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The CSN3 experiments INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

JLAB, MAMBO
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CSN3 experiments use different type  NyMEN, ASFINZ,NUCLEX,
of beams (stable or radioactive), from CHIRONE, FORTE...
low to very high energies

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023



Experiments and people

ALICE CERN QGP 5.3 FTE

CNAO/TIFPA Framm. Nucleare 1.2 FTE

JLNS/BTF

blZ JLAB Fisica adronica 2.2 FTE

Bonn/Mainz Fisica adronica 1.2 FTE

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023
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A. Fantoni
E. Spiriti
M. Mirazita

P. Levi Sandri

LNF Fisica nucleare 15.1 FTE C. Curceanu
LNGS Fisica nucleare 6.5 FTE C. Curceanu
CERN Astrofisica nucleare 3.2 FTE  G. Claps
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ALICE@CERN INFN

CSN

. Istituto Nazionale di Fisica Nucleare
Fisica Laboratori Nazionali di Frascati
Nucleare
The LNF Group Joined ALICE in 2006 ALICE Afferenza (%)
Nicola Bianchi 60
Study the physics of strongly interacting matter Alessandra Fantoni (RL) 100
apd the quark—g%u-on plasma in nucleus-nucleus e o o o o
high energy collisions .
Silvia Pisano 100
e : : : : From July, 1st
LNF people 51gn1f1c_antly involved in detectOI_'s Federico Ronchetti LD@CERN
R&D and construction, data analysis, operations Eleuterio Spiriti 10
and management roles _
Marco Toppi 100
Oton Vazquez Doce 70
FTE totali 5.3
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ALICE@CERN

The LNF Group Joined ALICE in 2006

INFN

Responsibilities at CERN Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

Management Board (AF: 11/2019-11/2022

& FR:11/2022 - on going)

Collaboration Board (VM: 06/2017-today)

Run Coordinator (FR: 2015, 10/2019-2022)

Run Manager (SP: 10/2022,5/2023,10/2023 for the Heavy-lon Run)

EPN Technical Coordinator (FR: 01/2013 - on going)

Training Coordinator (SP: 01/2023 - on going)

EMCAL Deputy Project Leader (AF: 01/2013 - on going)

ALICE Activities at LNF

Physics Analysis on light flavor physics and femtoscopy

ITS QC for checking offline the functionality of ITS during data taking
Shifts for data taking at CERN

Training people for shifts

EPN coordination

ITS QC for checking offline the functionality of ITS during data taking
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ALICE@CERN INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

Run Coordination in 2022
for the LHC restart

1. Commissioning of the new continuous-readout detectors

o Focus on the new GEM TPC, and monolithic ITS
(assembled at LNF 2016-19) and on the software and FW
development for the ZDC

2.  Validation of the ALICE synchronous dataflow
o GPU-based online data reconstruction and calibration

3. pp production data taking at 13.6 TeV

o

A o ALICE Performance 2022, pp. {5 =136 TeV
Q E UL d .
=" 2022-11-29 04:00:12 pPp lntegrated lumi
2 18] BARREL:L-17.6pb
'g [ MUON: L=16.9pb" —
T T T T @b I I o e o 0035 I T _ £ 16] TRD:L=24pb" / -
4~ ALICE Performance A > oot ALICE Performanc =3 > [ ALICE Performance ¥ KO 1 € = — AV D
[ Run3,pp /s=136TeV = E Run3,pp (5=136TeV El = 003 Run3,pp (s=136TeV S 3 14] PHOS:L=13pb f O 24
[ 0<p, <10GeVic - 2 0.045F- 0<p_<10GeV/ic it [ 0<p <10GeVic ] o] C / Y A
[ <05 b E yi<ds < E yi<ds > C ALICE[pb] -
f A-pr : g o004 3 8 00251 27, 1 . 5 120 / =i
r ] e 2 = E : I |
E e o Z 50.035: Gaussian it + pol. b g oo ii‘ =0 ™ E 2 10 ) 233§
° o003f 3 E < L
- % E % 0.015— — 8*
g 0.025[- g F F
F 4 2 oozt 2 0‘01:, 3 6. . . e .
; oo g af LHC luminosity: it includes the lumi
E B [ B0,y S 0.005 4 E . . . . .
- 1 oot R o - delivered for commissioning during
9377930 T 15 T2 1a25 143 0.005C L L L | Lo g T ] r ,/4/7,
m (GeV/e) 129 13 131 132 133 134 135 0.44 0.46 0.48 05 0.52 0.54 0—‘ — \ / the ALICE HI rate scans and tests_
m (GeV/c?) m (GeV/c?)

27 Jun 27 Jul 26 Aug 25 Sep 25 Oct 24 Nov



ALICE@CERN

Run Coordinationin 2022 | N FN
for the LHC restart

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

o HI run postponed to 2023 for LHC RF incident + energy crisis

o PbPb pilot run at top energy (5.36 TeV)

o Used new slip-stacked filling from SPS to LHC (for 50 ns
bunch spacing)

o ZDC (HI luminometer) in full in production

Pb-Pb 5.36 TeV
% LHC22s period

18th November 2022
ALICE 16:52:47 803




ALICE@CERN

OZ2/EPN (Event Processing Nodes) setup at the ALICE site GPU-based EPN FARM

up

READOUT FARM
(FLP)

EPN technical coordination

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023

t01.2 TB/s into the EPNs
via lnfin'\Band RDMA

INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

EOS disk storage
360 GB/s

(~25% redundancy)

READOUT READOUT READOUT
NODE NODE NODE
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ALICE@CERN INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

ITS Quality Control

LNF provided 1/4 of the total Outer Barrel staves,
building and assembling 29 staves between the end of
2018 and end 0of 2019

o Analysis of new runs 3x/week, coordinated via the JIRA
ticket system

o Cluster analysis — bad run if :

o 1 layer with >25% empty staves (cluster occupancy
is 0 cluster/pixel/ nChip);

o the run has >10% empty lanes overall;
o the average cluster size is out of limits by 3-7 pixels

Tracks analysis — good run if: o detector occupancy has been studied => cluster size
is independent of the Interaction Rate (IR); decrease
of the cluster size @ the end of the fill can be due to
the beam-gas interactions

1. no anomalies in angular track distribution

2. theZ vertex shape ranging between -1.5 and 1.5 cm;

3. the average nClusters per track ranging between 5 to 6.
Stable performance — in 2022 5.6% of physical runs globally
labeled as bad



ALICE@CERN

Study ofthep —p—Ktandp —p — K~

INFN
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dynamics using the femtoscopy technique

Published in arXiv: arXiv:2303.13448 [nucl-ex]
Submitted to European Physical Journal A - Hadrons
and Nuclei. Status: awaiting for initial review.

Paper Committee: Raffaele Del Grande, Laura
Serksnyté, Oton Vazquez Doce

(@)

first measurement of three-body correlation functions with
Kaons
the ppK* and ppK" cumulants are compatible with 0 within the
uncertainties:
o Confirmation of interpretation of ppK- nuclear state
involving only 2-body forces
No effect beyond 2-body interaction
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https://doi.org/10.48550/arXiv.2303.13448

ALICE@CERN

Exploring the strong interaction of three-

body systems at the LHC

1o} :Ip-l's;h-multﬁ=l3TeV ‘—//f :' =+
Paper draft completed: to be uploaded to ArXiv and submitted £ ) !

to Nature Physics. Poster presentation at QM2023 by Oton
Vazquez Doce.

Paper Committee: Bhawani Singh, Laura Fabbietti, Oton
Vazquez Doce, Michael Jung, Harald Appelshaeuser

INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

Two-body femtoscopy studies involving deuterons in pp collisions
at the LHC allow to study the dynamics and the effects of the
strong interaction in three-body systems:

o K+-d: calculations with point like particle via scattering lengths
work with small radius (~1fm)

o p-d: detailed (and new) three-body calculations considering 2-
and 3-body forces are necessary to explain the data.
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ALICE@CERN

2024 activities and requests

O

INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

o ALICE data taking
o Training Coordination & Run Managements
o ITS QC offline

o Discussions for analysis, papers, technical boards,
management boards, collaboration boards

o Possible test on sensors at BTF for ALICE 3

Nessuna richiesta sostanziale ai servizi.
Richieste economiche (oltre MOF) principalmente di missioni.
Circa 40k per 2024 per missioni

1. turni presa dati ALICE, supporto/oncall ITS2

2. riunioni/discussioni fisica per ITS3

3. riunioni MB, CB, TB
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S, Quarks and hadron dynamics INEIN

GS Istituto Nazionale di Fisica Nucleare

Fisica Laboratori Nazionali di Frascati
Nucleare

Study of the quark dynamics inside hadrons
and nuclei, to understand the strong
interaction, searching for effects beyond those
predicted by QCD.

3D imaging of the nucleon

quark dynamics

nuclear and hyper-nuclear dynamics
nucleon excited states via meson
photoproduction

low energy kaons interaction

how does the mass of the nucleon arise?
how does the spin of the nucleon arise?
what are the emergent properties of dense
systems of gluons?

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023 18
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o,

Quarks and hadron dynamics

o nucleon excited states via meson
photoproduction

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023
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e Quarks and hadron dynamics 4005 INFN

= Istituto Nazionale di Fisica Nucleare
Fisica Laboratori Nazionali di Frascati
Nucleare

Nucleon excited states via meson photoproduction at MAMIc (A2Z@Mainz)
and ELSA (BGOOD@Bonn)

o Transition form factor
o 7' threshold anomaly

ToF Drift chambers Open Dipole -
4 layers a 3x3 m’ 8 double layers
5x20x300 cm’ 246 x 1.23 m’ forward spectrometer

5 < 300 pm

Dipol net
22x39x15m'
W 941B.~05T

MOMO
672 ch. x 2.5 mm, @ 44cm

SciFi2
640 ch. x 3 mm, 66 x 51 cm’

o nucleon excited states via meson
photoproduction

Tagging system
120 ch. scint. bars
p 480 ch. scint. fibers

@ 14-43cm

BGO calorimeter ; e- beam
480 ch., 0.9 x 417

MWRPC - inner tracking
Si strips - fw tracking (B8)
Target system - LH, LD,

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023 20
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Quarks and hadron dynamics 4go— INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

Nucleon excited states via meson photoproduction at MAMIc (A2@Mainz)
and ELSA (BGOOD@Bonn)

Tutti i rivelatori INFN (Calorimetro Barrel MWPC) sono -
funzionanti tranne MRPC: final commissioning in collaborazione © Transition form factor

94t,B,.~05T

MOMO

672 ch. x 2.5 mm, @ 44cm
SciFi2

640 ch. x 3 mm, 66 x 51 cm’

con Bonn Pl in standby per mancanza di personale o 7' threshold anomaly
MonteCarlo in continuo sviluppo, generatore di eventi Ii%fers L W Open Dipole -
(LNF/Messina/Romaz2). 5x20x300 om’ 2.46x1.23m’ forward spectrometer
e 6 <300 pm
| / o Dipole magnet
Co-spokesperson dell’esperimento BGOOD (LNF). ~ 19 : 22x39x15m’

Spokesperson della misura di fotoproduzione n’ (LNF).
Spokesperson fotoproduzione su neutrone (RM2)
Rappresentante nazionale (LNF)

2020 nessuna presa dati
2021 una presa dati (3 settimane)

2022 due prese dati (6 —4 settimane causa mancanza
collaboratori russi)

Tagging system
' 120 ch. scint. bars
480 ch. scint. fibers

BGO calorimeter ' e- beam
480 ch., 0.9 x 41

MWPC - inner tracking
Si strips - fw tracking (B8)

Target system - LH,,LD.

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023 21
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Fisica
Nucleare

o nucleon excited states via meson
photoproduction

Quarks and hadron dynamics 4gooy— INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

International collaboration: Bonn PI, Bonn HISKP, Romal,
LNF, Messina (not INFN), Pavia, Roma2, Glasgow, PNPI
Gatchina, INR Mosca, IHENP Kharkov, INR Kyiv, Lamar U.
(Texas)

Responsabilities:

Co-spokesperson of BGOOD (LNF)
Spokesperson of the j photoproduction (LNF)
RN (LNF)

BGO (+ Roma2)
Barrel (+ ISS)
MRPC (+ Roma2)

2 researchers for 1.2 FTE
Total INFN ~ 8 FTE

O O O O O O

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023 22
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Fisica
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o nucleon excited states via meson
photoproduction

Quarks and hadron dynamics @D}"
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Laboratori Nazionali di Frascati

La possibilita di effettuare misure di fotoproduzione coerente
apre una nuova linea di ricerca — estensione per altri due anni.

do/dQ [nb/sr]

~

(2]

(4]

v+d — d 7970 coerente

—— Summed phase space term & 3 BWs:
E,, = 2380 MeV/c? T = 70 MeV/c?
En = 2470 MeV/c?, T = 120 MeV/c?
En = 2630 MeV/c?, T = 130 MeV/c?
®  BGOOD data, sequential decay
— BW it: E, = 2615 + 14 MeV/c?,
I" =148 + 29 MeV/c?

| T i 1 1 Il L L L L
2300 2400 2500 2600 2700

2800

W [MeV]

Physics Letters B 832 (2022) 137277
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o nucleon excited states via meson
photoproduction

Quarks and hadron dynamics 4gooy— INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

Misura della sez. d’urto e della line shape — Evidenza
per la singolarita di triangolo con contributo N*(2030)

K+A(1405) »K+m03
g 1'2;_ # BGOOD é CLAS — With TS
e Y KP* (Nanova)h K*A(1405)+K g+~ Without TS
SRS —-TS
- + — - tch.K

0.8 + + — - tch. K*

0.6

0.4

0.2

el

L L L I BRI PRI R R B
1600 1800 2000 2200 2400 2600 2800
E, (MeV)

Physics Letters B 833 (2022) 137375
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OSN3

Fisica
Nucleare

o nucleon excited states via meson
photoproduction

Quarks and hadron dynamics 4gooy— INFN

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

ELSA ha ripreso il normale funzionamento per esperimenti di fisica
adronica. Il programma a media scadenza prevede il funzionamento
fino al 2026 poi stop lungo per upgrade.

2023: richieste 1000 ore di beamtime per completare la raccolta dati su
bersaglio di idrogeno e di deuterio.

I colleghi russi sono ovviamente indisponibili (30% della
collaborazione!) — run piu brevi (3 — 2 settimane)

Si apre una nuova linea di ricerca per la fotoproduzione coerente su
deuterio — verra richiesta un prolungamentoper altri due anni della
sigla.

Richieste economiche complessive: 23 k€

Nessuna richiesta ai servizi, salvo imprevisti

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023 25
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.. Quarks and hadron dynamics

Fisica
Nucleare KAONNIS: low energy kaons interaction studies at Dafne and J-PARC

Precision measurement of the shift and of the width of the 1s level of
kaonic deuterium and of other types of kaonic atom X-ray transitions

— unique info about the QCD in non-perturbative regime in the
strangeness sector not obtainable otherwise; impact in astrophysics (EOS
neutron stars).

e

n

Stark-mixin
~ 25 120 1 .= i . n-1
e
&
external Auger effect
c
-% »~ y
§ ot B Coulomb de-excitation
g / 77 //
. . § / ;////
o low energy kaons interaction 5 3”7 =
Z i X-ray radiation
27—/~ Ezp
1. = measured __ pem
1s = L2p-1s 2p—1s
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Quarks and hadron dynamics
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OSN3
Fisica
Nucleare

ae

KAONNIS: low energy kaons interaction studies at Dafne and J-PARC

Precision measurement of the shift and of the width of the 1s level of
kaonic deuterium and of other types of kaonic atom X-ray transitions

— unique info about the QCD in non-perturbative regime in the
strangeness sector not obtainable otherwise; impact in astrophysics (EOS
neutron stars) — strong phenomenological power

1100

® Shevchenkov 2012 A
1000 loset 2001 - i
se€ eise 017

]
Mizutani 2013

o low energy kaons interaction

iBner 2011

width [eV]

Galj2007

8

500
-1100 -1000 shift [eV] -800 -700 -600
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Quarks and hadron dynamics

SIF 2022: Menzioni per le
Migliori Comunicazioni 2022
nella sezione 1: Fisica nucleare
e subnucleare per

Luca De Paolis:

Nuclear resonance effects

in kaonic atoms.

2 Master students with theses in
SIDDHARTA:

Francesco Clozza and Francesco Artibani
from La Sapienza University

1 Ph D student from Tokoku Japan, Toho Kairo,
and 1 PdD student from Poli Milano, Lorenzo
Giuseppe Toscano

1. STRONG2020: WP8-JRA, WP16-NA,
TA3-LNF

2. Bando regionale MITIQO

3. Croatian Science Foundation research
project 8570

UG V1 SWESRIOR=

Q INFN

é‘f_-'. Istituto Nazionale di Fisica Nucleare
, ' Laboratori Nazionali di Frascati
e o y
T i
KAONNIS Afferenza (%)
Francesco Artibani 100
Integrated initiative (SIDDHARTA + AMADEUS + Giappone =~ =m e i 2
. [ amir Bosnar 50
+ Future). Internatlonal COllabOI‘atlon: Alexandru Mario Bragadireanu 50
Alberto Clozza 30
Francesco Clozza 100
INFN, SMI-OAW (Austria) Catalina Oana Curceanu 60
. . . Luca De Paolis 50
[FIN-HH (Romania); Politecnico MI Raffacle Del Grande -
TUM, Helmholtz I. (Germany) Carlo Guaraldo
Mihail Antoniu Iliescu 40
RIKEN; TOkYO U Uapan) Aleksander Khreptak 50
Jagellonian U. (Poland) Zaotoll eyl Sand 20
Marco Merafina 60
Zagreb U. (Croatia) Catia Milardi 20
. q Fabrizio Napolitano 70
ELPH Tohoku University Szyoon Niedwieckd 50
Alessandro Scordo 70
27 Publications (2022-2023) SIEnceed s L
. . . Gruppo Palermo (3 persone) 50
Journal of Physics G: Nuclear and Particle Physics Paper Florin Catalin Sirghi 100
A new kaonic helium measurement in gas by SIDDHARTINQ =~ Mo skureok =
. ] ) Marlene Tiichler 100
at the DA®NE collider, D Sirghi et al 2022 ]. Phys. G: Nucl.  koho 100
Oton Vazquez Doce 30
Part. Phys. 49 055106 Johann Zmeskal 20
K. Dulski 50
FTE totali 15.1

Prog. MAECI: scambio scienziati Italy-Poland 2022-2023



GSN:;?’P Quarks and hadron dynamics INFN
Fisioa X - Istituto Nazionale di Fisica Nucleare

Nucleare KAONNIS: low energy kaons interaction studies at Dafne and J-PARC

P Laboratori Nazionali di Frascati

o low energy kaons interaction
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Quarks and hadron dynamics & INFN

High and Intermediate-mass kaonic atoms with
HPGe and CZT detectors as test measurements in parallel with SIDDHARTA-2

: | Istituto Nazionale di Fisica Nucleare
= }5 ' Laboratori Nazionali di Frascati
Muglomr s wid
KAONNIS activities:
o 2022: full SIDDHARTA-2 setup in run at DAFNE (till July 2022) with

KHe and Kd (test run); optimization of the setup: veto 3; target;
cryogeny (second half of 2022)

April 2023: SIDDHARTA-2 run with kaonic neon for debug and
degrader optimization;

Since May 2023: Kaonic deuterium run ongoing; intermediate-
mass kaonic atoms with CdZnTe and HPGe setups

KAONNIS main outcomes 2022/3:

Kaonic helium 4 L-lines yields measurements in gas — Nucl.Phys.A
1029 (2023) 122567

Intermediate mass kaonic atoms - first meas. ever — Eur.Phys.].A 59
(2023) 3,56

E31 J-PARC: Pole position of A(1405) measured in d(K-,n)nX
reactions; Phys.Lett.B 837 (2023) 137637

E62 J-PARC: KHe3, 4 with TES: Phys.Rev.Lett. 128 (2022) 11, 112503

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023 30
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e I
X-ray X-ray KHe 6->3 KHe 7->3 KHe 8->3 KHe9->3 KHe 11->3
events events/TF o™,) o) 4435.4 eV 4587.3eV  4696.6 eV
> —| KHe 5->3 :
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Figure 6. SDD energy spectrum and fit of SIDDHARTA-2 and SIDDHARTINO summed data after background suppression

(see text). The kaonic helium signals are seen as well as the kaonic carbon (KC), oxygen (KO), nitrogen (KN) and aluminium
(KAl) peaks.

First measurement ever — Eur.Phys.J.A 59 (2023) 3, 56
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SIDDHARTA-2 Kaonic Neon

Degrader optimization: sensitivity to 100 microns over all material budget
(about 4 mm materials of various densities) — a very delicate and
fundamental operation (knowledge of material budget at 2.5% level)

-50 -40 -30 -20 -10 +10 +20 +30 +40 +50 mm
\\
3
2
S -
g
-
/
z
Em Side view
S
7 6 ["i00um ]
8 50 150um
Lw
Bom | 200um
| = i
boost anti-boost Y

Figure 6. Nearest lo optimal configuration of the Mylar degrader: the circle represents
the size of the entrance window of the vacuum chamber; direction ‘Y” points to the outer
side of the DA®NE ring, corresponding to the anti-boost side for kaons. The degrader
has eight steps to compensate for the boost effect, with thicknesses shown in the lower
part of the figure.
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SIDDHARTA-2 Kaonic Neon

Degrader optimization: sensitivity to 100 microns over all material budget
(about 4 mm materials of various densities) — a very delicate and
fundamental operation (knowledge of material budget at 2.5% level)

All degraders; 275 SDDs; L = 124 pb!

10000

> .
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.. Quarks and hadron dynamics

Fisica
Nucleare KAONNIS: low energy kaons interaction studies at Dafne and J-PARC

e

Progettazione: 6 m.u. Ottimizzazione supporteria/schermature/ setup
SIDDHARTA-2 piu nuovi setup misure con nuovi rivelatori SDD 1mm; test
Ge, CdZnTe e VOXES

Officina meccanica: 4 m.u. per costruzioni supporterie, schermature,
setup SDD 1mm, test setup Ge, CdZnTe VOXES

Tecnici: 2 x 0.5 FTE installazioni e costruzioni varie

Continue
SIDDHARTA-2 Run

o low energy kaons interaction

1 and HPGe and
CdZnTe setups tests
DA®NE Summer
Shutdow
Autunno 2023
Start 2024

SIDDHARTA-2

Run 1 and HPGe
and CdZnTe
SIDDHARTA-2 setups tests

setup preparation
till early March‘23

. Marzo-Luglio 2023
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o 3D imaging of the nucleon

Parton Distribution Functions Form Factors

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023 36



Quarks and hadron dynamics @012 (CINFN

Istituto Nazionale di Fisica Nucleare

Anagrafica: M. Mirazita (100%, resp), A. Gyurjinyan (AdR, 100% STRONG),
P. Rossi (0%), S. Tomassini (20%)

Attivita di ricerca nella Sala B del Jefferson Lab con lo spettrometro

CLAS

o manutenzione del RICH di CLAS12 (installazione completata a giugno
2022), sviluppo di software

o contributo alle analisi sperimentali della collaborazione su calibrazione
dei rivelatori, verifica delle analisi, revisione degli articoli

Attivita programmata per il prossimo anno

o Continuazione della presa dati di CLAS12

o Avvio analisi con K nello stato finale e con la PID dal RICH

o Sviluppo nuovi strumenti software per la ricostruzione del RICH

Richieste economiche
Metabolismo per manutenzione RICH
Missioni al Jefferson Lab: turni presa dati, meeting di Collaborazione,

sviluppo di software per il RICH

Dettaglio delle cifre da discutere nella riunione nazionale di JLAB12
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o 3D imaging of the nucleon

- Quarks and hadron dynamics e.d ‘ ab12 INFN

Istituto Nazionale di Fisica Nucleare
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The CLAS12 experiment is taking data in Hall B since January 2018
with several experiments (Run Groups)
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The CLAS12 experiment is taking data in Hall B since January 2018
with several experiments (Run Groups)

Nucleon structure (SIDIS,DVCS,DVMP), 50%

RG-A Unpol. LH2, 11 GeV
spectroscopy, J/y
RG-B Unpol. LD2, 11 GeV Nucleon structure (SIDIS,DVCS,DVMP), 50%
spectroscopy, | /y
RG-K sl s it Spectroscopy, hybrid baryon and mesons 15%
energy
RG-M Nuclear targets, lower Data for n expe.rlme.nts, sh01.'t range 80%
energy correlations in nuclei
RG-F Gaseous target, RTPC Free neutron structure 100%

for recoil, 11 GeV

hﬁ,uhﬁﬁ.r

)

f
'
w-.h,

\

[ »l J
Ijll -I = i ’ﬂ-— - . - {
T e

|

Target polarization during RGC

experiment: P(NH3)~70%, P(ND3)~50%

2022-23: First experiment with polarized targets

RG-c  -ong-pol NH3ND3, 11GeV, ) oo ctructure (SIDIS,DVCS,DVMP)  65%

2 RICH modules
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The first CLAS12 publications were based onabout 20% of the data taken in
2018 on unpolarized proton target and processed in summer 2020

1. Nucleon distribution functions in SIDIS
2. GPDs in exclusive reactions

Many more analysis in progress on proton and deuteron targets: DIS cross
section, DVMP 10 and p0, ]/, DVCS, plus several analysis on old CLAS 6 GeV

.
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Nucleare
Implementation of Al assisted algorithm for

o track reconstruction
o denoising

From 10 to 35% increase in the reconstruction efficiency
Al-assisted
/7

.
v . W

o 3D imaging of the nucleon

- EEEERAAE

g i b3 10 13 ol | i3 -1
Tl = 'm0 '] Bl g m BT Hieyt
conventional

The complete (and last?) reprocessing of all the data taken so far has started
this June and will continue for the next months. In parallel the Monte Carlo
simulations will also start = New publications
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o 3D imaging of the nucleon
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o implementation of the second module
o optimization of the info output
o new and improved calibration and alignment tools

Laboratori Nazionali di Frascati

Complete revision of the RICH reconstruction software
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A workshop dedicated to the Kaon physics with CLAS12 has been
organized in December 2022 at LNF
o about 20 participants, half of them in person
o 2 half-days dedicated to physics
1. single and double hadron final states with kaons
2. Current vs Target fragmentation regions
3. multidimensional fits to extract the relevant amplitudes
o 2 half-day dedicated to technical aspects
o application of ML techniques to improve the quality of the alignment
of the RICH components
o Al assisted particle ID in the RICH based on hit pattern recognition:

similar approach used successfully to improve CLAS12 tracking
efficiency

o 3D imaging of the nucleon

Encoder Decoder

preliminary MC studies
of the new Al assisted

" RICH ID
v//é'z‘\\ Network: Use computational Graph with MLP and
S

Convolutional Autoencoder.
Z
>

L v Yo
SO
B A O+

» Input to CNN: The image of hits in RICH detector

> Input to MLP: Particle detector intersection
parameters and particle momentum and direction. 43
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15 Publications (2021-2022) vie Afferenza (%)
Nature Physics 17 (2021) 1, 74-78 Andrea Addazi 2l
Eur.Phys..C 81 (2021) 8, 773 Massimiliano Bazzi &
Physics of Life Reviews, Volume 42, (2022) Maurizio Benfatto >0
Alberto Clozza 50
o8 Catalina Oana Curceanu 30
External projects: Carlo Guaraldo
Antonino Marciano 50
EU FET - TEQ Johann Marton
Centro Ricerche Enrico Fermi Fabrizio Napolitano 80
Foundational Questions Institute FQXi Elisabetta Pace 80
John Templeton Foundation Kristian Piscicchia 100
Alessio Porcelli 100
Diana Laura Sirghi 30

FTE totali 6.5
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Physics cases explored by the VIP experiment family:

VIP-3: PEPV scan over intermediate Z materials

VIP-GATOR collaboration: PEPV scan for high Z materials
VIP-CLOSED SYSTEM - experimental test of Quantum Gravity models
Other tests of Quantum Mechanics (collapse models) and quantum
applications — collaboration with Lajos Diosi; Roger Penrose; Steve
Adler

O O 0O

VIP-2 — new SDD detectors SDD:
higher resolution: 190 eV (fwhm)
faster (triggerable) — VETO system
higher acceptance

higher current — low background
higher efficiency

OO O0OO0OO0

VIP-CLOSED SYSTEMS — Ge detectors
O  high radio-purity HPGe & BEGe
O several targets
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VIP-2 setup at LNGS and status
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VIP-2
VIP = Violation Pauli Exclusion Principle (PEP) 1. version 1 with 6 SDDs (SIDDHARTA type) installed at LNGS end of 2015 - data taking (no
Perform experimental test of PEP for e- at LNGS to reduce shielding) till 2017

2. VIP-2 with upgraded SDDs (4 arrays of 2x4 SDD detectors) installed at LNGS in April 2018;
tests and data taking without shielding till November 2018

: : 3.  Shielding installed in November 2018 - data taking till May 2021

International collaboration: LNF, LNGS, Ts Univ. and INFN; 4.  VIP-2 Maintenance/renovation during shack renovation (Data taking Dec-2022-ongoing),

SMI-OAW (Austria); IFIN-HH (Romania); Neuchatel U. _ Current modulation data analyzed (paper under finalization)

(Switzerland); Uni & INFN BO; Fudan Univ. (China), Chengdu Univ. . h R T

(China); IAS Princeton; Wigner Institute VIP-3: new SDDs 1mm thick produced (FBK+PoliMi), setup under finalization,
Acta Phys.Polon.A 142 (2022) 3, 361-366

Optimization, design and realization of test VIP-GATOR setup (HPGe + copper target

with current),

2 29 i 26
p*/2< 4x10°"— previous limit < 1.7xx10%° (PLB 328, 1990, 438) VIP-Closed Systems (HPGe + Roman Lead & other targets) & BEGe
= VIP-2 aims at an improvement of at least 2 orders of magnitude

X-ray background

VIP already established a probability of PEP violation

VIP upgrade (CCD detectors replaced by SDD): VIP-2 in
data taking at LNGS
Other tests of Quantum Mechanics (collapse models) and

quantum applications — collaboration with Roger Penrose, Steve
Adler
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High purity Ge detector measurement

o Advanced phenomenological studies of anisotropy effects on the
PEP Violation amplitude predicted in Quantum Gravity Models
o Ongoing design of a dedicated experiment

Ongoing activity: BEGe detector

o Improved setup
1.  Flash-ADC-Computer optical fibre interface
2.  wide band low noise amplifier
3. extremely-low noise power supply for digitizer and amplifier

o New Pulse shape discrimination algorithm convolutional neural
networks based,

o Data taking and data analyses ongoing
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VIP-2:

o Finalize and submit for publication the papers on data analyses whole
statistics (at least 1 paper), study and optimization of the data taking strategy
and continuation of Monte Carlo simulations and studies for optimization of
the run

o VIP-3 Open Systems with Ag, Sn, Pd targets and 1mm SDD detectors
(preparation of the VIP-3 setup and run 2023-2025)

VIP-Lead:

o Finalize and submit for publication new analysis on theoretical interpretation

of the VIP-lead results (k-Poncaré parametrization of the probablity in terms of

power expansion of the non-commutativity scale), refined data analyses for

additional targets: V, Pt, Hf, Ta /existent) and study of the limit of PEP-

violation on various materials, which has strong impact on quantum gravity

inspired models

Continuation collaboration with theoreticians

Analysis of the data collected with BEGe detector

o Studies in Frascati laboratory of a possible setup to test anisotropy effects -
quantum-gravity tests

o O

Miss. TRA INV MAN CON Totale

25 0 20 10 40 95
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NUC ; eare

6. APPLICATIONS AND

SOCIETAL BENEFITS
FOOT
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«Improve the tumor treatments in hadrontherapy by
studying the behavior of the particle beams usually
employed»

Nuclear fragments: important source of biological
damage, both for cancer cells and for nearby healthy
tissues.

— it is of fundamental importance to have a deep
knowledge of this process in order to make the most
effective and safe medical treatment.

High-precision measurements of the nuclear
fragmentation cross-section of medium-light ions
(Carbon, Nitrogen, Oxygen)

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023
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o | FOOT experiment
Nucleare

«Improve the tumor treatments in hadrontherapy by
studying the behavior of the particle beams usually
employed»

Nuclear fragments: important source of biological
damage, both for cancer cells and for nearby healthy
tissues.

— it is of fundamental importance to have a deep
knowledge of this process in order to make the most
effective and safe medical treatment.

High-precision measurements of the nuclear
fragmentation cross-section of medium-light ions
(Carbon, Nitrogen, Oxygen)

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023 3
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Fixed target experiment: the beams of interest, with an energy of
hundreds of MeV, impinge on a material representative of the human
tissue (mainly hydrogen, carbon and oxygen) and the produced
fragments are detected and measured by a multi-purpose detector

1. Start counter to monitor the primary particle rates

2. Beam monitor: low-density material to minimize multiple scattering,
aiming at measuring the direction and the impinging point of the ion
beam on the target

Vertex/Trackers/MSD: combined for tracking

4. ToF/Calorimeter for PID

Halbach magnets
Target
RN W
|
Monitor

=

BGO
Calo

REEE CONITar Vertex Inner Silicon
tracker Microstrips
@LNF:

1. vertex tracker
2. inner tracker
mechanical support
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«Improve the tumor treatments in hadrontherapy by
studying the behavior of the particle beams usually
employed»

Nuclear fragments: important source of biological
damage, both for cancer cells and for nearby healthy
tissues.

— it is of fundamental importance to have a deep
knowledge of this process in order to make the most
effective and safe medical treatment.

High-precision measurements of the nuclear
fragmentation cross-section of medium-light ions
(Carbon, Nitrogen, Oxygen)
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FOOT tracker mechanical setup:

o Final mechanical design available

o Electronic system support table ordered

o Inner Tracker readout electronics (Terasic boards) mechanical support
under design.

Pixel vertex detector
o Used at GSI and at CNAO (last november)
o New Vertex readout board under production

Inner Tracker

o Plume ladder assembly process definition concluded in Strasbourg

o All production tools available

o First module tested at LNF, wrong bonding discovered (bonding plan
modified)

o 10 modules assembled

o 1ladder (out of 5) assembled (problems in dead sensors!!!) =
SHOWSTOPPER

o All needed hardware/software pieces available

o Intermediate PC readout software (event building) written and tested at
CNAO (for 2 channels out of 8 - extension to 8 not a problem)
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Inner tracker mechanical support

:_ v >
Vertex nical support -
~ . Four final ladders in Frascati (tested in Strasbourg,

under test at LNF)
o Fifth ladder (spare) to be assembled in Strasbourg

o Cabling under way: control, trigger, power, console
cables system to be used for integration test
at the BTF (LNF) end of September 2023.

Magnets expected to be delivered at LNF at the end of
August

Overall arrangement
(partially final) foreseen for test beam
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PRIN 2022 (Approved): «High performance DMAPS (Depleted

: Monolithic Active Pixel Sensor) for hadrontherapy»

L e s e S L E, Spiriti (LNF); RU UNIBO: S. Valentinetti

studying the behavior of the particle beams usually

employed» «we propose this project with the aim of significantly improving the
capabilities of the pixel tracker, particularly in terms of the amount of data
_ _ _ that can be collected for the same amount of time and spatial resolution,
Nuclear fragments: important source of biological which for obvious statistical reasons allows for greater accuracy of the

damage, both for cancer cells and for nearby healthy measurements to be made»

tissues. _ _ " _ ,
Goal: improve the detection characteristics of the FOOT experiment’s

replacing the vertex detector by using the MIMOSIS sensor, recently
— it is of fundamental importance to have a deep developed for the CBM experiment by the In2p3 research group in

knowledge of this process in order to make the most [JESECHCEN-S
effective and safe medical treatment.

High-precision measurements of the nuclear
fragmentation cross-section of medium-light ions

(Carbon, Nitrogen, Oxygen) MIMOSIS-1 chip - full scale prototype of one CMOS sensor
v"Matrix dimension: 1024 columns. X 504 rows

v Pixel dimension: 26.88 ym (height) x 30.24 ym (width)

CSN3 activities at LNF, CdL Preventivi - July 6th, 2023 v Fabricated with Tower Semiconductor, 180 nm technology 55
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PRIN 2022 (Approved): «High performance DMAPS (Depleted

Monolithic Active Pixel Sensor) for hadrontherapy»

Key p oints PI: E. Spiriti (LNF); RU UNIBO: S. Valentinetti
Time resolution «we propose this project with the aim of significantly improving the
o MIMOSIS 5 us capabilities of the pixel tracker, particularly in terms of the amount of data
o Ultimate (M28) 185.6 us that can be collected for the same amount of time and spatial resolution,
MIMOSIS - global shutter which for obvious statistical reasons allows for greater accuracy of the
measurements to be made»
Ultimate (M28) - rolling shutter
MIMOSIS active area: Goal: improve the detection characteristics of the FOOT experiment’s
Active area: 30.935x13.520 mm?2 replacing the vertex detector by using the MIMOSIS sensor, recently
Pixel bi h ) 6 38 x 3 0 24 um? developed for the CBM experiment by the In2p3 research group in
1Xel pitch: 26.00 X 50.24 pm Strasbourg.

two sensors per plane:
Active area: about 30x30 mm?2
(similar to FIRST vertex arrangement)

Add one station before target.

MIMOSIS-1 chip - full scale prototype of one CMOS sensor

v Matrix dimension: 1024 columns. X 504 rows

v Pixel dimension: 26.88 ym (height) x 30.24 ym (width)

CSN3 activities at LN, CdL Preventivi - July 6th, 2023 v Fabricated with Tower Semiconductor, 180 nm technology -,
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o ~ FOOT experiment
Nucleare

«Improve the tumor treatments in hadrontherapy by
studying the behavior of the particle beams usually
employed»

Nuclear fragments: important source of biological
damage, both for cancer cells and for nearby healthy
tissues.

— it is of fundamental importance to have a deep
knowledge of this process in order to make the most
effective and safe medical treatment.

High-precision measurements of the nuclear
fragmentation cross-section of medium-light ions
(Carbon, Nitrogen, Oxygen)

Al L e

Attivita FOOT-LNF 2023
Caratterizzazione dei magneti (Laboratorio misure magnetiche)
Assemblaggio del sistema meccanico complessivo (SEA + SPAS)
Test alla BTF del sistema di tracciamento elettronico.
Trasporto al CNAO e test
Turno di presa dati al GSI

Necessario individuare uno spazio ai LNF per 'assemblaggio di cui

sopra.
FOOT Afferenza (%)
Guido Raffone 50
Eleuterio Spiriti 60
Sandro Tomassini 10
MI ME TRA INV C.APP CON Totale
0 15 2 0 4 3 24
57
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Misura di precisione di sezioni d'urto di reazioni indotte da neutroni
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— select neutrons with Ej;, from few meV to GeV, via
time of flight measurements
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Caratterizzazione di un nuovo rivelatore al diamante basato su chip
Timepix3 (il “diamondpix”) per misure di neutroni veloci su plasmi a
confinamento magnetico per la fusione nucleare — studio della capacita
di discriminare i segnali neutronici tramite l'analisi morfologica delle
tracce e la misura in carica. Lintervallo di energia sotto esame vada 1 a
20 MeV, ovvero il range energetico di interesse nel campo della fusione

BN

[

Diamond 10x10 mm?

Timepix3 chip 14x14 mm?

elettrodo di oro spesso 300 nm

Diamante CVD, spessore 500um
bump'bondings Timepix3 chip

[ scheda pcb per Timepix3 |
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A differenza del
Timepix1, il
Timepix3 puo
acquisire
simultaneamente in:
o Counting
(medipix mode)
o Carica (Time over
Threshold mode)
o Tempo (Time of
Arrival mode)

C060: 1.33 MeV gammas
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Caratterizzazione di un nuovo rivelatore al diamante basato su chip
Timepix3 (il “diamondpix”) per misure di neutroni veloci su plasmi a
confinamento magnetico per la fusione nucleare — studio della capacita
di discriminare i segnali neutronici tramite I'analisi morfologica delle
tracce e la misura in carica. L'intervallo di energia sotto esame va da 1 a
20 MeV, ovvero il range energetico di interesse nel campo della fusione

N
L

Diamond 10x10 mm?

¢

o=
s

Timepix3 chip 14x14 mm?

el

04%°
N

pix3 board

elettrodo di oro spesso 300 nm

Diamante CVD, spessore 500um [
bump—bondings/'rdmgﬁi}gfim—'

[ scheda pcb per Timepix3 |
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nTOF

Misure di fascio nell’area EAR1 di n_TOF con i quad Timepix1 al silicio
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Messa a punto di quad-timepix1 al silicio per misure del fascio di
neutroni su n_TOF per diversi intervalli di energia
1.

realizzazione di rivelatori Timepix dotati di convertitori per
neutroni termici basati su B4C e LiF — monitor di fascio e
imaging con neutroni termici

Caratterizzazione di un nuovo quad Timepix3 che consentira di
effettuare misure simultanee di carica e tempo.




Il rivelatore GEMpix per la misura di prodotti carichi da
nTO F reazioni (n, cp) in EAR1 e EAR2 I N F N

Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati

Il rivelatore GEMpix e costituito da una camera tripla-GEM letta
da un quad Timepix1 privo di semiconduttore.

Realizzazione di un rivelatore GEMpix per la misura di prodotti
carichi da reazioni (n, cp):

1. finestra con bersaglio di allumina (Al203) per testare la
risposta ai prodotti carichi che provengono da reazioni con
'ossigeno

2. Infase di valutazione anche un bersaglio di carbonio

Proposal INTC-P-629 — wuso combinato del GEMpix e di un
rivelatore anulare a stato solido realizzato presso gli LNS.

>>

.l \I To the
Neutrons ) - H dump
el | I

1 g | ]

| ] target ]

A ) - GEMPix

O S i e 4

Annular detector in

vacuum chamber
(capture position) TAC

Layout del nuovo rivelatore GEMpix in  Pix
costruzione presso i LNF. La finestra di ingresso
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Il rivelatore GEMpix per la misura di prodotti carichi da reazioni (n, cp) in
EAR1 e EAR2

Realizzazione di un rivelatore GEMpix per la misura di prodotti
carichi da reazioni (n, cp):

1. finestra con bersaglio di allumina (Al203) per testare la
le particelle cariche risposta ai prodotti carichi che provengono da reazioni con

,
interagiscono nel gas e 10551gen_o - . lio di carboni
GO clste sotto 2. In fase di valutazione anche un bersaglio di carbonio

forma di tracce.

Proposal INTC-P-629 — wuso combinato del GEMpix e di un
ALPHA + GAMMA tracks rivelatore anulare a stato solido realizzato presso gli LNS.
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Misura di precisione di sezioni d'urto di reazioni indotte da neutroni
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Conclusioni

o Il coinvolgimento nelle sigle della CSN3 continua in
modo stabile, cosi come le RN

O

Incremento di perso

O

a TI@LNF

Mid-Term Plan for nuclear physics workshop series

o New projects are being designed in the field on nuclear
physics to be proposed at LNF...see next talk

lear Physics Mid Term Plan in Italy

OLNF - SessionQ
—

Laboratori Nazionali del Gran
Sasso

Laboratori Nazionali di Fi

Working group
(Chair)

Future possibilities for nuclear physics at DAFNE

Charged particle detectors
(G. Pasquali, F. Galtarossa, L. Servoli)

Neutron detectors
(C. Massimi, A. Gottardo)

Detectors for medical applications
(R. Catalano, P. Cardarelli, M. Lunardon)

Targets development for nuclear physics
(M. Cavallaro, S. Corradetti)

Detectors for gamma/X-radiation
(A. Scordo, W. Raniero)

New facilities at LNF, LNL and LNS
(A. Di Pietro, A. Gottardo)
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Topic

Nuclear physics at DAFNE
Femtoscopy at SIDDHARTA and ALICE

Pulse shape discrimination, silicon carbide
detectors, active targets

Segmented silicon detectors, heavy ion

detection and spectrometers

Diamond detectors, emulsions and other techniques

Organic scintillators for neutron detection
Detectors for neutron beams and applications
Innovative neutron detectors

Treatment monitoring and optimisation
Dosimetry, quality assurance and radiotherapy
X-ray and gamma imaging

Innovative targets for nuclear physics experiments
Innovative targets for new production facilities

X-ray detectors
Gamma detectors

New facilities at Laboratori Nazionali di Legnaro
New facilities at Laboratori Nazionali del Sud
New facilities for laser-based activities at LNF and LNS
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Nucleare
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Nucleare

«Improve the tumor treatments in hadrontherapy by
studying the behavior of the particle beams usually

employed» Permanent

Plastic Scint.
Magnets dE/dX & TOF
Nuclear fragments: important source of biological =
a
damage, both for cancer cells and for nearby healthy Counter|  LT2reet
tissues. l \ \
(10}

— it is of fundamental importance to have a deep \
knowledge of this process in order to make the most
effective and safe medical treatment.

Silicon Strip Detector

Beam Monitor Silicon Pixel trackers T

High-precision measurements of the nuclear Drift Chamber 5GO
fragmentation cross-section of medium-light ions Calorimeter

(Carbon, Nitrogen, Oxygen)
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VIP = Violation Pauli Exclusion Principle (PEP)
Perform experimental test of PEP for e- at LNGS to reduce
X-ray background

International collaboration: LNF, LNGS, Ts Univ. and INFN;
SMI-OAW (Austria); IFIN-HH (Romania); Neuchatel U.
(Switzerland); Uni & INFN BO; Fudan Univ. (China), Chengdu Univ.
(China); IAS Princeton; Wigner Institute

VIP already established a probability of PEP violation

f?/2< 4x10%°> previous limit < 1.7x1026 (PLB 328, 1990, 438)
= VIP-2 aims at an improvement of at least 2 orders of magnitude

VIP upgrade (CCD detectors replaced by SDD): VIP-2 in
data taking at LNGS
Other tests of Quantum Mechanics (collapse models) and

quantum applications — collaboration with Roger Penrose, Steve
Adler

90%Cl limit on B2

VY
VIP-2 setup at LNGS and status @&

Upper limit fA2/2 vs time

= VIP-2 Internal E

r\w All available data
- 625 days of data taking

CLs: 4.32 103!

T IIIIIIII

f%2<3.23-10* RANDOM WALK

\ Target: 4.7 10-3
Bayes: 4.14 1 04

svv b v b b b B b by e
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Cumulative time [days]
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Signal

Analysis validated by means of frequentist CLs exclusion method,
exploiting Neyman construction for a robust evaluation of the CLs.

Symmetry 2023, 15(2), 480, Phys.Scripta 97 (2022) 8, 084001,
Symmetry 14 (2022) 5, 893, Nuovo Cim.C 45 (2022) 5, 103, App.
Rad. and Isotopes, 197 (2023), 110822
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https://www.sciencedirect.com/journal/applied-radiation-and-isotopes
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o The ALICE Event Processing -
Nodes farm performs both

synchronous and asynchronous o In 2022 the farm run 280 AMD Rome dual-socket 32-
(acting as a GRID node) data cores CPU NUMA nodes each equipped with
reconstruction. 8 AMD 32GB MI50 GPUs

o TheIT infrastructure operates o Due to the observed higher number and size of TPC
on a dual transformer feed able clusters to be processed, in 2023 the farm is being

to sustain up to 2.1 MW of IT expanded with 70 more nodes running AMD 32-GB
load and uses a mixed air-water MI100 GPUs,

cooling system. for a total of 2800 GPUs.

o 2023: work is ongoing to install the new nodes and
commission the ALICE reconstruction SW for the
heterogeneous HW in view of the PbPb run at 50 kHz
(October).
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The measurements are performed by using the n_TOF facility at CERN. In this facility, the neutron beams, produced
by spallation of 20 GeV//c protons from the CERN PS on Pb, uses two different path of flight: a shorter one of 19 m

(very high beam intensity) and a longer one of 185 m (very high energy resolution).

The neutron beams present some unique performances:

3.
4,

a broad energy spectrum, ranging over 12 order of magnitude, from meV to GeV;

an extremely high flux (10!3 neutrons.cm2.bunch-! at the producing Pb block and 10° neutrons.cm2.bunch-
1 on the measuring sample)

an excellent energy resolution (DeltaE/E=10%)

a low duty cycle (0.3 Hz).

Due to these characteristics, these beams allow the study of some reactions until yet unexplored.
In particular, high flux and low duty cycle allow to obtain very precise values of neutron cross sections for both
stable and radioactive samples (even if available in few amount of mass).
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nTOF

LNF has developed GEM detectors for thermal neutrons,
based on the conversion on Boron coated cathode

(*°B(n, @) "Li) — good candidate for He3 detector replacement:

Imaging capability

good time resolution (5 ns),

high gamma rejection (>10°)
high-rate capability O(10 MHz/cm?)
good spatial resolution O(mm)

e

MBGEM : a stack of Borated GEM detector for high efficiency
thermal neutron detection

A Muraro®%19 G.Claps'*, G.Croci®®1%, C.C. Lai®*3 R.De Oliveira?, S.Altieri”, S.Cancelli®®, G.Gorini*%10,
R.Hall-Wilton®®, C.Héglund®?, E.Perelli Cippo®, L.Robinson®, P.Svensson®, and F.Murtas!'»?
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