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e WG-5.2.1 : ATLAS High Granularity Timing Detector (HGTD)

e WG-5.2.2 : Low Gain Avalanche Detectors (LGADs) for low energy applications

Details on August kick-off meeting
and More details on May 2024 WG 5.2 Workshop



https://indico.cern.ch/event/1183963/contributions/4973942/attachments/2491436/4279018/WG_5.2_FAPESP_10_08_2022%20(2).pdf
https://indico.cern.ch/event/1323720/contributions/5570137/attachments/2727334/4740753/Saito_WorkshopFAPESP2023Oct%20(6).pdf
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WG 5.2.1: People and Action Items (Recap)

Current Team 1.
1.1. M. Leite (Physicist)
1.2.  G.Saito (MS,PhD) [1 DD FAPESP
1.3. R.Estevam (DD) [1 DD FAPESP
1.4. R. Menegasso (TS)
1.5. M. Kuriyama (TS)
1.6. DD (Dedicated) (1.2)
1.7. DD (Sharing with PA) (1.3)
1.8. PD (Sharing with PA) (1.4)
1.9. IC (TT-27)
1.10. TT-4

Action items

1.1.
1.2.
1.3.
1.4.
1.5.
1.6.
1.7.

Equipment availability (importation) (DONE!)
Preparing civil infrastructure for Lab (DONE!)
Lab installation (DONE!, but will keep updating)
PD, DD, TT hiring

Start testing sensors (DONE!)

Deliverables

1.1. LGAD Characterization Lab.

1.2.  Characterization of LGAD sensors (on-going)

1.3. Performance studies on irradiated arrays
(on-going)

1.4. PEB test stand system

1.5. Participation in HGTD assembly facility
construction @ CERN (on-going)

1.6. Demonstrator construction @ CERN (on-going)

1.7.  HGTD installation

1.8. HGTD commissioning

Almost zero float on these
items !(ATLAS HGTD Sensor
PRR in June)

Significant work to commission local infrastructure (EMU FAPESP)

Significant commitment of people on @CERN activities



WG 5.2.1 : ATLAS HGTD - Infrastructure @USP

Floor still has signs of water
New ceiling dryer installed
Room cleared for second
floor installation




WG 5.2.1 : ATLAS HGTD - Infrastructure @USP

Non-contact chuck temperature
monitor

Sensors and structures are
arriving from [HEP USTC-IME structure holder

Goto

Test structure probing



WG 5.2.1 : ATLAS HGTD - New Developments since May

New low leakage/high voltage Ethernet
controlled Bias Tee for CV

Upgraded switching board/matrix ( 24 x 8) for fully isolated QA/QC measurements tests 6


https://docs.google.com/file/d/1Dp1lqdpBCDzbnLdTpAPeJJVYk9_vyHeD/preview

e Passed the ATLAS HGTD Sensor PRR in July 18th
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WG 5.2.1 : ATLAS HGTD - Integration @ CERN

IHEP-IME Waters - USP Measurements

20WS000400007 20WS000400009 20WS000400012

20WS000400011

Now entering production phase (FAPESP already processed sensor
payment share)

New production batch expected by the end of the year. We have a
couple of months after receiving the structures to provide
measurements results to be in time for acceptance/refusal of the
batch

Close to 1000 different structures measured (some several times)
from 14+ wafers (9 IHEP + 5 USTC)

Statistical analysis of compatibility between USP-CERN meas.

G. Saito Qualification Task Completed.
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e  USP has a smaller dispersion on V_gl than CERN .
e  Significant differences within a wafer (e.g. W23B4) .
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Large number of outliers at CERN
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WG 5.2.1 : ATLAS HGTD - Integration @ CERN

e Monitoring through FELIX
o  We still have sometime, but it would be important to develop some knowledge on high speed
DAQ
o  Quite some work when integration time comes
o More on this later on this presentation ....

PEB @ CERN ATLAS Phase-I PCI-E FELIX Card (@ USP)
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a— o CNPEM is interested on using these cards

¥ . to detector . .
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; (LGAD+ o We are discussing the possibilities to
) collaborate on this (both sides winning)




Graph based Neural Network approach for ATLAS HL-LHC (iTK+HGTD)

D. Murnane

e  Evaluate using new framework - ACTS with ATLAS geometry
e  Exa.trk: HEP advanced tracking algorithms at the Exascale
e  Studies with particle gun and ttbar events
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WG 5.2 - 4D Tracking - New Developments since May

Studies with ttbar and ACTS in ATLAS HL-LHC (iTK+HGTD)

1000 fb1
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e  Studies of tracking reconstruction performance by Kalman Filter (baseline) completed
e  Studies of vertex reconstruction using Gaussian Track Density + AMVF + Kalman almost complete
e Implemented in ACTS luminosity-dependent sensor performance
e  Work will be represented at ACTS workshop in November
e  NEXT: IMplementation in ATLAS framework (ATHENA) and evaluation of new ML techniques (GNN
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WG 5.2.2 : UFSD for Applied Sciences

LGADS for picosecond time resolved X-ray testing

New tests at Carnatuba beamline at CNPEM

e  Excellent support from Sirius people and management-> very efficient (and very intense)
campaign

° Using HPK 3.1 ATLAS prototype sensor

New board designed for
Sirius tests

11



WG 5.2.2 : UFSD for Applied Sciences - Simulations

e  Garfield++ (link) framework can simulate the impact ionization process —

e  Predicts the transient response of the signal

e  Simple field calculation, but can import data from = TCAD

e  (Can also import the hits from Geant 4
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Synchrotron light source X-ray detection with Low-Gain Avalanche Diodes

LNLS 09/2024 12



https://gitlab.cern.ch/garfield/garfieldpp

WG 5.2.2 : UFSD for Applied Sciences - New Developments since May

e  Paper writing on-going, planned submission ~ Dec. 2024

° Data re-analysis : baseline correction implemented, consistent timing resolution, and
simulations

e Seminar at LNLS-CNPEM and discussion/feedback with/from community
(27/09/2024)

e New board for amplifier circuit optimization and studies

e New board for AC/LGAD

e On-going discussion with the Chinese groups (IHEP, USTC) for production at IME
(China) sensors designed and fabricated specifically for synchrotron
applications

Bunch separation = 2.00133 ns

cfd distribution Run 46 - 200.0 V - 12.0 keV

Run46_200V_12pokeV_25khz_ch4_20231122035116812.wim
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WG 5.2.2 : Low Energy Applications

LGAD TID tests (X-ray) @ FEI board with HPK 3.1 & 3.2 wire bonded : IV before/after irradiations
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WG 5.2.2 : ACTION ITEMS FOR NEXT MONTHS

FLX-182 prototype for DAQ

Lauquen has accepted the challenge to
fabricate a few boards in SP (24 layers, 2
stackup assembly)

Xilinx Versal FPGA

Ongoing discussions with Eldorado to
assemble/test the hardware

o  subcontract to company in campinas

(Hwit)

o  Eldorado may also help on firmware
Very good case of industry involvement for a
high complex project useful across many areas
Readout exercise @ USP with PEB
development board
FAPESP has been inquired about this,
positive signal about it - need to push !
Discussing now with ATLAS on how to
proceed

i || ‘

L i

Figure 5.1: Fully assembled FLX-182 prototype card.
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ATLAS

New
applications

New
involvements

HGTD

WG 5.2.2 : ACTION ITEMS FOR NEXT MONTHS

USP infrastructure

o  Most critical item

o Involves space, import and equipment purchase

o  Needs to prepare lab infrastructure while space discussion is on-going
DAQ development and DB integration @ USP (in sync with CERN/IHEP/USTC/]SI)
Infrastructure (baby demo and mockup) @ CERN
Build the laser system with motorized stages + position measurement (critical!)
Studies on 4D tracking integration (ACTS for iTk, HGTD)

Validate first functional TCAD and Geant4 simulation

Add Ad-hoc simulation code for multiplication mechanism

Sirius Paper EOY

Understand irradiation needs and prepare infrastructure/tests at local facilities

ECFA Detector Roadmap : DRD3 R&D on Solid State Detectors (on-going)
First workshop @CERN in June 17-21 (Sirius results presented), second one in December
FELIX Fase-II (see next slide)

16



Any Questions ?
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BACKUP
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WG 5.2.1 : ATLAS HGTD - Infrastructure @USP

e After more than one and half year we finally got the area to install the probe station
e Areais far from ideal ] ‘

o Nonetheless we made it work




Infrastructure @USP

ATLAS HGTD

1

2

WG 5

Water leaking from tile joints ....

21




WG 5.2.1 : ATLAS HGTD - Infrastructure @USP

February 13th 2024 - The machine is installed by MPI USA engineers

e [so0-6 cleanness (filtered air)

e Thermal isolation provides +/- 0.5C
stability

e  30% humidity

e 2 Ethernet connected PLC systems
controls and monitors everything in
the the room (developed by us)

e  Many other nice improvements on

the way...
22



WG 5.2.1 : ATLAS HGTD - Infrastructure @USP




WG 5.2.1 : ATLAS HGTD - QA/QC

There is a lot of work ahead
Structures from pre-productions are already
being sent to USP for testing
HGTD sensor PRR mid March
Need to evaluate

o systematics on parameter extraction

o calibration impact on repeatability and

accuracy

© automation achieved by structure holder
Probe card holder just arrived yesterday
Cabling will be done in the next days
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WG 5.2.2 : UFSD for Applied Sciences

Part-1 - LGADS for picosecond time resolved X-ray testing
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Synchrotron light source X-ray detection with Low-Gain
Avalanche Diodes

S.M. Mazza,”* G. Saito,” Y. Zhao,* T. Kirkes,* N. Yoho,” D. Yerdea,” N. Nagel,” J. Ott,*
M. Nizam,“ M. Leite,” M. Moralles,’ H.F.-W. Sadrozinski,” A. Seiden,” B. Schumm,*
F. McKinney-Martinez,” G. Giacomini‘ and W. Chen®

A9SCIPP, University of California Santa Cruz,
1156 High Street, Santa Cruz, CA, U.SA.
"Universidade de Sio Paulo,
Sdo Paulo, SP, Brazil
<Brookhaven National Laboratory,
Upton, NY, USA.
4IPEN-CNEN,
Sdo Paulo, SP. Brazil

E-mail: simazzaCucsc.edu

Paper on SLAC test with UCSC published on JINST Oct. 2023
Since then, results were also presented at :
o  13th International Conference on Position Sensitive Detectors
o  13th International "Hiroshima" Symposium on the Development and
Application of Semiconductor Tracking Detectors
o 43rd RD-50 Workshop
o  33rd RAU LNLS/CNPEM

25



Equipe FEI

Marcilei a Guazzelli

Marcelo Pavanello

Marco Assis

Renato Giacomini

Roberto Baginski

Thalia Alves — Mestrado

Alexis Vilas Bdéas — Doutorado

Paulo Garcia — Iniciacédo Cientifica + Mestrado

STUDY OF THE EFFECTS OF 10 keV X-RAY IONIZING RADIATION ON AN
LGAD
Low-Gain-Avalanche-Diode



Objetivo Geral: Com o objetivo de explorar as diversas possibilidades de aplicacao de um
LGAD, este estudo busca estabelecer uma metodologia de teste para avaliar as perdas na
eficiéncia funcional de um detector de raios X na faixa de 10 keV, bem como explorar o
dispositivo como um possivel dosimetro.

Objetivo especifico: este trabalho mostra resultados de medidas de capacitancia e da
corrente em funcao da tensao, operando no modo reverso e direto. Essas caracterizacdes
foram feitas antes e apods trés etapas de irradiacdao com raios X de 10 keV.




A caixa que guarda o LGAD, sofreu algumas modificagdes.

Para permitir mais passagem de radiagao, foi realizado um furo de 4 cm de diametro na parte inferior da caixa.

Este orificio foi isolado por uma fita isolante 3M 33+, com espessura total de 0,178 mm, “bloqueando” cerca de
26,36% da incidéncia de radiacao.
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Procedimento Experimental - LGAD 1.

Preparacao da placa de teste e do aparato de
protecao aos efeitos de luz de fundo.




Primeira irradiagao: TID1 = 10 krad
28 krad/h (Si)

Segunda irradiagao: TID3 = 89 krad
60 krad/h (Si)

Terceira irradiagao: TID3 = 333 krad
115 krad/h (Si)

As medidas de capacitancia e corrente reversa foram
realizadas antes e apos cada irradiacdo. As
irradiagbes foram realizadas de 7 em 7 dias, para
analisar o efeito de annealing térmico em temperatura
ambiente, avaliando o sistema apds as cargas
aprisionadas no diodo entrarem em equilibrio.
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Caracterizacdo do LGAD utilizando a
infraestrutura de teste do Laboratério
de Efeitos da Radiacao lonizante
(LERI) da FELI.

Durante o processo de irradiagao, foi
utilizado a NI PXle-8135 com as SMU
4130, para extrair as curvas de
corrente direta.
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Os testes de radiacdo, contaram com o auxilio dos equipamentos do Laboratoério de Efeitos da Radiacao
lonizante (LERI) da FEI.

Fonte de Raio-X de 10 keV




Caracterizacdo do LGAD utilizando a infraestrutura de teste
do Laboratorio de Microeletronica da FEI, antes e apds
cada fase de teste de radiacgao.

Com o auxilio do equipamento Keithley 4200 — SCS, foi
possivel extrair as curvas caracteristicas de capacitancia e
corrente reversa, antes e apos a cada fase de teste de
radiag&o. ' R




e
Resultados e Analise

Graficos de capacitancia antes e apos todas as irradiagoes

As caracterizacdes estaticas por |-V e C-V sdo realizadas para verificar a qualidade do
dispositivo. Nos LGADs, essas medicdes elétricas permitem estudar algumas propriedades
importantes do dispositivo, como tenséo de ruptura (V;,), tensao de deplegédo completa
(Vep), tenséo de deplegao da camada de ganho (V; ), corrente de fuga (/d), capacitancia
(C) eregiao de transigao e espessura do dispositivo.

A concentracao de dopagem da camada de ganho e do substrato pode ser calculada pela
seguinte equacao:

C(V)3 s €S| - A

NC(X) = =
€Si.q.A2.% C(V)

Onde Nc(x), d, A, €. ©q sao, respectivamente, a concentragcdo de dopagem da camada de
ganho (Nc¢) como funcéo da espessura do dispositivo (x), a profundidade de deplecao (d)
na tensdo V, a area da jungao (A), a constante dielétrica do silicio (¢Si) e a carga elétrica
elementar (g).
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Graficos obtidos na USP
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e
Graficos obtidos na USP

LGAD -tipo 2
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corrente (A)

Graficos obtidos na FEI
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Estamos assumindo as condi¢des
iniciais de nossos experimentos
com uma corrente escura um
pouco maior do que a
determinada na USP. Porém,
todos os resultados e alteragdes
relativas a essas condic¢des iniciais
continuam valendo.

Temos um maior ruido no inicio
das medidas: ndo é relevante para
nossas analises




Graficos de Id x Vd durante as trés

irradiagdes.
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Foi retirado o ruido apenas para destacar a “rapidez”
da subida da corrente com a tensao.
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Os resultados de operacdo em modo direto demonstram que as cagas estdao aprisionadas na regidao da juncao,
modificando a deplecdo e a resisténcia da caracteristica do diodo. Com o aumento de portadores, em modo direto,
podemos notar o aumento da corrente para uma mesma tensao aplicada, podendo ser consequéncia de altera¢des de
funcionalidade devido irradiacao. Obs: durante a radiacao até 10 krad ndo sao observadas variacdes relevantes nas curvas

Id x V modo direto.
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Medidas da capacitancia revelam a dependéncia do tempo de resposta das cargas aprisionadas por radiacao em funcao da
frequéncia, a qual serd explorada com mais cuidado em fun¢do da dose. As curvas que aumentam um pouco mais
rapido e atingem o platb, representam uma resistividade de bulk maior. Esta propriedade esta relacionada as
rofundidades de deplecdo alteradas pelas cargas acumuladas devido a TID. Este comportamento devera ser




Corrente (nA)

Resultados e Analise

ley XV -LGAD
20 LI B I NN N E N B B LA R
0 - a
-20 4 i
-40 - .
-60 - . - -
] e Pré |rradiagao
-80 1 Apos 10 krad
100 4 ; Pré 89 krad
] — P6s 89 krad
-120 Pré 438 krad 1
140 J e Pos 438 krad |
; 438 krad R.T.A
-160 -
-180 -

| L L R ~rr—rr-Tr-Tr- T 1 T 1T T
-220-200 -180-160-140-120-100 -80 -60 -40 -20 O 20

Tenséo (V)

A curva da corrente em funcao da tensao
em modo reverso mostra a degradacao
desta funcionalidade em funcao da TID
(Total lonizing Dose), embora apds 7 dias de
annealing em temperatura ambiente
demonstre uma recuperacao parcial.

Para doses de até 89 krad existe uma faixa
de tensdo para a qual pode ser possivel
explorar este dispositivo como dosimetro.
Para isso sera realizado um estudo
sistemdtico utilizando taxas de dose
adequadas para este estudo.

A corrente “escura” aumenta com o
aumento de TID.

Graficos de corrente reversa antes e ap6s as trés irradiagdes
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» Verificamos uma grande alteragdo na corrente reversa, especialmente apdés acumular 89
krad, sem apresentar recuperacdo total, em temperatura ambiente. Analisaremos o
comportamento em baixas taxas de dose. Assim, poderemos determinar até que ponto a
radiacdo compromete a funcionalidade do diodo como detector.

+ Este mesmo estudo sera utilizado para avaliar o comportamento e a precisdo do diodo
como dosimetro de radiag&o para raios X com energias na faixa de 10 keV.

+ Observamos alteracgdes significativas na capacitancia, especialmente em frequéncias de 3
MHz. Portanto, realizaremos um estudo detalhado do dispositivo, antes e apds cada etapa
de exposicao a radiagédo, em diferentes frequéncias, com o objetivo de compreender os
mecanismos fisicos de aprisionamento de cargas na interface do diodo e como essas
cargas sao mobilizadas em diferentes frequéncias.

* Obs: devemos monitorar também a temperatura durante o processo de irradiacao.

Em andamento

Preparo de uma placa de aquisicao de dados que permita caracterizar a corrente reversa em funcao da
tensao durante o processo de irradiacao, e desta forma verificar o comportamento da corrente, em uma
tensao fixa, para utilizacdo como dosimetro. Desta forma, verificaremos os danos em LGAD por efeitos
da radiagao ionizante de raios X de 10 keV .
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Em andamento

Preparo de uma placa de aquisicdo de dados que permita caracterizar a corrente reversa em funcio da
tensao durante o processo de irradiacao.

Layout da placa

A placa tem como objetivo alimentar e controlar a
corrente/tensao que vai para o dispositivo LGAD, além de
fazer a comunicagao com as SMU’s 4110, 4130 e 4072

SMU 4130 usada para controlar a corrente no DUT
SMU 4110 usada para controlar a tensao no DUT
4072 voltimetro do PXI




WG 5.2.1 : ATLAS HGTD

e USP is one of the main sites for sensor PQC

o Development of DAQ system (hDAQ) from
ground up

o  G. Saito ATLAS qualification work

o System at use at USP-CERN-IHEP-USTC-IJS

o Data uploaded automatically to CERN DB
on-demand

o Grafana is used to query DB and plot data

2.2. Sensors

B 88 General / Sensor Sandbox & M B ® OQuushus~ @ O - @
] sbox

+
g
g

vvvvv

V. 0.00000865A Data acquird.

a ® o ® 8
B
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Example of a grafana dashboard showing information about sensors.



WG 5.2.1 : ATLAS HGTD - Integration @ CERN

CERN will be construction site for HGTD e Firstintegration @ CERN in April
Need to build infrastructure and tooling (HGTD expert week)
Agreed as M&O contribution e Sensor+ASIC+PEB+FELIX readout
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WG 5.2.2 : Low Energy Applications

LGAD TID tests (X-ray) @ FEI board with HPK 3.1 & 3.2 wire bonded
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WG 5.2.2 : UFSD for Applied Sciences

Tests performed at Carnauba beam line at Sirius Light
source in Sao Paulo

Flux at sample corrected for attenuation (log plot) @ @enwem

tnis

Flux at sample corrected for attenuation windows and air path
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https://lnls.cnpem.br/facilities/carnauba-en/

WG 5.2.2 : UFSD for Applied Sciences

LGADS for picosecond time resolved X-ray testing

° First test in November 2023 = 30T o s Ok * r ‘ ags
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WG 5.2.2 : UFSD for Applied Sciences

LGADS for picosecond time resolved X-ray testing

2x2 LGAD arrray

=

150nm X-ray beam :

Second test beam in Jan 2024

ATLAS HPK 3.1 2x2 array

~150nm 2ns, 10ps X-Ray bunches

Position scan to measure/model the gain

Scripting using EPIC by Sirius team

We are advancing on the TCAD simulation with UC Santa Cruz
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January LGAD TB at Sirius

Interpad position scan

e J;

“ORed” scope trigger trigger between 2 ch

Position scan

e LGAD bias current profile for 50um scan
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https://indico.cern.ch/event/1270076/contributions/5461468/attachments/2670554/4629315/Skomina_RD50_MNE.pdf

WG 5.2.2 : UFSD for Applied Sciences

LGADS for picosecond time resolved X-ray testing

Third test beam in Fev 2024

ATLAS HPK 3.1 2x2 array

~150nm 2ns, 10ps X-Ray bunches

Scattered by amorphous carbon to provide wider beam
Energy/timing resolution wrt temperature
Scripting using EPIC by Sirius team

2x2 LGAD arrray ’(I:‘emp. led
ontrolle
N

Cryo Jet

D
/
150nm X-ray beam

e  Paper to be submitted ~ winter
e  Much more to come - many interesting ideias being
discussed with LNLS team




WG 5.2.2 : UFSD for Applied Sciences

LGADS for picosecond time resolved X-ray testing

e  New paper out (SSRL) (link)

Contents lists available at ScienceDirect

)
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Time-resolved synchrotron light source X-ray detection with Low-Gain

Avalanche Diodes

G.T. Saito™", M. Leite?, S.M. Mazza®, Y. Zhao®, T. Kirkes®, N. Yoho", D. Yerdea®, N. Nagel®,
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ARTICLE INFO ABSTRACT

Keywords: Low Gain Avalanche Diodes (LGADs) represent the state-of-the-art in timing measurements and will instrument

Ultra.fast silicon sensors future timing detectors at the High Luminosity Large Hadron Collider (HL-LHC) experiments. While conceived
Gain Avalanche Diodes as a sensor for charged particles, the intrinsic gain of LGADs makes it possible to detect low energy X-rays with

Charge multiplication
‘Thin tracking sensors
Synchrotron instrumentation

00d energy resolution and excellent timing (tens of picoseconds). Using the Stanford Synchrotron Radiation
Lightsource (SSRL) at SLAC, several LGADs designs were characterized with energies from 5 to 35 keV. The

SSRL provides 10 ps pulsed X-ray bunches separated by 2.1 ns intervals, and with an energy dispersion (4E/E)
of 1 x 10™*. LGADs fabricated by Hamamatsu Photonics (HPK) and Brookhaven National Laboratory (BNL) with
different thicknesses ranging from 20 um to 50 um and different gain layer designs were read out a two stage fast
amplification circuit and digitized with  high bandwidth, high sampling rate oscilloscope. PIN devices from
HPK were characterized as well. A systematic and detailed characterization of the devices' energy linearity,

resolution and timing resolution as a function of X-ray energy was performed for different biasing voltages at

room temperature.

1. Introduction

Low-Gain Avalanche Diodes (LGAD) were originally developed to
be used as sensors in the timing detectors of both ATLAS and CMS
experiments at the LHC [1,2]. These silicon detectors offer a time
resolution of tens of picoseconds for measuring charged particles by
means of a gain layer that provides an intrinsic moderate gain [3].
If maintained these characteristics when measuring X-ray photons,
these devices could be used as Synchrotron X-ray detectors capable of
resolving short pulses in a high repetition rate beam in a broad range
of energies. In this work we report the response of different designs of
LGADs in a 500 MH. repetition rate of 10ps X-ray pulses Synchrotron
beamline in energies between SkeV and 35keV.

2. Devices tested

LGADs are thin silicon sensors composed by the bulk, a low-doped
volume, typically between 20um and 50um and a highly doped thin
layer (gain layer) just below the PN junction of the device. On Table 1,

* Corresponding author.
E-mail address: g saito@cerm.ch (GT. Saito).

htps://doi.org/10.1016/j.nima. 2024169454

the nominal bulk thickness and the depth of the gain layer of the 3
LGADs used on this test (HPK 3.1, HPK 3.2 and BNL 20um) and a
PIN diode (HPK PIN) is presented. All 4 sensors are single pad devices
having an nominal active area of 1.3x 1.3 mm?.

3. Setup at SLAC SSRL

For this test, Beamline 11-2 of the Stanford Synchrotron Radiation
Lightsource (SSRL) at SLAC [4] was used for this test. It provides a
X-ray beam with energy dispersion 4E/E of 1x 10*. The bunches are
about 10ps wide and separated by 2.1 ns. They are bundled in 4 groups
0f 70 bunches, as seen on Fig. 1. Before the 4 groups there is an isolated
bunch that is kept in phase with the signal used as a trigger in this
setup.

‘The 4 devices tested were mounted on PCBs with a ~2GHz band-
width TIA amplifier, described on [5], and digitized by a 13GHz
bandwidth 128GS/s sampling rate oscilloscope.
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e  New paper in preparation (Sirius) for Oct. /Nov. 2024
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