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What we will be discussing in next two classes !! 

Selection

Warning signal

Detection

Recording
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Readout Electronics
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Electrical pulse to number

Schematic of the steps for the readout electronics
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One can introduce Selection criteria

Where we end !!



What we discuss in today’s lecture?
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Physics 
Goal

What can 
we 

measure?

Photons as  target 
observables

Ng, Eg => High

Simulation with 
Event generator 

to find Ng, Eg

Conceptualization 
of detector

[Type, Shape, Size, 
Material…]

Geometry 
Simulation

Performance study
(Detector & 

Physics)

Obtain optimized 
configuration

Detector 
fabrication

Testing, 
characterization 
and validation

Detector 
performance

&
Physics results

Full Scale detector 
building 

Detector prototyping and characterization



Physics Goal and observable
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Possibility of color glass condensate!!

Photons
Isolated 

or 
fragmented

Eg  up to 500 GeV



Simulation with Event Generator
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Estimation of Ng

ⅆNg

ⅆ𝑨

~ 10-2 for pp collision

~ 10-1 for pPb collision

~ 1     for PbPb collision

(per cm2)  =

Results from HIJING



Information about the source
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Informations we have

Observable:    Gamma (from hard scattering)
Ng ~ 1 /cm2 maximum
Eg  ~ up to  500 GeV
Background    -> Decayed photons, thermal photons.

Calorimeter

Homogeneous
Single block of material act as 
absorber and active material

Sampling
Active and Absorber 

are place alternatively

Must be highly segmented. 
Detector size should be 

smaller than 1 cm2.

The depth (thickness) should be 
more than 20 XR to contain 

highest possible energy



Information for the conceptual design
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Informations we have

Observable:    Gamma (from hard scattering)
Ng ~ 1 /cm2 maximum
Eg  ~ up to  500 GeV
Background    -> Decayed photons, thermal photons.

Additional information from Experiment

Pseudo-rapidity
2.5≤ h ≤4.5

Transverse dimension
Rin = 6cm, Rout = 80cm



How photons will be detected?
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E

By reconstructing the EM-shower

Block of material: Preferably compact and highly dense.

N(XR) = 2XR E(XR) = Eg /2XR



How photons will be detected?
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E



How photons will be detected?

19/11/2020 11

E

p0



How photons will be detected?
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E



How photons will be detected?
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How should be the conceptual design?
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1. It should be a calorimeter.
2. Must have compact & high density material

3. Should have fine segmentation (Ideally)*
4. The depth may be about 20 XR

5. The transverse size Rin = 6cm, Rout = 80cm

 The fine segmentation need optimization.

 Cost and physics motivation should be weighted

 Important to note:
Tracking need three precise points

Next Step: Geometry and performance simulation



Optimized configuration
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GEANT Simulation

• 20 GeV/c p0

decaying to 2g

Materials used in the GEANT4

 Absorber: – Tungsten (XR =0.35 cm , RM =0.93 cm)

 Active Material: - Silicon 
 High Density
 Good energy resolution
 Insensitive to magnetic field
 Technologically easy to find

 Size of detector
 PAD detectors of 1 cm2 area
 Pixels detectors of 1 mm2 area

 Other materials
 PCB, air gap, electronics, cooling arrangements, support structures



Optimized configuration
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GEANT Simulation

• 20 GeV/c p0

decaying to 2g

Response of a 
MINIMUM IONISING PARTICLE

Check for the LINEARITY

Checks for other performances are equally necessary

Calorimetric performances
1. Signal for the EM-Shower
2. EM-shower profile reconstruction

Longitudinal and transverse
3. Energy resolution

Physics performances
1. Reconstruction of gamma (Energy and direction)
2. Reconstruction of pi0 (to reject debris)
3.
4.



Optimized configuration
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• 20 GeV/c p0

decaying to 2g

The optimized configuration from 
GEANT simulation

Submit the Detector proposal

R & D for the prototype  building

If approved

Production and installation of the detector

If Successful

satisfactory

If not satisfactory

Tune (coarse or fine) for material, 
position and so on…..

GEANT simulation



Porotype building
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Before that Choice of data reading and storing

Minimum Energy Deposition
 Assume Silicon thickness ~ 300 micron
 MIP deposit about 80 KeV.
 No of electrons produced ~ 90KeV/3eV = 24000
 Amount of charge produce ~ 24000 * 1.6 * 10-19 = 3.8 fC
 Assume the operating Voltage about 50 V
 The electrons will corresponds to signal of 24000 * 50 eV = 1.2 MeV
 Consider the Charge gain of preamplifier as = 1mV/fc
 The signal strength of “Minimum energy deposition” will be = 3.8 mV
 Consider the gain factor of the amplifier ~ 3
 So the final signal strength will be 3*3.8 = 11.4 mV

 If you wand to convert it into ADC, assume a 12 bit ADC in the electronics
4096 ch 2.5 V
Conversion factor = 1.6 ch/mV

So the Mini energy deposition will result 1.6 * 11.4  = 18 ADC

Expected Maximum Energy Deposition

 Maximum no of particle produce by the 
highest energy Gamma (500 GeV)  = 210

 Assume all are MIP, Total energy 
deposition =  210 = 1024 MIP 

What is the message?

Need readout system capable of reading 1 
MIP to 1000 MIP signal at the same time

Detector
(X)

Pre-Amp
(1 mV/fc

Amp
(3)

ADC
(1.6 ch/mV) storage



Porotype building
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STEP-1: TB-1

MANAS



Porotype building
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STEP-1: TB-1

ADC

ADC

MeV

MeV

Response to MIP

Linearity Check

Energy : 1  6 GeV for electron
pion as MIP



Porotype building
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STEP-2: TB-2
Energy : 5  60 GeV for electron

120 GeV pion as MIP

1. Break down voltage > 500V 

2. Leakage current ~ 10nA/cm2

3. Capacitance at full depletion ~40pF/cm2

4. Full depletion voltage 40V

5. Dead space b/w 1 cm2 pads ~ 110um

6. Cross Talk probability ~ 10%

7. Depletion width ~ 300um



Porotype building
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STEP-2: TB-2
Energy : 5  60 GeV for electron

120 GeV pion as MIP



Porotype building
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STEP-2: TB-2
Energy : 5  60 GeV for electron

120 GeV pion as MIP



BEAM
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MANAS and ANUINDRA

Porotype building STEP-3: TB-3 Energy : 20  120 GeV for electron
120 GeV pion as MIP

MANAS
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Porotype building STEP-3: TB-3 Energy : 20  120 GeV for electron
120 GeV pion as MIP

The Prototype fabrication and test are successful 
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Prototype-1 Prototype-2 Prototype-3

Feasibility Test Calorimetric performance Test for final goal

Production for the full detector
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End of Lecture-2

In case you have query
Mail to 

sanjibmuhuri@vecc.gov.in



How to Detect

Measured quantities 
Identity, mass, energy, momentum, track……

Particles to be detected 

Decide what should be the detector

Gas, Liquid or Solid
 Single layer OR Segmented
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Creating the Bang 
Few Numbers

6.5 TeV => 1.6 x 10-7 J 1000 times smaller compare to the energy of a Bee

1 GeV => 1.6 x 10-10 J 1.16 x 1013 Kelvin temperature
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