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= Introduction
HZDR laser test facility
= Experiment on RPC detectors

= Summary
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Introduction

HZDR Laser Test Facility

UV Pulsed-Laser
Generation System

Detector

stem

S
OPUCEX\ Focusing 3D Moving Stage

= Table-size, multi-purpose test facility;
= Focused UV laser to ignite primary electrons;
= High precision moving system, remote automatic DAQ system.
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Introduction

Main activities

Availability Gas parameters Eco-gas
test measurement research

»
1

EREREERR RERNNNNH

Voltage of signal(mV)

o

Time (ns)

Remote control
&

Automatic DAQ

Sense wire

Research using drift tube Laser test for Mini Drift
detector & simulation Chamber (MDC)
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Introduction

R&D milestones

RPC Experiments & Analysis

Calibration
Development of instrumentation

2016 2017 2018 2019 2020

4.-[ @ O ‘I
RPC2016 RPC2018 RPC2020

* Development since 2013;
= Reported in three RPC workshops;
= R&D procedure finished, eco-gas test on the way.
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Introduction

Concepts & Motivation

=== " Concepts:

lonization . . . . cys
* » Laser ionizations have fixed positions;
Laser T Avalanche = MPI (Multi-Photon Ionization) effect
R produces very tiny ionization volume;
Focused UVlaser: = Gas parameters can be measured.

controlled N, , fixed position

= Motivations:

= Direct measurement of gas parameters
in timing RPC (i.e. MRPC);
* Investigations of RPC performance;

High Energy Particle

lonization

Avalanche

= Research for new eco-gases.

' High energy particle:
. random N, , random positions
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Laser Test Facility

Laser ionization

lens 1 lens 2 lens 3 ’

Laser Focus

Laser intensity distribution
= Controlled UV laser pulses:

257 nm wavelength, short pulse duration (2 ps), adjustable laser
intensities and repetition rates.

* Tiny laser focus:
radius: ~5 pm, length: ~500 pm (FWHM)
* Tiny ionization volume:

ionization volume is within laser focus.

Page 7




Laser Test Facility

Realistic RPC prototype

RPC box 3D Moving stage

HV Input

Signal Output

Supports

RPC Sample

Laser Window

= RPC prototype:
Gas gap width: 500 pm in experiments; 300, 500 and 1000 um possible.

Materials of electrodes: Low resistivity ceramic or float glass.

= Precise position stage:

3 dimensions, accuracy on the order of 1 um.
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Laser Test Facility

Automatic DAQ & Analysis

Contro
Control

50
Detector f_,u‘i
O/ o0 PC — > | Analysis
\ 2 Oscilloscope \L Data
AN = £
/ \/ (Data storage)
Signal Waveform stack

= Automatic programmed experiments:
= Remote control;
" Pre-program & Execute;
= Off-line data analysis.
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Experiments

RPC gas parameters

* The gas parameters for
avalanche developments:

Ne — NO e %erVarifet

= The ‘puzzle’ of a ¢fat the

*

a.sr: Effective Townsend coefficient
Varife: Electron drift velocity

N,.: Number of electrons

Ny: Number of primary electrons

region of strong field:

= Simulated a, is taken from
low pressure & reduced
electric field[1].

= Simulated a,; is much
larger compared to real

RPC at timing RPC electric
field[2,3].

[1]G. Brunner. NIM, 154(1):159-163, 1978
[2]W. Riegler and C. Lippmann, NIMA, 518(1-2):86-90, 2004.
[3]L. Naumann, M. Siebold, M. Kaspar, et al. JINST, 9(10):C10009, 2014.
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Experiments

An overview of RPC experiments

RPC set-ups:

Field strengths:

Gas mixtures:

Description:

Trigger RPC Beyond trigger RPC | Timing RPC
~50 kV/cm 50-90 kV/cm ~100 kV/cm
94.7% Freon Both - 85% Freon
5% iso-Butane ot gas I:IX ures 5% iso-Butane
0.3% SF6 10% SF6

Start with the values
that are well-known
and well-measured
to verify the overall
availability of the
system.

To explore RPC
performance at
higher electric
fields.

R&D to prepare
for experiments
for timing RPC.
Using both gases.
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Work in realistic timing
RPC conditions to
measure the gas
parameters.

First measurement of
gas parameters at
atmospheric pressure
at this region.




Experiments

Field reduction measurements

- 100 kV/cm, glass RPC 120
1,0x10°4 = 0.05Hza=501mm" e
{ e 0.1Hz a=443mm"’ A € 100- Simulation |
2 5 1 ° : W. Riegler et al., Nucl. Instr. and Meth. A 500(2003) 144
S 8,0x10°4 4 0.2Hz a=352mm’ v c @ Measurement by Marcus Kaspar
i~ { v 05Hz a=34.0 mm-1 A g 804 L.Naumann, et al., 2014 JINST 9 C10009 L
8 ’ ’ Y A v = @ Measured Value in this experiment
i 6,0x10° - v "qo': —— A fit of experimental data
e » 604 -
g ‘ * v Qo )% 44.3
-g 4,0x1 0° p 8, Y v § 404 L
3 - I S S | 24.5
2,0x10°1 /5/ v 2 204 fitfunction: a=o,(1-e"") ¢
N £ fit result: t~3's
0,0 T T T T T T T T T T T T m O '0'1 ,i
0.12 0.13 0.14 015 0.16 0.17 0.18 Rebetition Rate of Laser (Hz)
Distance to Electrode (mm)
Significant field reduction due to Assume an factor 7 related to the
laser repetition rate. time constant, T ~ 3s obtained.

= Dependence of laser repetition rate on the measured a.¢ observed
for glass electrodes.

= Explains the field reduction and recovery.
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Experiments

Field reduction due to avalanches

= The first direct observation of the tiny size of avalanches:

RPC with glass electrodes:

*
¢ (DAvalanche -Time constant : T~PoEoer~some seconds
(Field Typi ility:  ~ 2
Typical rate capability: ~1 kHz/cm
/" reduction

= Estimated area in the order of several um2.

= Comparison to low resistivity electrodes:

Material Bulk Rate capability in Time Experiment
resistivity RPC constant al rate
capability
Glass ~1012 Q-cm ~kHz/cm? ~s 3s
Ceramic ~10° Q-cm hundreds kHz/cm2  ~ms <<0.1s
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Experiments

Measurement of v,.q

N
. 241

- 5

d1 - 521

a2 a3 o !
I °

0.0 ) 075 ) 170 ) 1?5 t 2?0 ) 275 ) 3.lO
Time (ns)
=  Obtain average waveforms with different d.

260 1 " 1 L " L L L L 1 -

- == Magboltz Simulation
-=- - Drift Velocity

Obtain the arrival time ¢ at max. Voltage.

240

.
.
.
.
.
.
.
.
.
220+ - L
.
.
L4
T Lecm
'1’*’- N\
- -0} - -
AN \
. 1 \
Lo o

= Make at — d linear fit to obtain v .

Drift Velocity (um/ns)
S
o

oy | - (®Results compared to simulation:
1607 - ¢ Agreementin a wide range, up to ~105 kV/cm
Mo~ * Above ~105 kV/cm measurement failed, due to

Field Strength (kV/cm) streamers.
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Experiments

Measurement of o

(D Charges of main peak Q of the
waveforms aT obtained.

Main peak
6 — T ?
S D cient
E . (2) eff. Townsend coefficient is
m ’ . .
5 . accumulated from fitting.
)] . ' ' ' .
© ;
© 2- : 0.08
[®)] . &
% : ~0.061 .
> ' % 9Q}Q,Q/\q,c)é‘.o
: © 0.04 & N
0 - - < &
. . g 0.02- o’
Z : O 7T e *
v T v T v T v T v T 1 ] eesesmeeet
0.0 0.5 1.0 1.5 2.0 25 3.0 0.00

. 20 40 60 80 100
Time (ns) Distance to Electrode (um)

* First measurement of o above 60 kV/cm, up to timing RPC region.
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Experiments

Measurement of o

1
(=]
(=]
o
]

~—

100-E g@ .

O HZDR
© G. Chiodini, ATLAS
Simulation from Magboltz
; (0.3% SFe+94.7% R134a+5% iso-butane) [
| | J. de Urquijo (R134a, <30 Torr, reduced field)
30 40 50 60 70 80 90 100 110 120
Field strength in homogeneous field [kV/cm]

eff. Townsend coefficient [cm’

120 160 200 240 280 320 360 400 440 430
(Equivalent) Reduced field strength/N [Td]
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Compared to measurement results
from:

* [1] W. Riegler, et al.,, NIMA. A 500 (2003) 144.

* [2] G. Chiodini et al., NIMA. 602 (2009) 757.

* [3]].de Urquijo etal., Eur. Phys.]. D 51 (2009)
241.

(@ ag in agreement with both
experiment and simulation, at
the field strength of around 50
kV/cm.

@ o begins to separate with
simulation, when the field is
increased above 60 kV/cm.
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eff. Townsend coefficient [cm

Experiments

Measurement of o

100-_ ’ |

DO HZDR (ceramic electrodes)
{ HZDR (glass electrodes)
4+ = = Simulation from Magboltz

| <4 J.de Urquijo (R134a, <30 Torr, reduced field)|

(10% SFe+85% R134a+5% iso-butane)|f

30 40 50 60 70 80
Field strength in homogeneous field [kV/cm]

120 160 200 240 280 320 360 400 440 480

90 100 110 120

(Equivalent) Reduced field strength/N [Td]
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Compared to measurement results
from:

* [1] W. Riegler, et al.,, NIMA. A 500 (2003) 144.

* [2] G. Chiodini et al., NIMA. 602 (2009) 757.

* [3]].de Urquijo etal., Eur. Phys.]. D 51 (2009)
241.

@) o measured for timing RPC
field (around 100 kV/cm) is ~2
times less than prediction from
reduced pressure.

@ a.qseem to reach a plateau for
timing RPC field (around 100
kV/cm).

® a.qis not affected by electrode
material.




Summary

Conclusions & Outlook

= Laser Test Facility

= Characteristics
= Methods

= Direct measurements of RPC gas parameters:

= Field reduction range. (Proved the RPC principle.)
= Electron drift velocity. (Agreement with simulation.)
= Eff. Townsend coefficient. (Agreement & differences with simulation.)

= Qutlook:
» [nvestigations for gaseous detectors with complicated geometry;
* [nvestigations for new gases: HFO mixture.
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End of Presentation



