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Outline

Ṋ High Granularity Calorimeter (HGCAL)

Ṋ HGCAL silicon sensors

Ṋ Results of the characterization after neutron irradiation

Ṋ Summary and future activities
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CMS needs to replace End-cap Electromagnetic and Hadroniccalorimeters for Phase II due 
to radiation damage.This opens new possibilities for Calorimeter design.

We are investigating in detail the possibility of using a high granularity calorimeter with 
M  channels of silicon pads, integrating EE and HE functions (CALICE concept) with a 

Back HE to capture energy tails.

We expect that with such detailed information from the calorimeter, coupled with a 
precision silicon tracker, we will be able to measure physics objects with high precision.

High Granularity Calorimeter (HGCAL)

Current detector An Si Based HGC CMS at the HL-LHC
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Major Engineering Challenges

600 m2 of Silicon in a high radiation environment.
V Cost.
V Very high radiation levels ςneed to plan for 3x1016 neutrons/cm2 in the highest

Cooling.
V We need a compact calorimeter with small gaps between absorber plates.
V We need to operate at ς30oC
V Total power is Ḑ100 kW.

Data and Trigger
V Channel count is 9M. Producing a prodigious amount of data.
V Data used in the Level- 1 CMS event trigger.

High Granularity Calorimeter (HGCAL)
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Sensorsunder investigation:
V Silicongrowth technique(Epi: epitaxial

layer, FZ: floatingzone)
V Polarity: n-on-p (p-type), p-on-n (n-type)
V Active thickness: 
Å FZ: 320, 200 and 120 um
Å Epi: 100 and 50 um

V Size: 
Å Largediodes: 5 × 5 mm2

Å Small diodes: 2 × 2 mm2

HGCAL operatingconditions:
V Temperatureό¢ύ ғ ҍолC: ḐҍорC
V Biasvoltage(U): 600 ÷ 1000 V

Tolerancestudyof largeareapaddiodesas active sensor for a High Granularity
ElectromagneticEndcapCalorimeterfor PhaseIIUpgrade

Investigatesensor performance after neutron irradiation with neutronequivalent
fluencesup to 1·1016n/cm2

HGCAL Silicon sensors

~10cm
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Availablesensors

V Sensorsirradiatedin Ljubljana
V Sensorsnow at HamburgUniversity
V 2 identicalsensorsfor eachtype and each

fluence
V P: bulkP (n-on-p)
V N: bulkN (p-on-n)

Listof sensors:

HGCAL Silicon sensors
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Properties to be measured :

V Bulk current I(U, ƒ, h) Ÿ power consumption, noise

V Capacitance (1 MHz signal): C(U, ƒ, h) Ÿ capacitance seen by electronics (below ~50pF)

V Chargecollection efficiency CCE(U, ƒ, thickness) Ÿ signal

V MIP sensitivity with beta sourceŸ for calibration purpose and S/N

V Effect of annealing on the properties (up to 3 months at room temperature )

U: bias voltage (V)

ƒ: neutron fluence (cmĬ2)

T: operating temperature

h: sensor thickness (µm)

IV/CV set-up            
TCT set-up for CCE

IR laser (1063 nm)

continue with 

measures at CERN

Characterization after neutron irradiation
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Bulkcurrent vs fluence           N-type vs P-type diodes

VBulk current normalized by the volume of the diode
VBulk current compatible between P and N type diodes

Characterization after neutron irradiation
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VBulk current normalized by the volume of the diode
VLόҍнл/ύ Ϥ о ϊ LόҍолC)

Bulkcurrent vs fluence Temperaturedependence

Characterization after neutron irradiation
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Calibration curve from -10oC to -40oC

Characterization after neutron irradiation

Vmeasurement of bulk current vs bias voltage (IV) as function of temperature 
(from -10 to ҍплC) for few diodes

VResults are compatible between p-type and n-type
VAlso compatible between different active thickness


