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Jefferson Lab today 9)Llab12

CEBAF delivers the world’s highest intensity and highest precision multi-GeV electron
beams and has been do so for more than 25 years

Jefferson Lab
CEBAF upgrade completed in ~ // i o
September 2017 e

= CW electron beam

* Emax = 12 GeV 2 A
— Experimental Halls s
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_ _ Continuous Electron Beam Accelerator Facility
Physics operation

» 4 Halls running simultaneously
since January 2018
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Jefferson Lab today Jeff;l%on Lab

HALL D - exploring origin
confinement by studying exotic
mesons

HALL C - precision
determination of valence quark
properties in nucleons and nuclei

i U ( Mk /A
HALL B - understanding the
3D nucleon structure, hadron
spectroscopy and nuclear
effects

HALL A - form factors and
PDFs, hyper nuclear physics,
Physics BSM
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Jefferson Lab Scientific mission @) abi12

» What is the role of gluon excitations in the spectroscopy of light mesons?
* Where is the missing spin in the nucleon?

» Can we reveal a novel landscape of nucleon substructure through 3D
imaging at the femtometer scale?

» What is the relation between short range N-N correlation, the partonic
structure of nuclei and the nature of the nuclear force?

= Can we discover evidence for physics beyond standard model of particle
physics?
12 GeV experimental program is in full swing
» 33 experiments completed out of 91 approved
= ~8 years of physics ahead (~ 30 week/years)

Future opportunities = Higher energy
@ CEBAF = High luminosity
= Positron beam
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Jefferson Lab 22 GeV %JLab12
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Review

A new territory to explore: charm and light quarks in the same Strong interaction physie at th luminosity frontier ith 22 GeY
. electrons at Jefferson Lab
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[ White paper (~450 authors)

— m,, [MeV] = Charmed and light hadron spectroscopy
10 15 20 25 30 = Structure of hadrons: Form Factors, PDFs, TMDs, GPDs,
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- | = QCD in Nuclei and associated Nuclear Modifications and
SCIENCE AT THE i - Dynamics

LUMINOSITY FRONTIER: ‘ B e nasza . LOW energy teStS Of the Standard MOdeI
' e BSM physics

LABORATORI NAZIONALI DI FRASCAT] - INFN (ITALY)
DECEMBER 9-13, 2024
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Jefferson Lab positron beam Jefferson Lab

Why Ce+BAF?

» Electromagnetic form factors

[he European Physical Journal volume 58 - special issue - april - 2022

A

@ Recognized by European Physical Society

Generalized Parton Distribution - GPD of nucleon

V [euinop |eoishyd ueedoing eyy

Test of Standard model Hadrons and Nuclei

Beyond Standard Model physics: |.e. Light Dark Matter

Topical Issue on

“An Experimental Program
with Positron Beams at
Jefferson Lab”

Dark matter - missing energy experiment

edited by Nicolas Alamanos,
Marco Battaglieri,

e’ E E E 5 Douglas Higinbotham, e
. = —_ c Silvia Niccolai, Axel Schmidt
10-8 // Cie A’ miss beam CAL 3 and Eric Voutier
©
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Diagnostic Physics

: s e | i i macropulse macropase An active thick target completed with
0 1 2 g . . .
10 10 10 A specific time structure of the beam is required an hadronic calorimeter constitute the
my [MeV] to avoid e* beam pile-up in the detector. experimental set-up.

2Ty White paper (~250 authors)

The Positron Experimental Program at JLab has
formally started with the C1 approval of 6

Scientific Program - 3 weeks

™ istoctober - aih november 2024 proposals validating the 3 pillars of the JLab
"""""""" f Positron White Paper and constituting 3 calendar
At the INSTITUT PASCAL —’SA.C.l:AY . .
1408 Oreay - Feince years of single hall running.
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JLAB upgrades timeline Jefferson Lab

» Accelerator team has worked up an early schedule and cost estimate
— Schedule assumptions based on a notional timing of when funds might be available (near EIC ramp
down based on EIC V3 profile)

— For completeness, Moller and SoLID (part of 12 GeV program) are shown; positron source dev
shown

« EIC Project is shown

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Moller (MIE, 413.38, CD-2/3) s
SoLID (LRP, Rec 4) .

Positron Source (R&D)

CEBAF Upgrade preCDR/preplan ---
Positron Project (potential) ----

Transport e+
22 GeV Development (R&D)

22 GeV Project (potential) -----
Eic Project (v4.2, cD-1,cD-3A) (NN S

CEBAF Up

Credit to D. Dean
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JLAB secondary beam ‘erson Lab

» CEBAF provides a high-intensity e- beam for extracted-beam experiments
» The machine can sustain up MW power (100 uA @10GeV, 200uA @5GeV)

= Hall-A receives ~50-70uA @ 11GeV inStruments

[‘Mbﬂ |

» High-intensity secondary beams are produced in the dump(s) fully parasitically Secondary Beams at High-Intensity Electron

Accelerator Facilities
Marco Battaglieri !, Andrea Bianconi 23, Mariangela Bondi , Raffaella De Vita !, Antonino Fulci #3*, Giulia Gosta 2,

u M u o n s y Stefano Grazzi *, Hyon-Suk Jo ¢, Changhui Lee ®, Giuseppe Mandaglio *3, Valerio Mascagna 23", Tetiana Nagorna !,
Alessandro Pilloni #°, Marco Spreafico 17, Luca J. Tagliapietra %, Luca Ve 11i 23 and Tc Vittorini 17

- Istituto Nazionale di Fisica Nucleare, Sezione di Genova, 16146 Genova, Italy;
] N e utrl n OS tetiana.nagorna@ge.infn.it (T.N.); tommaso.vittorini@ge.infn.it (T.V.)
y Istituto Nazionale di Fisica Nucleare, Sezione di Pavia, 27100 Pavia, Italy; andrea bianconi@unibs.it (A.B.)
Dipartimento di dell'Infy Universita degli Studi di Brescia, 25123 Brescia, Italy
Istituto Nazionale di Fisica Nucleare, Sezione di Catania, 95125 Catania, Italy;
giuseppe.mandaglio@unime.it (G.M.); pillaus@jlab.org (A.P)
- - - Dipartimento di Scienze MIFT, Universita degli Studi di Messina, 98166 Messina, Italy
- L D M p a rtl C I es ( If exis t S) Department of Physics, Kyungpook National University, Daegu 41566, Republic of Korea
7 Dipartimento di Fisica, Universit degli Studi di Genova, 16126 Genova, Italy
8 NEVNUCLAB, 123 W Nye Lane, Carson City, NV 89706, USA; lucaj@nevnuclab.com
*  Correspondence: antonino.fulci@unime.it

Abstract: The interaction of a high-current O(100 pA), medium energy O(10 GeV) electron beam with
1 g shower of dard model particles in addition to

a thick target O(1m) produces an overwk
hypothetical light dark matter particles. While most of the radiation (gamma, electron/positron) is
contained in the thick target, deep penetrating particles (muons, neutrinos, and light dark matter
particles) propagate over a long distance, producing high-intensity secondary beams. Using sophisti-
cated Monte Carlo simulations based on FLUKA and GEANT4, we explored the characteristics of
secondary muons and neutrinos and (hypothetical) dark scalar particles produced by the interac-

tion of the Jefferson Lab 11 GeV intense electron beam with the experimental Hall-A beam dump.
check for

updates Considering the possible beam energy upgrade, this study was repeated for a 22 GeV CEBAF beam.

Citation: Battaglieri, M.; Bianconi, A.;

- M. De Yita, R.; Fulci, A.; Gosta, Keywords: intensity frontier; neutrino interaction; dark matter; BSM physics; muon beam
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Muon flux @ JLAB Jefferson Lab

» Material Science
Muon Beams
« Particle Physics Flux wW/EOT
Beam Energy 5 2 oy (cm) oy (cm)
. BDX@Jefferson Lab 100 X 100 cm 25 X 25cm
11 GeV 9.8 x 1077 1.5 x 1077 24.6 25.1
22 GeV 7.6 x 107° 1.9 x 107 20.9 20.9

Fermilab

U er,
s
N
\., N
AN

Intensity (1/s)

= Exploiting muon beams would enable the search for a
possible light gauge boson, which would couple

predominantly to muons
1 10

Momentum (GeV/c)

= Such a light boson could be either scalar or a vector
mediator

[y
Q1077

—— 22 GeV e- beam . . .
— eevebanm | ® ItS €xistence would be a viable explanation of g-2 anomaly

» u3BDX @ JLAB

wGeV/EOT

1078

_9 3 [ " [
| = Fixed-target missing momentum
| \ experiment to probe invisibly decaying
f \ particle
s 1071E
10 F um E
_95 — Pair production | " u BDX @ JLAB
10 :E_ 10—]2 VM
710: Hladronlde?aylIIlII 1 L Fooo e b e b b b bl .
105 ) ” 0 2 4 6 8 10 12 14 16 = Muon beam dump experiment to probe
p (GeV) E,, (GeV)

the visible decay into e+e-(yy)
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Neutrino flux @ JLAB Jeffer$on Lab

» Neutrino flux estimated using FLUKA for 11 GeV and 22 GeV primary e- beam on Hall-A
BD

= Low energy part due to pion and muon decay at rest

» Tr decay produces a prompt 28.5 MeV v, along with a p witch subsequently decays
producing a ve vy

10_.] F E 10—4

= E - E
g E 11 GeV e- beam S E - 11 GeV e- beam
= High energy v from in-flight pion and kaon decay > [ 22 GeV - beam * oL | T 2oVt
iy d - ¥
107§ " L
? /
107 10~ i
: ’“:(j “!"\L : " frl a 1 A \:
10 “vex, 107 L P Y e
g “*H%}tﬂl‘ E l _ e ¥ f
10° HL‘LF ““Hll o 10
C ’ uh J v 1 E
101)— TN FEENE FEE T FEE T |LJ A_AJI%{’”‘ 10_1(171|:||1||“|H|-|11|:|1 I
0 005 0.1 0.15 02 025 03 035 04 045 0.5 0 005 0. 0.15 02 025 03 035 04 045 05
. E (GeV) E (GeV)
Neutrino
B Detector:
N Dirt c
R
({o)
Muon/Neutrino
R
: : Detector:
" -m Beam Energy Off-Axis Flux [v/EOT/m?] On-Axis Flux [v/EOT/m?]
Y 5 -5 -5
|| ) 08 o 11 GeV 6.7 x 10 29 x 10
| 22 GeV 19 x 1074 6.3 x 107
Concrete
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