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BES III

BEPC-II
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Physics at W - charm Energy Region

• Hadron form factors

• Y(2175)

• Zs states ?

• QCD test

• Light hadron spectroscopy 

• Glueballs, hybrids, 

multi-quark states

• Rare decays

• Tau physics

• XYZ

• D and Ds physics

(fD and fDs, 

mixing, CP)

• Charmed baryons

� Rich of resonances: charmonia, charmed mesons, charmed baryons

� Threshold characteristics (pairs of W, D, Ds, …) -- low BG at threshold, 

high X-section -- indirect probe of NP

� Transition between pQCD and non-pQCD

� Energy location of the new forms of hadrons

2 GeV 3 GeV 4 GeV 5 GeV

• Hadron form 
factors 

• Y(2175)
• Zs states?
• QCD test 

• Light hadron 
spectroscopy 

• Glueballs, hybrids, multi-
quark states 

• Rare decays
• Tau physics 

• XYZ
• D and Ds physics 

(fD and fDs, mixing, 
CP)

• Charmed baryons 

Beam Energy: 1.0 – 2.3 GeV
2009 - now: BESIII physics run
Lpeak= 1.0 x 1033/cm2s (4/5/2016) 
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A Cylindrical GEM Inner Tracker for BESIII
´ The inner Drift Chamber is suffering for ageing.
´ The new Inner Tracker is based on three layers of cylindrical GEM. 
´ Inherit the construction technique from the KLOE-2 CGEM.

each layer composed by 
a cylindrical triple GEM

3 layers CGEM
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• Low Material budget ≤ 1.5% of X0 for all layers

• High Rate capability: ~104 Hz/cm2

• Coverage: 93%

• Spatial resolution srf ~130 µm, sz <1 mm in 1 T 

magnetic filed

• Operation duration at least 5 years

Also	funded	by	the	European	
Commission	through	the	call	
H2020-MSCA2014	
(BESIIICGEM).

INFN,	Mainz,	Uppsala,	IHEP.
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KLOE-2 BESIII action
Number	of	detector	layers 4 3 à 5 mm drift 

gap
Drift gap 3 mm 5 mm also for µTPC
Material	budget	per	layer 0.5% X0 0.4% X0 rohacell and 

anode
Momentum	resolution	@1	GeV not used σpt/Pt =~0.5%
Rate	capability	– radiation	hardness < 10 kHz/cm2 few 10 kHz/cm2

Spatial	resolution	f 250-350 µm 
(B=0.5T)

100-150 µm 
(B=1T)

with µTPC

Spatial	resolution	Z ~1 mm <500 µm with µTPC
Magnetic	filed B = 0.52 T B = 1 T à µTPC
Internal/external	diameter 244/440 mm 156/356 mm higher rate
Readout digital charge + time new ASIC chip
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Some results with CgemBoss665b�

D signal� D* signal�

Primary vertex resolution (event level)�

improvement in z�

eeàYàD*-D0π+ @ 4.42GeV�

Stefano Gramigna AA 2016/2017

Anodo Jagged

X

V

Strip X:

Larghezza 570 μm

Passo 650 μm

Strip V:

Larghezza 130 μm

Passo 650 μm

R.FarinelliCHARM18, 26 May 2018 - Novosibirsk  6   

CGEM-IT proposal
● BESIII is an experiment that will taken data 

until 2022 or more and it needs a new IT. 
The Italian group proposed to replace the 
inner part of the Inner DC with 3 
independent layers of triple-GEM

● The new IT has to match the MDC tracking 
performance with 3 layer instead of 8

➢ Improves the radiation hardness

➔ Aging test on this technology shows a 
long-term stability

➢ Improves the spatial resolution in the 
beam direction

➔ Benefit for decays with short living 
particles or secondary vertex

… is a “GEM”? 

IONIZATION 

ELECTRON DRIFT 

MULTIPLICATION 

SIGNAL 

[PDG 2016] 

It is a gas tracker 

10/05/2018 6 LL * CGEM-IT 
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Sezione completa CGEM-IT
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Some results with CgemBoss665b�

dr<1cm, |dz|<10cm�

σp�

σdr�

σdz�

10/05/2018 44 LL * CGEM-IT 

Assembly – cathode & anode 
Kapton cylindrical gluing 

Rohacell helix gluing 

Rohacell grinding 

cathode anode 

momentum resolution



KLOE-2 BESIII action
Number	of	detector	layers 4 3 à 5 mm drift 

gap
Drift gap 3 mm 5 mm also for µTPC
Material	budget	per	layer 0.5% X0 0.4% X0 rohacell and 

anode
Momentum	resolution	@1	GeV not used σpt/Pt =~0.5%
Rate	capability	– radiation	hardness < 10 kHz/cm2 few 10 kHz/cm2

Spatial	resolution	f 250-350 µm 
(B=0.5T)

100-150 µm 
(B=1T)

with µTPC

Spatial	resolution	Z ~1 mm <500 µm with µTPC
Magnetic	filed B = 0.52 T B = 1 T à µTPC
Internal/external	diameter 244/440 mm 156/356 mm higher rate
Readout digital charge + time new ASIC chip

Peculiarities of the BESIII CGEM9

Pisa Meeting 
2018G. Cibinetto - A Cylindrical GEM Inner Tracker for the BESIII experiment

is driven by the gas mixture composition and the applied electric fields. Under134

these conditions, both detection e�ciency and spatial resolution are very stable for135

di↵erent gas mixtures and operating parameters. The average of one dimensional136

e�ciency on the plateau region is above 98% while the spatial resolution is below137

50 µm and depends mainly on the cluster hit multiplicity. The plateau starts at gain138

of about 5000 as shown in Fig. 3a [17].139
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Figure 3: Performance of a triple GEM prototype with charge centroid cluster re-
construction for Ar/CO2 (70/30) and Ar/isoC4H10 (90/10) gas mixtures. The con-
version gap of the prototype is 5 mm. (a) Detection e�ciency and charge centroid
resolution for B = 0 T. Results obtained with a drift field of 1.5 kV/cm. (b) Spatial
resolution as function of the magnetic field intensity (Gain ⇠ 9000).

When a strong magnetic field is applied orthogonal to the electron drift direc-141

tion the Lorentz force displaces the avalanche; the e↵ect is a heavy smearing and142

deformation of the electron cloud shape at the anode. The signal is no more Gaus-143

sian, thus not easy to be parametrized: the stronger is the Lorentz force, the wider144

is the smearing. Therefore the spatial resolution of the CC method starts degrading145

linearly with the intensity of the magnetic field as shown in Fig. 3b. On the other146

hand, the detection e�ciency is not a↵ected and remains as good as it is without147

magnetic field.148

149

Since most of the di↵usion occurs in the conversion gap, that is thicker and has150

lower electric field compared to the other gaps, we performed a scan of the drift151

field to minimize the Lorentz e↵ect and optimize the high voltage settings for op-152

erations in a strong magnetic field; the study has been carried out at B = 1 T, with153

a gas gain of 9000 for prototypes with di↵erent conversion gaps and di↵erent gas154

mixtures.155
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(xi, ti)

Figure 5: Sketch of the track reconstruction inside the conversion gap with the
µTPC method.

provides ones of the two required coordinates, while the other coordinate (per-178

pendicular to the strip plane) is reconstructed from the time measurement and the179

electron drift velocity extracted from Garfield simulations, as described in Formula180

3 . v
dri f t

is the drift velocity, t is the measured time and t0 is drift time of an electron181

from the first GEM plane to the anode. t is approximatively constant for each elec-182

tron. Only the time used by the primary electron from the place where is created183

to the first GEM is needed.184

zµT PC

= v

dri f t

⇥
⇣
t � t

⌘
(3)

The µTPC reconstruction technique has been originally developed by the AT-185

LAS MicroMegas collaboration [18][19].186

187

In Fig. 5 the µTPC concept is explained. Once a cluster is found, coordinates188

(x, z) and errors (dx, dz) are assigned to each strip and a fit with a straight line is189

performed. Errors dx basically account for the uncertainty of the hit in the finite190

strip pitch plus a weight depending on the fraction of the total charge collected on191

the strip; dz is the error as propagated from the time measurement error. The best192

position measurement corresponds to the track fit at half-gap, where the interpo-193

lated position estimate minimizes the error.194

195

The µTPC clustering method has been initially tested with inclined tracks and196

no magnetic field; data with chambers at 10�, 20�, 30� and 45� w.r.t. the beam197

direction have been collected. An angular bias is observed in the reconstructed198

values of the angles measured by the µTPC. The e↵ect has been understood to be199

due to the capacitive induction of the signal on neighboring strips (the first and200

9

charge centroid resolution vs B field

micro-TPC concept



micro-TPC clusterization
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B = 0 T

Figure 6: Spatial resolution of the CC and µTPC cluster reconstruction vs the
incident angle of the track for Ar/isoC4H10 (90/10) gas mixture at B = 0 T. Results
obtained with a drift gap of 5 mm, a drift field of 1.5 kV/cm and a gain of 9000.

Defocusing effect Focusing effectB B

Figure 7: Defocusing and focusing e↵ect on a general MPGD.

From the Garfield simulation reported in Fig. 2, for 1 Tesla magnetic field, at a238

drift field of 1.5 kV/cm we expect a drift velocity of about 3.8 cm/µs and a Lorentz239

angle of ⇠ 26�. Fig. 8 shows the results of the µTPC method as function of the240

incident angle in a 1 T magnetic field for a 5-mm gap chamber with Ar/isoC4H10241

(90/10) gas mixture. As expected the µTPC mode performs well for negative angles242

(i.e. defocusing), while, between +20� and +30�, where #
track

= #
L

, consistently243

with the Lorentz angle form the Garfield simulation, the CC method gives the244

best spatial resolution. After +30� the focusing e↵ect diminishes and the µTPC245

algorithm is e↵ective again. Negative angles are obtained by reversing the direction246

of the magnetic field. The drift velocity calculated from the data agrees with the247

simulation within 10-15%.248
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POSTER: Implementation of the code for the simulation of the 
response of a triple-GEM tracker and its comparison to the 
experimental data. Lia Lavezzi (INFN Torino and IHEP).

• combining CC and µTPC stable 
spatial resolution over a large range 
of incident angle.

• possibility to perform 3D track 
reconstruction with only one layer.
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M. Greco, MPGD2017, 23 May 2017

Introduction

Readout 
electronics

In silicon

TIGER

on detector

Outlook

8
CGEM-IT

POSTER: Characterization and first field results of a new 64ch custom 
front-end ASIC for GEM readout. Maxim Alexeev (INFN Torino)

´ 64 channels, up to 60kHz/ch rates

´ 12 mW/ch power

´ Analog charge measurement up to 50fC

´ ENC noise below 2000 e- rms for strip 
capacity < 100pF

´ Time-over-Threshold charge measurement 
possibility 

´ T and Q branch of every channel 

´ SEU tolerant digital part 



The TIGER chip
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The BESIII experiment

Test and 
characterization

The ASIC speicification:

Detector specification:

-> 64 channels with up to 60kHz/ch rates

->12 mW/ch power evelop

-> Analog charge measurement up to 50fC

-> ENC noise below 2000 e- rms for strip capacity < 100pF

-> Time-over-Threshold charge measurement possibility

-> 4 TAC on T and Q branch of every channel

-> SEU tolerant digital part

-> Spatial resolution σrφ = 130 μm

-> Longitudinal resolution < 500 μm

-> Momentum resolution 0.5% @ 1GeV

-> Time resolution ~5 ns

-> Material budget per layer X0~0.33%

-> Jagged anode strips to reduce their 
    capacitance

CGEM-IT is an innovative lightweight Cylindrical Gas Electron Multiplier 
proposed to substitute the ageing inner MDT chamber of the BESIII 
experiment.

The BESIII experiment is installed 
at the BEPCII e+e- collider in 
Beijing. The data tacking started in 
2009 and it is expected to remain 
in operation at least till 2024. One 
serious concern is the ageing of the 
inner MDT that is reducing its gain 
by ~4% a year. This issue has 
triggered the search for an 
replacement for the inner tracker.

M. Alexeeva,b, A. Bortonea,b, R. Bugalhoc, J. Chaib,d,f, W. Chengb,d,f, F. Cossiod,b, M. D. Da Rocha Rolob, A. Di Francescoe, 
M. Grecoa,b, C. Lengb,d,f, H. Lib,f, M. Maggioraa,b, S. Marcelloa,b, M. Mignoneb, A. Rivettib, J. Varelae, R. Wheadonb

aUniversita' di Torino, bINFN-Sezione di Torino, cPETSys Electronics (Lisbona), dPolitecnico di Torino, eLIP (Lisbona), fChinese Academy of Sciences 
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Characterization and first field results of a new 64ch custom
front-end ASIC for GEM readout

Fig. 11-Guadagno del preamplificatore
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The BESIIICGEM project is financed by the European 
Commission within the call RISE-MSCA-H2020-2014.

 Contact person:
alekseev@to.infn.it

Gain degradation over time

To meet the required spatial 
resolution a combination of charge 
centroid and μ-TPC methods was 
selected. This requires analog  charge 
reconstruction 
on individula 
strips. For that 
purpose a new 
custom ASIC 
was designed.

The TIGER ASICs were produced  
using the UMC-110nm process. 
All the chips have been delivered 
and are now being bonded on 
the PCBs.

The laboratory 
characterization has 
successfully confirmed that 
the ASIC did meet the 
required specification. After 
that confirmation a series 
of test beams has been 
conducted to test 
performance of the TIGER 
being operated with real 
GEM detectors. Presently 
the testing of the ASICs is 
ongoing with the real CGEM 
detector equipped with the 
final Front-end cards and 
nominal HV conditions. The 
expected delivery of the full 
system to China is in the 
summer of 2018.

Noise as a functions of strip capacitance.

Red- measurement, Blue- simulation

Linearity of the QDC charge reconstruction

Preamplifier linearity
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Gain degradation over time

To meet the required spatial 
resolution a combination of charge 
centroid and μ-TPC methods was 
selected. This requires analog  charge 
reconstruction 
on individula 
strips. For that 
purpose a new 
custom ASIC 
was designed.

The TIGER ASICs were produced  
using the UMC-110nm process. 
All the chips have been delivered 
and are now being bonded on 
the PCBs.

The laboratory 
characterization has 
successfully confirmed that 
the ASIC did meet the 
required specification. After 
that confirmation a series 
of test beams has been 
conducted to test 
performance of the TIGER 
being operated with real 
GEM detectors. Presently 
the testing of the ASICs is 
ongoing with the real CGEM 
detector equipped with the 
final Front-end cards and 
nominal HV conditions. The 
expected delivery of the full 
system to China is in the 
summer of 2018.

Noise as a functions of strip capacitance.

Red- measurement, Blue- simulation

Linearity of the QDC charge reconstruction

Preamplifier linearity
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The BESIII experiment

Test and 
characterization

The ASIC speicification:

Detector specification:

-> 64 channels with up to 60kHz/ch rates

->12 mW/ch power evelop

-> Analog charge measurement up to 50fC

-> ENC noise below 2000 e- rms for strip capacity < 100pF

-> Time-over-Threshold charge measurement possibility

-> 4 TAC on T and Q branch of every channel

-> SEU tolerant digital part

-> Spatial resolution σrφ = 130 μm

-> Longitudinal resolution < 500 μm

-> Momentum resolution 0.5% @ 1GeV

-> Time resolution ~5 ns

-> Material budget per layer X0~0.33%

-> Jagged anode strips to reduce their 
    capacitance

CGEM-IT is an innovative lightweight Cylindrical Gas Electron Multiplier 
proposed to substitute the ageing inner MDT chamber of the BESIII 
experiment.

The BESIII experiment is installed 
at the BEPCII e+e- collider in 
Beijing. The data tacking started in 
2009 and it is expected to remain 
in operation at least till 2024. One 
serious concern is the ageing of the 
inner MDT that is reducing its gain 
by ~4% a year. This issue has 
triggered the search for an 
replacement for the inner tracker.

M. Alexeeva,b, A. Bortonea,b, R. Bugalhoc, J. Chaib,d,f, W. Chengb,d,f, F. Cossiod,b, M. D. Da Rocha Rolob, A. Di Francescoe, 
M. Grecoa,b, C. Lengb,d,f, H. Lib,f, M. Maggioraa,b, S. Marcelloa,b, M. Mignoneb, A. Rivettib, J. Varelae, R. Wheadonb

aUniversita' di Torino, bINFN-Sezione di Torino, cPETSys Electronics (Lisbona), dPolitecnico di Torino, eLIP (Lisbona), fChinese Academy of Sciences 
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Gain degradation over time

To meet the required spatial 
resolution a combination of charge 
centroid and μ-TPC methods was 
selected. This requires analog  charge 
reconstruction 
on individula 
strips. For that 
purpose a new 
custom ASIC 
was designed.

The TIGER ASICs were produced  
using the UMC-110nm process. 
All the chips have been delivered 
and are now being bonded on 
the PCBs.

The laboratory 
characterization has 
successfully confirmed that 
the ASIC did meet the 
required specification. After 
that confirmation a series 
of test beams has been 
conducted to test 
performance of the TIGER 
being operated with real 
GEM detectors. Presently 
the testing of the ASICs is 
ongoing with the real CGEM 
detector equipped with the 
final Front-end cards and 
nominal HV conditions. The 
expected delivery of the full 
system to China is in the 
summer of 2018.

Noise as a functions of strip capacitance.

Red- measurement, Blue- simulation

Linearity of the QDC charge reconstruction

Preamplifier linearity

´ Very flexible technology adaptable to other MPGD
• Possibility of a pixelated version for large area and 

high rate

´ Time-based readout 
• Timestamp on rising/falling edge (sub-50 ps binning 

quad-buffered TDC) 

• Charge measurement with Time-over-Threshold 

´ Time and amplitude sampling 
• Timestamp on rising edge (sub-50 ps binning quad-

buffered TDC) 

• Sample-and-Hold circuit for peak amplitude sampling
• Slow shaper output voltage is sampled and digitized 

with a 10-bit Wilkinson ADC 

Expected signal from CGEM-IT: 
30-50 ns duration, 
30-40 ns rising time, 10 ns falling time
depends on gas mixture, gain and electric field

X input charge: 1 - 50 fC

X up to 100 pF sensor capacitance

X 4-5 ns time resolution

X 60 kHz rate per channel 
(safety factor of 4 included)

X power ~10 mW/channel

M. Greco, MPGD2017, 23 May 2017
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TIGER

on detector
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25 mm2 UMC110 CMOS

provide time and charge measurement, 

feature a fully-digital output 

be SEU-tolerant

CGEM-IT



MAMI Test Beam for GEM + TIGER

´ The beam profile was properly 
reconstructed.

´ Beam intensity correctly estimated 
from triggerless data.

Pisa Meeting 
2018G. Cibinetto - A Cylindrical GEM Inner Tracker for the BESIII experiment
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s ~ 2.0 strips s ~ 2.0 strips

s ~ 2.8 strips s ~ 2.0 strips

30° rotation along x-axis

2018.03.13  – CGEM Meeting - Beijing R.Farinelli
 4   

TestBeam setup

Two planar triple-GEM
XY readout
ArCO2 (70:30) gas mixture

Detector

Beam type: electron
Energy beam: 855 MeV
Beam collimation: 1 mm2

Beam

8 TIGER v0
4 FEBs
2 view per chamber readout

Electronics

HV scan: 350V ÷ 380V
        ~ 3k ÷ 20k gain

Rate scan: 5kHz ÷ 120kHz

Data

´ Two planar triple GEM XY readout

´ ArCO2 (70:30) gas mixture 

´ electron E(855 MeV)



MAMI Test Beam Analysis
(cluster level)

For the first time we 
reconstructed on-
time bi-dimensional 
clusters from two 
chambers.

Pisa Meeting 
2018G. Cibinetto - A Cylindrical GEM Inner Tracker for the BESIII experiment
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2018.03.13  – CGEM Meeting - Beijing R.Farinelli
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Cluster size

● The first value to be analyzed is the number of fired strip. 
● Measurements in QDC and TOT agree as expected
● A comparison with the APV and the same data set has been performed 

using a software threshold that could reproduce the behavior of the TIGER 
during that TB

● The results do not agree but the behavior is similar and reasonable

the cluster size

2018.03.13  – CGEM Meeting - Beijing R.Farinelli
 12   

Cluster charge

● Both QDC and TOT measurement have been performed as a function of the HV
● The charge readout increases with the HV as expected
● Normalizing the charge to the value @ 1140V the comparison between APV 

and QDC mode is shown

TOTQDC

the cluster charge

´ Comparison with previous test beam

2018.03.13  – CGEM Meeting - Beijing R.Farinelli
 8   

Reconstruction method

Reminder : trigger less mode used 
during the data taking

 � At first it is important to reconstruct 
the events from the stream of packets 
sent from the TIGERs

1) Decode the binary data
2) Sort the strips as a function of time
3) Measure the time difference between 

contiguous strips then create a new event if 
the difference is larger than 10 clocks

4) Create clusters of strips if the time and space 
position is close

5) Measure the time difference between the strip 
with larger charge of the two chambers and 
same view then save in the same event with 
both chambers if the difference is smaller 
than 40 clocks

Packets time difference Chambers time difference

Chamber 1 Chamber 2

Sorting

Event and clustering

Super event

Time difference

2018.03.13  – CGEM Meeting - Beijing R.Farinelli
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Resolution

● A reasonable resolution of 290 µm has been measured in TOT mode
● This result does not match the APV result nevertheless it is very good 

because it shows that what we observed is physics !

σ = 290 µm

residual 
distribution of 
two chambers



Full Readout Integration Tests

Pisa Meeting 
2018G. Cibinetto - A Cylindrical GEM Inner Tracker for the BESIII experiment
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Tests at Ferrara, 8-10 March

What next

Main result

CGEM

First signals acquired  from exposition to cosmic rays (night acquisition)

M: Greco, CGEM meeting, March 2017

Tests at Ferrara, 8-10 March

What next

Main result

CGEM

First signals acquired  from exposition to cosmic rays (night acquisition)

M: Greco, CGEM meeting, March 2017

M. Greco, MPGD2017, 23 May 2017
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LSB=3.1 mV

V strips

X strips



CGEM Electronics

Pisa Meeting 
2018G. Cibinetto - A Cylindrical GEM Inner Tracker for the BESIII experiment

16 CGEM ELECTRONICS: general overview

INFN Ferrara

INFN Ferrara

LNF

Uppsala Univ
INFN Torino

LNF

INFN Ferrara

Michela Greco
CGEM IRC meeting, Beijing- 13rd March 2018



Status of the Detector Construction

´ layer 1: assembled, tested with beam

´ layer 2: vertical assembly in progress

´ layer 3: assembled: ready to be tested.

´ on- and off-detector electronics in 
production

Pisa Meeting 
2018G. Cibinetto - A Cylindrical GEM Inner Tracker for the BESIII experiment

17

L1

L2

L3



Updated  Schedule (rough granularity)

1. TIGER production completed

2. Detector construction completed 

3. full readout chain test completed

4. Mechanical assembly test of the three layers

5. CGEM-IT shipped to PRC

6. CGEM-IT QC and assembly at IHEP 

7. Standalone cosmic run with full readout chain 

8. Ready for installation

18

Jul 2018

end of August 2018

Sep - Oct 2018

From October 2018

Anytime in 2019

completed beginning of Jan 2018

end of May 2018

July 2018

Pisa Meeting 
2018G. Cibinetto - A Cylindrical GEM Inner Tracker for the BESIII experiment
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Summary and conclusions

´ BESIII is building a Cylindrical GEM Inner Tracker to replace the Inner Drift 
Chamber.

´ The construction technique is inherited by the KLOE-2 experiment with 
several modifications and innovations
´ lighter design

´ different electronics

´ new clusterization approach

´ Detector and electronics are under construction, everything is expected to 
be shipped to PRC by September.

´ Installation à fall 2019

Pisa Meeting 
2018G. Cibinetto - A Cylindrical GEM Inner Tracker for the BESIII experiment
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Thanks
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