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*Primary Beam: Electrons
* Beam Energy: 12 GeV

* 10>A>0.1 fm

* nucleon — quark transition

* baryon and meson excited states

Enhance equipment
in existing halls

Beam Power: IMW

Beam Current: 90 pA

Max Pass energy: 2.2 GeV
Max Enery Hall A-C: 10.9 GeV
Max Energy Hall D: 12 GeV

*100% Duty Factor (cw) Beam > Polarization

* coincidence experiments
* Four simultaneous beams
* Independent E and |

Secondary beams at high intensity lepton facilities

* spin degrees of freedom
* weak neutral currents
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New physics perspectives at Jlab with secondary beams

 CEBAF provides a high-intensity | | GeV (in future 20+ GeV) electron beam for extracted-beam experiments

e High-intensity secondary beams are produced in the dump(s) fully opportunistically
* The machine can sustain up to ~MW power (100 uA @ 10 GeV, 200 uA @ 5 GeV)

e Hall-A routinely receives ~50-70 nA @ 1| GeV, Hall-D 7-8 uA @ 12 GeV
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* High-intensity secondary beams:

e Muon =

e Neutrino §§ ,—~§ ,.

* Neutrons ’"l%:f

* Light Dark Matter (if it exists) ‘ Al R D = | RS
e “enEan | " BDX fa il)ity' i
* A positron beam is expected in the near . , § =5
future as part of the 22 GeV upgrade of the ' Cooletes | f’ I
machine Svadle - .
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The simulation framework

* Hall-A beam-dump geometry/materials implemented in FLUKA (with JLab RadCon Group)
* FLUKA biasing: xsecs enhancement, ‘leading particle’, importance sampling, threshold T>100 MeV
e GEANT: detailed and realistic descriptions of the detector active volume response

Fluence at the BD exit

FLUKA > Statistics equivalent to ~[022
Geant4 Electron on Target (EOT)
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* Good consistency between G4 and FLUKA for Y and high energy neutrons (T»>100 MeV) in the BD
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Muon beam Muon Beams  Material Science

» Particle Physics
- BDX@Jefferson Lab

* Muon flux estimated using FLUKA for |11 GeV and 22 GeV e- S
beam on Hall-A BD z B8 . e e |
$ High-ener‘gy muon produced via two processes: i; 1E+7 | B PSI _ Fermilab « CERN
* Photo-production of mand k and decay g 1E+6 | : :
* Pair-production: yN -> puN € 1E+5
1E+4 . >
0.01 0.1 1 10 100
Momentum (GeV/c)
22 GeV e- beam
T 11 GeVie-bean * The flux increases with the energy of primary beam:

* Muon flux (I | GeV e- beam): 9 10-7 W/EOT
* Rate ~ 3 108 /s
* Muon (22 GeV e- beam): 5.3 10-¢ W/EOT
* Rate ~ 2 10° u/s
* CERN’s M2 beamline (E,>100GeV - Rate ~2 107)
* Muon flux profile: 0x and 0y, ~ 20 cm

— Sum

— Pair production

§ 10 12 14 16 * The muon flux predicted by FLUKA was validated in a
Eria (O5V) dedicated experiment UBDX in the future BDX area

— Hadron decay

* Bremsstrahlung-like energy spectrum
J(€RQ] * Significant advantage at 22 GeV (higher muon flux and higher energ
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SM Physics: the proton radius

Proton charge radius

Proton Quark
Antiquark

«Proton radius puzzle»

—— e — p scattering
uH spectroscopy - e e —pscattering
uH spectroscopy - ~—s— H spectroscopy

H spectroscopy e H spectroscopy

e — p scattering — PRad ——e— e —pscattering

—

0.80 0.82 0.84 0.86 0.88 0.90 0.92
Proton charge radius, r (fm)

Smaller Bohr radius / closer probing
Reduced radiative effects
Higher momentum transfer at same energy

Independent cross-check
AMBER @ CERN (M2 beam line)
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BSM Physics: muon-phillic forces

* Fixed-target, missing-

momentum experiment
to probe invisibly
decaying particles

Scalar or vector
mediator of a new force

This experiment is
similar to M3

experiment proposed at
FERMILAB

* Muon beam dump
experiment to probe
the visible decay into

ete-(Yy)

e Same infrastructure
requested by BDX
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Neutrino beam

* Low energy Vs due pion and muon decay at rest

e M decay produces a prompt 28.5 MeV v, along with a M
which subsequently decays producing a v, and a v,

* Weak angular dependence
e High-energy v from in-flight pion and muon decay

* Neutrino flux estimated using FLUKA for Il GeV and 22 GeV
primary e- beam on Hall-A BD
* Flux scored on a plane downstream Hall-A beam dump:
* || GeV e- beam: 3 10!7 v/im?2/year (| year corresponding to 1022 EOT)
e 22 GeV e- beam: 9 10!7 v/Im2/year (| year corresponding to 1022 EOT)
* Decay-At-Rest (DAR) energy spectrum
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mt — ut + vy, By ~ 29.8 MeV, almost monochromatic;

' — vy +ve+e", Eyin the range 0-52.8 MeV;
K™ — u™ +vy, Ey ~ 236 MeV, almost monochromatic.
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Off-Axis Flux [v/EOT/m?]
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Detecting CEVNS at JLab
CEVNS (Coherent Elastic nu-Nucleus Scattering)

: Detector e-@ 10 GeV e- @ 20 GeV

* Low-energy neutrinos (<100 MeV) coherent scatter on nucleus | @ oo z,ﬂg;;ff e 2
e neutrino

* The largest xsec for Ey < 100 MeV o

7
* First detected in 2017 on Csl by COHERENT (~ 134 events) R — . A X fhr 10 keV]
; ! : N\ recoil FAme ~
* Low recoil energy due to kinematics O(10 keV) ' i 10 ke

Why interesting?
* weak parameters -> mixing angle
* nuclear properties -> neutrons distribution radius
* sterile neutrino
* neutrino magnetic moment
* non standard interaction mediated by exotic particles

Requirements
* High-intense v-flux
* v-flux energy range: few MeV - few 100 MeV
* detector sensitive to small energy deposition
 small background

The vBDX detector
* |0Om above the dump
* Two detection technologies under study: Csl and LAr-TPC

* Veto system: active (plastic ...) and passive (lead, water, borate
silicone and/or cadmium sheet layers...)

©
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vBDX~-DRIFT: Carbon @i

10% 1072

Coherent Csl new QF

Projected vBDX sensitivity to Ow
sin20w=0.209+0.072_g o9
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Neutrons

-

SecNeutrons@)]Lab SNS@ORNL
electron beam proton beam

Il GeV | GeV

|OOuA = 6.3 1014 e/s .4 mA =8.8 105 p/s
Hall-A BD target Hg target

Energy Range
0 -6GeV
0.1eV - 100.0eV
100.0eV - 100.0keV

100.0keV - 1.0MeV

1.0MeV - 100.0MeV

100.0MeV - 2.0GeV

2.0GeV - 11.0GeV

* FLUKA simulation framework cross checked with SNS data
* Assuming the excavation of the BDX pit (no dedicated near facility)
* Neutron flux sampled around the BD, upstream/downstream of the concrete vault and BDX pit entrance

Tn [1 MeV - 100 MeV]

Tn [100 eV-100 keV]

Tn [100 keV - | MeV]
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Summary

* High-intensity electron beams are a precious source of secondary beams:

* The high intensity (~100uA), medium energy (~10 GeV) CEBAF electron beam at Jefferson lab is ideal for producing
secondary beams

* Light Dark Matter (if it exists)
* Neutrinos
* Muons
* Neutrons
* Realistic simulations performed with FLUKA and GEANT4
* LDM: best beam around the world for a beam-dump experiment
* Muon beams: Bremsstrahlung-like energy spectrum, (100 MeV - 5 GeV), ~10-¢ W/EOT
* Neutrino beams: DAR energy spectrum, (0 - 50 MeV), 3 10!7 v/m2/year
* Neutros beams: may be competitive in certain energy range with world leading facilities
* The 22 GeV upgrade of CEBAF will provide even better secondary beams (in particular muons)

* Secondary beams offer new (opportunistic) opportunities to extend the physics program of lepton-beam facilities

... more at the end of the BDX&Beyond workshop and in the white paper
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