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Outline

 BESIII requirements for a CGEM Inner Tracker

 Prototype targets

 LNF CGEM miniworkshop

 Assembling a KLOE2 CGEM 

 GASTONE32 analog readout
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Qun Ouyang  at 
Frascati CGEM 
workshop

Alternative Options:



Momentum resolution sp

Ptot(GeV/c) 0.2 0.6 1.0
sp(MDC)  (MeV) 0.89 (100%) 2.53 (100%) 5.59 (100%)
sp(CGEM 330mm*400mm) 1.76(+98%) 2.84 (+12%) 6.50(+16%)

sp(CGEM 130mm*250mm) 1.72(+93%) 2.69 (+6.0%) 5.90(+5.5%)

sp(CGEM 80mm*150mm) 1.72(+93%) 2.62 (+3.6%) 5.58(-0.18%)

Liangliang talk



Transverse resolution sr

Ptot(GeV/c) 0.2 0.6 1.0
sr(MDC)  (mm) 622 (100%) 215(100%) 168(100%)
sr(CGEM 330mm*400mm) 887(+43%) 385(+79%) 271(+61%)

sr(CGEM 130mm*250mm) 781(+26%) 286(+33%) 208(+24%) 

sr(CGEM 80mm*150mm) 729(+17%) 262(+22%) 177(+5.4%)

Liangliang talk



Z resolution sz

Ptot(GeV/c) 0.2 0.6 1.0
sz(MDC)  (mm) 2020 (100%) 1531(100%) 1539(100%)
sz(CGEM 330mm*400mm) 1024(-49%) 473(-69%) 378(-75%)

sz(CGEM 130mm*250mm) 816(-60%) 399(-74%) 307(-80%) 

sz(CGEM 80mm*150mm) 713(-65%) 323(-79%) 252(-84%)

Liangliang talk
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CGEM expected spatial resolution 

Digital readout

KLOE2 (650 µm pitch) 
sx =190 µm   sz ~ 350 mm

Magnetic field effect :
charge spread over the readout plane
190 µm  330 µm

Analog readout
high spatial resolution: down to 50µm
COMPASS (400 µm pitch)

No magnetic Field effect 
since  analog readout  measures the centroid of the induced  charge 

 sx ~     650/400 • 50 ~ 80 mm
 sz ~     80 • 350/190 ~ 150 mm

BESIII B-Field sx  = 330 mm
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CGEM structure

3 mm

2 mm
2 mm

2 mm

Cathode

GEM 1
GEM 2

GEM 3

Anode

Read-out

Cylindrical Triple GEM

light structure: < 0.4% X0 /chamber

 high rate capability: > 50 MHz/cm2

 rad hard: up to 2.2 C/cm2

10 years equivalent over the whole active area 

without damages in LHCb
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Times*material*quantity % of X0

CATHODE Copper:               2*3 *1                          
Kapton:              2*50*1
Honeycomb:  1*3000*1

0.0420
0.0350
0.0240

Total=  0.101

GEM foils Copper:            6*3 *0.8
Kapton:         3*50 *0.8

0.1007
0.0420

Total= 0.143

ANODE Copper:         3.5+1.5+3 
Kapton:          1*225 *1
Gold :               2*0.1 *1
Epoxy:               2*10 *1

0.0559
0.0787
0.0061
0.0060

Total=0.147

CF Shield CF:              2*90 *1
Honeycomb:  1*5000*1

0.0429
0.0400

Total=0.0829

1 Layer=  0.48
4 Layers =1.92

CGEM KLOE2 Layer

Times*material*quantity % of  X0

CATHODE Copper:               2*2 *1                          
Kapton:              2*50*1
Honeycomb: 1*3000*1

0.0280
0.0350
0.0240

Total=  0.0870

GEM foils Copper:            6*2 *0.8
Kapton:         3*50 *0.8

0.0671
0.0420

Total= 0.109

ANODE Copper:         2.5+1.5+2
Kapton:          1*225 *1
Gold :               2*0.1 *1
Epoxy:               2*10 *1

0.0420
0.0787
0.0061
0.0060

Total= 0.133

CF Shield Kapton:              2*50 *1
Honeycomb:  1*3000*1

0.0350
0.0240

Total= 0.0590

1 Layer= 0.39
4 Layers =1.56

CGEM Prototype 

Material Budget
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Prototype construction targets
 Design,construction and test of a CGEM prototype, 

in case first layer of a new CGEM Inner Tracking 

 Design,construction and test of an analog readout system
to achieve  <  100 µm  xy and  < 200 µm z resolutions

 Budget  requested to Foreign Affairs Ministry, 
following the Agreement of scientific cooperation 
for a Joint laboratory “INFN-IHEP ” :
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LNF CGEM miniworkshop

 October 2012 : 2 days Cylindrical GEM workshop at LNF 
with Chinese collaborators,KLOE2 ,BARI,CMD3
and CERN (Rui de Oliveira) 
https://agenda.infn.it/conferenceDisplay.py?confId=5502

 G. Bencivenni and collaborators presented 
the status of  KLOE2 Inner Tracking CGEM detector

 A. Ranieri (Bari University) presented the analog
version of KLOE2 GASTONE digital readout 

 The second day was dedicated to visit the CGEM laboratory,
where a practical assembly procedures demonstration was  given

 The following slides are a summary of D. Domenici and A. Ranieri
talks  on  CGEM construction, assembling and analog readout
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GEM Foils

GEM Foil Thickness
(µm)

Radiation
Length 

Copper 3 2.1E-04

Polyimide 50 1.75E-04

Copper 3 2.1E-04

56 5.95E-04

 GEM foils are manifactured at
CERN TE-MPE-EM with a single-mask
chemical etching technique tuned to
produce large size GEM

 Present size 1.2m x 0.5m (active area)
Future max size 2m x 0.5m

The hole shape is double conical (70-50-70)
with a slight asymmetry
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20.11.12 D. Domenici @ SC.LNF 29

Cosmic rays Test

tracking provided by 
external 10x10 cm2

Triple-GEM

Test with final HV cables and distributors, 
final FEE and DAQ system

top/bottom 
scintillators for 

trigger



Cosmic rays Test

20.11.12 30D. Domenici @ SC.LNF

3D view

Z vs X 
(Lego View)

noise

cosmic 
tracks
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KLOE-2 IT Detector Construction Status



Further Possible Improvements

 CERN facilities can manufacture foils with Cu 1µm thick

 CF shield can be replaced by kapton 

 Molds mechanical tolerances could be more permissive

 Experts are investigating a new assembling
procedure without molds  
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GASTONE32 with analog readout

 GASTONE32, a 32 channels board with analog readout, already available. 

It produces  an amplified and shaped output of the detector input.

(See workshop A. Ranieri presentation )

 Funding request to INFN for a small planar (1010)cm2 3-GEM 
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GASTONE32: some test results

 Ar/CO2=70/30

 G ~104

 10 primary clusters/3 mm

 Clsize ~2.3 el/primary 

Charge/mip ~ 36 fC

Charge/mip/strip ~9 fC
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A preliminary guess for
layer 1 prototype construction

 BESIII CGEM layer 1 hardware needed:
* Construction tools available
* Molds                                    5
* GEM planes                     3
* Anode plane                    1
* Fiberglass rings             10
* GASTONE32                  90
* Peak sensing ADC         3000

 Construction time : 1-2 years (starting from funding approval)
 Analog readout development should be done in parallel 

 A  120 KE budget seems a reasonable estimation

Layer 
number

Internal 
diameter
(mm)

Length
(mm)

GEM  
foils

1 126 870 3

2 192 870 6

3 258 870 6

4 324 870 6



SUMMARY
 CGEM could be a solution for a new  Inner Tracker

 A relevant gain is achieved in the longitudinal view

 Transverse momentum resolution worsening 
is at lower momenta.
Many particle MC simulations may help to clarify this point

 We are confident that the funding request will be approved

 The prototype construction should be a simple task provided 
we rely in KLOE2 expertise



25-29 November 2012,BESIII Winter Collaboration Meeting,Guilin 38

Thanks again for

谢谢

your attention
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