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MPGD technologies for the upgrade
of COMPASS RICH-1

Fulvio Tessarotto (I.N.F.N. - Trieste)
on behalf of the COMPASS RICH Group

J

The COMPASS RICH-1 PD upgrade R&D [
The Hybrid THGEM + MM detector
The assembly and installation in 2016
Tuning and commissioning
Promising preliminary results

Conclusions
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hadron PID from 3 to 60 GeV/c; acceptance: H: 500 mrad V: 400 mrad;
trigger rates: up to ~100 KHz beam rates up to ~108 Hz; material: 2.4% Xo (beam region), 22% Xo (acceptance)
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Effective gain = 0.91 - 10°
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THGEM +CsI: 8 years of dedicated R&D

~_

PARAMETERS:
. Diam. = 0.4 mm
. Pitch = 0.8 mm
. Thickn. = 0.4 mm
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m The new hybrid"THGEM+Micromegas PDs

modular structure: one module = 600x300 mm?2

Hybrid PD scheme

5mm
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Standard Bulk Micromegas produced at CERN
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anodic PCB mew

Signal read out via capacitive
coupling pad readout and
APV25 F/E boards

c1 = Mesh at ground
Detector

RA
COhPARAT OF_IDEAL
Fe Fesistor c2
Pad u1
. - ;m +
oy 8mm X 8mm pads T >
anodic pad PCB produced by TVR at positive HV £ r

Strong technological effort from TVR Company for the PCB (multilayer

3.2 mm thick) to comply with specific requirements of planarity, surface fests on 2500 pads: 470 MAQ resistor for
- _ Py . .p 9 . " P . \ electrical continuity  each anodic pad

quality, layer thickness uniformity, surface irregularities (E field). and capacity meas.

“surface anode” pad 2 38-42 pF/pad

“Z drilling controlled
via” - planarity issue

Metallic
pads

0.07 mm
fiberglass

HV to blue
pad
through the
hole of red
pad

“buried pad” A W
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Thickness: 0.4 mm, hole diameter: 0.4 mm, pitch: 0.8 mm i e i |

12 sectors on both top and bottom, 0.7 mm separation
24 fixation points to guarantee THGEMSs flatness

C00000CO0O00CO0O000000000000

0000000 | | 000000000000000000000
B R W W W R R m womomm o
l.l"ﬁ'i.it-l-llil.l'-‘i-ll'l'ﬂil.I.f_'l'l"I‘l.l-'l - i" g eaB @l S EAEELEREEE #.li_
sl AsARARERBENBEEEESE SR I|!I‘-l.t!_lI‘I_!_i_;l-l:*ﬂﬁl".i'l‘ - o
ilill-iilil-'l-ilil . “.“."‘._‘
4ssssssnssssssd border holesdiam.:0.5mm [waassssns

S e ECR S '..-.*-"‘-."'*.ii M REELEE S L N e R
ri‘:l.:q-:t*t AT T T L AR ARA A S e ity

. i L 3 [

ST Ll L R N ] R R r——
2 % 5B B A3 N et | Sty : :
e Sy R i ™ 32 dasdsensssnanmasesny
i i o M = — ; '

A — —t B — --——-1.\.. __ 5

=
=g

-

pillars in PEEK

P | 5 't
’r; i |
fin : ) &\.

Philadelphia, 12/10/2017 - 6% International Conference on Micro Pattern Gaseous Detectors, MPGD 2017 6



i
Our thickness uniformity requirements are stricter than those offered by producers - material selection
50 foils of 1245 mm x 1092 mm -> cut out borders - 800 mm x 800 mm —-> thickness measurement

THGEM raw material selection B,

J Elite Material Co., Ltd.

V. " Mitutoyo EURO CA776

Lead-free , Halogen-free Material coordinate measuring
PRODUCT EM 370-5 machine with ruby
Thickness 0.407 mm touc h p ro b e

Copper 35u /351 _ ’ ]
Sheet Size 12451092 mm hosted in a thermalized
P(E’é“gg‘lt}*’ : z:i 2558 C-24123/50 - :: room
Volume resistivity 25171 C-96/35/90 MQ-cm 10"
Surface resistivity 25171 C-96/35/90 MO »10°

Positioning blocks

il
.

underpressure induced flatness /AN

700 X 700 mm?
active area

borders = ik for each foil 36 x 36 points in square pattern are measured
' - 2 measurements (direct and reversed) to allow consistency checks.
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THGEM raw material selection

y / mm

36 x 36 pointsin
square pattern from
(0,0) to (700,700)

800 mm

thicknessmqy — thicknessyn
thicknessyin

Othickness =

800 mm

Max - Min 478 - 467
= 100 = —

»* 100%

ANO(#313) % 100% = 2.146

Philadelphia, 12/10/2017 -

(115 S0
0 100 200 300 400

typical result for a good piece.

all foils have been labelled and
measured = database of local
thickness of all THGEMS

from each foil twoTHGEMS can be
produced:

50 foils = 100 raw THGEM pcb
THGEM pcb size = 620 mm x 320 mm,
active area = 581 mm x 287 mm

60 THGEMs have been
produced by ELTOS
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In Trieste a specific cleaning
o | procedure is applied : polish with fine
grain pumice powder, pressure water
cleaning, ultrasonic Bath with Sonica [ s P
PCB solution (PH11), distilled water 5
rinsing and oven @ 160 °C D .
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current monitor recording, 20 T ; ; ;
discharge countin —v—
e ’ THGEM : 422 o
L * dV=1000V: 4 hours: Osparksh . _ g5 |39 =
ul « dV=1150V : 6 hours : 70 sparks/h “=== < 422 —6—  rejected piece
= dV=1030V .. 1160V / 10V steps , I hour for all dV | g
03!t ] Spark rate of THGEM-422 (07IR2015) E 10 [
z o o
02+ : ‘ C% 5
g m - ’ 1 r +
01 1 ) ol bzpyg pald bopd g | :
THGEM : 307 1020 1040 1060 I;DS:-MVE&“ ML'[?O 140 &0 0 | i . , i ‘ A ]
e ""23‘" ) "Hﬁu = dV=1100V : 74 hours : (.27 sparks/h 1000 1050 1100 1150 AV(Y) 1200
Tie i - dV=1150V : 14 hours : 0.29 sparks/h accepted first 4 pieces: 1 rejected. Possibly recovered by

repeating the cleaning treatment

Gain uniformity measurement AMPTEK Mini-X Au used at 15 kV, 200pA + Cu foil provides 8 keV X-rays
202 198 206 uniform illumination at a rate > 5 kHz cm? (for 1 cm Ar/CO, 70/30)

pRE

g Msraga Ghame Hillspa

Entries 74381
198 Meanx 12.93
Meany 25,02
198 6.449
199 12.7
' 10°
10°
10l
1
45 %
%0

180
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mechanical frames and wires
| drift and field wires: Cu-Be, Au coated = \ _.@_

4 mm pitch, 100 pm diam.
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2 Copto

field shaping electrodes

THGEM border study

x10*

x10*
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Field shaping
electrodes in the
isolating material
protections of the
chamber frames

isolating material
(Tufnol 6F/45)

protection
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Csil coztineg of FrlG =S INER
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19 Csl evaporations performed in 2015 - 2016
on 15 pieces: 13 THGEMs, 1 dummy THGEM, losr — Lesiy,..

and 1 reference piece (best from previous coatings) -~ Nermalized = Tres — TRefs,,
11 coated THGEMs available, 8 used + 3 spares A

THGEM number evaporation date  at 60 degrees at 25 degrees

Thick GEM 319 1/18/2016 2.36 2.44

Thick GEM 307 1/25/2016 2.65 2.47

Thick GEM 407 2/2/2016 2.14 2.47

Thick GEM 418 2/8/2016 2.79 2.98

Thick GEM 410 2/15/2016 2.86 3.14

Thick GEM 429 2/22/2016 2.75 2.74

Thick GEM 334 2/29/2016 2.77 3.00 T ( d ) 2
Thick GEM 421 re-coating 3/10/2016 2.61 2.83 23 \p
Reference piece 714/2016 3.98 3.76

QE measurements indicate an average THGEM QE = 0.73 x Ref. piece QE, in
agreement with expectations (THGEM optical transparency = 0.76)

Thanks to Thomas Schnider and Miranda Van Stenis
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Equuppmg the hybr'lds on RICH! 1

= I\Z=iiea
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Detectors successfully installed in April 2016

Operated and commissioned during the entire 2016 COMPASS run

RAO01P13_2D_a2_sigma

Noise issues

HV tuning and monitoring
Timing of the signal sampling
Gain response stability

APV readout errors

HV control is discussed in the next talk by Silvia Dalla Torre
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MWPCs Hybrids MWPCs o

At the end of along fight
(grounding, shielding, HV
filtering, ...):

MWPCs (0.2 pF): <o>~ 700 e’

Hybrids (4 pF): <o>~900 e

% 50 100 150 250 0
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MN.Hits AZ>20

P-13 ——
38000 |
38000 |
34000 |
32000 |
14000
30000 -
28000 12000
i ; i [
130 120 110 100 20 ) R0
Lat{ncy of A2 [ApvUnits=25ns]l ko]
4> g
@
8000 -
150 ns 2
6000
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Selecting “good” hits:
(AO<5 ADC units,
0.2<A1/A2<0.8)

P13 ——

105 110 115 120 125 130
Latency of A [ApvUnits=25ns]

135

140

5000

4000

3000

2000

1000
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timing and sampling tuning  [Gees

All sectors provide the
same time response

—— SO0PDGHOSD
= SO1PDBHOS
A —+ SO2PDEH1SO
L\ == S03PDBH1S1

o SMPDSHOSO
| —=- S05PDGHOS
o SO6PDEHISO
= SOTPDSHIST
= S08PD2HOSO
—— SUSPD2HOS1
—~— S10PD2H1SD
—— S11PD2HISH
v ST2PDIHOSO
—— S1PDIHOST
+ S14PDIHISO

~e-S15PD1H1S1
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Running at gain of ~30k

? | Most_of the sectors of — P06 : MWPC
—\ \ Hybrid PDs are —— P07 : MWPC
=} providing an effective —— HO02 : Hybrid
- "4, gain close to 30k —— HO04 : Hybrid
10° = P
,
YErest o N ﬂ\ |W HMJ mll..|
0 1 00 200 300 400 500 600 700

A2 [ApvUnits=300¢e]

No such a gain in any MPGD in a running experiment.
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Amplitude spectra for hits and L&
clusters

— P09_ClusterSpectrum Fo8_GlusterSpectium P11_ClusterSpectrum P11_ClusterSpectrum

Entries 36886 : Entries 45740

10* — P09_Spectrum Mean 46.13 i — P11_Spectrum Mean 55.06

RMS 95.18 10t RMS 1145

wl- MWPC il Hybrid PD
3 10
10 10 4
= N 14
F: b 1 1 1 1 1
0 200 400 600 800 1000 0 200 400 600 800 1000
A2 [ApvUnits=300g] A2 [ApvUnits=300e]

The cluster size is larger for signals from charged particles
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: [ °
& | ¢
20000_—
15000:—
10000 —
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0:6""|"II|IIII|III|||||| [ R

The effective gain does not vary when changing the
COMPASS beam intensity by a factor of 2
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Gain shearing among mulTiplication layers

Z£OMPASS]

Effective gain*transfer of THGEM1 in Ar/CH4,

with THGEM2 and MM at nominal voltages Effective gain of Mcromegas in Ar/CH4, with
J : THGEM1 and THGEM2 at nominal voltages

e | %/ndf 0.5003 /3
8 ’5 I 12 ! ndf 7.209/18 : : : H H T
102 |- Prob 0.9188 [
_g e {g , Prob 09882 | : : : : /./
g — AVC _IO_I_It 5-909 % 10 : ......................
= — o C] AVe 416.7 £ 1.021
| Slope [V] 108.6 + 1.569 o L 1
I s S OO SO SO 50 S|0pe' [V] 42.24 + 0.2268
40 | .................... . ......... : : : :
10 80 | S A . e i f
20 S E—— — S — -
e - L e S i HSSURNSOUINE SOSOSTPIINS SORRITIONE SRS SRR | SO
1 ;.*.-.. .9-‘(_..-. e ...................... :
r : f—
// 5F
/ 4_ S
/ G M e s SR,
/ ; i i : : : i i :
) R U AR AN T T T S A W RN |
0O 200 400 600 800 1000 1200 1400 460 480 500 520 540 560 580 600 P20
AVTHGEM‘I [V] Mesh

Nominal gain: ~30000 with:
THGEML1 gain* transferl: ~ 20
THGEM2 gain*transfer2 ~ 15

Micromegas gain ~100
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Reverse bias

Taitof thesignal v osoven —
amp“tUde SpectrUm : EDrift: -200v/cm — |

----------------------------------------------------------------------------------------------------------------------------------

ADC saturation signals,
mostly from charged particles

- I N S .. P

80 -

T 1L o e -
Ll |
_ :Edl'ift =-0.5 kV/Cm
20 | -------- g
10:_ ______ ______________________ _____ _______________________________________________________________

100 200 300 400 500 600
PulseHeight [AdcUnit=300al

The results of drift field scans confirm a good suppression of
signals from charged particles in the nominal voltage configuration
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» IBF to photocathode (meas. in lab.)

IBF on Top1in Ar:CH4 50:50 using UV-light source

AVp o = OV AV ooy = 1275V AV o0 = 1225V V= 624V #u
Quartz window o Kapton window
— — . ) : Electrodes:
= 6 XZ | ndf /3 Field wires Ny Ve T
w r [ | = | [ ] Drift wires
2 r p0 2678+062210) i «
C — Drift Region ——» THGEM1 I
4l 10mm 7 Topl Bottoml
C Transfer Region 1 > THGEM2
3 3mm I Top2 Bottom2
[= - O O . e -
- Mi Mesh
5 = Transfe%rnlzﬁglon 22— Icro\es esh
L . . aEEESsEEEEIEEEEEENEEENEEEEEEEEEEE Anode
= Inducltég;lrfeglon >0 !l/.
= Anode
1=
0
; 1 ‘ | 1 1 | 1 1 1 | | 1 1 | | ‘ | | ‘

| 1
360 362
Anadic current [pA]

1 1
350 352 354 356 358

The result of the direct
measurement: 3% nicely
matches the expectation
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RINGS

o Hybrid PD Hybrid PD

10¢

MAPMTs [i} 'y

0 1
0 4 50 ( 0 10 20 30
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» CONCLUSIONS

- COMPASS RICH-1 has been upgraded with 1.4 m? of MPGD-based PDs

- The Hybrid: 2 THGEMs + Micromegas detectors show good performance
- The choices of the 8 year long dedicated R&D program were confirmed

. Stable gain ~30k, good uniformity, nice RINGS being collected
= A detailed characterization work Is ongoing: promising indications

. The upgraded RICH-1 is presently running with full efficiency.
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