Chapter 1

VELO

1.1 Theory

1.1.1 Silicon Particle Detectors

A semiconductor is a material that acts as part insulatet,geaductor. Typical semi-
conductors, such as silicon, lie in group 1V of the periodiocle, and hence, have four
electrons in their outer (valence) shells. When silicorstalyses, its atoms form co-
valent bonds. This means that the electrons are sharedédretveégghbouring atoms in
the crystal structure.

Due to the close proximity of adjacent atoms in a solid, tleré¢ wave-functions
overlap and the individual energy levels form bands. Thedbanost relevant to this
discussion are the valence band (the highest filled bandjrencdonduction band (the
mostly empty band above the valence band). The bands areategpay a band gap
and it is this band gap that distinguishes between conducsaiator and semiconduc-
tor. Insulators have a very large band gap and the electrensc energetic enough
to make the leap to the conduction band. In conductors, thdwaiion band and the
valence band overlap and there is an abundance of vacaryestates, allowing the
electrons to move freely. In a semiconductor, the band gamall enough that ther-
mally excited electrons can make it across the energy gaypat temperature.

In a silicon crystal, when an electron jumps into the coniducband it leaves a
vacant energy state, called a hole. A neighbouring eleataorfill this hole, creating
a new hole. In this manner the hole can move about the crgstsdntially acting as a
positive charge carrier. In the presence of an E-field, elastmove in one direction
and holes move in the opposite direction.

However, the number of electrons excited to the conductandtby thermal exci-
tation is very small, and hence, density of charge carriesslicon is also small. In
order to increase the density of charge carriers, impsriten be introduced into the
silicon. An element from group V in the periodic table can Hded to the silicon and
will fill one of the lattice crystal spaces. It has the fourattens necessary to make
the covalent bond and one extra that is loosely bound to itéens and can easily be
elevated to the conduction band. This process is calledhdodDoping which adds
extra conduction electrons is called n-type doping. Exakence holes can also be
added by doping with an element from group Il in the periadicle - this is p-type
doping. Note, however, that the silicon remains electijaabutral (since the numbers
of electrons and protons are equal).
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(a) Forward bias (b) IV curve for a pn-junction

Figure 1.1: p-n junction bias

A p-n junction forms when n-type semiconductor comes intetact with p-type
semiconductor. The zone where the two types meet is knowneaddpletion layer.
This region contains no charge carriers - the conductiactreles from the n-type ma-
terial travel over and fill the holes in the p-type materiaheTp-side of the junction
becomes positively charged and the n-side negatively ekarbhis creates an electric
field across the junction. This counteracts the continuédsion of charge carriers.
When the electric field is sufficient to repel incoming holed alectrons, the depletion
region reaches its equilibrium width.

When a voltage is applied across the p-n junction, an extetaetric field forms
(separate to the internal E-field at the pn-junction). Famegle, in Fig. 1.1 the positive
terminal of a battery is connected to the p-side and the ivegtat the n-side of the
junction. This creates a E-field pushing holes from the jg-gilere they are plentiful to
the n-side, and vice-versa with the electrons. Thus, a cufi@vs. This configuration
(where p is at a higher electrical potential with respect)tasrknown as a forward-
biased p-n junction. Forward bias (P positive with resped ) narrows the depletion
zone and eventually reduces it to nothing, making the jonatbnductive and allowing
free flow of charge carriers. A reverse-biased junctiontexighen the n-side is at a
higher potential than the p-side. In this case, the field ih@opposite direction, but
there are very few holes on the n-side to flow to the p-side &g few electrons on
the p-side to flow to the n-side. Hence, very little currentvBiathrough a reverse-
biased p-n junction. Under reverse bias (P negative withe@sto N) the potential
is increased, further widening the depletion zone. Figb EHows an IV curve for a
typical p-n junction. Above a certain voltage, a forwarddeid pn-junction has almost
no resistance. With reverse biased, only a very small cuftens due to thermally
excited electrons and holes.

With a high enough reverse bias voltage the material can lhe dapleted. A
depleted pn-junction can be used as a particle detectortdthe strong E-field in the
depletion region, electron-hole pairs generated by a eugpgrticle travelling through
can be collected on the n or p side. Typically, the sensitaré gonsists of p strips in an
n bulk. A cross section through a silicon detector is showfigure 1.2. The deposited
charge travels towards the nearest strip. This charge caaadukout via aluminium
strips.
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Figure 1.2: Particle traveling through Silicon Sensor

1.1.2 TheLHCb Vertex Locator

The Vertex Locator (VELO) is the primary vertexing and trimgkdetector for LHCb.
The VELO surrounds the interaction point in LHCb, and hasrtwvjule precise mea-
surements of track coordinates close to the interactioionedhese are used to recon-
struct production and decay vertices of beauty and charmohagdto provide accurate
measurement of their decay lifetimes, and to measure thadhgarameter of particles
used to tag their flavour.

The VELO consists of 40 modules placed along the beam dareciig. 1.3 shows
a cut-away view of the VELO. The modules can be seen in thee@fthe tank. A
single module can be seen in fig. 1.7.

Each module consists of 2 silicon sensors for measuringcfgtits in R andg.
The modules are positioned to within 8mm of the beam and aractable to protect
the sensors, as the LHC beam is broader during initial begeutian.

Each sensor has 2048 aluminium strips. @srips are not perfectly symmetric,
and are placed facing opposite directions relative to ttlesest neighbours. See fig.
1.4a. This means that strips on adjacgisensors, for example, are at a stereo angle
relative to each other (fig. 1.4b), giving a better overaltésolution.

The active material is the silicon sensor. A double-mettit®logy was used in

1The readout strips were placed on a second layer of metailabesl from the metal that covered the
detecting strips.
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Figure 1.3: Velo Detector

the sensor design, enabling a strip close to the beam to lbedout over the top of
other structures.

1.1.2.1 Radiation Hardness

In LHCDb, the high levels of radiation are a concern. The aili@toms can become
displaced after irradiation, leaving vacancies and ititais (extra energy levels in
the band gap). Charges become trapped in the bulk of thersijlleading to reduced
charge carrier mobility and charge collection efficiencys @result the sensor may
become under-depleted. The sensor depletes from the nasidehis leads to a loss
of efficiency and resolution in p-on-n sensors. For the VE[rO;on-n]? was chosen,
as the depleted layer is on the same side as the strips. Tlhissntleat the sensors
are radiation hard - they can retain 90% of their functidgaditer 3 years of LHCb
running.

1.2 Experimental Setup At the University of Liverpool

| spent four months at the University of Liverpool to builcdeaperate a DAQ system to
test the Velo Modules. The DAQ system is a near replica of wiildbe used for data
taking in the running experiment (the differences are tkdain section 1.2.2). The
DAQ system was designed to read out data from a module, whichtiken analysed
to characterise its electrical properties. Thermograprewaken of the module under

2nt - the + refers to high doping concentration (~1:10,000) carag to the normal (1:100,000,000)
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Figure 1.4:

vacuum and cooling. These were used to inspect the moduddisadjrely for visually
comparing modules and checking for abnormalities whichstew up as “hot-spots”
on the thermograph.

There are four main parts to the module testing setup - i. theéute, ii. the readout
electronics, iii. the thermographic apparatus, iv. andsifstem for creating a LHC-like
environment, namely, the vacuum and cooling system.

Fig. 1.6 shows the connections in the DAQ system. The modol#aining Sen-
sors and Beetle Chips, is enclosed in the vacuum tank ancectathto the repeater
cards. The Beetle chips, repeater cards, and the Telligditiitn board form the read-
out network. Data flows through them as shown by the blaclsliiée data is finally
stored on the PC and analysed at a later stage. The PC alseatetmthe Credit Card
PC on the Telll which sends control signals (in blue) up thercto the Beetle chips.
The following sections describe these parts in more dedaittion 1.2.1 describes the
module and its various parts. Section 1.2.2 describes #uoré electronics. The Ther-
mal camera and its use are described in section 1.2.3. Theweand cooling systems
are outlined in section 1.2.4. The last section (1.2.5)gihe steps taken to run the
DAQ system.

1.2.1 Module

A complete module is shown in fig. 1.7. A module consists of hatves; one with

an R-sensor and one withgsensor. As can be seen from the figure, the sensors are
connected via pitch adapters to Beetle chips. These chépgsad for readout. All of
these are glued and electrically bonded on a ¥Pi@brid. This, in turn, is mounted
onto a rigid carbon fibre pedestal.

1.2.1.1 Sensor

Each sensor has 2048 aluminum strips that can be read outp Jéresors have radial
strips, divided into inner and outer regions, of 683 and 18#8ips respectively. The
R sensor’s strips are circular, divided into 4 quadrantslsf 8trips each. The strips
of the R sensor range from gthto 92umin pitch, and thep strips range from 3Im

3Thermal Pyrolytic Graphite
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Figure 1.5: Vacuum Tank, Cooling and Vacuum Pumps.

to 98umin pitch. The .Fig. 1.7b shows the two sensors. Combinediwibesensors
allow a position in 3D co-ordinate space to typicallynrdaccuracy. The sensors are
produced by Micron and are designed to be radiation hardtftaast three years of
LHCDb running time, at an average luminosity ok20%cm 2s~1. Each sensor spans
182 degrees, so there is a slight overlap between opposiisgise n-on-n silicon was
used as the active semi-conducting material.

1212 Beetle

The beetle chips read out the charges on the sensor stripeaEb sensor there are
16 Beetle chips; made using radiation hard CMOS technol@me chip processes a
charge from 128 strips on the sensor at a rate up to 1.1MHzdiRgafrom the 128
strips are split among the four data output ports on the Be#tip. The data is read as
an analogue signal and arranged into frames of 32 stripsdataeis output with some
header information which is added to the data before it ipagated onwards. The
header is in a binary format and includes information suchigpsline location, and
some parity bits. Each chip has a pipeline (or buffer) witfi i&ations. This starts to
fill when the chip receives readout triggers.

12.1.3 Hybrid

The hybrid is the rigid structure on which the sensors, kegtlps and other circuitry
are mounted. The bulk of the hybrid consists of TPG (Thernyablptic Graphite).
TPG was chosen in order to cool the silicon and the chips.dicheafficient of thermal
expansion (c.t.e.) close to zero and high thermal condtycttd 600W/mK (Cu for
instance is ~400 W/mK). TPG is a laminar substrate and it neégndinate at the edges
when glued to another surface. TPG can be quite weak, so &8pbmutCarbon Fibre
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Figure 1.7: Velo Module and Sensor

(CF) is grafted on to the edges for structural integrity. Avtcan circuit is laminated on
top of the TPG in a vacuum press at 280 The kapton has a c.t.e. of ~20p.p.m. Thus,
the hybrid is under tension after cooling. The CF also helpisstand this tension. On
top of the Kapton circuit, discrete components (resistoapacitors, etc) are added,
then Pitch Adapters, Beetle chips and finally Silicon.

1.2.1.4 Thermistors

Thermistors on the hybrid are used to measure the temperafuhe module and
ensure that they are adequately cooled. There are two tht@nsion each side of the
module - one in the centre, roughly halfway between the ogdliock and the sensor
edge, and one close to the top right. These can be read ougtihagoort on the repeater
boards.

1.2.2 Readout Electronics
1.2.2.1 Repeater Boards

The primary function of the repeater boards is to shape arnd thre signals from the
Beetle chips over 60m of twisted-pair cables to the ADCs anTilll. For conve-

nience, only 5m cables were used in Liverpool. The mothertboansists of a LV

(low voltage) card and 4 driver cards. One repeater boardawiplify one side of a

module. Typically these boards also have an ECS (Experah€ontrol System) card.
However in this instance, that has been removed and coigrals are sent using 12C
signals from the Telll board. The Repeater boards were niedignd built at CERN.



CHAPTER 1. VELO 9

Figure 1.8: Telll Board

1222 Tdll

The Telll board is a motherboard with multiple functions. & be seen in fig. 1.8
the Telll consists of 4 ADCs (Analogue to Digital Converjefar converting the Ana-
logue Beetle signals to digital. There are also 4 FPGAs dHRrbgrammable Gate
Arrays) which can perform Pedestal and Common Mode sulmraiut lacking this
functionality at time of testing). The Telll also assemllesdigitised data into Eth-
ernet packets. These packets are sent out the Gigabit Ethemd to a computer for
storage and analysis. Like the Repeater Boards, the TeBlalga designed at CERN.

There’s a Credit Card PC (CCPC) for controlling the Telll aedding signals to
the Beetle chips. The CCPC is basically a 486 CPU. It boots faccombination of
DHCP+NFS servers on the main PC. The CCPC runs ScientificldniSoftware on
the CCPC is used to send control signals to the Beetle chips]2C control signals
are as follows - power up chips, power down chips, configuilessineset chips, trigger
(to read out N events of data).

1223 PC

The PC is used to both take data from the module and storeeteTdre three network
ports on the PC - one for internet, one to connect to the Gftealitt PC on the Telll
board and one for the Gigabit Ethernet output from the Téellie PC runs Scientific
Linux CERN 3.
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Figure 1.9: Top down view of the vacuum tank

1.2.3 Thermography

An FLIR (Forward Looking Infra-Red) Thermacam SC500 thdrozanera was used
to take thermographic images of the module under coolingvatdium. The vac-
uum tank has two Germanium windows for the thermal cameraelw the module.

Thermographs were taken roughly every thirty minutes wiestirig the module. The
module was in vacuum and under cooling with its chips powegedhen the images
were taken. The chips are the main source of heat on the maddlalong with the

cooling, there is a heat gradient across the module.

1.2.4 Vacuum & Cooling Systems

The vacuum tank is a cross shape and the relevant points akedria Fig. 1.9.

There are vacuum pipes entering at the top and bottom of tiieitathe centre.
The tank is designed so that the module’s sensor will sitécmtre of the tank when
mounted. The Germanium windows allow the Thermographicsrarto take pictures
of either side of the module.

The front tank door opens on rails and the module is mountéil the z-axis in
line with the Germanium windows. (Assume z-axis is that &f éxperiment and the
module is oriented similarly). The door consists of elegitdeed-throughs to connect
the Repeater Boards to the Kapton cables and also has femdylis for the cooling
pipes (inlet and exhaust).

There are two vacuum pumps and three gauges. The Scroll ponis \wy the rel-
ative motion of two spiral shaped scrolls. Gas is trappedcamipressed between the
scrolls and pushed towards an exhaust in the centre. Thiémanagp works from Atmo-
spheric pressure and reduces the pressure to roughly 12 Atlihis point the Turbo
pump is used to further reduce the pressure to 1E-4 mbar. THsoTpump cannot
be operated at atmospheric pressure. It operates by pustingdividual molecules
rather than a fluid-like gas. The molecules are hit (battadgsssively by interleaved
fins inside the turbo pump. The fins turn clockwise and amtklvise relative to each
other. See Fig. 1.10.

The vacuum system consists of four valves - two between theppland the tank
and two to air. The vacuum gauges are in three differentipasit One is connected to
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Figure 1.10: Cut-away turbo-molecular pump

the scroll pump, one to the Turbo pump and one inside the fEiné.one on the scroll
pump is accurate from atmosphere to 5E-2 mbar. The Penningegand the gauge
inside the tank are designed to measure pressures belowriifar.

1.2.4.1 Cooling

The cooling is a bi-phase CQ@ystem. Liquid CQ is kept under pressure and expands
and changes to a gas in the cooling pads that are attached todtiule. The phase
change is isothermal - the module is cooled by a decreaseessipre and the latent
heat of phase change. The pressure is kept at roughly 10kagdyperation.

The cooling system consists of a 30kg bottle of liquid G@ot including bottle),
three valves, 2 over-pressure valves, a barometer, a floerpaatd a heater. There
is also a CQ meter as a human precaution since G©highly poisonous at 10% air
concentration. One of the valves can be used to regulate@adl@v while monitoring
the flow meter. The heater heats the gas as it exhausts sbdbasinot condense and
solidify causing a blockage.

1.25 Procedure

Fig. 1.6 gives a reminder of how the data and control signag ifh the system.

All power supplies for the Telll, PC and Repeater board weneetd on and the
various devices allowed time to power up. The Credit Card B@dup by retrieving
system files from the control PC. This takes about 2 minutese®ooted, one can log
into the CCPC via ssh. The DAQ program is started and this eamskbd to sentfC
signals to the Beetle chips on the module.

The VELO module is placed inside the vacuum tank, sealedrandstcuum pumps
started. Once the vacuum had reached the desired pressiiée4mbar), the CQ
cooling system was turned on. A®© the module can be configured and powered up
via I2C signals from the CCPC. A data capture program is started @cdhtrol PC.
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The events are saved to file in their binary format. This hjffiége can be processed at
a later time using the Vetra analysis program.

The system is now considered to be in a “ready” state. Thewiatlg sequence
of events will capture N events from the sensor on the moddl@:triggers are sent
from the CCPC through the Repeater Motherboards to the&ekiths on the module.
The chips will send one event for each trigger. The data isggthfom the Beetles to
the driver cards on the Repeater board. These shape andtdrisgnals down 5m of
twisted pair cables to the ADC cards on the Telll board. Ttemesvare digitized and
the assembled into Ethernet packets along with the heafeniation. These packets
are sent out of the Gigabit Ethernet port and stored on thead?C.

1.3 Noise and Thermal Characterisation of Velo M od-
ules

The overall goal is to characterise and reduce the noisesiddba as much as possible
in order to improve the signal-to-noise measurement foeperiment.

The following sections describe the analysis performedthadlgorithms written
in the Vetra analysis package. Vetra is based on the LHCb iGaftware framework.
It is simply a base program from which to write analysis roe$. A systematic study
was performed for all modules making up the Velo DetectosuRs are presented here
for Module 20 whose response was typical.

1.3.1 Raw Data

The first objective was simply to obtain a plot of ADC valuesrbsding out data from
the module. The raw noise was extracted from the data for @@0D events. Fig.
1.11a shows a plot of the raw data values against sensor ehdrre overall r.m.s. of
the values is 9:30.1, though significant structure can be seen. The totaéruza be
broken up into at least five constituents: fluctuations canfiiam (i) channel specific
offsets, (i) common mode noise, (iii), effects due to dagader, (iv) beetle pipeline
influence, and (v) the intrinsic noise. The following senialescribe the procedure
used to determine the intrinsic noise by subtracting theratbnstituents.

1.3.2 Pedestal Subtraction

It is clear from the plot (fig. 1.11a) that the data is shiftgdar down relative to its
neighbouring chip and channel. A pedestal subtraction we®pned to normalise the
values about zero. The pedestal is calculated as followsavgnage of the raw values
is calculated for a particular channel over all the everktsriai.e., for channel x, using
N events the pedestal is

P

P)( = A.!E

1

Zl =
=

“Note to self: mostly using file - module20-Phi-230506_1435
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WhereA)‘ﬁ is the raw data value for channeland evenk. Py is the pedestal for channel
x (i.e., a different pedestal is evaluated for each chann®lpew set of pedestals is
calculated for each module.

The pedestal is subtracted from each subsequent ADC vathexeBultant pedestal
corrected data is shown in fig. 1.11b. The new r.m.s. of thegatisubtracted data
values is 3.92-0.06.

1.3.3 Common Mode Noise

An analysis of common mode noise was performed to removetmgibution to the
overall noise . Common-mode noise is the noise common tofselements on an
electrical pathway. For example, a slight electrical suing&e power grid might push
all the data values up for one event and down for the next. Baelle chip processes
128 channels. The chip has 4 output ports, so each port sutjate: for 32 channels.
The port is a common electrical pathway to these 32 chanridle. common mode
noise was subtracted by grouping the channels into blocB2 @ind subtracting their
average.

C:

Sl

n
B
le "

whereC is the common mode noise for a blockmthannels (32 in this case) and
By is the pedestal subtracted data value for chaxniel contrast to the pedestal calcu-
lation, where all events were averaged, the common mode sb&nges per event, so
the average of all 32 channels was taken as the common maoskefooihat particular
event. Fig. 1.11c shows the data values after pedestal anchoao mode corrections.
The r.m.s. has been reduced to 2:8903.

1.3.4 Noiseafter pedestal and common mode subtraction

To obtain a plot of the noise in the data, the r.m.s. of coeclata values for each
channel was calculated for the 50,000 events. Fig. 1.12 sliogvpedestal and com-
mon mode corrected data values for one of the channels (7141§.plot shows the

data centred around zero, as would be expected after pededteommon mode cor-
rections. The noise is taken to be the r.m.s. of the data poimtthat channel. The
plot shows that the noise is gaussian and an r.m.s. oft0@B was obtained for this
channel.

This procedure was repeated for all channels. A plot of maishannel number is
shown in fig. 1.13. Some structure is evident, in particudae can see significantly
higher noise on channels which are a multiple of 32, i.e. fitls¢ channel on every
Beetle port. This was believed to be header spillover. Orezlinspection, this can
already be seen in the magnified view of figl.11c (magnifiedginifil4).
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Table 1.1 shows how the Beetle data is organised. The cglgsent frames of
a data packet. The Beetle data stream is an analogue-dighiad. The data part is
analogue, and the header is binary mixed into this streamh&hader precedes the data
as shown in the table. The “P” numbers refer to bits of the Be#tht represent the
Beetle pipeline number. It is these bits that affect the fiegta channels. The header
is not a perfect binary square wave and the falling edge calnosger into the next
cell modifying its data value. From the table it can be seex the most significant
bits are PO, P2, P4, and P6. So the effect of the header on tahadpends on the
relevant pipeline bit, which in turn depends on the origmaBeetle Port. Fig. 1.15
shows four plots, each of a different channel. These chanmete chosen because
each is linked to a different Beetle port. The data valuedéptal and common mode
corrected) for each channel were plotted against the pipéddication, and show how
the header influence dependent on Beetle port.
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| | Header | Data |
Beetle PortO|| ... | P1| PO| O 1. 29 30 31
Beetle Portl|| ... | P3| P2 32| 33| ..| 61| 62 | 63
Beetle Port2|| ... | P5| P4 | 64| 65| ...|] 93 | 94 | 95
Beetle Port3|| ... | P7| P6| 96| 97| ... | 125| 126 | 127

Table 1.1: Beetle Data Organisation

Due to the complicated nature of this header influence, tl@méls need to be
corrected individually. As can be seen from the table thelpip bits are spread over
the four beetle output ports. A generic algorithm is not egigwa correction must be
applied on a per pipeline bit per beetle port basis. A coiwads applied by averaging
the difference between the data values when a header bitisahd when it is low. The
values are then normalised by subtracting this differerég. 1.16 shows the RMS
noise before and after this correction. The noise on evely @annels is reduced but
not eliminated. The noise on every thirty-second channsineduced from 2.920.03
to 2.68t0.03. The average of the other channels, unaffected by theéehenfluence
remains unchanged at 2:80.03. Combined, this gives an average noise value for all
channels of 2.380.03. The values in this type of plot are those that will bedutse
evaluate a signal to noise measurement for a module.

1.3.5 Pipeline Noise

The pipeline itself was analysed as a possible source od extise. Fig. 1.17 shows a
plot of Pipeline location against channel and the colouos\dhe noise in ADC counts.

The vertical lines show that some channels have higher tivéseothers. Some of the
strips on the silicon are longer than others and have a hagpecitance, causing higher
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Figure 1.15: ADC values against pipeline location.

noise on these channels. Any horizontal lines would showiquéarly bad noise for
a given pipeline location but none are obvious. Thus, we cartlode that for this
particular module there are no bad pipelines.

1.3.6 Thermography

Thermographic images were taken to identify any obvioustdl problem with the
modules. Dead chips stand out against their neighboursy akatted wires, as cold
and hot spots respectively. These are also used to quatitaiompare the modules.
Fig. shows a thermograph of module 17. The cooling block itherother side of this
module in the area represented by the green box. It canglearseen that the area
furthest from the cooling block is warmest. The sixteen Beehips can been seen
“glowing” when fully powered. Any chip not powered up wouldok significantly
darker than its neighbours. Due to reflectivity, the sensor@her components look
warmer that they are relative to the hybrid.
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Figure 1.17: Pipeline Noise

Figure 1.18: Thermograph of module 1Fgide)

1.4 Conclusion

The DAQ system was successfully set up at the Universitywdipool and is currently
being used to test VELO modules for the experiment. In thegss of doing this, |
have gained an intimate knowledge of the production anihtgstycle of the mod-
ules at Liverpool and have become familiar with the operatibvacuum and cooling
systems.

Control software for operating the Tell1 system and sentfiigsignals to the Bee-
tle chips was enhanced by writing a front-end for the Tellftveare control libraries.
During my time at Liverpool, five modules were tested using EFAQ system. The
data from the module is stored in a binary format when takemfthe Telll digitisa-

tion board.
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| Algorithm | rms. |
Raw Data 9.3+0.1

Pedestal Subtraction 3.99+0.06

Common-Mode Correction | 2.39+:-0.03

Header Correction 2.38+0.03

Channels unaffected by heade®.374+0.03

Table 1.2: Systematic noise reduction

The binary data was then analysed using the Vetra progratra ebased on the
LHCb Gaudi framework which will be used in the running expegnt. Algorithms
were added to Vetra to extract the raw data events, perfodegtel and common
mode subtractions and produce noise plots of the correettad @he goal of this was
to reduce the systematic noise in the data. Table shows dluetien in r.m.s. values
after each algorithm for Module 1g{side).

Further corrections were made to the data to reduce “hegilbover”. This is
an effect of the header influencing the data when the signadssed from the Beetle
chips, effectively increasing the noise on every®¢hannel. The average noise (r.m.s)
on every 324 channel was reduced from 2:92.03 to 2.68-0.03. This yields a final
average noise value of 2.38.03.

An analysis of Beetle pipeline (or buffer) was investigagsdanother possible
source of systematic noise. A plot was produced showing n@ab high noise from
specific pipeline locations.

Thermographic images were taken of the module under vacuuthtaoling to
compare thermal properties of the modules. In some casededhbond wires were
found using this technique and sent for repair.

All of this information, both thermographic images and gsel data is stored in
a database at the University of Liverpool. This databaséeamsed as a reference for
the electrical and thermal properties of the modules. Alhefalgorithms and software
written are currently being used to test the modules thatewéntually be used in the
Vertex Locator for LHCb.
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