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ABSTRACT. A detailed study of charge collection efficiency has beeriopmed on the Silicon
Drift Detectors (SDD) of the ALICE experiment. Three diffat methods to study the collected
charge as a function of the drift time have been implemeniée. first approach consists in mea-
suring the charge at different injection distances movimin&rared laser by means of micrometric
step motors. The second method is based on the measurentieatcbfarge injected by the laser at
fixed drift distance and varying the drift field, thus charggthe drift time. In the last method, the
measurement of the charge deposited by atmospheric muassedgo study the charge collection
efficiency as a function of the drift time. The three methodsegconsistent results and indicated
that no charge loss during the drift is observed for the setypes used in 99% of the SDD mod-
ules mounted on the ALICE Inner Tracking System. The atmespimuons have also been used
to test the effect of the zero-suppression applied to retheelata size by erasing the counts in
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cells not passing the thresholds for noise removal. As dgdethe zero suppression introduces a
dependence of the reconstructed charge as a function ofidré because it cuts the signal in the
tails of the electron clouds enlarged by diffusion effedisese measurements allowed also to val-
idate the correction for this effect extracted from dethiMonte Carlo simulations of the detector
response and applied in the offline data reconstruction.
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1 Introduction

Large area Silicon Drift Detectors (SDDs)3] equip the two intermediate layers of the Inner
Tracking System (ITS) of the ALICE experiment at the LH& $]. They have been selected due
to their good spatial resolution, capability of unambigsibwo-dimensional position determination
and possibility to provide the energy-loss measuremerdetkéor particle identification. The op-
erating principle of SDDs is based on the drift towards atifey anodes of the electrons produced
in the sensitive volume by an ionizing particle. The tramspbelectrons in a direction parallel to
the surface of the detector and along distances of severtihers is achieved by creating a drift
channel in the middle of the depleted bulk of a Silicon waéershown in figurd(a). Thus, the
distance of the crossing point from the anodes is deterntiggtie measurement of the drift time,
as long as the drift velocity is know, which is proportionalthe applied electric fiel& and to the
electron mobilityue (v = UeE). The second coordinate is obtained from the centroid ottaege
distribution along the anodes.

To reach the required spatial resolutionrg80 um, either an excellent uniformity of the drift
field over all the sensitive region of the detector, or to ectrfor the systematic errors caused
by its non-uniformity is necessary, as discussed6in [Furthermore, the drift velocity must be
known with a precision better than 0.1% in every point of ti¥DSsensors. This is a challenging
requirement because the mobility depends on the temperasye 0 T (K)~24, so the drift speed,
which is about 6.5um/ns at the bias voltage of 1.8 kV, varies by about 0.8%/K atrrtemperature.

In order to perform the study of the collection charge efficiein the SDD, a test station
has been set-up at the INFN Technological Laboratory infilun the following sub-sections an
overview of the ALICE SDDs and the explanation of the methastsd for the data analysis will be
presented. In sectidhthe results obtained by using the infrared laser with twiedéht data taking
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Figurel. (a) SDD operation scheme. (b) SDD module.

procedures will be reported. In sectiBrthe study performed with cosmic data will be presented
and the results will be discussed. The conclusions of thigkwaoce addressed in the last section
(sectiond).

1.1 TheALICE Silicon Drift Detector

The sensor. The SDD sensors/] of the ALICE experiment are built on n-type high-residiyvi
300 um-thick Neutron-Transmutation-Doped silicon. The activea of 7.02x 7.53 cnf is split
into two drift regions & 35 mm long) by a central cathode strip which is biased at a maixi
voltage (HV) of -1700-+ -2400 V. In each drift region, on both the detector surfa@, p
cathode strips with 12Qum pitch are implanted as sketched in figui@). A built-in voltage
divider, made of Polysilicon implants, biases these cath@d a gradually decreasing voltage from
the HV applied to the central cathode down to a medium voli@dé~ -40 V) applied to the
last cathodes before the anodes. This MV is used to polaizea-called collection region, as
described in§]. In this way, a drift field parallel to the wafer surface isgeated, giving rise to a
bi-directional structure: the electrons drift from the wahcathode towards the anodes. The drift
field Eqrie is given by the ratio between the inter-cathode voltage dgp= (HV —MV)/291
and the cathode pitch (= 120m); typical operation values fdvy,, are between 5.5 and 8 V,
corresponding tdegsir in the 458-667 V/cm range. At the end of each of the two driffioes,
the electrons produced by the crossing particle are codveyeneans of pull-up cathodes, placed
below the anodes, towards an array of 256 collection and8k1(m pitch) connected via micro-
cables to the front-end electronics. For a detailed desanipf the SDD sensor, se&H{7].

Front-end electronics and zero-suppression. The front-end electronics of the SDD is based on
three application-specific integrated circuits (ASICsheTirst one, called PASCAL, is a mixed-
mode chip with 64 channel§] In each channel the signal coming from one anode is amglifje

a charge sensitive amplifier and sampled at 40 Mi{zan analogue memory with 256 cells. When
a trigger signal is issued, the content of the memory is ficared the samples are digitized by a
10-bit successive-approximation ADC. One converter setw® adjacent channels, so 32 ADCs

1A sampling frequency of 20 MHz can also be used in order tocedbe dead time.



are embedded on the chip. After the digitization, the datatensferred to the second stage,
handled by a AMBRA chip9]. This ASIC performs the pedestal equalization on a chabygel
channel basis and applies a 10 to 8 bits compression algoli#iore storing the data in one of its
four event buffers. Four PASCAL-AMBRA pairs are mounted ba front-end hybrid§], which

is a flex circuit made of Aluminum-Kapton cables laid-out ooaabon fiber support. Two front-
end hybrids are hence necessary to read-out a full sensbiorAcable £2 cm) connects the SDD
anodes to the PASCAL inputs, while a longer one (up to 40 cloyvalthe communication between
the hybrids and the rest of the system and distributes thglysupltages. All the interconnections
exploit the Aluminum on Kapton technology.

Two front-end hybrids are connected to the same data cosipreboard which hosts one
CARLOS chip fLO]. The use of four event buffers on AMBRA allows the derandmation of
the triggers, so the data transmission speed from the &odthybrid can be tuned to the average
event rate. CARLOS performs the zero suppression befordirggithe data via optical fiber to
the so called CARLOSrx boardLf]. Due to the diffusion occurring in the sensor the signals
present significant tails, so the use of a simple zero sugipress problematic. A bi-dimensional
compression algorithm based on a dual threshold has thereéen preferredlp]. To be accepted
as a valid signal, a sample must exceed the higher threshdltiave at least one neighbor above
the lower one or viceversa. This allows to suppress nois@sjisolated samples above threshold)
and to preserve as much as possible the samples in the th#é sfgnals. Despite their amplitude
these can in fact contribute significantly to the final spaaolution because of their bigger lever
arm in the centroid calculation. Moreover, a cut of thesks @so affects the measurement of the
deposited energy.

Chargecollection. The SDDs inside the ALICE ITS have two main tasks: the firsh isrtsure an
adequate space resolution on the particle crossing pajettier with good multi-track capability,
while the second is to measure the specific ionization enkggy (dE/dx). Hence, the Charge
Collection Efficiency (CCE) is an important characteristithe detector quality in order to achieve
the required precision in dE/dx measurements. The CCE naesba known as a function of the
drift time (i.e. the time necessary for charge carrierstedes or holes, created by ionizing particles
in active volume, to reach a signal readout electrode). érBD, the drift time can be as long as
6 microseconds. The possible reasons of a decrease in C@esmébed in the following points.

1. The drifting charge carriers (electrons in the SDD caselergo diffusion, giving rise to an
electron cloud with Gaussian-like profile, both along thi& dnd anodes axes, with a sigma
given by

02 = 2Dtuiift + Ofimeo (1.1)

whereD is the diffusion coefficientD = KgT pe/q, with Kg the Boltzmann constant, the
absolute temperatureie the electron mobility andj the electron charge. For the ALICE
Silicon Drift Detectorsp ~ 3+ 5um?/ns.

The electron cloud generated far from the anodes can exfetml4dianodes in the anode di-
rection and can last up to 200 ns along the drift directiomayy well happen that a fraction
of the charge in the tails of the electron cloud does not dmute to the total collected charge,



because it gets suppressed by the zero-suppression latgodéscribed in the previous sec-
tion. This fraction increases with the Gaussian widtland consequently with increasing
drift time. The zero-suppression may also affect the foactf collected charge in case of
inclined tracks which give rise to elongated clusters witarger fraction of anode/time bin
cells with signal below the thresholds. This effect is hogremot present in these studies
because particles orthogonal to the detector surface heme bsed in both the laser and
cosmic studies.

2. Alocalized defect in one of the voltage dividers couldutem the voltage unbalance be-
tween corresponding drift cathodes placed on opposite SbRaces (see figuri(b)). This
effect leads to a shift of the bottom of the potential gutsdong which the electrons drift
towards the surface where the charge can be trapped. As aqumixe, it is expected to
have astep likeCCE fall-down above a given drift distance.

3. Impurities present in the depleted silicon bulk of the S&DId trap drifting charge carriers
which causes a dependence of the collected charge on tiersainift time. It is worthwhile
to note that the effect of the zero-suppression algorithmtimeed in comma 1) easily fakes
charge trapping.

1.2 Experimental setup and analysis methods

The test setup exploits an infrared laser and micro-metdp motors to provide the capability
of generating signals in known positions in the detector d&detailed description, se6][ The
aim of this work is to study the dependence of the collectestgdh on the drift time, so as to
test the possible presence of systematic effects on the TiaEstudies have been performed on
three Silicon Drift Detectors that were not mounted on thd @& ITS, because they present a
large number of bad channels (noisy or non-functional) they can be used for this analysis that
is performed on few selected anodes. Two modules (calleddABgrhave been obtained from
the final production of sensor using Silicon wafers with afemh dopant concentration. One of
these (B) has a localized defect in the internal voltageddivi The third module (called C) was a
prototype built from a different Silicon wafer and presesitmificant doping inhomogeneitie§]|

Three different analysis methods have been implementamlotthem make use of the 980 nm
infrared laser to generate the signal, while the third mgtiedbased on the ionization produced in
the SDD sensor by atmospheric muons.

1. Fine position scanningonsists in measuring the collected charge as a functioheodlift
distance (i.e. the drift time), moving the laser on a lineajectory along the drift coordinate
at fixed anode coordinate by means of micro-metric step raotor

2. Fixed positionis based on the measurement of the collected charge when thénlaser in
a fixed point (i.e. at fixed drift distance) and varying theftdield, thus changing the drift
time only.

3. Cosmic rayds based on the measurement of the charge deposited by dtenasmuons as
a function of drift time.
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Figure 2. (a) Cluster generated by a laser shot. The total charge v&lobtained by subtraction of charge
contained in the two rectangles. (b) Slice plot alargxis: charge collected by the anode corresponding to
the signal peak as a function of the drift time.

Data have been collected without enabling the zero-supipreslgorithm to isolate possible
effects of charge trapping and voltage divider defects. daré2(a) an example of a cluster pro-
duced by a laser shot in the middle between anodes 39 and A0vis1s On thex—axis the drift
time measured in time bins (1 time bin = 25 ns) is reported)endm they—axis the anodic coor-
dinate, defined by the anode number, is shown. The colleti@dje, expressed in ADC counts, is
represented in gray scale. The two rectangles represesighal and thebaselineregions which
are used in this analysis to extract the collected chargi¢ wal be explained later in this section.
The plot shows 60 time bing 17 anodes (out of 256 256 cells of one hybrid) where the signal
clusteris visible. The cluster is 6 time bing 4 anodes size, with a peak valuef200 ADC.
The size of the cluster is not due to the size of the laser sputch is~ 510 um, but to charge
diffusion effects. In the remaining part of the sensor arraye value ok 40 ADC is measured
for the baseline. In figur@(b) the charge collected by the anode corresponding to ¢malspeak
is shown as a function of the drift coordinate. For this medtihe average noise value (i.e. the
fluctuation around the baseline)dg.3 ADC counts. The peak signal-tmiseratio, obtained after
the baseline subtraction, is about 95.

A possible method to measure the total cluster charge waeiltb lset a threshold equal to
the baseline increased by few times the noise, and sum the c&dD@ts of the cells passing this
threshold (somewhat equivalent to a zero-suppressiomigigy. Anyway, with such on approach,
the tails of the cluster would be cut thus affecting the mesrsent of the charge especially in the
cases of large drift times.

Therefore a different method has been developed. The totage of the cluster is obtained
by summing the ADC counts of all the cells inside a rectangugion centered on the signal peak
and sized so as to contain the entire cluster, also for trescagh maximal diffusion (i.e. largest
drift time). The sum of the ADC counts in a rectangle with tlng area and shifted along the
drift direction is subtracted to remove the contributiortted baseline under the peak. A sketch of
the two regions, calledignal rectangleandbaseline rectangleis shown in figure2(a).
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Figure 3. (a) Picture of the SDD sensors (zoom): the cathode sthipsydltage divider (at the top) and the
collection anodes (on the left) are visible. (b) The metadle pattern of the SDD module visible from the
laser signal peak vs drift coordinate.

2 Laser measurements

2.1 Fineposition scanning

To check the dependence of the collected charge on the dstiinte, a specific trajectory has
been implemented in the motor controller, which moves tiserlalong the drift direction (i.e.
perpendicular to the collection anode row) at a fixed anodedioate.

The SDD moduleT] has a row of 291 cathode strips perpendicular to the drittation. A
85 um wide metallization, which reflects the laser, covers thared part of each cathode (fig-
ure 3(a)). In order to properly generate a signal it is therefaeeessary to center the laser spot
on the 35um wide space between two Aluminum strips where no metal isgmte A trajectory
with a spatial gap of um between two consecutive laser shots has been implemeataithw to
select those in which the laser photons have not been reflbgtthe metallization. In figurg(b)
the value of charge peak (i.e. the ADC counts in the anode/bim cell with highest signal) as a
function of the laser position along the drift direction istped. It is possible to distinguish the
metal/oxide pattern (pitch = 120m) of the SDD sensor: the flat regions in which the signal peak
is low (50 ADC counts, close to the baseline value) corredgorthe metallization while in the
inter-cathode regions a peak signakoR00 ADC counts is observed.

The positions corresponding to the center of pleteaubetween two consecutive metalliza-
tions have been selected for the following analysis, in otdeminimize possible biases due to
laser reflection effects. In figura), the charge peak values are plotted as a function of ifie dr
distance, corresponding to the known laser positions duhia scanning. A decrease of the charge
peak value with increasing drift distance is observed. diis to the diffusion of the electron cloud
during the drift, which causes a decrease of the peak togefitie an increase of the signal RMS.
This is confirmed by figurd(b), where the RMS values extracted from a Gaussian fit tolihege
signals along time bins are plotted as a function of the di#ftance.

In figure 5 the total collected charge calculated with the two-redeamgethod described in
sectionl.2and normalized to the maximum value is plotted as a functfaheodrift distance (cor-
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LA T T T LA T T 1
(] r (] r (]
2 r 2 [ 2
© © r ©
S S qF 1 5 1F 4
k=] k=] r k=]
8 80 8
g g€ oo g€ oo m
: 2 Hi H\M | H‘ il : "“‘M i
ikl M‘” HlH Il \ Hnn H m ‘
0.8} il L u | 0,8— IH\ \ “I ” ‘
MH‘U \H Lk M‘ ‘\IH ‘ \H i “i‘”‘ W i ‘H H\N NH\ i\‘l \} |H “‘I ‘I‘Il\\ ‘
L I w \H “
07F ] 07F \ \ ‘ ‘ 07F ‘ ‘“‘ it HI\‘\ H
t HU “U Wlu‘ l” M m‘ H ‘
: E H M i
0.6/ B 0.6 B 0.6/ ‘
: X2/ ndf 337.8/270 E X?  ndf 220.2/270 E X* I ndf 241.71270
0.5 po 0.9057 + 0.003276 ] 0.5 po 0.8139 + 0.006583 ] 0.5 po 0.8816 + 0.005827
E Pl -0.0002868 + 0.0001576 E Pl -0.0006937 + 0.0003167 E pl  -0.007315 + 0.0002802
0_4HH\HHMHw\uu\uu\uu\uu 0_4wHw\HH\HH\HH\HH\HH\HH 0_4HH\HH\HHMHw\uu\uu\uu
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 0 5 10 15 20 25 30 35
Drift distance [mm] Drift distance [mm] Drift distance [mm]
(a) (b) (©)

Figure5. Collected charge vs laser drift position for three modéleB and C.

responding to the known laser position) for the three madulée error bars have been calculated
from the RMS of the distribution of the counts summed overlihseline rectangle Data have
been fitted to a straight line of equatio(x) = a+ bx The first 2 mm £ 10 time bins) of drift
distance have not been taken into account for the fit, bedabas been observed that at low time
bins a strong effect of common mode noise (i.e. coherentuidicins of all electronic channels)
appears. It is probably induced by the laser generation wienrigger signal is issued by the
motor control.

For the module A, displayed in figuiga), the collected charge is independent of the drift
distance. Thel parameter of the linear fit is compatible with zero withior and the maximum
charge difference, calculated as the line slope multifdethe maximum drift length (35.085 mm),
is about 1%. In figuré&(b) (module B) the point-to-point charge fluctuations argéa than in the
previous plot, because the module is affected by higherenclhie maximum charge difference
is about 2%. The data for these two modules can also be fittaccemstant with a goog? test



Table 1. Voltage configurations used for the systematic study.

HV V] [ MV V] [ Vgap[V] | Ecrin [Vicm]
-2368 -40 8 667
-2082 -45 7 583
-1791 -45 6 500
-1645 -45 55 458
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Figure 6. Maximum charge difference values vs voltage configuration

value. In figure5(c) (module C) a charge dependence on the drift distancessraéble, with a
maximum charge difference of about 26%. Module C, as meation sectiori.2, is affected by
large inhomogeneities in the Silicon dopant distribution.

The same procedure was repeated for different voltage eoafigns, in order to search for
possible dependence on the electrical drift field valueg difosen configurations are summarized
in tablel. The nominal configuration used by the SDD modules mountdldnALICE ITS is
Vgap = 6.04V. This value has been chosen as a compromise between thetsigeal peak over
noise which is obtained &,p= 8V and the better spatial resolution at lowgs, provided by the
larger cluster size due to diffusion effects.

In figure 6 the maximum charge differences for all the three modulesfasaion ofVyap are
plotted. The charge difference values for module A are caiilpavith zero, allowing to conclude
that no dependence of collected charge on drift time is ptdseeall the appliedEgyix. For module
B a maximum charge difference 5% for all voltage configuration is observed. In this case, th
CCE seems to be independent\gf, Module C data present a decrease from 29% to 26% with
increasingVgap For this particular module, a significant charge loss duthre drift is observed
and this loss is larger at lower values of drift speed, whimtiaspond to larger drift times.

2.2 Fixed position

A second method for measuring the CCE has been developedén tr limit the systematic ef-
fects due to possible misalignments between the sensoe plagh the laser support structure that
can affect the scanning method described in the previod®sedt consists in collecting different
samples of 1500 laser shots in a fixed position with diffexatties ofVyap, i.€. different values of
the drift field. Since the drift time depends on the drift fiakty = X4/ (e Eq), the measurement at
differentVyap allows to study the dependence of the collected charge adriftaéime without mov-
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Figure7. Distribution of peak charge value (a) and total clustergbgb) for 1500 events withigap= 7 V.

ing the laser spot on the detector surface. In order to ligsitesnatic effects due to a drift in the laser
intensity with time, or to possible displacements of thessercaused by mechanical vibrations, the
measurements were performed with a trigger rate of 100 H, limiting to 15 seconds the time
for each sample at a fixédap. For each position up to six values\df, in the range between 5.5
and 8 V were scanned, corresponding to a total measuremaafair a given position of about 3
minutes, including the time to set up the system in betwe@mb@asurements and the data acqui-
sition system starting and stopping times. MoreoverMhg values were scanned in randomized
order, thus canceling correlations between the drift fielde and the time of the measurement.

For each event, the peak value (i.e. the ADC counts over teeliba in the anode/time bin
cell with maximum charge), the position and the RMS of theldasgnal along time bins and the
total charge were extracted. The total charge has beemeltaly subtracting the counts in the
baseline rectangléom the counts in theignal rectangleas explained in sectich2

In figure7(a) the distribution of the charge peak values for 1500 eveoltected aVyap= 7V
is shown. The effect of the lossy compression from 10 to 8gptiad in AMBRA is visible: above
128 counts the Less Significant Bit (LSB) is dropped and tieeipion of the ADC counts is limited
to 2 units. In figure7(b) the distribution of the total collected charge is shoagether with the
result of a fit to a Gaussian function.

The drift time averaged over the 1500 events is reported urdi§(a) as a function of the
appliedVga, for a given fixed position of the laser shot. As expected, edirdecrease of drift time
with increasing drift field is observed. In figug¢b) the average value of peak charge as a function
of the appliedvysp is shown: the value of peak charge increases when the dfdtifiereases, as
expected due to the smaller diffusion of the electron cloudng the shorter drift time. This is
confirmed by the decrease of the RMS of the signal peak alangrift direction with increasing
Vgap as it can be seen in figuBc).

The values of the total charge averaged over the 1500 evemtpl@ted as a function of
Vgap in figure 9 for the modules A (left panel) and C (right panel) used in 8tigly. In order to
allow comparison of charge collected on different moduléh different laser intensities, the total
charge has been normalized to the value (in ADC counts) meadsiiVgap = 8 V. The systematic
error (gray band around the point) was estimated from theaspof the values of average cluster
charge obtained repeating 6 times the measurement at a fosgtibp and at sam¥€g,,. A clear
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Figure9. Total collected charge versMgapfor module A (left) and module C (right).

dependence of the collected charge on the appggl(i.e. on drift time) is observed for module
C, while for module A the total charge is independent of th# fleld, thus confirming the results
obtained with the scanning technique described in the pusvéection.

The measurement has been performed shooting the laser idifiggent positions on the
detector surface. For module A, all the measurements showeatkpendence of the collected
charge on the applied,s, For module C, in all the tested positions, it has been olesettvat the
charge collected at the minimum drift fieldyg, = 5.5 V) is about 90% of the value measured at
the maximun¥gap of 8 V.

3 Cosmicrays

A third method to study the CCE has been implemented. It isdbas the measurement of the
charge released by atmospheric muons in the SDD sensorg tasnmethod, which exploits the
signal from charged (ionizing) particles, it is possibleatmid the possible systematic effects due
to the laser reflection on the metallizations and to the commode noise coming from the laser
generation triggered by the motor controller.
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3.1 Trigger system for atmospheric muons

To study the collected charge at different drift positiom®iSDD module with minimum ionizing
particles, a dedicated trigger system detecting atmogphaions has been built and operated.
The system is composed of three plastic scintillators, a Mikte for electronic devices and an
acquisition system. Two of the scintillators are NE102Aeypith an area of 80 x 80 chand a
thickness of 4 cm. The two scintillators are located one nadteve and one meter below the SDD
module respectively. Both of them cover the entire area efntlodule, but for technical reasons
the centers were not aligned to the center of the module. Aifekis a 1 cm tick scintillator with
an area of 7.5 x 7.5 cfnltis located above the SDD module, at 3 cm from the senséaseir Due

to mechanical constraints, it is not perfectly aligned ® $DD module and it does not cover its
entire surface.

Each scintillator is shielded and equipped with a photettlat sends an analog signal to
the electronic system. The analog signal is first discriteidiaand then sent to a coincidence unit
for trigger purpose. The calibration of each scintilla®performed triggering with the two large
scintillators, sending the analog signal of the scintitato an ADC and looking at the single
particle spectrum in ADC channel units. The discriminatoeshold has been set to 20 mV for all
the three signals and the voltage of the three photo-tubebden set te=1700 V. A coincidence
among these three scintillators in a time window of 100 negithe trigger signal to the SDD
acquisition system.

With this trigger, atmospheric muons with direction betwé&® and 3@ with respect to the
vertical direction are selected, providing an averageyénigate of about 0.2 Hz. Due to the ge-
ometrical arrangement of the system and some selectiorooutse cluster reconstruction in the
SDD, 50% of the triggers select a muon crossing the SDD mdtatecan be analyzed.

3.2 Resaults

Using the trigger system described in the previous par&grap collected about 40k cosmic events
on SDD modules A and C, polarized witlya, = 8 V. In order to study the effect of the zero-
suppression, for module A, which did not show charge losscedfin the laser-based studies, a
sample of muons was collected with the zero suppressioveadti figurel0 the results for mod-
ule A are shown (zero suppressed data). In the left panebfiepof the peak charge values shows
the decrease of peack charge with increasing of the drif.tifhe maximum decrease is about
47%. In the right panel it is possible to observe that thetelusize increases at larger drift times
(profile plot). This behavior is consistent with the resutsained using the laser methods (see
figures4 and8).

To study the dependence of the collected charge on the inidt, tdata have been acquired
without zero suppression and, for each event, the chardealuster has been calculated with the
method described in sectidn2

Data have been divided in nine bins along the drift directiBar each bin the distribution of
the collected charge has been fitted with a convolution ofralaa and a Gaussian. As an example,
three of these distributions, one for a bin close to the as\calee for the central region and one for
a time interval far from the anodes (i.e. close to the certéieodetector) are shown in figuld.

—-11 -
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Figure 11. Distributions of collected charge in different drift tinietervals, fitted to a convolution of a
Landau and a Gaussian (without zero suppression).

The Most Probable Value (MPV) of the fit functions is then ugsethe study of charge de-
pendence on drift time. In figurE2(a) the MPVs as a function of the drift time, for module A, are
plotted for two sets of data (with and without zero-suppgmgs The triangular markers represent
data acquired without zero-suppression in the CARLOS chipthey do not show a dependence
of the collected charge on drift time. They can be fitted torestant function. The circular markers
represent data collected with zero-suppression and havefthed to a straight line. In figurE2(b),
the MPVs as a function fo the drift time obtained by a Montel@aimulation, including a detailed
description of the detector and front-end response, anersland fitted to a straight line. In case
of zero-suppressed data, the difference between charlgeteal for muons crossing close to the
anodes and muons with maximum drift distance amounts16% in case of data and te17%
in case of simulation. This confirms that the simulation ectly reproduces the detector response
and the combined effect of charge diffusion and zero sugjme®n the collected charge, allowing
to use a correction factor extracted by the Monte Carlo satiar in the offline data reconstruction.

In figure 13, the MPVs extracted from non-zero-suppressed events @iteghlas a function of
the drift time, for modules A and C. Data are normalized tovihiele at the lowest drift time. For
module A (left panel), data are fitted to a constant. As sedingiprevious plot, no decrease of the
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C, data fitted to a straight line.

most probable value of the collected charge is present ascsida of the drift time. On the con-
trary, for module C (right panel), a cluster charge depeocdem the drift time is visible. Data have
been fitted to a straight line. The maximum charge loss vakteacted from the fit, iss26%. This
result is compatible with to the one obtained with the saagmhethods using the infrared laser.

4 Conclusions

A systematic investigation of charge collection in the@ifi Drift Detectors has been performed
on three sensors spared during the ALICE Inner TrackingeBystonstruction. The CCE has
been investigated by studying the total cluster charge asetibn of drift time/distance for sig-

nal events produced with an infrared laser and for atmogphauon clusters. On modules with
uniform dopant concentration (A and B), no dependence otttlected charge on the drift time
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has been observed, allowing to conclude that effects ofreled¢rapping during the drift are neg-
ligible. On the contrary, on modules with large dopant inlegeneities a significant decrease of
collected charge with increasing drift time is observedching a~ 26% difference between clus-
ters produced close to the anodes and clusters producee itetiter of the detector. It should
be pointed out that for this kind of sensors (C), an inefficiein charge collection was already
measured during beam tesisg] and the significant inhomogeneities in dopant concelinatiere
observed when mapping the detector response with the Blsekg a matter of fact, only 2 mod-
ules of the 260 that have been mounted on the ALICE Inner TmgcRystem have been built on
the particular wafer type (C) and are expected to be affdnyesizable systematic effects on charge
collection efficiency.

It has also been shown that the zero-suppression algoritipiied to reduce the data size af-
fects the measured cluster charge in a way that depends drifth@me: for larger drift times, the
electron diffusion gives rise to wider cluster tails that amore likely to be cut by the thresholds
applied when suppressing the zeroes. It should be pointetthaiLthis effect can be accounted for
when correcting the reconstructed cluster charge bectissguantitatively reproduced by detailed
Monte Carlo simulation of the SDD detector response. Thigection is possible because, also at
large drift times, the peak charge values are higher thi2ditimes the average noise, as is it shown
in figure 10.
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