
Chapter 5

The Lambda Wheels

5.1 Introduction

In 1997 a new silicon-detector system, comprised of a wheel-shaped array of silicon

detectors directly down-stream of the target (Lambda Wheels) and a flat array of sili-

con detectors below the target (Recoil Detector), was proposed for the HERMES front

region [71]. In order to demonstrate the feasibility of operating a silicon detector in

the harsh environment of an electron scattering target, a Silicon Test Counter (STC)

has been developed in 1998. The STC was placed near the target cell and has been

successfully used to detect spectator products in deep-inelastic scattering [72]. Subse-

quently, the Lambda Wheels were developed, leading to the installation of a prototype

Lambda Wheel module in 2000. In this chapter the design of the Lambda Wheels is moti-

vated and explained, and first operational results obtained with the prototype module

are presented.

After the HERA shut down of 2001 the full Lambda Wheel was installed and com-

missioned in 2002. The Lambda Wheels represent the first silicon detector which is

completely incorporated in the HERMES detector system. Recently, the design of the

Recoil Detector has been extended [73], resulting in a larger acceptance and profiting

from the experience obtained from the development and operation of the STC and

Lambda Wheels. It is noted that also the physics case for the HERMES recoil detector

has shifted from spectator tagging to the observation of recoil products of exclusive

reactions such as Deeply Virtual Compton Scattering.

The design of the Lambda Wheels has been motivated by the desire to enlarge the

angular acceptance of HERMES in order to improve the prospects for hyperon and

charm physics. As shown in Ref. [71] the Lambda Wheels increase the acceptance for

Λ and J/Ψ production by about a factor 4 (if the so called short tracks which have no
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PID are also considered the increase is a factor 2). Moreover, the introduction of the

(azimuthally symmetric) Lambda Wheels leads to a large reduction of the false asym-

metry present in the measurement of the Λ0 polarization, and gives access to the target

fragmentation region (xF < 0), which is otherwise not accessible at HERMES.

For charm physics the increased detection probability of the Λ+
c baryon (Λ+

c →
Λ0π+X), and the J/Ψ vector meson (J/Ψ → e−e+) is important as the charm photo-

production cross section is very small. Detection of the Λ+
c particle provides a means to

study charm production at threshold and possibly gives access to the gluon polariza-

tion. The observation of J/Ψ production enables the study of its production mechanism

through the decay angular distributions [16].

The self-analyzing (parity violating) decay of the Λ0 hyperon makes it possible to

determine the polarization of the Λ0 from the relative orientation of its decay products.

For this reason the Λ0 hyperon can be used to carry out polarization (transfer) measu-

rements. For instance, the polarization transfer from the u-quark to the Λ0 hyperon can

be measured in the current fragmentation region. If the polarization of the Λ0 hyperon

originates partly from the polarization of the u or d quark in the Λ0 , a non-zero po-

larization transfer is expected. Such measurements have been done at HERMES using

both the ’96-’97 data [30] and the ’99-’00 data [74]. The collected statistics is, however,

not enough to demonstrate convincingly that ∆u 6= 0 as predicted by the model of

Burkardt and Jaffe [29]. In this model the u-quark polarization was calculated to be

−0.2 in the polarized Λ0 hyperon.

In the target fragmentation region the longitudinal Λ0 polarization is predicted to

be sensitive to the relative orientation of the u and s quarks in the nucleon. According

to Ref. [3], the spin of the s-quark is predicted to be anti-parallel to that of the u-quark,

and -more importantly- this can be measured from the polarization of Λ0 hyperons if

they are produced in sufficiently large quantities in the target fragmentation region.

No such data exist to date.

At HERMES, however, a large false asymmetry (≈ 35 %) is present in the Λ0 polar-

ization measurements as a substantial part of the low momentum pions from Λ0 decay

are not detected. Depending on the direction in which one wants to measure the Λ0 po-

larization corrections are possible. For a longitudinal polarization measurement the

false asymmetry can be partially corrected using a Monte Carlo program to calculate

the false asymmetry, or using a helicity balanced data set. It can be shown (Ref. [75])

that in a helicity balanced dataset, i.e. a dataset that consists of parts with equal lumi-

nosity for both beam helicities, no false helicity is present provided that no changes in

the detector took place during data taking. For transverse polarization measurements

the false asymmetry becomes very small due to the up-down symmetry of HERMES and
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can be neglected provided this up-down symmetry holds.

The Lambda Wheels give an enlarged angular acceptance for Λ0 hyperon production.

Moreover, the false asymmetry for Λ0 polarization measurements at the HERMES spec-

trometer is reduced to the few percent level, which is important as the longitudinal

Λ0 polarization is known to be close to zero. Measurements with the Lambda Wheels will

increase the statistics by a factor two, and at the same time the systematic uncertainty

in the Λ0 polarization measurement will be reduced by comparing results obtained with

the helicity balanced data sets and those obtained with the Lambda Wheels (for which

all statistics can be used). At the same time an increased angular acceptance enables

sampling of Λ0 hyperons further into the target fragmentation region, thus enabling

first measurements of the relative orientation of u and s quarks [3].

The latter subject is of particular interest now that the most recent flavor decom-

position of the nucleon spin has given hints for a positive s-quark polarization [6], while

an SU(3)-based analysis of inclusive spin-dependent DIS indicated a negative s-quark

polarization.

The HERMES beam energy lies in the threshold regime for charm production. There-

fore, the charm cross section is small and any improvement in the probability to detect

charmed particles is welcome. The Lambda Wheels will actually improve the detection

of charmed particles like the J/Ψ meson and the Λ+
c baryon in two ways. On the one

hand, the Lambda Wheels will increase the acceptance for the detection of charmed

hadrons. On the other hand the signal to background ratio for Λ+
c and J/Ψ production

is improved due to the wider acceptance. The relatively large mass difference between

these charmed particles and their decay products results in on average higher transver-

se momenta. As a result the decay products tend to have larger transverse momenta

with respect to their parent than normal DIS final state particles. This event charac-

teristic is amplified if the event is produced via the PGF process which is believed to

be one of the primary processes for charm production. Hence, the Lambda Wheels do

not only increases the detection probability for Λ+
c and J/Ψ particles but also improve

the chance to separate these particles from the background.

Thus, on physics grounds, there is a strong case to install a new detector in the

HERMES front region that enables the detection of tracks leaving the primary inter-

action point under wide angles. The very restricted space in the HERMES front region

made the pumping cross, which is connected to the vacuum chamber surrounding the

target cell, the best location for the placement of the new detector. Unfortunately,

this restricts the maximum distance between the detector and the target. Monte Carlo

simulations show that detector planes (that give position information), with an outer
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diameter of about 33 cm, positioned at 45 and 50 cm downstream of the target makes

it possible to reconstruct 75 − 80 % of the Λ0 hyperons and thus lead to a factor 2 in-

crease of the hyperon yield, a reduction of the false asymmetry to a few percent and an

opening up of the target fragmentation domain as was all mentioned above. Placement

in the pumping cross does, however, have a strong impact on the mechanical design of

the Lambda Wheels.

This chapter is organized as follows. In section 5.2 the considerations that led to

the basic design of the new detector are presented. Next a description of the overall

mechanical system is given. The silicon specifications and the electronics needed for

the detector are described in sections 5.4 and 5.5, respectively. Some of the results

obtained with a prototype module of the Lambda Wheels are given in section 5.6 and,

finally, conclusions are drawn in the last section.

5.2 Design considerations

The positioning of the Lambda Wheels in the pumping cross complicates the design

appreciably. For instance, the inner diameter of about 34 cm leaves little room for the

read-out electronics. The most important requirements to be fulfilled in the design are

listed below. Subsequently, the impact of some of these requirements on the design are

described resulting in the conceptual design of the detector.

1. In the middle of the target cell, through which the HERA lepton beam passes,

(polarized) atoms are injected. These atoms travel to the open ends of the target

cell, where they are pumped away in order not to destroy the beam vacuum.

For this purpose holes have been made in the so-called target extension pieces,

tapered pipes with an elliptical cross section inside the vacuum vessel, connecting

the target cell to the actual downstream beam pipe. To keep the beam vacuum

at an acceptable level the allowed contribution to the pressure near the target

was set at 10−7 mbar by the HERA vacuum group. Thus, new materials brought

into the vacuum chamber are required to have a low out-gassing rate, and should

have little or no effect on the pump capacity.

2. Part of the electromagnetic field can escape into the vacuum chamber through

the openings of the target extension piece. This field gives an additional noise

contribution to the electronic signals in the Lambda Wheels and might even re-

sult in a detector which is unable to function properly if the control signals are

distorted too much. For this reason the sensitivity of the detector to this RF field
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should be low and the residual field at the location of the Lambda Wheel read-out

electronics should be reduced to acceptable levels.

3. The amount of extra material in front of the existing tracking chambers should

be as small as possible.

4. The accessibility to the pumping cross is very limited. Under normal circumstan-

ces it is only possible to enter the pumping cross through two C250 flanges, on

the right and left (top) sides of the vacuum chamber. The system needs to be

designed such that maintenance can occur through these flanges.

5. Due to the absence of cooling by convection, heat produced in the detector will

result in high temperatures. In order to avoid high temperatures of the detector

and the read-out electronics forced cooling is necessary.

6. The angular resolution of the detector should be comparable to that of the ex-

isting HERMES front tracking system. Together with the small lever arm in the

detector this determines the required position resolution of the detector.

The first requirement points to silicon as the best candidate for the sensitive detector

material, provided a detector open to the beam vacuum is chosen. Other detector

materials have appreciable out-gassing rates and should therefore be separated from

the beam vacuum. The extra material needed for such a separation would partially

cover the existing HERMES acceptance which is in conflict with the third requirement.

Furthermore, an open design is almost unavoidable as the pumping cross needs to be

in open connection to the target chamber in order to enable the removal of the target

atoms by means of the pumps connected to the pumping cross. For a reduction of

the RF field strength (requirement 2) to acceptable levels an RF-shield with small

radiation length and a small impact on the pumping capacity should be installed in

between the part of the beam-line containing the target extension piece with holes

in it, and the vacuum chamber containing the detector. Maintenance of any detector

situated inside the pumping cross through the C250 vacuum flanges is hard. It is

therefore advisable that the detector can be taken out, piecewise, through one of the

vacuum flanges (requirement 4). Consequently, the detector should consist of a series of

relatively small sized modules, which is also needed if silicon is used as detector material

as the silicon detector is limited in size due to the maximum diameter of 6” available

from any manufacturer. For ease of maintenance the cooling system (requirement 5)

should be mounted on the second C250 flange. The 6th requirement will be discussed

in sect. 5.4.
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5.3 Detector mechanics

The design requirements listed in the previous section resulted in a silicon detector con-

sisting of 12 identical modules which are mounted on a maintenance free wheel-shaped

frame which is completely outside the HERMES standard acceptance. The design has

been described in [76, 77, 78]. The frame also carries part of the cooling system and

it holds the cabling. Outside the vacuum a cooling tower removes the heat from the

coolant. Each of the 12 modules contains two pieces of silicon and the corresponding

front-end electronics. In front of the Lambda Wheels a metal grid is placed which acts

as RF-shield. A computer aided drawing of the detector mechanics holding one silicon

module is shown in figure 5.1. In the next four subsections the detector frame, a silicon

module, the RF-shield and the cooling system are discussed separately in more detail.

Figure 5.1: Computer aided drawing of the frame of the Lambda Wheels with one

module installed for ease of reference. The lepton beam enters the tapered wake field

suppressor from the left.
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5.3.1 Detector frame

The frame is made of two stainless steel rings connected to each other with stainless

steel frame spacers. It can rotate as both rings rest on three PEEK1 wheels enabling

the one-by-one installation of each module by rotating the wheel such that the desired

position is located in front of the C250 flanges. The mechanical structure on which the

rolls are mounted is fixed to the vacuum vessel with braces. The same structure is also

used to mount the wakefield suppressor. A locking system fixes the frame after rotation

during the installation of modules.

A reproducible alignment of the modules is provided by dowel pins on the interface

where the modules are joined to the frame. The analog and digital circuitry on each

module is electrically connected to the cabling in the frame with two 18 pin LEMO

plugs. The plugs are made from PEEK, which was verified to be Ultra-High Vacuum

(UHV) compatible [79]. The frame is made out of two parts. On each half a cable tree

made from Kapton wire (UHV compatible) connects the 12 LEMO plugs to a PEEK

132 pin connector from where a Kapton coated UHV compatible cable takes the signals

to several D50 connectors mounted on the aforementioned C250 flange.

The heat generated in the module is removed with alcohol that flows through a tube

soldered to Oxygen Free High Conductivity (OFHC) copper bars using silver solder.

These bars are mounted to the inside of the frame. Both the module and the bar have a

flat surface and are pressed together with bolts to provide for a good thermal contact.

Stainless steel bellows transport the alcohol to the cooling tower where it is cooled and

circulated by a pump (see sect. 5.3.4).

5.3.2 Module

Each module contains two double sided silicon detectors and the local front-end read-

out electronics for these two detectors (see figure 5.2). The pieces of silicon are separated

5 cm from each other and are glued to Al braces. Per module two carrier boards contain

the read-out electronics, one for each silicon detector. The carrier boards consist of a

multi-layer Kapton-Copper (OFHC) structure, which was extensively tested to verify

its UHV compatibility [79]. To both sides of a 2 mm OFHC plate 2 layers of Kapton,

with electronic circuits on it, are glued using epoxy. The electronics for each silicon

detector is placed on one carrier board. Each side of the carrier board contains 4

HELIX chips and its drivers to read out one side of the corresponding silicon detector.

A Kapton foil connects the input channels of the HELIX chip with the Al strips on the

1PEEK is an abbreviation of polyether-etherketone, an Ultra-High Vacuum compatible synthetic

material.
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silicon. The outer channels on each chip are not connected enabling a study of the noise

in the read-out electronics. The bonds between the foil and the HELIX chips as well

as the silicon are made from 17 µm Al wire. The two carrier boards are connected to

the OFHC copper bars to form a rigid structure, well connected to the frame. On top

of the module a stainless steel protection plate is mounted to protect the electronics.

This is especially important for the bond wires which are very fragile.

Figure 5.2: Computer aided drawing of a Lambda Wheels silicon detector module.

5.3.3 RF shield

The passage of the high energy electron/positron beam through the HERMES experi-

ment induces radio frequencies (RF) up to 30 GHz that leak into the vacuum contain-

ing the Lambda Wheels through the holes necessary to pump away the target atoms.

An attenuation of the RF field strength is necessary for a proper functioning of the

HELIX chips. Especially the distortion of the control signals would make it impossible

to operate the chips at nominal beam currents. Furthermore, it is desirable to reduce
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the field strength near the Lambda Wheels as it will decrease the noise in the silicon

strips which will end up in the measured signal.

For these reasons, an RF shield is placed in between the vacuum vessel containing

the Lambda Wheels and the internal target area. The RF shield is made from custom

made 75 µm Cu foil which has 2 mm diameter holes in it on a 2.1 mm pitch. The 82%

transparent foil is placed in front of the Lambda Wheels. A ring clamps the foil to the

inside of the vacuum vessel with an Indium ring providing for a good electrical contact.

The noise present in the HELIX output signals increased from 5 mV (measured

without beam) to 7 mV RMS for a 30 mA positron beam in HERA with the RF shield

present. It was not possible to measure the noise contribution without RF shield as the

HELIX chips could not be operated in that case.

5.3.4 Cooling system

A cooling system that controls the temperature of the Lambda Wheels is included for

several reasons. First, the Lambda Wheels are situated in the vacuum and its cooling can

thus only be accomplished using forced cooling. The heat load due to the HELIX chips is

about 0.4 W per chip corresponding to about 6 W per module. Not removing this heat

would result in too high temperatures and may destroy the chips and other front-end

electronics. Secondly, a low temperature of the silicon is advantageous as the effects of

radiation damage and leakage currents are reduced by lowering the temperature [80].

Also possible damage caused by the diffusion of hydrogen into the silicon is reduced if

the temperature is low.

The reduction of the radiation damage comes from the lower diffusion speed at

lower temperatures. The interaction of radiation with silicon may lead to a silicon

atom knocked from its lattice position, with a vacancy and an interstitial defect as

result. Combination of defects can lead to temporary traps in the crystal. A low diffu-

sion rate will make it less probable that defects of this kind combine. As the Lambda

Wheels are placed near the target cell in which atomic hydrogen or deuterium is in-

jected, recombined molecular hydrogen is always present near the Lambda Wheels. A

reduced diffusion of hydrogen diminishes its impact on the silicon lattice structure.

The leakage current determines a large fraction of the noise present at the inputs of

the HELIX chips. Lowering the temperature of the silicon gives a reduction of the leak-

age current. It has been measured that the leakage current halves approximately every

8 ◦C of temperature drop. For all those reasons it was decided to operate the Lambda

Wheels at temperatures between -5 ◦C and -10 ◦C.

The cooling system for the Lambda Wheels consists of a closed loop of ultra pure
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alcohol which is cooled outside the beam vacuum in a secondary vacuum chamber sit-

uated in a cooling tower. The alcohol transports the heat produced by the HELIX chips

to the cooling tower mounted on the pumping cross. In the cooling tower a pump regu-

lates the alcohol flow and Peltier elements are used to deliver the heat of the alcohol to

cooling water of about 18 ◦C. The pump speed is set to a constant value such that tur-

bulent flow occurs. The voltage over the Peltier elements is used to control the cooling

power. It is regulated by monitoring the temperatures measured on the modules. Up

to 100 W of heat can be removed from the detector at a minimum temperature of -35 ◦C.

A failure of the cooling system can have dramatic consequences for the Lambda

Wheels. Therefore, the functioning of the cooling system is checked by means of an

independent electronic control system. If a problem is signaled the power to the read

out electronics and the bias voltage of the silicon is switched off. This will also happen,

for instance, if the temperature of the cooling water is above 18 ◦C.

5.4 Silicon detectors

5.4.1 Principle of operation

Charged particles which traverse a gas will ionize some atoms present in the gas. If an

electric field is present, the ionized electrons and positive ions will move along the field

lines, thereby increasing their kinetic energy. They may subsequently ionize other atoms

and the resulting charged particles can do the same, etc. Altogether an avalanche will

result which gives a measurable pulse on the conductors used to create the electric field.

In silicon, a traversing charged particle enables electrons to go from the valence band

to the conduction band allowing the electrons to move freely. The hole left behind after

the electron is displaced is analogous to the gas ions. Contrary to the gas, no avalanche

will occur under influence of the electric field used but many more primary ionizations

occur because of the higher density and lower ionization potential. As a result only a

small but measurable charge can be collected at the electrodes, and precautions are

needed to reduce the leakage current. If pure silicon is used for instance, the leakage

currents are much larger than the signal current2. A reduction of the leakage current

is possible after implantation of p+ implants in intrinsic silicon (in practice low doped

n-type silicon is used) resulting in a pn-junction. A depletion zone in which no free

carriers are present is created when a reverse bias voltage is applied, which means that

the junction side, i.e. the one with the p+ implants, is given a negative potential with

2It is noted that the decrease of the purity due to radiation damage cannot be compensated for if

pure silicon is used.
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23.2 mm

85.3 mm

Figure 5.3: Schematic drawing of a

silicon plane. The arrows indicate

where the silicon was cut through

to arrive at figure 5.4.

respect to the ohmic side, i.e. the one with the n+ implants. Electron-hole pairs created

in this zone travel along the field lines in opposite directions and are collected at the

implants (electrons at the ohmic side and holes at the junction side). In this way n-type

silicon can be used for particle detection.

5.4.2 Silicon specifications

For the present application, silicon counters are cut out of a 6 inch n-type wafer of

300 µm thickness. It has a trapezoidal shape with an apex of 30◦, a base of 85.3 mm

and a top of 23.2 mm. As a consequence of this shape the length of the strips is not

constant (see figure 5.3). The strips are read out at the base and are oriented parallel

to the oblique sides. Every side has 516 strips of which 499 are coupled to the read out

electronics. The 17 strips left over are too short to be connected. As a result 93% of

the detector material is sensitive. A schematic view of the silicon counter is shown in

figure 5.4, which represents an intersection along the middle of a strip at the junction

side (see figure 5.3).

The reverse bias voltage is applied at the strip implants connected through 2 MΩ poly-

silicon resistors. Each strip is AC-coupled to the read out electronics to avoid partial
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Figure 5.4: Schematic drawing of the silicon detector which was cut through along the

dashed line in figure 5.3.

flowing of the leakage current through the read out electronics. This coupling is reali-

zed by putting a thin layer of SiO2 used as dielectric material between the Al-strips,

to which the read out is connected, and the implants giving rise to a capacitance of

75 pF/cm. Due to the high conductance of this layer the bias voltage is decoupled from

the read out strips.

The strips have a width of 60 µm and a pitch of 160 µm. The pitch is determined by

the required angular resolution (see sect. 6.2) and the required low occupancy, mainly

set by Møller and Bhabha scattering. In Ref. [76] it is shown that these requirements

lead to a maximum strip pitch of 444 µm. The strips on the n-side are isolated from

each other by a ring of p+ implants (p-stops) around the strips. Three rings of p+

implants around all the strips isolate the strips from the edges of the silicon where the

bulk of the leakage current flows. These rings are held at an intermediate voltage. In

this way a stepwise drop from the bias voltage on the inside to ground potential on the

outer ring is achieved. The detector is passivated with a 2 µm thick polyimide layer.

5.5 Electronics

The electronics used to operate the Lambda Wheels comprise the front-end electronics,

electronics for the digitization and transfer of data to the HERMES Data Acquisition

System (DAQ), and a slow control system for the control of the bias voltage and the

control of the temperature of the Lambda Wheel modules. Each of these systems is
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discussed in a separate subsection below.

5.5.1 Front end electronics

The local read out on the Lambda Wheels modules is performed with the 128 channel

analog readout HELIX 128-2.2-chips [81]. One side of the silicon is connected to a daisy

chain of four HELIX chips using a 50 µm Kapton foil. The HELIX chips are designed

to be operated at the HERA bunch frequency of 10.4 MHz and thus sample the charge

collected at the Al-strips of the silicon detectors every 96 ns. Each channel consists of a

low noise charge sensitive pre-amplifier, a shaper which converts the transient present

in the input signal into a voltage pulse proportional to the input charge and 141 capaci-

tors (pipeline cells) which can store the pulse information corresponding to the charge

collected at the strips. A maximum latency of 128 sampling intervals corresponding to

12.288 µs is possible. The chip is clocked with a signal derived from the HERA machine

clock after giving it a delay to optimize the charge collection. Due to the smaller drift

speed of the holes an extra delay is given to the chips connected to the junction side.

When a trigger is given to the HELIX chip the pipeline cell in which the signal cor-

responding to this trigger is stored is tagged. At this moment the pipeline cell is not

available anymore for the storage of new pulse information. Up to 8 triggers can be

accepted without the tagged pipeline cells being read out, and the occurrence of trigger

number 8 is signaled. When the DAQ is ready to receive the HELIX chip information,

the signals of the 128 channels are multiplexed into a serial signal. A trailer containing

the 8 bit address of the pipeline cell number is added. After the first HELIX chip is

read out completely the next chip in the daisy chain is read out. This is continued until

the fourth chip is read out. At that moment the pipeline cells which were read out are

ready again to store new signals.

Before the HELIX output signal is taken from the carrier board to the outside

connection the analog output current of a dummy channel is subtracted from the ana-

log output signal and transformed into a differential current signal. Both steps reduce

the presence of common noise. In the first step the common noise interference present

on the HELIX chip is reduced, and in the second the common noise picked up during

transmission is taken out.

The operational points of all amplifiers in the HELIX chip are controlled via reg-

isters. The settings of these registers can be set using a serial protocol. This makes

it possible to tune the chip and to account for possible radiation damage in the chip.

The content of these registers controls 7 current Digital to Analog Converters (DACs)

which provide the bias currents for the amplifiers, and 6 voltage DACs that control

the values of the feedback resistors of these amplifiers. One register is used to set the
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latency for the pipeline cell to be tagged if a trigger occurs.

The controls of the local readout electronics of the Lambda Wheels (as described

in this paragraph) are organized in one custom made electronic module, the Hermes

Lambda wheels Control Unit (HLCU).

5.5.2 Analog to Digital Converter

The signals produced by one Lambda Wheel module are brought to one custom made

ADC module, the Hermes Analog Digital Converter (HADC). All HADC modules are

located close to the experimental set-up (< 5 m). Each HADC module samples four

differential current outputs (one for each side of the two silicon counters) coming from

four daisy chained HELIX chips per side. The complete readout of a module takes

52.224 µs. This time is the same for the readout of the complete Lambda Wheels sys-

tem due to parallelisms in the read out. The HADC can handle up to four triggers. The

HELIX output is capacitively coupled to the HADC input to decouple the bias voltage

present on the carrier board (see sect. 5.5.1).

As a first step the analog signals are digitized with a 10-bit ADC. The pedestal

subtraction and hot channel suppression (i.e. channels that always give a high ADC

value) is accomplished through the subtraction of a bit pattern. This pattern is con-

structed and results in ADC values grouped around a positive baseline. In the next

step the common mode noise present in the signals is reduced. The common mode

signal is determined as the average value of the first 16 channels out of 32 channels

that have their ADC value below a certain threshold. This threshold is set such that

strips where a signal is present are not used for the common mode subtraction. After

common mode subtraction a second threshold is applied and all strips with ADC values

above this threshold are transferred to the central HERMES DAQ system.

5.5.3 Slow control

The operational voltage of the HELIX chips and other front-end electronics present at

the carrier boards is called low voltage in contrast to the somewhat higher voltage used

to bias the silicon counters. It has been decided to shift the average of the low supply

voltages at -2 and +2 V to the bias voltage. This has been done for the following

reason. Although the read out of the HELIX chip is decoupled from the bias voltage a

break down of the insulating SiO2 layer, due to a pinhole for instance, might occur.

This would induce a current flow through the HELIX chip. Furthermore, the electric

field near the strips with the pinhole is distorted, thus lowering the charge collecting

efficiency. The above effects are minimized when the average supply voltage of the
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HELIX chip is taken to be equal to the bias voltage.

The (high) bias voltage for complete depletion of the silicon is about 50 V. In due

time the bias voltage most likely has to be increased to compensate for possible radi-

ation damage. In the design a maximum bias voltage of 100 V is assumed, which is

safe regarding possible breakdowns of the silicon. The bias voltage is controlled conti-

nuously. This makes it possible to turn it down (like for the low voltage) during the

injection and energy increase operation of the HERA positron/electron beam. During

injection the radiation level is much higher than during normal operation. If the bias

voltage would be applied in these periods the corresponding currents would enhance

possible radiation damage.

A second independent slow control system has been built to operate and moni-

tor the cooling system. This system monitors a range of temperature sensors located

throughout the Lambda Wheel system and stabilizes the temperature around a given

set temperature.

5.6 Detector performance

In Ref. [82] some first operational experiences obtained with a prototype of the Lambda

Wheels are described. Some of these results are presented here as well to show the per-

formance of the new detector system.

In the year 2000 the entire Lambda Wheel infrastructure was installed at HERMES in-

cluding one prototype silicon module. In this section (and in the following chapter) the

results obtained with this single module are described.

In the left panel of figure 5.5 the measured (un-triggered) pulse height distribution

of the prototype module is shown. The overlap between the signal and the steeply

falling noise contribution for lower ADC values is apparent. From the figure it can be

deduced that a threshold value of about 20 ADC channels is appropriate to significant-

ly reduce the noise contribution, while hardly affecting the signal.

Due to the change in strip length over the silicon counter the capacitive load on

the HELIX chips changes. The electronic noise charge increases with capacitance (and

thus with strip length) while the gain of the HELIX chip decreases. As a result the

Signal to Noise ratio changes with strip number as is illustrated in figure 5.5. The noise

contribution is defined as the RMS value of the measured noise signal. Using a random

trigger the noise contribution has been isolated from the signal due to particle hits. It



96 5.7. Conclusions

ADC

co
un

ts

0

100

200

300

400

500

600

20 30 40 50 60 70 80 90 100

stripnumber
S

/N

0

5

10

15

0 100 200 300 400

Figure 5.5: On the left side a pulse height spectrum measured with a pro-

totype module of the Lambda Wheels at HERMES is shown. Only the long

strips from the ohmic side are used and no clustering has been performed.

The solid line is a fit of a Landau distribution and an exponential shape

to the data. On the right the Signal over Noise ratio measured for the

Lambda Wheels is shown. Both figures are taken from Ref. [82].

can be seen from the figure that the S/N ratio is about 10, which is adequate for a

tracking detector.

In order to study the effect of the radiation damage on the silicon the leakage cur-

rents are frequently measured as a function of the applied voltage (while keeping the

temperature constant). The results of such a studies can be found in Ref. [80]. It is

concluded that increases of leakage currents are observed, and can be associated with

excessive radiation. However, the total increases observed do not limit the practical life

span of the Lambda Wheels.

The resolution and tracking efficiency have also been investigated. The results,

which are described separately in chapter 6, are in agreement with the expectations.

5.7 Conclusions

A new wheel-shaped array of silicon detectors, known as the Lambda Wheels, has been

developed for the HERMES experiment at DESY. The purpose of the system is to in-

crease the acceptance of the HERMES spectrometer for slowly decaying particles such
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as the Λ0 hyperons, reduce the false asymmetries entering the determination of the

Λ0 polarization and giving access to the kinematic domain at xF < 0.

The design considerations and chosen solutions have been presented in this chapter.

It was found possible to install and operate a system consisting of 12 modules, each

comprising two double-sided silicon counters inside the HERA lepton beam vacuum.

Custom made front-end electronics, read-out boards and analogue-to-digital converters

were built and shown to operate according to expectations.

Following the installation of the Lambda Wheel infrastructure at HERMES the per-

formance of the system was investigated with one prototype module. All systems were

found to operate satisfactorily, and a signal-to-noise ratio of about 10 was determined,

which is sufficient for the foreseen applications.

In the next chapter the tracking of events which are (partially) recorded with the

Lambda Wheels prototype module is discussed. From these studies it is shown that the

efficiency and resolution of the system is according to expectations.


