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Construction of a Full-Length Prototype of the BESIII Drift
Chamber and On-Detector Test for the BESII Drift
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Abstract A full-length prototype of the BESIII drift chamber was built. The experience gained on gas
sealing, high voltage supply and front-end electronics installation should be greatly beneficial to the successful
construction of the BESIII drift chamber. An on-detector test of the BESIII drift chamber electronics was carried
out with the constructed prototype chamber. The noise performance, drift time and charge measurements,
and electronics gains were examined specifically. The final test results indicate that the electronics have a good

performance and can satisfy their design requirements.
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1 Introduction

The BESIII experiment!" at the upgrading Bei-
jing Electron Positron Collider (BEPCII, L ~
10*3cm=2s7'@FE,,,=3.78GeV) 2 g designed with the
main goals of high-precision measurements and search
for new physics in the T-charm energy region. To
meet the requirements of the physics goals on BESIII,
the central tracking system must provide good ef-
ficiency, high momentum resolution, good dFE/dz
resolution and excellent adaptability for high event
rate, which are achieved by using a small-cell, low-
material drift chamber filled with helium-based gases.
In addition, the new electronics, based on pipeline
design with zero data suppression, is used for the
BESIII drift chamber readout.

In order to test the physics design of the BESIII

drift chamber, to obtain experience for the construc-
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tion of the actual chamber, to determine the operat-
ing parameters of the BESIII drift chamber electron-
ics and to test its performance, a full-length prototype
was built and a test was carried out with cosmic rays

and accelerator beams.

2 Construction of the full-length pro-
totype

2.1 Mechanical structure

The full-length prototype imitates a section of the
BESIII drift chamber, and it is 2.2m long, 0.5m wide
and 0.4m high. The overall view of the prototype
is shown in Fig. 1. The mechanical structure of the
prototype is composed of two endplates, four lateral
surfaces and two groups of shielding elements. The
two endplates, assembled via four aluminum rods,
are made of aluminum with a thickness of 25mm.

The lateral surfaces of the prototype, providing such
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functions as gas sealing and electric shielding, con-
sist of four aluminum plates of 3mm thick. In or-
der to protect and shield the front-end electronics,
two groups of shielding elements, made up of sev-
eral aluminum plates, are mounted on the endplates.
A total of 158 gold-plated tungsten (3% Re) sense
wires, 25um in diameter, and 572 gold-plated alu-
minum field wires, 110pum in diameter, are strung be-
tween the two endplates. These feedthroughs with
copper and aluminum crimp pins, designed for the
BESIII drift chamber, are crimped manually to fix

the sense wires and field wires, respectively.
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Fig. 1.
(the two groups of shielding elements mounted

Overall view of the full-length prototype

on endplates are not shown).

2.2 Cell structure and wire layer arrange-
ment

The full-length prototype adopts a small cell
structure with the nominal half-cell width of 8. 1mm,
according to the cell design of the BESIII drift cham-
ber. The individual drift cell is nearly square, with
one sense wire in the center surrounded by eight field
wires that are shared by the adjacent cells. A to-
tal of 158 drift cells, are arranged in 14 concentric
sense layers, as shown in Fig. 2. The layers consist of

two boundary layers (layer 1 and layer 14) and three

axial layer 14

stereo
wire

layers 32 layer 1
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Fig. 2.
ment of the full-length prototype (a view along

Cell structure and wire layers arrange-

z direction at the prototype center plane:
z=0).
super-layers including one axial super-layer (layer 10
to 13) and two small-angle stereo super-layers (U and
V, layer 2 to 9) alternating in stereo angle to im-

plement the longitudinal measurements. The neigh-

boring layers in the same super-layer are staggered
by half a cell, to resolve left-right ambiguity. In
order to reduce the left-right asymmetry of the z-t
relations in the boundary layers, an additional field
wire layer with the number of wires corresponding to
the larger radius super-layer, is arranged between the

axial super-layer and the stereo super—layer[B].

2.3 Wire stringing, measurements of wire

tension and leak current

The wires were strung inside a class 10000 clean

W To re-

room to prevent possible contaminations
duce the complexity, wire stringing was done horizon-
tally. The mechanical tension of sense wires and field
wires are, 52 and 172g, respectively, corresponding
to an average gravitational sag of 102pm at the cen-
ter. Two semiautomatic measurement instruments,
designed for the BESIII drift chamber, were used to
measure the wire tensions and leak current of the
prototype with the precision, 0.1g and 0.1nA, respec-
tively. The measurement results show that the wire
stringing is satisfactory and the instruments work
well. The maximum difference of wire tensions is be-
low 20%, especially, for these wires in the same layer,
and the difference is controlled below 10% since the
z-t relation is determined layer by layer. Such re-
quirements on wire tensions turn out to be acceptable
since a good spatial resolution has been obtained in
the beam test of the full-length prototype. And, the
leak current of each cell is less than 2nA, which is
small enough to have a negligible contribution to the

noise.
2.4 Chamber sealing and gas leakage test

Many gas leak paths are possible because the pro-
totype is assembled with several separate elements.
We used different sealants and sealing measures for
the different leak paths. There are four most pos-
sible leak paths in the chamber. First, the gaps
between the endplates and the insulating bushes of
feedthroughs are sealed with a silicone rubber com-
pound, ShinEtsu RTV(KE45W). Second, the gaps
between the copper tubes and the inner tubes of
feedthroughs and that between the inner tubes and
wires are sealed with an adhesive Loctite 609 due

to its good flow and infiltration qualities. Third,
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the main leak paths, between the lateral plates and
the endplates, are sealed with ShinEtsu RTV with
some latex strips filled in the gaps firstly. Last, all
the screws are sealed with Loctite 290, which is also
thought to have a good infiltration performance.

The procedures, used to make the gas leak test,
are identical to those that have been used for the
other drift chamber leak-down tests. We filled the
chamber to about 10 times operating pressure with
the pure helium, and then observed the decrease in
pressure due to the leakage of the gas. Even for a
chamber with no leaks, an increase in the atmospheric
pressure or a decrease in gas temperature would ap-
pear to be a leak, so the influences due to the fluctua-
tions of environment conditions must be considered in
the measurement. The gas leak rate of the prototype
is quite small, with 0.02% of the chamber volume per
hour. The result indicates that the performance of
sealants is good and the measures for sealing are reli-
able, which provide important preferences to the gas
sealing of the BESIII drift chamber and its gas leak
test.

2.5 Gas, HV system and front-end electro-

nics installation

The operating gas of the prototype, is a helium-
based gas mixture of Helium / C3Hg(60/40), with a
flow rate corresponding to about one volume change
per day. The gas system is running in open mode
with an operating pressure slightly above the atmo-
spheric pressure, and a well-calibrated mass flow me-
ter is used to set and monitor the gas ratio and gas
flow rate.

The method of high voltage power supply for the
BESIII drift chamber was tested in the prototype
experiment!”. A positive high voltage (about 2200V),
offered by a remotely controlled high-voltage power
supply, is connected to a distribution board which is
composed of separating cards. And then, the high
voltage is fanned out to several channels from the
distribution card. Finally, it is connected to a high-
voltage board and applied to the wires through a
short wire. A total of 18 different high voltage set-
tings are used in the prototype test, with 14 supplied
to the sense wires and the other 4 supplied to the field

wires in the boundary layers to reduce the left-right
asymmetry of the x-¢ relation”. The test results indi-
cate that the HV system works successfully and with
a very small noise.

The front-end electronics primarily consists of a
preamplifier board and a high-voltage board men-
tioned above, which are arranged in the same printed
circuit board and separated by a 1000pF capacitor
and a bMS) resistor to simplify the design. The in-
stallation of front-end electronics is a key point to im-
prove the performance and stability of the whole sys-
tem. A good contact is achieved by directly mounting
the front-end electronics on the endplates of the pro-
totype and connecting it to the sense wires through-
out well-designed connectors. Due to space limita-
tion, the front-end electronics is distributed on both
endplates with an odd-even layer staggering. The ex-
perience gained in the process is very useful for the

installation of the actual drift chamber.

3 On-detector test for the BESIII drift

chamber electronics

The BESIII drift chamber electronics were tested
with the full-length prototype using cosmic rays and
accelerator beams. After completing a preparatory
cosmic ray test, a beam test was carried out at the
E3 beam line at IHEP. The measures used to reduce
noise, the performances of drift time and charge mea-
surements, and the determination of electronics gains
are discussed below in detail.

3.1 Description of the electronics

A standard electronics system, designed for the
BESIII drift chamber, is used to process the signals of
the prototype chamberm, primarily composed of the
current-sensitive preamplifiers and the MQT mod-
ules. Since both the charge and time measurements
are required for each signal, a trans-impedance type
preamplifier is adopted so as to preserve the time in-
formation carried by the signal’s rising edge. And,
the MQT module integrates many functions such
as post-amplification, shaping, discrimination, charge
measurement and time measurement. Of these, the
charge measurement adopts a numerical integration
method based on a flash ADC (FADC) with 10 bit
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resolution and 40MHz sampling, the charge value
is extracted through successively digitizing the in-
put analog signal and then integrating these digitized
data. And, the arrival time of hit signal with re-
spect to t0 (the moment of particles passing through
the chamber) is measured by the time measurement
circuitry through a coarse time counter, a trigger
counter and an external 40MHz clock. A total of 23
preamplifiers, each reading 8 sense wires, and 6 MQT
modules, each containing 32 channels, were equipped

in the cosmic ray test and beam test.
3.2 Noise reduction

A low noise level is necessitated for the electron-
ics system due to the very small signal (about several
pA) produced by the avalanche. The grounding and
shielding, which are essential for the performance and
stability of the whole Systemm, were developed to re-
duce noise in the cosmic ray test and beam test. In
our case, the most critical points are good ground
connections from the prototype to the preamplifier
and from the preamplifier to the MQT module, and
that is achieved by directly connecting the shields
of cables, which deliver signals from preamplifiers to
MQT modules, and to endplates of the prototype. In
this way, the same ground potential is obtained to
the detector and its electronics so as to eliminate the
ground loops, and thus to suppress noise. In addi-
tion, shielding of the test chamber and its front-end
electronics turns out to be another effective way to
suppress noise by preventing space electromagnetic
field interferences. At the beginning of the beam test,
the noise, converted to the equivalent input current
of the preamplifier, is up to about 5pA, which is al-
most at the level of the signal current. As shown in
Fig. 3(a), the system cannot work with a low elec-
tronics threshold aimed to improve the precision of
timing so as to improve spatial resolution, due to a
very high noise hit rate for almost all the cells. After
a careful treatment of the grounding and shielding
mentioned above, the system noise drops to below
0.4pA, which is low enough that a clear track can be
seen in Fig. 3(b).
beam test will be applied to the assembling of the
BESIII drift chamber.

Such ways to reduce noise in the
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Fig. 3. On-line display for hits, the cell hit by
a charged particle is marked with a “x”.
3.3 Test for drift time measurement
The drift time is accurately measured relying on
a search window and a trigger latency in the MQT
module. The main points are to open the search win-
dow with a width equal to or slightly greater than
the maximum drift time and to set the trigger la-
tency correctly so that the drift time to be measured
is covered within this window. At the start of the
cosmic-ray test, the search window was set at 2.5us,
as shown in Fig. 4(a), which was too wide and led to
a significant increase in noise, DAQ data stream and
electronics dead-time. With many adjustments, the
width of the search window was reduced to 600ns, and
the data became much better as shown in Fig. 4(b).
Also, the trigger latency was set at 6.4us strictly as

in the preliminary design[l].

12 E(a) entries 4864715
g 10 E 1 the typical drift time | mean 1.752X10%
= [ distibution RMS 2973
X 8 [ 2:the second crest
~ 6 E 3: the search window
@ it about .58 wide | 1 | /2
= 4 ¢
14 E
5 2 3 |

] Lol
0 5 10 15 20 25 30
1: the typical drift time

distribution

2: the search window
with 600ns wide
entries 676960
mean 2365
RMS 1010

events (X 10°)
[oe]

J

1 2 3 4 5 6 17
TDC count (0.09375ns/count) (X 10%)
©°

famplitude (S00mV/divyi
A

)
_ﬁ‘-\;‘_‘,__y threshold (~500mV).{
Fatigen: “‘“"v‘ww,,«,:,m/.ﬁ./wv
time (200ns/djv)
ROy |

[y

Fig. 4. (a) The drift time spectrum with a
search window of 2.5us; (b) The drift time
spectrum with a search window of 600ns;
(c) A signal observed before the discriminator
of MQT with an oscilloscope. The electron-
ics threshold is set at about 500mV typically,
corresponding to about 0.36pA if converted to
the sense wire current.
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As shown in Fig. 4(a), it is noticeable that there
is a secondary crest marked with No.2, compared to
the typical drift time distribution marked with No.1.
To understand this, we observed the output wave-
forms of preamplifiers and found that most signals
had two crests with the width of 300—400ns and am-
plitude over the preset electronics threshold, as shown
in Fig. 4(c).

measured to the same cell hit by charged particles

Hence, two different time values were

and the secondary crest appeared. To prove this ex-
planation, we filled the spectrum just using the first
measured time (a smaller one). As a result, the sec-
ondary crest disappeared, as shown in Fig. 4(b). To
reduce the amounts of DAQ data, the secondary mea-
sured time should be removed because we are only
interested in the first time, which corresponds to the
earliest arrival time of ionization electrons.
3.4 Test for charge measurement

The charge measurement adopts a scheme based
on FADC and extracts the charge value through a nu-
merical integration. So, the integration width should
be set reasonably according to the shaped signal
width to ensure the integrity of measured charges as
well as to reduce the probability of signal pileup and
noise picking up. We tested the integration width
with the cosmic rays. Fig. 5(a) shows the charge spec-
trum with an integration width of 0.8us and Fig. 5(b)
shows that with an integration width of 1.5us.
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Fig. 5. (a) The charge spectrum with an inte-
gral width of 0.8us. The peak value is 1100
ADC counts; (b) The charge spectrum with
an integral width of 1.5us. The peak value is
1700 ADC counts.

The large difference between the measured charges
(i.e. the peak value, extracted from a well-known lan-
dau fitting of the charge spectrum) indicates that a
1.5us integration width is necessary. The cases with a
width above 1.5us are also tested, with no significant

difference found compared with the case in Fig. 5(b).

Since the shaped width of a signal has been deter-
mined to be about 1.3us, a slightly larger width of
1.5us is a reasonable choice.
3.5 Determination of charge measurement
gains

The amplitude of signals is limited due to a 2V dy-
namic range of FADCs. Since the preamplifier gain
has been determined to be £12mV/pA, a suitable
post-amplification for signals should be considered to
meet the requirement of FADCs. Taking into account
the larger signals due to larger energy loss produced
by lower momentum particles, the 0.5GeV /¢ protons
are used to determine the charge measurement gains
utilizing a waveform sampling technique, by which
the signal waveforms are kept, thus the amplitude of
signals can be measured easily. In this way, the post-
amplifier gain is chosen as ~1.5, so the total gains
for charge measurement are ~36mV /pA. In this case,
the number of signals with amplitude above 2V is
less than 5%, which is an acceptable level for particle
identification.
3.6 Performance of the electronics

In order to study the final performance of the
prototype as well as the BESIII drift chamber elec-
tronics, we took data in test beam with changes of
operating conditions such as high voltage, beam mo-
mentum and electronics threshold after completing
all kinds of tests described above. Detailed results
from the beam test have been obtained. Here only
the primary results are presented, which reflect the
final performances of the prototype and the electron-
ics system. A good spatial resolution of 123um, av-

eraged over the full drift distance, is extracted from
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Fig. 6. The residual distribution with a dual-
gaussian fitting (H.V.=2200V, 1GeV/c elec-
tron).
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a dual-gaussian fitting to the residual distribution'®
for high voltage setting of 2200V, as shown in Fig. 6.
Also, a good dE/dz resolution better than 5% at
2150V with 40 samples, obtained through a combi-
nation of several events, is extracted from a gaussian
fitting to the dF/dx distribution, as shown in Fig. 7.
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Fig. 7. The dE/dx resolution with a gaussian
fitting (H.V.=2150V, 1GeV /c electron).
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