<R

Istituto Nazionale di Fisica Nucleare

The MPGD-based photon
detectors for the COMPASS
RICH-1 upgrade

Stefano Levorato — INFN TRIESTE

on behalf of COMPASS THGEM group:
Alessandria, Aveiro, Budapest, Freiburg, Kolkata, Liberec, Prague, Torino, Trieste.

S q“".'i”rrr_-“;_. Stefano Levorato — INFN Trieste — 2017 Nuclear Science Symposium — Atlanta, Georgia -USA



INFN

Istituto Nazionale di Fisica Nucleare

Outline

® Introduction: COMPASS RICH-1 @ CERN

®  Why MPGD-based photon detectors and a changein the
Cherenkov photo detection technology

® The architecture of the MPGD-based detector
® Construction, quality control and assembly
® Detector commissioning

® Performance hints

oo i '!'If‘“"f Stefano Levorato — INFN Trieste — 2017 Nuclear Science Symposium — Atlanta, Georgia -USA



Introduction: COMPASS RICH-1 @ CERN

COmmon Muon Proton Apparatus Structure Spectroscopy Fixed target experiment at CERN, SPS 5
50 mt. long spectrometer < N
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The photo detector system of com

pass RICH-1 (upper part)

MWPCs+Csl (from RD26): successful but
performance limitations, in particular for
the 4 central chambers
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Cherenkov light detection, MWPC with Csl photocathode: the nearly worldwide used architecture and its limitation

MW?PCs + Csl

RD26

development

s I —> Quare Window

Collection Wires

20mm Pure CH4 (0.1 mm, 2mm pitch)

: Cathode Wires
Csl coating (50 mm, 2mm pitch)

..................... Anode Wires
Jmm (20 mm, 4mm pitch)
M4Imm -y

i —» Pad Cathode Plane

(BxBmm pitch)

Reduced wire-cathode gap because of :

Fast RICH (fast ion collection)
Reduced MIP signal

Reduced cluster size

Control photon feedback spread

MWPCs with Csl| photocathode, the limitations

<R
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Severe recovery time (~ 1 d) after a
detector discharge
»  Jon accumulation at the photocathode

Feedback pulses

»  Jon and photons feedback from the

multiplication process
Ageing (QE reduction) after integrating a
fewmC /cm?

= Jon bombardment of the
photocathode

Low gain:  afew times 104(effective
gain: <1/2) “slow”

detector

0100 o ]

| H. HoedImoser et al., NIM A 374 (2007) 28. | B

To overcome the limitations:

Less critical architecture
suppress the PHOTON & ION feedback
use intrinsically faster detectors

MPGDs
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The MPGD hybrid approach: THGEMs and MicroMegas
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Two modules are put side by side to build a 600 mm x 600 mm detector

INFN
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Hybrid detector concept

To simplify the construction requirements a
modular  architecture has been adopted
where one “module” consists of:

One 300 mm x 600 mm Bulk Micromegas detector
Two layers of THGEMs (300 mm x 600 mm) in
staggered configuration

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

B
=

8mmx8mm pad size
0.5 mm pad spacing
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THGEM characterization and studies, IBF reduction with MicroMegas
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THGEM characterization

Time resultion j h_t6

%2 ndf 232129 |

i —
e e

A TOECE RS £ LERL
\ \ T T T ~ Prob e ':’Je b :
i order h sdlam ﬂSmm
2000 Py PR ¢ [ ] s & 7 ns - Constant 292:10.3 :
. . * L Mean 7338403
I Sigma 7.624 + 0.174
> 100 pmrim , o - [swme_rn4s0n
= ¢ £
< 1000 b o ! : - 100
’ norim .
Ao A A L E
#° 000 3¢ 0000000000 00 0 ;-
50/ cooooooo| |lcooococooocoooooooo00
0 | | | | | | | | | I lm J000000 (o Cuot.s oo uoc unoou 0000000000 ogn
. ! —— I XX . Q
0 2 4 6 8 10 ‘| 2 1 4 1 B 18 20 %55 300 750 700 350 20000000 || 000000000000000000000
time [hOUrS] 30000000 |000000000000000000 ooo (]
20000000 0000000000000 0000000 f'l
)

C00O00COO0| CODODOOOOOOO0OO00QOOO00O0O0
Drifr fisld scan X) 0Cco00O0O0 0000000 ocoo
. 0 \Mem -100 Wem -1000 Viem cooooocoo| |oocDOOOOOODOOODOOOODO0ODO0
Photoelectron extraction 7 ' ' ' ' - 06596000 [g005060T6080650660600k
[ y 00000000 ODO0OODOO0O0000DO0O0DO00D00
0 H ol
wroy . UV light ’

II'-| 1

: é scan -
Photon yield (blue) E vsE drift o B
& Charged Particles (red) 3 = i
vs Drift Field ; . o §

L s ‘ iy

IBF (lon Back Flow) suppression | T B
( ) supp Cherenkov light detection in TB-

IBF suppression (<3%) -] o wansparoney
introducinga MM stage .

ELE Ga: aor h
\mmalarPP Rmm; e IR Rmn'IG Charpai
ot sus 1, 2 Jur

Transmession {100%)
E

Hybrid architecture of = | | IE A

Stefano Levorato — INFN Trieste — 2017 Nuclear Science Symposium — Atlanta, Georgia -USA



INFN

Istituto Nazionale di Fisica Nucleare

Measurement of the raw material
thickness before the THGEM
production, accepted:

+ 15 um € gain uniformity 6 < 7%

Stefano Levorato — INFN Trieste — 2017 Nuclear Science Symposium — Atlanta, Georgia -USA
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Measurement of the raw material THGEM polishing with an “ad hoc” protocol setup by us
thickness before the THGEM including backing:
production, accepted: >90% break-down limit obtained

+ 15 um € gain uniformity 6 < 7%
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THGEM and Micromegas: quality assessment
INFN

THGEM polishing with an “ad hoc” protocol setup by us Istituto Nazionale di Fsica Nucleare
Measurement of the raw material including backing:
thickness before the THGEM >90% break-down limit obtained

production, accepted:
+ 15 um € gain uniformity 6 < 7%

7008
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MICROMEGA
b e i X-ray MM test to access
. | = integrity and gain
20 A0 S0 w0 o _, uniformity (<5%)
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X-ray THGEM test to access
gain uniformity (<7%) and spark behaviour
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Micromegas: characterization and studies, the discrete element approach

“surface anode” pad

The COMPASS RICH-1 approach

Metallic
pacis

1 Single pad scheme:

pad coupling

“buried pad”

Mesh at Ground
Pads HV segmentation

“Via closure” - leakage issue

Resistor arrays
Connector 8+1 pin

Test of the (4 x2) 30 x 60 cm?2 MMs

[in total: 1.4 m2, 19040 pads]:

c1 = hesh at ground
Detector

o . . . . R1
. Blue pad at HV via individual : COMPARAT OF,_IDEAL
0.07 mrn d . t t th PCB RO Resistor c2
oerglass pad resistor at the rear c2 U1
4 — HW to blus surface ‘I-’;J T

pad e N
through the 31 i _
througnthe  Red pad: signal induced by RC I

ocdobdodo pbobobobe

Pads A & B (the two adjacent pads being studied) are powered

PadA@720V Pad B @ 600 V

| e

i

- 1Mo E

|1|;;5 e T !..E_| o

m I soﬁ'ps‘”‘” o e & ”[ﬁ—”g_l

The HV of the non tripping pad is very limited affected:
2V drop » ~4% drop in G

by the same PS

_230pF 120pF .
o \‘ [ osclloscope |

Jscomo amo

220 pF

00 MU

220 pF

=Ss00mn

my.

R~ 0.5 GQ is preserving the non-tripping pads efficient all the time !

EST
|

eare

“Z drilling controlled
via” = planarity issue

-2 pads with shorts
-1 pad: no read-out connection
- 3 bad pads out of 19040 before installation
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Finale detector: the mounting phase

meChaniCS s : = ' - > Istituto Nazionale di Fisica Nucleare

Glueing the support pillars

Wire planes
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THGEM: Csl coating at CERN
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19 Csl evaporations performed in 2015 — 2016 on 15 pieces: 13 THGEMs, 1 dummy THGEM,
and 1 reference piece (best from previous coatings) on gold coated substrate

ile di Fisica Nucleare

Fooy— Jor. ..

I Normalized — ] ]
11 coated THGEMs available, 8 used + 3 spares Ref =™ L Refnoise
THGEM number evaporation date at 60 degrees at 25 degrees ——
Thick GEM 319 1/18/2016 2.36 2.44 QE measurements indicate
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 <THGEM QE>=0.73 x Ref. pieceQE
Thick GEM 410 2/15/2016 2.86 3.14
Thick GEM 429 2/22/2016 2.75 2.74 . . .

: n agreement with expectations
Thick GEM 334 2/29/2016 2.77 3.00 (D asrecment W Xpecal
Thick GEM 421 re-coating 3/10/2016 2.61 2.83 | : o

[Reference piece 7/4/2016 3.98 3.76 THGEM optical opacity =0.77
QE is the result of a surface scan

(12 x 9 grid, 108 measurements)

‘ﬂ Good uniformity, in the example

o /<QE>=3%
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Final mounting on the RICH-1 detector
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The High Voltage Control System
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=  Typical HV
values

U Gain stability vs P, T:
= G=G(V,T/P)
= Enhanced in a multistagedetector ;- —~——t——F———— ]
. AT=1C DAG=12% oy { . l |
* AP=5mbar> AG=18% S N .

- 300V
» -3400 V
3200V

~ 2000 V
/, 700V
»- 500 V

L5 0

[/
/}, ?+auw

|
Currant JuA]

In total 136 HV channels

with correlated values

Custom HV control system

Hardware, commercial by CAEN

= Compliant with COMPASS DCS (slow control)

=  “OwnScale” to fine-tune for gain uniformity

= V, | measured and logged at 1 Hz

= Autodecrease HV if needed (too high spark-rate)

HV Status
PLS 1| PLG I| |
Lt R 1 IR St ! = Userinteraction viaGUI
PDSS0 | PDSS1 | PDS552 | PDS5S3 | PDESO PDES1 | PD6S2 | PDES3 |
T 0 T 0 om0 om0 T 0 T 0 T 0 T 0 . o ope
e 0 T O ) i 0. s Q T O 0
$E ¢ &% 2 ) &% 8 &= 8 &% 2 SE ¢ &% 2 = Correction wrt P/T to preserve gain stability
Set: 104 Set: 104 Set: 105 Set: 105 Set: 104 Set: 104 Set: 104 Set: 104
On: 0O On: © Oon: 0 On: © On: 0O On: O On: 0O On: 0O
i S02PD06
PO1SO | PD1S1 | PD1S2 | PD1S3 | PD250 PO2S1 | PD252 | PD253 | s It ter: GainM = HISO
B ? §1,% v §,‘% 2 §|§_ v o "0 , can results on parameter: GainMean 1= sospperist
0 D: 0 : 0 fD: 0 fD: 0 fD: 0 fD: 0 fD:. 0 ] an
Set: 105 Set: 105 Set: 100 Set: 100 Set: 104 Set: 104 Set: 105 Set: 105 —=— S04PD5SHOSO
N On: O On: 0 On: 0O On: 0 On: O On: 0 On: ©
Po1 I P02 I| T SUSPOBHI
5 - ’
OURTR" S P0a® | OUR:F-BY 9. Poa® | Roo g o |~ S06PDSH1SO
Sector Info —&— SOTPDSH1S1
PD1HO Change to Sector : [PD151 - Select | P "
Name N ownsc SetSc Voltage Electrode on IMon NspR E
EDrift 1.000 1.000 1872 uDrift 3517.57 3517.34 0.000 0 #- S09PD2HOS1
UThgem 1250 1.000 1.060 0.993 1316.01 UT1Top 427.37 3426.67 0.000 0
ETransl 000 1.000 1.060 1.000 18.01 UT1Bot 211137 211106 0.004 0 & S10PD2H1SO
Ul e o e e
ans. a .| ! A | L - . - =
UMesh 1.000 1.060 0903 531.68 UMesh 631.68 631.79 20628 0 Low |ntens|ty H|gh |ntens|ty - S11PD2H1S1
CageDrift : 3517 V. 0.002 uA, O SpR CageTop : 3330V, 0.000 uA, 0 SpR FieldWires : 0V, 0.000 uA, 0 SpR 5000 | & S12PDIHOSO
Status: OnState : 0, ScaleSet: 105%, QualityFactors:: Recent: 0, Former: 0, Dally: 0 < Tweek > :
[ € H
Reqular updates [s1: [10 1| Update | oL ! ! L L ) ! ik Sl
[+] 5 10 15 20 25 30 #- §15PDIH1S1

'1 oo wo— s T - E
b fedentbofh o = . |
. |h|- FRR 1T ﬂffl:'lf I " THE WAY OUT e
+ T '.J[g‘fi!l;fiﬂfl = Compensate T/P variations by V T wtE
* RO LN Gain stability better than 10%
= Custom-made (C++, wxWidgets)



THGEM and MICROMEGAS what have we learned so far:

THGEMs, lessons

= Full vertical correlation of current sparks
THGEM1 & THGEM2

= Recovery time <10 s (our HV
arrangement)

= Sparke rates: ™ no dependence on beam
intensity and even beam on-off

= Discharge correlation within a THGEM (also
non adjacent segments) and among different
THGEMSs (cosmics ?)

—> Total spark rates (4 detectors): ~10/h

45

25

Spark rate (h-)

-
tn

—

05— |

MICROMEGAS, lessons

= MM sparks only when aTHGEM spark is
observed (not vice versa)

= Recovery time ~1s (our HV
arrangement)

* The only real issue: dying channels (pads)
Local shorts, larger current, no noise issue
2.5 %o developed in 12 months
Dirty gas / dust from molecular sieves & catalyst?
Finer mechanical filters added: 7 um pore

Current (uA)
'S

[IIIIlIIII|IIII|IIII| TTTTTT

L P |} |__
»

ol

1 1 1 Jd 1 M il 1 M L L L
00:00 03:00 06:00 09:00 12:00 15:00 16:00 21:00 00:00
time

HGEM |

T [TTT
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The final detector: noise figure .
‘ INFN
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APV 25 FE chip
Approximately 70 kch.

MWPCs (0.2 pF): <>~ 700 e
Hybrids (4 pF): <o>~ 900 e

50 100 150 250 0
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The Cherenkov photon signal detection

Selecting good hit candidates
(AO<5 ADC units, 0.2<A1/A2<0.8)

P —— |

M. Good Hits

105 110 115 120 125 130 135 140

All sectors provide the same
timeresponse

=== SO1PDEHIS
== S02PDEH1IST
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5000 — [ ". o SMPDSHOST

=a= SI5PDSHOS1

-~ SO6PDSH1S0
=+~ SOTPDSHIST
= SOEPDZHISD
—— SOEPD2HOST
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Clusterization to separate charged particle tracks

Hybrid MPGD (novel detector)

g?Avanlts:Sﬂt‘}gm
Charged particle ionization suppression by strong
reversed bias
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| amplitude spectrum 1
I ADC saturation signals,
2l mostly fro!n charged particles
i Egrift = +0.5 kV/em
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MWPC (old detector)
~ P09_ClusterSpectrum P08, ClusterSpecium |
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The Cherenkov photon signal detection

Selecting good hit candidates

(AO<5 ADC units, 0.2<A1/A2<0.8) Hybrid MPGD (novel detector)

TP —— | | | P11_ClusterSpectrum [ P17 ClusterSoecium |
; 2l Entries 45740 |
f — P11_Spectrum Mean — 55.06
Gl AMS 1145
,: Noise
] b Charged
3 ' -
£ | APV saturation
z
10
1 b
0 200 400 500

; ! g?ﬁp\:Units:SUf;gm
e B e ae e e T Charged particle ionization suppression by strong
reversed bias

Tail of the signal
amplitude spectrum

All sectors provide the same ...
timeresponse e U

== S02PDEH1IST
=== S503PDEH1ST & -

ADC saturation signals,
e — mostly from charged particles

L3 4
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Clusterization to separate charged particle tracks
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MWPC (old detector)

~— P09_ClusterSpectrum _

| P08_GlusterSpecirum |
Enfres 36886

10t P09_Spectrum Mean 4613
AMS 85.18 |

10°

10°

0 200 400 600 00 1000
A2 [ApvUnits=300e]

a Hybrid PD

JT

MAPMTs
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Correlation between photons and trajectories

1 [~ Istituto Nazionale di Fisica Nucleare
For reference: | Ring centre (calc.) | . . .-
'] - " = " o -
0(B=1)=52.5mrad | | . . -
p =3.8GeV/c [ | i p =8.4GeV/c
0 = 38 mrad p=3.5GeV/c p=7.8GeaV/ic = 0 =49.5 mrad
T 0 = 34 mrad 0 =49 mrad I p=4.8GeV/c T
0 =43.5 mrad
Residual distribution for individual photons (preliminary m-sample): < 7.
_ v,
e calculated e photon ,
g e :_ Elf:;mn reaicma]lzj50 3450 El:::::.ou residual ;92 174 X.{'Oj before the upgrade
8 ’ - Mean 0.6215 g z:";ﬁ Of::i MAPMT
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Four hybrid PDs covering 1.4 m? were built, tested and mounted on COMPASS RICH and successfully
operated during 2016 and 2017 run.

COMPASS RICH-1 is the first RICH where _single photon detection is accomplished by MPGDs

Characterization is ongoing!

QUESTIONS ?

Thanks for your attention!
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SPARES
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= - - 506 WG Scan results on parameter: GainMean
- Most of the sectors of || —— : o
I Hybrid PDs are — P07 : MWPC o000
= providing an effective || —— HO2 : Hybrid 8
N gain close to 30k —— HO04 : Hybrid 20000
102 E—
= 15000
10 ;—
; 10000 |—
J= | |‘\ I ” |||‘ I M m H _J| == Lowlntensity High Intensity
0 M \/\I/ F‘I)fE 200 300 400 500 AZG%)vanltS:SOgg? .
+CS|S o———% o T m e ®m
— : : : The effective gain does not vary when changing the COMPASS beam
No such a gainin any MPGD in a running experiment. intensity by a factor of 2
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Photon signal
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RA01P13_a2

R D RAO1P13 a2
e Elines = I . . Entries 54974
- Rus  2085| qod | electronic noise peak Mean 28.49
N = / RMS 38.32
ol = x2 / ndf 218.2/89
3 — Prob 7.48e-13
- — Constant 7.99 +£0.02
€L (o Slope ~0.03597 +0.00038
: = photon exponential spectrum
S T Y larger signals from ionizing particles
- s = ’
§E 10 = l
102:5 E
10;5 — f‘]‘
- 1 —
1E :I | 1 I L1 1 | I | L1 | | L1 1 I BINRIN| [|l| | 1 | | | 1 | I 11 1
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IBF measurements
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Csl as photon detector, handling the VUV domain

Csl gasous sensors used
inseveral Cherenkov detectors

MWPCs with solid state ph

otocathode (the RDZG effort
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