Laboratory of Radiation Detectors
and Nuclear Electronics (RADLAB)

(2 staff, 8 PhD students and post-doc, 8-10 master thesis positions)

Topics for Master Thesis: (for both ELN and BIO strudents)

Detectors, electronics and instrumentation for X and gamma
rays applications in medical imaging, X-ray astronomy, nuclear
physics, study of matter and industrial applications

Integrated circuits for signal processing of detector signals in
scientific and industrial applications

Pre-requisites:
interest/attitude to experimental activity in laboratory

basic background on electronics (in particular, for thesis in
integrated circuits design)

motivation, curiosity
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w@ INSERT: INtegrated SPECT/MRI for Enhanced

INSERT members

Stratification in Radio-chemo Therapy

SEVENTH FRAMEWORK
PROGRAMME

GA n. 305311
Kickoff:01/03/13
Duration: 4 years

Politecnico di Milano (Italy)

Mediso Medical Imaging Systems (Hungary)
Fondazione Bruno Kessler (ltaly)
Nuclearfields International BV (Netherlands)
MRI.Tools GmbH (Germany) '
University College London (UK)

Universita Vita-Salute San Raffaele (Italy)

Universita Degli Studi di Milano (ltaly)

Cromed Research and Services Itd. (Hungary)

CF Consulting srl. (Italy)

e -

Goal: to provide improved personalized radio-chemo therapies for brain tumour (Glioma) patients
using a specifically developed multi-modality imaging tool
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MRI:

» 3T MRI

(internal bore diameter ~60 cm)
» Customized RF coil

SPECT:

» Stationary system

» Multi Slit-Slat collimator

» 20 independent detection modules

(FOV ~ 10x5 cm?)

Example of coregistration of non-
simultaneous SPECT (colourscale) — MRI
(grayscale) acquisitions

Detection Collimator RF Coil
module
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;q;,. SPECT-MRI Compatibility @

MRI compatibility tests e The MRI field and signals should not
interfere with the detection module

e The detection module should not
produce artifacts on the MRI images

with
PMT

MRI off
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Detection module (Anger camera):
.

Monolithic slanted scintillator (Csl:Tl. Area~10x5 cm?.Thickness 8 mm)
2. Silicon PhotoMultipliers matrix

3. ASIC readout and Data Acquisition System

Silicon PhotoMultiplier (SiPM)
Scintillator (ﬁ 5
and SiPMs . B
l{é \ i / Avalanche
s |loge coo edo
SR YN A
P 500003
Heat sink M Substrate
L High

Single SPAD [ veltace

3
e

Ph 1 ’h 3

DAQ board

ASIC board
with electronics

Expected performance from Monte Carlo simulations:
» Spatial resolution: between 0.8 and | mm

»> Energy resolution: between | 1% and 15% (Tc-99m - 140 keV)
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CsI(TI) crystal
(Teflon wrapped)
50mm x 100mm x 8mm

SiPM Tiles 1,,,.,,
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thesis topics:

» detection module: development and
experimentation of new reconstruction

ECT insert

algorithms (Depth-Of-Interaction, reconstr.
of edge events, Multiplexing, ..) 2
« experimentation of clinical SPECT, in| &
collaboration with University College London = PELERES
» ea
£
r —————————————————————————————————————————————— . ‘§‘ 4
; ASIC Board DAQ Filter Plate
i Power
{ || Csl(T) ASIC Supply
i || | Crystal
i FPGA
|| | SIPM || :
E Array Oﬁg;al . Gateway
| Cooling Block . '
| Module 20 :
T ——————— __I_J Chiller
MRI Room = "\ Chiller
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Multiplexing Strategies for Monolithic Crystal PET Detector

The RCS row/column summation.  Note  The MOD 3-5 multiplexing scheme. Each

MOdUIes that some row a min channels are  column of the left figure is a 43 rotational
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. ) shown, shift of -3 is applied to the columns of the

figure on the right for an additional & output

channels.

A machine learning method for fast and accurate
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event reconstructlon IS made through The MOD RC+edge multiplexing scheme. The left figure shows the
. . six channels that sum the interior rows., The center figure shows
proceSSIng Of ALL phOtOdeteCtor Slgnals (eg the six channels that sum the interior columns. The figure at right
H shows seven additional channels in a ring around the edge of the

64 In a 8X8 array) detector module for a total of 19 output channels.

Figure 2.

= Can we aCh ieve the Same resu lts Wlth Tllustrations of the various multiplexing schemes used. Each image shows an 8 = 8 array
Su b sets Of d ata (m u |t| pleX| ng )7 representing the PMT output channels. For each scheme. the channels with the same
) . numbered label are summed together for multiplexing. Thus. each number represents a
— Can we im pleme nt On'Ch | p X ) Y reconstr. 7 single output channel for the multiplexing scheme.
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multi pinhole collimator

= different DOI (Depth Of Interaction)
produces an error in X and Y
reconstruction

Events clustering for different DOI
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GAMMA project (Spectroscopy and
imaging of wide-range gamma rays)

thesis topics:

scintillator . Scintillation « development and experimentation of a gamma-
N photons ray detector based on 3" LaBr; scintillator
» development of imaging algorithms for Doppler
broadening correction
» development of an ultra high (10.000) dynamic

range ASIC
« study and experimentation of timing properties of
the detector+electronics

0\
SiPM photodetectors

Radionuclides traveling
at relativistic speeds

v
v \=512keV €=y ,=510keV

M.WMA%.

v
=510keV > 7y ,=512keV

T

Y

Iy
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GOAL.: design of a readout ASIC able to cover a high
dynamic range (1ph — ~10.000ph)

scintillator scintillation

20MeV gamma ray:

200keV gamma ray: SiPm signals

SiPm signals

/ MaX

00000
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SiPM signal
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Position sensitivity in large scintillators

Problem description

Z=30mm

Z=15mm

Spatial Resolution

5 mm
»

z+mdm(1)*7.5

v e by by e b L e
-30 -20 -10 o 10 20 30 40
zScan

©
=}
o

0
o {0 20 30 40
* [mm]

Reconstructed Z of irradiated points along the depth of the scintillator:
horizontal axis is the true Z, vertical axis is the reconstructed Z.

50 o
o 10 20 30 40 50
x [mm)

Laboratory of Radiation Detectors and

Nuclear Electronics (RADLAB) Prof. Carlo Fiorini



Goal: Development of a versatile
C p detector based on arrays of Silicon
Drift Detectors and low-noise

ARRAY of DETECTORS for SYNCHROTRON RADIATION APPLICATIONS electronics for Synchr'otron applica'rions

ARDESIA
detector

X-ray
Fluorescence
Synchrotron X- ray =)
beam \

Normalized absorption coefficient (a.u.)

1 Il 1 1

1
8960 8980 9000 9020 9040

Energy (eV)
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Charge generation
point

Incoming
photon

thesis topics:

» development of detectors and instruments to be
installed at synchrotrons, measurements and

beam tests

» development and test of a high-rate readout ASIC

(TERA)

* Development of an ultra-fast detector (SCARLET)

p=In(i) or o< 11

.
Pyrex glass
| | Si
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scatter
peak

- ot i e, |
o 500 1000 00 2000 2500

15t
Energy [eV]
'

Ephotons

1860 1865 1870 1875 1880
[eV]

Laboratory of Radiation Detectors and
Nuclear Electronics (RADLAB)

Prof. Carlo Fiorini



Laboratory of Radiation Detectors and
Nuclear Electronics (RADLAB)

Prof. Carlo Fiorini




| _/\ f: Counts

E=hc/A Shaper 5 - Multichannel
\ Amplifier Analyzer
\ | e

J_ C|||,| RE
IN ———

" Wpgc

9

6

3

0

| = H(s) | 3

Multiple Feedback y §4 % .
-8

1> 5 5 R4 3 2 4 0
—e OUT norm
IN % M o Shaper Output NL Buffer LP Filter Shaper Input

{ ________________
R:-! Rl Vin 1 b 1 L
1

[

|

! '
Vaj_ 1

CZ R2 I_ : :
L 1 :

|

Laboratory of Radiation Detectors and

Nuclear Electronics (RADLAB) Prof. Carlo Fiorini



( Readout ASIC \
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can analog
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processing?
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cooling and mech. holder
substrate and interconnections

/ / /readou'r ASIC

SDD detector array

/ collimator
’\/

excitation beam

bump bonding sample

features:

SCARLET: Monolithic pixellated spectroscopy detector

thesis topics:

study of a new detector: pixel of
the ASIC (pre+shaper+ADC,
power, area,..);

technology (bump-bonding);
detector performances evaluation;
mask for charge sharing

(photons, electrons)

in-pixel optimum, high-
rate spectroscopy
channel (>1Mcount/ch.)

1Mcps/SDD (with 200ns analog shaping)

~ 64 Mcps total counting rate
full analog processing (preamp.+filter)

SHAPING
FILTER

CSA+4

in the ASIC pixel

FULL

E.Res. <150eV @200ns peak. time
ADC integrated in the ASIC (1 for 4 ch.)

+ LOGIC

DIGITAL
OUTPUT

PEAK STR.

[

A
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2 Kink of keV-scale sterile v
\

7

Physics beyond \ A
the Standard \
Model: e.g. sterile neutrin@

* Sterile Neutrinos in the keV
mass range are a prime
candidate for Dark Matter
In agreement with
cosmological observations
Search for sterile neutrinos in
the laboratory via beta decays
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KATRIN Working Principle 143 ixel Si-pin dlode

detector system

KATRIN measures the ./k/

beta spectrum by

counting the number of
electrons as a function 7
of filter voltage.

‘& PP
B-decay //
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THE TRISTAN DETECTION SYSTEM

Spectrometer

Clear Anode lastRing . ‘l...a-a.;a.t”..‘.‘...
n-JFET

Metal /15 | Ring #1 .

Strip e i P
E=EE§§ . . . . . . . . . ~
E="§EEE\ ST T I b [ vle ¢ LeLs
, = --—= . . s | & 1 . . & . i

Qs = 3y t

path of
electrons

4 cm

-cv

N4
e

Entrance window

small output capacitance e 21 juxtaposed modules
(thanks also to JFET integration e 166 channels per module
on the detector) * ~3500 total channels
= very good energy resolution e 100kcps per channel
at fast processing times
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Detection Module
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Another challenge is the scalability to 3500 channels of a DPP solution (1k€/ch.)
Solution: integrated multi-channel analog signal processor
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Data Register

Laboratory of Radiation Detectors and

Nuclear Electronics (RADLAB) Prof. Carlo Fiorini



KERBEROS

3x SFERA ASIC

|

UsSB 2.0

ADC

-

>

ARTIX-7
FPGA

ADC —>»

MODULE

ADC I—b

D-SUB 25

AGGREGATOR

i i i e i i i
L Ctht _ ch2 _ ch3 L. Chd ~ Chs . che ~cht ~ Che ~ che L Chio ~ cthit - H

8. 8. 8. £, 8. 8 8, 2. 8. 8. 8. 8

€15 T 15 £ € 15 E 15 £ E 18 E 1 AL E 1S E i E 15

3, 3, 3, I 3 3, 3, 3 3 3 34 31

-] -] o -] -] -] 8 2 -] 8 -] -]

Qos Qous Qos Qs Oouos Qouos Qos Qo Oouos Qos Qoes Qs

2l e Jx Ll a Jx L0l a J% L 0L a JX 0 o 1% L1l o J& L ila /% LIl Jx [ Jla &2 L ia Jx L1 a 1%, /LA
53 &2 1t S3 & 11 53 &2 74 53 82 71 S3 B2 11 81 42 11 53 E2 71 81 82 71 53 &2 1 53 A2 11 §1 &2 71 53 62 T
Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy {keV)
,_Ch13 _ Chi4 _ Chis . Chis ~ Chi? . Chis ~ ch19 ~ Chn ~ cthn ~ th: ~ cthn ~ Ch24

8. 8. 8 2. 8. 8 8. g, 8. 8. 8. g

£ £ £15 £ c ’ [ [ c f c | [ ES E

g ] 3! g g 3! g g 3 g ! g g

Qs Qos O os Qs O os Qos Oos Ouos Qos Oos U [$]1)

¥y * g * A Xy s % * g = g T I g a1 Xy, ol X, 2
53 62 11 53 L+ ka8l 53 62 LAl [+] 62 T 583 62 T 53 L+ kAl 83 &2 T £3 62 T 583 62 (Al 53 L+ 8} 63 &2 T 53 62 T
Energy (keV) Energy (keV) Energy (ke Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV)
s Ch25 , Ch 26 . Chim s Ch2s 5 Ch29 . Chio . Chi 5 Ch 32 s Ch33 . Chi4 s Ch 35 5 Ch 36

8.1 2. 8. 2. 8. 2 8. 2. 8. 8. 2. 8.

£ £ \ s £ c I [ [ E , E f [ [ [ \

g 8 3! g N 3 g 8 3" 8! g ]

Qs Qos Qs Qos O os Qo3 Oos Ouos Qos Qos O oes Ooaos

x N A x 2 1 x 0 ] x N x I x ' x 0 A x I x I x 0 2 x I 2 x I
53 62 I 53 A 1 53 62 n [+] ¥4 mn 53 [ ¥ L8} 53 L+ LAl (] E2 " &2 IR} 53 &2 (A} 53 L+ 1 53 &2 IR} 53 62 T
Energy (keV) Energy (keV) Energy (ke Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (k Energy (keV)
,_ Char . Ch . Chw . Chdo ~ Ch# . Cha ~ chéa ~ Ch#4 ~ Chds  Chig ~ Chat _ Chés

8. 2. 8 2. B 8 e 2 B 8, .0 B

| A £ £'F [ 1 e eV £ [ £ £

3 3 3, R 3 3, 3 I 3 30 3 3

] 2 a ] -] ] o 0 -] 2 0 -]

Qs Qas [T Qs Ooas Quas (IR O os Ooas 0o Qe Ooas

2 e dx LA e a2 U & LA x| a2 x| Jia Jx Ll a J& [/ & FIMINANPN
53 62 M 53 & M 83 &2 T 51 62 1 53 er Tt s3 &2 1 33 &2 71 53 62 ' s3 682 1 53 &2 M 53 &2 T4 83 &2 MM
Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV) Energy (keV)

w
o]
[v4
w
@
o
w
x

Laboratory of Radiation Detectors and
Nuclear Electronics (RADLAB)

Prof. Carlo Fiorini



Sl ot e RN et AN Callabaration”
e el R g S ”(MPP Mumch KI'l“Kar'Isruhe,..)
thesis topics: | B

. Development of the TRISTAN detector module e ‘_;' ‘1...-' '\ Yo e Bl
« Development of the ASIC-based readout S e R A e N S e R IR

platform and DAQ i e R e S
« Experimentation of detector with electrons ik : '
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schematics and simulations

post-layout =
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and finally....

<« presentation of the thesis

! diploma delivery

<« and party...



and it iIs not over: Awards...!

Antenna a\\

=

Detector

sigh Contest

Alarm

’ ‘ |
™
-% Scrap Metal

Hidden Source

Innovation Day - Design Contest, 18 ottobre
2018, Museo della Scienza e Tecnologia di
Milano. Emanuele Lavelli, premio per miglior
tesi di laurea sul lavoro: “Spettrometro di
raggi gamma basato su fotorilevatori SiPM
per rilevazione sorgenti radioattive”.




Awards...!

4 Readout ASIC N\
analog
output
3 A 4
[ Data Register H Global Lngi:l}—\—b[ Bias Ref )
\ [
SPI J |, dital
Idham Hafizh, student at the Politecnico di Milano, 0 axtemal DAY -

Dipartimento di Elettronica, Informazione e
Bioingegneria, has been awarded with the first edition of
the Prof. Emilio Gatti Best Master Thesis Award from the
Istituto Lombardo Accademia di Science e Lettere.



Preliminary list of available thesis

1) INSERT

- detection module: innovative event reconstruction techniques (machine learning), e.g. DOI, MUX...;
- experimentation of the clinical SPECT in measurements at University College London

2) ARDESIA

- development of a 16¢ch. detector + ASIC readout, thicker silicon substrate, development of a complete
instrument, installation and beam tests at DESY synchrotron (Hamburg)

- development and test of the new high-rate TERA readout ASIC

3) SCARLET

- study of a new detector: pixel of the ASIC (pre+shaper+ADC, power, area,..);
technology (bump-bonding); detector performances evaluation; mask for charge sharing

4) SIDDHARTA

- characterization of the detection modules and new SFERA ASIC vs. experiment specifications;
installation in the experiment and beam tests at LNF-INFN in Frascati

5) TRISTAN

- development of new multi-element detector, readout ASICs and DAQ for TRISTAN experiment for
neutrino-mass measurement and dark matter search

Laboratory of Radiation Detectors and
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6) GAMMA

- development and experimentation of the detector based 3" LaBr3 scintillator and beam tests
- development of imaging algorithms for Doppler broadening correction

- development of an ultra high (10.000) dynamic range ASIC

- study and experimentation of timing properties of the detector+electronics

7) SMART FOUNDRY

- development of a new radiation sensors and systems for portable and areal (on board of drones)
applications in environmental radiation monitoring

8) PAIRED-X

- development of electronics readout (ASIC+DPP) for microstrip detector for a portable XRF+XRD
analyzer of material for mining

9) ESQUIRE

- development of innovative gamma-ray detectors based on nanocristal scintillators (quantum dots)
readout by SDDs (Silicon Drift Detectors)

10) NEW ASICs design
- development of innovative readout preamplifiers and ASICs for ultra-low noise and special applications

Laboratory of Radiation Detectors and
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You are very welcome to visit our lab, to talk with master students and
PhD students and spend some time to see what they are doing.....

For visiting the lab and looking to research and development activities
(not necessatrily only for thesis interest),

please organize youself in small groups (4-5 max.) and provide me by
mail desired time slot (day and time) to organize the visit (1-2 hours)

Laboratory of Radiation Detectors and

Nuclear Electronics (RADLAB) Prof. Carlo Fiorini
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