LEAP at the ORION Center
Robert L. Byer & Robert H. Siemann

Department of Energy Presentation
November 7, 2001

Accelerator Research Department B

Stanford Iniversity

Laser Acceleration at the
ORION
Center for Advanced Accelerator and Beam Physics

Stanford Linear Accelerator Center

C. D. Barnes, E. R. Colby, B. M. Cowan, R. J. Noble,
D. T. Palmer, R. H. Siemann, J. E. Spencer, D. R. Walz

Free Electron Laser Center, HEPL
T.I Smith, R. L. Swent
Stanford University
R. L. Byer, T. Plettner, J. Wisdom

Accelerator Research Department B

Requirements for Future
High Energy Linear Colliders

Near Term:

+  Center-of-mass energy 0.5-1.0 TeV } ILC
* Luminosity >10% cm? s!

Long Term:

+ >3 TeV and readily extendable
+ Luminosity >10% cm? s”! and increasing with >

Compactness, power efficiency, and reliability
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Requirements for high efficiency
high gradient acceleration

Power efficiency improves with decreasing stored energy

2 E,, — Collider’s center-of-mass energy
P oC GA E G — Accelerator Gradient
ac n cm A — Acceleration field wavelength

1 — power source efficiency

Acceleration gradient improves with decreasing pulse length

Less opportunity for plasma formation

Less energy available for fracture damage
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Effi01ency of Power Sources Crossed Beam Laser Acceleration
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The LEAP Experiment
Technical Roadmap

crossed
laser beams

accelerator
LEAP
1. Demonstrate the physics of laser acceleration in dielectric structures

2. Develop experimental techniques for handling and diagnosing pico-

P
. ; 7 elect
coulomb beams on picosecond timescales T e

3. Develop simple lithographic structures and test with beam

~1em

Presently funded though the DOE-HEP office of Advanced
= o5 # Accelerator Research, original grant in 1997, renewed in
Tomas Plettner and Jim Spencer in 2000
the tunnel aligning LEAP
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Technical Roadmap

Laser Acceleration at the ORION Center

and acceleration

Phase II. D rate optical b
Phase III.  Explore laser accelerator structures
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Phase . Characterize laser/electron interaction in vacuum
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TIR

* Fused
Silica at y i structures offers
1.06W, # several advantages:

Multicell Structure Concepts

() Lithographic production of

* Making highly accurate
structures made of high
damag i dielectrics
is routine

« Complexity is not a

TIR Silicon  TIR significant cost driver

Silicon .

« The process is under
aggressive development by a
$170B-a-year industry

Time-resolved Cerenkov
radiation = Acceleration
measurement

o [ High yield YAG + gated, intens >[4
gnostics for la
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Experimental Requirements
Parameter [ Value [ Comment
Electron Beam Properties
Bunch Charge 50 pC
Beam Energy 60 MeV
Transverse Emittance <25t mm-mr | Normalized
Bunch Length <5ps FWHM
Energy Spread <20keV. FWHM
Pulse Repetition Rate 10 Hz
Laser Beam Properties (for experiment)
Pulse Energy 1mJ]
Pulse Wavelength 800 nm
Pulse Length 0.1-10 ps FWHM, variable
Pulse Repetition Rate 10 Hz
Timing jitter w.r.t. electron beam <1ps

Q=2pC-3nC
N =1-2bunches
€rms < 2—40 mm mrad

| Trms =0.1-2 psec
[ E = 20 - 350 MeV

AE/E =10
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Future Potential
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ORION Center Capabilities

These combined strengths are needed to address the challenges of * LEAP is an example of an Advanced Accelerator program that will
performing laser acceleration experiments: benefit from the upgraded NLCTA at ORION
« A versatile, stable electron source capable of very fine probe beams  The upgraded NLCTA together with diagnostics will enable

. . . s sub-picosecond time-scale laser accelerator experiments.
« High resolution electron and photon beam diagnostics for picosecond

scale measurements * Modularity and versatility have been preserved to insure the facility
. . is suitable to a broad range of potential users

« Broad range of expertise of the Center’s physicists ge ol p
“an accelerator is just a transformer” Pief Panofsky

The potential of advanced acceleration methods can only Alaser accelerator is a new form of transformer.

be realized at a facility with all of these capabilities.
‘When successful, LEAP or future derivatives of LEAP will enable
future high energy (TeV) colliders on the SLAC site.
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Large-Market Technologies

U.S. Government, projected for 2002[1]:
Revenue: $2.1 trillion
DOE and NSF: 3.2+4.5= $7.7 billion

Semiconductor industry, domestic, in 1999[2]:

Revenue: $168.6 billion

R&D: $22 billion
Telecommunications industry, worldwide, proj. for 2001[3]:

Revenue: $1 trillion (including services)

R&D: $25 billion [4] (top 30)

Laser machining & welding, $30 billion/year - laser diode bars

1*The Budget of the United States Government, FY2002”, OMB.
'] “Is Basic Research the Government’s Responsibility?”, Cahners Business Information, (2000).
[3] J. Timmer, “Telecommunications Services Industry”, Hoover's Business Network, (2000).

] “International Science Yearbook 2001, Cahners Business Information, 2001.
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