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Preface

Vinca Institute of Nuclear Sciences from Belgrade, Serbia is proud to host for the second
time the Workshop of the Collaboration on Forward Calorimetry (FCAL) at future linear col-
lider. Already the fact that this is the nineteenth meeting in the series of traditional workshops
illustrates the continuous effort of the international community not only to instrument the
forward region of the future linear collider to meet the requirements from physics, but also to
improve the understanding of physics and machine related processes ongoing at the very low
polar angles.

From an editor's point of view this Workshop was particularly interesting for bringing
up an abundance of the test-beam results on performance of sensors for the forward region
calorimeters tested for the first time as an integrated structure with the front-end electronics.
In the scope of simulation studies a novel perspective on beam-related effects in the integral
luminosity measurement at future linear collider was presented. Overall fifteen contributions
are given in the course of the Workshop.

This meeting was supported by the Ministry of Education and Science of the Republic
of Serbia as well as through the project OI171012 being realized at the Vinca Institute of Nuc-

lear Sciences.

On behalf of the Organizing Committee,

Ivanka Bozovic¢ — Jelisavcié
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INTRODUCTION TO THE FCAL WORKSHOP

By

Wolfgang LOHMANN

DESY, Zeuthen, and Brandenburg University of Technology

This workshop happens in a time of challenging developments in particle physics. The
LHC collider is delivering data of excellent quality and sensitivity giving us the optim-
ism that groundbreaking discoveries will happen soon. Two technologies of a linear elec-
tron-positron colliders, the ILC and CLIC, are developed to be prepared for different
energy range to investigate in detail new phenomena discovered by LHC. FCAL is part
of the world wide R&D effort to develop the detector technologies for special calorime-
ters in the very forward region matching the challenge from Physics.

Key words: Linear collider detector R&D

INTRODUCTION

The LHC collider is is operated with excellent
performance and will deliver data up to the end of
the year with a sensitivity of several inverse femto-
barn. These data will extend the range for the
search of new phenomena considerably, and will
lead within the electroweak standard theory to ei-
ther a tighter mass limits for the Higgs boson or to
an indication of a signal. Based on these results a
guidance on future developments may become
more clear.

To explore new phenomena discovered at the
LHC a linear electron-positron collider will be the
appropriate machine. Two concepts are pursued in
world-wide collaborations. For the ILC, based on
superconducting cavities, after more than a decade
of successful R&D, the Engineering Design Report
is worked out and will be released in 2012. CLIC,
using normal conducting cavities but a new tech-
nology to obtain the accelerating power, made and
important step forward by the release of a Concep-
tual Design Report just now.

For both facilities detector R&D is performed
within world-wide collaborations. For two concepts
of an ILD detector, ILD and SiD, Engineering De-
sign Reports are under work and will be released
together with the EDR of ILC. Two designs for
CLIC detectors have been worked out and pub-
lished recently together with the CLIC detectors.

FCAL is a R&D collaboration to develop the
technologies for the instrumentation of the very ard
region both at the ILC and CLIC.

THE FCAL COLLABORATION - RESULTS
IN 2011

FCAL is a collaboration of 17 laboratories
and university groups from around the world. The
common goal is to work out a design of the forward
region of detectors at a future linear electron-
positron collider, to develop technologies for the
detectors, and test prototypes of major components
to perform a proof of principle. As an example in
Figure 1 is shown the very forward region of the
CLIC detector. Two calorimeters are positioned
there- the LumiCal to measure precisely the lumi-
nosity at larger polar angles and the BeamCal to
improve the detector hermeticity and assist beam
tuning.
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Figure 1. The very forward region of a detector at
CLIC. LumiCal is positioned just behind the electro-
magnetic calorimeter and BeamCal in front of the
beam focusing magnet.



This design is the results of detailed Monte
Carlo simulation to optimize the design to ensure a
precision of the luminosity measurement of better
than 107 and minimize low energy backscattered
particles.

Another important result was the simulation of
the response of LumiCal for Bhabha scattering
events at 1.5 TeV. As a result shower and back-
ground deposition profiles as shown in fig. 2 are
obtained. These and more results are reported in the
CLIC conceptional design report written in 2010
and 2011 and released in August 2011[1].
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Figure 2. The energy profile of a shower of an Elec-
tron from Bhabha scattering and of background de-
positions as a function of the depth in LumiCal

In 2010 and 2011 two test-beam campaign
have been finished successfully. For the first time
sensor prototypes for both BeamCal and LumiCal
have been connected with readout ASICs. The
fully assembled sensors were positioned within
several planes of a beam telescope and a few mil-
lions of triggers have been recorded. As an exam-
ple, the distribution of hits on a pad sensor for
BeamCal is shown in fig. 3.

More data will be taken in December 2011.
Data analysis is one of the major topics ongoing in
the collaboration and the results on the performance
of several sensor planes for LumiCal and BeamCal
will be the contribution of FCAL to the ILC detec-
tor Engineering design report.

FCAL members have contributed to several
conferences in 2011, e. g. to the EPS conference in
Grenoble. Results on the performance of the pair
monitor, a pixel detector just in front of BeamCal,
have been recently published in NIM.
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Figure 3. The distribution of hits on a fully instru-
mented sensor of BeamCal.

DATES AHEAD

End of September will be a Linear Collider
Workshop in Granada, and for sure we should re-
port there about our recent research results. In Oc-
tober we are invited to report about the progress of
FCAL to the PRC of the DESY lab. This workshop
will be devoted to prepare both reports.

REFERENCES

[1] CLIC Conceptual design report, Vol. 2, Physics and
Detectors at CLIC,
http://led.web.cern.ch/LCD/CDR/CDR.html
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STUDIES ON INNER DETECTORS ALIGNMENT IN ILD

By

J.A. AGUILAR™®, W. DANILUK?, E. KIELAR?, J. KOTULA® A. MOSZCZYNSKT*,
K. OLIWA?®, B. PAWLIK®, W. WIERBA" and L. ZAWIEJSKI"

“Institute of Nuclear Physics PAN , Cracow, Poland
AGH University of Science and Technology ,Poland

Status of the alignment system for luminosity and vertex subdetectors of the ILD main
detector is presented. The system will contain transparent position sensors, atunable la-
ser and beam splitters in order to use frequency scanning interferometry to supply the
required accuracy in displacement measurements. At first step the prototype of the sys-
tem will be built for the luminosity detector and tested at an accelerator beam in combi-
nation with a high-granularity calorimeter module being developed within the AIDA
project. Afterwards the system will be extended to the vertex detectors as well.

Key words: alignment, laser, transparent sensors, accuracy in luminosity measurements

1. INTRODUCTION

The International Large Detector (ILD) was
proposed [1] as one the two main detectors for fu-
ture experiments at International Linear Collider
[2]. The physics program at ILC requires high-
precision measurements performed by all subdetec-
tors of the ILD. This also concerns the inner subde-
tectors close to the interaction point: vertex (VTX,
SIT, SET, FTD) and luminosity detector (LumiCal-
L, LumiCal-R). Alignment of the whole subdetec-
tors and their parts must be considered as an impor-
tant element under the construction phase and later
during their operation.

Figure 1. Top: ILD detector; Bottom: Inner subdetec-
tors: luminosity and vertex detectors together with
the support tube (in grey). In addition one of the
Lumical calorimeter is shown.

The close neighboring of vertex detectors and
LumiCal calorimeters (L and R) (see fig. 1) sug-
gests a common laser alignment system (LAS) may

be considered for those subdetectors. The system is
designed to measure the positions of these subde-
tectors and their components with several microme-
ters precision. The important for this will be know-
ledge of the QDO magnet and beam pipe current
positions. At first the prototype of LAS for Lumi-
Cal alone will be build and tested with a calorime-
ter module, which itself will be built under the tasks
of the working package WP9.5 in AIDA [3], and
then extended for vertex subdetectors.

2. LUMICAL ALIGNMENT

The proposed LAS will be based on Frequen-
cy Scanning Interferometry and transparent position
sensors. The schematic view of the system is shown
in fig. 2.

LumiCal’s silicon sensors planes x, y position measurement
versus well positioned QDO

Figure 2. Laser beams from tunable laser in Fre-
quency Scanning Interferometry method enable abso-
lute distance measurements between two LumiCal
calorimeters (L and R).

The position measurements of both (L/R) ca-
lorimeters will be performed in respect to the refer-
ence frames of the QDO magnet or beam pipe. This
is important as their current positions will be meas-
ured with very high accuracy. The laser beams pro-
posed for absolute distance measurement between
L and R calorimeters may go through additional



carbon pipes glued to a carbon support tube. These
laser beams together with transparent position sen-
sors can be used in position measurements the indi-
vidual elements of vertex detector (see fig. 3).

Figure 3. Top: The QD0 magnet as reference frame
for LumiCal alignment. Bottom: The possible locali-
zation of the additional carbon pipes for laser beams
from tunable laser. The transparent sensors can be
placed on the disks of vertex detectors.

3. FSI

Frequency Scanning Interferometry (FSI) is
robust and versatile technique where measurement
of interferometer optical path differences is made
using a tunable laser (different frequences). It pro-
vides an absolute distance measurement. The tuna-
ble laser illuminates both the interferometer to be
measured and a reference interferometer (pattern of
distance). When the optical frequency is scanned a
phase shift is induced in interferometers at rate
which is proportional to the length of each interfe-
rometer. The phase shift in interferometers is com-
pared to determine the ratio of interferometer
lengths to high precision. The method has found
application previously in the ATLAS experiment

[4]-
4. TRANSPARENT SENSORS

In ILD detector concept the transparent posi-
tion sensors as element of LAS are considered for
silicon the tracking system [1]. Wide studies under
the EUDET project [5] give results on transparent
sensors which can be used for this purpose. Figure
4 shows as example an infra-red laser beam travers-
ing several transparent sensors with light absorption
changing from 30% to about 60%. This transparent
sensor property can be used in design of a multi-
point laser-based alignment system where laser
beam is split into several beams distributed along
single optical fibres (colimators) traversing trans-
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parent sensors, which measure the X and Y posi-
tions of targeted detectors.

Figure 4. Scematic view of infra-red laser beam tra-
versing several transparent sensors.

In prototype of LAS for LumiCal the ZEUS
MVD transparent sensors [6] will be used.

ZEUS MVD transparent sensors

The sensors were developed by Kroha et al.
[7] and manufactured by EG&G Haimann Optoe-
lectronics in  Wiesbaden. They are identified as
DPSD-516 sensors. Figure 5 describes the structure
of the sensors where a fully active, photo-sensitive
layer is made as amorphous, hydrogenated silicon.
The Indium Tin Oxide transparent upper and bot-
tom electrodes are segmented in X and Y strip rows
supplying high precision position measurements in
these two coordinates with accuracy ~ 10 microme-
ters.

16 horizontal and 16 vertical strips

Bottom
Electrodes

312.5um

10 um
----- 1 um
100 nm
Glass thickness 500 um

Glass substrate

Figure 5. The DPSD-515 amorphous silicon strip sen-
sor with 16 horizontal and vertical strips.

Figure 6 shows the general view of the sensor
and its bonding to the flat readout cable. The same
figure illustrate the sensor transparency to the infra-
red light.

Figure 6. DPSD-516: Left: Sensor bonding to flat,
readout cables: Right: A transparency to infra-red
laser light.



The base property of DPSD-516 sensor is the
value of its transmission of illuminated laser light
with different wavelength. This is shown in fig. 7.
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Figure 7. DPSD-516: The transmission as a function
of wavelength.

Above wavelength 700 nm the plateau is visi-
ble with transmission above 85%. The consequence
this is that high sensor transparency required a
choice of the laser light with suitable wavelength ~
780 nm. With high transmission rate one can used
several sensors in one laser beam. The schematic
view of readout electronics is shown in fig. 8

Figure 8. The scheme view of readout electronics

3V

To ADC in ASIC

4. AIDA ACTIVITIES AND FUTURE PLANS

Inside the AIDA project [3] work on a proto-
type of LAS for LumiCal is going on. In the first
step the DPSD sensors with an infra-red laser light
illuminated sensors, will be mounted in laboratory
to determine the parameters of the system. In the
next step the system will be tested together with
AIDA LumiCal prototype at DESY and CERN test
beams. A schematic view for a simplified setup is
shown in fig. 9. A similar approach will be applied
to build the prototype of FSI system. First a proto-
type will be mounted for laboratory test. Besides
the tunable laser, interferometers, beam-splitters,
optical fibres also other optical elements like retro-
reflectors, mirrors will be used. The simplified ver-
sion of the proposed setup is shown in fig. 10. Goal
in AIDA activity is to finally test the complete LAS
system where transparent sensors and FSI will
supply position measurements. The data aquisition
system of LumiCal LAS will be included in global
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DAQ scheme, which is being prepared within the
AIDA project.

Figure 9. Proposed experimental set-up with transpa-
rent DPSD sensors for laboratory and test beam
measurements

Figure 10. Proposed setup with FSI for laboratory
and test beam measurements.

5. CONCLUSION

The laser alignment system for LumiCal and
other inner ILD subdetectors is in the first stage of
work. The important part of work will be connected
with Monte Carlo simulations on design of the sys-
tem and its optimalisation. The final shape of de-
sign requires collaboration between all inner subde-
tector groups participating in the ILD project. The
final system for position measurement and monitor-
ing will contain transparent sensor and FSI. It will
be possible in future to replace the DPSD-516 sen-
sors with the new generation like “AMY” sensors
[8] connected with CMS experiment at LHC in
CERN. Very important to the LAS is the selection
of a very stable reference frame whose position
during the data taking will be know with very high
precision. One the best candidate is QD0 magnet.
Other possibility is to choose beam pipe as such
reference frame.
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TEST BEAM PREPARATION OF GAAS SENSOR AND
NEW R/O ELECTRONICS

0. NOVGORODOVA'“, H. HENSCHEL', W. LANGE',
W. LOHMANN'2, S. SCHUWALOW?

(1) DESY, Zeuthen, Germany

(2) BTU Cottbus, Cottbus, Germany

(3) Hamburg University, Hamburg, Germany

Forward region of the future linear e+e- colliders is going to be instrumented with spe-
cial calorimeters. Beam calorimeter (BeamCal) will be highly segmented, compact, radi-
ation hard, cylindrical sandwich calorimeter. BeamCal prototype instrumented with
GaAs sensor, ASIC’s and specially designed for ILC ADC will be tested in DESY II test
beam. Preparation for the next test beam, sensor segmentation choice, prototype struc-
ture and plan for test beam measurements is presented.

Key words: ILC, Beam Calorimeter, GaAs, Test Beam

INTRODUCTION

The Forward region of future linear colliders
can be instrumented by BeamCal. It is designed as
30 layers tungsten-sensor sandwich calorimeter
instrumented by radiation hard sensors like Di or
GaAs [1]. Located behind Luminosity calorimeter
(LumiCal) it will surround two inclined beam pipes
and require withstand high radiation doses. GaAs
sensor planes were tested to be operational up to
1,5 MGy.

Two of GaAs sectors were produced by Cho-
ralsky method and tested for IV and CV characte-
ristics. Each sector is 500um thick, semi insulating
GaAs substrate, annealed and metalized on both
sides with Al or Ni. One of the metallization sides
is divided by 12 rings, and each ring in squares of
different areas, see tab. 1. fig. 1 show example of
segmentation called proportional. Pad sizes are
increasing proportional to radius number.

SIMULATION

Radiation hardness is a strong requirement for
BeamCal sensors due to beamstrahlung e+e- pairs
on small polar angles expected on future e+e- linear
colliders. On the fig. 2 (left) shown simulation of
one bunch crossing deposited energy in one of two
BeamCal’s sensitive layers. Segmentation is chosen
to be squared. It is shown, that there is higher depo-
sited energy in smaller radii. Figure 2 (right) shows
second segmentation, radial increasing and with
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proportionally squared pad areas. One of the
BeamCal goals is to make detector system hermetic
or detect single high energetic electrons or posi-
trons (sHEe) escaping at small polar angles[2]. In
the BeamCal sHEe will cause electromagnetic
shower with Moliere radius ~11mm estimated by
GEANT4 simulation.

Figure 1. GaAs sector with proportional segmentation



Table 1. Comparison of two GaAs sectors

Value Sensor 1 Sensor 2
Metallization | Al Ni

Pads 87 64

Sector angle 45" 22,5°

Inner radius 20mm 84 mm
Outer radius 48 mm 114 mm
Pad area ~25 mm’ 16- 42 mm’

For studying sensor segmentation influence on
electrons reconstruction simulation by GEANT4
was done. On the fig. 2 shown square segmentation
and one bunch crossing of 500 Gev with nominal
ILC beam parameters [3] and one 250 GeV electron
shower overlapped. It can be seen on top of back-
ground of et+e- beamstrahlung pairs. The shower
has narrow core. For calculation of the single elec-
tron reconstruction efficiency on top of huge back-
ground special algorithm was implemented [4].
And on fig. 3 shown comparison between efficien-
cies of electron shower reconstruction for two seg-
mentations. Square segmentation has pads of equal
sizes ~8x8 mm” and proportional segmentation has
pads of various sizes. Energy of primary particle
was set to 150 GeV. Figure 3 shows increase of
reconstruction efficiency for proportional segmen-
tation. By reducing size of the inner pads and
shower core independent from segmentation of
BeamCal sensors, reconstruction efficiency can be
improved.

SECTOR CHARACTERIZATION

There were 11 GaAs sectors produced with
proportional segmentation and all were characte-
rized for current voltage characteristics (I- V) and
capacitance voltage characteristics (C-V) for each
pad of sector. Sensor sectors have similar structure
as proportional segmentation used for simulation
with pads size varying from 25 to 40 mm®. It al-
lowed checking capacitance dependence versus pad
area and comparison with parallel plate capacitor
formula.

Capacitance is measured in probe station with
LCR-Meter applied by connecting to the pads with
needles. As shown on fig. 4 all measured capacit-
ances for one sector are laying on the line and have
a shift in 5 pF in comparison to the calculated val-
ues. This effect can be explained by nonlinearities
at the edges due to one side fully metalized. Figure
5 presents capacitances of AG221-25 GaAs sensor
for each pad as a function of pad number and sorted
by rings. Small decrease of capacitances on the
sides is explained by smaller pads size due to guard
ring.

14

Figure 2. Full deposited energy in BeamCal sensor
layers of one bunch crossing and square segmentation
(left) and proportional segmentation (right).
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Figure 3. BeamCal electrons reconstruction efficiency
for 150 GeV electrons, square segmentation (trian-
gles) and proportional segmentation (squares).
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Figure 4. Capacitances of AG221-25 GaAs sensor
plane with proportional segmentation as a depen-
dence of pads area.



TEST BEAM PLAN

Planning test beam has two main aims: to op-
erate full BeamCal prototype (GaAs sector, fan-out,
ASIC’s. ADC’s) and full system characterization:
signal to noise ratio, amplitude and charge spectra
measurements, charge collection efficiency, cross-
talk, temperature dependence measurements and
edge investigations for new type of metallization
segmentation. Option of monitoring and measure
signals with external flash ADC CAEN 1721 was
kept.

Read out board prepared by AGH in Krakow
with prepared DAQ are used for data taking. R/O
board contain: sensor board connector (SAMTEC-
SFMH-145-02-L-D-LC), 4 front-end ASICs, 4 8-
channel 10 bit ADC, FPGA for DAQ (Xilinx Spar-
tan) and microcontroller (Atmel AVR ATXME-
GA128) [5]. Sensor AG221-25 was chosen by C-V
and I-V optimal measured values. It was glued to
the prepared thin PCB fan-out with traces to pads
marked on fig. 1 and shown on both sides on fig. 6
and 7. All together 32 pads were bonded to the fan-
out. Fan-out was instrumented by 10 nF capacit-
ances and 1 MQ resistors. Then it was connected to
90-way, 2-row J2 connector (FSH-145-04-L-RA-
SL).

Test beam is planned to be in DESY II ring in
November 2011.
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Figure 5. Capacitances of AG221-25 GaAs sensor
plane with proportional segmentation versus pad
number for different rings.
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Figure 6. Sensor mounted on fan-out and instru-
mented by capacitances, resistors and connector.

GaAs AC-coupled Fanout

Figure 7. Sensor mounted on fan-out and instru-
mented by capacitances, resistors and connector.
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ANALYSIS OF LUMICAL DATA FROM THE 2010 TESTBEAM

By

Itamar LEVY'

(1) Tel Aviv University, School of Physics and Astronomy, Tel Aviv, Israel

This paper summarizes some new analyses of the first data taken with the LumiCal sen-
sor prototype and the ZEUS MVD telescope in the test beam at DESY by the FCAL col-
laboration in the summer of 2010. Spectrum-analysis and cross-talk estimation are
shown here. Also presented is the analysis of signal dependence on the position in the

sensor.
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INTRODUCTION

In the summer of 2010 the FCAL collabora-
tion performed the first test-beam measurements of
the Lumical silicon - and the BeamCal GaAs-
sensors prototype [1,2].

In these measurements, the full readout chain,
including silicon sensors, Kapton fan-out and front-
end electronics [3], were tested. The test beam was
performed at DESY-II area 22, using 4.5 GeV elec-
trons [4].

This paper will summarize some results of
new analyses made of the LumiCal 2010 test-beam
data. These results include spectrum and cross-talk
analysis, and combinations between sensor and
position-reconstruction data.

TEST BEAM SETUP

For the track-measurement of each beam- par-
ticle the ZEUS MVD telescope [5] was used. It
consists of three modules, each containing two per-
pendicular layers of silicon strip detectors. Hence,
each module provides x, y and z coordinates which
can be used for track reconstruction to predict the
hit-position in the device under test (DUT).

Each layer of silicon is a single-sided silicon-
strip detector, 300 um thick and 32 mm x 32 mm in
area. The strip pitch is of 25 um and the read-out
pitch of 50 pm.

To study the performance of the sensor plane
as a function of position, the sensor box (DUT) was
put between the second and the third planes of the
ZEUS telescope as shown in fig. 1.
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The DUT was set up on a remotely-controlled
precision x-y table, which allowed the DUT to be
moved in the beam. The x-y table itself was
mounted on the same optical bench as the tele-
scope.

| Sensor box | ‘ ZEUS telescope planes ‘
Sensor _)i/ + ’
Trigger Trigger
scintillators scintillators

4.5 GeV
electron
beam

100 mm
- "
pcb
163 mm
le !

250 mm
< !

external
ADC

T

Figure 1. Test beam setup and connection scheme.

Telescope
DAQ

The sensor tile was bonded to a Kapton fan-
out that delivered signals to the front-end electron-
ics on the attached PCB. The analogue signals from
the front-end electronics were driven out of the box
and sent to an external sampling ADC (v1724, 14
bit, 100 Msp/s) provided by CAEN.

As shown in fig. 1, three scintillators followed
by photomultipliers working in coincidence were
providing triggers for both the telescope and the
LumiCal data acquisition systems (DAQ). A veto
scheme (through BUSY signal) was used to ensure
that both DAQs acquired the same number of
events.



Figure 2. Tail of the silicon sensor prototype. Meas-
ured areas (1 and 2) are highlighted.

SPECTRUM ANALYSIS

Two areas of the silicon sensor have been
measured, 8 pads at the outermost radius of sector
L1 (area 1) and 8 pads at the innermost radius of
sector L2 (area 2) as shown in fig. 2. Since the
beam profile is 5 x Smm, 20 measured-points and
around 1M triggers were collected for each area. At
trigger time all 8 channels were recorded, with 128
sample points 10ns apart, as shown in fig. 3.

From a comparison of the level of noise
around the average level of base-line in all chan-
nels, noise correlation between channels is ob-
served. In order to estimate the correlation coeffi-
cient between every two channels, one can use in
empty events the following definition:

($.5,)=(S.)S,)

0,0,

p:

where S; is the sample and +; is the RMS of the 128
samples in channel i in an event. For each pair of
channels we determined the correlation coefficient
for all empty events. The most probable value
(MPV) of the correlation coefficient between all
sets of channels was of the order of 0.7.

The high correlation coefficient indicates a
common-mode noise between channels. This noise
comes from the front-end electronics. To reduce the
common-mode noise one should apply a filter. In
our filter we first subtract the average baseline for
each channel from the signal and then we average-
out the common-mode noise over all channels in
one event.

When subtracting the baseline, one needs to
take into account the baseline dependence on tem-
perature. In the pads of area 2, observe temperature
differences of ~20ADC counts per 1 °C for all
channels.
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Figure 3. A full event as recorded in the v1724 ADC.

To analyze the spectrum, integration within
the 40nsec and 100nsec windows were done for all
channels in all events. To complete the measure-
ment, the spectrum was fitted by a Gauss-Landau
convolution as seen in fig. 4. For each channel, we
define the signal-to-noise, S/N, as

(MPV )signal - < mean>padestal

S/N=
<O-> padestal

After applying the common mode filters on
the signals, the S/N increases from below 10 to 30 —
45, depending on the channel gain. The results for
the same measurement using only the maximum
amplitude for each event, yield even higher S/N
values. Without filtering, the S/N reaches values of
~20 and after filtering, the S/N values rise to above
60.
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Figure 4. An example of the spectrum after applying
filter.

CROSS-TALK

In an attempt to investigate the correlation be-
tween channels and the cross-talk, we made a point-
by-point 2D correlation graph for each pair of
channels. An example is shown in fig. 5.

We try to estimate cross-talk coefficient by us-
ing the ROOT profile tool, and study the behavior



of the mean value of the pedestal as function of
signal size in the other channel.

LAMAMLREAR AAaa L

charge channel 1 [arb. unit]

charge channel 0 [arb. unit]

Figure 5. Point-by-point 2D correlation plot. The sig-
nificant area of cross-talk is estimated between the
outer x-y axes (black) and inner axes (red).

We define the cross-talk coefficient as the slope of
the profile graph, normalized by the ratio between
the MPV amplitude of each channel. As expected,
the cross-talk coefficient, seen in fig. 6, is low and
is relevant only in neighboring channels. We ob-
served that the cross-talk coefficient of pads in area
2 (~3%) is more than twice the coefficient in the
pads of area 1 (~1%). We can estimate that this is
due to the long transition-lines from pads in area 2
to the ASICs locate in the radial direction after the
edge of the sensor.

SiosTaRCosn

correlation channel

signal channel

Figure 6. Cross-talk coefficient map of pads in area 1.

POSITION RECONSTRUCTION & CHARGE
COLLECTION

In this test-beam, the time stamping was criti-
cal since one needs to match between events in the
sensor tile and in the telescope. We rely on the trig-
ger/busy logic and low rate of events at 4.5 GeV to
determine that the two systems have the same num-
ber of events. Then, by shifts in small number of
events, one can match and use all the insformation
of an event.
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Position reconstruction was made by fitting a
linear line to the position recorded by the telescope
in each plane. To ensure the track accuracy, only
tracks with one hit per plane and three hits in the
telescope were reconstructed. This reduced the re-
construction efficiency to ~50%. In fig. 7, the posi-
tion reconstructed on the sensor surface is shown.
Each hit is represented by a color according to the
channel that had a signal higher than the threshold.
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Figure 7. A map of hits in the sensor area. The color
is attributed according to the channel in which a
signal was obseved.

The response of the sensor was studied as a
function of the position of the beam relative to the
sensor. The average charge per channel, divided by
the MPV of the charges in that channel, is shown in
fig. 8. In general, the charge collection is uniform.
A decrease of charge collection of about 10% is
observed in the region of £0.1 mm around the loca-
tion of the 0.1 mm gap between pads.

Figure 8. The average signal divided by the MPV as a
function of hit position.



SUMMARY

This paper summarizes some new results ob-
tained with the first data taken with the LumiCal
tile prototype in the test beam at DESY in the
summer of 2010. In the data, a high correlation
coefficient is observed between signals of all chan-
nels. These correlations are due to the common-
mode noise in the ASICs. When calculating the S/N
ratio, by integrating or by using the maximum am-
plitude, reasonable values are achieved that im-
prove dramatically when filtering-out the common-
mode from the data.

The test-beam data show that the baseline of
the signal has temperature dependence of ~20 ADC
count per 1°C. This effect needs to be taken into
account when analyzing large parts of data.

We use point-to-point 2D correlation plots be-
tween sets of channels to estimate the correlation
between them. By inspecting the change of the
mean value of the pedestal of one channel as a
function of the whole spectrum in the other one, a
cross-talk estimation can be obtained. Using this
method we were able to evaluate cross-talk of
neighboring channels as 1% for pads in area 1 and
3% for pads in area 2. This difference suggests that
the main contribution comes from the length of
transition lines.

First measurements of the signal dependence
on the position in the sensor shows uniformity be-
tween pads and in pad domains. It also shows a
decrease of 10% - 20% in the area of the gaps be-
tween pads, but further study is needed.
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A prototype of a LumiCal sensor module was designed and successfully tested on the 4.5
GeV electron beam (DESY IILHamburg). Full chain is composed of silicon sensor, kap-
ton fan-out, dedicated front-end and ADC ASICs and FPGA based data concentrator.
Some very preliminary results, confirming proper system operation, are presented and

discussed.
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INTRODUCTION

The precise measurement of the luminosity at
future linear colliders will be done by special detec-
tor, LumiCal, placed in very forward region[1]. A
design studies are being performed for International
Linear Collider (ILC) [2] and Compact Linear Col-
lider (CLIC) [3]. The complete Lumical [4] detec-
tor contains two electromagnetic calorimeters
placed on both side of the interaction point. The
single calorimeter contains 30/40 (ILC/CLIC) lay-
ers of tungsten absorber interspersed with silicon
sensor planes. The sensor layers are segmented
radially and azimuthally into pads of different sizes.
Signals from sensor are amplified, shaped and digi-
tized in dedicated, fast and low-noise readout elec-
tronic. A most recent design of the LumiCal inter-
nal structure was included in [5].

The readout concept for each experiment is
different, mostly due to different beam structure. In
ILC bunch crossing will happen every 330 ns, giv-
ing a plenty of time for processing each event sepa-
rately. Signal from the event is amplified by charge
sensitive preamplifier and processed by fast CR-RC
shaper (60 ns peaking time) and one ADC conver-
sion is done for pulse maximum. In CLIC period
between subsequent bunch crossings is at 0.5 ns
level, resulting beam being almost continuous from
electronic point of view. An attractive readout
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scheme for such environments may be to use only
one analog processing chain with a relatively fast
Analog to Digital Converter (ADC) incorporated in
each channel. Taking an advantage of having digi-
tal samples, one may think about variety of algo-
rithms to extract information about time and ampli-
tude of events which can not easily be applied using
analog technology [6].

To verify proposed readout scheme a test
beam measurements took a place in July 2011 in
Deutsches Elektronen-Synchrotron Research Centre
(DESY) Hamburg. Complete multichannel detector
module is comprised of silicon sensors, kapton fa-
nout, front-end ASICs (32 channels) multichannel
ADC SoC ASICs (32 channels), data concentrator
implemented in Field Programmable Gate Array
(FPGA) as well as a digitally controlled and moni-
tored biasing and powering circuits.

The paper is organized in two parts. In the
first part the experimental setup and design of
prototype module are presented. The second part
discusses the preliminary results of measurements.
Finally, brief conclusions and plans for future work
are given.



EXPERIMENTAL SETUP

The beam test measurements took place in the
July 2011 at DESY-II area 22 [9]. A bremsstrah-
lung beam was generated by a carbon fibre in the
circulating beam of the electron/positron synchro-
tron DESY II. The photons were converted to elec-
tron/positron pairs with a metal plate (converter).
Then the beam was spread out with a dipole mag-
net. The final electron beam is cut out with a colli-
mator. For presented below measurements, elec-
trons with 4.5 GeV energy were picked up. Sche-
matic diagram of experimental setup is presented in
fig. 1.
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Figure 1. Schematic diagram of experimental setup.

The track of each beam particle was measured
by the MVD ZEUS telescope. It consists of three
planes. Each plane contains two perpendicular sili-
con strip detectors. Combining signals from both
sensors X, y impact position may be found. Using
information form all planes impact position on de-
vice under test (DUT) plane may be predicted [10].

The DUT was mounted on remotely con-
trolled, motorized X-Y translation stage. It allowed
to change electron impact point on sensor plane.

Trigger signal for all subdetectors (MVD tele-
scope, DUT) was generated by Trigger Logic Unit
(TLU) [13] based on signals from three scintillators
(two in front of telescope and one after DUT) fol-
lowed by photomultipliers. The EUDAQ portable
DAQ Software framework [12] was used for data
taking and event building.

READOUT SYSTEM

The block diagram of developed detector
module [8] prototype is presented in fig. 2. The
module is composed of two Printed Circuit Boards
(PCB), namely sensor and readout boards. Splitting
module allows different kinds of sensors to be con-
nected to one readout. Kapton fanout is glued on
top of sensor and signal tracks are wire bonded to
it. A second end of kapton tracks are wire bonded
to PCB and then routed to multiway connector.

Only 32 biggest pads, on top of sensor tail, are
read out by front-end electronics, while the rest of
pads are grounded. The signal is amplified and
shaped using dedicated front-end ASICs [11], and
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digitized in pipeline ADC chips, working conti-
nuously with sampling rate of 20 Msps. The data
stream leaving the ADC is continuously written
into a buffer inside FPGA.When the trigger occurs,
the microcontroller firmware builds event packet
and transmits it to PC. Currently Universal Serial
Bus (USB) is used as a communication interface.
However module is foreseen to support interface to
Link Data Agregator (LDA) which suppose to be a
common part for all ILC subdetectos [7].
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Figure 2. Readout system block diagram.

MEASUREMENTS RESULTS

To evaluate system performance a set of mea-
surements was taken. During testbeam system was
working asynchronously with beam. To recover
information about event’s amplitude a deconvolu-
tion method was applied [6]. Example spectrum of
energy deposited in one pad is presented in fig. 3.
Measured data points (in red) fit very well to Lan-
dau convoluted with Gauss distribution (blue). Sig-
nal to noise ratio (SNR), calculated as mean proba-
ble value (MPV) of Landau distribution to RMS of
baseline, was find to be grater than 20 for each
channel.
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Figure 3. Energy deposition spectrum for single elec-
tron events collected from one channel.

In the next step response of detector to elec-
tromagnetic shower was studied. Figure 4 shows
the histogram of energy deposited in the whole in-
strumented area (signal integrated over 32 pads)
after passing through one 3.5 mm thick tungsten
plate, what corresponds to one radiation length.

In zoomed part of beginning of the spectrum
signal corresponding to 1 or 2 electrons can be ob-
served.

Same analyzes were performed for different
thickness of tungsten absorber. An average charge
deposited in whole instrumented area as a function
of tungsten absorber thickness is presented in Fig-
ure S5a. Electromagnetic cascade for 4.5 GeV elec-
trons has its maximum after 5 radiation lengths.
More detail charge deposition distribution, as a
function of lateral shower width and absorber
thickness is shown in fig. 5b. More detailed analyz-
es as well as Monte Carlo simulations of described
system are being performed right now.
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Figure 4. Integrated energy depositied on whole in-

strumented area with one tungsten plate in front of

sensor plane.
SUMMARY & FUTURE WORK

The set of measurements, performed at elec-
tron beam at DESY, confirmed proper operation of
fully assembled detector module. The obtained re-
sults indicate a good working performance of all
components, namely: silicon sensors, kapton fanout
and front-end, analog to digital converter as well as
data concentrator unit. Test beam measurements
allowed also the studies of shower development
using tungsten as an absorber. The developed mul-
tichannel readout system will be extensively used in
test beams and laboratory studies of ILC/CLIC rea-
dout schemes. It should be integrated to Common
DAQ.
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Figure 5. (a) Average charge deposited in whole in-
strumented area as a function of tungsten absorber
thickness; (b) Energy deposited in one sensor strip for
different tungsten absorber thickness normalized to
maximum deposition .
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STATUS OF LUMICAL READOUT ELECTRONICS
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The development status of readout electronics for LumiCal detector at future linear col-
liders is presented. The dedicated front-end and digitizer ASICs designed and fabricated
for this purpose are briefly presented. The prototype of the whole chain of the LumiCal
readout module, comprising the sensor, the readout ASICs and the FPGA based data

concentrator is described.
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LUMICAL READOUT ARCHITECTURE

In last few years the works on readout archi-
tecture comprising a dedicated front-end and and a
dedicated ADC in each readout channel were car-
ried. The idea was to build a readout chain consist-
ing of two dedicated ASICs (FE, ADC) and to
complete it with FPGA based data concentrator.
The block diagram of the developed readout archi-
tecture is presented in Figure 1. The signal from a
sensor is amplified and shaped in a dedicated mul-
tichannel front-end ASIC, and digitized in a dedi-
cated multichannel digitizer ASIC, continuously
sampling the front-end output. The digitized data
stream is continuously recorded and processed in a
Field Programmable Gate Array (FPGA) and sent
to the host PC.

FRONT END ASIC ADC ASIC

Dl TS

i
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scon i >
: e | | >
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Figure 1. Schematic diagram of experimental setup.
FRONT-END

The developed front-end ASIC architecture
[1] comprises a charge sensitive preamplifier, a
pole-zero cancellation circuit (PZC) and a CR-RC
shaper (fig. 2). The 60 ns peaking time of the sha-
per together with the PZC, which cancels the elon-
gated response of the preamplifier, make the whole
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pulse to fit in about 350 ns. This allows for high hit
rate of about 3 M events per second, which may be
further increased by using digital signal processing.
In order to cope with large charges in the physics
mode and the small ones in the calibration mode a
variable gain in both the charge amplifier and the
shaper is applied. In the high gain, low noise, mode
it is able to detect signals from below 1 fC to about
30 fC, while in the low gain mode it is capable of
measuring high charge depositions exceeding 10
pC per channel. The front-end works with a wide
range of sensor capacitances, up to above 100 pF.
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Figure 2. Block diagram of a single front—end chan-
nel.

The prototype ASIC was fabricated in a 0.35
um, four-metal two-poly CMOS technology. The
photograph of prototype ASIC glued and bonded on
the PCB is shown on fig. 3. The ASIC contains 8
front-end channels.

NNENATT 7/
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Figure 3. Photograph of glued and bonded front-end
ASIC prototype.



Each channel consumes about 8.9 mW, in
agreement with the performed simulations. The
functionality and the essential parameters like gain,
noise, high counting rate, crosstalk, were measured
confirming the expected performance [1].

MULTICHANNEL ADC

The multichannel digitizer ASIC contains 8
fully differential, power scalable 10-bit pipeline
ADC:s [2], a digitial serializer allowing partial (10
bits to one output) or full (8 channels times 10 bits
to one output) serialization, a fast LVDS 1/O inter-
face, a bandgap voltage reference, a proportional to
absolute temperature (PTAT) temperature sensor, a
set of built-in biasing DACs, and a digital control
unit. It works for sampling rates from about 10
kSps to 25 MSps. The measured efective resolution
is 9.7 bits.

To operate with maximum sampling rate the
digitizer has to work in the partial serialization
mode in which each ADC channel sends off the
data using its own LVDS link (10 times faster than
sampling frequency).

The prototype ASIC was fabricated in a 0.35
um, four-metal two-poly CMOS technology. The
micrograph of multichannel ADC prototype, glued
and bonded on PCB is shown in fig. 4. The active
size of the ASIC is 3.17 mm x 2.59 mm. Eight
ADC channels are placed in parallel in 200 pm
pitch and are followed by the serializer and LVDS
pads, while the analog and digital peripheral cir-
cuits are on the ASIC sides. The meassured power
consumption is of ~ 1.2mW/channel/MHz.
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Figure 4. Micrograph of prototype ASIC bonded.
LUMICAL READOUT MODULE
Based on the developed readout ASICs a pro-

totype of the whole LumiCal detector module com-
prising the sensor, the front-end, the digitizer, and
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the FPGA based data concentrator, was designed
and built.

The prototype system was fabricated and as-
sembled on 6 layer PCB. The photograph of assem-
bled readout module is shown in Figure 5. In order
to increase system flexibility and to allow operation
with different sensors the signal is sent to front-end
electronics through a multi-way connector.

Figure 5. Photograph of readout system.

The signal is then amplified and shaped in the
front-end ASICs, and digitized in the multichannel
digitizer ASICs, continuously sampling the front-
end output. There are four pairs of the front-end
and digitizer ASICs, 8 channels each, giving 32
channels in total. Since the system was designed for
testbeam use mainly to allow precise analysis of
detector data, in particular the reconstruction of
event amplitude and time and for pile-up studies,
the main attention was given to ensure high enough
ADC sampling rate and very high internal data
throughput between the digitizer and the FPGA.
The signal is sampled with 20 MSps rate, and digi-
tized with 10-bit resolution, resulting in the raw
data stream of about 6.4 Gbps. The digitized data
stream is continuously recorded and processed in
the Field Programmable Gate Array (FPGA). When
a trigger condition occurs, the acquisition is inter-
rupted and microcontroller firmware builds an
event packet and transmits it to a host PC.



To verify and to quantify the multichannel
readout performance various measurements of dif-
ferent system sections and complete readout chain
were done. The performed measurements showed
the full system functionality. After the laboratory
tests the module was succesfully used in the test-
beams.

SUMMARY

The readout electronics ASICs for the Lumi-
Cal detector were developed, fabricated and tested.
The protpotype multichannel module of the full
readout chain comprising the sensor, the front-end,
the digitizer, and the data concentrator, was built
and tested. The measurements showed the excellent
module performance, confirmed later by its opera-
tion during the testbeams.
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XY TABLE ISSUES
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The two-dimensional motorized positioners used to control sensor position during beam
tests of LumiCal and BeamCal prototypes have not performed satisfactorily. In the most
recent test beam, the SMTF-102 motorized XY positioner was unable to access its full
range of motion in the vertical axis while bearing a load. The situation was reproduced
in the lab, but a solution was unable to be found. After contact with the supplier, it was
determined that the best course of action would be to send the table to the supplier for

inspection and repair.

Key words: test beam, motorized positioner, x-y table

INTRODUCTION

The development of the luminosity and beam
calorimeters, LumiCal and BeamCal respectively,
for the ILC hinges on test beams in which proto-
types of the calorimeter readout are tested in a low-
energy (< 4.5 GeV) electron beam. The beam used
is from the DESY II accelerator at DESY-
Hamburg, which provides a beam a few millimeters
in radius. In order to irradiate different parts of the
LumiCal and BeamCal sensors, the sensors must be
moved with high precision in the plane perpendicu-
lar to the beam direction.

Figure 1. A picture of the SMTF-102 motorized posi-
tioner produced by Standa Ltd.

In previous test beams, we have used two dif-
ferent two-dimensional motorized positioners, with
unsatisfactory results. During the first test beam,
the sensor size was larger than the range of the mo-
tor. A decision was made by AGH to purchase a
second motor with a greater range, which would
also allow AGH to set up a sensor test bench in the
lab, using a laser as the radiation source. The motor
is rated up to a 6 kg load when placed in the vertical
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position. However, during the test beam, the motor
failed to move vertically higher than about 60 mm
as measured from the bottom of its range when
loaded with two sensors and a tungsten plate, total-
ling less than 4 kg. This paper details steps taken to
characterize and resolve the problem.

POSITIONER DESCRIPTION

The motorized positioner is an 8MTF-
102LS05 motorized XY scanning stage, produced
by Standa, Ltd. of Vilnius, Lithuania. A picture is
shown in fig. 1. It can travel 102 mm along either
axis with a step size of 2.5 pum and a maximum
resolution of 1/8 step, or 0.31 um. It is controlled
by an 8SMCI-USBhF microstep driver which
communicates with a computer over USB.

REPRODUCIBILITY

The motorized positioner was mounted in the
vertical position and tested using an increasing
number of tungsten plates placed in different posi-
tions, as indicated in fig. 2. The behavior of the
table was found to be independent of the location of
the load.

To investigate the problems observed at the
test beam, the 8MTF-102 was mounted vertically
and an aluminum basket for tungsten plates was
connected to the table at one of the four locations
indicated in fig. 2.

The table was moved to the bottom of its
range of motion, and moved upwards until it
stalled. Increasing numbers of tungsten plates were
added for each run. Each plate massed on average
0.87 +/- 0.01 kg. The highest position able to be
reached for a load of a given mass is plotted in fig.
3. It is clear that the table loses its maximum range
of motion well below the maximum specified load
of 6 kg is reached.



CURRENT STATUS

The problem was unable to be resolved at
AGH. The table is being sent to Standa for inspec-
tion and repair.

Figure 2. XY table schematic. The "+'" marks indicate
the four load positions. No dependence was found of
table behavior on load position.

XY table loading behavior

4

1

100

Height before stalling [mm]

Load [kg]
Figure 3. As the weight of the load increases (x-axis),
the maximum height able to be reached by the table
goes down to almost zero at 5 kg.

The major problem with this behavior is that
the table does not know that it is stalled and contin-
ues to update its coordinates as if it were moving.
This results in a loss of position information, and
the coordinate system of the table must be reset
using some known, reachable position.

TEMPORARY SOLUTION FOR TEST BEAM

In order to avoid this situation at the subse-
quent test beam, software limits were placed about
5 mm inside the usable range of the table given the
load it was bearing. Also, a method to automatically
and safely reset the coordinate system was imple-
mented, in case of stalling.
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The Bhabha Suppression Effect Revisited

By

Strahinja LUKIC'
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The calculations of the Bhabha Suppression Effect (BHSE) in luminosity measurement
at the International Linear Collider (ILC) were revisited. Preliminary estimates of the
BHSE at the Compact Linear Collider (CLIC) were performed for the first time, as well.
The regularities in the largest contribution to the BHSE, the Beamstrahlung, are used to
find event selection algorithms that minimize the BHSE at ILC, or reduce the sensitivity
of the BHSE on the variations in the beam parameters. At CLIC, the BHSE is much
larger, so that the precision of the luminosity measurements critically depends on the

precise estimate of the BHSE.

Keywords: linear colliders, luminosity measurement, Bhabha scattering, Beam-beam effects,

BHSE, numerical simulations
INTRODUCTION

Precise integral luminosity measurement at
ILC will be performed by counting the Bhabha
events recorded in the LumiCal detector in the
Forward Region. The BHSE induced by the Beam-
strahlung before the Bhabha scattering and by the
electromagnetic deflection after the scattering
represents an important source of systematic uncer-
tainty in this context. As shown by C. Rimbault et
al. [1] using the BHLUMI Bhabha event generator
[2], together with a modified version of the Guinea-
PIG software [3], the BHSE can be reduced by
modification of the selection criteria for counting
the Bhabha events in LumiCal.

In this work, this study was revisited to ex-
ploit the rather regular characteristics of the shift in
the polar-angles of the outgoing electron-positron
pairs after the Bhabha scattering.

Similar as in ref. [2], a set of 500,000 Bhabha
events were produced with the energy in the center
of mass (CM) frame vs = 500 GeV using the
BHLUMI 4.04 software [3]. These events were
then fed to the Guinea-PIG to simulate the Beam-
strahlung and the Electromagnetic deflection ef-
fects.

POLAR ANGLES OF THE OUTGOING
BHABHA PAIRS

As already shown in refs. [2] and [4], at ILC
energies, the Beamstrahlung effect can be very well
described using the assumption that approximately
all radiation emitted by an electron-positron pair
prior to the Bhabha scattering is emitted in the same
direction along the beam axis. Thus the CM frame
of the collision has non-negligible velocity directed,
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to a good approximation, along the beam axis. As a
result, the polar angles of the outgoing particles,
which are almost perfectly collinear in the CM
frame, are shifted in opposite directions in the la-
boratory frame. The correlation between the shifts
of the two polar angles is shown in fig. 1.

A8, (mrad)
[} L R w

T

5 4 3 2 4 0 1 2 3 4 5

A, (mrad)
Figure 1. Correlation between the polar-angle shifts of
the outgoing electron and positron in Bhabha scatter-
ing under influence of the Beamstrahlung effect

Because of that, the regions of the combined
phase space of the two outgoing particles that are
the most strongly affected by the BHSE are those
where both polar angles are either in the immediate
vicinity of the minimum angle 6,,;, or in the imme-
diate vicinity of the maximum angle 6, of the
fiducial volume of the LumiCal (see fig. 2).



BHSE REDUCTION AT ILC

Figure 2 represents the 2D histogram plot of
the polar angles of the outgoing Bhabha positrons
versus the electrons. Selection cuts to the fiducial
volume were applied before including the Beam-
strahlung effect. The angular region enclosed by the
thin box from 41 to 67 mrad in both 6, and 8, cor-
responds to the fiducial volume of the detector. The
events appearing outside the fiducial volume
represent the BHSE. The two small thick boxes
enclose the areas the most strongly affected by the
BHSE.

The BHSE at ILC can be effectively reduced
if the regions within 66 from 6,,;, and 6,,,, respec-
tively, are excluded from the selection cuts.. De-
pending on 66, the BHSE at ILC can be reduced to
zero, or even made insensitive to variations in the
horizontal bunch size o, (fig. 3). Assuming ILD
geometry and 500 GeV CM energy, for 6 = 2.8
mrad, the result of the simulation is BHSE = (0.01
+ 0.06) %. The reduction of the BHSE comes at a
moderate cost in efficiency. With 66 = 2.8, 31% of
all Bhabha events hitting the geometrical volume of
the LumiCal are counted towards the luminosity
measurement. Compared to that, the number of
counts in the entire fiducial volume represents 37%
of all events hitting the geometrical volume. Thus a
relative loss of statistic of 16% is induced by the
modification of the selection criteria in order to
suppress the BHSE. The region of low sensitivity to
o, is situated around 06 = 4.8, which induces a rela-
tive loss of statistic of about 31%. In either case,
the relative loss of statistic is not critical, since the
relative statistical error of the luminosity measure-
ment when the entire fiducial volume is used is of
the order of 0.5x10™ [5] on the yearly level.

At 1 TeV in CM, for 06 = 3.5 mrad, the result
is BHSE = (0.07 = 0.07) %, with a relative loss of
statistic of 21%.
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Figure 2. 2D histogram plot of the polar angles of the
outgoing Bhabha positrons versus the electrons. Selec-
tion cuts to the fiducial volume were applied before
including the Beamstrahlung effect. The two thick
boxes represent the areas the most affected by the
BHSE.
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Figure 3. BHSE as a function of 60 for different hori-
zontal bunch sizes 6x

BHSE AT CLIC

Due to the intense Beamstrahlung at 3 TeV
under the CLIC beam conditions, the BHSE at
CLIC is estimated to around 70 %.

Figure 4 represents a plot of the polar angles
of the outgoing electron and positron from the
Bhabha scattering at CLIC. The dashed lines
represent the points that are directly reached by the
Lorentz boost of the points (6,,,, Gnin) and (6,4
Onax) from the CM frame to the laboratory frame,
under assumption that the CM moves along the
beam axis. The edges of the distribution lie very
close to these lines, indicating that the Beamstrah-
lung is the dominant effect, and that it is indeed
predominantly emitted along the beam axis. The
existing small spread of the distribution beyond the
dashed lines is due to the electromagnetic deflec-
tion after the Bhabha scattering, as well as to the
small transversal components of the Beamstrahlung
momenta.
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Figure 4. Histogram of the polar angles of the out-
going electron and positron from the Bhabha scatter-
ing at CLIC. The rectangular frame from 43 to 80
mrad represents the fiducial volume of the LumiCal.



Such high BHSE cannot be meaningfully re-
duced with the selection criteria shown in the pre-
vious section. The precision of the luminosity mea-
surement at CLIC thus critically depends on the
possibility to precisely simulate and estimate the
beam-beam effects. A method of data-driven con-
trol of the BHSE is necessary for that. A set of
measurable parameters of the distribution needs to
be defined that can be cross-checked between the
simulation and the measured data. This is the topic
of the ongoing work.

CONCLUSIONS

It was shown that the regular nature of the po-
lar-angle shifts induced by the beam-beam effects
at ILC can be used to reduce the BHSE to zero, or
to make it insensitive to the horizontal bunch size.
Additional studies are necessary in order to propose
optimal selection cuts that minimize the overall
systematic effects, taking into account imperfec-
tions and uncertainties in the bunch shape parame-
ters at the interaction point, the possible misalign-
ment of the beams, uncertainties in the estimate of
the BHSE, as well as the physics background.

Preliminary estimates of BHSE at CLIC were
performed for the first time. At CLIC, the BHSE is
much larger than at ILC, so that the precision of the
luminosity measurement critically depends on the
precise estimate of the BHSE. Data-driven methods
of BHSE correction are necessary for this purpose.
This will be the topic of the ongoing work.
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PHYSICS BACKGROUND IN LUMINOSITY MEASUREMENT
AT 1TEV AT ILC

By
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In this paper we present the results of the investigation of the influence of two-photon
processes on luminosity measurement at future linear collider ILC at center-of-mass
energy of 1 TeV. The overall choice of selection criteria for the luminosity measurement
with the respect to leading sources of systematic error is discussed. The potential of in-
dividual selection criteria to suppress physics background is discussed and comparison

with the 500 GeV case is presented.

Key words: ILC, luminosity measurement, two-photon background

INTRODUCTION

The measurement of luminosity at ILC will
proceed by using standard candle process: Bhabha
scattering. Luminosity will be determined from the
measurement of the event rate of Bhabha scattering
in the luminosity calorimeter (LumiCal), which is
located in the very forward region of the ILC. At
ILC, a possibility of an upgrade to 1 TeV center-of-
mass energy is foreseen. Since the measurement of
integral luminosity at 500GeV is discussed in detail
in [1] and [2], here we present possible event selec-
tions leading to the required physics background
suppression in luminosity measurement at 1 TeV
center-of-mass energy . In comparison to the 500
GeV case, the Bhabha scattering cross-section
scales as 1/s, still being of order of a nb. Efects
from the beam-beam interaction can be compen-
sated by the proper choice of the detector 'counting
region' as shown in [3]. Four-fermion processes,
representing the main source of possible miscounts,
are reviewed in the light of that newly proposed
selection.

METHOD

Integrated luminosity at ILC will be deter-
mined from the total number of Bhabha events Ny,
produced in the acceptance region of the luminosity
calorimeter and the corresponding theoretical cross-
section .

()

The number of counted Bhabha events N,,,
has to be corrected for the number of background
events misidentified as Bhabhas, Ny, and for the
selection efficiency e.
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Luminosity calorimeter has been designed for
the precise determination of the total luminosity.
This is compact electromagnetic sandwich calori-
meter consisting of 30 longitudinal layers of silicon
sensor followed by tungsten absorber and the inter-
connection structure. In the ILD concept assumed
here [4], it is located at z = 2573 mm from the IP,
covering the polar angle range between 3/and 78
mrad. It corresponds to the inner radius of the Lum-
iCal of r,,;,= 80 mm, and outer radius of r,,,. = 195
mm.

Bhabha events, with cross-section of o3~
(1.197+0.005) nb, are simulated with BHLUMI [5]
event generator, implemented in BARBIE V5.0 [6],
a GEANT3 [7] based detector simulation of Lumi-
Cal.

Four-fermion NC processes e e¢" — e e’ ff

are characterized by the large cross-section scaling
with In’(s) and the typical topology where electron
spectators are emitted at small polar angles carrying
the most of the beam energy and thus can be mis-
counted as the Bhabha signal. In Figure 1, polar
angle distribution of particles from four-fermion
processes with energy greater than 60% of the beam
energy, at the center-of-mass energy of 500 GeV
and 1TeV, are given.

As can be seen from the Figure 1 the polar an-
gle distribution of high energetic particles becomes
steeper with the rise of the center-of-mass energy,
meaning that these particles (primary electrons)
would be emitted at at smaller polar angles than the
LumiCal. This change in event topology will com-
pensate the rise of the cross-section of these
processes with the center-of-mass-energy.
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Figure 1. Polar angle distributions of final state
particles with E > 0.6E,,,,, from four-fermion
processes, at the center-of-mass energy of

500 GeV (red) and 1 TeV(black).

In this study, fourfermion processes are simu-
lated using WHIZARD V1.2 event generator [8].
10° leptonic and 2-10° hadronic events are simu-
lated including contribution of all neutral tree-level
processes in the angular range [0.05,179.95] deg
and at centre-of-mass energy of 1TeV. Total cross-
section 0, =(0.78+0.05) nb is obtained, with fol-
lowing assumption on event generation:

e invariant masses of the outgoing lepton pairs
are greater than / GeV/c’

e momentum transferred in photon exchange
is greater than 10 GeV/c.

EVENT SELECTION

Two electromagnetic clusters carrying the full
beam energy, originating from collinear and copla-
nar Bhabha particles, identify signal events. Based
on these topologicalcharacteristics of the signal
several selection criteria can be employed :

e relative energy, defined as a fraction of beam
energy, Ej..n, carried by the Bhabha particle
(EL,ER stands for the particle energy deposited
at the left and right side of the LumiCal):

E, +E
o E., = ZL TR 3
" 2- Ebeam ( )
e energy balance:
Epy =|E; = Eg “)

e colinearity and coplanarity, defined as the dif-
ference in polar (azimuthal) angles of Bhabha
particles:
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A0=10, -0,  Ap=lp.-0x|  (5.6)

Colinearity of Bhabha events is to small extent
distorted due to the beam-beam interaction effect
[9]. This leads to the effective reduction of the
Bhabha cross-section in the detector fiducial vo-
lume (BHSE). It has been shown [9],[3] that the
effect is more pronounced with rise of the center-
of-mass energy. Beam-beam interaction is accom-
modated by using: asymmetric cuts on particle po-
lar angle as proposed for the 500 GeV case in [9],
or by the proper choice of the detector counting
volume that downscales the BHSE effectively to
zero [3] . In the later case the regions within 66

squares re excluded (Figure 2 [3]) . For \/_ =
1TeV, 66 is found to be 3.6 mrad [3].

Effects of wvarious combinations of the
selection criteria on the background to signal ratio
are given in the tab. 1, assuming the center-of-mass
energy of 1 TeV. In the same table, the comparison
with the 500 GeV [1] case is presented. Relative
statistical error of B/S estimation is also given.

Also, for the reason of completnes two-photon
systems of beamstrahlung photons taking part into
e'eyy—X processes are are simulated with the
GUINEAPIG generator [10] and analyzed before
hadronization in the full polar angle range.
Acquiring only that total energy of the system is
80% of the +/s, with no angular criteria applied,
the upper limit from this source of background in
the LumiCal is estimated to be less than 2:10° with
respect to the signal.



Table 1. Physics background to signal ratio given at
the center-of-mass energy of 1Tev and 500 GeV, for
different event selections.

B/S
B/S

500
GeV

AB/S)

Selection criteria
[Yo]

[6min+4mrad,
Omax-7mrad]
Ercl
[6min+4mrad,
Omax-7mrad]
Ercl

|AQ|<5°
[6min+4mrad,
Omax-7mrad]
Epal

|Ap|<5”
|AB|<0.06°
Eul 0.9-10°
|Ap|<5°
|AB]<0.06°

Epal

[Ap[<5®

Erel

Exclusion region
( 66=3.6 mrad)

1.4-10% | £19.5 | 3.7-10°

1.1-10° | £30.0 | 2.9-10°

1.0-10° | +449 | 2.2-10°

£293 | 2.610°

0.8-10% | £37.6 | 1.6-10°

1.3-10°% | £294 \

CONCLUSION

The rise of the cross-section of two-photon
processes with the center-of-mass energy, posses no
fundamental restriction on the precision of the lu-
minosity measurement. This is mainly due to the
change in topology of the primary electron-positron
pair being emitted at lower polar angles bellow the
LumiCal. For all the selection discussed, physics
background can be in suppressed to the permille
level with respect to the signal. In particular, the
selection that effectively reduces BHSE to zero
does not compromise the suppression of physics
background.
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BEAMCAL RECONSTRUCTION SOFTWARE
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The reconstruction of the energy of isolated electrons in the beam calorimeter of the ILC
detectors is described. Using an appropriate subtraction of the pair background and a
shower clustering algorithm taking into account the longitudinal shower profile, the de-
position of the high energy electron can be detected with high efficiency. The electron
energy is deduced from the cluster energy measurement. The electron direction is as-
sumed from the interaction point towards the cluster.

Key words: beamstrahlung, high energy electron, sensor pad, cluster

1. INTRODUCTION

A strategy for the reconstruction of electrons
in the beam calorimeter of the ILC detectors is pre-
sented in this paper. Electron identification in the
very forward region will be important in several
physics analyses, including new particle searches.
Electron reconstruction in Beamcal can only use
information from this detector, since the forward
tracking detectors cover the polar angle region
down to 100 mrad. A brief description of the
BeamCal detector is given in Section 2.

Figure 1. Sketch of the structure of a half barrel of the
sandwich beam calorimeter. For the study presented
here the outer radius is 15 cm , equal to the length
along the beam-pipe. Sensors are interspersed be-
tween tungsten disks. The thickness of the absorber
disks is one radiation length and of the sensors 0.5
mm.

A large amount of low energy electron - posi-
tron pairs originating from beamstrahlung will de-
posit their energy in Beamcal. Such beamstrahlung
pairs deflected in the beam calorimeter will provide
important information for beam diagnostics, but the
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price to be paid is that the high energy electrons
from physics processes will have to be recon-
structed on top of the pair background depositions.
Therefore the reconstruction algorithm uses in a
first step a procedure for background subtraction.
The background subtraction technique is described
in Sect. 3, while the electron clustering applied in
the next step of the reconstruction algorithm is de-
scribed in Sect. 4. Finally, the implementation of
the algorithm in the common reconstruction frame-
work of the ILD detector is presented in Sect. 5.

2. THE BEAMCAL

Two electromagnetic calorimeters are foreseen
in the very forward region of the ILC detectors at
the interaction point, LumiCal for a precise mea-
surement of the luminosity and BeamCal for a fast
estimate of the luminosity and control of the beam
parameters. In the same time they will both im-
prove the hermeticity of the detectors. BeamCal
will cover a polar angle region between 5 and 40
mrad and LumiCal between 31 and 77 mrad. A
third electromagnetic calorimeter, GamCal, will be
placed about 100 m downstream of the detector to
assist in beam tuning. A pair monitor, consisting of
a layer of pixel sensors will be positioned just in
front of BeamCal to measure the distribution of
beamstrahlung pairs and give additional informa-
tion for beam parameter determination. Finally,
LHCAL will be a hadron calorimeter that will ex-
tend the coverage of the HCAL endcap to smaller
polar angles. In the following only some of the re-
levant characteristics of the BeamCal used for elec-
tron reconstruction are presented. A detailed de-
scription of the very forward region of the ILC de-
tectors can be found in reference [1].

The BeamCal is designed as a sandwich calo-
rimeter with a structure as shown on Figure 1,
where a half barrel of the calorimeter is depicted. It



contains 30 layers of tungsten absorber disks with a
thickness of one radiation length and thin sensor
layers with a thickness of 0.5 mm. The sensor lay-
ers are subdivided into pads which, for the study
described below, have a size of about 8 mm. Fine
granularity is necessary in order to identify the lo-
calized depositions from high energy electrons and
photons on top of the wider spread depositions from
low energy electron — positron pairs that originated
from beamstrahlung. These latter depositions are
useful for a bunch-by-bunch luminosity estimate
and the determination of the beam parameters [2].
The other important role of the Beamcal is the iden-
tification of high energy electrons and photons at
small polar angles. This is important in order to
veto two-photon processes that are very large back-
grounds to new particle searches as for instance,
super-symmetric particles. In the following I will
concentrate on the algorithm developed for the sin-
gle electron reconstruction.

3. SUBTRACTION PROCEDURE

The difficulty related to the background sub-
traction comes from the fact that the background
fluctuates from one bunch crossing to the next. This
is illustrated on fig. 2 where the depositions on the
same pad from about 2000 BX simulated with Gui-
neaPig [3], for nominal beam parameters are
shown.
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Figure 2. Background depositions in one pad of the
Beamcal from about 2000 bunch crossings.

Such distributions were obtained for each sen-
sor pad of the detector, this way a background map
was constructed to keep the information of the av-
erage and root-mean-square values of the back-
ground depositions in all the pads of BeamCal.
Now it is possible to subtract the value of the aver-
age background energy from the sum of the back-
ground and signal depositions on each pad, or equi-
valently, add the background fluctuations to the
signal depositions and obtain a smeared energy
distribution for the signal. This latter procedure we
implemented in Marlin. We generate Gaussian
background fluctuations with mean zero and the
root-mean-square read from the map for each pad,
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randomly picking up a value from the distribution
and add it to the corresponding signal energy depo-
sition in the same pad. Thereafter we apply the
shower search algorithm described briefly in the
following section.

4. ELECTRON CLUSTERING

The electromagnetic showers initiated by elec-
trons (or photons) deposit their energy in several
pads of the BeamCal. For a single electron (or pho-
ton) reaching the beam calorimeter, most of the
energy is collected in a small number of sensors.
Electrons with the energy of 250 GeV impinging at
the center of a pad for instance deposit about 97%
of their incident energy in a 3 x 3 pad window.

A detailed description of the clustering algo-
rithm can be found elsewhere [4]. Here only the
main steps of the algorithm are presented.

The shower search is done from the 5th to the
30th layer, to exploit the longitudinal shape of the
signal showers. If a chain of 10 consecutive pads
within this range is found, then a tower is defined.
The adjacent towers around the center tower with
the maximum energy are considered and a cluster is
defined. Finally, the sums of depositions on the
pads in the clusters which are higher than one root-
mean-square of the background deposition in the
same pad are used to determine the energy and po-
sition of the cluster. Further the electromagnetic
clusters are assumed to be neutral and assigned a
particle rest mass of zero. The cluster energy com-
bined with this mass assignment is used to define
the particle 4-momentum vector. The simple clus-
tering scheme used here assumes that the momen-
tum of the electron (or photon) reconstructed from a
cluster points from the event interaction point to-
wards the cluster. This is however correct only for
the photon, since the electron trajectories are curved
by the solenoidal magnetic field.

5. IMPLEMENTATION IN MARLIN

The reconstruction algorithm has been imple-
mented into the Marlin framework [5]. Fig. 3 shows
the algorithm as a flow chart. The response of the
beam calorimeter to single electrons was simulated
with Mokka [4] and the detector model ILD_00fw.
The BeamCal collection of hits is used and the sig-
nal energy deposition on each pad is obtained. The
background map is read and the signal depositions
are smeared accordingly. Then the shower recon-
struction algorithm is applied and finally the rele-
vant collections of reconstructed clusters and par-
ticles are filled and added to the event.
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Figure 3. The electron reconstruction algorithm in the
beam calorimeter is shown as a flow chart.

A new Marlin processor was written in C++ to
do the tasks described before. A dynamic array is
used to keep the information for each pad that is
input to the shower search algorithm which was re-
written as a C++ class. This processor was included
in MarlinReco in the newest release of the ILCSoft
version 01-12. The class contains methods to do all
the tasks that were done in the past by separate
pieces of code. GetReconstrCoordinates is the inter-
face method that provides the reconstructed quanti-
ties, as for instance the cluster energy, the cluster
Cartesian coordinates, and also a local position in
the beam calorimeter in terms of the ring and pad
where the cluster has been reconstructed.

CONCLUSIONS

A strategy for the reconstruction of electrons
on top of the pair background in the beam calorime-
ter of the ILC detectors has been presented. It uses
an appropriate subtraction procedure of the back-
ground and a clustering algorithm that takes into
account the longitudinal profile of the showers pro-
duced by high energy electrons. Next the algorithm
will have to be optimized for high efficiency and
low fake rate [6].
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UPDATE ON THE MECHANICAL INFRASTRUCTURE FOR
VERY FORWARD CALORIMETER BEAM TESTS

By
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In the framework of the AIDA collaboration, a mechanical infrastructure for future
particle-beam tests of forward calorimeter sensors is under construction at CERN. The
device will allow installing up to 30 tungsten plates interleaved with sensors. The high
mechanical accuracy required for LumiCal is matched by the design of the device.
Flexibility to allow for both LumiCal and BeamCal sensor tests with different front-end
electronics is built into the design. This paper provides an updated version of the design,
allowing the use of the device with existing sensor and read-out boards.
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INTRODUCTION

The FCAL collaboration [1] is participating in
AIDA [2], a recent infrastructure project funded
partly by the European Union. In this context, it is
proposed to build a flexible mechanical infrastruc-
ture allowing the test of individual sensors or com-
plete segments of the LumiCal or BeamCal calori-
meters.

The CERN PH-DT group (detector technology
group of the physics department) has been man-
dated to design and build this mechanical infra-
structure based on a functional specification [3].
The device should allow inserting of up to 30
tungsten plates of 3.5 mm thickness paired with
sensor planes. The distance between tungsten plates
should be either 2, 1 or 0.5 mm. Given the typical
LumiCal and BeamCal sensors under investigation,
the size of the tungsten plates should be 14x14 cm”’.
The challenge stems from the requirement of 50
micron mechanical accuracy (roughness, flatness)
of each tungsten plate and of the distance between
the plates.

In a first iteration, two design proposals have
been worked out. These were presented to the
FCAL collaboration at its meeting held from 30
May to 1 June 2011 in Predeal, Romania [4]. As a
result of the discussions at that meeting, it was de-
cided to give priority to further work on one of the
proposals, although this would only allow a struc-
ture with distances between tungsten plates of ei-
ther 2 or 1 mm. Most importantly, it turned out to
be crucial to use the structure with the existing sen-
sor boards (PCBs) and read-out boards — a modified
version of these boards would not become available
in the coming two years. This paper provides an
update of the design of the mechanical infrastruc-
ture.
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MODIFIED DESIGN PROPOSAL

The basic concept of the first design proposal
of spring 2011 is to use a set of three precisely ma-
chined “combs”, precision-mounted on a solid base
frame (see fig. 1). All parts are made of stainless
steel. The three precision-“combs” are equipped
with brass springs. The two additional “combs”, on
the top of the frame, are not used for the alignment
— they are flipped open to insert the tungsten plates
and sensors.

Figure 1. Isometric view of the mechanical infra-
structure of the first design proposal [4].

Figure 2 shows the modified version of this de-
sign, considerably larger in order to accommodate
the existing LumiCal sensor boards with an overall
width of 21 cm.

In order to limit the expenditures for the
tungsten plates, the concept of PermaGlass [5]



frames was introduced in the new design. After
discussion, it turns out that these frames help to
considerably increase the flexibility for the use of
the mechanical infrastructure under design: Differ-
ent types of PermaGlass frames may be built, for
tungsten plates, for existing or forthcoming Lumi-
Cal and BeamCal sensor boards, etc. As examples,
the existing sensor board in its frame is shown in
Figure 3, a tungsten plate inserted in its frame in
Figure 4, while the tungsten plate assembled into
the mechanical infrastructure is shown in Figure 5.

Figure 6 shows a schematic view of a comb
with two tungsten plates, with details of the dimen-
sions for the case of a distance between tungsten
plates of 2 mm.
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Figure 2. The modified wider version of the
mechanical infrastructure, designed to accommodate-
date the existing sensor board.

“el
Figure 3. PermaGlass frame as holder for the existing
LumiCal sensor board.
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Figure 4. PermaGlass frame as casette for a tungsten
plate.

Figure 5. One tungsten plate in its PermaGlass holder,
inserted into the mechanical infrastructure.
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Figure 6. Schematic side view of the comb structure
with two tungsten plates in their PermaGlass frames.




ROTATION OF STRUCTURE TO MEASURE
COSMIC MUONS

While this mechanical infrastructure is primar-
ily designed to work in test beams at accelerators,
one of the requirements specified was to also be
able to rotate the structure and use it to measure
cosmic muons. A first proposal to accommodate
this feature has been worked out, and is sketched in
fig. 7.

Figure 7. Proposed solution to allow the use of the
mechanical infrastructure both for horizontal beams
and cosmic (vertical) muons.

TUNGSTEN PLATES

During the design phase for this mechanical
infrastructure, it became clear that the quality of the
tungsten plates (roughness, flatness) is of prime
importance if one wants to reach the goal of 50 pm
accuracy on the distance between two adjacent
tungsten plates. Contacts with industry are being
pursued — most likely the material will be an alloy
of tungsten with a few percent of other metals,
which has proven to be more easily machined and
handled than pure-tungsten plates.

PROTECTION AROUND THE STRUCTURE

In addition to the mechanical infrastructure it-
self, a light-tight protection (a box) around the de-
vice is part of this project. Moreover, it is requested
that such a box acts, at the same time, as a Faraday
cage to shield the sensors against electronics noise.
The design of this box is in progress.

SUMMARY AND NEXT STEPS

During 2011, the detailed design proposal for
this mechanical infrastructure has evolved at
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CERN, and reached maturity. Construction of the
device is imminent. In parallel, the design of the
protection “box” is approaching completion. It is
expected that the mechanical infrastructure will be
available for use in test beams in the course of
2012.

The procurement of the tungsten plates is the
responsibility of several institutes within the FCAL
collaboration. Contacts with industry are under way
concerning in particular the availability of tungsten
plates with very good surface quality.
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BACKGROUND IN THE CALORIMETER ENDCAPS
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Backgrounds from strong beam-beam interactions at linear colliders have to be studied
in all sub-detectors. Here the simulation studies of the background of incoherent pairs
and yy — hadron events in the ECal and HCal endcaps and the estimated occupancies
are presented. It is shown that these background sources deposit a significant amount of
energy in both calorimeter endcaps, but a large impact on the occupancy can only be

seen at small radii in the HCal endcap.
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INTRODUCTION TO CLIC

The Compact Linear Collider (CLIC) is
designed for electron-positron collisions at c.m.s.
energies up to 3 TeV [1]. The normal-conducting
RF cavities operate at a gradient of 100 MV/m,
and the RF power is distributed along the
accelerator by a 2.4 GeV, high intensity ‘drive
beam'. In order to achieve the desired luminosity,
CLIC operates with bunch trains of 312 bunches
separated by 0.5 ns, with a repetition rate of 50 Hz
and transverse bunch size of 45 nm by Inm and a
length of 44 pm. A number of design
considerations have led to a crossing angle at the
interaction point of 20 mrad. The large number of
electron-positron pairs produced by the beam-
beam interaction has to be studied in a full detector
simulation to evaluate and minimise the impact on
the detector performance.

The detector is implemented in the GEANT4
[2] based detector simulation MOKKA [3], and the
simulations are run with the QGSP_BERT_ HP
physics list and a range cut of 5 pum. More details
of the forward region, the beam-induced
background at CLIC and their impact on the
tracking detectors can be found elsewhere [4]. In
the following only the impact of the yy — hadron
and incoherent pair background on the calorimeter
endcaps will be discussed. More details can be
found in [5].

OCCUPANCIES IN THE CALORIMETER
ENDCAPS

To estimate the occupancy from backgrounds
in the calorimeters, some assumptions have to be
made regarding the pad size and time resolution of
the detectors. The pad sizes are fixed in the
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GEANT4 implementations of the detector models.
The electromagnetic calorimeter (ECal) is a
silicon—tungsten sandwich calorimeter with a
5.08x5.08 mm? pad size, and a silicon thickness of
0.5 mm. The hadronic calorimeter (HCal) endcap
is a scintillator—steel sandwich calorimeter with
30x30 mm? pad size and 5 mm thick scintillators
[6].

Each bunch train is 156 ns long, but the ha-
dronic shower development has long tails in time,
therefore the maximum acceptance time of the sen-
sors was increased to 300 ns after the first bunch
crossing. The total readout window of 300 ns is
divided into 12 windows of 25 ns each. The occu-
pancy is quoted as hits in a given number of time
windows with an energy deposit above the thre-
shold of 40 keV in the ECal and 300 keV in the
HCal. For example, an occupancy of 2.0 means that
for the same pad two time windows received a sig-
nificant energy deposit during the 300 ns related to
a bunch train.

DEPOSITED ENERGY IN THE CALORIME-
TER ENDCAPS

Figure 1 shows the energy deposits from inco-
herent pairs and yy — hadrons in the ECal and
HCal endcaps. All distributions except those linked
to secondary particles from incoherent pairs in the
HCal show the peak for minimum ionising particles
(MIPs). The total reconstructed energy per train is 2
TeV in the ECal endcaps and 16 TeV in the HCal
endcaps from secondaries of incoherent pairs and
11 TeV in the ECal endcaps and 6 TeV in the HCal
endcaps from yy — hadron events.
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Figure 1. Distribution of the energy deposit in all calo-
rimeter pads for (a) the ECal endcap and (b) the HCal
endcap from incoherent pairs and yy — hadrons.

OCCUPANCY IN THE ELECTROMAGNET-
IC CALORIMETER ENDCAP

The shower maximum for the particles from
vy — hadrons is around the sixth ECal layer, while
the even lower energy particles from the incoherent
pairs have their maximum already in the first layer
(fig. 2a). The increase in the number of hits for in-
coherent pairs from layer 23 to 29 is caused by par-
ticles scattering into the backside of the ECal. As
expected from the number of hits per layer, the
radial distribution averaged over the azimuthal an-
gle shows that the background in the endcap of the
ECal is dominated by particles from the yy — ha-
dron interactions (fig. 2b). The highest occupancies
are observed at small radii. The dip in the occupan-
cy at R = 0.25 m is caused by the beam pipe, which
shadows a part of the ECal endcap.
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Figure 2. (a) Number of time windows with energy

deposits above threshold for the ECal Endcap from

incoherent pairs and yy — hadrons per layer. (b) The
radial distribution of the train occupancy per pad,

averaged over layers 5 to 10.

OCCUPANCY IN THE HADRONIC CALO-
RIMETER ENDCAP

For the yy — hadron events the majority of
energy deposits is caused by direct hits into the
HCal endcap, and the number of energy deposits
decreases with increasing layer number (Figure 3a),
except for a slight increase in the last few layers.
The source of this increase of the signal in the last
few layers is still under investigation. The material
following the HCal endcap is the Yoke Plug, made
out of iron, like the HCal endcap absorber. It could
be an effect due to the magnetic field, as this region
is close to the end of the solenoid coil, and the
magnetic field changes, because of the yoke as
well. For products from the incoherent pairs, two
broad peaks in the number of hits are visible. This
distribution is due to the provenance of the par-
ticles. A large number of secondary particles is
produced by the showers of the incoherent pairs in
the BeamCal, which is located inside the HCal end-
cap between layers 20 and 40. As there is an addi-
tional iron ‘BeamCal Support’ around the BeamCal
and thus better shielding of the HCal, there is a dip
in the number of hits between layers 20 and 40.



Most of the energy deposits from secondaries pro-
duced in the BeamCal are at the innermost radius
(R = 0.4 m) of the HCal endcap. In this region up to
ten out of the twelve time windows see an energy
deposit. Beyond a radius of 0.6 m the occupancy
falls to about one energy deposit above threshold
per train (see fig. 3b). At R = 1 m the occupancy
from yy — hadron events is equal to that of incohe-
rent pair secondaries, whose occupancy decreases
more rapidly.
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Figure 3. (a)Number of time windows with energy
deposits above threshold for the HCal Endcap from
incoherent pairs and yy — hadrons per layer. (b) The
radial distribution of the train occupancy per pad,
averaged over layers 35 to 45.

CONCLUSIONS

The occupancy in the ECal endcap is reasona-
ble and dominated by the yy — hadron events. The
occupancy in the HCal endcap at small radii is too
large. However, due to the dominance of secondary
neutrons produced in the BeamCal for causing the
occupancy, a redesign of the support tube inside the
calorimeter endcap, or finer granularity can still
reduce the occupancy to a reasonable level.
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The performance of the luminosity calorimeter for the CLIC detector is discussed in the
absence and in the presence of background from incoherent-pair and yy background
from beamstrahlung. Implications for time stamping are presented.

Key words: Bhabha, CLIC, energy resolution, LumiCal, time stamping, incoherent-pairs, yy

1. INTRODUCTION

One of the main studies being done for the
benefit of the luminosity measurement for the
Compact Linear Collider (CLIC) is the analysis of
beam-beam background flowing through the lumi-
nosity calorimeter (LumiCal). Bhabha scattering is
the gauge process for the luminosity measurement,
and LumiCal must be highly efficient to detect
Bhabha events, so that the integrated luminosity is
measured to a precision of 1% [1]. The measure-
ment is based on energy and position reconstruction
of the Bhabha-scattered electrons. First results on
background from yy reactions and their implications
on the energy reconstruction are presented here,
following the presentation given at the previous
FCAL collaboration meeting in Predeal, Romania

(2].
2. LUMICAL

Currently, LumiCal in CLIC is planned to
have 40 layers in depth, each layer consisting of a
silicon sensor plane, gap for electronics, and a
tungsten absorber. The LumiCal geometrical vo-
lume ranges between polar angles ¢ =37.7 mrad
and @ =109.5mrad. It is centered around the out-
going beam axes, 2654.2 mm from the interaction
point (IP). This is shown in Fig. 1, where LumiCal
and BeamCal look slightly skewed compared to the
rest of the sub-detectors which are centered on the
incoming beams [3]. The inner radius of LumiCal is
100 mm, and the outer radius is 290 mm. In total,
there are 64 x 48 x 40 pads in LumiCal (the num-
bers corresponds to radial, azimuthal and layer divi-
sions of the silicon sensors, respectively) [3].

3. TIME STRUCTURE AND BHABHA
EVENTS RATE FOR LUMICAL IN CLIC

The time structure of the CLIC beams at cen-
ter-of-mass energy of 3 TeV consists of bunch
trains separated by 20 ns. There are 312 bunch
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crossings (BX) per train with 0.5 nsec separation,
meaning 15,600 BX per second [4].

The physical Bhabha cross-section, which in-
cludes radiative effects, was obtained from the
BHWIDE generator and is 101.016 pb. Assuming a
luminosity of 5.9-10** cm™s™!, a rate of 5.96 Hz is
expected within the LumiCal geometrical volume,
which approximately translates into one Bhabha
scattering event every 10 trains.

More details regarding Bhabha events in Lum-
iCal can be found in ref. [2].
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Figure 1. Forward Tracking and Calorimeters seen

from the top.
4. BACKGROUND FROM Yy REACTIONS

Due to high bunch charge density in CLIC,
each beam strongly radiates in presence of the oth-
er. This radiation may result in scattering of two
photons into hadronic final states: yy — hadrons.
The yy — hadrons events are distributed Poisson-
like in time, with expectation value of 3.2 events
per BX within the CLIC ILD detector acceptance at
\s = 3 TeV [5]. For the analysis presented here, a
sample of 1600 events was used distributed into
473 BXs. The events were generated with GUI-
NEA-PIG [7] and passed through the MOKKA [8]
detector simulation.

The energy deposited in LumiCal by back-
round processes in one BX is subject to fluctua-
tions. These fluctuations affect the energy resolu-
tion, and therefore must be studied carefully. An
preliminary analysis of the yy sample and the impli-
cations on the observed energy resolution of the
LumiCal are presented.



It is useful to compare the yy and incoherent-
pairs backgrounds. For the incoherent-pairs analy-
sis, a sample of 100 BX was used. More details
about the latter analysis can be found in
ref. [2], here only the relevant results will be pre-
sented here.

4.1 Characteristics of yy events

The generated background particles are mostly pho-
tons and pions (approx. 46% and 40%, respective-
ly); amongst them, 45% are generated at polar an-
gles within 110 mrad around the beam line, and

their energy ranges between 10 MeV and
100 GeV, as shown in fig. 2.
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Figure 2. Distributions of energy (left) and of polar
angle (right) of particles originating from yy back-
ground.

4.2 Background in LumiCal

The relative contributions of Bhabha electrons sig-
nal and both background sources can be seen in Fig.
3, where the longitudinal charge deposit profile of
an electron is overlayed with the expected accumu-
lated background deposits from 20 BX (benchmark
for readout sampling rate [6]). The background is
not uniformly distributed over the volume of Lum-
iCal. In the maximum of the shower, the back-
ground may contribute up to about 1% of the ener-
gy. In the last layers the background is nearly com-
parable to the signal. On average, the total charge
deposited by a single electron is about 785 pC,
whereas the total charge accumulated in LumiCal
due to 20 BX of background is ~8 pC from yy and
~3 pC from incoherent pairs.

The distributions of background charge depo-
sits in a single pad are shown in fig. 4, and are with-
in currently known ADC limits [6]. Depicted in fig.
5 is the occupancy per BX of incoherent pairs and
of yy background events. Keeping in mind the li-
mited readout resolution, only pads with signal
higher than 0.2 MIP were counted. The occupancy
is not uniformly distributed over the volume of
LumiCal. For incoherent pairs it is highest around
the inner-most rings of LumiCal, and in the back
layers. For vy, the highest occupancy is in the front
layers and low radii.
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Figure 4. Left: distribution of charge depositions in a
single pad from incoherent pairs. Right: same for yy
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Figure 5. Left: the occupancy of energy deposition in
LumiCal pads from incoherent pairs, with 0.2 MIP
cut. Right: same for yy

5. EFFECT ON ENERGY RESOLUTION

The energy resolution coefficient, a ., , is defined

res
as following:

ares — O-e

JE,(GeV) E, (1)

where E}, is the beam energy, », and E,, are given in
GeV, and are the standard deviation and the mean
of the deposited energy distribution (which is Gaus-
sian [1]), respectively. The contribution of the
background to the resolution will depend on the
time stamping. Assuming integration over BXs, the
energy resolution coefficient with background, ¢"?

is defined as following: A




s NGeV]

a:g: V O-ez + NBXo-lfgr
V Eh (Gew - Em

where Ny is the number of integrated BXs and G,
is the RMS of the background energy deposits in
the e pads. The resolution without and with back-
ground is shown in fig. 6 as a function of the impact
angle, for different values of Nzy. As expected, ac-
cumulation of background energy depositions over
many BX adds fluctuations and hence deteriorates
the energy resolution. Without background, the
resolution deteriorates below 43 mrad due to lea-
kage and above 80 mrad due to the detector geome-
try (presumably the overlap between ECal and
LumiCal). The contribution of the yy (incoherent
pairs) background in this fiducial volume, if
summed over a full train, may deteriorate the reso-
lution by as much as 90% (10%). Summing over 20
BX may deteriorate the resolution by up to than
10% (1%). A study is currently being conducted to
increase the statistics and combine results from
both background classes.
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Figure 6. Measure of the energy resolution, a,,, as a
function of the e polar angle, J,,,, without and with
background, integrated over different number of BXSs,
as depicted in the figure. The left (right) plot presents

results of incoherent pairs (yy) background.
6. SUMMARY

An overview of yy background for LumiCal in
CLIC was presented. The background charge depo-
sits distribution in LumiCal was studied. The fidu-
cial volume is defined by the nominal LumiCal
energy resolution (a,., = 0.21) to be 43 < , < 80
mrad. In this angular range, the 4, background fluc-
tuations of 20 BX deteriorate the energy resolution
by up to 10%. Next, the results presented here will
be reproduced with a larger sample of BX, and im-
plications for time stamping will be further ex-
plored.
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In this paper we discuss characteristics of physics and beam-induced backgrounds in
luminosity calorimeter at the future Compact Linear Collider (CLIC) operating at the
cms energy of 3 TeV. Presence of several sources of background is taken into account:

SM four-fermion production, hadronic background and

incoherent pairs converted

from beamstrahlung photons. It has been concluded that by proper selection the pres-
ence of backgrounds in the luminosity calorimeter can be maintained at the upper limit
of 102 w.r.t. signal. However, the main issue will be to define a region of the luminosity
spectrum where the integral luminosity will be measured, since the luminosity spectrum
is very strongly influenced by the beam-beam interaction related effects..

Key words: luminosity measurement background, CLIC, BHSE

INTRODUCTION

In this study, several processes are considered
as a potential background in luminosity calorimeter
(LumiCal), version CLIC ILD [1], at (CLIC. The
main source of background comes from the four-
fermion production via NC mechanism while the
presence of hadrons or incoherent pairs produced
through conversion or interaction of beamstrahlung
photons with another electron or a photon is also
quantified as a potential miscount.

Due to the relatively large cross-section, and
possibility to accurately calculate the cross-section
from theory, small-angle Bhabha scattering is used
to measure and monitor the luminosity in electron-
positron colliders, such as the International Linear
Collider (ILC). Measurement of the event rate of
the Bhabha scattering process in the luminosity
calorimeter at very small polar angles in the very
forward region is a way to determine luminosity at
the ILC [2]. However, since the effective suppres-
sion of the Bhabha cross-section (BHSE) in the
luminometer fiducial volume at CLIC is over 70%
primarily due to loss of the available center-of-mass
energy on beamstrahlung, the main idea is to define
a region in the vicinity of the nominal cms energy
where systematic effects, primarily BHSE, can be
controlled with satisfying accuracy of 10~ or better.

Here we will demonstrate that, in principle, it
is possible to introduce a selection that will lead to
an overall background suppression at the required
level.

Luminosity calorimeter at CLIC has been de-
signed for the precise determination of the total
luminosity. In CLIC ILD geometry, LumiCal con-
sists of 40 longitudinal layers of silicon sensors
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segmented in pads with 64 radial and 48 azimuthal
segments in each layer, which ensure an efficient
selection of Bhabha events [3] and a precise shower
position measurement. Sensor layers are followed
by the tungsten absorber and the interconnection
structure. LumiCal covers polar angles between
37.7 mrad and 109.5 mrad [4]. It is located at about
2.6 m from the IP, right behind the ECAL, with the
edge of the ECAL shadowing the outer perimeter of
the LumiCal (see fig. 1) [1].

The requirement of shower containment for
the Bhabha scattering final states and the scattering
off the ECAL edge limit the fiducial volume of the
LumiCal at CLIC ILD to the range 43 mrad to 80
mrad [5].

FTDe EC&! Lum_lliCal BeamCal

SITs  TPC Endplae — ||
I
2450

Figure 1. The very forward region of the CLIC
detector
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METHOD

In principle, integrated luminosity can be de-
termined from the total number of Bhabha events,
Ny, produced in the acceptance region of the lumi-
nosity calorimeter and the corresponding theoretical
cross-section .
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The number of counted Bhabha events, N,,,,
has to be corrected for the number of background
events misidentified as Bhabhas, N, and for the
selection efficiency €. Also, if known, other correc-
tions can be introduced. Uncertainty of the correc-
tions will result in systematic uncertainty of the
measured luminosity.
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=T @)
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Bhabha events (10 000) are generated using
BHWIDE 1.04 generator [6], within the fiducial
volume of LumiCal (43 mrad < 6 < 80 mrad). Cor-
responding cross-section is Gy, =45.9+0.4 pb. Lep-
tonic and hadronic four-fermion background (100
000 events each) is generated using WHIZARD
1.40 [7] in the angular range 0.05° < 0 < 179.95°,
with the transferred momentum of 10 MeV. Cor-
responding cross-sections are Gy,,=73.7+0.4 pb and
Ohaq=22.7£0.2 pb.

Background induced by beamstrahlung pho-
tons is generated using GuineaPig 1.2 [8]. 100
bunch crossings is simulated to produce incoherent
pairs (100 bunch crossings) and 1 million bunch
crossings corresponding to yy — hadron conver-
sion.

RESULTS

Figures 2 and 3 show distributions of energy
and polar angle of leptons from physics background
in the full angular range respectively. Figures 4 and
5 show the same distributions in the fiducial vo-
lume of LumiCal. If we define a spectator as an
electron carrying more than 60% of the beam ener-
gy, it can be seen that 23.5% of all the particles are
such a high-energy electrons and that 0.8% of
spectators enter LumiCal since the most of specta-
tors are emitted close to the beam pipe at smaller
polar angles. Similarly, in the case of hadronic
physics background, 8% of all particles are specta-
tors, and 0.5% of spectators enter the fiducial vo-
lume of LumiCal [9].

Beamstrahlung photons interacting with other
electrons or photons may produce incoherent e'e’
pairs (~10° per BX), while by far the most
dominant beam-induced process originates from the
direct beamstrahlung photon conversion in a strong
microscopic EM field [10]. However, coherent
pairs are emitted far below the LumiCal. A sample
containing 100 bunch crossings (~30 M particles)
of incoherent pairs has been studied. In the first
instance, particles that enter the fiducial volume of
LumiCal are investigated. Results are shown at
Figures 6 and 7. As can be seen in Figure 7, none of
particles in the fiducial volume of LumiCal will

carry energy above 80 GeV within 100 bunch
crossings.

D 10
1/Bx Entries 400000
Mean 750.3
RMS 675.5
UDFLW 0.000
ovFLW 0.000
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Figure 2. Energy distribution of leptons from physics
background in the full angular range.
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Figure 3. @ distribution of leptons from physics back-
ground in the full angular range
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Figure 4. Energy distribution of leptons from physics
background in the fiducial volume of LumiCal



Secondly, polar angle distribution of particles
carrying the energy above 60% of the beam energy
(900 MeV) is investigated. Result is shown at fig. 8.
Apparently, none of the investigated particles enter
the fiducial volume of LumiCal. In order to estab-
lish the upper limit for B/S of 10~ for incoherent
pairs, 2.6-10° bunch crossings is needed.
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Figure 5. 0 distribution of leptons from physics back-
ground in the fiducial volume of LumiCal
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Figure 6. 0 distribution of incoherent pairs in the
fiducial volume of LumiCal
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Figure 7. Energy distribution of incoherent pairs that
enter the fiducial volume of LumiCal
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Figure 8. 0 distribution of incoherent pairs carrying

the energy above 60% of the beam energy

yy — hadron is the interaction of real beam-
strahlung photons (3.2 per BX [10]) into quark
pairs. There is also some contribution due to virtual
photons from beam particles. 1 million bunch cross-
ings (~7.2 million events) of this type is generated
using GuineaPig 1.2. Energy distribution of these
photons is shown on fig. 9. Only for the purpose to
estimate available energy of the hadronizaton prod-
ucts the obtained initial state distribution of yy pairs
is then treated as the e'e” distribution, e. g. yy pairs
are treated as e'e” pairs. As can be seen from fig.
10, only a few pairs of beamstrahlung photons in 10
000 bunch crossings will carry more than 0.8 cms

energy.
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Figure 9. Energy distribution of photons generated
using GuineaPig.
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Figure 10. Distribution of energy of beamstrahlung
pairs normalized to the nominal cms energy.

According to these results, the upper limit of B/S
ratio originating from this effect is 6.4.

POSSIBLE SELECTION CRITERIA

Selection criteria used in this study are basi-
cally derived from a similar study performed at ILC
[11] and they are set as follows:

e asymmetric cuts on O - these cuts are
applied subsequently to forward and
backward sides of the detector. Therefore,
cuts are set as follows: cut 1: 47 <6 <73
mrad; cut 2: 43 < 0 < 80 mrad. These cuts
are taken only as illustration of the
background suppression power of the cuts
optimized for ILC, making no particular
sense for BHSE reduction in the CLIC

case [12];
e cut on relative energy,
E +E,
rel PU— Erel > 08; (3)
2 ’ Ebeam

e cut on acoplanarity, A¢ (difference in ¢
between two particles belonging to a pair
that enters the LumiCal); we took Ag
<174.5 mrad (10°);

e cuts on acolinearity, A® (difference in 6
between two particles belonging to a pair
that enters the LumiCal): A6 <1.75 mrad
(0.1°) and A0<8.73 mrad (0.5°);

Ratio of physics background to signal using

different combination of these cuts is shown in tab.
L.
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Table 1. Physics background at CLIC

Asym. | Eqa + | Asym. | Erq  + | Era +
cuts+ A cuts + | Ap + | Ap +
Era E.a + | A6<0.1° | A6<O0.
A 5°
Blept/s
[x10%] 8.07 503 | 574 | 205 4.13
A(Bleptls)
[%] +19 +20 +22.5 +34.5 +30
Bhadr/S
[x107] 1.76 1.03 1.21 0.28 0.73
A(Bhadrls)
[%] +22.5 +25 +27 +51 +30
Btot/S
[x10] 9.85 6.06 | 6.95 233 4.86
A(Bt/S)
[%] +16 +17 +19 +31 +20
Cut
efficiency | 664 [ 929 | 663 | 758 88.0
[%]
CONCLUSION

Once the region of interest to measure integral
luminosity is determined on luminosity spectrum,
various event selectons can be used in order to sup-
press either physics or beam-induced background.

It has been demonstrated that physics back-
ground at CLIC can be in principle controlled at the
level of 10 or better.

A huge statistics (~10’ bunch crossings) of
incoherent pairs is needed to set the B/S component
from incoherent pairs to <10~. GuineaPig has to be
upgraded to allow this.
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