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For MWPCs limitations are * In order to cope with the challenging requests posed by the future

physics program of COMPASS a set of new generation, high performing
- Low gain, long recovery time after a photon detectors with an active area of 576X576 mm? will be installed.
discharge... The characteristics of the new detectors are:
. Slow time response. 1. A small time resolution < 10 ns.
2. A closed geometry to avoid photon feedback.
- Photon and ion feed back to the 3. Alarge gain (= 105).

photocathode e Open geometry 4. A reduced lon Back — Flow (IBF) to the Csl photocathode (< few %).
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Staggered THGEMs

each detectors consists of two
modules having 600 x 300 mm?
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Csl
\ Edrlﬁ _
E!uﬂsl
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Signal read out via capacitive coupling pad readout and APV25 F/E boards

A |blue pad: HV

70 um

fiberglass

red pad: readout
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e goes to opposite direction of the field

The hybrid detector concept, a change in technology the
proof of the choice

e The 1st THGEM forms

-
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the PC

12 I ndf 90.09/24
Constant 4584 +8.4
Mean -766.6 = 0.1
Sigma 7.208 +0.089

e The 2" THGEM
101
TGN & THGEM:2 " l HH (staggered) forces the s
i '\ electron diffusion i
- . 200"
S e I + B °* The MM provides large :
— I 0 gain, made larger by 100;
. : the diffusing the :
Bulk I_\J‘Ilcromegasmth . . . T T
Anodic PCB . impinging electron Time s
+ve Field -ve Field cloud
y 7 ns
= erenkov :
0ask ‘< | C Single photon
“E | [— e ’ RING Gain ~ 130K spill_0_ch_4 =
0,3:— -m se % 9 | hits in big chamber | E’ Y v o
025 - e : \ =T
- * 20y | o - “‘\ i::n;‘- 5.‘974‘53;:2’
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Lead-free , Halogen-free Material

5 http:\\www.emctw.com

PRODUCT EM 370-5
Thickness 0.407 mm
Copper 35u/35u
Sheet Size 1245x1092 mm
g :!:i 2559 C-2412350 - :z
Volume resistivity 25171 C-96/35/90 MQ-cm >10™
Surface resistivity 25171 C-96/35/90 MQ >10°

Our thickness uniformity
requirements are stricter than
those offered by producers >
material selection

50 f0|Is of 1245 mm X 1092 mm

- cut out borders

- 800 mm x 800 mm
- thickness measurement

Positioning blocks

700 X 700 mm?
active area
borders

for each foil 36 x 36 points in square pattern are measured
2 measurements (direct and reversed) to allow consistency checks.

under pressure to induced flatness

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

800 mm

< »
i rl

800 mm

478 - 467
= x 100% = 2.355

Max - Min
- x 104%

Max - Min 476 — 466
#NO(#313) . % 1009 = X 100% = 2. 146

thicknessy,q, — thicknessy,

thickness thicknessyin

ER
200 300 400 500 600

-,
INFN

C

Istituto Nazionale
di Fisica Mucleare
Sezione di Trieste

typical result for a good piece.

counts

250~
2001~
150—

100

T52CMap
Entries 1289
Mean 471.6
RMS 1.932 ”
2/ ndf 12.28/10
Prob 0.2667
S
o Mean 4712401
i Sigma  1.935 +0.045

oY

6thickness ~2.

& for the 100 raw THGEM pcb

%)

about half of the foils sent to ELTOS for
THGEM production

50—

G 1
400

420 440 460 480 500
thickness / um

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

from each foil two THGEMS can be
produced:

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

06-07-2017
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49 p.cs
| 2%<6<3%
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“THGEM post production treatment ...

di Fisica Nucleare
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o~

development sl Etching

.

image transfer

® To drill 300K holes, it takes ~ 14
< hrs

/7// ¥ || * The costis 1Euro for 1000

—m holes...

AR * \We (at ELTOS spa, Italy)
produced ~ 12 m?

—

S >
N
-

stripping dry-film

G0y " ? N o R < e N T
b N1 ) . ol LG e
o) RS

Before treatment

After treatment

06-07-2017 Shuddha Shankar Dasgupta, University and INFN Trieste 8
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& 7 THGEM post production treatment ...
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® Polishing (Hinrichs Pumice Powder)

® Cleaning with high pressure water to
remove all pumice residuals

® Ultrasonic bath (~1h) @ 50-60 °C in
Sonica PCB solution (pH11)

® Washing with demineralized water +

oven at 180 °C for 24 h

&
1
3
[ ariesws 39155 N N oo v
\ : v
W~ - | >
2N TR g
»

PoI|sh|ng machme
——

. Qs (A o AU
rid '“’\ \

Pieces inside Ultrasonic bath

Cleaned piece in the bath Cleaning of the piece in de —

minarilized water

Before treatment After treatment

06-07-2017 Shuddha Shankar Dasgupta, University and INFN Trieste 9
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THGEM Quality Assessment
- - di Fisica Nucleare
- current monitor recording, THGEM : 422 Do ‘ ‘ ‘ Sezione di Trieste
decharge counting + dV=1000V : 4 hours : 0 sparks/h 2 2
' e = dV=1150V : 6 hours : 70 sparks/h g B 1o —o
- = dV=1030V .. 1160V / 10V steps , I hour forall dV | |
Spark rale of THGEM-422 (07/08/2015) E 10 (]
0.3 “ } g + * l
z e " 5
Y g = ‘ \ % +
01 01020 : 1(:40 l IOLGO . 10|eo : uLoo : ulzo 1140 1160 1000 1050 1100 1150 1200
THGEM 307 THGEM Voltage [V] THGEM VoIIage [V]
0 bt n;:h ~ nmo = dV=1100V : 74 hours : 0.27 sparks/h first 4 pieces: 1 rejected. Possibly recovered by
e = dV=1150V : 14 hours : 0.29 sparks/h repeating the cleaning treatment

uniform illumination at a rate > 5 kHz cm2 (for 1 cm Ar/CO, 70/30) Meay degs

Meany 25.02
mm——— } 6.449

12.7

AMPTEK Mini-X Au used at 15 kV, 200pA + Cu foil provides 8 keV X-rays Gain uniformity measurement ' imm 74381

Gain Uniformity using
APV - 25 based R/O

Uniformity ~ 10% 10

06-07-2017 Shuddha Shankar Dasgupta, University and INFN Trieste
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s/<G> = 5% for
each of the two
Micromegas
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LN

A
base for THGEM
support pillars

3 =

i

- 8 X 8 mm?
R/O pad
L

MESH pillar
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A dedicated HV control system has been designed programmed and tested to control and monitor

" HV control s

ystem with p, T correction

INFN
Istituto Mazionale
di Fisica Nucleare

Sezione di Trieste

new Hybrid

Detectors: 104 HV channels in 9 different electrode types with diversified function in 16 sectors

HV Status

PDSHO

QfIRF.D): 0, 0. 0

on 0 Set 96
FDSHOS0 FDSHOS1
off: o oft: o
afe: o afe: o
af: o af: o
Set 100 Set 100
on: 0 on: 0
FDIH0S0 FDIH0S1
ofk: 0 off: 0
off: 2 Qff: 4
afo: 0 ofo: o
Set 100 Set 100
on: 0 on: 0
PDIHO

QfIRF.D): 0, 0. 0

On 0 Set 96
Sector Info

PD1HOSO

Name Nom ownse
EDrt 200 Looo
Uhgeml 1250 Looo
EransL 1000 Looo
Uhgem2 1200 1000
Elrans2 1000 1.000
UMesh 600 1.000

CageDrift: 3239V, 0.005 uA, 0SpR

Regular updates [¢] | 10

PDSHL

QfiRFD): 0, 0, 0

PDEHD

QfiRFD): 0, 0, 0

on 0 Set 96 on 0 Set 96
FDSH150 FD3H151 FDEH0S0 FDEH0S1
oft: o ofe: o ofe: o ofe: o
afe: o afe o afe o oft 0
af: o of: o of: o of: 0
Set 100 Set 100 Set 100 Set 100
on: 0 on 0 on 0 on 0
FDIH150 FDIH151 FD2H0S0 FD2H0S1
off: 0 off: o off: o off: o
Ll off o off o off o
ofo: o ofo: o ofo: o ofo: o
Sat: 66 Set 100 Sat: 80 Sat: 80
on: 0 on 0 on 0 on 0

PDIHL PD2HO

QfiRFD): 0, 0, 0

On 0 Set 96
setsc Prse Vokags
0360 L1000 2120
1000 0ss1 123853
1000 L1000 30000
1000 0ss1 118938
1000 1000 300.00
0.960 0.95L 570.50

CageTop : 3028V, 0.000uA, 0SpR

Status; OnState 0, ScaleSet: 100%, QualityFactors: Recert: 0, Former: 2, Daily 0

Update

P, T sensors inserted in the gas lines at gas in/out

06-07-2017

QfiRFD): 0, 0, 0
O 0 Set %

Change to Sector: | PD1H0S0

Electrode vset

ubrift 323851
UTIlp 302831
UT18et 178538
UTZiop 1485.38
UT28at 300,00
UMesh 570.90

FigldWires

Time Range -] Yaxes <] omer | 11| log I auto B ciose 45 T T T T T
40 | 1
) HV: MM s B /q _
/ L
30 | R ]
~— =
=
E
o 25 | ]
4
<%
8
- [: MM ® 20 | T
V.
o
@
" & 15 | -
J o ~ E
) — ons = PD5HO
- 10 | ]
g i R 8 S g 16.4/day
12:0 00 12:00:00 12:00:00 12:00:00 12:00:00 12:00:00 12:00:00
02/08/2016 _ 03/08/2016 _ 04/0B/2016 __ 05/08/2016 _ 06/08/2016 _ 07/08/2016 __ 0B/0B/2016 __ 03/08/2016 __ 10/08/2016 11082016 5 g
1U0BZ016 17.50.42
¥ Rich_Hv_Pd1 Hybrid_PDLH0_Mesh: Voltage V 58263
W Rich_Hv_Pd1 Hybrid_PDLH0_Mesh: Current A 129
0 L L 1 s L
LA
0 12 24 36 48 60 72
FoaxL Time [h]
QfiRFDE 0, 0, 0 - - ~
O 0 Set % DN0S— = BreT Toew b v S Beotoat Bt Soatenl Bn® monlnr tex Moo v vy e 1]
PD2
0.994 PDS
PD&
v Select o992 ;
Vien Ihen NspR o.e9 i
323839 0000 0 3 2 {
omes oo 0 = - N\ / NN
3 : \ A I
178917 0007 0 & A s o \_/
148333 0001 0 | \ \ Py r
E N v - J Y st
30003 0003 0 o.e82 ¢ R \\ ~ — i
~\ & ~
"~ \ ~ O\
57057 1298 0 o.08 \ 7/ \ 'y o N
\ \ /
0V, 0.000uA, 0SpR oo7s \ 7 |
0076 L o o a o ... 2 4 o o 8 a.a 0 2 . ...
O1/Aug OUAug O3I’Aug O4s/Aug OS/Aug O6/Aug O7/Aug O8/Aug O9/Aug 10/Aug 11/Aug

Shuddha Shankar Dasgupta, University and INFN Trieste
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N ‘ Detectors successfully installed in April 2016 C
COI I " I "SSIOnIng 'Operated and commissioned during the entire istituto Nazionale
% 2016 COMPASS run di Fisica Nucleare

Sezione di Trieste

® Some preliminary issues

* Noise issues
250

HV tuning and monitoring

Timing of the signal sampling |, At the end of a long fight

(grounding, shielding, HV
filtering, ...):

Gain response stability

* APV readout errors 150
MWPCs (0.2 pF): <o> ~ 700 e

RA01P13_2D_a2_sigma

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

50

0 50 100 150 250
Noise figure for the 62208 ch.

06-07-2017 Shuddha Shankar Dasgupta, University and INFN Trieste 1 7
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N.Hits A2>20

40000

38000

36000

34000

32000

30000

28000

26000

Selecting “good” hits:
(AO<5 ADC units,
0.2<A1/A2<0.8)

All sectors provide the same time

response

130

Latency

110

100

of A2 [ApvUnits=25nsl]

150 ns

90

Good Hits

N.

14000

12000

10000

8000 -

6000

4000 -

P-13 ——

105 110 115 120 125 130 135 140

Latency of A0 [ApvUnits=25ns]

== S00PDBHOS0

5000

4000

3000

2000

1000

—IN\I{IIII{IIII‘IIII‘({II|N¥II

=== S01PDBHOS1
=+ S02PD6H1S0
=== S03PD6H1S1
o S04PD5H0S0
=== S05PD5HOS1
- S06PD5H1S0
+=S07PD5H1S1
== S08PD2H0SO
=== S09PD2HOS1
== S$10PD2H1S0
=s=S11PD2H1S1
v $12PD1H0SO
——S13PD1HOS1
+- S14PD1H1S0
+—S15PD1H1S1

06-07-2017

Shuddha Shankar Dasgupta, University and INFN Trieste

18



-
INFN

* Photon Signal S
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RA01P13_a2

RACTP13 22 RA01P13 a2
e B =0 T . . Entries 54974
E | Rus  zess| qoa | electronic noise peak Mean 28.49
C = / RMS 38.32
ol - 2/ ndf 218.2/89
NO BEAM — Prob 7.48e-13
i — Constant 7.99 +£0.02
m; o Slope -0.03597 + 0.00038
: = photon exponential spectrum
e e e e R mow m gl larger signals from ionizing particles
o = - |
103:5 B
z BEAM 0= !
102_5 E
10;5 —
i 1= f"‘
E :L - | | I LI i 11 L | l i1 1 1
2 -100 0 100 200 300 400 500 600 700 800 900

06-07-2017 Shuddha Shankar Dasgupta, University and INFN Trieste 1 9
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= 506 WG Scan results on parameter: GainMean
- Most of the sectors of || —— 3 .
L Hybrid PDs are — P07 : MWPC geooor
SN providing an effective || —— HO2 : Hybrid 8§
a gain close to 30k —— H04 : Hybrid 20000] -
10% = .
= 15000{—
10 ; E
; 10000—
H |H | E
= it ‘n\ |||‘ i M _J| sw LowIntensity High Intensity
0 M V\’/ I:‘I)n(f% 200 300 400 500 A268{Jvanlts=SOEg? =
+ Csl 5 - [ S R S N
— : : : 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

06-07-2017 Shuddha Shankar Dasgupta, University and INFN Trieste 2 0
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=2+ Charged Particle Signal Suppression ...
N eg L Sesione di Trieste
iy T 1 ipEEgaT
Tail of the signal ]

60

amplitude spectrum 1 ADC saturation signals, mostly
I from charged particles

50

a0 -

Edl’ift = -0.5 k\//Cm

Entries
i
O
-
=
+
o
’(m
~
<<
~
3

30 g

20

10

1 I 1 n 1 L [l L 1
100 200 300 400 500 600
PulseHeight [AdcUnit=300¢el

The results of drift field scans confirm a good suppression of signals from

charged particles in the nominal voltage configuration 21
06-07-2017 Shuddha Shankar Dasgupta, University and INFN Trieste
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o Fc;Jr PDs covering 1.4 m? were built,
tested and mounted on COMPASS THANK YOU
RICH and successfully operated during
2016 run for the first time in the world!

- Preliminary results are very promising,
Detailed analysis is going on ...

- Cerenkov rings have been observed ...

- Large area MPGD based single photon
detectors are not dream but reality.

Questions?

06-07-2017 Shuddha Shankar Dasgupta, University and INFN Trieste 2 3



Backup Gain Sharing

Effective gain*transfer of THGEMT1 in Ar/CH4,
with THGEM2 and MM at nominal voltages

/

— ﬁffﬁffﬁﬁffﬁffffiff-f =

1011+ 5.909

Effective Gain

Slopc'[V] 108.6 + 1.569

2B - :::.:::!-:::!::!::-g.k-. .m--m-u M

Effective gain of Mcromegas in Ar/CH4, with
THGEM1 and THGEMZ2 at nominal voltages

%2/ ndf 7.209/18
Prob 0.9882 | :

1 AV, 416.7 +1.021 [

Effective Gain

| Slope™ [V] 42.24 + 0.2268 |..... S SO, A B -

n W A~ O

TN T S T T AV T Ao A M AATRAAA I MR

1200 1400
AVrgemt [V]

460 480 500 520 540 560 580 600 620

Nominal gain: ~30000 with:
THGEM1 gain* transfert: ~ 20
THGEMZ2 gain*transfer2 ~ 15

Micromegas gain ~100

06-07-2017

Shuddha Shankar Dasgupta, University and INFN Trieste

)
INFN
-

Istituto Mazionale
di Fisica Nucleare
Sezione di Trieste

24



-
INFN

B! BACKUP: IBF s

di Fisica Nucleare
Sezione di Trieste

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

AVDriﬂ =0V AVTHGEM1 = 1275V AVTHGEM2 = 1225V VMesh = -624V %Z:““*“‘
_ Quartz window - Kapton window .
T 6 XZ / ndf /3 Field wires ¢ ¥ Electrodes:
w - C 1 "1 brift wires
5 F ) 2678 + 0.6221 s
: \’
L Drift Region ——» THGEML
A 10 mm Topl Bottoml
: I ] ] ] ] L]
L Transfer Region 1 > THGEM2
3 } 3mm I Top2 Bottom2
[ | ] ] ] ] | | L]
) C N Transfegrj:gion 2 — Micro{A‘esh Viesh
E InducltzigﬂmRegion .l llllllllllllllllllllllllllllllll .‘/Anode
- Anode
=
o
; | 1 | 1 | | | | ‘ 1 | ‘ 1 1 | | 1 1 1 | 1 1 | ‘
350 352 354 356 358 360 362

Anodic current [pA]

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

06-07-2017 Shuddha Shankar Dasgupta, University and INFN Trieste 2 5
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oo Effective Gain Vs Time For 2 days (30/06 and 01/07) Fisica Nucleare

23000 % ;%% %%T¥?7 none di Trieste
¢! GAIN MEASUREMENTS ¢

21000 ;ég ;§;T T
% ALTERNATING *

SRS W, W/O CORRECTION

18000

22000

Effective Gain

17000

16000

10:00:00 AM 2:00:00 PM 6:00::0‘:;:\:' Correcti:::OO:OO PM 2:00:00 A:/Iwnho“It Cosr(::::;:m 10:00:00 AM 2:00:00 P_I’:?me[HHM;OZSO: PM
Effective Gain Vs Time: With Correction (26/06 to 28/06)
S8 Poa MTL CABN. Enable Cometion. T 14500
Jcows =i [Lom 1::: ) e B |
13500 ﬁiﬁ%ﬁ %
5 %
iy TTIOREY
i TR
10500
9:00:00 AM 1:00:00 PM 5:00:00 PM 9:00:00 PM 1:00:00 AM 5:00:00 AM  9:00:00 AM 1:00:00 PM 5:00:00 PM 9:00:00 PM 1:00:00 AM  5:00:00 AM
Time[HH:MM:SS]
applying voltage compensation: gain evolution ~ 40% 2> ~ 10 %

[ R R [ R [

Correction of Voltage f(P,T) LabVIEW
based system fully automated +

logging — Py T — T

P
Veatle = Vo|1+ a———
o 26
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Backup: Csl coating of THGEMSs

E' “r; THGEM box PP

A bl

\

.

g "
~-e‘£

p—
e —

s Turbopump

[

4 evaporators
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Backup: Csl QE measurement o

Istituto Mazionale
di Fisica Nucleare
Sezione di Trieste

19 Csl evaporations performed in 2015 - 2016
on 15 pieces: 13 THGEMs, T dummy THGEM, INormalived =

and 1 reference piece (best from previous coatings) A Irer — IRefy ...
11 coated THGEMs available, 8 used + 3 spares

I‘C"*I T ICSI.-"JGE'EE

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 277 3.00 ™ ( d ) 2
Thick GEM 421 re-coating 3/10/2016 2.61 2.83 2v/3 \p
Reference piece 7/4/2016 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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Backup: The COMPASS THGEM design
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Backup: mechanical frames and wires INFN
b

: T4 | drift and field wires: Cu-Be, Au coated [ g manual soldering
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THGEM border study

isolating material
(Tufnol 6F/45)
protection
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Backup: field shaping electrodes
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large field values at the chamber edges and on the guard wires

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