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‘R&D of GEM at CIAE
*‘R&D of MicroMegas at CIAE
‘R&D of RPC at CIAE

*R&D of Other Detectors and Electronics at CIAE

Summary and Perspective
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Developments of Advanced Gas Detectors
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R&D of GEM at CIAE
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Structure of GEM

e GEM detector:

— Cathode, Drift field,
GEM foil, Induction
field and Readout board.

— GEM foil: the most
important part of GEM

detector . Normally 3
GEM foils in one GEM

detector.
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GEM Foil

Typical GEM Foil has 3 layers,
two Sum thick copper foils
and one S0pm thick kapton
foil in the middle.

Diameter of the hole is 70 pm ,

and the distance between them
is 140 pm .

Apply electric voltages on the
two copper layers.

iy : " )
Electric Field is very strongin | . :Z E 9 SR
the hole area, and weak jw %lﬁ[
outside the hole area. ' l

GEM Field
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Doubl k photolith Single mask photolithograph
¢ mask ph ography S it ngle mask photolithography

copper clad on both sides

Photoresist coating,
masking, exposure

Photoresist development,
copper etching

Kapton etching
Metal etching

Second masking,
exposure

Development, etching,
final cleaning
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GEM License and Training

CIAE is the first chinese institution which signed
officially the LICENSE AGREEMENT FOR
MANUFACTURING AND COMMERCIALISATION OF
GEM FOILS AND GEM-BASED PRODUCTS with
CERN.

| took a training for GEM foil at CERN. =
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Photolithography Roon

Constructlon At CIAE
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"The Equipments Tor Lz
Exposure of Dry Film Photoresnst

Lamination and exposure of dry film
photoresist are the most important
and difficult steps for GEM foil

> production.

| We have established a yellow light
zone, Hot Roll Lamination (HRL)
machine and Exposure system.

We invited a senior engineer from a
ous electronic factory to CIAE
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Exposure of Dry Film Photoresist

We use negative photoresist
for GEM image transfer,
unexposed areas are relatively
unchanged and easily washed
out during the development.

To obtain an identical copy of
the photo-mask to the
photoresist, vertical sidewalls

We can observe the
in the resist are important. image transfer with

£S

' — :good accuracy.
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Copper Etching and Kapton Etching

The size of the hole is 70um
as expected

:Ilsﬁl?ﬁﬂﬁf"ﬁ,

PR



Comparison¥

in Different Conditions

Insufficient Good Excessive
development development development

Excessive
copper etching

Insufficient Good
copper etching copper etching
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4= 4= B sR SE 96 =

S50cm*50cm GEM Foil

® The S0cm*50cm GEM foils were made successfully.
® single-mask method was used.
® We did more than 200 samples before reaching this resulit.
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GEM Detector Assembly at CIAE

active area 10*10cm
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GEM Test system\

VME crate
< -
ﬁ % Control signal
. || B O "
Crrical APV25 FEC
fiber 1

GEM

Detector <: HV

4 /
LOGICUNIT [€—

DISCRIMINATOR

TRIGGER

Analog signal
X I nalog signa ﬂ

1S3Y
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Spatial resolution

2 s 2D 2
Otot = OGEM T C10_geometry

When: Ogeometry < OGEM

i S >
Otot = OGEM

e Slit(um): 20;
 Ar: CO,=70% : 30%:;
« HV:3600V;

e The distance between
strips: 400um.

channel n
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X-ray imaging (@ CIAE

information

Entries 248649

®X ray Energy: 8.9keV;
@256 channels for each dimension( 512

channel 1n total);
®4 APV FECs were used (2 for each

dimension)
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GEM: SoLID Spectrometer at JLab
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GEM: Neutron Detection

n n n n
¢ ¢ entrance window ¢ ¢ Neutron

. drift electrode conversion part|(Actually it is eight GEM foils)
n
_— %@. _— S OEMI Ar-CO2 gas
EM1- 1 mm

ﬁwﬂ. * @%# oEM2 GEM2-B > { 1mm
e

2 mm

readout- . v,

‘J’ structure
\ Readout board

= Kapton == COPPE mmmmm Boron %ionimﬁonh‘ad{ Gas ampliﬁcation
part

O

coated with boron

KEK

transfer-GEM
coated with boron

transfer-GEM
coated with boron

gain=GEM
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R&D of MicroMegas at CIAE
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Micromegas Classifications

— Classic Micromegas

e Mesh on a frame

— Bulk Micromegas

* photolithography process is used to attach the
mesh on the PCB.

— Microbulk Micromegas

* Mesh and PCB made on a unique kapton foil, the
mesh layer is thinner.
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The France-China Collaboration: first joint-PhD

UNIVERSITE DE NANTES

ECOLE DOCTORALE
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Anmin . 3002 NURL

Thése de doctorat de I'Université de Nantes
En cotutelle aves China Institute of Atomic Energy

pripaste
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PHOS prototype with PbWO, crytals

Xiaomei LI
(CIAE Beijing)
Cotutorship PhD Subatech-CIAE

1999-2002
Supervisor: Yves Schutz

kEH275{E846904 MPYR102413 EHE69357849 {EE69357787




4= 4= B sR SE 96 =

MICROMEGAS detector

 active area 415*375mm?
* 3mm drift gap
il KD L7E% mwx o 100 um amplification gap

L0

2 [N-OUT COMPOSITE Jrom ORIFT EFF

FRONT Ew0 ELECTRONC CATHOOE

ESH FRAME

* a high electric field in the
FC BIRO ° ° °
———— amplification region

B, I e ( )

T\ N\ O TV ]  alow electric field in the
RLCELERATION GAP (.t drift regi()n (ZkV/ cm)

COMPOSITE MATERIAL EORO

MICROMESH FRAME SUPPORT

CONOLETIVE FEED THROUG! MCRO SPACER

Ph.D in SUBATECH,
France
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MICROMEGAS detector

I e The anode is made of a 1.0mm
thick electronic board(GI180)
on one side with 2.2%2.2 ¢cm?
copper pad
e on other side with signal collecting
e strip

 The micromesh is made of pure
Nickel

* The cathode consists of 9 um
layer of copper, glued on a 3mm
_ thick plate made of composite
COFPOSITE FATERIAL BORD | material
A

CIMPOEITE MATERA L0

COMPOSITE MATERIAL BORD S {

HMICFTMESH FRAFE

GRAZ JHLET

COMPOSITE BOX

HO0E #Pmn -2fmn PANS
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Two different ¢ esigns to

keep micro-spacers

1. The amplification gap is defined by cylindrical
micro-spacers of 200 pm high and 250 pm in

diameter, glued on to the anode-pads with a pitch
of 2 mm in both directions.

2. The micro-spacers are replaced by an
insulating grid sandwiched between the micro-

mesh and the anode plane
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Structure of Bulk MicroMegas

PCB anode PCB

photoimageable film is
laminated on PCB PCB

S.S. mesh is placed

PCB

S.S. mesh laminated
between two layers
of photoimageable film PCB

photolithographic process @ @ @ Reference:Study of bulk micromegas detector

Chinese Physics C Vol. 34, No. 10, Oct., 2010

completed micromegas
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Manufacture of MicroMegas at CTAE

 Completed R&D and mass production of bulk MicroMegas.

* Developed new photoetching MicroMegas.
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‘Capacitance and Resistance

Automatic Testing System Invented
by CIAE

kEH275{E46904 MPYR102413 EHE69357849 4{£JE69357787 I




4= 4= B sR SE 96 =

Performance of Micromegas

The gain of the detector varies with the grid voltage under different
ratios of Ar and CO, working gases

B T The Micromegas developed
e // ///// independently by our team
mwos'_ Rarro // /// // achieves the best energy
R / //// resolution of 17.5% in Ar and
e . -// / / / // // // 1C,H,, gases.

wel N o
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Development of Sealed Chamber MM

kEH275{E846904 MPYR102413 EHE69357849 {EE69357787 I




= = 5SSk 3s =
Development of Sealed Chamber MM

Vi 510V Vp,4900V

10000 10000 0.4 0.4

8000 8000

0.3 0.3
5000 \M 6000

EPmemeesRRRNER s
4000 4000 o

2000 2000 0.1 0.1

‘The energy resolution of the sealed micro-pattern gas :
“detector has consistently remained at an excellent level after
21 days of continuous measurement.
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Micromegas

X-Ray Imaging

Argon + 30%CO,

Mesh: -550V(max -620V)
Drift: -2500V
50kV X-Ray tube

ymean:xmean

ymean:xmean
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MicroMegas:
Radiation Detection
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Neutron imaging at China Spallation

Entries 135170
Mean x ng
Mean y 3227
StdDevx B2ES
5td Dev B.B56
—350

100

el 169357787
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Using 70-100MeV to measure the cyclotron neutron beam
at 28 points online. It 1s the cyclotron neutron beam spot
monitored online for the first time
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MicroMegas:
TEPC at CIAE

TEPC is widely used in
microdosimetry.
Compare with MWPC:
Easy Assembly,

More Sensitive

Compare with GEM:
More stable

Fissue Equivalent

ST ITEEEAREE B/ g10241% EB{FRCAGTR40 {EE69357787




12x 24 P55 5= =2 S5 i ==

MicroMegas for the
R&D of CEPC TPC
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TPC Based On Micromegas

Chamb
er
Field Cage
Micro =
- 9 s =
Signal Line ==
Output

Schematic Diagram of
TPC Structure
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Data Acquisition Software

Developed supporting data acquisition software for
the time projection chamber based on Qt Creator and

ROOT

TPC_Analysis X ®RE EREREXE RBE
HEmEH: Graph: Current EventID: 22 ChannelID:253 v CERNROOT | OnlineProcess v OnlineDraw
fith & JEIRBY[E] - ‘400 ‘ Curve Pad Receive Filename: | ‘
\Ogancel\ File size: 1 ' MB
3000 File number: 1 |
2500 T =
2000 Power On Times: \ First Time \
TPC_Analysis x 1500 Trigger Mod: 'Self Trigger v |
1000 WS V' Receice File ? ‘ Start ‘
FE_ID: HFE_l D ] 0 200 400 600 800 Using TCM 2
Channel: | Channel | e -
o Config Fil : ... Add Config Fil
Threshold: Threadhold \ 31000 FUSFE... .. = SRl =] onfig File|
Config All ‘ Continue ‘
‘egancel ‘ |°QK] 2024-07-04 14:41:08: IEfERbEEvent_ID/J:
32000 B9EAF... ...
‘ ‘ Stop ‘
Pa rtia I 2024-07-04 15:43:54: IEfE4hHEEvent_IDJg:  Sleep Second: 1.00 B
0 KYEHF... ... ) R e g
Co nfig u ratio n _ DataFilename: 240613022654.dat & - |

Page

Real-time

Display of

Trajectory
2D

Projection

LRm275{55E46 348

Mp4E102413
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Cf?%52 Emission Particle Trajectory Diagram

Projection tp the XQY plane

Projection to the XOZ plane

Projection to the YOZ plane

A\ 12 24 =
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Experiment of Cf2%52

2B 8 5 8 2

L
£
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Compact and Lightweight TPC

The compact lightweight TPC is a new type of time projection

chamber developed for mobile measurement,

Traditional chambers cause
unplanned random scattering

The polyethylene chamber
can well accommodate the
nassage of cosmic rays

balancing noise shielding and
portability
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R&D of PRC at CIAE
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Motivation of ther

Upgrade

Add RPC ( Resistive Plate Chamber) as a fast
muon trigger to study the quark-gluon structure
of the proton by observing W-bosons from
colliding polarized proton beams at RHIC.

d w M
hh'_lr:i Rz R3
u “.I_TIE H I Rreal Meon

' Decay Muon

_"h——.-. I [ "I'F Hadrone
1 ]
| ¢ Fake Muons

" MulM - fEE69357787 I
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RPC Pro pres

,,,,,

The upstream of Prototype No.2 is separated into two parts and

the readout strips are jointed with ground by matched resistances.

kmh275{EE46 058 HPYR102413 EHE69357849 {EE69357787
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CIAE Carried out the design
and production of the module
parts of RPC detectors for
PHENIX forward upgrade,

B 357787
-
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RPC installation at PHENIX

and Technology
j Prize.
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Development of EMCal Detector

for sSPHENIX
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EMCal Design Performance

The EMCal (Electromagnetic Calorimeter) is an essential sub-
detector for sPHENIX to measure the QGP near the critical
temperature.

EMCal covering = 1.1in 7 and 2w in¢. A¢xAn~0.025x 0.025

¥

4 1 3 2
Tower X
<
/ North/South Half (32 Sectors) &
%
£
4
8 m Block (4 Towers) \\ .."
i
/ f
f
;
H
W
S

Sector (24 Modules)

Module (4 Blocks) ' '
@ / / "'
i

The EMCal performance is central to the direct photon and Upsilon
measurements and it is also a key component, along with the HCal,
of the jet reconstruction.



EMCal Block Design

The EMCal block design consists of scintillating
fibers embedded in the absorber material, which is a

matrix of tungsten powder infused with epoxy
(W/SciFi),

» High density (9-10 g/cmA3), low radiation length (~7
mm), small Moliere radius (~ 2 cm), compact structure and
low cost.

» The readout system adopts light guide combined with
SIPM.

W/SciFi Block



The Contribution from China

>»Total 6144 blocks for EMCal
>1248 blocks will be made in
China.

»Fudan, CIAE, and PKU are the main cooperative sites in
EMCal construction and make an important contribution to
the sSPHENIX experiment.



SPHENIX EMCal R&D Center

02668 scintillating fibres |

in one block
06340 kg in total

097% finished product

ratio




10N

Block Mass Product
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Block Mass Production
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FPGA-Based Readout System for SiPM

Co T T L r

l How to measure the k {\ I

! —)

! -\l N_ voltage? : :

| eTOT o S
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ALICE Upgrade
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The ALICE 2.1

2010-2013 2015-2018 2022-2025

2029-2032

2035-2038

ALICE 1

ALICE 2 ALICE 2.1

ALICE 3

Stiching MAPS-based ITS3

carbon foam

3 sensors (MAPS)
wafer-scale (stitched)
thinned to O(20-40) pm
bent to cylindrical shape

[ Replacement of 3 innermost layers of ITS2
Curved wafer-scale ultra-thin silicon sensors:

cylindrical layers (1 sensor per half layer)

P Low power — air cooling — low material

budget

P Improved tracking precision and efficiency at

low p;

ANERN

Silicon-based FoCal

\ absorber ‘ LG layer ‘ HG layer

Pad (1x1 cm?): shower profile and total energy
Pixel (30x30 um?): position resolution to resolve
overlapping showers

\or4




ALICE 2.1 - FoCal Detector

ALICE
FoCal-H

Spaghetti-like hadronic calorimeter

* Copper tubes with length of 110 cm ~ 74, (length constrained by space)
* Inside the copper tubes are scintillating optical fibers
* readout using SiPMs

FoCal-H prototype, 9 x (6.5 x 6.5 x 110 cm?)

63



ALICE 2.1 - FoCal Detector

ALICE
FoCal-E

Silicon and tungsten constitute an electro-magnetic calorimetor
with an equivalent granularity of approximately 1 mm?

* 20 layers: Tungsten (3.5 mm = 1X,) + Silicon sensor

* Two types: Silicon strip (LG) and Silicon pixel (HG).

* Silicon strip provides cluster shape information

* Pixel layer provides high position resolution to resolve cluster
s with partial overlap

64



ALICE 2.1-Focal Readout Electronics

M. Auger et al 2016 JINST 11 P10005
32 SiPM inputs

TINTOUT T 0 +5V, 500 mA

CONTROL BUS

CITIROC1 . LPC4370
ASIC ARM MC

3-port
Ethernet
o

ANALOG BUS I - w
+5V
Low voltage stabilizers —

FoCal-H 2021 prototype
readout electronics

3x4x2ALPIDE terface Ruvz |
ors board m; lcmos Misa
- e
FireFly| BT Uss3
-_— -
system
clock TRIG
R
LvDsS 1.8V
3x4x2ALPIDE interface Ruvz  |OMOS
sensors board slave o
) [ e
clock
FlN

100 Mbit Enet

arXiv:1912.11115

For the readout electronlcs of Focal-H, with a focus on the
readout of the SiPM, a number of prototype electronics have
been developed that use an ASIC as an analog front-end and an
FPGA as a digital back-end. In the case of Focal-E, the electronics
scheme chosen is also different due to the different granularity of
the pad layer and the pixel layer.

2times (one per side)

10G-PON
network

ger
candidate

arXiv:2209.02511

arXiv:2302.13912

FoCal-E pixel layer prototype EPICAL-2 readout electronics FoCal-E pad layer prototype readout electronics



ALICE 2.1-Focal Readout System

as the front-end chip, ECON
chip for data compression,
|pGBT chip for data
transmission, and FPGA for

On detector Readout Rack (>8m) Counting room
Pads 20 DCB 792 fibers.
5xHGCROC3 (IPGBT)
CRU
e Input: Data
Pads 2 le— Output: LO
B | e |
~160 fibers rigger boards
5xHGCROC3 199 Lo
110 input in
4xLayers (8,9,11,12) CTP processing J
Lo x
(Local) Pixel Trigger (30-40m away)
Pixels 10 Transition Event
HOIS 10 gy, T <—1.2Gbps: m"ﬁgrﬂ— =====
RUs
Pixels 5 Transition
board
24 fibers
- control.
FoCal-H Copper
readout card Optical
H2ZGCROC3  [IpGBT fibers
1 MHz pp
1 Mhz pPb
50 kHz PbPb
FoCal readout system
HCAL Front End electronics
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®Protect FPGAs with Long Readout Rack

®Use ECON-D and IpGBT readout pixel data

O ALPIDE pixels use continuous trigger mode, or
through signals provided by the Pad layer

@6 HGCROC, 2 LpGBT, 1 VTRX+
@®6x72 =432 channels

®Use ECON-D / ECON-T ASIC compress data
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2 Professors
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Summary and Prospect
1. Complete R&D and mass production of Advance Gas detectors

2. Complete R&D and mass production of scintillating fibre
detectors.

3. Electronics for MPGD and Electronics for SiPM developed
by our team are working well. Now we are working on the

electronics of ALICE Focal upgrade.

4. CERN/ALICE —CIAE joint lab is under construction.
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Electronics for Different Detectors
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Electronics for Electronics for Electronics for
MPGD S1iPM ALICE FoCal
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Detector
Applications and Collaborations
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