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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

Typical electrical biasing voltages applied to the detector

FUSED SILICA WINDOWS
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

Typical electrical biasing voltages applied to the detector

FUSED SILICA WINDOWS

MESH WIRES ' T H G E M H
-300 V ! PR = Uy T segmentation Detector

385mm : _ :
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

Need of shaping field electrodes - simulations

A

THGEM border study
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Field shaping electrodes
The applied voltage must
properly scale with the

THGEM voltage !
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

CAEN SY 4527 system

« THGEMSs:
CAEN A1561HDN, -6kV, SHV, 12 channels, 50 pA current
monitor resolution fully satisfactory

e MMs:
CAEN A7030DP, +3kV, SHV, 12 channels, 2 nA current
monitor resolution: not enough current resolution, unstable
current off-set

logging rate 1 Hz of ~ 100 channels (flexibility/cost).
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

At the end of the first data taking year few channels have proven to be feeble (Stand lower AV). Dedicated campaign for
the localization of the segments: sparking rate vs V, maximum voltage defined when the spark rate > 4 minute

SegmentCheck Thgem1 PD1
lm ' . f f - ' —
il & o Il 2 1300
L THGEM 2
1300 ® 5] ° o 1250
L] o
1280 + . ™ [ ] P 56 au Y - 1200 ) L] L ] ® . oo .
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1260 | 2 . o o | - w o8 I R Sle it eeten
B - - . '“ 1100
@ 120 | . : .} THGEM 1 o 1250 1050
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_ﬂ 1220 + . E 1000
= ' 0 5 10 15 20 25
1200+ . 4 1200 | < 1200
. Co PD2
o | o . ] b4 1300 5
1eo b« dot size ~ N (n. of sparks) J 1150 X 2 8 ] 8 2 8 2 & o 1150 1250 IHGEM2 o Lo, [ee . *
7 Voltage decreased when N > 4 s £ £ f §.§ § § %§ ‘el L ‘.
’ o o o o o o o o [ 1200 ® ° *
1140 | 1 step every 10 1 .
- e ey W o 1150 .o
time / J 1100
' 1050
v Sector 0,0] Sector 0,1 |Sector1,0 | Sector1,1
1000
Detector PD1 Detector PD2 0 5 10 15 20 25

Feeble segment that matches with what
observed during the data taking (2016)

Feeble Segments <10% of the total surface
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

SOURCE Each segment of the THGEM is powered via a 1 GQ resistor in
| - - ' - series with a 20ETS12S
1 R1 R2 R3 R4 RS RE
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same HV channel
= h 4 are efficient even if
D1 D2 D3 D4 D5 D6 .
b one of them trips
TOP1 TOP 2 TOP 3 TOP 4 TOP S TOP &

The HV of the

| | . wmgl&ompinlmnwnglma y Induced Vallage drop in Pad B non trlpplng pad
Pad_s A & B (the two adjacent pads being | ! s ?ﬁ: : is very limited
studied) are powered by the same PS l | - 220pf affected: 2V
N : y | Dscilfnscopei | T i oscilloscope | drop ~4% drop
e ‘l - = = Al oL = .
S o o N b o e e )| o T "‘..‘*“ =t InG: _
Wollage Drop in the tippi pid! 1“5 Induced Voliage drop in Pad B II_11.I.S ] ml _'EOOMQ 1M = 2 R - 05 GQ IS
o age in ipping pad & - . L . wc op . ] 4 —Tﬁ 220 pF 3 -:soowln .
:uvsouracz % " m ? 4: | EQQIM(]; preserVIng the
; . | non-tripping
vV - / ] —— pads efficient all
) - | ﬂ\ 2V | f‘““j the time !
|| et w L S LT

(CERN; INFN (@ , _‘gfi'ﬁiln nintern
‘-)&{‘ -




The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

In total 136 HV channels Gain stability vs P, T: The correction method:

- Fully customized C++ and wxWidgets = G=G(V,T/P) = Compensate T/P variations by V
- Data exchange with COMPASS DCS = Enhanced in a multistage detector - Gain stability at 10% level

= AT=1C 2 AG=12%

- Own Scale method to fine tune gain uniformity }
= AP=5mbar > AG=18% . P [mbar] ,J\\M
/

-V and | measured at 7
- Auto decrease of Voltages in case of sparks 'z',im\,‘ /

:{-fgf;f;.
G

. 2600
- Includes P/T correction : - 5
a0 3 H Long Time measurement W1t
Tie . . . S 53K IS
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on: 0 on: 0 On: 0 on: 0 on: 0 on: 0 On: 0 on: 0 11 Long Time measurement

PD1 | PD2 | ‘ Irly 1) '
GY 5 GR 5o’ weo TS with corrections :

o § ! + ?';,393‘ ‘ : 1%

PD1HO Changeto Sector: [PD1ST v | _ Select | Lo P 0 0 "“
§ “‘“Mi " # .§ ‘?’?M

Name Nom ownSc SetSc PTSc Voltage Electrode VSet VMon IMon NspR - v f
EDrift 400 1.000 1.040 1.000 187.20 UDrift 3517.57 3517.34 0.000 0 B ; :
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UMesh 600 1.000 1.060 0.993 631.68 UMesh 631.68 631.79 2,628 0

= |
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

In total 136 HV channels

-Fully customized C++ and wxWidgets
-Data exchange with COMPASS DCS
-Own-Scale method to fine tune gain uniformity

-V and | measured at 1 Hz

-Autodecrease of Voltages in case of sparks

- Includes P/T correction

Gain stability vs P, T:
= G=G(V,T/IP)
= Enhanced in a multistage detector
= AT=1C > AG=12%
= AP=5mbar > AG=18%

The correction method:

= Compensate T/P variations by V
- Gain stability at 10% level

.......

N7

HV Status
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UThgem2 1200 1.000 1.060 0.993 1263.37 UT2Top 1793.37 1793.07 0.001 0
ETrans2 1000 1.000 1.060 1.000 530.00 UT2Bot 530.00 529.96 0.001 0
UMesh 600 1.000 1.060 0.993 631.68 UMesh 631.68 631.79 2.628 0
CageDrift : 3517 V, 0.002 uA, 0 SpR CageTop : 3330V, 0.000 uA, 0 SpR FleldWires: 0V, 0.000 uA, 0 SpR
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

What have we learnt about THGEMs (Spark =1> 23 nA)

Full correlation of discharges between THGEM 1 and THGEM 2
Recovery time <10 s
Discharge rates: ~ no dependence on beam intensity and even beam

10000 ——
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

What have we learnt about Micromegas
- Full correlation between THGEM and MM sparks
- Recovery time ~1s

7~ =S
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|
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o -
=3 [
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H THGEM [la. Ll s L bl ] L | .
11—
- I | I\
DT 1 I L L I 1 II I L L I 1 1 I l L L I 1 L I L 1 I
00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

The result previously described and the corresponding insight on the the detector stability performance
are coupled to the characteristics of the HIGH voltage power supply system employed.

several question that could not be answered, just a couple:

- Which segment of the THGEM triggered the discharge,
- Is it always the same ?
- Does it exist a precursor of the spark

Is it possible to built a HV system (not commercially available) whose performance enable to answer to
these questions ?

Time stamp resolution for current monitoring in the order of 10 ns or better

High resolution voltage monitoring better than 0.5 Volt on several kVolt scale

Precise current monitoring at the level of 10 pA

On board logic for decisional operation on predefined monitored parameters/conditions well as warning
on “interesting” events to the user

W
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The new High Voltage Power Supply System :

DC-to-DC converter (Commercial device)

ADC Board FMC standard adopted (Custom made)

MAX5216 .
o5 16 Bit DAE - g
oty U2 1%]

.| Ulp *

A custom-made Pico ammeter (Custom made)

Carrier (Developed SoC FMC carrier
based on a Zyng-7030 CIAAACC)




The new High Voltage Power Supply System :

Discharge evolution time has driven the choice of the ADC Chip
Capalbility to detect fast transients

F¥esponse ~ 200ns

Discharge time evolution

\ ;f e . measured with HV probe
B 11 Ml e o g

5 ns time div

Discharges stimulated by increasing the Voltage acrosg,.
THGEM detector over the breakdown Voltage. |

(time resolution: ~2ns) &

ADC:

= ADCO08500 High Performance, Low Power 8-
Bit, 500 MSPS A/D Converter
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The new High Voltage Power Supply System :

ISEG BP040105n12 PCB-HV-module
. AW BPS series £ .
i %’,:. g 3500§ / /:/
§ 3000§ /7/
\' 2500§ LA | ndf 1.215e+04 / 26
""'l‘/ zoou% % _//’/ Eg,b 5.513¢4.742
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v —R..j Difference between Vo and yon  rooof vy d
out — IXf * 1 Region A < 2000V o< 1 volt sk
Reqgion B > 2000 V ¢ -7 volt o

3
ug .
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. : . 22.40 L a3 I \ n < /
60 40 20 0 20 40 60 ] - ) L Vv o 22.0 °oc ”
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. —— >
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964.0 T
g 00 ~ 600 i e
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> 600 \v\\ 600 Nominal High Voltage (V) vs. Time (HH:mm:ss) High Voltage Control
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Good linearity
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The new High Voltage Power Supply System

ISEG BP040105n12 PCB-HV-module
=AW BPS series

4000

/

3500

Measured HV [V]
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\ l 2500
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The new High Voltage Power Supply System :

The HVPSS has been installed and operated during a test beam on a Hybrid detector prototype.
It was operated on the only non segmented electrode available, namely the Micromegas Mesh

19



The new High Voltage Power Supply System : One Channel Test, some resulls

HWVPSS - spillmonitor

HVPSS - spillmonitor
200
2 F
E SPS Super cycle change oL
£50000 — -
8 fs D00 -
= - 1 | ( | | ' || 1 i
~ o =] | | | | | HARTH
o : U
- ——1 — — 200 _‘
30000 :—_ . ‘.- _A_ |  fees = t b g i Nk 1 AL AR
B A A 0 5800 6000 6200 6400 €600 6800 7000 7200 _
B Time [s]
20000 — Performed x-check from current measurement by HVPSS (UV LED)
L meas
2 Gerr = C - Rate - #e™
10000 — And from amplitude spectra
E Led Test HYPSS
E » Ro= £l —
7 G s e iy (L LR ) S 1 st gy mm— e -
ﬁ 1000 00 3000 | 700 8000 9000 o et
Time [s]

Beam Intensity | WMWM ﬂ |

A RDE ehannets ]

variation
Detector gain Coorr
variation
Always running at full sampling speed,
averaged data is sent to user unless a “j: i : i T I
trigger event occurs Gl o B S
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The new High Voltage Power Supply System : One Channel Test, data saving
“interesting” events to the user

o ' P . The trigger settings :

o . . . The time before the trigger/event / 300

| ) . *  The time after the trigger/event :

o ety " i ° >fully user customizable  Time Time after
. E : "#pefore the the event
o : . “event

ﬁ

P

1100

10/29/2018 0:0] 10/29/2p18 1:00 10/29/2018 2:00 10/29/2018 3:00 10) :00 10/29/2018 5:00 10/29/2018 6:00

Zoomed view

2000

|

1800

Trigger to save thexevent
Ai=i -1, between\  two o
consecutive  samples\_ is
larger than iy,

1000

900

1000

800

III]IIII]IIII|IIII|IIII|IIII|I

55100 55150 55200 55250 55300 55350
time [ns]

600

400

200

0
10N/2018 0:20 10/29/2018 0:40 10/29/2018 1:00
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The new High Voltage Power Supply System :

Low Voltage PD

A a0d Ol Sysiem PD.

] Theema
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The new High Voltage Power Supply
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Despite the complexity of RICH-1 PD high voltage system and the large number of channels:

« Theimplemented HV system with sophisticated control allows for
« Safe detector operation
» Collection of information to monitor the detector behavior and improve its performance
» The electrical stability of the hybrid detectors is satisfactory at gains >/= 20 k

* Not trivial: so far all MPGDs are operated in exp.s with gains < 10 k

A more performant multichannel HV system can improve further the detector performance

« A MPGD-dedicated HV multichannel system is under development in Trieste, still work to go
« Generation of the HV at the detector
+ Real-time V, | information and handling
* Goals:

* Support to R&D activity

» Tool for experiments (debugging, monitor, local feedback protocols) I h an kS I
|

A scalable High Voltage Power Supply System with system on chip control for Micro Pattern Gaseous Detectors,

C\E/RW INFN l@ ___Edinb

NIMA Volume 963. 2020, _ _
- e ;“»/4 Ig'" - > — - B e ~

24



In case of need

—_— -
INEN liCTP) — 2022 _~I1th International Workshopgn Rlng Imaglng Cheren'E"

i__Edinburgh, 12 -16 September 2022 | S. Levorato -
LE -

25



The new High Voltage Power Supply System
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The new High Voltage Power Supply System :
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

Figure 9. PPS signal after PTT implementation.

=]

o

If we call A, the time difference between the master clock time (MT) and the N slave

clock time (SNT), the relation between both can be defined with the f:JJJ:Jwing equation:

MT = SNT + A,. (1)

SLAVE N

Timesinmps Knawen
lave

--f + SNT1=MT1+fin

Trmeed| L SNTZESNTIEN

20ns time resolution
— | in sync mode

" elay Respanas

SNTZ, MT1

SNTZ, SNT3, MTL, MT2

Figure 3. Simplified PTP principle of operation for multiple slaves.

To calculate this delay, the procedure is described below.

The master sends a Sync signal, its address, and the timestamp MT; to the slave N
in a single package. All the slaves take a timestamp SNT: as soon as the Syne signal
arrives, which is kept until the address is validated. The MT; time is then stored in
the intended slave for synchronization;

In a time SNT3, the slave sends a Delay Request to the master. The master takes a
timestamp MT; as soon as the request is received;

The master sends the timestamp MT; to the slave with a header Delay Response,
opening the communication channel;

The slave calculates the time correction using the obtained information.

SNT, = MT, + Ay;
SNT, = SNT, + by
MTs — MT, — 23, = SNT;3 — SNT>.

By sjmplif}'ing these equations we obtain the f llowing results:

SNT; — 5NT3 + MT; — MT,
7 ;
S5NT; 4+ 5NTz; — MT} — MT>
5 .

&y

Ap =

(@) (INFN icme) [0
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Project is funded by the Croatian
Science Fundation, project
number IP-2018-01-4108

Correlation of optical and
electrical measurements of the
delayed discharge propagation

in GEM detectors

Antonija Utrobici¢, Marinko Kovaci¢, Mirko Planini¢, Filip Erhardt,
Nikola Poljak and Marko Jercic¢

University of Zagreb
MPGD conference 2019, La Rochelle (France)

Single hole THGEM delayed DP waveforms

Eind =4.00 kV/cm, THGEM foil Eind = 5.38 kV/cm, THGEM foil
1000 -
| — 1000 I
500 — Readout electrode , mV | | U B I—
> THGEM top el., V >
> —— THGEM bottom el., V > 0 A
E E N
g; 0 _Charge build up on the readout 8; ) ——
g electrode after the primary g -1000 f= \\ /Delayed Dp
S S \
=500 I!’rimary discharge -2000 ——Readout electrode , mV
THGEM top el., V
T —— THGEM bottom el., V
= - i i ]
10005 20 40 60 80 10 007 20 40 60 80 100
Time, ps Time, ps
Following the primary discharge, charge flows in the induction region for ~15 us.
Charge build-up increases with the induction field. (4 kv/em field)

A constant slope in the charge build-up precedes the DP event.
This can indicate that the charge transfer (current) is responsible for the DP. 7

) (INFN e
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:
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The new High Voltage Power Supply System :
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

The HVPSS has been installed and operated during the RD51 October test beam on the hybrid prototype. It was operated on the
only non segmented electrode available, namely the Micromegas Mesh

csfﬂl

\
N7
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High speed camera measurements (GEM)
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The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector:

HVPSS - spillmonitor

E —
I -
HVPSS - spillmonitor € :
£50000—
= — o —
& — _
£ C SPS Super cycle change 40000
=50000 — L
3 -
o - L
— 80000 —+ | | ‘ ‘ _
40000 |— - .H|Hl| | H | "Jﬁ |
[m — [ i
- - o e - 3500 I
30000f— = = mfem == b | | | | | ‘“[ :
- A | —Current measured o Current from gain fit | “ |
: 3000 ‘ | } ‘ '
20000 — . '-J.‘—I'-- ._"III"'IIJI || "l || AR LA A AR LAY
i 6400 6600 6800 7000 7200
B 2500 Time [s]
10000 §— -
B E ant measurement by HVPSS (UV LED)
B 22000 - _ meas
L B "efT ~ c-Rate- #e
4 0 1000 00 3000 -
41500
S Led Test HVPSS
U | =
1000 m 1 'E oo e
Beam Intensity ' t 1 ot TZ e
variation 500 /)hl . o, - : MW
Wl‘J MWJ w \ww [] \ \W} ‘0; M
W S v
0 'El
1:58:05 PM 1:59:31 PM 2:00:58 PM 2:02:24 PM 2:03:50 PM 2:05:17 PM 2:06:43 PM 2:08:10 PM 2:09:36 PM 2:11:02 PM 2:12:29 PM J .
Time [hh Jm: SS] MCA ADC channals‘lgﬂ?

INFN l@ 150#2022* 11th International Wc W|nglmag|ng nere

Edinb burgh, 12 16 September Z%Levorato



The High Voltage system of the COMPASS RICH-1 Hybrid Photon Detector: HV P55 results
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NICE RINGS

(in the 2017 run the Hybrid PDs were receiving Cherenkov photons from low p particles only)
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Number of detected photoelectrons per ring

Critical chambers, have been changed from MWPC to Hybrid THGEM + Micromegas
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