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Jefferson Lab

Operated for the DOE Office of Science-Nuclear Physics

]efferson Lab Research:
Experimental, computational and theoretical CEBAF
nuclear physics o

» Accelerator Science, SRF technologies and
FEL

* Radiation detectors and medical imaging

* Cryogenic technology

* 1530 users from 236 institutions and 31
countries

Cryogenics

RF Energy Feeds
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12 GeV CEBAF Overview

* Polarized electron beam (P>85%) £P
« Four 249.5 (or 499) MHz interleaved 1 ey Linae K* —\
beams, generating a 1497 MHz CW 1497 MHz

\

beam 123 MeV Injector
Fiber Lasers Ha97 Mz \ RF separat
249.5/499 MHz A C 4951750 Mtz
Wil =
Gun Double Sided
Septum
« CW SRF linacs « Flexible extraction options for
* Design energy 2.2 GeV/pass: ABC, 1st...5% pass
e Spasses,11GeV (HallsAB&C) . HallA&C 1MW high power
» 5.5 passes, 12 GeV (Hall-D) dumps
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CEBAF Injector

Beam properties at the experimental target are
determined by the beam properties in the injector.

5MeV Spectrometer

Chopper

Bunchlength Mott
Prebuncher Al A2 Buncher Capture Cavity
Gun#2
_@ ﬁ N AN > To the rest of the injector

7 = 7
V-Wien PCup H-Wien FC#1 FC#2
1/4 Cryo

500 keV Dump

Gun#3

* Four lasers used to create 4 « Gun Voltage 130 kV (upgrade
independent elec?t}ron beams (249.5 planned to 200 kV)
or 499 MHz repetition rate).  Longitudinal Spin alignment at

* Strained GaAs cathode produces the hall achieved via Wien filters
polarized beam with polarizations « Large dynamic range in beam
over 85%. currents: nA’s to Halls B&D,

* Polarization is flipped (flip rate up to 100’s uA to Halls A&C
1 kHz)
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CEBAF GaAs Photocathode Evolution

Bulk GaAs Strained GaAs: Supetlattice GaAs:
GaAs on GaAsP Layers of GaAs on GaAsP
: :
S 2
- =
.
625 um 3
350 um
QE ~ 5%, 30 mA/W QE ~ 0.2%, 1 mA/W QE ~ 1%, 6 mA/W
Pol ~ 35% @ 780 nm Pol ~ 75% (@ 850 nm Pol ~ 85% @ 780 nm

35%  35% 75% -
30uA  100uA 50uA 100

1995 1998 1999 2000 2004 2012 2016

Spin Polarized Electron programs (particularly Parity Violation (PV) Users)
have driven the need for improved performance over last 20+ years
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Beam Parameters @ 12 GeV (2.2 GeV/pass)

Beam Energy (MeV)

Beam Energy (MeV)
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| Enérg'y S];Sréad .
OE/E <5 x 104

12 GeV CEBAF beam transport ready
to support the physics program
Growth in emittance/energy spread due
. | to synchrotron radiation.

Accelerator modeling of growth in
emittance/energy spread agrees well
with expectations.

Energy Spread
[ ]
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LERF (formerly FEL)

* Consists of an energy-recovery superconducting linear accelerator of
~170 MeV

* IR and UV wigglers exist to create laser light

* The accelerator is fully operational, but suffers from lack of funded
operating hours

* Beam was successfully delivered to the DarkLight in August 2016

* LERF is fully operational

* Only superconducting energy
recovery linac in the world

* LERF will operate for

e i W e DarkLight experiment
e AT A J - Still seeking other programs
r ¥ e :
VE:-‘"X: and stable operating funds

Office of
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LERF and CEBAF Beam Parameters

Max. Energy

Duty Factor
Max. Beam Power
Bunch Charge (Min-Max)
Repetition Rate on Target
Nominal Hall Repetition Rate
Number of Exp. Halls
Max. Number of Passes

Emittance (geometric) at full
energy

Energy Spread at full energy

Polarization

Office of

170 MeV 11 GeV (ABC)
12 GeV (D)
CW CW
>1 MW 1 MW
60-135 pC 0.004 fC — 1.3 pC
4.68 - 74.85 MHz 31.2 - 499 MHz
74.85 MHz 249.5 MHz~
1 4
1 5.5
50 nm-rad(X)/30 nm-rad(Y) 3 nm-rad(X)/1 nm-rad(Y)
@ 135 pC
0.02% 0.018%
None >85%
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Positron beams

* Technique for the production of polarized positrons demonstrated at
JLab Abbott Phys. Rev. Lett. 116, 214801

Internatlonal Workshop on Physms w1th Posnrons at Jlab (] Posl7)

SEPTEMBI
Jefferson Lab

www.jlab.org/conferences/JPos2017

TOPICS

e Multi-photon physics

* Deeply virtual Compton seattering

* Electroweak structure of hadrons

e Heavy quark production

* Beyond the Standard Model physics

* Low energy polarized positron beam applications
 Polarized electron and positron sources

e Multi-turn accumulation and fast kickers

e Positron beams at CEBAF, JLEIC and LERF

Office of ———J A
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End Station D
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End Stations A,B & C

Hall A

Hadron L

HRS + SBS Tracker

Scattering
chamber

= Chiral symmetry broken, confinement occurs
"PDFs, TMDs, GPDs

= How does QCD lead to confinement?
=Study confinement forces

= Quarks attain masses dynamically
mElastic and resonance form factors

® Transition is driven by baryon excitations
=Search for missing baryons
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JLab Approved Experiments

“The ransveH_se structure of the hadron 3D StTUciure o 5 tracio S
“The [onagitudinal structure of the Pacg _ow-energy test g
M The Hadron spectra as probes o D Hadrorsarerecgraaciear matter
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| | | | |
Hall A Hall B Hall C Hall D LERF/Injector

« APEX (Hall A) HPS (Hall B) DarkLight (LERF)
« MOLLER (Hall A) BDX (Hall ADump) JEF (Hall D)
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——————— e e

A / & APEX (H&].].-A) Electron, P = E0/2 i\\\\
6 : ): €_|_ T T .

, Beam
Nucleus W target

See | Visible A: o
, (enhance ete- rate
Jlab A’ Searches relative to 77 rate)

Dark Matter @ JLab: Myy.> A’

HPS (Hall-B)

Linear [} ECAL
Actuators B 3
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Dark Matter @ JLab: Myy. < A’

A/

Nucleus
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Hall A Beam Dump / C1

BDX (Hall-A)

X
X

— Vertical overburden £ 10.0 mwe

— Dirt density = 1.7 g/, m®

— Concrete density 5/2.7 g/cm3

— BDX dimensions 470 x 165 x 250 cm®
[ Tron = 660 cm, Wglight=381 t

[~ Grade level = 763 cm above beamline
grade level

™ Dump to detecfr = 2060 cm
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Beam dump experiments
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End Station D
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Main Program: Meson Spectroscopy
Leptophobic Dark Photon searches in
Rare n->By->an’y decays
Low mass vector mesons in yp->Bp

Fanelli J.Phys. G44 (2017) 014002

~ GlueX (Phase IV) 1
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Dark Matter @ JLab: sin46

» Parity violated experiment with unprecedented precision

» Standard Model expectation: A, = 36 ppb (@ Q% = 0.0056 GeV/c?)
* 0A,,=0.74 ppb

» Agreement with SM places limits on dark Z interference.

detector

Maller

liquid
hydrogen
target

electron
beam
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Summary

The JLab electron beam facilities, 10* BT
CEBAF and LEREF, are actively being ..
used to search for Dark Matter.

107 g

EPP3

10‘6 =N
Enabling beam properties include: _1'-

i e  FE774 v’#
* Low beam halo (HPS, DarkLight) ..
« Beam stability N\ '

Born+NLO MOLLER

 High beam polarization and parity ’ E137

quality 10" B3 102
* CW beam s [GeV] e !
* Large dynamic range in bunch Aleksejevs et. al. (arXiv:1603.03006v1)

charge (beam current)

* Beam energies from 100 MeV up to
12 GeV
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Backup
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DAR Concept

Arizona State U., Hampton U., Jefferson Lab, MIT, CEA Saclay, Stony Brook U., Temple U.

® SearCh for BSM phySICS Vla e+e- aggressive pumplng Up_ and
production in ep scattering downstream maintains beam
(A, fifth force, ...?) 0.5 T solenoid contains Mgaller e- vacuum outside target

and used for pr measurement

* Thin (few x 10'9/cm?) target to
allow detection of full eteep
final state

 JLab's LERF (5mA, 100MeV)
beam on internal target to
overcome small coupling
(~ab'/mo) i =

Phase 1A

* Phase 1A ran in Summer 2016,
operated solenoid and target Small prototype detector

up to 2.5 Torr (10%%/cm?2 in package to test performance

60cm) narrow-aperture baffles for in beam environment
windowless entrance to target

Office of ——-J A
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DAR Status

Fixed spectrometer arm

_ . measures ep elastic e- peak
Phase 1A: Explored energy Carbon foil targets for luminosity monitor

recovery limits of LERF with \
experiment in place. Currently
upgrading and testing gas/vacuum
system for future running

Phase 1B (right): Measures
radiative Mgller rates. Initial test/
run at MIT's HVRL, Summer 2017

Phase 1C: Proof-of-principle
detector focused on low A' mass

Phase 1B |

Work supported by the DOE Offices of Movable spectrometler arm measures
High Energy and Nuclear Physics ~in Mall « and radiative tai
and the NSF under an MRI Award & I HgTer pedicand radiaiive 1l

Office of —
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Parity Quality Beam (POQB) Parameters

Experiment Energy  Pol I Target Apv Charge Position Angle Size Diff
Expected Asym Diff Diff (6o /o)
(Gev) (%) (kA) (ppb) (ppb) (nm) (nrad)
HAPPEx-1 (Achieved) 3.3 388 100 H (15 cm) 15,050 200 12 3
68.8 40
GO-Forward (Achieved) 3 737 40 14 (20 cm)  3,000-40,000 3004300 7+4 3+1
HAPPEx-11 (Achieved) 3 87.1 55  'H (20 cm) 1,580 400 2 0.2
HAPPEx-11l (Achieved) 3.484 89.4 100 H (25 cm) 23,800 200410 3 0.5+0.1
208
PREx-I (Achieved) 1.056 89.2 70 Pb 65760 85+1 4 1
(0.5 mm)
QWeak-I (Achieved) 1155 89 180 IH (35 cm) 281446 8+15 541 0.1+0.02
Qickels (el In | agn | o@n 18D | T (@5 am) 23445 <100+10  <2+1 <3043 <10~*
Progress)
PREx-II/CREx (To Be | 4 90 70 °Pb 500415  <100410  <1+1 <0.3+0.1  <107*
Scheduled, FY18+7) (0.5mm)
MOLLER (To Be Sched- | 1 9 85  1H (150 cm)  35.6+£0.74  <10+10 <05+05 <0.05+0.05 <10~
uled, FY21+7)

@ PREx-Il and its cousin, CREx, have requirements similar to QWeak-l. 12 GeV
CEBAF can support these experiments without modification.

MOLLER PQB requirements more stringent than previous parity experiments. Upgraded
CEBAF Injector is designed to make achieving these stringent requirements more
routine.
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Parity Quality Beam: Accelerator Perspective

_>

D Number of detected events (normalized) for positive
e helicity, € A D B __ Weak
Number of detected events (normalized) for negative PV = D+ S EM
e helicity, ‘e

This only holds if detector acceptance (or efficiency) is independent of electron spin orientation.

Parity Quality Beam refers to the position, angle, size and charge differences for the two helicity
states averaged over the entire run.

Ax = i E Position difference at the target, typically in the nm range.
Ay =x — :\’ Angle difference at the target, typically in the sub-nrad range.

—

Aq = Q ) Charge asymmetry, 100 — 10 ppb

e

Asx) = :ﬁF—i % Beam size different at target: specification < 10~*, how to measure?

Width of asymmetries folds contributions from:

Entri 5026 I —— Y
Mr;;:‘es .0.5447 © Beam stability, helicity to helicity

107 RMS 8.746 @ Measurement resolution, i.e. new BCM
electronics for QWeak

10
The precision on determining the asymmetry

centroid improves with smaller widths, enabling
40 30 -20 -10 0 10 20 30 faster understanding of the impact of beam
Ax_1102 {um} quality on the Apvy error.
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