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Abstract:
The FCAL collaboration is preparing large scale prototypes of special calorimeters to be used in the very forward region at a future linear electron positron collider for a precise and fast luminosity measurement and
beam-tuning. These calorimeters are designed as sensor-tungsten calorimeters with very thin sensor planes to keep the Moliere radius small and dedicated FE electronics to match the timing and dynamic range
requirements.
A partially instrumented prototype was investigated in the CERN PS T9 beam in 2014 and at the DESY-II Synchrotron in 2015. It has been operated in a mixed particle beam (electrons, muons and hadrons) of 5 GeV/c
from PS facilities and with secondary electrons of 5 GeV/c energy from DESY-II. The results demonstrated a very good performance of full readout chain. The high statistics data were used to study the response to
different particles, perform sensor alignment and measure the longitudinal shower development in the sandwich. In addition, Geant4 MC simulations were done, and compared to the data.

`

ILC & CLIC
Two special calorimeters are foreseen in the very forward regions of future Linear Collider detectors: Luminosity Calorimeter (LumiCal) for precision luminosity
measurements and an instrumented absorber for beam-beam background pairs (BeamCal) that can also tag high-energy electrons. Both calorimeters extend the
detector coverage to low polar angles, important e.g. for new particle searches with missing energy signature.

LumiCal

BeamCal

Parameters

ILC (ILD)

CLIC_ILD

geometrical acceptance [mrad]

31 - 77

38 - 110

fiducial acceptance [mrad]

41 - 67

44 - 80

z (start) [mm]

2450

2654

number of layers (W + Si)

30

40

geometrical acceptance [mrad]

5 - 40

10 - 40

z (start) [mm]

3600

3281

number of layers (W + sensor)

30

40

graphite layer thickness [mm]

100

100

LumiCal sensor half-plane schematic.

BeamCal

LumiCal

LumiCal and BeamCal are designed as cylindrical sensor-tungsten sandwich electromagnetic calorimeters. Each layer is segmented radially and azimuthally into
pads. Front-end ASICs are positioned at the outer radius of the calorimeters. LumiCal is positioned in a circular hole of the end-cap electromagnetic calorimeter
ECAL. BeamCal is placed just in front of the final focus quadrupole

Test Beam Set-up & Results
Test beam infrastructure @ PS CERN:

212mm

 Electron or/and muon, hadrons beam - 5 GeV energy;
 Data taken in October 2014 at the T9 testbeam area;
 Telescope (developed by the Aarhus University) on 4
MIMOSA26 chips;
 Custom DAQ system;

255mm

368mm

DUT (LumiCal multi-layer prototype):






DUT

First multi-layer module;
4 silicon sensors with 32 equipped channels;
3 different detector configurations were used;
Si sensors always separated by two absorber layers;

Electron beam - 5 GeV energy;
Data taken in October 2015 at 21 beam line area;
EUDET telescope – 6 MIMOSA planes;
DAQ framework provided:
- EUDAQ (software)
- Trigger Logic Unit (hardware)
- Very good user support



The complete module has 4
multi-channels chips with 8
channels each;



Kapton Fan out

Sensor

Kapton HV

Envelope

The ASIC is controlled by
FPGA based data concentrator;

Data processing for electron (left) and muon (right).
𝐌𝐑 = (𝟏𝟐. 𝟒𝟎 ± 𝟎. 𝟓)𝐦𝐦,

𝐌𝐑(𝐌𝐂) = (𝟏𝟐. 𝟐𝟓 ± 𝟎. 𝟓)𝐦𝐦

Thin LumiCal module design

Average energy deposited in the instrumented area of the
LumiCal detector prototype as a function of the number of absorber layers.

Average energy deposition per pad, experimental data (dot) and MC simulation
(bar) for the 2nd detector configuration.

Conclusions


Data taken in tests beam were processed using various algorithms to investigate the response of
large-area pad sensors assembled with a full readout chain.





Shower development

Envelope ~ 150 mm

Fully sensor plane, glued on a
3.5mm functional PCB;

Glue ~ 30 mm



First thin LumiCal detector module (~ 800 mm);
4 silicon sensors with 256 equipped channels;
Silicon sensor – 320 mm thick;
FEB: APV chip based;
3 different detector configurations were used;
Si sensors always separated by one absorber layer;

Kapton HV ~ 50 mm

scintillators








Sensor ~ 320 mm

DUT (LumiCal multi-layer prototype):

Kapton fan out (connectors) ~ 50 mm






Telescope planes

200mm

Test beam infrastructure @ DESY:

~ 600 mm

The pedestal mean value for all channels

Future Steps


First LumiCal multi-layer silicon-sensor prototype was tested with 5 GeV electrons energy at
PS CERN facilities.

In the next years a very compact calorimeter infrastructure for future particle-beam tests will be
developed and manufactured by FCAL groups. It will allow installing up to 30 layers of a Si-W
sandwich calorimeter prototype.



The MC simulation of the TB was performed with a fair level of detail and the experimental
data are in good agreement with MC simulation.

In August 2016, a new test-beam campaign for the multi-layer calorimeter module is planned to
take place at DESY.



The obtained results indicate an excellent working performance of all components (silicon
sensors, front-end and readout electronics) and fulfilled the requirements for LumiCal.

The new chip (font-end &ADC in each channel + fast serializer + biasing DACs + slow control)
for LumiCal detector readout should be available in 2017.



A prototype of the edgeless sensor should be produce in 2016.
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