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Forward Calorimetry at ILC, CLIC
● LumiCal provides integrated 

luminosity measurements:
● 30 interspersed layers of tungsten 

absorber and silicon sensors.
● 3.5 mm tungsten plates (1X

0
)

● 320 μm Si sensor with radial and 
azimuthal segmentation.

● BeamCal provides instant 
luminosity measurement and 
assists beam tuning:
● Estimated dose 1 MGy/year;
● GaAs sensor;
● CVD diamond sensors for 

innermost part;
● 3.5 mm thick tungsten absorber.
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LumiCal Sensor Test
● Manual probestation

● water cooling;
● nitrogen flow to 

remove moisture;
● IV, CV measurement 

equipment.

LumCal sensor under the test
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LumiCal Sensor Test Results
● About 1.5 sensors 

(~400 pads) were measured.
● In general the results are in 

good agreement with previous 
measurements and theoretical 
expectations.

● Some local defects were 
observed.

Current at depletion voltage
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Fully Assembled Sensor Plane Tests 
● Both LumiCal and BeamCal modules were 

assembled and tested separately in the lab 
and with 4 GeV electron beam at DESY.

● All modules showed good performance
● S/N ~ 20 for BeamCal;
● S/N ~ 40-80 after CM correction for LumiCal

BeamCal S/N

LumiCal S/N
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Mechanical Structure for Calorimeter 
Prototypes

● Mechanical structure for tungsten-based calorimeter tests has been 
designed and manufactured:

● capable of holding up to 30 tungsten plates and detector modules;

● Equipped with electronic cards and service lines supporting systems;

● Covered by light-tight shielding box.
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Permaglass Frames for Tungsten 
Plates

● 5 tungsten plates which match the geometrical requirements were 
selected and glued to premaglass frames: 

● thickness 3.5 mm with accuracy better then 30 μm;

● planarity and roughness.
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Frame Geometry Validation

● 9 configurations have been tested with 2 tungsten plates;

● 4 configurations have been tested with 5 tungsten plates;

● Vertical and horizontal orientations were tested;

● More then 50 measurements were done which correspond to more the 
900 probes.

● The accuracy of geometrical parameters was found to be better then 
50 μm. 

● 9 points were probed with a 
3D coordinate measuring machine;

● Distance from point-to-point of 
different plates was measured.
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Calorimeter Prototype Integration 
Test
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Calorimeter Prototype Integration 
Test
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Calorimeter Prototype Integration 
Test



 13

Integration Test Results 

● Mechanical assembly of the detector modules and tungsten 
plates with the frame was robust in horizontal and vertical 
positions.

● Electrical tests revealed high level of common-mode noise. To 
be investigated.

● The thickness of the detector module has to be reduced to 
meet the constraints on forward calorimeters. It can be 
achieved by   

● A new thin fan-out which is under preparation to minimize the 
thickness of the sensor plane. A prototype will be designed and 
produced for the forthcoming beam-tests of a 5-layer prototype. 

● Change from wire-bonding to bump-bonding using the recently 
installed infrastructure at DESY.
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Forward Calorimeters Data 
Acquisition System 

● For the data acquisition FCAL will use the DAQ system 
developed by Calorimeter for ILC collaboration (CALICE) 

● The CALICE DAQ system is designed to be generic and 
quite independent of the detector technology

● Thought detector specific interface has to be implemented 
by the detector group.

● The readout board for the FCAL detectors is planed to 
provide the interface to CALICE DAQ. This board is being 
developed based on new ASICs.
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Laser System for Detector Study at TAU. 
Charge Sharing. 

● Beam tests of LumiCal showed the 
effects of charge sharing between 
adjacent pads.

● With laser beam it can be studied at 
different voltages.

● η-function algorithm can be implemented 
for better position reconstruction.

Example of η-function Laser test system at TAU 
under construction
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Conclusions and Plans

● Mechanical infrastructure for tungsten-based calorimeter tests has 
been assembled and tested to meet mechanical accuracy 
requirement for absorber and detector positioning. The distance 
between absorber plates and detector layers can be varied in wide 
range to satisfy physics goals for calorimeter prototype beam test.

● Integration tests of forward calorimeter components with the frame 
demonstrated good rigidity of the assembly for accelerator and 
cosmic beam tests.

● Some improvements are required to reduce the common-mode noise 
of the detector modules while working in calorimeter assembly.

● Forward calorimeters detector module design will be made thinner by 
usage of the new fan-out and and bump-bonding technology.
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Thank You!


