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COMPASS Spectrometer
dedicated to h physics

@ SPS (CERN)

NG

Top photon detectors
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MWPCs + Csl

RD26

development

Jmm WW' —» Quartz Window

Collection Wires

20mm Pure {'_“H,,f (0.1 mm, 2mm pitch)
: Cathode Wires
Csl coating (30 mm, 2mm pitch)
""""""""""" Anode Wires
Yymm (20 mm, 4mm pitch)
3+3mm"'f".'f'."f".’f'."f'_ Pad Cathode Pl
vz~ r A Lathode Hane
(ExBmm ptch)

Reduced wire-cathode gap because of :

. Fast RICH (fast ion collection)
. Reduced MIP signal
. Reduced cluster size

. Control photon feedback spread

MWPCs with CsI photocathode, the
limitations

= Ton accumulation at the
photocathode

= Ion and photons feedback from the
multiplication process

= Ton bombardment of the

photocathode
> Low gain: a few times 104 (effective
gain: <1/2
> “slow” detector

To overcome the limitations:
. Less critical architecture

. suppress the PHOTON & ION
feedback

. use intrinsically faster detectors

- MPGDs
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\ COMPONENT QA in a nutshell

. Measurement of the raw material THGEM polishing with an .
thicknes_s before the THGEM “ad hoc” protocol setup by us:
Production, accepted: >90% break-down limit obtained

+ 15 um < gain uniformity o < 7%

...... - X-ray MM test
'ig rggcggf shtest i 28 to access
: : : Z=o38 integrity and
gain uniformity (<7%) | grity

. , ain uniformit
| and spark behaviour ,/ ?<5%) y

Spark rate [1/h]

10

Thgem-429

Thgem-416 |

1 Thgem-418 |

1050 1100 1150 1200 1260 1300 1350
UThgem [V]
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sl coating tor

g*‘ri THGEM box [

| .

|

QE uniformity

: 3 % r.m.s. within a photocathode

m 10 % r.m.s. among photocathodes
mean value: 93% of reference

3
. ® -
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=  Typical HV

values

[~ 3200V

|~ -2000 V

|~ 1700V THGEM HV

AL = 500V . | segmentation
777779 » N,

In total 136 HV channels
with correlated values

: HV control
= Custom-made (C++, wxWidgets)

= 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)

= User interaction via GUI

. ICorrection wrt P/T to preserve gain stability

: Gain stability vs P, T:

G=G(V, T/P)

Enhanced in a multistage detector
AT =1°C 2> AG=12%

AP =5 mbar > AG=18 %

. THE WAY OUT:

Compensate T/P variations by V
- Gain stability at 5% level

— CageDrift : 3517 V, 0.002 uA, O SpR CageTop : 3330V, 0.000 uA, 0 SpR FieldWires : 0V, 0.000 uA, O SpR

Status: OnState : 0, ScaleSet: 105%, QualityFactors:: Recent: 0, Former: 0, Dally: 0

Reqular updates [s] : [10 E Update |

HV Status
PLS I| PLG I|
OURBY it P0a® | O8R:B . P0s® |
PD550 PD551 | PD552 PD553 | PD6S0 PD651 | PD6S2 | PD653
a0 o= 3 i =2 o= o o o
Qf: o Qm: o Qr: 0 Qfm: o Qfm: o Qm: o Qr: o Qfm: o
Set: 104 Set: 104 Set: 105 Set: 105 Set: 104 Set: 104 Set: 104 Set: 104
On: 0 On: 0 On: 0 Oon: 0 On: 0 On: 0 On: 0 On: 0
PD150 | PD151 | PD152 | PD153 | PD250 | PD251 | PD252 | PD253
fR: 0 fR: 0 fR: 0 g@;o fR: O fR: 0 fR: 0 fR: 0
fF: O TF: O O £ fF: O TF: O t 0 TF: O
fD: 0 fD: 0 fD: 0 or: 0 fO: 0 fD: 0 fD: 0 fD: 0
Set: 105 Set: 105 Set: 100 Set: 100 Set: 104 Set: 104 Set: 105 Set: 105
On: 0 On: O On: 0 On: 0 On: 0 On: O On: 0 On: 0
PO1 1| PO2 1|
Of{R.F.0I: o OfiR.F.0): O o
HRFBY . Poa ] URE-BY % Poa |
Sector Info
PD1HO Change to Sector : [PD1S1 - Select |
Name Nom OwnSc SetSc PTSc Vollage Electrode V5ot WiMon IMon MNspR
EDrift 400 1.000 1.04 1.000 .20 UDrift 3517.57 3517.34 0.000 ]
UThgem1 1250 1.000 1.060 0.993 1316.01 1Top 427.37 3426.67 0.000 0
ETransl 1000 1.000 1.060 1.000 .00 UT1Bot 2111.37 2111.06 0.004 0
UThgem2 1200 1.000 1.060 0.99 1263.37 2Top 1793.37 1793.07 0.001 0
ETrans2 1000 1.000 1.060 1.000 .00 UT2Bot 30.00 520.96 0.001 0
esh 600 1.000 1.060 0.993 631.68 UMesh 631.68 631.79 2.628 0

++ 302PDGH1 50

Scan results on parameter: GainMean

—5 BIPDEH1S

5000

GainMggn

20000

15000

10000

5000

—5— SMPD5HAS0
— S05POSHOS
":J —— B0GPOSH1SD
a8 ] = sorPosHISY
| = seePDzHISO

£ S09PDZHDS
—o B10PDEH150

Low Intensity High Intensity %= S11PDZH1SY

—:\/ o Stzpoose
5 S14PMH150

- S15P0MHIS
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PD2HI:

ppppp

Pl
mememe

B MATN DETECTOR FTCURES eSS
:

« Current sparks in THGEMs
« Rate <1/h per detector ¥

 Recovery time: ~10's
- Fully correlated between the two layers —— B°E_A°|fr;g;pp(xmm
 Mild dependence on beam intensity (A
'} L]
e Current sparks in MICROMEGAS i
- Induced by THGEMSs RN ‘
« Recovery time: ~1s o dl Ll L)

__time

=]

« |on backflow: ~ 3% level

. Noise: 900 electron equivalent (r.m.s.)
« Channel C: 4pF
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Correlation between photons and trajectories

From Event Display

* Ring centre calculated from particle trajectory
 Detected photoelectrons : hits on the sensors

Ring centre (calc.)

For reference:

OB =1) =525 mrad

™ ]
L a n iy : 1 r
: m p = 7.8 GeV/c
. . 0 = 49 mrad
p=3.5GeVic
0 = 34 mrad (n hypothesis) p=48GeVic | L
‘ 0 = 43.5 mrad
p=3.8 GeV/c v .
_ 0 = 38 mrad . .
BR [ : p = 8.4 GeV/c
: 0 = 49.5 mrad
Pisa Meeting 2018 MPGD-based photon detectors Silvia DALLA TORRE INFN 9



Residual distribution for individual photons (preliminary n-sample):

Ocalculated - Ophoton

_10'" photon_residual_2 «10° photon_residual_4
28 Entries 47807 ' Entries 30644
E Mean ,3553 14 Mean 0.7249
2 :_ EMS 2.056 12 RMS 2.309
oE A ndf 62.12/ 14 : ¥ I ndf 34.65/17
- Constant B 180 08 Constant 1614 + 143
E hfean ~0.001523 £ 0.016607 oe Mean 0.562 £0.017
- Sigma: 1.8 myad Sigma LB32 + 0027 ) Sigma 1751 £0.021
asf— Sigma: 1.8 mr
B.E T I _|' L _|" 11 L 1 lI! 1 TL P T T A B . b
(e photon_residual _11 photon_residual_13
= Entries 20106 e Entries 20887
- Mean 0.5085 » Mean 0.04575
08— RMS 154 — RMS 2.497
- ¥ f ndf 5102/ <v- C ¥/ ndf 5847117
06— b
C Constant 1081+ 12.0 = Constant 1083 £ 11.8
04— Mean  —0.05879 £ 0.01887 04— Mean -0.272 £0.020
- . . . C. Sigma 1.747 £ 0.026
oF Sigma: 1.6 myad Sigma 1.555 + 0.021 -~ Sigma: 1.7 mr =
— 02—
E"D e I_J?.IIﬁ el L I-1IDL ' ke 4 n 5 ol 1'-0 . ' I L Ll L E E_L_l y— J dosal L I_J. | P - -5 L - nJ 1l L L 5'. L L IID L L Ijﬁ 1l L I.z'J
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GAIN FROM A PURE PHOTON SAMPL

ﬂ - Entries 45684
cC B . Mean 46,07 +0.1947
3 ..a| Gain = 13445 +/- 144.943 E"’i.sm 41.61:0.1373
o 10°E Overtlow o | || From electronic noise >
— Integral(w) 568e+04
- 2 o 7e2r1s3 | || Threshold
Prob 0.09668
102 —— p0 988.6 £21.6 .
- by TN pl 0.02231 +0.00024 From threshold & gain -
© Fitting rage: 45 > 200 P i photoglectroq @etection .
10 ? Formula: PO*Exp(-P1*x) | mwﬁjw (EffECtIVE) effIClenCy > 80%
i 1ADC channel = 300 electrons ﬁ m For comparison,
1= L iIn MWPCs: ~50-60%
0 50 100 150 200 250 300
Amplitude for photons ..
_'(2 E Entries . 20356
S [. Gain= 13854 +/- 205.862 RMIS 15001716
O 10°E" Overlow ;
- S
from the extrapolated s e, Lo P
exponential an 0% b 002165 - 00002
estimate of the noise .
level under the 10 = ALY
Signal: E Fitting rage: 45 -> 200 {fw MW{‘W
~10% L ﬂ |
E f | | L ! L . | L | ! L L L | | L ! L | |
0 50 100 150 200 250
Amplitude for photons
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- Yy PHOTONS © QIN

m —
g E h_nﬁ_VS_lheta_after * Extrapolate to 52.5 mrad, number of photons = 12.0493
o 6 Entries 56 |« First part of the function, signal = 10.9547
= — Mean 3982 | « Second part of the function, noise = 1.09458 <
E_—: = RMS 14.04 oy
o — x> /ndf  27.66/13 — . oime . M
5 4- pO 1508 + 147.7 |V \0h) = Po-Sin“6n + 1 - b + S
rg = pl 9.477 + 6.200 | .
2 3 : ,;t*
— 1 o antett " #
2 {Hstanis
+* + ++ + + * t Blue: after Poisson correction
s Tl gL T
1 41 t ++ .
- + + + oA\
O | | -+_I 1 1 | | | | | I 1 1 | | | | 1 1 1 | | | ‘ 1 l
0 10 20 30 40 50 60

Cherenkov angle (mrad)
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(7s) —
g E h_nﬁ_VS_theta_after * Extrapolate to 52.5 mrad, number of p
o 6 Entries 56 |« First part of the function, signal
= — vean 39.82 |« Second part of the funct -
E_—: = RMS 14.04 4y
o C X /ndf  27.66/13 ¥
= 42 p0 1808 + 147.7 + v |
-g ~ pl 9.477 +6.200 | .
== '
“ - i i ettt #
2 ! e . .
Blue: after Poisson correction
1 :;' - 1 | | | | 1 1 1 | | | | | I 1 | l
0 10 20 30 40 50 60
Cherenkov angle (mrad)
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 Required for physics at the fu
(EIC)

s Collider-specific issues
= shorter radiator to control set
namely more detected photon}

ture ELECTRON-ION COLLIDE

up Sizes (advantages also for fixed target)
5 per unit radiator length

- increased resolution
= Operation in magnetic field

= Aninteresting option
= Exploit the extremely far VUV

region (~120 nm) with a windowless

RICH and gaseous photon de;

lectors, test beam @ Fermilab

IEEE NS 62 (2015) 3256

Pisa Meeting 2018
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" In the frame of

* INFN - RD_FA

| » Generic R&D for EIC — eRD6

resistive MM
with small
pad size

O(10 mm?)

GEM vs THGEM as photocathodes

Drift field scan

0 Viem -100 W/em

Reversed hias

Direct bias

Photoelectron
extraction
studies

-1000 Vicm

Issues related to hybrid MPGD-based PDs

operated in C-F atmosphere:

=  photoelectron extr 1.

° - 09 © “w“ med : : - / .
. detector gain Ful V25
k= LI
. ® R
U 5 g e o
ageing : .,ff/ o
4 isg |
.f Arf5% CH4
C.D.R. Azevedo et al., 2010 JINST 5 PO1002 e v 5 15 %5~ 25 3
E,, (kV/cm)
pton detectors Silvia DALLATORRE INFN 15



A VERY RECENT NEW OPTION FOR THE R&D

Wy /
3
U ?

47 % (1)

Csl, the only standard photoconverter compatible
with gaseous atmospheres, has problematic
issues, main ones:

| L L O
' Rich-diamond ND

. L .
Rich-graphite ND

It does not tolerate exposure to air (H,O vapour, O,)
« Ageing by ion bombardment

Antonio Valentini et al. — INFN Bari
Iltalian patent application n. 102015000053374
= Photocatodes: diamon film obtained with

Spray Technique making use of
hydrogenized ND powder

= Spray technique: T ~ 120" (instead of >800°
as in standard techniques)

Quantum Efficiency, QE (%)

(b)]

Coupling of ND photoconverter and MPGDs?

140 160 180 200 220140 160 180 200 220

~ an exiting perspective with several open Wavelength (nm)
questions
- Compatibility, performance with gas ? Siamon & Related Materials 76 (2017) 1
» Radiation hardness ?
» Ageing ?

Pisa Meeting 2018 MPGD-based photon detectors Silvia DALLA TORRE INFN 16
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PGD-based photon detectors ACCOMPLISH THEIR -
MISSION in COMPASS RICH-1

= From preliminary characterization exercises:
stable gain, large gain, good number of detected photoelectrons

Technological achievement - for the FIRST TIME:
* single photon detection is accomplished by MPGDs
* THGEMs used in an experiment
= MPGD gain > 10k in an experiment

MPGD-based photon detectors have a mission in
the future of hadron physics

Pisa Meeting 2018 MPGD-based photon detectors Silvia DALLA TORRE INFN 17



THANK YOU
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MORE INFORMATION
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COMPASS RICH-1, gas transparency |
MWPCs with solid state phtocathode ( RD26 effort) _g aS C I ean I n g b_y O n -I I n e fl Iters )
= | -separate functions:
[ — | -Cu catalyst, ~ 40°C for O,
S e | B -5A molecular sieve, ~ 10°C for H,O
= " ..j.: ':!I.:' ) = ZH|EN(I_«_)’(E|_’\|ABD
| ‘ pev— ﬂ‘ ‘ ' typical Csl GE
T ' ’*‘ o= o ; | ! : 1/
Csl area > § : .
(n-1) r.m.s (assuming Frank and Tamm): - ©
)
_ _ = © Ao i .
30x1{) 6 46710 6 23 S aa wensmission
N / & ' through 1,87 m,
1.00150 . m / 2 corresponding to:
1.00145 P ] br 67 am ]
é | MAPMT with UV extended window || = Hzo: ~1 ppm, e o,
O | 1.00140 ] : ;:Do
= 1 :\' ' 0,.~3 ppm Y
q_,) 1.00135 ' i : : :
g 1.00130 ; f E | | | | |
& | T Fanecswin — 1 160 170 180 100 200 210
;| Csl photocatode 1
[ I I _ ‘ ! wavelength (nm)
100 200 300 wave'etl::th [nml 500 600 TFoo
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- | |

Thickness: 0.4 mm, hole diameter: 0.4 mm, pitch: 0.8 mm

12 sectors on both top and bottom, 0.7 mm separation

| | !
\\ two THGEMs side by side to form
- the 60 x 60 cm? surface ) I

=]
o’ N
> j E 0
) f
B | T - "

»

wel basvevavonuvesgd

: i i A - 4
00000000| (0000000000000 0CO0OOCOOD

&) o = 0000000
000 o 000000

24 fixation points to guarantee THGEMs flatness 00000000| [0060000600600000600000000
20000000 OOOOOOOOOOODOOODOOOOO‘“.

000000| [OO00000000000000000000
20000000 0000000000000 000000O0
coooooool locoooooo000000000000000

SRR NN T NN AR TN M S R R R e o i g
l..l"i'-‘i‘l.ﬂil.l‘!‘l-l"l‘-ﬂI AW BEEREBE l" sEmAR BB EBEYEESREE ':r.‘l-
seasasemERRRARRBRERES N NEE] l!Iﬂ-ll‘l_'_ll_l_i_“_;‘-i:-ltl:.i"_.
T E LR R R R P o e s

4sssssnsnssssnnt borderholesdiam.:0.5 mMm [wassnssss

22 LEL IR 055 A, 1 7 IO N\ -ﬁﬂ. »
'.-.i‘:l.t.ll'.!.l!*thl".li.lll‘l *_“ IR E R RN .,z" e gt i .-ill‘. l..:i'li.:'!‘:i‘ =
T R R R W R N — . s -4 . . '

- I pillars in PEEK

FEE R RN R R N R L i ]
AL Lt R R N A CEX.
- e - R

e - e -‘__‘q“.
. | - 1
2 |
& a

i

%
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Cop

A -3.72x10°
%10* —

x10* 163

S e e
LRt RIRINIORNINIB B =2

whii—owbo~NTo b kil
g WUt Wil N W

——— / 7-335
large field values at the chamber edges and on the guard wires

1=}

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

isolating material
(Tufnol 6F/45)
protection

Pisa Meeting 2018 MPGD-based photon detectors Silvia DALLATORRE INFN 22

TRIESTE



-t PHOTC RON \] £

I e ‘:.\L' ’ )
Selecting good hit candidates Clusterization to separate MIPs .

A0<5 ADC units, 0.2<A1/A2<0.8 ,
( S — : ) Hybrid MPGD (novel detector) MWPC (old detector)
LAOO0 |-oreemmeemseesmesbons e ok -
o — P11_ClusterSpectrum 1 G Speciun | - :
ol i - | - I 'E‘mrigls 645;40_ P09_ClusterSpectrum | _Ero‘tsrig:mszxﬁguarg_
w] [Noise | Pismotun we W o —— Pos s i
g T T SRR SR S : 107 APV . e
3 _ photons MIPs saturation _
2 8000 [ 108 1

6000 b I, S— S oll

800 1000 4
A2 [ApvUnite=300e] 0 200 400 600 800 1000
A2 [ApvUnits=300¢]

105 110 115 120 125 130 135 140

All sectors provide the | 7277 il of the signat | MIP suppression by strong reversed bias
same time response s | litude spectrum = :
- = sswomts “tll ADC saturation signals,
- ' e S . mostlyfromcharged particles
00~ B |
L == SOBPOZHOSD g wor ]
3000 :sipwmc 5 g0 [eebimikis
F T o : : : ; zarit = -0-5 kV/em
2000 —— STPDIHIST B - I M
L + SHPDIHISO ‘ ]

40
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Ter

Years o _

- THGEM characterization, per'for'mance Time resultion
2000 100 "m I'im . ; ; ; . ‘. 'Y o o ;— ~7 ns Z.E;Ejm ?gisgs
z . ° ® zm_ g , +0.
¢0000000C0C0O0O0O0CO0OO0CGO0O0 0O O of
00 2‘ “l- é é 16 1|2 1|4 1‘6 1|8 2|0 %55 500 750 s
time [hours] _
. Photoelectron :_ .P\mmﬂ‘ . . 0 V/em -100 Wem Uv light -1000 V/em
. = e | : £ scan
extraction :
. 2 vs E_drift E
Photon yield (blue) -
& Charged Particles (red) g £
vs Drift Field B
= IBF (Ton Back Flow) suppression Cherenkov light detection in TB
Tripple THGEM:
IBF IBF suppression
suppression (<3%) introducing a
(<5%)_ MM stage:
by staggering no need of high
plates Transfer electric field

9
Hybrid architecture

Pisa Meeting 2018
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THGEMs

lessons

Full vertical correlation of current sparks
THGEM1 & THGEM?2

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

MICROMEGAS lessons

MM sparks only when a THGEM 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

s 2.5 %o developed in 12 months
- Dirty gas / dust from molecular sieves

& catalyst?
45 ey
s %m g
Foso =

o 35 Fosso =
< DsHOS1 6_—
o 3 :::: T -
© i - 5
~ 25 E
£ o a0
@ b ; ;\“i =

15 L 33

1 & ,r' &u 2; l |

05 = — * E—

= et ‘ THGEM
0 10000 15000 0 PR I 1 SN T S | INT—— . _— |‘ l‘l L [Il L !: 1 J
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21: oo ‘50: oo
BEAM INTENSITY from ppp on T6 (AVERAGE per h) x 1013 time
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NOISE FIGURES

— pr— — prm— prp— B oo

6

250

200

MWPCs (0.2 pF): <o>~ 700 e"

. Hybrids (4 pF): <o> ~ 900 &

100

50

0 50 100 150 250
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i Complex mechanics

Wire planes e
r Z e

e

Automatized glueing
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Onto the RICH

final assembly of the active module assembly
with Csl in glovebox

glovebox also to mount the active module
onto the RICH
W

‘_{ ;
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measurements at coating

19 Csl evaporations performed in 2015 - 2016
on 15 pieces: 13 THGEMs, 1 dummy THGEM,

and 1 reference piece (best from previous coatings)

11 coated THGEMSs available, 8 used + 3 spares

INarmah'zcd —

2\

Iosr — Icsty,,..

I—'ﬁjcf IR IR'C.chrise

QE measurements

— 116 -84

THGEM number evaporation date  at 60 degrees at 25 degrees | | indicate
Thick GEM 319 1/18/2016 2.36 2.44
Thick GEM 307 1/25/2016 2.65 2.47 <THGEM QE> =
Thick GEM 407 2/2/2016 2.14 2.47 0.73 x Ref. pieceQE
Thick GEM 418 2/8/2016 2.79 2.98 with s.r.m. of 10%
Thick GEM 410 2/15/2016 2.86 3.14
Thick GEM 429 2/22/2016 2.75 2.74 in agreement with
Thick GEM 334 2/29/2016 2.77 3.00 expectations
Thick GEM 421 re-coating 3/10/2016 2.61 2.83 (THGEM optical
Reference piece 7/4/2016 3.98 3.76 opacity = 0.78)
THGEM 421,
23 QE measurements

2.1
1.9
17

15

QE is the result of a surface scan

(12 x 9 grid, 108 measurements)

.o 108 Good uniformity, in the example

oo | <QE> = 3%

-174
58 3 12

w1518 mi17-19

T TSd IVIEEUNY ZULO MPGD-based photon detectors

Silvia DALLA TORRE INFN
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o

/5 Complex and precise hamcs EE————
: Assembly in clean room

SR S

-

" | glovebox also

Machine controlled Including photocathode gﬁigﬁggt&:‘gﬁmwe module
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