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What we will be discussing in next two classes !!
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Readout Electronics

Detector
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short current pulse

Storage
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Electrical pulse to number

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

Buffer

Where we end !!

> Sampling
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Digital filter and Zero suppression



What we discuss in today’s lecture?

What can
we
measure?

Ny, Ey => High

observables

_ | Photons as target

Simulation witt§/
Event generator
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Full Scale detector

building

/

Conceptualization
of detector
[Type, Shape, Size,
Material...]

-

~

lr

19/11/2020

—

Detector
performance

Performance study
(Detector &
Physics)

ﬁ

Geometry
Simulation

tector prototyping and characterization
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Physics results
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Physics Goal and observable

H1 and ZEUS HERA I+II PDF Fit with Jets
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Possibility of color glass condensate!!
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Ey = up to 500 GeV
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d) fragmentation



Simulation with Event Generator
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Results from HUING

Estimation of NY

4 ~ 102 for pp collision )

dN

d_Ay (per cm?) = ~ 101 for pPb collision

\_ ~1 for PbPb collision )




Information about the source

Informations we have

Observable: Gamma (from hard scattering)

N, ~ 1 /cm? maximum

E, ~ up to 500 GeV

Background -> Decayed photons, thermal photons.

Must be highly segmented.
Detector size should be
smaller than 1 cm?2,

The depth (thickness) should be N
more than 20 X; to contain < lori A
highest possible energy y\ca orlmeter/&
Homogeneous | Sampling
Single block of material act as Active and Absor.ber
absorber and active material are place alternatively
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Information for the conceptual design
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Informations we have

Observable: Gamma (from hard scattering)
N, ~ 1 /cm? maximum
E ~ up to 500 GeV

Y
Background -> Decayed photons, thermal photons.

Additional information from Experiment

Pseudo-rapidity
2.5<1 <4.5

Transverse dimension
R,,=6cm, R ,,=80cm




How photons will be detected? By reconstructing the EM-shower

Block of material: Preferably compact and highly dense.
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19/11/2020



How photons will be detected?
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How photons will be detected?
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How photons will be detected?

Depth (X))
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How should be the conceptual design?

4 Layers
- = 8 Layers

=

- 12 Layers
- 1 _— 20 Layers

It should be a calorimeter.

Must have compact & high density material
Should have fine segmentation (Ideally)x
The depth may be about 20 X,

e wNE

The transverse size R;, = 6cm, R, = 80cm

v The fine segmentation need optimization.

v’ Cost and physics motivation should be weighted

¢ Important to note:

% _ Tungsten Tracking need three precise points
Silicon Pad |
Silicon Pad |

m | 315 mm__

- 1.5 mim_

b

:
R Next Step: Geometry and performance simulation

19/11/2020 14



Optimized configuration

wviewer-1 (OpenGLImmediateX)

* 20 GeV/c ®t°
decaying to 2y _

GEANT Simulation

Materials used in the GEANT4

O Absorber: — Tungsten (X; =0.35 cm , Ry, =0.93 cm)

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

(] Size of detector
PAD detectors of 1 cm? area
Pixels detectors of 1 mm? area

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




OptlmIZEd conflguratlon GEANT Simulation
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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

Reconstruction of gamma (Energy and direction)
Reconstruction of piO (to reject debris)

16



Optimized configuration

The optimized configuration from
GEANT simulation

GEANT simulation If not satisfactory

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

19/11/2020

satisfactory

> Submit the Detector proposal

If approved

R & D for the prototype building

If Successful

Production and installation of the detector

17




Porotype building

Before that

Detector Pre-Amp Amp ADC

x) Dl amvic [ @) =] (16 chy/mv) [ storage |

Minimum Energy Deposition
s Assume Silicon thickness ~ 300 micron
+* MIP deposit about 80 KeV.
+* No of electrons produced ~ 90KeV/3eV = 24000
+* Amount of charge produce ~ 24000 * 1.6 * 101° = 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 > 2.5V
Conversion factor = 1.6 ch/mV
So the Mini energy deposition will result 1.6 * 11.4 =18 ADC

Choice of data reading and storing

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

19/11/2020
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Porotype building STEP-1: TB-1

Corankov [::Hj B

X1-Y1

[} p_,-.ﬁ,';r

Selup-1 Finger
Seintllator

19/11/2020 19



Porotype building

ST g

No of Entries

20 40

® Data
---- Landau Fit
MIP Response 0T
MPV  =17.09"° /=0.083V

|
Sigma =2.039 *° ‘\\= 0.008Mev

60 80 100 120 140 160 180
ADC

Response to MIP
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ADC

Energy : 1 = 6 GeV for electron

STEP-1: TB-1 plon as MIP
&= MIP Response
1000 - @ At2%
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Porotype building

Energy : 5 2 60 GeV for electron

STEP-2: TB-2

120 GeV pion as MIP

HV
connector

Connector for kapton
cable to FEE boards

Bias resistors

and
6 x 6 array capacitors
of silicon PAD
of 1 cm sq.
1. Break down voltage > 500V
2. Leakage current ~ 10nA/cm?
~ - 3. Capacitance at full depletion ~40pF/cm2
- Cherenkov Counter
e . . 4. Full depletion voltage 40V
| ) i Beam 5. Dead space b/w 1 cm? pads ~110um
Full-Lenth Prototype X-Y scintillator X-Y scintillator
6. Cross Talk probability ~ 10%
7. Depletion width ~300um
21
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Porotype building
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Porotype building
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Porotype building

STEP-3: TB-3

Energy : 20 = 120 GeV for electron

MANAS and ANUINDRA

|

“Full-Lenth Prototype X-Y scintillator

Finger Scintillator,___]

[~ Cherenkov Counter

-

Beam

X-Y scintillator

120 GeV pion as MIP

”ﬂﬂﬁhﬂim
.

6 x 6 array l-

of silicon PAD »e

of 1 cm sq.

o
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Porotype building

=) - Response of Electron
E e20GeV 70 GeV
E 0.15- «30 GeV «80 GeV
«40 GeV «90 GeV
«50 GeV «100 GeV
T «60 GeV 110 GeV
«120 GeV
0.05—

20 40 60 30

120 140

ADC

x10°

STEP-3: TB-3

60

40

20

120 GeV pion as MIP

Energy : 20 = 120 GeV for electron

Calibration Curve

X

—_

[a]
[}

Fitted with E‘IBP(ADC) =a+b*E _

a=50%10"b=1.1*¥10"

a Data

Fit curve

120
(GeV)

80 100

Ei ncidence

The Prototype fabrication and test are successful
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Feasibility Test

Calorimetric performance Test for final goal

Prototype-1

> Prototype-2 > Prototype-3

H1 and ZEUS HERA I+II PDF Fit with Jets
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HERAPDF Structure Bynction Working Group March 2011
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Production for the full detector
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End of Lecture-2

In case you have query
Mail to
sanjibmuhuri@vecc.gov.in
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How to Detect

Particles to be detected

NS

++* Decide what should be the detector

v’ Gas, Liquid or Solid
v’ Single layer OR Segmented

lonizing
Radiation
Metal
Tube Wall lonizing

Cathode . _l}xalanqh_

Particle
path

+500 VDC

10 Meg

19/11/2020 Identity, mass, energy, momentum, track

Measured quantities

28



Creating the Bang

6.5TeV=>1.6x10")

Few Numbers

1000 times smaller compare to the energy of a Bee

1GeV=>1.6x1019)

19/11/2020

1.16 x 1013 Kelvin temperature
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Table 35.1: 'l'ypical resolutions and deadtimes of common charged particle
detectors. Revised November 2011.

Intrinsine Spatial Time Dead
Detector Type Resolution (rms) Resolution  Time
Resistive plate chamber <10 mm 1 ns (50 ps®)
Streamer chamber 300 pm? 2 s 100 ms
Liquid argon drift [7] ~175-450 pm  ~ 200 ns ~ 2 s
Scintillation tracker ~100 pm 100 ps/n® 10 ns
Bubble chamber 10-150 pm 1 ms 50 ms?
Proportional chamber 50-100 pm* 2 ns 20-200 ns
Drift chamber 50-100 pm 2 ns! 20-100 ns
Micro-pattern gas detectors 3040 pm < 10 ns 10-100 ns
Silicon strip pitch/(3 to 7)9  few nsh < 50 nsh
Silicon pixel <10 pm few ns” <50 nsh
Fmulsion 1 pm
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Material(Z) Density(g/cm®) Xg (cm) Ry (cm) A7 (cm) (%2 )mip (Mev/cm)
Fe(26) 1.774 1.757 1.719 16.77 11
Cu(29) 8.92 1.436 1.568 18.79 13
Pb{(52) 11.34 0.56 1.60 17.59 13
Wi(74) 19.25 0.35 0.93 9.946 22
L(92) 19.05 0.31 1.009 11.03 21

19/11/2020
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