CONSTRUCTION, COMMISSIONING,
AND INSTALLATION OF THE

CYLINDRICAL GEM INNER TRACKER
OF THE BESHI EXPERIMENT

Based on:
1. CGEM-IT Rewiew (https://doi.org/10.3390/sym14050905)

2. The dissertation Stefano Gramigna
(https://arxiv.org/abs/2505.20952v1)

Speaker — Andrey Sokolov
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BEPC Il @ IHEP

BEPCII Design Parameters

Beam energy 1-23¢
Optimum energy 1.89 C
Luminosity 103 cm™st @ 1.89 G
SR current 250mA @ 2.5 (
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BES Il MDC

| Outer radius 810 mm
s e Inner radius 59.2 mm
' : Number of layers 42 (24 stereo)
Anode wire 25um (W/Re)
=<3 | i Gas mixture He:C;Hg (60:40) )
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Inner Diameter

153.8mm
242 .8mm
323.8mm

CGEM-IT

Charachteristic
Angular Coverage
Material Budget
Rate Capability
O_fCP
oF.

dp/p @ 1 GeV/c

Godl

93% @411
<1.5% X,
104 Hz/cm?2

<130pm /

<1 mm /
0.5% y/

Active Area Strips Stereo
Length Angle
532mm 46.7°
690mm ~31.00 /
847mm 3290
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- The strips on the two sides are oriente

SINGLE LAYER LAYOUT

The GEM foils have 5 um copper on both
sides and a specific segmentation for the
two faces.

Readout plane is segmented in 5 um thick
strips etched on both the copper sides on

the Kapton foil and sealed with an
additional foil of 25 um Kapton glued on

them.

different angles. X strips, parallel to
beam axis, provide the azimuthal
coordinate and are 570 um wi
130 um wide, are oriented in€ach layer with
different stereo angle.

- The pitch for all the strips is 650 pm.
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. cathode

- The gas mixture chosen is AriC,H,, with

- The electric fields intensities equal to

SINGLE LAYER LAYOUT

Each GEM copper plane facing the anode
is divided in the so-called macrosectors. The

other copper part is sesgmented into 10

microsectors for each macrosector.

(?0:10) proportions.

(1.5/3/3/5) kV/cm; the GEM voltage

difference are (280/280/275)V, from G
to GEM3, corresponding to a gain
order of 104 with a discharge pro
below 10,



GAS MIXTURE CH
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Cylindrical ~ Permaglass Support Rings

Mechanical Service Flanges
Connecting Flanges

Supporting Flanges

Outer

Middle

e

Inner

Beam Pipe
FE boards

HV boards

CGEM-IT MECHANICS

The support rings are in
Permaglass, a fiber-glass
reinforced epoxy resin, which
guarantees the necessary
robustness and the gas sealing.

The mechanical structure is
laminated carbon fiber foils on a
Honeycomb structure.
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tegrated Gem Electronics for Readout (TIGER)

i FAST TIME BRANCH!
! '
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TIGER PARAMETE

Parameters Value
Number of channels 64
Clock frequency 160-200 MHz
Input capacitance Up to 100 pF
Input dynamic range 2-50 fC
Front-end gain 12 mV/fC
Non-linearity <2%
ENC <2000 e~
TDC time binning 50 ps
Maximum event rate 60 kHz/ch
Readout mode Trigger-less
Charge collectiontTime 60 ns
Time resolution <5 ns
Power consumption <12 mW/ch
Technology CMOS 110 nm




ALTERA ArriaV GX development kit

E(_) ArriaV GX FPGA
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CHARGE CENTRO

anode strip METHOD

anode Xce =
G3

G2 vce =
Gl

cathode




MICRO-TPC METH

anode

G3

G2 Xmerge = Wce Xce + (1 —wee) xy

Gl

cathode

Z=ax+Db



TRACK SEGMENT
FINDER EFFICIENC

efficiency (%)
3
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J/PSI VERTEX P

Delta rxy Delta vz0
70000 60000

— CGEMBOSS — CGEMBOSS
50000
BOSSr_ resolution =308 ym 40000 BOSS v, resolution = 1263 im
40000 |ccemsoss 1, resolution =295 um CGEMBOSS v, resolution =334 ym
30000
30000

20000
20000

10000 10000

w lllllllllllllllIllllllllllllllllll
o llllllllllllll'llllllllIIIlll

&2
&2

04 -03 -02 -01 0 01 02 03 04 05
MC - reco vertex z [um]

04 -03 -02 -01 0 01 02 03 04 05
MC - reco vertex xy [um]

Software System (BOSS)



COSMIC RAY TEST

The inner and middle layers are
assembled, one inside the other, as in

the final BESIII experiment. The detectors
are flushed with an AriC,H,, (?0:10) gas
mixture and operated at a gain of

10,000-12,000, with the electric fields
between the electrodes set to 1.5/3
kV/cm (from cathode to anode).




[ .

L

p--

o

i

e

I

e

g .

£

-

—

p—

L

&

p—

=

L

&

—

p—

—

o o |
280

HV on GEM [V]

TESTBEAM RESULTS
TRIPLE-GEM SETUP A
TIGER ELECTRONICS

l’lllll

L L || | LI
—

80 é_ ..... T ........... +
0% S I N S S S

lzollImlllmlllsollllwllllzo
Mean Cluster Charge [fC]




CONTROL AND
MONITORING INTERFACE OF
THE HV POWER SUPPLY
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NEW 3 LAYER ASSEMBLY
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