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ABSTRACT

Demonstrating the viability of emerging accelerator science ultimately relies on
experimental validation. A portfolio of beam test facilities at US National
Laboratories and Universities, as well as international facilities in Europe and
Asia, are used to perform research critical to advancing accelerator science and
technology (S&T). These facilities have enabled the pioneering accelerator
research necessary to develop the next generation of energy-frontier and
Intensity-frontier User Facilities. This report provides an overview of the current
portfolio of beam test facilities outlining: the research mission, the recent
achievements, and the upgrades required to keep the US competitive
considering the large investments in accelerator research around the world.

FACILITY The Beam Test Facility mission is carried out at several beam test
LOCATIONS facilities located at U.S. National Laboratories and Universities

Universities

» Texas Petawatt Laser, University of Texas at Austin : :
National Laboratories

= The Cornell-BNL ERL Test Accelerator (CBETA)

= Extreme light laboratory, Lincoln, Nebraska

= ZEUS user facllity, University of Michigan
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MISSION

1. Providing experimental test beds to carry out basic research in advanced
accelerators and beam physics.

2. Developing the S&T needed to enable the next generation of science
facilities and accelerator applications.

3. Educating and training future scientists and engineers.
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National Laboratories

= Accelerator Test Facility (ATF) at BNL
= The Argonne Wakefield Accelerator (AWA) at ANL
= The Berkeley Lab Laser Accelerator (BELLA) Center at LBNL

* The Fermilab Accelerator Science and Technology facility (FAST) at FNAL

= The Faclility for Advanced Accelerator Experimental Tests Il (FACET-IIl) at SLAC

N Neb Linc (In

Research thrust ATF  AWA BELLA FACET-II FAST Capabilities ATF AWA BELLA FACET-II FAST Capabilities ELL Texas ZEUS
Advanced Acceleration operation model Beams & Accelerators
LWFA v (MeV) v (GeV) National user facility v v ~ 100-MeV e v Y p
,J PWFA v (MeV) v(MeV) v (GeV) Accelerator stewardship v v e 10.CoV e P
8 SWFA v (MeV) v/ (MeV) v (GeV) Collaboration v v v
2 proton beams v v P
él IFEL v Beams & Accelerators Lasers
§ ; staging v v v N MaV e— .
» sor Nemm—l _ _ 100-MeV-e v v v v TW-class 800-nm laser (Ti:Sapphire) v P
E‘Elr. positron acceleration v o 10-CeV e P v
Target First Beamline (1BL) BELLA-PW at LBNL . _ PW-class 800-nm laser (Ti:Sapphire) P
Chamber i Particle Source Development ~ 10-CeV e+ P
10m . onp 40 Joule in 30fs (1 PW) plasma-based e- sources % v s PW-class 1057-nm laser (Nd:glass) v
high-charge (~ 100 nC) e~ bunches v
ion acceleration w/ lasers v v Plasmas
proton beams P P
Inverse Compton Scattering v v v plasma capilaries (length [em])
= — NCRF S-band and X-band v
Bunch Field Laser Area ~ ray via filamentation v gas jets v v P
Campressat I . X . | p y , NCRF L-band and X-band v v
n.i é/u coherent X rays from plasmas , heat-pipe oven
LA : SCRF L-band and X-band v PP
} e Beam Physics _ hollow channel
o W . storage ring v
“ L1 i phase-space cooling v v
BTN single e— & crystalline beams v Lasers
Photocathode Gun : : : TW-class 800-nm laser (Ti:Sapphi v v v v
integrable nonlinear opties v cass HL faser { izSapphire) Low Energy Beamline (~25 m) High Energy Beamline (~100 m)
The ATF Experimental extreme bunch compression s PW-class 800-nm laser (Ti:Sapphire) v §,§' T § & = K —
Areas and Beam Lines Diagnostics & Beam Control TW-class 10 pm laser (CO3) v Y R ——_—
novel diagnostics v v v v v Plasmas on - \’ ) /3 — . TINeTT T
-------------------------------- ) N 1 rm/‘" \ poriadulé (C4) HS P Source
\ , : Device Test Area ‘\' * : ~ 4 ML/AT: virtual diagnostics v v v v plasma capilaries (length [cm]) v(2) v(2) v(20) e ju;tm Lom sy
\ nch Compressce
70 MeV Drive Photoinjector \\ \ : ::OT;:JZA;;: ML/AI: improve efficiency v v v gas jets v v v
0001-100nC Charge — ) Layout of the FAST facility at FNAL.
bunch-current shaping v v v v heat-pipe oven v v v
--------------- phase-space/emit. exchange v hollow channel v v
Diagnostic Experimental A
preparation control room ) ZE U S&NO" o " Texas Peta;NSE;
Compressor2 < ~~ 100 TW - = LU UF

P1-P4: pump lasers
Nd:Glass (25J/pump)

50 J (upgrade)

5J (current)

Now commissioning. Majority of User Programs

with electrons beginning Spring 2022 N e b raS ka' Ll n CO I n

(55 "#¢ > Compressor1

U n |Ve FSIty Of Lasér ;ontrol room

lllllllllllllllllllll

y \
\

" \‘\ V" ‘ ‘
; / Compressor

ISO 7 laser cleanroom

University of Michigan

WHAT DOES THE FUTURE HOLD?

THE PROMISE

= AAC aims for GeV/m and beyond at high efficiency
- SWFA, PWFA and LWFA are advancing rapidly

= ABP aims to improve the beam Intensity, Quality, Control &
Prediction
— enabling discoveries in Elementary Particle Physics, Nuclear
Physics, and Materials Sciences

NEXT STEPS
* |[nternational Competition from Europe and Asia in AAC Is on the rise
= Beam Test Facilities Upgrades are needed
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