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Introduction

A Outline of ALICE as unique and
Important development in UK
accelerator science

A Successes and challenges

A Facility capabilities and current/future
research programme
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The ALICE Facility @ Daresbury Laboratory
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The ALICE Facility @ Daresbury Laboratory
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ALICE History & Context

Original conceived as a prototype machine for 4 generation light source.
2003 Project conceived and funded.

2006 First electrons from gun.

2008 Energy recovery established.

2009 Compton backscattered X-ray photons generated

2010 IR-FEL lasing achieved

To o o Do Do

A step in UK accelerator science from 2nd-3rd generation into the 4th
generation of light source.

First SCRF linac operating in the UK.
First DC photoinjector gun in the UK

First free electron laser driven by energy recovery accelerator in
Europe
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ALICE Machine Description

RF System

Superconducting booster + linac
TESLA/ILC/XFEL-Type 9-cell cavities. 1.3 GHz
Linac gradients ~10 MV/m.

Pulsed up to 10 Hz

Beam transport system.

Arcs are isochronous triple bend achromats,
first arc translatable for energy recovery
phase adjustment

Supports bunch trains up t o V%00 Bgnghcompressionchicane Rs =28 cm
Designed to compress bunch length to < 1 pS

o1 i
e =T AR Superconducting
N .
8.35 MeV o @i&%ﬁ Linac

Superconducting
Booster

350 KeV Cavity

with ~ 9° linac chirp

Dipole Chicane
Compressor

FEL Optical Cavity (9.224 m)

Undulator
Oscillator type FEL.

%

DC Gun + Photo Injector

Laser 40 periods

350 kV (currently 230’kV) e Variable gap (12 mm min)
GaAs cathode (1-4 % QE) .Q

delivers bunches 60 pC &

E/IlHZZS) MHz (currently 16.2 Laser Diagnostics

Vacuum (~1e-11 mbar) TW lase

Solenoid for emittance and EO

compensation/focussing ~70 1S duration. 10 Hz

Ti Sapphire

Diagnostics

YAG/OTR screens
Stripline/button BPMs
Electro-optic bunch profile monitor
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ALICE Beam Physics

Injector

AMinimise uncorellated bunch
length and energy spread (< 1
mm, < 0.5 %)

AEmittance around 5& m

Main Loop

ABunch compression via linac
chirp and compressor chicane.
AArc sextupoles provide
linearisation  of longitudinal
phase space.

Measurements

ANot the top priority to achieve
fine grained control of whole beam
phase space (particularly
transverse).

ATHz + electro-optic diagnostic
used to tune bunch compression
to required level.

ASome chirp evident from booster

AThe effect of sextupoles
linearisation is not yet clear.

longitudinal dynamics are the most crucial for FEL
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Simulations and lattice design by C. Gerth,
M. Holder, B. Muratori, H. Owen
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EO work by S. Jamison, T. Ng

Science & Technology
@ Facilities Council

THz signalas function of
phase



ALICE Early Achievements

Energy recovery achieved

Christmas 2008

Without Energy
Recovery
Xrays

M Scintillator
Be window
Laser beam 7

Camera: Interaction region
Pixelfly QE

Electron beam

. .

' LLRF (power demand)
S|gnals without (left)
and
with (right) energy
recovery

With Energy Recovery

Compton backscattering S. Jamison, G. Priebe
achieved November 2009  D-Laundy, E. Seddon
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ALICE Challenges and Solutlons

A ALICE uses several novel and difficult
technologies.

A DC Gun was technically challenging.

I Ceramic insulator problems. Gun
presently limited to 230 kV

I Field emission (FE) from cathode.

A SCRF linac also required optimisation

I Field emission problems after final linac
assembly limited gradient

I Mitigated with Helium processing, and
reduced RF pulse length to achieve
~27 MeV beam energy.

A Beam loading due to LLRF limitations
caused energy droop across bunch
train

i Effect suspected even at 40 pC, 81.25
MHz

i 606Bugenmher solutmn. An additional
pockels cell to reduce bunch rep
frequency to 16 MHz, increasebunch
charge to 60-80 pC.
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He processing by ASTeC RF + cryogenic
groups with assistance from T. Powers
(Jlab)
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Oscillator IR-FEL with undulator borrowed
from Jefferson Lab

Spontaneous IR synchrotron radiation seen
soon after wiggler installed (Dec 2009)

Efforts towards lasing continued alongside
installation, EMMA commissioning, and
other projects

First lasing October 2010

i One week after burst generator installed i 80 pC, 16
MHz

Lasing first achievedat8 Om, aver age
power ~10-30 mW.

Adjusting undulator gap to achieve lasing
578. 0 Om

Gain is lower than expected. Beam
dynamics not optimal.
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FEL group: J.Clarke, N.Thompson,
D. Dunning
Diagnostics: M. Surman, A. Smith
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A

ALICE THz Source

ALICE is a rare source of high
power broadband THz radiation
i Coherent enhancement of

synchrotron radiation through
bunch compression chicane.

Many orders of magnitude more
powerful than conventional
sources
i Laboratory instruments 100 O W,
ALICE ~ kW.
I High peak power, low average
power
Used currently for biological
experiments in-situ, effect of THz
on living cells.

Also useful as bunch length
diagnostic

THz diagnostics: M. Surman.

Liverpool Univ. THz group. P. Weightman,
R. Williams G. Holder, A. Schofield, C.
Turner, P. Harrison

Average power ~ 24 m\W
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