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Preface

The BESIII spectrometer and the BEPCII e+e− collider offer an unique experi-
mental setup to investigate Particle Physics.
The excellent performances of the spectrometer and the unprecedented lumi-
nosities of BEPCII have already allowed to collect in the last few years world
record statistics at different center of mass energies in the Charmonium and
Open Charm mass range, and more will come in the next years. BESIII is in
fact expected to take data until at least 2022 and more likely until 2024.
Due to the very high BEPCII luminosities, the current Inner Tracker of the
BESIII spectrometer, a drift chamber, is starting to show aging effects that in
few years will affect significantly the detector performances. A possible solution
would be to build a new Inner Tracker composed of Cylindrical Gas Electron
Multiplier (CGEM) detectors.
The present document describes the conceptual design of such a CGEM Inner
Tracker (CGEM-IT), and in particular:

� the design and construction of a prototype that will constitute one of the
layers of the CGEM-IT;

� the key innovations, as the new Rohacell supports and an innovative anode
design, that will make the BESIII CGEM-IT a new kind of detector;

� the efforts devoted to develop and test a software framework in order to
simulate and reconstruct the CGEM-IT data;

� possible benchmark channels that could be investigated in the near future
once the software framework will be more mature;

� those activities related to the design and construction of a suitable Front
End Electronics;

� the Financial Plan and the Community that has aggregated within the BE-
SIII Collaboration to build the CGEM-IT.
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1 Introduction

COMMENT: Author(s): Maggiora,
Bertani, Qun

The Inner Tracker (IT) is a key detector in a Parti-
cle Physics spectrometer; excellent spatial and mo-
mentum resolutions, radiation hardness and high
occupancy capability are its main requirements.
The existing Inner Drift Chamber (denoted in this
report as DC or MDC) of the Beijing Spectrom-
eter III (BESIII) [?] is showing aging effects due
to the very high luminosities of the Beijing elec-
tron positron collider II (BEPCII), a high luminos-
ity, multi-bunch e+ e− collider running at center of
mass energies in the tau-charm region [?]. To solve
this problem, we propose to design, construct and,
upon approval by the BESIII Collaboration, deploy
and commission by the end of 2017 an Inner Tracker
(IT) to be inserted inside the existing Outer Drift
Chamber.

Such a new IT should be characterised by a signifi-
cant radiation hardness, high rate capability, excel-
lent resolutions both in the longitudinal and trans-
verse directions, a good time resolution, and a lim-
ited total radiation length; the space available in
the inner part of the BESIII spectrometer is quite
limited, and this introduces significant constraints
on the mechanical design and on the power dissipa-
tion per readout channel.

Gas Electron Multiplier (GEM) detectors offer an
ideal technique to address the above described
requirements. Very recently a new photolitho-
graphic process (the so called single-mask technol-
ogy [?]) has overcome those limitations of the orig-
inal double-mask technology that prevents its use
in large-size detectors, and has been proven to be
mature in the last few years on small and large-size
detectors [?]. The single-mask GEM sheets that will
be used to build the new IT, with a sheet width up
to 550 mm, are among the widest ones installed up
to now in detectors not dedicated to R&D.

GEM sheets are usually adopted to assemble pla-
nar detectors; but a cylindrically symmetric detec-
tor would be a perfect and innovative IT for a spec-
trometer hosted on a symmetric collider. Only one
single Cylindrical-GEM (CGEM) based detector
has been built up to now, by the KLOE-2. Collab-
oration [?, ?], and it is currently in its commission-
ing stage [?]. The path paved by the KLOE-2 Col-
laboration allows the construction of the CGEM-IT
not starting from scratch: several of the people in-

volved from INFN, IHEP and Uppsala did partici-
pate to the design and construction of the KLOE-
2 CGEM-IT or of its electronics, and constitute a
valuable knowledge base to replicate the solutions
introduced by KLOE-2 and to further proceed in-
troducing other new innovative aspects in the de-
sign and construction of the BESIII CGEM-IT.

We aim to build a three-layer CGEM-IT that will
fulfill the requirements quoted above. Among them,
a limited total radiation length is essential to pro-
vide effective tracking and a global good spatial and
momentum resolution. We plan to introduce a sig-
nificant innovation w.r.t. the state of the art of
GEM detectors, and w.r.t. the KLOE-2 CGEM-IT
as well: building supports for the sub-layers com-
posed of Rohacell instead of the standard Honey-
comb allow to significantly reduce the total radi-
ation length of the detector, down to almost 60%
compared to an equivalent structure composed of
Honeycomb. Colleagues from Ferrara possess the
required knowledge, and have developed in their
laboratories the proper mechanical techniques to
produce such lighter but equally strong supports
(see Chap. 3).

The support structure and hence the low total ra-
diation length is not the only innovation. There
is room for improvements in the readout design as
well. An innovative design of the anode readout
is currently under investigation, and could modify
the capacitances of the anode w.r.t. the standard
readout to obtain a cleaner signal (see Sec. 2.2.2).

The mechanical design of the first layer of the
CGEM-IT has been already completed and thanks
to the funds coming from the INFN-MAE-MOST
Project (see Chap. 8.1) the corresponding material
has been mostly already procured; its construction
will start at Ferrara and LNF in late June 2014.
Such a first layer will act as the prototype for the
two other layers needed to assemble the full CGEM-
IT.

A requirement among those cited above is an ex-
cellent spatial resolution: the goal for the CGEM-
IT detector is an overall spatial resolution better
than 100 µm. The digital readout electronics de-
veloped for KLOE-2 does not fit this requirement
of the BESIII CGEM-IT, since the required spa-
tial resolution, in presence of the 1 Tesla magnetic
field of the BESIII experiment, would impose a high
segmentation and a prohibitive number of channels.
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Therefore, an innovative readout based on analogue
information and data pushing architecture will be
developed (see Chap. 4). Analogue readout al-
lows to identify the charge centroid with a mod-
erate strip pitch, while data pushing architecture
allows to move the overall apparatus readout syn-
chronization to the off-line farms using the time-
tag approach. Moreover, the GASTONE ASIC for
the KLOE-2 CGEM-IT has been developed [?, ?]
using AMS CMOS 0.35 µm technology, which can-
not be exported in the People’s Republic of China
(P.R.C.). Hence, a new analogue readout has to be
designed in order to measure the charge centroid
and to make over to a different technology, such as
UMC 0.11 µm, which can be exported in P.R.C..

The design and construction of the CGEM-IT de-
tector has to be paired with the development of
proper tracking algorithms and of custom simula-
tion and reconstruction software. The new possibil-
ities introduced by such a detector in reconstructing
rare final states with a very precise determination
of secondary vertices offer new possibilities to im-
prove the reconstruction efficiency of such kind of
events, and to increase the background rejection.
The proper benchmark channels have to be identi-
fied, and detailed simulations have to be performed
making use of state of the art techniques, in or-
der to make the best possible use of the potential
of this kind of detector. The very same software
will allow to analyse the first data coming from the
CGEM-IT immediately after its deployment in the
existing BESIII spectrometer, and hence to support
the commissioning of the new IT. The present sta-
tus of the design, development and testing of such a
dedicated software framework is discussed in Chap.
7, as those benchmark channels that could be inves-
tigated once the framework will reach in the next
months a more mature stage.

Before proceeding to the description of the CGEM-
IT design and building, an overview of the present
experimental scenario is needed, in order to de-
fine the requirements and the constraints for the
CGEM-IT construction.

1.1 The Present BESIII Inner
Tracker

COMMENT: Author(s): Mingyi DONG

The main tracking detector of BESIII is a drift
chamber (MDC), characterized by a low-mass cylin-
drical chamber with small-cell geometry, and a
helium-based gas that operates in a 1T magnetic

field. MDC consists of an inner chamber and an
outer chamber, which are joined together at the
endplates, sharing a common gas volume [?]. The
inner chamber was designed to be replaced in case
of radiation damage.

Figure 1.1: MDC gain changes in each year (the up is
from Bhabha events, and the down is from accumulated
charges with aging ration of 0.3% methods).

After five years of operation, the MDC inner cham-
ber is suffering from aging problems due to a huge
beam related background. The gains of the in-
ner chamber experience an obvious decrease, reach-
ing a maximum decline of about 29% for the first
layer cells. Two calculation methods for the gains
(Bhabha events and accumulated charges with 0.3%
aging ratio ) get almost the same results, shown in
Fig. 1.1. In order to reduce the dark currents of
the sense wires to protect the detector, the opera-
tion high voltages of the first four layers have to be
set to 96%, 97%, 98% and 99% of the normal value
respectively. This contributes to the decrease of the
effective gain and leads to worse performance of the
inner chamber. The present spatial resolution and
hit efficiency of MDC are shown in Fig. 1.2.
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Figure 1.2: Spatial resolution (up) and hit efficiency
(down) of each layer.

1.2 Present and Expected
Backgrounds

COMMENT: Author(s): Mingyi DONG,
Gianluigi Cibinetto

Experimental investigations show that the beam re-
lated backgrounds mostly come from the beam gas
interaction and the Touschek effect, which depend
on the machine status, especially at high beam cur-
rents.

The effect of background level can be extracted from
measurement of the dark currents of MDC. The ac-
cumulated charges of each layer, obtained by inte-
grating the dark currents in every year, are shown
in Fig. 1.3. In the last two years the accumulated
charges are smaller than before, about 14 mC/cm
for the first year. This is due to the improvement
of the machine status from 2009 to 2013, and then
keep almost the same level from 2013 to 2014.

High backgrounds lead to high counting rates. Fig.
1.4 shows the counting rate of each MDC layer for
two run with different beam conditions. The count-

Figure 1.3: The accumulated charges of MDC in each
year.

ing rate was about 110 kHz per sense wire for the
first layer in 2012 (top plot), and reduces to about
the half in 2014 (bottom plot). Those measure-
ments have been obtained analyzing the first 30 s
of random trigger data.

Figure 1.4: The counting rate of each MDC layer,
extracted processing the first 30 s of random trigger
data. Top plot represents a run from 2012 and bottom
plot is a run from 2014.

Using an alternative method we extract the dark
count rates averaged over a run. We analyze ran-
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dom trigger events using the background mixing
routine which add noise data to a fake Monte Carlo
process, taking into account the luminosity curve.
We obtain, for the same two runs processed with
the other method, the distributions shown in Fig.
1.5. The rate values on the innermost layer of the
drift chamber are, as expected, from 15% to 30%
lower than the peak values estimated earlier.

Radius[cm]
10 20 30 40 50 60 70 80

R
at

e[
kH

z/
w

ir
e]

0

10

20

30

40

50

60

70

80

Radius[cm]
10 20 30 40 50 60 70 80

R
at

e[
kH

z/
w

ir
e]

0

10

20

30

40

50

Figure 1.5: Average rate per wire on the inner drift
chamber as function of the radius, calculated with back-
ground mixing procedure as described in the text. Each
point represents a layer. The inner drift chamber is com-
posed by the first eight layers. Top plot represents a run
from 2012 and bottom plot is a run from 2014.

Since the background level is mainly related to ma-
chine conditions and beam parameters we calcu-
lated the average wire rate of the MDC innermost
layer for runs belonging to different recent running
periods (Fig. 1.6). We decide to use for our esti-
mate the worst case, among the ones we analyzed,
that is the run from 2012 having an average wire
background level of 80 kHz which translates to a
rate less than 1 kHz/cm2.

The expected background rate on the CGEM-IT
can be estimated from combining the MDC back-
ground data with Monte Carlo (MC) simulations.
MDC data are used to map the actual background
level of the interaction region. Then the different
geometry and material composition of the two de-
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Figure 1.6: Average rate per wire on the first layer
of the drift chamber for different running periods calcu-
lated with background mixing procedure.

tectors is taken into account using GEANT4 full
simulation. Finally the expected strip rate for the
CGEM-IT is computed as

Rexp
GEM (r) = Rdata

MDC(r)× RMC
GEM (r)

RMC
MDC(r)

(1.1)

where Rexp
GEM (r) is the expected rate per strip on

the CGEM-IT as function of the radius (r), Rdata
MDC

is the MDC wire rate measured from random trigger
data, and RMC

GEM and RMC
MDC are the related quan-

tities extracted from the MC simulation. If needed,
interpolation is used to match the radii of the MDC
layers and the CGEM planes. For the CGEM, only
the X-strips, parallel to the beam direction, have
been considered.

e+e− → nγ e+e− MC sample, produced with Bh-
wide generator [?], has been used for this study.
The use of this process is enough for our purpose
since the MC is only used to scale the rates from
MDC data to the different detector design. The ef-
fect of different angular distributions on the scale
factor has been checked using different processes
for which we found deviations less than 20%. The
CGEM full simulation includes a preliminary digiti-
zation and takes into account the strip multiplicity.
We used BOSS version 6.6.4.p01 with CGEM-0.0.2.
A detailed description of the CGEM simulation is
reported in Section 7.

Using the procedure described above we calculate
the expected average rate per strip for each of the
three CGEM-IT layers (see Fig. 1.7); for the inner-
most layer the average strip rate is expected to be
about 9.5 kHz, that is some how consistent by scal-
ing the MDC rate by the different strip/cell size and
considering a CGEM strip multiplicity of 3. Assum-
ing for the front-end electronics, a time window of
1 µs (see 4.4), we estimate the average strip occu-
pancy for the innermost layer, i.e. the probability
for each trigger to find a strip fired, to be a little
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less than 1%.
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Figure 1.7: Expected average rate per X-strip on the
CGEM-IT as function the radius.

Since these results are extracted directly from the
MDC rates averaged over an entire run, we rescale
the strip rate to the ratio peak/average MDC rate
per wire of the innermost layer (in the worst case
120[kHz]/80[kHz]), obtaining 14 kHz/strip.

A safety factor ×4 has to be considered in order
to take into account approximations in the detector
description and digitization, systematic errors due
to the angular distribution, high background run-
ning periods and luminosity increase. Therefore we
can conclude that the maximum rate to be consid-
ered on the CGEM-IT is about 60 kHz per strip.

1.3 Inner Tracker Upgrade
Requirements

COMMENT: Author(s): Mingyi DONG

If the backgrounds stay at the same level as the
last two years, the gain of the MDC first layer will
decrease about 4% each year according to the ag-
ing ratio of 0.3%, so we can estimate that the gain
of the first layer will become 63% by 2016. It’s of
paramount importance to start planning for an up-
grade if the BESIII inner tracker. To match the
available space for inner tracker and meet the BE-
SIII physical requirements, the upgrade of the inner
drift chamber should take into account the following
points:

1) the possible radial extension is from 59 mm
to 183.5 mm, and the detector covers a polar
angle of | cos ϑ| = 0.93;

2) the spatial resolution has to be better than 120
µm in r-ϕ direction, and better than 1 mm in
Z direction;

3) the material budget has to be less than 1.5%
X0;

4) the detector has to work properly also at count-
ing rate lager than 4 kHz/cm2.
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2 Detector Design

COMMENT: Author(s): Cibinetto, Cal-
caterra

The new Inner Tracker will be installed in the
available space left by the removal of the Inner
Drift Chamber. The proposed solution consists of
three independent tracking layers (L1-L3), each
providing a 3-D reconstruction of space points
along the track with a 2-D readout.
Each layer will be a cylindrical GEM detector.
The CGEM is a triple-GEM detector composed
by concentric cylindrical electrodes (Fig. 2.1):
the cathode (the innermost electrode), three
GEM foils, and the readout anode (the outermost
electrode). The spacing between the cathode and
the first GEM foil (the conversion gap) is 3 mm,
while all the other gaps are 2 mm.
The readout anode of each CGEM is segmented
with 650 µm pitch XV patterned strips with a
stereo angle that changes depending on the layer
geometry. The full system consists of about 10,000
electronics channels.
This technology allows the construction of a light
and fully sensitive detector, that can match the
stringent requirement on the material budget
needed to minimize the multiple scattering effect
for low-momentum tracks and improving the cur-
rent vertex resolution of the apparatus. Moreover,
the good timing resolution and the high rate
capability of the GEM (up to 1 MHz/mm2 [?])
makes such detectors suitable to be placed near
the interaction point of a high-luminosity collider
machine.

Figure 2.1: Schematic of triple cylindrical GEM de-
tector.

2.1 Operating Principle of a
Triple Cylindrical GEM
Detector

A GEM (Gas Electron Multiplier) detector is made
by a thin (50 µm) Kapton foil, copper clad on each
side, with a high surface density of holes [?]. In the
standard technique each hole has a bi-conical struc-
ture with external (internal) diameter of 70 µm (50
µm); the hole pitch is 140 µm. The bi-conical shape
of the hole is a consequence of the double mask pro-
cess used in standard photolitographic technologies.
The GEM foils are manufactured by the CERN
EST-DEM workshop 1.

A typical voltage difference of 300 to 500 V is ap-
plied between the two copper sides, giving fields as
high as 100 kV/cm into the holes. Those fields mul-
tiply the numbers of the electron produced by a
charged particle crossing the detector by a factor
up to a few thousand. Multiple structures realized
by assembling two or more GEMs at close distance
allow high gains to be reached while minimizing the
discharge probability [?].

2.1.1 The KLOE-2 Inner Tracker:
Know-How and status

The KLOE-2 Collaboration built the only existing
CGEM based detector [?, ?], currently under com-
missioning [?]. Due to the operational delays of
DAΦNE, the accelerator on which the KLOE-2 is
set, no real data taking could be performed in or-
der to investigate the performances and the data
stream of the KLOE-2 CGEM-IT.

Once the first results will be published or presented
by the KLOE-2 Collaboration, this section will be
updated.

2.2 BESIII CGEM Innovations

COMMENT: Author(s): Savrie’, Baldini,
Marcello, Felici

1. CERN EST-DEM is the Design and Manufacture
of Electronic Modules (DEM) Group of the Engineer-
ing Support and Technology Division (EST) http://ts-dep-
dem.web.cern.ch/ts-dep-dem/
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The design and the construction of theKLOE-2
CGEM detector allow the present project not to
start from scratch. Several of the people involved in
the present proposal did participate to the KLOE-
2 CGEM detector development and commissioning,
acquiring a valuable expertise that allow us to repli-
cate what worked best in the KLOE-2 experience
and to further proceed by introducing new innova-
tive concept in the design and construction of the
BESIII CGEM-IT detector. The innovative aspects
are mainly related, but not limited, to the following
three items: the material used to give the mechan-
ical rigidity to the detector structure (that will be
Rohacell instead of Honeycomb), the anode design,
and the different readout mode. In this subsection
we’ll briefly summarize such innovations while a de-
tailed discussion of the overall detector design and
construction will be addressed in Sec. 3.

2.2.1 Rohacell

A new Rohacell based technique will be adopted to
manufacture the anode and cathode structures in
order to minimize the material budget with respect
to the current state of the art of the detectors.

The Rohacell [?] is the trade name of a PMI-based
structural foam that is used in fiber-composite tech-
nology and which main characteristics are excel-
lent mechanical properties over a wide temperature
range, even at low densities, high temperature re-
sistance up to 220◦C, unique compressive creep be-
havior for processing up to 180◦C and 0.7 MPa, ex-
cellent dynamic strength and cell sizes that can be
tailored for each processing method. Rohacell’s ho-
mogenous cell structure provides zero print through
to the composite face sheets leaving a class A sur-
face finish every time.

Rohacell is available in different densities; we will
use 31 IF/IG-F type, which is the lightest one, hav-
ing a density of 32 kg/m3 and available in foils of
different dimensions and thickness. We found out
that a thickness of 2 mm is suitable for our appli-
cation.

Building supports for the sub-layers composed of
Rohacell instead of the standard Honeycomb allows
to significantly reduce the total radiation length
of detector compared to equivalent structure com-
posed by Honeycomb while maintaining the me-
chanical robustness. In addition, the Rohacell is
more homogenous with respect to the Honeycomb,
and that is also an advantage for the tracking sys-
tem.

2.2.2 Anode design

The anode design is one of the main element of dif-
ference with respect to the KLOE-2 CGEM. It has
been developed on the basis of the readout used
by the Compass experiment [?] with some potential
improvements studied with simulations that will be
confirmed with tests on prototypes (see Sec. 2.2.4)
before the final construction.

The readout anode circuit is also manufactured by
EST-DEM CERN Workshop starting from the 5 µm
copper clad, 50 µm thick polyimide substrate, the
same used for GEM foils. Two such a foils with
copper segmented in strips will be used to have
the two dimensional readout. The strip pitch will
be 650 µm, 570 µm wide X-strips are parallel to
CGEM axis, providing the rϕ coordinates; while
the V-strips, having a stereo angle with respect to
the X-strips, are 130 µm wide and, together with
the other view, gives the z coordinate. The stereo
angle depends on the layer geometry and will be
45.9 deg for layer 1, -31.1 deg for layer 2 and 33.0
deg for layer 3.

A jagged-strip layout (shown in Fig. 2.2) has been
studied to minimize the strip capacitance: the inter-
strip capacitance reduction compared to the stan-
dard linear strip configuration (also shown in Fig.
2.2) is about 30% as shown in Fig. 2.3.

Figure 2.2: Left: the jagged layout where the overlap
between the strips is reduced by decreasing the size of
the X-strips on the intersections in order to minimize
the inter-strip capacitance. Right: standard linear strip
configuration.

Another significant difference with respect to the
anode design made by KLOE-2 experiment is the
ground plane that is brought to a distance of 2 to 4
mm in order to reduce the capacitance coupling be-
tween strip planes and the reference voltage. The
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Figure 2.3: Comparison of the capacitance between
two single adjacent strips (top) and of X vs V strip
(bottom) for prototype of different dimensions.

space between the readout plane and the ground
will be filled by a Rohacell structure. The compara-
tive analysis of the capacitance couplings of the two
configurations is performed by means of Maxwell
simulations [?].

Additional studies on the anode configuration will
be performed with Garfield simulations software [?]
in order to extract useful information for the charge
sharing and the hit digitization, which are relevant
for the analog readout and the full simulation of
the detector. Studies with a small 10× 10 cm2 pla-
nar prototype equipped with the BESIII baseline
anode configuration will provide valuable input for
the simulations and a final validation of the readout
design (see Sec. 2.2.4).

2.2.3 Analog vs Digital Readout

To achieve the required spatial resolution of the or-
der of 100µm both binary and analog strip read-
out method have been investigated. The first one
identifies clusters by detecting adjacent strips with
a collected charge above a fixed threshold; the re-
constructed position of the track is the geometrical
center of the cluster and the resolution is (roughly)
defined by the ratio pitch/

√
12.

The analog readout method, on the other hand, al-
lows to set both a threshold on the single strips
and a threshold on the total charge then improv-
ing the ghost hit rejection (a ghost hit is an over
threshold cluster due to noise). Moreover, the strip
collected charge encoding allows the reconstruction
of the charge centroid, then boosting the resolution
above the pitch/

√
12 ratio of the binary readout

method.

Concerning the hardware requirements, the binary
readout front-end can be easily implemented as it
manages only a single bit information per strip,
while the analog readout front-end requires the en-
coding of the collected charge and, as a conse-
quence, a more complex readout chain (each chan-
nel must include a digitization section).

The easier implementation of the binary readout
chain anyway has a not negligible drawback. Due
to the constraint in spatial resolution requirement
(of the order of 100µm) the strip pitch should be '
300 µm, and, consequently, the number of channels
to fully readout the detector would amount to about
25 thousand then causing troubles in terms of power
consumption, number of cables and space required
to host the on-detector electronics.

The analog readout chain, on the other hand, allows
a larger strip pitch (500-650 µm) then resulting in
a more manageable number of channels (about ten
thousand).

Because of the strong constraints in terms of space,
power consumption and spatial resolution, as well
as noisy hit rejection capability, the analog readout
method has been chosen to implement the CGEM
IT readout chain, which will be described in Chap-
ter 4.

2.2.4 Planar Test Setup

The design of the BESIII CGEM-IT readout an-
ode is different from the KLOE-2 one, and also the
grounding scheme. A planar test setup allows in-
expensive and relatively fast test of a portion of a
complete detector layer. The setup is based on the
following components:

� Trigger

� Tracking system

� DAQ

� The test chamber

The complete setup, assembled in Frascati, is shown
in Fig. 2.4.
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Figure 2.4: The planar test setup in Frascati.

The trigger

The cosmic trigger is composed by two plastic scin-
tillators, of approximate dimensions 10 × 10 cm2,
separated vertically by a distance of 1 m, read out
by two Hamamatsu PM. The PM output is fed to
common NIM electronics for discrimination and co-
incidence. The coincidence, with an approximate
rate of 0.1 Hz, triggers the DAQ electronics in a
VME crate (see below) and a Tektronix TDS640A
for monitoring and auxiliary measurements.

The Tracking System

The KLOE-2 group has contributed three small
tracking chambers having the same GEM structure
as the main cylindrical KLOE-2-IT: a drift region
3 mm wide, followed by three transition gaps 2 mm
wide. Each chamber has separate X and Y readouts
of 120 strips with pitch equal to 650 µm, so that the
active area is of about 8.3x8.3 cm2.

The gas mixture used is Ar/Isobutane 90%/10%;
we make the mixture using 2 MKS mass flowmeters
and a 647C digital controller. The 2 flowmeters
are accurate to 0.1% of the full ranges, respectively
500 and 50 cm3/min, so the flows are (90 ± 0.5)
cm3/min and (10± 0.005) cm3/min. The flows are

monitored approximately once every 3 seconds via
the 647C serial port and a MOXA 5450 device, that
makes available the 647 serial interface on an Ether-
net port. The gas monitor, in LabView, interlocks
the HV system: in case of irregularities in the flow
of Isobutane, all tracking chambers are shut off to
avoid damage to the GEM regions. A hardware in-
terlock, based on a pressure sensor inline with the
isobutane flow and an Arduino processor is also be-
ing developed and should be available soon.

The HV System is based on a CAEN SY1527LC
chassis with 2 A1550 boards, for a total of 36 HV
channels: each tracking chambers requires 7 sepa-
rate HVs. The software, contributed by the KLOE-
2 experts, ramps coordinately all 7 channels of one
chamber, so that temporary overvoltages on differ-
ent sides of a GEM foils are not possible. The cur-
rents drawn by the KLOE-2 tracking chambers and
the BESIII test one are read out via a nanoAmper-
ometer designed and made by the LNF SELF elec-
tronics service and is the final one that we expect
to use on the BESIII CGEM-IT.

The DAQ system

Each tracking chamber is read out via 2 GAS-
TONE64 [?] digital chips for each view: the 12
GASTONE chips are run by 3 controllers in VME
boards, readout is initiated automatically by the
cosmic trigger discussed above. The DAQ PC read
out the VME crate via an USB connection, per-
fectly adequate for a slow cosmic trigger, and a
CAEN V1718 controller.

The test chamber

This chamber is currently being ordered at CERN
and will carry the final BESIII readout layer type.
Another one has been available for a while, with a
readout more similar to the COMPASS one, and has
been useful to debug the system, via the currents
drawn.

We expect to be able to read both test chambers
soon (and compare performances) with an APV25
system [?].

Preliminary results

We have been able to obtain a measurement of res-
olution of the tracking chambers.

In Fig. 2.5 we show the distance between hits in the
middle KLOE-2 tracking chamber and the extrap-
olation of the line measured by the top and bottom
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Figure 2.5: Tracking resolution of the LNF cosmic
setup.

ones, in both the X and Y view. The fitted resolu-
tion of the central peak, on a very small background
of casual hits, is of about 400 µm micron, but in-
cludes systematics due to possible small chamber
misallignment. In the present setup chambers are
not securely fastened to a common structure, we
are designing a special fixture to keep under better
control the positioning, that will also allow secure
rotation of the system by 90 degrees, for possible
use in particle beams test.
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3 The BESIII CGEM-IT

COMMENT: Author(s): Cibinetto, Cal-
caterra

In this section we will first review the CGEM-IT
expected performances with respect to the existing
Drift Chamber IT, then we will discuss the over-
all mechanical design of the new IT and finally the
construction procedure will be presented together
with the tooling needed for the assembly.

3.1 CGEM-IT vs DC-IT

COMMENT: Author(s): Baldini, Mag-
giora

GEM detectors are characterised by high radiation
hardness, high rate capability and allow for a flex-
ible geometry. The layout proposed for the BESIII
CGEM-IT and described in the following sections
introduces a reduced material budget (about 1% of
radiation length). Thanks to the analog readout
described in Sec. 2.2.3, CGEM-IT is expected to
provide very good spatial resolution: ∼ 100 µm in
the rφ view and ∼ 200 µm in the rz view, to be
compared with the ∼ 120 µm in the rφ view and
∼ 0.2 cm in the rz view provided by the current
DC-IT.

In both these IT’s the determination of the z co-
ordinate is achieved by means of stereo angles in
the different layers: between the wires in the IT
and between the strips in the CGEM. But while
in the DC-IT the stereo angles are limited to few
degrees, essentially by the distortion of the electric
field into the drift cell, in the CGEM-IT the only
limitation comes from the number of foils that can
be included in the anode plane. The layout pro-
posed for the CGEM-IT in the following sections
of this chapter foresees a single foil in the most in-
ner layer, leading hence for such a layer to a 45.9◦

stereo angle, and two foils in the outer layers, that
are hence characterised by −33.1◦ and 33.0◦ stereo
angles. By choosing a negative stereo angle for the
middle layer it is possible to double the difference in
the stereo angles between the central and the inner
and outer layers of the CGEM-IT.

The larger stereo angles of the CGEM-IT allow
hence for a quite better rz resolution w.r.t. the
DC-IT, but at the same time cause as a drawback
the increase of ambiguities in associating the rφ
and the rz views. In fact, if the stereo angle is

very small, as in the DC-IT case, the wrong asso-
ciations are unphysical, being mostly outside the
chamber. However, in the present CGEM proposal,
since the stereo angles between the CGEM layers
are quite different, the wrong associations are not at
all aligned and they can be ruled out already at the
CGEM pattern recognition level. The number of
wrong associations still aligned depends on the res-
olutions and on the number of tracks impinging on
the same CGEM foil, but preliminary studies let us
expect that it should be limited, at a few per mille
level in the worst case of 6 charged tracks on a sin-
gle CGEM foil and of a few millimeters resolutions
at the pattern recognition level. The background
at small angles might be a concern, and although
it had not yet been implemented in the preliminary
studies leading to the figure depicted here and in
Sec. 7.3, it will be investigated in details as soon
as the software framework specifically developed for
the CGEM-IT and described in Chap. 7 will be in
a more mature stage.

A preliminary estimation of the expected back-
ground rates in the CGEM-IT has been obtained
making use of the framework described in Sec. 7.1,
and in particular of the CGEM-IT geometry, and re-
ported in Sec. 1.2. While the physically meaningful
quantity in the case of the DC-IT is the background
rate per wire, when considering the CGEM-IT the
key quantity is the background rate per strip: the
expected rates, assuming the strip pitch described
in Sec. 3.2.2, are compatible with the current design
of the on-detector electronics (see Sec. 4.3).

Our preliminary studies let us expect for the
CGEM-IT resolutions comparable with the DC-IT
both in the rz view (∼ 5% poorer for low momen-
tum tracks) and in momentum (∼ 5% better for
large momentum tracks), while the resolution in the
rz view is expected to be significantly improved and
at least doubled.

Such improved detector performances w.r.t. the
current DC-IT could be exploited in order to further
optimise the reconstruction in BESIII of secondary
vertices and in particular to increase the detection
efficiency of those secondary vertices corresponding
to the decays of particles with particularly low cτ .
A first preliminary estimation with a toy Monte
Carlo simulation is reported in Sec. 7.3; this is-
sue as well will be investigated in details once a full
tracking for the CGEM-IT will be included in the
offline software.
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3.2 Mechanical Design

COMMENT: Author(s): Cibinetto, Cal-
caterra

The space available in the inner part of the BESIII
spectrometer is quite limited, and this introduces
significant constraints on the mechanical design
and on the power dissipation per readout channel.
The mechanical design of the detector must take
into account several constraints: the mechanics
of the interaction region (i.e. beam pipe, existing
flanges, magnets, and the outer Drift Chamber),
the fact that the frontend boards need to be
placed “on” the detector in order to minimize the
noise pickup and to avoid signal degradation; the
placement of the high voltage distribution cards at
the edges of detector. Therefore the mechanical
design needs to be very compact and optimized.
The radial dimension of the CGEM-IT is limited
internally by the beam pipe and externally by the
Drift Chamber carbon fiber cylinder that will be
installed once the inner chamber will be removed
in order to seal the outer one. This sticks the
CGEM-IT inner radius at 78 mm and outer radius
at 179 mm.

Beam pipe 

cooling system 
CGEM layer 1 

CGEM layer 3 

Figure 3.1: Cross section of a portion of the interaction
region of BES-III instrumented with CGEM-IT.

More tricky is the situation along the z direc-
tion where the space available for the detector, the
fronted electronics and utilities is limited by the set
of flanges that holds the beam pipe and that will
be used also to support the CGEM-IT. A lateral
section of the interaction region is reported in Fig.
3.1; the space available at the edges of the detector
is about 80 mm for each side.
A compact mechanical interface, called “service
flange” is to be designed in order to host the high
voltage distribution boards, the gas lines, the cool-
ing system and to smooth the signal and power ca-

ble routing. The service flange will be made of Per-
maglass (G11) in order to prevent accidental high
voltage discharge, and it will be used as interface
between the detector and the beam pipe support-
ing flange, holding each layer independently.
In order to free as much space as possible the me-
chanical length of the three layers will be slightly
incremental with the radius as shown in Fig. 3.1.
In addition, at least in the first and in the second
layer, the frontend electronics cards will be located
in the dead space available between the layers out-
side the active area, as shown in Fig. 3.2.
Proper tooling will be needed to install the CGEM-
IT. Additional details on the integration of the
CGEM-IT with the BESIII detector are discussed
in section 6.1.

Figure 3.2: Drawing of the layer 2 CGEM showing the
frontend cards located on the anode Permaglass ring.

3.2.1 Construction Technique

A special assembling technique has been developed
by KLOE-2 to obtain cylindrical GEM electrodes
[?]. Two GEM foils are glued together on a plane to
obtain the single large foil needed to make a cylin-
drical electrode. Epoxy is applied on one of the
sides of the GEM foil, on a 3 mm wide Kapton re-
gion 1. Then the foil is rolled on an aluminum mold
coated with a very precisely machined 400 µm thick
Teflon film which provides a non-sticky, low friction
surface. For each GEM foil a different mold is used.
Finally the mold is inserted in a vacuum bag, and
vacuum is made providing a uniform pressure over
the whole surface of the cylinder. Two Permaglass
annular rings are glued on the edges of the elec-
trode, acting as spacers for the gaps and providing

1. This procedure will not be needed for layer 1, which is
the smallest, and can be assembled with just one foil.
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all of the mechanical frames needed to support the
detector as shown in Fig. 3.3. After the curing
cycle of the glue, the cylindrical electrode can be
easily extracted from the mold thanks to the Teflon
surface. Cathode and anode are obtained with a
similar procedure.
The assembly of the five electrodes proceeds from
the outermost electrode (the anode) to the inner-
most one (the cathode). Fig. 3.4 displays a lateral
section of an assembled layer showing the Perma-
glass rings acting as spacers between the layers.

Figure 3.3: 3D model of a cylindrical GEM foil with
the Permaglass rings at the edges.

Figure 3.4: Lateral section of the Layer 2 showing
the Permaglass rings acting as spacers between the elec-
trodes.

3.2.2 Detector Components

The cylindrical cathode. The cathode foils are
produced by the CERN EST-DEM workshop as
polyimide foils, 50 µm thick, with a copper cladding
of 3 µm on the internal surface. One foil will be used
for Layer 1, and two foils for each of the other layers.
The cathode cylindrical structure will be composed
by two 1-mm Rohacell layers. Rohacell foils, cut in
helicoidal shape, will be rolled around the molds;
two helicoids, left and right handed, will be needed
in order to assure the best robustness of the struc-
ture. For a better gluing, a 12.5 µm thin, Kapton

foil will be placed between Rohacell the two layers.
The Rohacell is machined very precisely to 1 mm of
thickness by means of a lathe. This technique has
been successfully tested, In Ferrara, on cathode and
anode prototypes of different dimensions as shown
in Fig. 3.5.

Figure 3.5: Top: machining of the Rohacell during
the fake cathode construction. Bottom: a picture of
the fake cathode with the radius of the innermost layer
of the CGEM-IT.

The cathode will be glued on top of this struc-
ture. The mechanical support of the chamber is
composed by annular flanges made of Permaglass
placed on the edges of the cylinder. These rings
house the gas inlets and outlets and their thickness
defines the space of the gap between the cathode
and the first GEM.

The GEM foils. In Layer 2 and 3, two GEM foils
are spliced together in order to realize one single
electrode. For a safe detector operation each foil
has independent high voltage sectors, in order to
limit the capacitance and hence the energy released
through the GEM hole in case of discharges. Each
foil is divided in sectors, 40 for layer 1 and 2, and
60 for layer 3. The capacitance of each sector of the
different layer is reported in table 6.1.
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The anode readout. The anode will be manufac-
tured by the CERN EST-DEM as two layers of 50
µm thick Kapton foils with 3.5 µm copper strips,
providing a 2-D readout. The strip pitch is 650
µm and will be the same for both the views. The
X-strips will be 570 µm wide and provide the az-
imuthal coordinate. The other coordinate is given
by the V-strips, that are 130 µm wide and intersect
the X-strips with a stereo angle that depends on the
layer geometry. The strip dimensions are chosen in
order to equally share the charge on the strips of
the two view, while their pitch allows the achieve-
ment of the desired spatial resolution keeping the
number of channels manageable. The anode plane
will be rolled on its proper mold and then, two 2-
mm Rohacell layers will be glued on top of it, with
a 12.5 µm Kapton foil between them. At the end
the ground plane will be glued. As for the cathode
and for the GEM, also for the anode a special set
of Permaglass annular rings will be placed on the
edges of the cylinder.

3.2.3 Material Budget

The combination of Rohacell support structure and
the new anode configuration makes the CGEM-IT
a incredibly light detector, only about 1% of radi-
ation length (X0) in total. The breakdown of ma-
terial budget calculation is reported in tables 3.1,
3.2 and 3.3. An additional 0.042 % of X0 have to
be added to consider a Faraday cage around the de-
tector. Finally the carbon fiber cylinder, needed to
seal the outer drift chamber, has to be included.

Table 3.1: Material budget calculation for the CGEM-
IT cathodes.

material thickness fill Radiation
(µm) factor length (%)

kapton 12.5 1 0.004375
rohacel 1000 1 0.007
kapton 12.5 1 0.004375
rohacel 1000 1 0.007
kapton 12.5 1 0.004375
kapton 50 1 0.0175
copper 3 1 0.021

Total 0.065625

3.3 Tooling and Construction

COMMENT: Author(s): Cibinetto, Cal-
caterra

Table 3.2: Material budget calculation for the CGEM.

copper 3 0.8 0.0168
kapton 50 0.8 0.014
copper 3 0.8 0.0168

Total 0.0476

Table 3.3: Material budget calculation for the CGEM-
IT anodes.

copper 3 1 0.021
kapton 50 1 0.0175
rohacel 2000 1 0.014
kapton 12.5 1 0.004375
rohacel 2000 1 0.014
kapton 50 1 0.0175
copper 3.5 0.87 0.021315
kapton 50 0.2 0.0035
copper 3.5 0.2 0.0049

Total 0.11809

3.3.1 Quality Controls and preliminary
operations

Before the final assembly of the different parts of
the detector, each component follows a well defined
preparation procedure that includes a global optical
inspection, a cleaning and an HV test. In particular
for GEMs the HV test is repeated at each construc-
tion step, in order to avoid the assembly of damaged
GEM and to minimize the losses of precious com-
ponents, and of the time needed to reorder them.

3.3.1.1 Visual inspection and electrostatic
tests

GEMs do not require any special cleaning proce-
dure, because in principle they are clean: the only
allowed cleaning procedure is done with a light ni-
trogen flush that is generally used to gently remove
possible dusts. Any other procedure can damage
the GEM. A first optical inspection is done by eye:
we look for areas with possible defects, typically
spots with unavoidable inhomogeneity in the ma-
terial as local absence of the metal and underlying
Kapton or lack of holes. A more careful optical in-
spection of these spots is then performed under mi-
croscope, equipped with a digital camera in order to
evaluate the dimension and type of the defect. Such
defects have generally little consequence in the op-
erating behavior of the GEM, unless they are too
big or too frequent. Acceptance criteria for GEMs
to be used in the CGEM-IT are: not more than one
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defect with an area less than 1 mm2 per each GEM
sector.

The HV test of a GEM is performed inside a gas
tight box flushed with Nitrogen, in order to reduce
the ambient humidity down to 10% (time needed
about 5 hours). The HV is applied individually to
each sector through a 500 MΩ limiting resistor, in
order to avoid GEM damage in case of discharges,
while the non-sectored side is grounded. The maxi-
mum current rent in the power supply is set to 100
nA. The HV is slowly increased with eighteen steps
up to a maximum of 600 V:

� from 0 to 400 V with 50 V steps of 20 seconds
each;

� from 400 V to 500 V with 25 V steps of 60
seconds each;

� from 500 V to 600 V with 10 V steps of 2 min-
utes each.

The GEM sector pass the HV step if the current
is less than 1 nA and no more than 3 discharges
occurred during the test time. In case these ac-
ceptance requirements are not fulfilled the voltage
ramp-up on the sector is suspended and the test is
repeated later on.

3.3.2 Obtaining cylindrical GEM and
electrode foils

The KLOE-2 group [?] devised an accurate proce-
dure to obtain cylindrical flexes starting from pla-
nar GEM foils, manufactured at CERN. We are
much indebted to them, both for showing and ex-
plaining to us the procedure, and for the bulk of
this description as well.

3.3.2.1 GEM foils

We start by positioning two GEM foils, previously
subjected to Quality Controls and –if necessary–
trimmed to the right dimension, side by side on a
glueing table, as shown in Fig. 3.6.

We apply an Araldite-based epoxy to one of the
short sides of the GEM foil, on a 3 mm wide region.
Then the foil is rolled on an aluminum mould coated
with a very precisely machined 400 µm thick Teflon
film which provides a non-stick, low friction surface,
and another glueing stage occurs along the side of
the cylinder. The mould is inserted in a plastic bag
in which vacuum is made with a Venturi system,

Figure 3.6: One of the KLOE-2 complete GEM layers.
BESIII GEM layers will be composed of only 2 GEM
sheets, because of the BESIII CGEM-IT smaller radius.

resulting in a uniform pressure of 0.8 kg/cm2 over
the whole surface of the cylinder.

This pressure is maintained for the glue curing time
of 12 hours. At this stage, two fiberglass annular
rings are glued on the edges of the electrode, acting
as spacers for the gaps and providing the mechanical
frames needed to maintain the cylindrical shape de-
tector. After another glueing stage, the cylindrical
electrode can be covered for cleanness, and remain
stored on its mold until all 5 cylindrical components
of one detection layer have been manufactured.

At assembly time, all 5 layers will be safely are eas-
ily separated from their moulds by sliding them in
the axial direction, thanks to the low-friction Teflon
surfaces.

3.3.2.2 Cathode construction

The cathode is similar to the KLOE-2 cathodes, the
main differences are that its thickness and radiation
lengths are reduced since the reinforcing structure is
realized with Rohacell, a material having better me-
chanical properties and longer radiation length than
the epoxy/cardboard honeycomb used in KLOE-2.
The cathode is realized as a splicing of two foils for
the outermost two CGEM-IT layers, but one foil is
enough for the innermost layer.

3.3.2.3 Anode construction

Also the anode is realized as a splicing of two foils
for every layer, except for layer one, each with the
readout copper strips. Similarly to the cathode,
the reinforcing structure will be made of Rohacell.
The ground plane will glued on to of the Roha-
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Figure 3.7: Two electrodes fixed on the vertical inser-
tion system used to assembly the KLOE-2 detector.

cell structure. But the electrical structure will be
much different, deriving with modifications from a
COMPASS-type design. It has been described in
detail at the end of Sec. 3.2.

3.3.2.4 Assembly of the detector

The five electrodes are extracted from the moulds
along the vertical direction by using a PVC ring,
fixed with pins to one of the annular flanges of
the cylinder, and then are inserted one into the
other. To accomplish the insertion of the electrodes
without damaging the GEMs, a dedicated tool has
been realized: the Vertical Insertion System (see
Fig. 3.7).

The system is designed to permit a very precise
alignment of the cylindrical electrodes along their
vertical axis. The bottom electrode is fixed, while
the top one is slowly moved downwards by a manu-
ally controlled step-motor, coupled with a reduction
gear system. The operation is performed with the
help of three small web-cameras, placed at 120 de-
grees one to each other around the top cylindrical
electrode, thus allowing the monitoring of the radial
distance between the electrodes (2-3 mm typically).
The up-down rotation of the assembly tool allows

an easy sealing of the detector on both sides.

References

[1] et al. F. Archilli. Technical report.
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4 Front End Electronics

COMMENT: Author(s): Marcello, Felici,
Johansson, Marciniewski

4.1 Requirements

The CGEM-IT has been designed to replace the
BESIII inner drift chamber in order to avoid dete-
rioration of its performance due to radiation back-
ground.

The three CGEM layers aim to archive an overall
spatial resolution better than 100 µm for tracking
purpose, a time resolution of the order of 5 ns (as-
suming low occupancy) for correct event reconstruc-
tion, a good transparency to the radiation and, fi-
nally, minimize inefficiencies due to pile-up effects.
The spatial resolution goal has been already dis-
cussed in Sec. 2.2.3, the two other goals are shortly
discussed in the following.

4.1.1 Time resolution

BEPCII collider operates with 93 bunches spaced
8 ns, while the MDC time measurements relay on
the HPTDC (High Performance TDC) chip devel-
oped at CERN and a delivered system clock of 24
ns, corresponding to 3 bunches duration. When a
good event is generated by a collision the time mea-
sured by the HPTDC correspond to the difference
between the start time (i.e. the 24 ns clock leading
edge) and the arrival time of the signal in the detec-
tor. As a consequence, because of the difference of
the main system clock and the bunch crossing pe-
riod (24 ns and 8 ns), it is not possible to determine
the collision time by means of the online system and
calculation must be carried out by means of the of-
fline data analysis. Then, assuming low occupancy,
4-5 ns overall time resolution should allow correct
track reconstruction.

4.1.2 Dead Time Estimation

The system dead time (i.e. the time after each event
during which the system is not ready to record a
new event) determines the probability that two or
more events overlap (pile-up), therefore it should be
as short as possible.

The dead time has two contributions: the intrinsic
detector dead time (i.e. the drift time for gaseous

detectors) and the readout contribution (for exam-
ple the shaping time of front-end amplifier or the
analog to digital conversion time). As it will be ex-
plained in Sec. 4.3 the total drift time of a GEM
detector is below 200 ns, then the readout contri-
bution must be modulated according to a certain
value of the pile-up probability. As an example, the
dead time as a function of the average input rate for
different pile-up probabilities is shown in Fig. 4.1,
according to the Poisson distribution of Eq. 4.1:

P (N,∆T ) =
(n̄∆T )N

N !
e−n̄∆T (4.1)

For instance, setting a pile-up probability of 3 %
and taking into account the single channel rate of
60 kHz, the overall system dead time should be less
than 0.6 µs.
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Figure 4.1: Dead time vs rate for different pile-up
probabilities

4.2 System Block Description

The readout chain can be divided into two blocks
as shown in fig. 4.2

� ON DETECTOR electronics: Preamplifier
Boards located on the detector to preserve the
strips S/N ratio.

� OFF DETECTOR electronics: Readout
Boards and Concentrator Boards located as
close as possible to the detector.

The requirements for both blocks will be briefly dis-
cussed in the following paragraphs.
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Figure 4.2: CGEM IT front-end electronic chain block diagram

4.3 On-Detector Electronics

4.3.1 Charge Measurement
Specifications

Because we aim to implement a charge centroid
measurement, the encoding (ADC) requirement in
terms of number of bits is moderate. According to
the measurements carried out at CERN (Fig. 4.3)
without magnetic field, the charge distribution, for
a minimum ionizing particle (mip) impinging or-
thogonally the detector, is about 1.5 mm wide. Fur-
ther measurements carried out by the LNF-INFN
group [?] have highlighted a spread in the charge
distribution due to the gas gain and the magnetic
field, as shown in Fig. 4.4.Cluster Charge Distribution

Very good multi-track resolution

Requires high density of readout channelsFigure 4.3: Cluster Charge Distribution (200 µm pitch
strips) without magnetic field

In the worst case (high gas gain and high magnetic
fields), assuming a 650 µm pitch about 3 strips are
interested by a single ionizing event (note: the num-

bers shown in Fig. 4.4 must be considered as a lower
limit, because binary readout method has been used
in the measurement).

An evaluation of the position resolution of a lo-
calized avalanche has been carried out in 1990 by
Debbe, Radeka and O’Brien [?]. They found that
the achievable resolution could be expressed by the
following relation (4.2)

σs =
√

n− 1 ·W · ENC∑n
i=1 Qi

(4.2)

where W is the strip width, n is the number of strip
involved and ENC is the system noise expressed as
Equivalent Noise Charge.
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Cluster size measurements

   

The  cluster size gets worse as 
magnetic field increases because 
of a larger spread of electrons in 
the gas gaps

Figure 4.4: Cluster Charge Distribution with mag-
netic field and different gas gain (650 µm pitch)

In order to estimate the (ideal) spatial resolution
achievable using the new detector the parameters
shown in table 4.1 have been used, obtaining, for
a m.i.p. crossing orthogonally the ionization gap,
a total amount of charge collected on X (Y) strips
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of about 18 fC and an ideal resolution of about 50
µm (considering the strip width ' strip pitch). Of
course, the achievable spatial resolution should ac-
count also for additional effects related to particles
incident angles and apparatus magnetic field (as
both effects increase the cluster size), presently not
included in the above-mentioned measurements.

Table 4.1: Parameters used to estimate the achievable
spatial resolution

Ionization gap 3 mm
Strip pitch 650 µm
Gas Mixture Ar/CO2 (70/30)
Gas Gain 8000
ENC 1 fC
Cluster Size 3

4.3.1.1 Dynamic Range

With the working conditions shown in table 4.1, the
estimated gain fluctuation should be ∼ 8% (rms)
[?] and, thereby, the collected charge should range
between ∼ 13 and ∼ 23 fC. Then, assuming a safety
factor of 3 an upper limit for the delivered charge of
about ∼ 60 fC can be inferred. On the other hand,
also electronic noise could be lower than the 1 fC
reported in table 4.1, Therefore a range between
0.5-60 fC can be set for the delivered charge.

4.3.1.2 Resolution

To define the ADC number of bits required to cor-
rectly span the foreseen input charge range we can
use the IEEE definition of eq. (4.3) for effective
number of bits (ENOB)

ENOB = log2(
FEIrms

Qerms
) = log2(

F√
12erms

) (4.3)

where Q is the ADC average code bin width, F is
the full scale range and EIrms is the ideal rms error
(EIrms = Q/

√
12). Replacing F with 60 fC and

erms with 0.5 fC, an ENOB value of 6 bits can be
deduced to encode the collected charge.

4.3.1.3 Linearity and gain errors

Usually, front-end (including analog to digital data
conversion stages) linearity and gain errors require-
ments in gas detectors are not a major issue, be-
cause of the large fluctuation involved in gas gain.
Anyway, as we are interested in detecting differ-
ences in the strip collected charge, both integral and

differential non linearity (INL and DNL) and gain
errors should be lower than 1 LSB to correctly re-
construct the signal distribution shape over several
strips.

4.3.2 Time Measurement
Specifications

4.3.2.1 Resolution

The time resolution of GEM based detectors has
a strong dependence on the used gas mixture (the
time resolution is mostly limited by the primary ion-
ization in the first gas gap). Typical values range
from σt ' 5 ns (Ar/CF4/Iso = 65/28/7) and σt '
10 ns (Ar/CO2 = 70/30) [?]. Because of the detec-
tor time resolution upper limit, the front-end time
measurement specifications can be loosened up; for
example a 2 ns contribution due to electronics wors-
ens the achievable time resolution less than 10% for
the Ar/CF4/Iso gas mixture (or less than 5%, if the
Ar/CO2 standard gas mixture is used).

4.3.2.2 Dynamic range and linearity

The time dynamic range is mainly dominated by
the electron drift velocity and the width of both
ionization and transfer gaps. Anyway, whatever so-
lution will be used for the ionization/transfer gaps
spacing (3/2/2/2 or 3/1/2/1) and the gas mixture
(7 cm/µs with 70/30 Ar/CO2 or 11.5 cm/µs with
65/28/7 Ar/CF4/ISO−C4H10) the drift time will
not be longer than 200 ns. Then, in order to have
some redundancy, a time measurement range of 500
ns (compatible with the MDC drift time) could be
used. According to the chosen full range, the inte-
gral non linearity for the time measurement should
be lower than 2 ns.

4.3.3 Preamplifier Boards

Preamplifier boards will be located on the detec-
tor, then both dimensions and power consumption
are issues that must be considered in the design.
The board dimensions are mainly dominated by the
strip connector and the preamplifier (ASIC) protec-
tion circuit, while the power consumption is strictly
related to the ASIC circuit. Therefore, the sin-
gle channel power consumption must be as lower
as possible .

Furthermore, because the readout electrode will be
implemented on Kapton foils, a suitable structure
must be foreseen to allow safe insertion and extrac-
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tion of the boards, in order to avoid kapton connec-
tion damage. Some details of the foreseen support
structure and board are shown in Fig. 4.5

Each preamplifier boards will host two ASICs, 64
channels each one, for strips readout. The devices
must provide a low sensitivity to the input capac-
itance (i.e. a series noise contribution of the order
of 40 erms/pF), as well as good gain (of the order
of 4-5 mV/fC in the head-stage preamplifier) and
the capability to sustain the foreseen single channel
rate.

Although, the wide spread of the input capaci-
tance (due to the different V strips lengths) does
not allows a fully optimization of the head/shaping
stages, efforts have been devoted to minimize the
readout electrode parasitics and, as a consequence,
the parasitic spread. Because the strip capacitances
are dominated by the two view cross-capacitance, a
study has been carried out using Maxwell simula-
tor to investigate the possibility of decreasing the
coupling. Simulation result, shown in Sec. 2.2.2,
points out that a clever geometry in strip design
lead to a 30% reduction of the strip capacitances.
A further critical point in the front-end chain de-
sign consist in the single strip input rate (signal +
background). A high input rate would require a
baseline restorer before the ASIC analog to digital
conversion stage to limit the offset fluctuation and
also deeper buffers in the readout boards then in-
creasing the time required to find the event correct
window.

As an estimation of the single strip maximum rate
we take the value of 60 kHz/strip evaluated in sec-
tion 1.2.

4.3.4 The front-end ASIC

COMMENT: Author(s): Rivetti

The analog readout chosen for the BESIII CGEM-
IT requires the development of a custom ASIC, in
fact the GASTONE ASIC [?] used to instrument
the KLOE-2 CGEM-IT cannot be used because de-
livers only a single bit information per strip. On
the other hand analog chips such as APV25, used
for instance for GEM readout [?] by COMPASS ex-
periment, cannot be used because it is based on
IBM 250 nm technology, which is not exportable to
China. Taking advantage of the expertise of the Mi-
croelectronics Lab of Torino INFN Section, where
several ASICs have been already designed and im-
plemented [?, ?, ?, ?, ?], we have then opted for the
development of a new ASIC suitable for CGEM-IT
requirements. The UMC 110 nm technology will be

used as baseline, since the fully implemented chip
can be exported to China.

The moderate charge resolution required by the
GEM detector makes the use of the Time-over-
Threshold (ToT) technique, already used in [?, ?],
an attractive solution for data digitization.

A ToT system is very similar to a simple binary one
and it consists of a front-end amplifier followed by
a threshold comparator. The charge information
is preserved by encoding the duration of the dis-
criminator output pulse. When the signal crosses
the threshold, the comparator fires and the corre-
sponding time is captured by the digital logic and
provides the event time-stamp. The trailing edge
of the signal is also stored to allow to measure by
difference the total pulse length.

By properly designing the analog circuitry, it is
possible to maintain an adequate linearity. The
ToT approach is thus particularly suited for circuits
implemented in very deep submicron CMOS tech-
nologies, which operate with power supply voltages
smaller than 1.5 V.

The time-base necessary to measure the signal du-
ration can be obtained by counting the ticks of a
reference clock. To meet the specification on the
time resolution of the GEM system of the order of
1 ns, a clock of several hundreds MHz would be nec-
essary. The use of such a high speed clock, although
possible, entails several issues for what concerns its
generation and propagation on chip and can lead to
a power-hungry system. It appears thus preferable
to use a slower clock, achieving the required time
resolution by interpolation.

The front-end ASIC will have a modularity of 64
channels and it will be implemented in a 110 nm
CMOS technology. Each channel features a front-
end amplifier, optimized for the GEM detector, and
a low-power time-to-digital converter, based on an
already existing IP (Intellectual Property) block.

4.3.4.1 The front-end amplifier

The large capacitance of the GEM detector (∼ 100
pF) requires a careful design of the input stage to
achieve the target noise level of 0.5 fC rms. A
transconductance of 20 mS in the input transistor
allows a in-band input impedance of about 50 Ω and
a noise level of 2000 electrons already for a peak-
ing time of 50 ns. Preliminary simulations in the
chosen technology show that such performance can
be achieved by putting 900 µA in the input stage,
which results in a power consumption of 1.1 mW.
The first stage thus consists of a conventional charge
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Figure 4.5: Preamplifier support structure

sensitive amplifier with active feedback network and
pole-zero cancellation. The fast current signal is
then filtered and processed by the ToT stage, which
is basically an integrator with a constant current
source as feedback. A low-power continuous-time-
time discriminator compares the output of the ToT
stage against a threshold which can be fine-tuned
with a local Digital to Analog Converter (DAC),
thus generating the digital output pulse with a
length proportional to the integrated charge.

4.3.4.2 The time encoder and data readout

A global counter counts the period of a reference
clock and distributes a Gray-encoded word to all
channels. When a hit is detected in the channel,
the counter values is stored into local registers. A
time interpolator is then triggered to measure the
time elapsing between the hit and the next clock
edge. Using a reference clock of 40 MHz and an in-
terpolation factor of 64, a time bin of 390 ps results,
which implies a digitization error of 110 ps.

This is already ten times smaller than the envisaged
detector resolution. Based on previous implemen-
tation of the interpolator, it is expected that it will
not take more than 1 mW per channel. The readout
scheme will employ a data-push architecture. Any

event passing the selection threshold is digitized and
queued for readout. Considering a maximum data
rate of 60 kHz per channel and 32 bits per word,
a maximum data rate of 120 Mbit/s per chip re-
sults. This can be easily accomodated by a single
output LVDS link. The digital logic of the ASIC
will be protected against Single Event Upset (SEU)
by using Hamming encoding and error correction
techniques.

4.4 Off-Detector Electronics

As already shown in Fig. 4.2 the Off-Detector Elec-
tronics is made of Readout Boards and Concen-
trators Boards. The boards will be hosted in cus-
tom crates located as near as possible to the detec-
tor, compatibly with background radiation as the
boards will host several FPGAs.

4.4.1 Readout Boards

The Readout Boards will implement (together with
the Concentrator Boards) the interface between the
DAQ and the front-end electronics located on the
detector. The main task of the boards is to match
the data-driven (i.e. trigger-less) architecture of the
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front-end boards with the existing BESIII DAQ ar-
chitecture based on a Level 1 trigger and a 6.4 µs la-
tency time, then implementing the data flow shown
in Fig. 4.6.

receive & buffer incoming 
data 

if L1 
look for a 1 µs time-window 
compatible with latency-time 

  
build a data stream made of 
header +TDC values + ADC 

values + footer    

send the data stream to the 
Concentrator Boards where 

partial events will be 
reconstructed   

Figure 4.6: Readout Board data flow architecture

4.4.1.1 Receiver Section

This section besides to match the electrical con-
straints of the front-end board data transmitter
must include an adequate size buffer to store in-
coming events waiting for Level 1 trigger delivery.
A rough estimation of the buffer size can be carried
out from the foreseen single channel data rate (∼
60 kHz) and event size (∼ 32 bits).

Because of the ASIC data pushing architecture and
assuming that only the effective detected signals are
transmitted (no noise counting) the number of fore-
seen events per second can be evaluated by multi-
plying the single channel data rate (∼ 60 kHz) by
the number of channels (64), then obtaining 3.84
MHz effective background rate from output serial
link, that is, in average, a 50 bits data packet about
every 0.26 µs. Then the pipeline should be able to
keep 26 data packets (equation 4.4):

L =
Trigger Latency

Background Rate Period
+1 =

6.4 µs

0.26 µs
+1 = 26

(4.4)

4.4.1.2 Derandomizer Section

This section, specifically, implements the extraction
of the data packet corresponding to the event val-
idated by the L1 signal, as already shown in Fig.

4.6. Because of the readout geometry (the anode
odd and even strips will be readout on different
sides), no zero suppression or noise rejection can
be implemented in this section.

4.4.2 Concentrator Boards

As data concentrator boards, VME64x readout
modules called ATLB, shown in Fig. 4.7, can be
used [?, ?]. The devices, which were developed at
the Uppsala University and used in various experi-
ments including the KLOE-2 Inner Tracker, feature
16 optical interfaces (SFP) receiving/transmitting
data at 2 Gb/s. Depending on the implemented
firmware, the ATLB can be used for evaluating
trigger decisions, event formatting and as a gen-
eral DAQ unit. The received data are stored in
16 individual FIFO buffers of up to 32 kB capac-
ity. After merging, the output data are read out
over a VME bus, while the device supports the full
range of VME64x/VXS protocols, including BLT
(40 MB/s), MBLT (80 MB/s), 2eVME(160 MB/s),
2eSST(320 MB/s) and VXS(3.2 GB/s). For read-
out continuity, a 2 MB output FIFO is provided.

For control/diagnostic purposes the ATLB utilizes
a MicroBlaze� based embedded system with 64 MB
of DDR RAM, 8 MB of Flash ROM, USB and
10/100 Ethernet as peripherals. The ATLB board
is based on Virtex-5 FPGAs from Xilinx, built in
65 nm technology.

A follow-up development of the readout board
utilizing the newest Xilinx 20/22 nm technology
Kintex-7/ZYNC-7 has been started. The new mod-
ule will act as a stand-alone device and feature 16
optical interfaces of up to 12.5 Gbit/s, while the
output data communication is planned over a 1 Gbit
Ethernet, saving on the costs of crates and crate
controllers. An embedded ARM9 processor system
will support all necessary remote control functions.
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5 DAQ and Trigger

COMMENT: Author(s): Zhenan LIU, Xi-
aolu JI

5.1 Requirements

The CGEM DAQ system should be integrated into
the current BESIII DAQ framework, in order to
work synchronized with other detectors. Same as
for other systems in BESIII, DAQ system will pro-
vide the basic functions like configuration, data tak-
ing, checking, assembly and data storage. Besides
that, DAQ will support real-time histogram display,
error reporting, and other assistant features.

BESIII DAQ system can be separated into two
parts, front-end and back-end.

The front-end DAQ sub-system is the interactive in-
terface of DAQ system with electronics, trigger and
detector systems. The most important purpose of
front-end DAQ system is to read data fragments
from electronics modules. In current BESIII elec-
tronics design, the electronics modules of different
detector systems are all designed in VME standard.
All the data streams are transferred by VME bus.
Motorola MVME5100 is adopted as the system con-
troller to achieve all the functions which should be
implemented by frontend DAQ sub-system.

The back-end sub-system of BESIII DAQ is de-
signed to do the event building, event filter, data
storage, run control and monitor, online histogram
display and so on. The BESIII DAQ back-end sys-
tem is a universal framework which provides essen-
tially the ’glue’ that holds the various sub-systems
together. It does not contain any elements that are
detector specific, and all the functions and devices
are configurable for expert users. So the CGEM-
IT can be easily integrated to the current system
framework.

The existing inner drift chamber is not used in the
BESIII trigger system for trigger track finding, so
there is not easy and direct way to combine the
CGEM-IT into present trigger system. Future con-
sideration could be thought based on the results of
detector simulation with good understanding of the
CGEM. So the requirement to the present hardware
(level 1) trigger system is that, to upgrade the fast
control motherboard for trigger distribution to pro-
vide another fast control link to CGEM sub-system
to move out the corresponding data stored in FEE

pipeline buffer to readout buffer for readout.

5.2 Bandwidth

From the previous chapters, the total amount of
the CGEM on-detector electronics channels is about
10,000. And the BESIII trigger rate is designed to
the maximum 4 kHz frequency. Suppose each single
channel event contains 32bits data, for the extreme
case, when 100% channels fired, the whole band-
width could reach 1.3 Gbps (10,000*4,000*32).
Besides that, the basic data structures like event
header and footer will make the DAQ input data
bandwidth even higher. As shown in Chapter 5, the
data concentrator boards will use the 1Gbit Ether-
net to transmit data to DAQ. The current BESIII
DAQ system is a distributed system, which means
the data streams can be processed at different ma-
chines, so the BESIII DAQ can handle the data
bandwidth by deploying more blade servers.

5.3 Storage

In BESIII DAQ, the data fragments from each de-
tectors will be packed into a full event by the uni-
form trigger ID. SFO (sub-farm output) component
in DAQ system will save these full events together
with some important run informations into the raw
data files. Then the raw data files will be sent
through Ethernet to the clusters of IHEP comput-
ing center for permanent storage.

There is no need to the storage for trigger system.
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6 Integration of the CGEM-IT with the
Spectrometer

COMMENT: Author(s): Savrie’, Felici,
Qun, Marcello

6.1 Interfacing Mechanical
Design

COMMENT: Author(s): Cibinetto

The CGEM-IT must interface internally with the
beam pipe and externally with the outer drift cham-
ber; in addition the beam support flanges limit the
available space at the edges. Fig. 6.1 shows a sec-
tion of the BESIII interaction region: only the layer
2 is designed with full level of details, for layer 1 and
layer 3 just the expected volume is displayed.

On the inner side, the beam pipe design includes
the cooling system, while on the external side only
the carbon fiber cylinder is displayed. On the two
sides there are only the two main steel flanges which
support the beam pipe. In order to hold the CGEM-
IT and the carbon fiber cylinder, additional flanges
need to be added in the available space.

The inner drift chamber removal and the installa-
tion of the CGEM-IT will be performed after the
removal of the beampipe. After the removal of in-
ner drift chamber, the carbon fiber cylinder will be
installed and glued to the outer chamber. Then the
fully cabled CGEM-IT will be inserted with proper
mechanical tooling that will be developed ad hoc in
order to avoid mechanical interferences.

Gas lines, high voltage and signal cables will be
grouped in bundles and will follow the same path
of the old drift chamber cables. The space needed
for the cables and utilities is under evaluation.

6.2 HV Systems

COMMENT: Author(s): Giulietto FE-
LICI, Christoph Rosner

6.2.1 Requirements

Despite the triple GEM structure allows to archive
a gain of the order of 104 with a negligible discharge

propagation probability, the use of a design includ-
ing an adequate factor of safety is mandatory for
a detector that will be not accessible after instal-
lation. Moreover, a robust HV distribution design
simplifies the ASIC readout protection network de-
sign, a not negligible point in a design where read-
out board sizes must be reduced as much as possi-
ble.

Because the discharge propagation is a function of
both the induction field value and the GEM capaci-
tance, two rules can be adopted in order to decrease
the probability of discharge propagation: operate at
low induction fields (less than 5 kV/cm) and/or seg-
ment the lower GEM electrode in order to reduce
its capacitance.

In the Inner Tracker design both rules have been
adopted. Firstly, the detector has been design to
operate with the induction field well below the 5
kV/cm limit still maintaining a good efficiency
and, secondly, the upper electrode of each GEM
has been segmented to reduce the capacitance
involved in the discharge.
An example of electrode segmentation is shown in
Fig. 6.2. Each lower layer is divided in macro-
sectors while the corresponding upper layer is
further divided in 10 sub-sectors then limiting the
capacitance involved in case of discharge. The
number of macro/micro sectors used in the IT
design, as well as the micro-sector capacitance, are
shown in table 6.1

6.2.2 Overall Design

The HV distribution system, consists of four parts:
the main HV system, the HV meter, the HV dis-
tributor and, finally, the cables and the custom HV
connectors. The adopted partition allows to limit
the number of main HV channels of each layer to
7, then simplifying the implementation of a reliable
system (in case of single CGEM problem all the
layer voltages must be turned off with the appropri-
ate ramping down procedure), monitor the CGEM
currents and easily disconnecting in case of dam-
aged micro-sectors.
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Figure 6.1: A side section of the CGEM-IT around the beam pipe. Only the layer 2 is designed with full level
of details.

Table 6.1: Number of HV macro-sectors/micro-sectors per layer and relative parasitic capacitance

layer (single CGEM) macro-sectors micro-sectors micro-sector
capacitances

1 4 40 4.6 nF
2 8 80 4.3 nF
3 12 120 2.9 nF

Resistors

HV*Upper

10*HV*micro1sectors

HV*Lower

giovedì 26 settembre 13

Figure 6.2: HV segmentation to reduce GEM capaci-
tance in case of discharge

A block diagram of the system1 is shown in Fig.
6.3. It is made of:

1. A main power supply section to generate the
cathode and the 6 triple GEM voltages;

2. A Current Monitor to sense CGEMs dragged
currents;

3. Distribution Boxes to route the main voltage
to the micro-sectors;

4. Cables and custom connectors.

6.2.3 Connectors and cables

Three types of connectors and two types of cables
will be used in the system. RG59 high voltage ca-
bles together with SHV connectors will connect the
HV power supply to the current meter while multi-
pin connectors and multi-core cables will be used to
interconnect the current meters to the distribution
boxes. Finally, multi-core cables together with cus-
tom connectors will deliver the high voltage to the
detector. The custom connector will host a 10 MΩ
resistor (micro-sectors) and 1 MΩ (macro-sectors)
for current limitation purpose (see fig. 6.3).

6.2.4 Distribution Boxes

Two distribution boxes per layer (one each detector
side) will be used to supply HV (6 distributors for
the full detector). For example Fig. 6.4 shows the
details of the HV chain used for the third layer.
Each CGEM of the third layer is made of 12 macro-
sectors for a total amount of 120 micro-sectors
per CGEM. Macro-sectors will be distributed on
both detector side, giving a total amount of 6
macro-sectors (and 60 micro-sector) per side. Each
single cable and custom connector will host only
voltages for a CGEM sector then limiting the
voltage differences in the custom connector to less

1. The Cylindrical GEM detector for the KLOE-2 Inner
Tracker - G. Morello
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Table 6.2: HV distribution system summary

component Number Size Power
Requirements

HV mainframe 1 19” - 8U 4 kW (max)
HV boards (12 channels) 3
Current Monitor 1 19” - 2U 800 W
HV distribution boxes 6 19” - 2U
Multi-core (14) HV cables 33/side ∼ 10 mm

diameter/cable

than 500 V. Cathode connections will be routed by
means of dedicated cables/connectors, because of
the voltage required to supply the electrode (∼ 4
kV).

6.2.5 HV summary

Table 6.2 shows the space and power requirements
of the high voltage distribution systems, as well as
the number (and size) of cables entering the detec-
tor.

6.3 Slow Controls

COMMENT: Author(s): Mei YE

The detector control system (DCS) that monitors
the environmental parameters and the performance
of spectrometer and accelerator is critical for BE-
SIII operation. The DCS consists of six subsys-
tems that monitor thousands of sensors distributed3. Two distribution boxes to feed HV the micro-sectors distributed on

both sides of each layer

c

c
NEAC

Nuclear

SELF I_meter 16 channels

Figure 2: Single layer HV distribution block diagram

Distribution System and Current Monitor

Distribution Boards
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martedì 17 settembre 13

Figure 6.3: Single layer HV distribution block diagram
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martedì 24 settembre 13

Figure 6.4: High voltage distribution chain connection
example

throughout the spectrometer and detector hall.
Critical parameters such as environmental temper-
ature, humidity and radiation levels are monitored
in real time. The system also reads the monitoring
outputs of thousands of hardware devices and re-
ports the device status, voltages, current and other
parameters. The DCS controls and monitors the de-
tector high voltage system. The DCS also controls
and monitors the gas systems and provides safety
interlocking among detector systems and between
detector and accelerator.

The DCS is organized into the front-end layer, lo-
cal control layer and global control layer (GCL).
A LabVIEW based software framework is used for
the data collection control. Data of approximately
9000 readouts are recorded once every 10 s. Net-
work communication and web server technologies
are used for the data collection and GCL.
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7 Simulation of Cylindrical GEM Inner Tracker

COMMENT: Author(s): Calcaterra, Cib-
inetto, Maggiora, Liangliang

7.1 Parametric Simulations

COMMENT: Author(s): Liangliang

7.1.1 Digitization and Cluster Model

COMMENT: Author(s): Gianluigi CIBI-
NETTO, M. Destefanis, Linghui Wu

When a charged particle passes through the drift
area ionization occurs. Electrons produced by ion-
ization drift in the electric field, and signals are in-
duced in the anode plane. During the drift, the
presence of a strong magnetic field and electron dif-
fusion modify the drift properties and have impact
on the charge distribution in the anode plane [?], as
shown in Fig. 7.1.

Figure 7.1: Diagram of digitization with (blue solid
lines) and without (black dashed lines) taking into ac-
count the Lorentz angle α and electron diffusion.

Due to the absence of drift parameters, the present
simulation software adopts a simple digitization
model without taking into account the Lorentz an-
gle α (see Fig. 7.1) and electron diffusion. The
track trajectory in the drift area, which is defined as
sensitive volume, is propagated by several steps in
Geant4. The energy loss, the momentum of the par-
ticle, the position of the starting and ending point
in each step can be recorded. At the end of this
process all the steps are summed in order to cal-
culate the total energy loss by the particle and its

entrance and exit points. The registered positions
are then projected to the anode plane, where the
signals are supposed to be registered, as shown in
Fig. 7.1. At this level, from those positions the iden-
tification numbers of the fired strips are extracted.
The energy deposited in the sensitive volume is di-
vided by the total number of fired strips, and it is
equally shared among them.

In order to deliver a better simulation of the detec-
tor behavior, we developed a routine which consid-
ers a flat distribution of the deposited charge from
the entrance to the exit point, already on the an-
ode plane. The total energy is divided by 2, since
at the anode we collect the signals on two strips
planes (X and V ), and it is multiplied by the ex-
pected gain. The full amplification process should
deliver charges of about 18 fC, which means 9 fC
per readout plane. The gain is now fixed at 20000,
but we expect a better estimation after the tests
which are planned on a planar GEM prototype in
the near future at the cosmic ray setup described in
section 2.2.4. To calculate the collected energy, the
charge distribution is integrated for each hit strip
taking into account the entrance and the exit posi-
tion of the track. Each strip number is, then, saved
with the corresponding deposited energy value and
stored in the CGEM “hit collection”.

A further improvement can be performed at the
level of the event reconstruction process. At this
stage we have the hits and the corresponding col-
lected charges. For each hit one can smear the de-
posited energy by a Gaussian distribution along the
two different readout coordinates, using the sigma
value typical of each view. The obtained distribu-
tions are, then, integrated in order to obtain the sig-
nal contribution of each single strip. The described
routine has been already prepared and needs to be
implemented and tested within the reconstruction
software. Before implementing the new digitization,
precise indications about the CGEM deposited en-
ergy signal shape, that will be available with the
upcoming tests on the CGEM planar prototype and
Garfield simulations, are necessary. The obtained
shape will be implemented in the described rou-
tines to increase the detail level of our simulation
software. The modular structure of the described
routines will allow an easy implementation of the
charge distribution shape inside the already exist-
ing code.

Minimum thresholds on the collected charge are al-
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Figure 7.2: The flow diagram for the track reconstruc-
tion with CGEM-IT and DC-OT.

ready implemented and can be used in order to ob-
tain a better simulation of the detector response.
At present there is no lower limit to the collected
charge of a registered signal, but we expect to be
able to register deposited charges of about 1 fC.

7.2 CGEM-IT Full Offline
Reconstruction

COMMENT: Author(s): Liangliang

The software packages for the full reconstruction are
under development with the full simulation of the
CGEM-IT and the DC-OT (drift-chamber-outer-
tracker). The complete reconstruction procedure of
charged tracks with this tracking detector configu-
ration is designed to include the following items:

1. Cluster reconstruction with fired strips of
CGEM

2. Track segment finding within CGEM-IT

3. Track segment finding within DC-OT

4. Combination of track segments

5. Track fitting based on Kalman Filter method

The corresponding flow diagram is shown in Fig.
7.2.

Due to the time limitation, the development for the
second item is not started yet. So the track recon-
struction procedure is simplified as a preliminary
alternative, which is shown in Figure 7.3. So this
section will focus on the introduction to the pre-
liminary cluster reconstruction with fired strips of
CGEM, track segment finding within DC-OT, the
combination of segments within DC-OT and track
fitting based on Kalman Filter method.

Figure 7.3: The flow diagram for the preliminary track
reconstruction with CGEM-IT and DC-OT.

O X

ζ V

α

Figure 7.4: Schematic of one cluster induced by a
charged track, composed of 3 X-strips and 4 V-strips
on an unrolled CGEM plane, where the stereo angle α
is the opening angle between X-strip and V-strip, the X
axis is perpendicular to X-strips, the V axis is perpen-
dicular to V-strips and the ζ axis is parallel to X-strips.

7.2.1 Cluster Reconstruction for
CGEM

COMMENT: Author(s): Liangliang

When one charged track impacts CGEM, usually a
set of X strips and V strips on the readout layer
can gather some charge. The demonstration of one
cluster on an unrolled CGEM is shown in Fig. 7.4.

A package named CgemClusterCreate is developed
to do the cluster reconstruction. First, sets of con-
tinuous fired strips in X and V directions are found
which are called X-clusters and V-clusters sepa-
rately. Second, the possible intersections between
X-clusters and V-clusters are found which are called
XV-clusters. As a digital readout model is imple-
mented in the simulation, the position in X (V) of
each cluster is obtained by averaging the middle po-
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sitions of the fired strips which compose this cluster:

X =
NX∑
i=1

Xi/NX

V =
NV∑
i=1

Vi/NV

where i is the index of strips, Xi (Vi) is the middle
position of strip i and NX (NV ) is the number of
fired X-strips (V-strips). The corresponding posi-
tion in ζ is calculated by

ζ = (V −X cos α)/ sinα. (7.1)

The position where the track impact the CGEM
in the drift layer is obtained by the reconstructed
position of the cluster with some necessary correc-
tion which depends on the model of digitization.
An output data model, which is defined by a class
named RecCgemCluster, contains the following in-
formation: layer ID, GEM ID, cluster type (X, V
or XV) and position.

The obtained residuals in X and V from the cluster
reconstruction for a MC sample of single 1 GeV/c
µ− tracks are shown in Fig. 7.5, which corresponds
to a resolution 170 µm in X and 575 µm in V ac-
cordingly to the digital readout that is simulated.

7.2.2 Track finding with the
Drift-Chamber-Outer-Tracker

COMMENT: Author(s): Yao ZHANG

The DC-OT consists of 8 super-layers each of which
consists of 3 or 4 signal layers. In the MdcPatRec
algorithm, a series of hits of a charged particle in
a super-layer are defined as a segment. The fired
wire distribution of a segment in a super-layer is
defined as a segment pattern. Segment patterns
are collected to build a segment pattern dictionary.
Every group of 8 signal wires in super-layers called
segment neighbor wires, the relative position of seg-
ment neighbor wires is represented by the 8 wires
marked by a cross in Fig. 7.6. A segment finder will
match hits in each neighbor wires with the segment
pattern in dictionary to find segments in all super-
layers. After segment finding the axial super-layers
segments with similar azimuth angle and radius will
be assembled into circle tracks followed by a least
square circle fit. Therefore, stereo segments can be
added to circle tracks to constitute helix tracks and
apply a global helix fit. After the global helix fit,
tracks are reconstructed, and they are stored for the
Kalman filter based fitting.
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Figure 7.5: The position residuals in X(top) and in
V(bottom) of the cluster for a MC sample of single
1 GeV/c µ− tracks.

Figure 7.6: A schematic plot for illustrating a segment
and an 8-wire group. The 4 layers of circles denote the
signal wires in one super-layer. The arc shows a track,
and the black solid circles are the fired wires of the par-
ticle. The 8 adjacent signal wires marked with a cross
compose an 8-wire group used to match the segment
pattern in segment finding.

The performance for the track finding with DC-OT
is studied. To be compared with the situation with
the full MDC (DC-IT and DC-OT), the ratios of
the tracking efficiency for Bhabha events with DC-
OT and the one with the full MDC are shown in
Fig. 7.7. One can find that the tracking efficiency
for barrel Bhabha events will not be affected, while
the one for end-cap Bhabha events drops about 20%
and drops rapidly when the cos ϑ is greater than 0.9.
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Figure 7.7: The ratio of the tracking efficiency with
DC-OT only over the one with full MDC as a function
of dip angle for barrel (left) and end-cap (light) Bhabha
events.

7.2.3 Track fitting

The track fitting is based on the Kalman Filter
method, which is performed by processing all the
DC hits and the CGEM clusters belonging to a
track in sequence. The basic steps of the track fit-
ting with Kalman Filter include track parameters
prediction, filter of the hit (cluster) and update of
the track parameters, in which the following effects
are considered: inhomogeneous magnetic field, en-
ergy loss and multiple Coulomb scattering. As the
track segment finding in CGEM is currently not
ready, the track fitting will process the DC-OT hits
first. Then the CGEM clusters are directly added
or rejected in the track fitting step. The associa-
tion of the good cluster candidates to the DC-OT
track is performed by minimization of the track fit-
ting quality and imposing selections on the χ2 fit.
An optimization of the Kalman Filter track fitting
is currently in progress.

7.3 Monte Carlo Simulation

COMMENT: Author(s): Baldini, Mag-
giora

An investigation of the new experimental scenario,
in which the Inner Tracker of the BESIII spectrom-
eter has been upgraded with the CGEM-IT, will
be possible only when the tough and long job of
developing a specific simulation and reconstruction
framework for the CGEM-IT will be completed, and
the full pattern recognition and tracking will be in-
cluded in BOSS.

The benchmark channels to be considered are in
particular those with final states including short liv-

ing particles; better capabilities in secondary ver-
tices reconstruction (in particular in the rz view)
will be in fact a natural consequence of the layout
foreseen for the CGEM-IT anode readout (see Sec
3.1).

A first preliminary evaluation of such an exploit has
been performed by the mean of a toy Monte Carlo
simulation including the main features of the DC-
IT and of the CGEM-IT, and in particular their
different layouts and their stereo angles.

Two physics cases have been considered for the time
being: the reconstruction of the secondary vertices
corresponding to K0

S and Λ charged decay modes,
generated isotropically into the MDC fiducial vol-
ume (i.e. | cos θ| < 0.94. Multiple scattering is af-
fecting both cases in the same way, in a first ap-
proximation. In spite of the fact that DC-IT and
CGEM-IT resolutions are almost the same in the
rφ view, the improvement in the overall vertex re-
construction is between a factor of 2 and a factor of
3, depending on the decaying particle and its mo-
mentum, as it is shown in Fig. 7.8.

The longitudinal position of the reaction vertex of
the event is hence determined considering other
charged tracks emerging from the collision point;
also in this case our exercise suggests a better reso-
lution, mainly due to the better measurement in the
rz view. The significance of such an improvement
depends on the considered process, and is currently
under investigation. A more complete and detailed
investigation will be performed as well with the full
pattern recognition and tracking, when available.

A mild improvement, at a per mille level, is ex-
pected also in the total momentum resolution, com-
ing from a better evaluation of the transverse mo-
mentum, which is measured by the curvature in the
transverse view, and from a better evaluation of the
longitudinal momentum, depending on the rz coor-
dinates of the track hits.

References

[1] F. Sauli. Principles of Operation of Multiwire
Proportional and Drift Chambers. CERN Yel-
low Book, 77-09, 1997.



37

p (MeV/c)
200 400 600 800 1000

 
C

G
E

M
σ

 / 
dr

ift
σ

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Figure 7.8: Ratio of the resolutions with which the
secondary vertices corresponding to Λ (red line) and
K0

S (black line) charge mode decays are reconstructed
by the DC-IT and the CGEM-IT.
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8 Tasks and Plans

COMMENT: Author(s): Maggiora, Cal-
caterra, Cibinetto, Marcello, Felici, Qun

To build, deploy and commission the BESIII
CGEM-IT in IHEP within the end of 2017 is cer-
tainly challenging.

This chapter offers a summary, an overview of the
current picture for the tasks needed to achieve such
a goal, and for their sharing among the different In-
stitutions that constitute the Community that has
aggregated within BESIII on the CGEM-IT project:
Ferrara, Frascati and Turin for INFN, the different
groups from the Helmholtz-Institut and the Univer-
sity in Mainz, Uppsala and, of course, IHEP. The
current schedule and the current achievements are
shown.

Manpower and (direct and indirect) funding issues
will also be addressed.

8.1 Tasks

8.1.1 CGEM-IT design

The CGEM-IT must be inserted inside the exist-
ing BESIII Outer DC BESIII, taking the place of
the deteriorating DC-IT. The design of the BE-
SIII CGEM-IT takes inspiration from the design
of the KLOE-2 CGEM-IT, taking advantage from
the gained experience, but trying also to reduce the
amount of dead material in the vertex region of
the spectrometer. In order to reduce the amount
of dead material, three GEM planes are foreseen,
with Rohacell supports and a new anode design.
The Maxwell software is being used to investigate
the different anode strips’ configurations, while the
Garfield software is being used for the charge shar-
ing studies needed for the analogue readout.

A planar prototype has been assembled in Frascati
and will be used to test the new anode design before
proceeding to order of the anode foils for the full
CGEM-IT; the planar prototype will allow also to
optmise the gas mixtures to be fluxed in the CGEM-
IT.

The mechanical design of the new detector must
take into account the several challenging constraints
introduced by the already existing spectrometer
and by the reduced space available. The middle
layer of the CGEM-IT will be almost completed in

the early 2015. Both the anode and the cathode will
be designed by INFN personnel and hence produced
at CERN.

The procedure of the insertion of the CGEM-IT
in the existing Outer DC is far from being triv-
ial, and its definition will require significant efforts
and manpower, and an effective knowledge transfer
from IHEP to INFN experts. Once the design and
the insertion procedure have been defined, proper
tooling for the construction and the insertion of the
CGEM-IT must be designed and built, modifying
the tools still available from KLOE-2.

The different sub-tasks of the current task are de-
scribed herewith.

8.1.1.1 Design of the mechanical structure of
the detector (INFN)

The design of the mechanical structure has been
and will be performed in Ferrara in collaboration
with Frascati, within the layout inspired by the
KLOE-2 CGEM-IT, but being adapted to the con-
straints introduced by the BESIII Outer DC, by the
new BESIII FEE, and by the new Rohacell sup-
ports adopted to reduce the total radiation length.
A continuous interaction and knowledge transfer
from IHEP on the existing BESIII spectrometer is
needed.

The design of the mechanical structure of the mid-
dle layer has been completed and used to procure
molds and gem foils for the first layers, and to de-
sign the needed modification to the assembly tools
in Frascati.

8.1.1.2 Design of the GEM foils and of the
cathode for each of three layers of the
IT (INFN)

The design has been and will be performed in Fer-
rara, profiting of the experience of Frascati ex-
perts involved in the construction of the KLOE-2
CGEM-IT and of the interaction with Rui Oliv-
era at CERN. The design of the components for
the middle layer has been completed and the corre-
sponding material procured.
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8.1.1.3 Design and eventually further
optimisation of the anode for the layers
of the IT (INFN)

The anode readout adopted by KLOE-2 cannot be
produced anymore by CERN, due to very low ef-
ficiency of the manufacturing procedure. The in-
vestigation of an alternative layout of the anode
w.r.t. standard readouts, the only option left on the
market, has been a task shared among Ferrara and
Frascati experts. The corresponding design will be
soon finalised, leading to a significant improvement
of the signal quality w.r.t. the standard readout; as
a backup option, once the test of the new anode will
be performed in the planar setup, we could revert
to the standard (COMPASS like) strip readout.

8.1.1.4 Integration of the Inner Tracker with
the existing BESIII spectrometer
(INFN and IHEP)

The CGEM-IT has to be integrated with the ex-
isting BESIII spectrometer. This task, performed
by Ferrara and Frascati people, also depends on a
continuous knowledge transfer from IHEP experts.
It relies also on the cooperation of people from Fer-
rara, Frascati and Torino with the Mainz people de-
veloping the HV system and the Uppsala and INFN
people developing the electronics.

While the mechanical design of the middle layer has
already been performed in order to grant an effec-
tive integration, more work is needed in this task as
far as the inner and the outer layer are concerned.

8.1.1.5 Define the installation procedure
(including the insertion in the existing
Outer Drift Chamber) and test on
mockup (INFN and IHEP)

A challenging procedure has to be defined to insert
the CGEM-IT in the BESIII Outer DC. IHEP peo-
ple must face a very similar challenge defining the
insertion procedure for the new DC-IT being built.
The former could inherit many aspects from the
latter, although several changes must be expected.
The insertion procedure could also be tested mak-
ing use of the mockup provided by IHEP.

8.1.1.6 Production or modification and test of
the tooling needed for detector
construction (INFN)

The tooling originally used to construct the KLOE-
2 CGEM-IT are still available in Frascati, but the

BESIII CGEM-IT geometry is different (starting
from the length of the three layers and their radius,
different from KLOE-2 ones); the tooling needed for
the CGEM-IT construction must be modified and
tested by Frascati experts.

8.1.1.7 Production and test of the installation
tooling (INFN and IHEP)

The installation procedure, in particular the inser-
tion in the BESIII Outer DC, requires specific tool-
ing, that may partially inherit the design of the tool-
ing that is being built by IHEP people to insert the
new DC-IT. Those installation tooling specific to
the CGEM-IT will be designed and built by INFN
at Ferrara and Frascati.

8.1.2 CGEM-IT construction

The Rohacell mechanical structures for the anode
and cathode assembly will be produced in Ferrara,
where the innovative technique for their construc-
tion has been developed. The CGEM-IT layers will
be built assembling the Rohacell based anode, cath-
ode and CGEM foils in Frascati. The GEM foils
will be glued to a cylindrical support and then they
will be assembled together with the help of molds
constructed specifically with this aim. Frascati cur-
rently hosts few experts among its staff, and will
host additional manpower from IHEP and other In-
stitutions, that did participate to the construction
of the KLOE-2 CGEM-IT; we expect an effective
knowledge transfer to the people that will be in-
volved in the construction of the BESIII CGEM-IT.

Once built, the three layers will be assembled to
form the CGEM-IT, that must be extensively tested
both before, in Frascati, and after its delivery to
IHEP. The deployment, commissioning and mainte-
nance for the first year of the CGEM-IT will offer an
unique opportunity to spread the knowledge related
to building and maintaining such unusually large-
area CGEM detectors among the Collaboration in
general and in particular among the IHEP person-
nel, that is likely to provide in the future most of
the day by day support to the CGEM-IT, and will
require quite extended stays at IHEP for personnel
involved in Europe in the assembly and first tests
of the detector.

The different sub-tasks of the current task are de-
scribed herewith.
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8.1.2.1 Production of the Rohacell structures
(INFN)

Making use of Rohacell supports instead of the stan-
dard Honeycomb ones requires to develop full cus-
tom techniques in order to produce supports as thin
as possible and yet with the required robustness.

These techniques have been developed in Ferrara
and the construction of the supports for the middle
layer is almost complete. The Rohacell supports
for the inner and the outer layers will be built in
Ferrara as well.

8.1.2.2 Assembly of the different components
(Rohacell supports, cathode, CGEM
foils and anode) to form CGEM-IT
layers (INFN and IHEP)

The assembly of the different sub-layers to form
each layer of the CGEM-IT will be performed
by INFN staff with the supports of IHEP ex-
perts supported by IHEP within the INFN-MAE-
MOST Project (see Sec. 8.4.2). Few of them will
share their experience gained building the KLOE-2
CGEM-IT.

The BESIII CGEM-IT is in fact a new and inno-
vative detector, even w.r.t. the KLOE-2 CGEM-
IT, but it is quite safe to assume that those tech-
niques needed to assembly the sub layers will be
quite close to the ones developed by KLOE-2 ex-
perts when their CGEM-IT has been built.

Since the procurement of the needed material is ba-
sically complete, the assembly of the middle layer
will start in Frascati in September 2014.

8.1.2.3 Assembly of the three layers in one
single CGEM-IT (INFN and IHEP)

The three layers will be assembled in Frascati,
completing what started in the previous sub-task,
within the first half of 2016. A possible alternative
option could be to deliver the single layers unassem-
bled to IHEP, for a safer dispatch, and to proceed
to the assembly directly in IHEP.

8.1.2.4 Test of the CGEM-IT before its
delivery to IHEP (INFN and IHEP)

The assembled layers will be tested in Frascati mak-
ing use of temporary electronics, before dispatching
the CGEM-IT to IHEP.

8.1.2.5 Deployment of the CGEM-IT in IHEP
(INFN and IHEP)

Once the BESIII CGEM-IT will be delivered to
IHEP, the final FEE electronics will be installed,
and the HV and the slow control systems connected.
The crucial and most challenging step of this sub-
task is the insertion of the CGEM-IT into the BE-
SIII Outer DC. Extended stays of staff from INFN,
Mainz and Uppsala is needed, in tight cooperation
with IHEP people and in particular with those that
will have in the meantime developed the proper pro-
cedure to insert the new DC-IT in the Outer DC.

8.1.2.6 Commissioning of the CGEM-IT (INFN
and IHEP)

The commissioning of the CGEM-IT, once the de-
ployment is complete, will last at least until the end
of 2018. Several aspects, related to mechanics, elec-
tronics, simulations and data analysis will have to
be considered when commissioning the CGEM-IT;
this task is hence closely interconnected with those
described in Sec. 8.1.3 for the following task. Also
in this case extended stays at IHEP for staff from
INFN, Mainz and Uppsala will be necessary.

8.1.2.7 Maintenance of the IT in the first
operational year (INFN and IHEP)

Once the CGEM-IT will have been commissioned,
the proper procedures needed to its maintenance
will be defined and then implemented; at least for
the full 2018 this will be a sub-task shared among
INFN and IHEP staff. A complete transfer to IHEP
experts of all the aspects related to the commis-
sioning and to the procedures needed to maintain
the CGEM-IT must occur, in order to ensure a
long term support to the CGEM-IT during the next
years of data taking.

8.1.3 CGEM-IT electronics

The readout electronics developed for KLOE-2 does
not fit the requirements of the BESIII CGEM-IT,
because it provides only a digital information hit/no
hit strip, while the CGEM-IT needs also the infor-
mation about the charge centroid which allows to
achieve the required spatial resolution of 100 µm.
Moreover, the GASTONE ASIC for KLOE-2 has
been developed using AMS CMOS 0.35 µm technol-
ogy, which cannot be exported in P.R.C.. Hence, a
new analogue readout must be designed in order to
measure the charge centroid and to make over to a
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different technology, such as UMC 0.11 µm, which
can be exported in P.R.C..

Full custom front end readout electronics and a
state of the art ASIC will be developed in Turin
in cooperation with Frascati; a significant contribu-
tion will also be offered by IHEP staff experts that
will join the Microelectronics Laboratory in Turin
to take part to the ASIC design and test. Such ex-
perts will be supported by IHEP within the INFN-
MAE-MOST Project (see Sec. 8.4.2). The design
and commissioning of the readout electronics will be
supported by those Uppsala and INFN people that
participated to the design and commissioning of the
readout electronics of the KLOE-2 CGEM-IT.

The BESIII CGEM-IT HV system and the corre-
sponding slow control must be designed as well and
will be produced by Mainz in cooperation with Fras-
cati.

The assembly and commissioning of the electronics
in IHEP will offer an unique opportunity to transfer
the relative knowledge to the IHEP personnel, that
will likely provide in the future most of the day by
day support to the CGEM-IT electronics.

8.1.3.1 Development and implementation of a
new ASIC for the analogue readout of
a CGEM detector (INFN)

A new ASIC suitable for the BESIII CGEM-IT
readout according to the requirements described
above will be developed in the INFN Microelectron-
ics Laboratory of Turin. A PhD student has already
joined INFN staff in January 2014, his grant being
funded directly by IHEP, and will work on this task
until the end of 2016. Two more experts from IHEP
staff, an expert in analog ASIC design and an ex-
pert in FPGA programming and testing, will join
the Microelectronics in Turin, for 12 months each,
in order to allow for a first foundry run for a first
prototype of the ASIC at the end of 2015, and for
a final foundry to be completed within the end of
2016, providing the final ASICs for the readout of
the CGEM-IT.

8.1.3.2 Design and implementation of the
board hosting the ASIC for the
CGEM-IT (INFN)

The board will be designed by Turin. A proper in-
terfacing with the global readout system of BESIII
must be granted.

8.1.3.3 Development and implementation of
the Front End readout electronics of
the CGEM-IT (Uppsala and INFN)

The same experts who were involved in the design
and construction of the Front End readout electron-
ics for the KLOE-2 CGEM-IT, cooperating with
the same people from Frascati involved now in this
project, will focus on this sub-task in order to de-
sign a similar electronics for the BESIII CGEM-IT.

8.1.3.4 Development and implementation of
the CGEM-IT HV system (Mainz and
INFN)

The HV system will be designed and built in Mainz
profiting of the knowledge transfer from those Fras-
cati experts who were involved in the design and
construction of the HV system for the KLOE-2
CGEM-IT HV system. Most of the corresponding
activities will be performed in 2016.

8.1.3.5 Design of the CGEM-IT slow control
system (Mainz)

Mainz staff will focus on designing a proper slow
control system for the CGEM-IT, matching and in-
terfacing with the existing BESIII slow control sys-
tem, within 2016.

8.1.3.6 Assembly of the electronics once the
CGEM-IT has been deployed in IHEP
(INFN, IHEP and Uppsala)

All the final electronics will have to be installed
on the CGEM-IT: the readout boards hosting the
ASIC developed by INFN, the Front End electron-
ics developed by Uppsala and INFN, the HV and
slow control systems developed by Mainz. All the
readout chain will have also to be interfaced with
the existing systems of the BESIII spectrometer.
Starting from the beginning of 2017 Mainz people
will take care of the deployment of the HV system,
while in the same period Frascati, Turin and Mainz
people will provide general support for the deploy-
ing and commissioning of all the electronics.

8.1.3.7 Integration of the CGEM-IT HV
system with the global BESIII HV
system (Mainz)

The HV system has to be properly integrated with
the existing BESIII HV system during the deploy-
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ment at IHEP of the CGEM-IT. Mainz people will
focus on this sub-task.

8.1.3.8 Commissioning of all the CGEM-IT
electronics in IHEP (INFN, Mainz,
Uppsala and IHEP)

The electronics, the readout chain, the HV and slow
control systems must be commissioned, without and
with regular beams, and both during specific tests
or the regular data taking. Most of the people from
INFN, Mainz and Uppsala involved in the CGEM-
IT electronics will focus in 2017 on this sub-task
together with IHEP people.

8.1.4 CGEM-IT data simulation and
analysis

Building the CGEM-IT is only part of the challenge;
for the commissioning itself and a fruitful use in the
future, significant efforts must be spent on the soft-
ware side. A correct description of the CGEM-IT
must be included in the simulation and reconstruc-
tion framework of the BESIII Collaboration, BOSS;
proper algorithms to simulate the CGEMs signals
and backgrounds, and to perform the tracking have
to be developed and tested; the best benchmark
channels have to be identified and investigated in
order to define the improved capabilities of a BE-
SIII spectrometer hosting the CGEM-IT.

In the next future a proper coordination with the
BESIII Working Groups is needed in order to inves-
tigate how the current analyses may be improved
by the availability of the CGEM-IT and which new
analyses may eventually become accessible due to
its performance.

8.1.4.1 Description of the CGEM-IT in the
BOSS framework (INFN, IHEP)

A geometry reflecting the mechanical design and
the material composition of the CGEM-IT must be
created and maintained in GEANT4 in order to let
the simulation and reconstruction software of BE-
SIII, BOSS, to simulate and reconstruct data for
a BESIII spectrometer hosting the CGEM-IT. This
sub-task is already almost completed, thanks to the
efforts of the involved IHEP people.

8.1.4.2 Development of proper algorithms for
reconstruction and tracking with
CGEM-IT (INFN, IHEP and Mainz)

The current Inner Tracker is a DC. The new Inner
Tracker will be based on CGEM, characterised by
a new strip readout on the anode, and an analogue
readout approach that has not been used before.
Usually GEM detectors are of smaller size and pla-
nar. Finally, the tracks from the CGEM-IT have
to be bridged to an Outer DC. The tracking sce-
nario is quite unique and requires the development
of proper tracking algorithms optimised for this spe-
cific experimental scenario. Most of the manpower
needed for this sub-task is and will be provided by
IHEP, in continuous interaction with INFN people;
Mainz should also soon provide an effective support
to these developing activities.

8.1.4.3 Knowledge transfer among experts and
less experienced researchers of the
different institutions for simulation and
reconstruction (IHEP, INFN and
Mainz)

A significant contribution to data simulation and
analysis, necessary for the commissioning of the de-
tector first and for the optimisation of the future
use of the CGEM-IT data later, should come from
European researchers as well. Younger researchers
should spend as much time as the funding of the
project will be able to support in IHEP, creating
an international software pool in IHEP in order to
increase their capabilities in data simulation and
analysis and get acquainted with BOSS. Quite long
stays in IHEP must hence be foreseen starting al-
ready from 2015.

8.1.4.4 Identify and investigate specific
benchmark channels (INFN, IHEP and
Mainz)

Proper benchmark channels suitable to foresee and
verify those improvements in tracking and event se-
lection that can be introduced in BOSS making use
of hits information from the CGEM-IT, must be de-
fined and investigated, also in order to commission
the CGEM-IT and to maximise the long term out-
come of its construction. A common effort shared
by INFN, IHEP and Mainz people.
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8.1.4.5 Analysis and validation of the
CGEM-IT data (INFN, Mainz and
IHEP)

The commissioning of the CGEM-IT can start from
a first look at the data collected by the new de-
tector; but people from INFN, Mainz and IHEP
is expected then to provide a continuous analysis
task force in order to support the commissioning
activities for as long as it is needed. The goal is to
commission the CGEM-IT within the end of 2017.

8.1.4.6 Analysis of the CGEM-IT data:
benchmark channels (Mainz and INFN)

A commissioned detector is only the starting point:
a full investigation of the benchmark channels will
finally start in order to validate the data simulation
and analysis software related to CGEM-IT. This
sub-task will be performed mostly by people from
Mainz and INFN.

8.1.5 CGEM-IT DAQ and Trigger

The DAQ for the CGEM-IT is currently undefined.
Manifestation of interest have come from the group
of Giessen, that is applying for funds to support
the related hardware and most of all the needed
manpower. In case of success in such an application
Giessen could cooperate with the DAQ and Trigger
group in IHEP to provide what is needed for the
CGEM-IT.

In case such application would be unsuccessful, to
define who will develop and provide what is needed
for this task would be an open issue to be very very
soon addressed by the Collaboration, since the staff
in IHEP is probably lacking the needed manpower.
Either the group in IHEP could obtain some help,
either additional contribution from other Institu-
tions within the Collaboration should be searched
for.

Some more work is also needed in order to include
the CGEM-IT in the BESIII Trigger system, and
to explore a possible Second-Level Trigger. Both
this latter activities can be probably be effectively
performed only by IHEP people already acquainted
with the BESIII Trigger.

8.2 Schedule

The schedule currently foreseen for the hardware
related tasks described above is reported in Fig. 8.1.

The main goals are:

1. to finalise the construction and the assembly of
the CGEM-IT (without the final electronics) in
Frascati within the end of 2016;

2. to deliver frontend electronics by the end of
2016;

3. to deliver to IHEP and deploy the assembled
CGEM-IT at the beginning of 2017;

4. to be on the floor and to assemble the final
electronics during 2017 in IHEP;

5. to conclude the commissioning of the detector
within the end of 2017.

The year 2018 could hence be the first year of BE-
SIII data taking effectively including the CGEM-IT
information, and a proper tuning of the software
and of the data analyses and simulations could be
performed within 2018.

8.3 Manpower

The groups involved within the BESIII Collabora-
tion in the CGEM-IT activities are composed of
quite a large number of younger and more expe-
rienced researchers. Moreover practically all the
Institutions quoted above may gain support for
these activities from their home laboratories com-
mon support services for mechanics and electronics.
We consider the available manpower suitable for the
tasks that must be performed, with the only excep-
tion (for the time being, waiting for the success of
the application of the Giessen group) of the CGEM-
IT DAQ and Trigger.

Besides their components, people in Frascati and
in Turin may count on additional manpower com-
ing from IHEP for activities related to the CGEM-
IT construction and assembly and to the ASIC
design and testing; such manpower is funded by
IHEP within the INFN-MAE-MOST Project (see
Sec. 8.4.2).

A PhD student joined the Doctoral School of the
Politecnico of Torino within an agreement with
INFN that let him join the INFN ASIC develop-
ment team in Turin, and two more students will
come in the next two years. These three PhD posi-
tions are funded as well directly by IHEP.
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Figure 8.1: Schedule currently foreseen for the hardware related tasks described in Sec. 8.1. Darker regions
correspond to what has already been achieved.
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8.4 Financial issues

8.4.1 Direct Funding

8.4.2 Indirect Funding
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Figure 8.2: Contributions in kind to the funding of the CGEM-IT construction and installation already secured:
red, INFN-MAE-MOST indirect funds; or booked: light blue, INFN; green: HIM and Mainz University; orange:
Uppsala University; blue: IHEP funds.
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