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The begin - Outdoor =i
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[ n I' '1 PROCEEIINGS
|Laborednrss ce instremeedacso 8 Fradce Exparmes sl de P rEscories { Wiy .
| ’ S oF SCIENCE

Study of RPCs for autonomous field stations in
cosmic ray research

Luils Lopes’

L e ol pidio & Flsice Fopes ol e Povrieselas (LRI
Departamenin di Fiios oo Ustecrrldade de Cotmboe, 3008306 Commibes, Poragal
E-mall. Tnfszlbartossofimsra. 1Ip.pe

Pawlo Fonta

IHEUICIRUIEIE, 2 s i et S

g de Fluics o Lshecrnidade de Cotmbog, 30082000 Commbea, Pormgal
the Hmall: fortososimhra. 14p. pE
Marto PAMents !
- S ke i D i df'k.lm'l-:l'_ il i Pavrieselas (AR
deS|gn vy Efay Cared 14, % L1 4Y Einhog Fosragal L3

E-mailt pimootaelip. po

Tio camahility of covering s & lowr cost, beades I e .
hmmmﬁtﬂ“&h;ﬁmﬁmdmmhﬂ Py Pl o —
alse b Cosmic Ry mesarch m eopermmsents wack as COVER-PLASTEX md ARGOVE] Sak P
Tary mwsarch, wéwrs shower senpling is mendatory, it womid be comeme o devslop demcsar

tht conld e depioyed mn wmll sandilone satom, with ey pans oppoTec Ex
munmm:-ﬂﬁt oz bommg o B wing md

ion. The detector & Enpervious o moridty and sequins oty 0.4 co'mm of ma
s, equitalom 10 § keyser of B-134a. Arhimery meadiont slecondin canbe appied axermilly

AT werkshop o Redste Plae Chombers snd Kelotnd Deecaors (EPCI 2
INEN-Laborain Nazineall & Frascair, dialy
Febmuary 300 2003

LIntrodution

The abundince of mzilkbls lmsmtes coxfioms tat Reistioe Flas Chasbars [1] e
‘bwan applied with grest muccess in many High Poargy and Wacless Plrysics sxper o e

7 Gpole

23/02/2016 Luis Lopes 2



The begin - Outdoor

12th Workshop on Resistive Plate Chambers and Relat
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Resistive Plate Chambers for
the Pierre Auger array upgrade
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Indoor
performance

Detector description here
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RPC - where they are? =il
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AUGER Site — Malargue, Argentine =i

Situated close to the Andes at an average altitude of
1400 m above sea level, climate is dry and relatively cold.
In Summer it could reach air temperatures above 35 °C
and in Winter below -15 °C, wild daily fluctuations in
temperature can occur very often. Strong winds and
thunderstorms are frequent.
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AUGER Site — Malargue, Argentine =i
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AUGER Site — Malargue, Argentine

*What we should take care when “opening the door”

sLarge temperature gradients
*Along the year
*But mostly the daily excursions, which will affect efficiency plateau
eIncrease condensation risk

eHumidity
*Will be our strongest enemy... High voltage connections need to be
very well protected, mostly due to condensation

*Pressure
*The smoother variable!! Just be aware that at lower pressure we just

need to lower HV. Daily excursions equal to the ones observed in lab
sLower pressure implies also lower gas density inside the gap, this
could led to a reduction of the available ion-electron pairs to start the
avalanche. At the end this could have some influence on the width of
the efficiency plateau, or even in the difficulty of observing such
plateau when operating in avalanche mode...

Sun
*Direct sunlight on the detectors should also be avoided, as inner

temperature could reach easily 50 °C during Summer.
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Close the door and return to the Lab

Luis Lopes
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Close the door and return to the Lab

» Design goals (after many attempts to work at the Pampas)

* Monitor Temperature, Pressure and Relative Humidity
eTemperature sensors should be in contact with the detector
*Humidity sensors should monitor both the sensitive volume and the
shielding case humidity
*Pressure could be measure at any point close by

*Monitor gas flow rate (need to be sure there is gas in the gaps)

In outdoor in remote sites, redundancy is of main importance.

*Operate at the efficiency plateau or at least at a “constant” gain (constant

E/N will be the goal)
cAutomatic HV adjustment, depending on the site, at a rate of tens of
minutes.

*Mechanically robust, easy to transport and install.
*Most times we will not be at the site and the local staff may not have
the necessary care when performing simple operations

23/02/2016 Luis Lopes 9



Close the door and return to the Lab

“Inside” the detector Outside the detector
*7/ Temperature 3 Temperature
2 Relative Humidity 1 Relative Humidity
1 Ambient Pressure 1 Ambient Pressure

*Gas monitoring unit:
«1-Safety Colum
«2-Sensitive volume output
*RH sensor
*Bubbles counting
*Optical sensor
*Pressure sensor
«3-Trap, between sensitive volume
output and Aluminum case input
*4-Aluminum case output
*RH sensor __
*Bubbles counting X [
*Optical Sensor
*Pressure sensor

Only indoor until now _
23/02/2016 Luis Lopes ' 10




Close the door and return to the Lab =i

Assembly

"~ 23/02/2016 Luis Lopes 11



Close the door and return to the Lab =i

Ready to “run”

Aluminum case almost 100% sealed

ey
ONf e
1
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Close the door and return to the Lab

Automatic HV adjustment to operate at a “constant” E/N
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Close the door and return to the Lab

Automatic HV adjustment to operate at a “constant” E/N
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Close the door and return to the Lab

E/N V23 Fast Charge V23
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Open the door and return to the field
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Gianni Navarra setup @ Auger Observatory

A hodoscope formed by two stand-alone low gas flow RPCs with the water Cherenkov
detector placed in between. The hodoscope is used to trigger and select single muon

events in different geometries. The objective is to study the tank response to single
muons.

One chamber @ the top of the tank and other beneath the tank.
Chambers with HV on since January 2014. Some periods without HV on because of
humidity problems in HV connectors (solved), gas (empty bottle) and setup updates.
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Really harsh conditions

Top detector subject to all environmental variation s. Only a small roof avoiding direct
Sunlight. This way daily temperature excursions wil | be very large, so this setup should be a
reliable test concerning the robustness of the RPC to operate outdoor.

The bottom detector is in a less aggressive situati on since it is protected by the tank and
also very close to the ground, so daily temperature excursions should be smaller.
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Gilanni Navarra setup @ Auger Observatory

Top chamber

AT=40°C, around 12% in °K
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Gilanni Navarra setup @ Auger Observatory

Bottom chamber
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Gilanni Navarra setup @ Auger Observatory

Top chamber

Temperature, %03 FH, %03
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Gilanni Navarra setup @ Auger Observatory

Bottom chamber

Temperature, V04 EH, V04
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Gianni Navarra setup @ Auger Observatory

Top chamber ‘ ‘ Bottom chamber
envis@en  Slmilar to indoor observations EIN V04 @ GN
000 T T T 12000 T T T
8000 - Mean: 241.5815 | Mean: 2423909
. 10000 F .
70001 Sigma: 0.3637 | Sigma: 0.18782
6000 [ . 2000 + 4
5000 |
#* # 6000F .
4000 - .
3000 . 4000 L i
2000 F
2000 F .
1000
D | 1 1 1 D A . . ,
239 240 241 242 243 244 245
E/N V03 @ GN 239 240 241 242 243 244 245

E/M V04 @ GN

Wider daily temperature excursions result in wider E/N distributions
Maybe we need to increase the HV adjustment frequency, to minimize this effect
* It could be difficult to operate at a stable efficiency in this setup. Not so important
for the current application (calibrate the tank to single muons).
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Gianni Navarra setup @ Auger Observatory

First result on tank calibration for single-hit muons, The event selection criteria require
one and only one hit in the top RPC and one and only one hit in the bottom RPC

e B L e ,
a0t = sk ]
400f Setup 1 : - welup:y
505 — atmospherics E 250 == data =
= — -5 = _Eim '
S00E — single-hit events 200 - =
250} A
200 e E
150 3
B 100 Good agreement
0 5{'__ £
- i 35 4 b 7 L 7~ 2 2.5 g
charge (VEM) chargs (VEM)

Figure 4: Leftt charge distribution in d:
distributions for{single hit events in data and sim

the number of adquired events.

Due to the single-hit cut the
atmospheric particle flux

component is severely reduced,
leading to the disappearance of

the first, low energy peak,

confirming the selection of muons

23/02/2016

before and after selecting single hit events; Right: charge
tion. The number of simulated events was normalized to

High charge events are characterized by having
large tracklengths or/and high multiplicity.

Since RPCs configuration limits the maximum
tracklength, and we require multiplicity 1 the tall
at the right is also reduced
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CONCLUSIONS from GN setup

* 14 months of operation at 12 cc/min and at 4 cc/min
*Some problems related with humidity in the HV conne ctors. Understood
the cause and solved.
*The setup is not protected against ambient conditio ns. This gave us very
good indications about the robustness of the detect ors.
*To assure a stable efficiency the automatic adjustm ent of HV each 15
minutes seems to be enough when daily temperature e  xcursions are
within 20 °C, for wider excursions we need to test a higher frequency
adjustment
*The setup reveals to be useful for the calibration of the Water Cherenkov
Tank response to single muon events.

eData taking is ongoing.
23/02/2016 Luis Lopes 25



RPCs inside

23/02/2016

Luis Lopes

Really inside
the Pampa

26



A concrete precast structure is needed to
support the tank, filter the electromagnetic
component of the shower and act as a
protecting house for the RPCs.

Two overlapping RPCs underneath the tank.
This way we can use the tank and one RPC
to define the trigger and measure the
efficiency in the other RPC
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Tierra del Fuego setup @ BATATA site, AUGER  Ei®

Temperature, BATATA
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20
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Tierra del Fuego setup @ BATATA site, AUGER

Temperature, %09 Pressure, %09 RH, 509
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Should follow temperature variations... Maybe some error reading the current??!!
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Tierra del Fuego setup @ BATATA site, AUGER

Temperature, %05 Fressure, %8 HH, “08
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Tierra del Fuego setup @ BATATA site, AUGER

EM V08 @ TdF EM V09 @ TdF
4000 - - - 8000 . . .
3500 - Mean: 2403637 7000 - Mean: 2406507
Sigma: 0.117931 Sigma: 014209
3000 - . 6000 - .
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E/N (Td) E/N (Td)

Narrow E/N distributions when comparing to the GN setup, confirming that wider
temperature daily excursions plays a major role on E/N stability. Precast structure,
tank and soil gives enough inertia, reducing the effect of air temperature in the
detectors. This way we have very similar conditions to ones in the lab with respect
to temperature daily variations.
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Tierra del Fuego setup @ BATATA site, AUGER

Tierra del Fuego V0B 817 Tierra del Fuego V08 827
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Trigger is defined by a coincidence between
tan.k.and champer 9. N Pad n+7
Efficient event is when we have a hit in a pad
in chamber 9 and one hit in the same pad of

chamber 8 or in any neighbor pad Pad n+8

Due to the efficient event definition, all the
border pads are not taken into account

Dead channels

Tierra del Fuego V08 250 Td

Tierra del Fuego, V08

_______________________________________

Efficiency

] 220 230 240 250 260

1 2 3 4 5 B T i W h
pad number Ith muons Reduced Electric Fiel (Td)

Uniform over all area 1 day / point

23/02/2016 Luis Lopes 34



Tierra del Fuego setup @ BATATA site, AUGER

Efficiency
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Different front end electronics...

Different gas
supplier/manufacturer?

Lowering electronic threshold did
not increase efficiency

We don’t have charge
measurement, so can not
compare charge spectra

Lower pressure implies lower
gas density...

Other authors observe similar
behavior in streamer mode...

Some low pressure test will be
done in the lab very soon.!!
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Tierra del Fuego setup @ BATATA site, AUGER

Streamer mode

Muelest nstroments and Methods in Physics Research A 594 (1997 ) 341-348

ELSEWIER A

Resistive plate chambers performances at low pressure

M. Abbrescia*, E. Bisceglie, G. Iaselli, S. Natali, G. Pugliese, F. Romano
Diparrimenio dl Fisiva ¢ Sezione INFN, Via G Amendola 173, 70126 Bari, Traly
Received 30 December 996

Lower pressure = Lower efficiency plateau
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Tierra del Fuego setup @ BATATA site, AUGER Sl

Interpreting the observed data!!!

a and n depend directly on E/N that depends on the pressure
Decreasing pressure we decrease a. How to “correct”?

G = ¢*'% iz the average cathode-to-anode gas gain

v=ri/at, inefficiency
M. 1 :
r=1-2 Envern = 14 |G 4 (1-G) 20T, (5.22)

High efficiencies

1-'l'l:i-.i.-J k .

fr

<<<]1

So to decrease inefficiency we mainly can:
sIncrease gain, increasing HV and consequently E/N
*Decrease threshold
sIncrease v, via wider gaps reducing a* for the same Gain or increasing the
number of gaps change from A to N A.
*Change gas, not easy since we want mono-component “mixture”
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CONCLUSIONS from TdF setup =il

* In real field conditions, operating standalone for months
*More than 12 months of smooth operation. Some probl ems in HV
connectors due to condensation inside precast. Solv ed and smooth
operation since then.
*The precast structure together with tank and soil p roximity makes
temperature daily excursions similar to the indoor ones, which is good
concerning E/N stability.
*First measurements of background rates and efficien cy agrees with the
ones observed indoor, although we observe a shift o f 10 Td/gap (200
V/gap) in E/N towards higher fields, expected!!
*Field measurements will continue (charge spectra)t  rying to clarify last
observations.
eIndoor setup will be constructed to study chamber’s performance at

pressures below atmospheric.
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