cut > multiplicity 2 reduces the £

(2 2 tower/evt + Kascade time cut) Hit tower/evt multiplicity > 2 * background rate by 80% — 0.8 yHz ¢
Phase 2 (vertical) : 23.6 yHz : .
Phase 1 (horizontal) f i The horz ST - evaasemmmansme)

_~

- In full detector MC we expect large
| number of fired detector — larger

— R R thresholds cuts are possible (and also
log(E) miniarray [GeV] log(E) Kascade [GeV] “topological” cuts to reduce random
background)

e

Ratio miniarray/Kascade

6.5

log(E) [GeV]
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Mini Array Tests at KIT : Run 2 - vertical setup

Multiplicity =2 towers efficiency vs energy - Phase2 run A s -
- -- checked the energy response of

|| the mini-array by analyzing all the
reconstructed Kascade events in the
running period falling in the active

" mini-array area and time-correlated
by each event recorded time stamp.

—_— —_—= == _ —

- then we used a full Corsika 6.9.90
unthinned simulation of the array
with atmospheric showers (primary =
proton or iron) in the energy range of
interest to check the energy behavior
of our apparatus : the efficiency vs
energy shape has been reproduced

Data comparison with Kascade data —+— reasonably well.
MC Kascade simulation - iron +——¢—i
M|C Kascade simulation - proton i
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;‘ * ’rhe new SIPM pr'o‘ro‘rype de’rec’ror' has been wor'kmg s’rably erhou’r any pr'oblem in very har's
‘\ expemmen’ral condmons *‘
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