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Introduction

Inverse Compton scattering provides a path to
4th generation x-ray source laser bear

Doppler upshifting of intense laser sources;
“monochromatic” source

Intense electron beam needed > scattered x-rays

electron beam
Extremely diverse uses
- High energy density physics (shocks, etc.)
- High energy physics
- Polarized positron sourcery
+ Gamma-gamma colliders
- Medicine
- Diagnostics (dichromatic coronary angiography)
* Enhanced dose therapy

A, = A1 2(1+cos(6))y ?



Relativistic electron bunch

Ultrafast laser pulse
v = E/m,c?=10- 200

= 7 / (Ultimate time scale limit)

Scattered photons are
upshifted in energy
Mvgear=2 ad MV jager

Inverse Compton scattering : b, \\
of laser photons by

relativistic electrons \ -A

Scattered pulse duration
determined by transit time
of laser across electrons /’

X-ray photons emitted in a
forward cone with angle ~ 14




Shock physics
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- Fundamental material studies for ICF, etc.
* Pump-probe systems with high power lasers
- EXAFS, Bragg, radiography in fsec time-scale.

Radiograph

shows interface .
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HEP 1: Gamma-Gamma collisions Bl
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Start with an electron linear collider

Collide the electron bunches with a laser pulse just before the IP to
produce high energy photons (100's GeV)
Requires:
- Lasers
* Pulses of 1J / 1ps @ 11,000 pulses / second
- Optics

- Focus pulses inside the IR without interfering with the accelerator or detector




HEP 2: Polarized Positron Sourcery
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- Start with an 2-7 GeV electron linac (dependent on photon choice)

- Collide the electron bunches with a circularly polarized laser pulse to produce high
energy photons (100 MeV)

- Convert gammas W target to obtain the positrons

*  Requires:

- Lasers
Pulses of 1J / 1ps @ 11,000 pulses / second
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Choice of time structure

90° scattering

Short pulse
operation

180° scattering

High flux
operation
90° Scattering 180° Scattering
10 - 100 keV 20 - 200 keV
50 - 100 fs pulse width < 10 ps pulse width
~108 y/pulse (10% bandwidth) ~109 y/pulse (10% bandwidth)




The PLEIADES source

Peak brightness
(y/s/(mm-mrad)*/0.1% BW)

30 KeV X-ray source capabilities

10% LLNL Thomson Source
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Brightness limited by energy?

Picosecond Laser-Electron
InterAction for Dynamic
Evaluation of Structures

Joint project between LLNL and
UCLA

High brightness photoinjector linac
source
— 1 nC, 1-10 ps, 35-100 MeV

FALCON laser
— 10 TW, >50 fs, 800 nm source

Up to 1E9 x-ray photons per pulse
Photon energy tunable > 30 kV



The FALCON laser

OPA signal,
3md

LLNL advanced technology
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Scaling to HEP application:LLNL Mercury laser

front end

Injection and
reversor

Architecture:

- 2 amplifier heads

- angular multiplexing
- 4 pass

vacuum relay

gas-cooled
amplifier head

Goals:

e 100 J

e 10 Hz

* 10% electrical
efficiency

e 2-10 ns

Bandwidth to

Compress

to 2 ps

- Wwavefront correction  gqg cooling, diodes, and Yb:S-FAP crystals




RF Photoinjector

* UCLA responsibility

» 1.6 cell high field S-band (a
la SPARC)
- 28545 MHz(?!)
- Runup 10 5.2 MeV

+ All magnets from UCLA
- Solenoids
- Bypass quads/dipoles
- Final focus

* High field electromagnets Photoinjector and bypasss
- PMQ system!




Electron linac

35 year old 120 MeV
travelling wave linac

High average current
thermionic source for
positron production

4 |linac sections

Solenoid focusing around
each section




Velocity bunching for increased current
(Serafini/Ferrario proposal)

Multi-slit phase space
measurement at Neptune
showing bifurcation in chicane

Enhanced photon
brightness

» Avoid problems of

magnet chicane bunching

Emittance control during
bunching using solenoids
around linacs

Bunching effectively at
lower energy

- Lower final energy spread
- Better final focus...
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» Over factor of 12 bunching shown in
CTR measurements

- Better than Neptune "thin-lens”

performance w I 7w
*  Next measurements: emittance control ]
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Neptune measurements (PWT “thin lens”, no post
acceleration)

Delay (ps)
Recent measurement of velocity bunching
at LLNL PLEIADES
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RMS beam envelope and emittance contro| EMSEE=
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Focusing Magnets
Steering Magnets
Laser Transport
Interaction Chamber
Beam Current Monitors
Beam Position Monitors
Pop-Ins

Electric Dipole

e-Beam Dumps

X-ray CCD

OTR foil

Bend Magnets



Expectrum

* Linear 3D scattering code (Hartemann)
+ Start-to-end with PARMELA...

Peak Brightness (photons/s/mm2/mrad2/0.1% b.w.)
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Advanced X-ray diagnhostics
(LLNL/UCLA)

Transmission x-ray spectrometer
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-Transmission spectrometer
-Aiming also for LCLS work



First light results

Now up to 1E6 photons!

- Nominal timing Ig
-1+ 15 pa

Thomson

0 400 800 1200
Energy (eV)

Masked x-ray CCD image

Timing worked out with gun only...

How do we improve this performance? Final focus...




+ Luminosity demands small beams ¥, = |35,
- Compression gives large energy spread

- Chromatic aberrations - | (&)%) = o

- Demagnification limit "°=\/1+(@°)2[1+(2‘?)2]{@°»5}P

- Cannot remove chromatic aberrations with sextupoles,
etc. Transport too long, costly...

* Quadrupole strength problem

- Cannot expand beam; space-charge "decompensation”
(also with sextupoles)

- Very attractive option: permanent magnet quadrupoles



Permanent magnet quadrupoles

- PMQs stronger than
EMQs
- >500 T/mv. <25 T/m

- PMQs are quite difficult
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High, fixed field PMQ design?
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Moderate field hybrid iron-yoke PMQ design

B (tesla)

0.0

y = 55.644x - 0.0003

Scaled hybrid PMQ for Neptune

We decided to not adjust
strength of PMQs... only
change longitudinal position

We have reinvented camera
optics...

Need over 300 T/m for

PLETADES

- Set by minimum energy of 35
MeV

Some experience already at
UCLA in PM design

- Quads
- Undulators



» Can obtain >500 T/m
* Linearity good over 80%

+ Self/mutual forces small
- Designed at UCLA
» Under construction by

with 8 mm ID

of aperture

industrial PM company




Beam dynamics with 5 PMQ configuration
(35 MeV)
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Beam dynamics with 5 PMQ configuration
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Elegant simulations of FF

5x7 micron spots at 35 MeV!
Emittance growth from aberrations notable in vertical dimension
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Works with only

3 quads... better for

oving
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Near term future for UCLA at PLETADES -

UCLA
L |

Final engineering of PMQ movers

Velocity bunching with emittance control (July 03)
+ Commissioning of PMQ system (August 03)
»+ Commissioning of x-ray spectrometer (Sept. 03)

On to nonlinear Thomson, application experiments...

Clutched moving system for PMQ final focus



New directions

» Desire to extend applications to UCLA

campus
- California NanoSystems Institute

» Use of SPARC or other higher energy

facilities

» Competitive field; we need new ideas!



New directions 1: PEICS i
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Need more photons, especially for medicine/HEP
We have gotten small spot sizes; we need to keep them small
Guiding high power beams only with plasmal

Beam creates own channel; also forms a fiber for the laser. Plasma
Enhanced Inverse Compton Scattering.

Use very high charge, long electron beam...

Studying very seriously the polarized positron source; eliminate 39
out of 40 lasers!

Focusing (E,)

P T N LTET
P e N Laser beam




New directions 1: SAICS

Need higher brightness with short
pulse length

Specific problem SPARC is at too
high energy

Small Angle Inverse Compton
Scattering
Small angle gives

- Lower photon energy with high
energy e-beam; small angle x-rays!

- Luminosity challenges, but higher
brightness

- fs pulse lengths
- Larger spectral width
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Example for SPARC

* "Medical” photons (33 keV)

* Moderate energy is excellent regime
nput:
eam U,_ =200 MeV ﬁe_ =5 mm E, = 2 mm - mrad O, = 0.5 PS
Laser )LL =800nm U, =1] T, =100 f1s Zr =0.4 mm

Crossing angle O = 21.5 deg (not that small...)

ouput T, =106fs N_=7x10" (dE/E) =3.4%

SC

Very high brightness at this energy!




