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The -high Fnergy cosmic ‘adiation [etection facility

HERD 1is an international collaboration involving - several institutes in° Europe and China

Planné_d to be installed on-board: the
China’s Space Station (CSS)

HERD Scientific objectives
= Galactic Cosmic Rays studies
= Indirect Dark Matter searches
= High Energy Gamma Ray Astronomy
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The HERD detector

Detecting particles from the top and from four lateral sides!

| § Heb

wemm—=Z measurement

T 10°E
i
I || He

I .PSD ; ‘ M g
ey Gamma ID. TR
Z measurement g F E
= 104 = T
FEI i

— 1 FACKINQ -

— e Gamma conv.

TeV nuclei calibration

* CALO
Energy measurement
I Particle ID

A———
A
=

One possible PSD layout is
composed by long scintillator
bars coupled with Silicon Photo-
Multipliers on both ends
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Lboking for the best
. PSD configuration...

Test of various _‘bw\
scintillating materials ’
~and geometries

L1 -- Spectrum
Entries 23875

1.6' TSl
Charge [V-s]
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SiPM -

’ ' = Evaluation of the best PSD '
configuration by varying: |
Scintillator shape, size, material
. Wrapping thickness and material -
- SiPMs size, position, type |

Simulation of various SiPM characteristics.

Entries 2368

Before corrections
After correction 1
After correction 2

TH]
[ Hﬂ&nﬂﬂ%

100 ~ 100 120
Absorbed photons Absorbed photons
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%g ~ Software activities @ GSSI <

Simulation of Sr90 radioactive decay

Theoretical spectrum Simulated spectrum

Sr branch

Y branch
rd

1.0 1.5
Energy (MeV)

Simulations of the
HERD detectors

ISIngE (CAID. models

04-09/10/2021 12th ESC school - Alemanno Francesca



Preparatlon for the beam test
in October - November 2021

2 pef_pendicular layers of 14 bars each

|y
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The iMPACT proton Tomography Scanner
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IMPACT (innovative Medical Proton Achromatic Calorimeter and Tracker) Filippo Baruffaldi INEN

ADOVA
Istituto Nazionale di Fisica Nucleare
Sezione di Padova

Silicon monolithic Group components:
Pixel Tracker P. Giubilato (Professor)

F. Baruffaldi (PhD student)
D. Chiappara (PhD student)
J. Wyss (Professor)

D. Pantano (Technician)

Segmented
Scintillator —~—
Calorimeter
. : . . . . : .-,'-'3:’. European
e [MPACT (University of Padova, INFN and H2020 ERC) project aims at developing a high- RIRISIIE - )
resolution, high-speed (10°? particles in < 10 s over 100cm?) proton tomography scanner. ':-..QIC Ci::if
e Medical Application; 200-250 MeV protons. S
Why pCT?

ECS21 (04 october 2021)




iIMPACT (innovative Medical Proton Achromatic Calorimeter and Tracker) Filippo Baruffaldi INEFN

ADOVA

Istituto Nazionale di Fisica Nucleare
Sezione di Padova

e The Monolithic Pixel Silicon
Sensor ALPIDE ( 30X

x-y scintillator

30 pm?) pixels, developed for planes
the ALICE detector upgrade) is
the current solutions for e A highly segmented\ i
prototyping  the  proton range calorimeter will
tracking system be used to estimate
the proton residual
e New design (INFN-ARCADIA) energy;

are being developed.

e Scintillating elements
are long and thin PVT
(Poly-Vinyl  Toluene)
fingers 20 cm X
1cm X 0.5 cm;

e 3mm X 3mm
Hamamatsu SiPM.
Geant4

Power bus

wo0¢

FPC “—_.

2x7 sensors

Cold Plate

ECS21 (04 october 2021)



The iMPACT calorimeter Filippo Baruffaldi @,?N

ADOVA
Istituto Nazionale di Fisica Nucleare
Sezione di Padova

The IMPACT calorimeter is a range calorimeter,
not an energy calorimeter:

Calorimeter

Protons

e We want to obtain a 3D Map of the local Relative
Stopping Power (to water):

g material

RSP - - water
p

e The charged particle Range is equal to: 12 3 - i e onlon

W

Segments

£ JE\ L Total Range of protons in
R(E) = /< > dE' water (200 — 230 MeV)

dx
0 \

e Water Equivalent Path Length inside the object:
WEPL = Riot — R

WEPL = f RSP(1)dl N

(Equivalent) Range inside
the calorimeter

L

ECS21 (04 october 2021)



Track reconstruction - Results Filippo Baruffaldi INEN

ADOVA

Istituto Nazionale di Fisica Nucleare

Object (water)

«

E‘ [
S B MonteCarlo .
< — Tracking
~ ol track O e e Bayes Theorem:
05— L(y,|exit data) = L(exit data|y,)L(y,|entry data)
- Straight
- line
-1 e Maximize likelihood:
B L(y, = ymrplexit data) = max,
o MLP or
C | T Gtk ‘rA(Iei ﬂrolf‘ttrgcl:)tjieocr% | o, 0
| ——a—— Reconstructed Track w/ object informations . _ . _
ol | E==—H Objet shape VL(ylexit data) = ((991 )L(y]|€X1t data)|)f’1=)’MLP_ (0)
I_ | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
-150 -100 =50 0 50 100 150
Z (mm)
W/ ObjeCt info wins > 80% of times over W/O ObjeCt info Schulte, R. W., et al. "A maximum likelihood proton path formalism for application

in proton computed tomography." Medical physics 35.11 (2008): 4849-4856.

ECS21 (04 october 2021)




ObjECt Shape recognition Filippo Baruffaldi INFN

ADOVA
Istituto Nazionale di Fisica Nucleare
Sezione di Padova

* Moliere theory of multiple scattering in AIR:

. 1.411»-1@,{2 d - 1 o d * Integration of tails above (1;2;3) X gy
p = - — —_—
.dp"f Lra.d 9 S10 Lmd
£ 200f —~
E [ e Sliceatz=0 —700
X 150:_ — 200 XYDF:‘vialion Map Counts 0
C _l600 E B ) _ Entries 331263
1001 E - e Sliceatx=0 Meanx  0.1219
- > 150 — Mean y 0.0886 0
C —500 N Std Devx  34.95
- sc - 500
oF 50—
- u 400
-50— 300 o
- - 300
~100 200 50—
- - 200
-150— 100 -100—
:I | | I | | I | | | | | I | | I | | | | | | I | _ :_ 100
20900 150 -100 -50 0 50 100 150 2000 190F
Z (mm) -
. . . _20%66| | |1|5(|}| | |1|0(|)| | |5|0| 11 é)l L 1 I5|(}I L 1 I1[|)0| 1 |15‘0| 1 I200 0
e Only with angle informations (not AE). - B B B X (mim)

=, e ECS21 (04 october 2021)
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Gerda experiment - Legend experiment

~) GERmanium Detector Array Large Enriched Germanium Experiment for Neutrinoless double-beta Decay

searching for the neutrinoless
double beta decay of ’® Ge

- j E:' ,
] <¢— Lock system: for the deployment

of the Ge detectors

“ LAr cryostat: coolant shieldin
Gerda | Y 9

Detectors array: string of
naked enriched germanium detectors

e |nstalled at INFN Laboratori Nazionali del
Gran Sasso (LNGS)

e Upto 41 enriched detectors deployed
e Two data taking periods with an upgrade in
between.

LAr veto: shrounds with scintillating
fibers for the detection of the light

Water tank: neutron

moderator/absorber muon Cherenkov veto

Legend-200

e Upgrade of the existing infrastructure of GERDA experiment
e ~200 kg of detector mass: 35 kg from GERDA + 30 kg from MJD + 140 kg which are
new
e Reduction of the Bl of a factor 5 w.rt. GERDA Phase Il goal 2




Active volume characterization

In addition to the fully active volume (FAV), around the surface of | bore-hole
the detector there is the full charge collection depth (FCCD). P2
It consists of: FeCD i

e dead layer (DL) = zero charge collection;

ignored at first order (FCCD=DL)

=

w
8 - 0.5+ 0.5 " erf((x-)/(o/M 12)) e

E—— noar " groove

M=3

05 7 Workﬁow

charge collection efficiency

o

éiéanceto surface = AR B e . .
Simulations

1. MC simulations are created through g4simple tool.
Post

2. Starting from raw MC, generate subsequent spectra Processing
for different FCCD thicknesses.

3. Compare post-processed simulations and data by
constructing a sensitive observable.

Analysis




GYsimple simulations and results

G4simple is a simple Geant4 simulation suite developed by the Legend collaboration.
e Lead castle

o Aluminium alloy* cryostat

m  Enriched germanium detector
m  Aluminium alloy* holder
m HD1000 wrap

o Acrylic source holder i

m  Acrylic/HD1000 source

i \”ﬂ

il

Comparison between data and post-processed MC

simulations by a FCCD sensitive observable

counts
2
l356kev

79 6kev* s 1kev
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3Ar - a tool for the FCCD determination

The shape of the 3°Ar spectrum mainly depends on the FCCD and DLF

3| —— FCCD = 0.3 mm

e Analysis range: [45, 160] keV FCCD = 0.4 mm

o Define test statistics t.: +, (¥0; o, ) - - z_é;j {19, 25))
¢ ‘7\6 (‘IID ) a 3'})

Study the test statistic to extract best-fit FCCD/DLF +
Confidence Intervals

100 200 300

. . . Energy (keV)

Classic frequentist construction

e Build MC expected pdfs, 2D discrete grid varying FCCD x DLF 3 1s00 pE—

e Determine best-fit on data (Likelihood profile) %1400:
With ensemble of 10* toy experiments woof

e Ability to distort toys according to systematics w0 [ o0

o Check shape of t. distribution soof- ‘_g lower

e Check distribution of best-fit parameters oL o S/B

e Determine 68% intervals by computing t, critical threshold 20 | =

| P IR P s
G0 100 200 300 400 500 600 5
Energy (keV)




Preliminary checks and results

e Check on the distribution and correlation between i
parameters 80r _
o rer e . L — wl/o systematics
e Profile likelihood obtained from the data - | only bkg
e Critical threshold (68% CL) of the t 25~ | —— allsystematics - no bkg
N / C all systematics
2 :
{ 20
| C
| =
151
10
| :
| r
| 5—
“ | =
T activity 1Bakal L
—III|IIII§|IIII|I§II II|EIIII|III2|IIII|III

1600 1700 1800 1900 2000 2100 2200 2300
FCCD




Summary
This work is focusing on the characterization of germanium detectors using two
different approaches:

1) Direct comparison between data taken in lab and post-processed MC
simulations which simulate the lab apparatus.

2) Study the 3°Ar shape generating expected PDFs with different parameters
values.

I’'m dealing with large amount of data, many of them are stored in cluster.

r con'Pb'ti"’9 GPU usage foy ML



Research activity and interests
in scientific computing

Marco Bortolami— PhD student in Physics
ESC 2021 - Bertinoro

QRE= e

v B P TP Billi Matteo
& L
o3 > Unlv_erS|ta_ I N F N Bortolami Marco
" e degll Studi 7 Gruppuso Alessandro
g ,\o” Natoli Paolo

< O

dl Ferrara Istituto Nazionale di Fisica Nucleare Pagano Luca

<
S0RE ¥RV



The Cosmic Birefringence effect

 Fundamental interactions: gravitation, electromagnetism, strong, weak

* Parity violating addition to standard electromagnetism: new Physics!

1 N
L e ZFVAFVA _— EPG'A,B Faﬁ Carroll etal., Phys.Rev. D 41,1231 (1990)

* Vacuum rotation of linear polarization plane by a (CB angle)

* Polarized light from distant sources: cosmic microwave background,
the most ancient light emitted in the history of our Universe!

4 FUNDAMENTAL
FORCES

Q0

Gravitation Electro- Strong Force Weak Force
magnetism

https://www.youtube.com/watch?v=TY-VWQRwssQ Credits: Y. Minami/KEK



Healpy, pymaster, mpi4py

Cosmic Birefringence with sky patches

ldea: estimate CB isotropic angle in sky patches, then study its features

Planck Collaboration, Planck 2018 results. VI. Cosmological parameters

New parallel data analysis pipeline:
Patches selection
. File decomposition
Spectra + cov.
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Overview of future work + interests

* Future work: implementation of simulation pipeline
* Modelling of future CMB experiments' systematic effects
* Propagation of the effects to the observed maps
* Need of fast and accurate pipeline

https://www.oas.inaf.it/it/progetti/litebird-it/

* |Interests:
* Modelling of experiments
 Efficient pipeline development for scientific applications

 Parallel computing
e Usage of HPC

Thank youl



12t School on Efficient Scientific Computing

TriDAS

Laura Cappellit, Tommaso Chiarusi?, Francesco Giacomini?,
Carmelo Pellegrinot

1 INFN-CNAF, 2 INFN Bologna

I N F N I N F N Ministero degli Affari Esteri J eif’gon Lab
—" CNAF — BOLOGNA e della Cooperazione Internazionale OTHomas Jefferson National Accelerator Facility

Ce.U.B. Bertinoro, 4 — 9 October 2021




The born of TriDAS

INEN

* Designed for streaming read-out of Astro-particle
Physics events (NEMO project)

* TriDAS characteristics:

Data from off-shore
(through optical fibers)

V¥

. FCMServer

Multithreading software written in C++
scalableand modular

State machine driven process

flexible design

with a minimal effort is adaptableto a beam-based
experiment

|
v

- 2
(2Gbps)

/
-

B

External steering

el
wenserver R cul_

T "

Data Flow Data Flow Command Flow

>

{(10Gbeth) (1Gb eth)

N

o
TCPU

Reference
ChiarusiT. et al, The Trigger and Data Acquisition System for the KM3NeT-Italy neutrino telescope, Journal of Physics: Conference Series (2017)

Laura Cappelli Ce.U.B. Bertinoro, 4 —9 October 2021

TriDAS Core

— [
|
v

Permanent storage




TriDAS @ JLab (NN

FT-ECal Hodoscope

* TriDAS was used in a triggerless prototype system at the
Jefferson Lab

* A new read-out system is needed for the HI-LUMI upgrade
e Collectdata from the Hall-B detector

* Integrated with CODA DAQ system and JANA2 framework

Coda Translator

60 sockets (1/board)
D |
R

* In summer 2020 the prototype system was successfully tested
on Forward Tagger sub-detector

* The system is being used as the basis for developinga larger
system for the entire CLAS12 experiment -._-

TriDAS Core

[Pormanont storage I

Reference
AmeliF. et al, Streaming Readout of the CLAS12 Forward Tagger Using TriDAS and Jana2, EP) Web of Conferences (2021)

Laura Cappelli Ce.U.B. Bertinoro, 4 —9 October 2021



TriDAS in 2021 CNFN

* Main effort: developing a new TriDAS version
* Update C++ version
* General review of each component
* Update and improve the software dependencies
» ZeroMQ, Boost, CMake, Docker, ...
* Updating TriDAS for receiving data in a new format
* Implementing a new monitoring system
e Testing in Hall-B the new changes

* Goal: TriDAS — ERSAP integration

* ERSAP, or Environment for Realtime Streaming Acquisition and Processing, is a micro-services architecture for data-
stream acquisition and processing under developing at Jlab

* Might be the entire new software for the CLAS12 experiment

Laura Cappelli Ce.U.B. Bertinoro, 4 —9 October 2021



QUESTIONS?

laura.cappelli@cnaf.infn.it
@ @lauraCappelli8
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~=Nonlinear
Systems &
¥ Electronics

Michele Castelluzzo

TIME SERIES ANALYSIS AND ELECTRONICS




Correlation in nonlinear time series

Finding links and estimating connectivity
strength via moving windows of cross-
correlation

Significance of correlations = N 0
evaluated via : \ o e—

surrogates method .

il DLy 03

window position (5) 240

0.001

window position (s)




Brain connectivity'

Analysing the relation between
connectivity strenght and
geometric distance

MEG recording

LJ_ J J Al st il 1 A b

Source
5 9 — . AT PP PO
reconstruction

JMMm‘mmemMmMm....mm.m;mmmm

1
M. Castelluzzo, A. Perinelli, D. Tabarelli, L. Ricci, in Frontiers in Physiology, 11, 611125 (2021)




Making chaos®

Electronic implementation of the Minimal Universal Model

Experiment

for chaos
Theory

dx 2
7:—5|x(|+klzz—puy)y 08

v 04
Q:—y—nyrl, zZ(v) o
dr 04
& =-&(z—Bo+Bix) . 08
dr 1.2

Numerical :;
integration 10
8

X (V) 6

4

2

0

2
L. Ricci, A. Perinelli, M. Castelluzzo, S. Euzzor, R. Meucci, in International Journal of Bifurcations and Chaos, 31, 2150205 (2021)

S
02 46 810121
X (V)

0 200 400 600 800 1000
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My colleagues

NSE..

Nonlinear o
Systems & - Leonardo Ricci (Lab head)

¥ Electronics - Michele Castelluzzo (PhD student)

eco @

C M - Alessio Perinelli (Post-Doc, former PhD
Cunlurl:l Mind/Brain Sciences StUdent at NSE)




ARCADIA project for

innovative silicon trackers

Davide Chiappara - UNIPD - INFN-PD
4 October 2021

_ IN!A:I"WI\AI ARCADIA




ARCADIA

INFN

Sensing

il pMOS  nMOS

n-epi
n-sub p+

2

ARCADIA project for innovative silicon trackers Davide Chiappara



ARCADIA as MAPS

Signal is created and
charge information is
turned to voltage
information

EOC asks for the
readout of a single
pixel and resets it

The rest of the chain
amplify the signal
and make it human
readable

Matrix

END OF COLUMN

I |
DAQ

| T T
Computer

ARCADIA project for innovative silicon trackers

Name

Power
consumption

Pixel pitch

Matrix area

Hit Rate

Timing
resolution

ARCADIA Goal

10 mW/cm?

25 um

12.8 mm x 12.8 mm
(scalable up to 25 mm
x 50 mm and beyond)

100 MHz/cm?

O(1 us)

ALICE -
ALPIDE

40 mW/cm?

28 um

15 mm x 30
mm

6 MHz / cm?

2 us

3
.|

Davide Chiappara



ARCADIA: data analysis

Hits injection from files = cluster position

Clusters location

100 MHz / cm? uniform (Poissonian in time)

time passing between a simulation and the following one

Counts.
~

160
140
120|
100|
80F-

Projection over X

-t

2 2
3
3

2

oy
Vet
L 1

00 206
Time betweeen a cluster and the following one [ns]

Projection over Y

Successful readout in > 99% cases

50}
00}

Noise value changed on irradiation

200

|
300

00 500
X pixel number

¥ r 4
Uiy
1sof
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ARCADIA project for innovative silicon trackers

Davide Chiappara



Mathematical
modeling
m 1101 o ln System Verilog
" ” code
1 (o) | o
OR4
OR2 Hi™
. ° _
- b | b Physical space
- .
ok modeling
111 4
OR4
1

rowPick

rowPick

DataGatherer

ARCADIA project for innovative silicon trackers

Davide Chiappara



Northern Illinois
| University

ATLAS

EXPERIMENT

Using tracks for triggering: a
computing challenge

Louis D’Eramolll
[MINorthern lllinois University

ESC 2021 - 22/06/2020



Why tracks matter for triggering

ATLAS

EXPERIMENT

HL-LHC tt event in ATLAS ITK
at <p>=200

With increased number of interactions per bunch
crossing, the High Luminosity phase of the LHC implies
harsher conditions for the trigger system.

The track reconstruction could bring further

discrimination but rely on time and ressource
intensive algorithms.

Louis D'Eramo (NIU) -30/09/2021 - Using tracks for triggering

[ Inner Tracker ] [ Calorimeters ][ Muon System ]
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Principle of track triggers

To speed up the process, the algorithm is broken into sub-tasks :

ﬂ Hit association

Goal: find connected hits to form a track
candidate

> \/ia pattern matching and associative memory
» Via Hough Transform and FPGA

9 Track fitting
e | | il W Tracks estimated parameters can be computed on
IE ______ L . g
S | H,'EJ FPGA from the hit positions and sets of pre-computed
S | = (b= constants : N
,,,,,, | oc |
O |p= —
“““ 12 pi =) Cijx; +4;
pattern FF FF FF E L_L ]:1
! i 111111\ i ::\—
°°°°°° Wlﬁ fﬁlﬂ*ﬂ? s B However, the constants can be highly non linear:
i e ik — > Divide the detector in sub-regions where linear
approximation is correct.
particle | min py | Bff. (%) | # roads | # fits | # tracks Similarly a first fit quality can be measured to make a
x> < 40 first track rejection:
muon 1 GeV 99.5 144 1115 55 N_5 N )
muon | 2GeV | 99.1 79 586 23 2
muon | 4GeV | 992 | 48 | 313 | 16 X = Z; (Z;Aijxf T kl)
1= ]:

Louis D'Eramo (NIU) -30/09/2021 - Using tracks for triggering




Using Hough Transform for hit association

There is a unique relationship linking the

radius 7, and ¢, angle of the measured hits .
, VA track $o

and the track's transverse momentum p,

and ¢, coordinate:

sin M—@D 45 7

gA
- = - L : q/pT
PT " N 1 //

e o track

Therefore hits belonging to the same track . 3 45 6/ candidate
must cross at the same point in the (¢,, a/pt) a v .
space.

a/pT (e/GeV)
1

o] ~ (o]
a/pT (e/GeV)

1 | 1 1 1 1 | : i - e ___;'-- - o '_'_ 5
0.45 0.5 0 0.3 0.35 0.4 0.45 0.5

phi phi

When adding pile-up

Louis D'Eramo (NIU) -30/09/2021 - Using tracks for triggering




Challenges and future developments &
\

ﬁejecting the fake and pile-up trac@ 6inning of the Hough space

Several methods imagined to remove Due to the resolution effects of the measurements
duplicate tracks (hit sharing) and fake and the small shifts in the interaction point, the
tracks: binning of the Hough space has to be fine tuned:
> Performing a simple y2 cut to select |

good quality tracks; < ~Z
» Using Machine Learning algorithms on a/pt . >

FPGA to remove fake hit combination R

Do

\ and apply overlap removal. J K 7 . J

ﬁ)ther commercial solutions \

Important new
developments
to reduce the
tracking time

on CPU and/ 0'6;_ ATLAS Simulation 1 Useful for SUSY

or USiﬂg 0'41_ ID SeedMaker Accelerated E .
02" . E signatures, b-
GPUs. L Kapier (Loca) z J

00‘ - ‘10‘ - ‘20‘ - Sb - ‘4‘0‘ - ‘5‘0‘ - ‘60 tagglng"'
K No. Athena Thready \ J

Louis D'Eramo (NIU) -30/09/2021 - Using tracks for triggering

Gﬁeots of displaced tracks: \

The Hough equations can be adapted to
account for tracks originating for displaced
vertex

e
»

GPU Rate / CPU Rat




depietro@Lenovo:~$ whoami

| am a PostDoc at INFN Roma Tre since April 2020.

| work in High Energy Physics: | joined the Belle |l collaboration in 2015 and now

| am involved (not only) in:
- dark sector physics;
- Klong and Muon subdetector;

- software development and management.
Giacomo De Pietro

a depietro

giacomo.de_pietro@desy.de
how Belle Il sees me

G. De Pietro


mailto:depietro@Lenovo

What i1s Belle II

Belle 11

Core physics program:

B physics

tau physics

quarkonia/spectroscopy

dark sector physics

G. De Pietro

Electromagnetic Calorimeter (ECL):
CsI(Th crystals, waveform sampling o measure
time, energy, and pulse-shape.

e/eCfl‘ons

Vertex detectors (VXD):
2 layer DEPFET pixel detectors (PXD)
4 layer double-sided silicon strip detectors (SVD

K. and muon detector (KLM):
; Resistive Plate Counters (RPC) (outer barrel)
Scintillator + WLSF + MPPC (endcaps, inner barrel)

Magnet:
1.5 T superconducting

Trigger rate limits:
Hardware: < 30 kHz
Software: < 10 kHz

Central drift chamber (CDC):
He(60%):C2H6 (560%). small cells,
fast electronics

( Particle Identification (PID):

Time-Of-Propagation counter (TOP) (barrel)
Aerogel Ring-Imaging Cherenkov Counter (ARICH) (FWD)




What I am doing: physics

| play with Belle Il data looking for dark sector / dark matter signatures.

From the past (subject of my PhD thesis):

Search for an Invisibly Decaying Z' Boson at Belle Il in

ete” — ptp (e*u™) Plus Missing Energy Final States This may look easy...

Unless it’s the first physics analysis

. Adachi er al. (Belle Il Collaboration) done with a new detector!

Phys. Rev. Lett. 124, 141801 — Published & April 2020

Ph}‘SICS See synopsis: Closing inonthe Z°

From the present:

Dark Higgsstrahlung
(with Dark Photon
decaying intfto muons)

Visible decays of our

- friendly Z' boson

G. De Pietro 3



What I am doing: software

Since roughly one year | am the software release manager of Belle II:
- | regularly tag minor/patch releases when necessary;
- | have to coordinate with (many) groups for making sure a release contains what's expected;

- | must ensure that performance and backward compatibility are preserved.

Since few months | am the deputy software coordinator of Belle II:
- together with the coordinator, | follow many (long-term) projects for improving our software;
- | am the administrator of our software-oriented collaborative tools:

- git repositories on Stash; software pipelines on Bamboo; etc.

G. De Pietro



What I am doing: software

Some of the ongoing projects | am coordinating:
Better documentation

. . 3. Beginners' tutorials -
Faster software (crucial for taking data

This online textbook aims to help new Belle Il members to get started with the software by
following through a series of hands-on lessons.

© We want YOU to contribute to this book! ¥

at higher luminosity)

Reprocessing 10,000 events of Exp 18 Run 1434 on HLT test bench

300 | 1 |
IO U
i H i
o ) o |
E G i E i Just as there are many versions of the Belle 2 software, there are many versions of this
E 2001 i i i documentation to match it. After all, if a new feature is added in our software, we also want to
% | have the documentation for it.
& 240 1 1 1
g ECLDQMEXTENDED | TRGGDLDQM,
| . S\x'DLI".Packer
2201 R | i
i 1 | ECLUnpacker ] .
LY — Open source (https://github.com/belle2 /basf2)

0o -~ - -
05-01-08  05-01-15 05-02-00  05-02-01 05-02-03  05-02-04 05-02-06 05-02-10 05-02-11
Release

2020-12-09 2021-02-25 2021-03-10 2021-03-24 2021-04-07 2021-04-21 2021-05-12 2021-05-26 2021-06-09
Date changed

1471834 16/518 16/815 172 17/359 1B/486 18/1080 18/1578 18/2134
First run [Exp/Run]

GITHUB.COM
belle2/basf2
Public repository of basf2 (Belle Il Analysis Software Framework) - b...

G. De Pietro 5
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DIRECTIONAL DARK MATTER SEARCHES WITH
CYGNO/INITIUM

G. Dho

Gran Sasso Science Institute, L'Aquila, Italy

Part of this project has been funded by the European Union's Horizon ..:'é_rc
2020 research and innovalion programme under the ERC Conselidatar "'::
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0,01%
YV

4,9%

CYGNO PUATTER.

68,5%
DARK
ENERGY
(DE)

- Dark Matter is a well established paradigm of modern
physics, even though it has not been positively detected yet. ing

(K2

1)Cef 27
8

e+
8

Multipole moment £

- CYGNO is the project of a directional detector, whose main goal is the direct detection
of Dark Matter

For the direct detection, it uses a The directionality information can

material ( He:CF, gas) as target and provide:
looks at its recoils N '

Dark . Means of positive discovery
Matt e
pccrtisg ‘\/ Detectable Better background discrimination

r—>n rs&;'!ag Fluorine recoil
angular
spectrum
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CYGNO TPC

Recoiling nucleus

Field cage

Inherently a 3D detector

* Advantages:

» Axial Directionality

Sensitive to track sense
& direction Cathode

lonisation signal
amplification &

*H il

+ Background rejection

* Particle ID
+ 3D fiducialization

» Technologically

challenging, but now
achievable via multiple

technologies

WIMP readout
\ nuclear recoil track charge R g L
i Head
Drift direction
s
lanizaton ZIIISYFTS E
¢ ‘ S lonizing track ‘E
“ . )
o i
- 4T .9 T )
. !.. g e , Electrons
.o 4.2 49
[ L .0. *® 5
..*. - :
Photons Photons 5

Energy
x-y coordinate

G. Dho 2

>

Ampitude (V)

straight track

\ /'"

PMT

Energy
Z coordinate



rift direction

1000

im—'l 151 37;

x-y coordinate SRS e el SRS SRS, - oordinate

Energy
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IMAGE ANALYSIS

- The data to analyse is made of pictures with tracks to be recognized and characterized:
- Not simple to define tracks limits as local
ionzation density can vary a lot

— Quantities as direction of the tracks need
complex algorithms

T T T T T T

tput trac

11801

QOu

1160f—
1140

1120[

E - 2304x2304 pixels images need optimization not
to take long time to be analyzed

1100~

1080}
1060;
1o4of—
1020}

1000

PRSI TS T [N SN S S SRS S S S S S
50 1200 1250 1300 1350

G. Dho 3
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CYGNO DAQ

- C++ object oriented framework that needs to control

LLLLLL ][4

B N SCNEASRN T 1 [ [ [ [/ /]

Camera Trigger logic and acquisition High voltage supply
Time response O(100s) ms Time response O(100s) ns

- Some online data analysis is foreseen to be included and needs to be optimized to avoid
dead time

- Possible switch to GPUs for online analysis

G. Dho 4



GPU and performance portability :
a high energy physics use case

Sylvain Joube - phD student

|1JCLab CNRS : LISN Universite Paris Saclay :
David CHAMONT Joél FALCOU
Hadrien GRASLAND

WCuLb

v [ ]
L]
Iréne Joliot-Curie L1 s N universite
Laboratoreahysue  EIORERTCC A PARIS-SACLAY ESC 2021, oct. 2021



SYCL

Interface for parallel programming

Greo

Source Code

Multiple implementations

S

TOHOKU

£ XILNX.  (hips L

triSYCL hipSYCL neoSYCL
Open source CUDA and SX-AURORA
test bed HIP/ROCm TSUBASA

C ComputeCpp

( codeplay’

DPC++
ol Uses LLVM/Clang
Part of oneAPI|

N\

> Oﬁen?:l; OpenMP
| OpenCL+PTX
NVIDIA GPUs

CUDA+PTX
NVIDIA GPUs

Vs ’ . 3
SPIR(-V) Intel CPUs
(SPIR. (SPIR. A
NEC VEs
Intel CPUs Intel CPUs XILINX FPGAs
Intel GPUs Intel GPUs POCL
Intel FPGAs Im:) ZPP%:S M&?ﬁ“ﬁ‘ﬁ:ﬁ%ﬁﬁm
(depends on driver stack)
Arm Mali m
IMG PowerVR

Renesas R-Car



SYCL memory models  —gg—n ==, |

[ —>|__main memory
el copy
[ GPU <= —»[ GPU memory |

Unified Shared Memory [USM]

- “USM device” : located on GPU, explicit transfer
- “USM host” : host-pinned, GPU-accessible
- “USM shared” : implementation decides data location

Buffers and accessors

- Dependency graph between tasks [Kkernels]



Current research activity

Parallel computing on GPU

SYCL performance portability across :

- Implementations
- Architectures

Current focus on SYCL memory managment
High energy physics use case [LHC', ATLAS? experiment]
Submitted abstract to ACAT’21'

'LHC : Large Hadron Collider, CERN, https://home.cern/science/accelerators/large-hadron-collider
2ATLAS experiment : on LHC, CERN, https://atlas.cern/
3ACAT’21 workshop : https://indico.cern.ch/event/855454/



Thank you !

Links

My [very WIP] github : https://github.com/SylvainJoube/SYCL_tests
hipSyCL : https://github.com/illuhad/hipSYCL
SYCL : https://www.Kkhronos.org/sycl

Data Parallel C++ : https://software.intel.com/content/www/us/en/

develop/tools/oneapi/components/dpc-compiler.html
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