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Overview

• Aims	of	talk
• Requirements	from	simulation
• Single	bunch,	single	pass	options:

– Remote	laser	with	free-space	transport
– Remote	laser,	fibre transport	&	near	amplifier

• Commercial	laser	systems
• Performance	reach	for	SPS	PoP:

– Improvement	in	photon	flux	with	geometrical	
squeeze	and	folding

– Incidence	angle	and	wavelength
– Spectral	scans	for	cooling

Outline
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Aims	of	this	talk
From	Brennan’s	slides:

Main objectives
• Verify of simulations on rate of atomic excitation
• Demonstrate matching of characteristics of ion bunches to those of the 

laser bunches, match laser spectrum to width of the atomic excitation and 
achieve resonance for adequate fraction of ion population

• Measure of emitted X-rays, characterisation of flux and spectrum, and 
demonstration of photon extraction from the collision zone

• Demonstrate integration and operation of laser and Fabry-Perot cavity in a 
hadron storage ring

• Demonstrate laser cooling of relativistic beams and investigation of the 
different approaches

• Demonstrate feasibility of relativistic Atomic Physics measurements.

27/3/19 Gamma Factory Meeting CERN 3

Ambition/complexity/cost cut-off
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Aims	of	this	talk
From	Brennan’s	slides:

Single-pass or optical resonator option?

• An important concept to demonstrate is the FP cavity, since this is 
essential for an LHC application

• Highly desirable in the SPS PoP: consider as baseline since many 
aspects are contingent on this

• Adds extra complexity and potential R2E aspects for laser and cavity 
electronics

• Fallback solution of single pass to at least evaluate for performance 
and cost

27/3/19 Gamma Factory Meeting CERN 8
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Aims	of	this	talk

• Baseline	design	is	a	pulsed	1030nm	laser	that	is	remote	controlled	and	tolerant	to	SPS	
radiation	levels	so	can	be	installed	underground,	with	free-space	transport	to	a	Fabry
Perot	(FP)	cavity	[optical	resonator]	to	amplify	the	pulse	energy	by	a	factor	>5000	at	
interaction	point,	and	a	repetition	rate	matched	to	every	bunch	in	the	train:	40	(20)	MHz.

• ->	see	talk	by	Kevin	Cassou.

• This	talk:	asked	to	consider	a	“fall	back	solution	for	a	single	pass	laser	in	case	the	
radiation	issues	for	the	laser	+	FP	in	the	tunnel	prove	insurmountable.”	

• Aim	to	hit	the	same	single	bunch	on	each	23	µs turn:
– SPS	revolution	frequency	43	kHz	==	repetition	rate	of	laser.
– Would	like	same	laser	pulse	energy	at	IP,	with	much	lower	average	energy.

Laser	design	for	SPS	Proof	of	principle	experiment:	
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SPS	bunch	timing

6

• SPS	bunch	structure	 for	Pb ions:
– Krakow	meeting:	“up	to	30	ion	bunches	

in	SPS”…

– At	SPS	frev =	43	kHz	(23µs	per	turn),	say	
24	bunches	at	100ns	the	laser	pulses	
need	only	be	present	for	10%	of	the	
turn?

23	µs

e.g.	23*100	ns

SPS	turn

e.g.	23*100	ns

Single	bunch

Bunch	train
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Summary	of	baseline	laser	+	FP	cavity

• Wavelength:	1030	nm
• Crossing	angle:	2.6	deg

• Optical	resonator	used	to	
amplify	low	pulse	energy	of	
laser	source:

• Initial	laser	pulse	energy:	1	µJ
• FP	cavity	gain:	5000
• Laser	pulse	energy	at	IP:	5	mJ

Parameters

GF PoPe meeting, 26/03/3019 Aurélien MARTENS 4

1.5mm
1.5mm

Laser beam pulse energy 5 mJ
Laser/ion beams crossing angle 2.6°

Cylindrical beam to ease
discussions

Minimal acceptable value 
according to geometrical
contraints
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Summary	of	baseline	laser	+	FP	cavity

• Initial	ion	beam:
• Relativistic	gamma:	96.3
• Energy	spread:	3.10-4

• Initial	ion	bunch	length	400	ps

• Optimisation	of	excitation	
fraction	implies	constraints	on	
laser	pulse	dimensions	at	IP:

Overal optimum fraction of intercepted ions

GF PoPe meeting, 26/03/3019 Aurélien MARTENS 5

Fraction of intercepted ions maximised
over all other parameters

Ion bunch duration is varied (laong with energy spread) from 400ps to 10ps

Transverse laser-beam size Longitudinal laser-beam size

The fraction is maxised over the other parameter

Table	on	previous	slide	“waist”:
wo	H,V =	1.5	mm	(0.361	σ)
σL x,y =	0.54	mm	?

Δt	FWHM	=	10ps		(2.355	σ)
σL z	=	1.275	mm	==	4.25	ps ?
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Summary	of	baseline	laser	+	FP	cavity

• Initial	ion	beam:
• Relativistic	gamma:	96.3
• Energy	spread:	3.10-4

• Initial	ion	bunch	length	400	ps

• Optimisation	of	excitation	
fraction	implies	constraints	on	
laser	pulse	dimensions	at	IP:
Table	on	previous	slide	“waist”:
wo	H,V =	1.5	mm	(0.361	σ)
σL x,y =	0.54	mm	?

Δt	FWHM	=	10ps		(2.355	σ)
σL z	=	1.275	mm	==	4.25	ps ?

Dynamical aspects: 1-sigma particle

GF PoPe meeting, 26/03/3019 Aurélien MARTENS 15
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Longer pulse duration is
worse at start but cooling
gets faster once the ion 
bunch duration is
sufficiently small

Laser-beam 8 to 11 ps
FWHM looks good enough
(ideal: 10ps)
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Single	pass,	single	bunch	laser	requirements

• Repetition	rate	matched	to	SPS		43	kHz
• Pulse	energy	at	IP:		5mJ

– Implies	an	average	power	of	215	W:	
– Far	less	than	power	stored	in	an	FP	cavity	at	5	- 20	MHz,	however,	still	too	much	
optical	power	to	transport	by	fibre	(even	in	photonic	crystal	fibre)

– Laser	layout	options:
a) High	pulse	energy	laser	in	tunnel	near	IP:	would	need	same	radiation	tolerance	as	baseline.	
b) High	pulse	energy	laser	away	from	radiation,	with	>10	m	free-space	beam	transport.
c) Low	pulse	energy	laser	with	fibre	transport,	with	subsequent	amplification	in	tunnel

• Pulse	duration:	FWHM	~10	ps
– Short	pulse	implies	peak	pulse	power	of	500	MW	[again,	far	too	much	for	fibre	transport	without	

option	(c);	even	then,	consider	streched	pulse	in	fibre	and	pulse	compression	in	tunnel]

Requirements	from	simulations:
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Single	pass,	single	bunch	laser	options:	activefiber

As	suggested	by	Valentin	Fedosseev
at	Krakow	workshop
Free	space	beam	output,	up	to	10	mJ

HIGH REPETITION RATE HIGH PULSE ENERGY

Central wavelength 1030 nm

Repetition rate 50 kHz ... 100 MHz 10 kHz ... 20 MHz

Pulse energy up to 300 µJ up to 10 mJ

Peak power up to 1 GW up to 30 GW

Average power up to 1 kW up to 1.5 kW

Pulse duration < 300 fs ... 10 ps adjustable

Polarization linear

Beam quality Close to diffraction-limited, M2 < 1.3

Average-power stability < 0.5 % RMS

Pulse-energy stability < 0.5 % RMS

Beam-pointing stability <5 µrad RMS (< 5 % of nat. divergence)

Additional features Turnkey (no manual adjustment necessary), completely software-controlled, 
temperature-stabilized dust-sealed housings

Options OPA, SHG, THG, HHG, NC, BURST, FASTSWITCH

AFS –  Active Fiber Systems GmbH | Wildenbruchstraße 15 | 07745 Jena | Germany 

www.afs-jena.de | Fon +49 3641 6338902 | Fax +49 3641 6338904 | contact@afs-jena.de 

AFS high-power few-cycle laser system

CUSTOMIZED kW- AND mJ-CLASS
FEMTOSECOND LASER SYSTEMS

CUSTOMIZED kW- AND mJ-CLASS
FEMTOSECOND LASER SYSTEMS

Active Fiber Systems GmbH (AFS) is located in Jena, 

known as the “city of photonics” in Germany. As a

spin-off from the Fraunhofer IOF Jena and the Insti-

tute of Applied Physics at the university of Jena AFS 

represents the expertise of innovative solid-state-laser 

development.

The mission of AFS is to transfer groundbreaking

experimental results to reliable laser systems suit-

able for scientifi c and industrial applications. 

Among the extra-ordinary features of pulsed fi ber 

lasers made by AFS are compact dimensions, consid-

erably reduced production costs as well as fexible and 

outstanding laser parameters.

AFS customized kW- and mJ-class ultrafast laser sys-

tems are based on AFS leading-edge fi ber technology. 

They unite multiple main-amplifi er channels using 

coherent combination, a technology which AFS has 

matured to an industrial grade. Thus, the generated 

laser parameters are, for the fi rst time, not limited by 

physical (optical) constraints of the laser architecture. 

Building on the exceptional performance of AFS fi ber 

lasers, an extreme reliability, remarkable long-term 

stability, compact system design and high wall-plug 

effi ciency can be guaranteed.

              

AFS –  Active Fiber Systems GmbH | Wildenbruchstraße 15 | 07745 Jena | Germany

www.afs-jena.de | Fon +49 3641 6338902 | Fax +49 3641 6338904 | contact@afs-jena.de

kW-class high-repetition-rate fi ber laser

Overview of available laser parameters
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Single	pass,	single	bunch	laser	options:	Trumpf DIRA

Extremely	high	pulse	energy	achievable,	up	to	200	mJ
Pulse	duration	<	2	ps (bandwidth?	/	stretch	pulse?)

TRUMPF Scientific Lasers GmbH + Co. KG
Feringastraße 10a · 85774 Unterföhring · Phone +49 (0) 89 9622888-0950 · Fax +49 (0) 89 9622888-0951
E-Mail info@trumpf-scientific-lasers.com · Homepage www.trumpf-scientific-lasers.com
TLM1mi, 10/01/2017

TRUMPF Scientific Lasers

TRUMPF Scientific Lasers GmbH + Co. KG was founded in May 2012 

as a joint venture between the TRUMPF Group, the world leader in 

machine tools and industrial lasers, and Professor Ferenc Krausz, 

 executive director of the Max Planck Institute of Quantum Optics in 

Garching and professor of physics at Ludwig Maximilians University 

Munich.

TRUMPF is a high-tech company with two divisions: Machine Tools 

and Laser Technology/Electronics. A global network of production, 

sales and service companies supports the business activities of all 

business divisions. 

TRUMPF Scientific Lasers also draws upon the scientific expertise 

and network of its minority shareholder Professor Ferenc Krausz. 

His research background provides invaluable support for TRUMPF 

Scientific Lasers.

TRUMPF Scientific Lasers focuses on high-energy picosecond 

 lasers and on high-power femtosecond laser technology especially 

on  optic parametric amplifiers. Base technology is the TRUMPF 

thin-disk laser technology. TRUMPF Scientific Lasers offers custom-

ized, innovative and high-quality products for scientific and in-

dustrial applications.

Dira Series

Laser systems by TRUMPF Scientific Lasers are indispensable tools 

for the generation of high-power and high-energy picosecond and 

femtosecond laser pulses. 

These robust next-generation light sources provide laser pulses 

with highest energy or only a few oscillations of the electric field. 

Numerous versions and options ensure that you will always get  

a system custom-designed for your project.

The lasers of the Dira series (disk regenerative amplifiers) deliver 

pulses of picosecond duration with up to 200 mJ pulse  energy – the 

highest pulse energy rate extracted from a regenerative amplifier 

available today. The product portfolio covers the  repetition range 

from one to a few hundred kilohertz. The flexible design of the 

Dira series allows for the customization of systems according to 

user requirements.

Special models with a pulse energy up to the joule level or average 

powers of a kilowatt are available upon request.

These lasers are the ideal pump laser for parametric amplification 

stages for high-power, few-cycle femtosecond pulse generation, 

or a perfect driver laser for secondary sources like X-rays.

Dira Series

Dira 200-100 Dira 200-5 Dira 200-1 Dira 500-10 Dira 750-5

Wavelength nm 1030 1030 1030 1030 1030

Max. average power W 200 200 200 500 750 

Max. pulse energy mJ 2 40 200 50 150

Pulse duration ps < 2 < 2 < 2 < 2 < 2

Repetition rate kHz ≥ 100 1 – 100 1 – 100 10 – 100 5 – 100

Beam quality M² < 1.2 < 1.3 < 1.4 < 1.4 < 1.4 

Subject to alteration. Only specifications in our offer and order confirmation are binding.

Product Portfolio

Machine tools / Power tools

Laser technology / Electronics

Dira Series

Machine tools / Power tools

Laser technology / Electronics

Dira Series

DIRA:	Disk	
Regenerative	
Amplifier
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Single	pass,	single	bunch	laser	options:	Amplitude

High	rep	rate	to	40	MHz:
Pulse	duration	to	10	ps
Pulse	energy	only	500	µJ
Factor	ten	less	than	
required	 for	cooling;	good	
enough	 for	photon	
production.
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Single	pass,	single	bunch	laser	options:	Amplitude

High	rep	rate	to	40	MHz:
Pulse	duration	to	10	ps
Pulse	energy	only	150	µJ,
Compatible	with	fibre	
coupling	option	in	hollow	
core	fibre:	e.g.	used	for	
industrial	engraving.
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Single	pass,	single	bunch	laser	options:	V-gen	
Fibre	coupled:	V-gen	laser	used	for	Linac4	laserwire
Wavelength	1064nm	– bit	too	high	for	SPS	ion	energy?

Tuneable	pulse	duration:	3ns,	linewidth	<	0.1nm

IR	short	pulse	MOPA	(master	oscillator	power	amplifier	fibre	laser	
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H- laserwire:	Linac4	profile	&	emittance	scanners

• Dual-station	laserwire	for	operation	at	160	MeV,	measure	stripped	electrons	and	H0

Installation	of	electron	detectorX	&	Y	laser	injection

CHAPTER 3. LASERWIRE FOR H� MACHINES 75

can be estimated using Eq. 2.1 and Eq. 2.2 by replacing �c ! ⌃0 and ⇢e(x, y, z, t) !
⇢H(x, y, z, t), where ⌃0 is the cross-section of the photodetachment process and ⇢H(x, y, z, t)

is the probability distribution function of the H� ion bunch pulse.
The cross section of the photo-detachment process firstly has been measured in [84]

and then calculated and verified by many authors (see for example [85,86]). Total photo-
detachment cross-section as a function of wavelength is presented in Fig. 3.2. As one can
see the photo-detachment cross-section exceeds 3.5⇥10�17 in wavelengths range of 800–
1100 nm. That opens a possibility of use an infra-red laser with a standard wavelength of
1080 nm for the laserwire experiment.

The ion beam size in transverse plane is much smaller than the Rayleigh range of the
laser beam. In this case the variation of the laser beam size across the ion beam can
be neglected and the vertical or horizontal profile of the ion beam can be deconvolved
independently from each other. In this case, assuming that both laser and ion beams have
3D gaussian distribution and the laser pulse is much longer than the ion bunch pulse one
can estimate number of photodetached particles using Eq. 2.13.
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Figure 3.2. Total photo-detachment cross-section (data from Table IV in [85]).

In order to calculate the emittance it is necessary to know a distribution of the neutral-
ized particles at the detector plane. Latest can be calculated by weighting the particles in
the initial distribution (which can be obtained from any standard particle tracking code)
at the IP with a stripping probability for each particle. The stripping probability or the
fraction of the initial H� ions that are neutralised in the volume where the laser intercepts
the ion beam can be derived from the rate of loss of H� (n(t)) due to photo-ionisation
which is given by:

dn

dt
= �⌃0(�)⇢n, (3.1)

here ⌃0(�) - photodetachment cross-section, ⇢ - laser photon flux, t - interaction time of
the ion with the laser beam. Integrating the Eq. 3.1 one can obtain the number of H� ions

• V-gen	laser	powers	4	laserwires in	X	and	Y	at	two	locations

• Up	to	70	m	transport	fibres	in	LMA	fibre,	with	upto ~10	kW	
peak	powers.

• Low	duty	cycle;	amplification	matched	to	accelerator
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PSI	:	photon	pulse	interaction	region

• Note	the	ion	bunch	is	rather	circular	in	cross	section,	σx ~σy and	the	laser	pulse	has	
transverse	dimension	slightly	smaller	than	the	ion	bunch:	the	laser	pulse	moves	
longitudinally	and transversely through	the	ion	bunch.

• Fraction	of	ions	excited	depends	on	spatial-temporal	overlap	of	the	two	beams.
• Probability	of	excitation	depends	on	photon	flux	and	time	spent	by	ion	in	laser field.

Initial	ion	bunch

σΙ x,y =	1	mm

Laser	pulse,	λ =	1030	nm,	5	mJ

wo	H,V =	1.5	mm	(0.361	σ)
σL x,y =	0.54	mm

γ =	96.3	

σΙ z	=	120	mm	==	400	ps
4σΙ z	=	480	mm	==	1.6ns Δt	FWHM	=	10ps		(2.355	σ)

σL z	=	1.275	mm	==	4.25	ps

c

2.6o angle
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Consider	an	alternative	wavelength	and	geometry:

Laser	parameter

Angle to ion beam [radians]
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1000• A	green	laser	was	previously	ruled	out	for	FP	cavity	
scenario	mainly	because	a	frequency	doubled	laser	
(532nm)	is	has	an	inherent	loss	of	pulse	energy,	
and	wavelength	increases	absorption	at	mirrors.

• For	single	pass	design	however,	absorption	is	not	
critical,	and	the	orthogonal	geometry	enables	
photon	flux	to	be	enhanced	by	squeezing	the	
beam	with	focusing	optics	(see	next	slide).

Angle	[deg] Wavelength	[nm] Photon	 energy	[eV]
0 1031.533782 1.202
10 1023.698549 1.211
20 1000.43092 1.239
30 962.4378702 1.288
40 910.8737988 1.361
50 847.3054542 1.463
60 773.6643283 1.603
70 692.1879697 1.791
80 605.3519961 2.048
85 560.7444822 2.211
90 515.7948747 2.404
95 470.8452671 2.633
100 426.2377533 2.909

• Optimisations	so	far	based	on	nearly	head-on	(2.6o)	PSI-photons	collisions	using	1030nm	
(1.2	eV)	laser,	doppler shifted	by	γ =96.3	to	the	atomic	transition	energy	(230.76	eV).	

• Consider	a	radical	change	of	wavelength	and	geometry:
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Photon	flux	enhancement:	laserwire	configuration

• Orthogonal	geometry	gives	narrow	beam	of	photons	(laserwire):		this	reduces	the	
interaction	volume	and	increases	the	photon	flux	for	the	ions	that	pass	through	
this	region.

Reduce	geometrical	overlap

σΙ x,y =	1	mm

wo	H,V =	1.5	mm	(0.361	σ)
σL x,y =	0.54	mm

1030	nm	head	on	 (2.6o)	pulse,	 spreads	over	most	
of	bunch	 in	transverse	plane
Individual	 ions	see	less	photon	 flux

532nm	orthogonal	 pulse,	 focus	photons	 in	
specific	slice	of	ion	bunch.
Laserwire	waist	<<	100um

Improves	photon	 flux	by	factor	~100

Transverse	(XY)	views	of	ion	bunch	 in	blue
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• S.	Boogert	et	al:	Micron-scale	laser-wire	scanner	for	the	KEK	Accelerator	Test	Facility	
extraction	line	Phys.	Rev.	Special	Topics	- Accel.	Beams,	13,	122801	(2010)

• Beam	emittance	measurement	with	 laser	wire	scanners	in	the	International	Linear	Collider	
beam	delivery	system	Phys.	Rev.	Special	Topics	- Accel.	Beams,	10,	112801	(2007),	Issue	11

smaller optical breadboards were placed on either side of
the beam line. Two final mirrors steered the laser light onto
the focusing lens used to create the focus inside the inter-
action chamber, as shown in Fig. 6.

B. Final focus lens

The laser was focused at the interaction point by a
custom doublet lens of focal length 56.6 mm (Fig. 7).
The lens consists of three elements, the first two elements
with curved surfaces and then a vacuum window, which is
an integral part of the lens design. The first curved surface
is aspheric to correct for spherical aberrations. All of the
optical elements were made of fused silica to withstand
both high laser power and a high radiation environment.
The lens has a high damage threshold antireflective coating
to prevent the formation of ghosts within the lens, which
could destroy it. The lens design parameters are shown in
Tables II and III. Equation (10) is the equation describing
an even asphere surface, like the first surface of the final

focus lens (material interface number 1 in Tables II and III
and Fig. 7):

z ¼ cr2

1þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1# ð1þ kÞc2r2

p þ !1r
2 þ !2r

4 þ !3r
6 þ & & & :

(10)

Here z is the distance of the surface in the direction of the
optical axis, c ¼ 1

R , where R is the radius of curvature, k is
the conic constant, and the !i are the higher order terms,
given in Tables II and III. The tilts of the final two mirrors
were controlled by two remote controlled DC-servo linear
actuators. Additionally, the entire interaction chamber, to
which the lens was affixed, could be moved horizontally
(x) and vertically (y), so the lens position both vertically
and along the laser beam propagation axis could be ad-
justed. The laser focus could be moved by either moving
the interaction chamber or changing the tilt of the mirrors.
The focusing lens was also mounted on a manually actu-
ated translation and tilt system, to align the lens with
respect to the chamber center. After the laser beam exits
the interaction chamber another lens was used to recolli-
mate the divergent light from the LWIP. A further lens was
used to bring it to an acceptable size onto a power meter.
This recollimation lens was also remotely movable, so that
both the pre-LWIP and the post-LWIP lenses could be
simultaneously moved in order to keep the same beam
size on the laser power meter and other detectors.

Lens simulation

A simulation of the lens and interaction chamber win-
dow setup was carried out using ZEMAX [21] to find theM2

q

of the lens [Eq. (4)] as a function of input beam size
assuming an input laser with an M2

0 ¼ 1. ZEMAX uses a
Fourier transform based beam propagation model called
‘‘physical optics propagation’’ (POP) to compute laser
intensity on different optical surfaces. The intensity distri-
bution is calculated on a two-dimensional rectangular grid
and the laser beam size at focus computed by calculating
the second moment of the ZEMAX simulated intensity
distribution. The laser beam profiling systems used to
measure the laser beam sizes apply a cut to remove the
background of 0.3% of the peak projected intensity, and
this was also applied to the ZEMAX computed intensity
profiles. It was found that the calculated focused beam
profile was slightly dependent on the grid size used. This
is illustrated in Fig. 8, which shows the input laser beam
size W1 plotted against the focused spot size W0. The
dashed and dotted lines show the minimum and maximum
values of W0 for each value of W1 calculated using the
different grid sizes (128, 256, 512, 1024, and 2048 pixels
squared). The data points were taken using a beam profiler
[22] to measure the focused spot size after the lens using a
continuous wave (CW) laser with an M2

0 of 1 and are an
excellent fit to the simulation. The M2

q of the lens can be

1 2 3 4 5 6

Spherical surfaces wodniw muucaVecafrus cirehpsA

1 0

Interface number

FIG. 7. Diagram of the final focus lens.

FIG. 6. Horizontal section of the laser-wire system, showing
the interaction chamber, focusing lens, collimation lens, and the
final scanning mirror.

MICRON-SCALE LASER-WIRE SCANNER FOR THE KEK . . . Phys. Rev. ST Accel. Beams 13, 122801 (2010)
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operated remotely as part of the data acquisition and
control system for use during an electron beam collision
search. The other two axes are controlled manually for
prior laser focus positioning within the interaction chamber
(Fig. 10). The knife edge was fabricated from a 300 !m
thick single crystal of silicon using etch and mask and then
coated with gold [2].

The laser was aligned in the center of and perpendicular
to the lens surface using the final two mirrors. The vertical
position of the laser beam was changed by moving the
interaction chamber vertically.

D. Compton photon detectors

A laser waist vertical size ("L0) of 5 !m and peak
power of 150 MW incident on an electron beam of charge
1! 1010 electrons with a vertical beam size ("e) of 1 !m
generates 6:8! 104 Compton scattered #-ray photons. The
maximum energy of these photons, using Eq. (9), is
28.6 MeV. The total energy of the scattered photons per
collision is approximately 975 GeV. The scattered photons
exited the extraction line via a 1 mm thick aluminum
window and traveled through 7.7 m of air to the first
detector system. Two types of detector were used to mea-
sure the Compton # rays. The primary detector was an
Aerogel Cherenkov detector. First the # rays were con-
verted into electron-positron pairs using 7.35 mm of lead.
Then the electron-positron pairs radiated Cherenkov radia-
tion in 5.5 cm ofMatsushita Denshi SP-15 Aerogel, with an
area in the beam direction of 10! 10 cm. The refractive
index of the Aerogel is 1.015, with a Cherenkov threshold
of 2.983 MeV. The Cherenkov light was guided down to a
photomultiplier tube (PMT) at floor level which prevents
direct beam induced backgrounds generating a signal in the
PMT. A BDSIM [23] simulation from the LWIP to the
detector was developed and samples of 1000 photons
from the laser wire were simulated. In this simulation
10% of the photons were below the Cherenkov threshold,
1% were converted to eþ e# by the aluminum window and
finally the number of electrons plus the number of posi-
trons above the Aerogel Cherenkov threshold entering the
Aerogel itself was 14% of the number of Compton scat-
tered photons (Fig. 12).
The second detector was a calorimeter composed of a

single (110 mm! 120 mm! 360 mm) lead glass crystal
coupled directly to a photomultiplier tube. This detector
was placed directly behind the Aerogel detector and mea-
sured all the photons that were not converted by the thin
lead plate. This was approximately 85% of the photons
produced at the LWIP. This detector directly measured the
total energy of the Compton scattered photons.
These two methods are complementary, the Cherenkov

detector counting the photons generated and the calorime-
ter measuring the total energy. The charged particle back-
ground environment in the ATF was difficult to control and
a great deal of beam time was required to reduce the
backgrounds in the two detectors while preserving a small
beam size at the LWIP.

E. Data acquisition

The data acquisition (DAQ) system for the laser wire
was based upon multiple small executable programs writ-
ten either in C++ or LABVIEWTM. A central data acquisition

FIG. 10. View of the interaction chamber with the laser exit
side flange removed, showing the 45$ screen/knife edge.

D (4:1)

D

Window

Indium seal

Chamber flange

Copper gasket

Cross−secton

FIG. 11. Cross section of the window clamping and sealing
arrangements.
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• Light	focused	into	interaction	chamber	through	vacuum	window	required	careful	optics	
design	to	deliver	beam	with	minimal	aberrations:

e- laserwires:	ATF	setup
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e- laserwires:	ATF2	setup
Detector

e-

ATF-II Extraction Line Laserwire IP

• Goal: Sub-micron resolution 
laserwire using transmissive optics

• Demonstrate 1μm vertical profile
• Use mode-locked Nd:YAG laser
• 1x1010 e- and ~2GW peak power
• Cherenkov detector for γ-rays

dispersion corrections applied using four upstream skew
quadrupoles in combination.
The CBPM system provides high resolution position

measurement at 45 locations through the extraction line,
matching section, and final focus section of the ATF2. The
majority of the CBPMs are mounted to the pole faces of the
quadrupoles in the matching and final focus sections, with
the remainder at other points in the extraction line. There
are CBPMs in the quadrupoles before and after the LWIP;
however, the CBPM afterwards is on the far side of the
quadrupole, and so the trajectory cannot be treated as
ballistic between the two. A high resolution CBPM,

MFB2FF, is attached to the laserwire vacuum chamber
and moves with it during laserwire scans. MFB2FF has a
typical resolution of 70 nm at the bunch charge used during
laserwire operations over a limited range of< 100 nm [15].
The scanning range of the laserwire exceeds this range and
the mechanical offset and tilt of MFB2FF in relation to the
laserwire vacuum chamber introduced x-y coupling and
degraded the resolution. Therefore, the electron beam
position from MFB2FF was not suitable for spatial jitter
subtraction during laserwire operation.

FIG. 2. Photograph of the laserwire installation in the ATF2
beam line. The electron beam travels from right to left and the
laser beam enters behind the vacuum chamber and exits towards
the reader. The manipulator for the OTR and alignment screen
can be seen on top of the vacuum chamber. The avalanche
photodiode (APD) used for timing and the laser pulse energy
meter can be seen in the foreground. The high resolution CBPM
MFB2FF is also shown attached to the laserwire vacuum
chamber. The small optical breadboard (OTR switch) allows
one to switch between the high power laser path for laserwire and
the low intensity OTR path.

TABLE I. ATF2 parameters.

Parameter Symbol Value Units

Beam energy E 1.30 GeV
Horizontal emittance γϵx 4 × 10−6 m rad
Vertical emittance γϵy 4 × 10−8 m rad
Bunch repetition rate fbunch 3.12 Hz
Bunch length σez ∼30 ps
Electrons per bunch Ne 0.5–10 × 109 e−

Fractional momentum spread Δp=p 0.001

FIG. 3. Electron beam amplitude functions for the end of the
extraction line, matching section and beginning of the final focus
section. These are shown for normal ATF2 operation (top) and for
laserwire operation (bottom). The laserwire and laserwire de-
tector locations are shown by (red) dot-dashed and (blue) dotted
vertical lines, respectively.

FIG. 4. Electron beam amplitude functions about the laserwire
interaction point for normal ATF2 operation (top) where the
vertical waist is located at the MFB2FF cavity BPM, and for
laserwire operation (bottom), where the waist is moved to the
laserwire location.

LASERWIRE AT THE ACCELERATOR TEST FACILITY 2 … Phys. Rev. ST Accel. Beams 17, 072802 (2014)

072802-3

A. Aryshev, S. Boogert L. Corner, 
D. Howell, P. Karataev, K. 
Kruchinin, L. Nevay, N. Terunuma, 
J. Urakawa, R. Walczak
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e- laserwires:	ATF2	laser	beam	characterisation

on the chamber position measurement. The coordinate axes
of the interaction point are shown in Fig. 6.
A screen for both OTR and alignment is mounted on a

vacuum manipulator arm that enters the vacuum chamber
through the top access port. Manual micrometers allow the
manipulator arm and therefore the screen to be moved in
the x and z axes, while motorized actuators control the
angle of the screen θOTR and its vertical position in the
y axis.
After the interaction point (post-LWIP), the laser beam

exits the vacuum chamber through the vacuum window and
is directed by two mirrors onto a laser energy meter. A
plano-convex lens is used to bring the laser beam inside the
active area of the energy meter. The post-LWIP optics are
required to deal with the safe disposal of gigawatt peak
power laser pulses, but also to image OTR, which is ∼1010
lower in intensity. To accomodate this, two separate
switchable optical paths are used. Mirrors for each optical
path are fixed on to a small optical breadboard that is
mounted on top of a translation stage. Figure 7 shows the
layout schematically.
An avalanche photodiode is used to simultaneously

detect the laser light when strongly attenuated and a
combination of OTR, optical diffraction radiation, and
reflected synchrotron radiation [17] from the electron
beam, allowing synchronization of both. The first post-
LWIP high reflectivity dielectic-coated mirror is used to
attenuate the laser pulses without affecting the broad-
band OTR.

E. Detector

The laserwire detector is placed after the BH5X dipole
magnet in the ATF2 lattice, which is the first bend after the
LWIP and constitutes a bend of 2.927°. The box-shaped
vacuum pipe in the dipole has an aluminum window 26 mm

in diameter and 200 μm in thickness at the end that allows
the Compton-scattered photons from the laserwire to be
detected.
The detector consists of a 4 × 4 × 0.6 cm3 (x × y × z)

lead sheet that acts as a converter of photons to electron-
positron pairs, followed by a 4 × 4 × 5 cm3 block of SP15
Aerogel. The Aerogel acts as a Cherenkov radiator for the
electron-positron pairs and the Cherenkov light is guided in
a light tight pipe, internally coated with aluminumized
mylar, to a shielded photomultiplier tube out of the
accelerator plane. The detector linearity was verified in
[10]. Synchrotron radiation background was expected to be
negligible as the synchrotron photon energy at the peak of
its spectrum is ∼0.3 keV, which is insufficient to generate
electron-positron pairs in the lead converter plate.

F. Data acquisition system

The data acquisition system is based around
Experimental Physics and Industrial Control System
(EPICS) database software [18]. This provides an easily
extendable common interface level for all devices that are
part of the experimental system as well as a graphical user
interface using the Extensible Display Manager (EDM) and
Python software for control, data storage, and data analysis.
Individual devices are controlled through LabView or C
software directly, which monitor command variables in the
EPICS database and publish data and measurements to
other variables. A suite of Python programs provides high
level control of the laser system and laserwire experiment.

FIG. 6. Schematic of the beam geometry at the laserwire
interaction point, including the OTR screen at 45° to the electron
beam direction, incoming electron bunch, outgoing electron
bunch, OTR path, laser beam path, and Compton-scattered
photons (γ).

FIG. 7. Schematic of the laserwire (LW) interaction point in
plain view showing the lens and vacuum windows attached to the
vacuum chamber, the laser beam path (green), and post-LWIP
optical switch for the OTR. The laser beam enters at the top of the
diagram and is absorbed in the energy meter. The APD is used for
timing purposes.

L. J. NEVAY et al. Phys. Rev. ST Accel. Beams 17, 072802 (2014)
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• Electron beam 1 x 250μm
• λ= 532nm laser, σ0 = 1μm, M2 (spatial quality) = 1.3
• Rayleigh range = 15μm
• laser σ ~ constant over 30μm << 250μm
• Vertical laserwire scan non-Gaussian
• Use measured laser propagation in overlap integral

Input	4σ	=	12mm
Scaled	focus
4σ	=	50μm

Laserwire	at	the	Accelerator	Test	
Facility	2	with	submicrometer
resolution Phys.	Rev.	Special	Topics	-
Accel.	Beams,	17,	072802	(2014)

elliptical, the major and minor beam widths of the beam
ellipse are shown. The telescope actuator was set at
12.5 mm for the laserwire operation period.
The M2 of the laser was measured by placing a f ¼

1.677 m (at λ ¼ 532 nm) plano-convex lens at the end of
the laser diagnostic line to create a larger focused spot size
over a greater distance. Profiles of the laser beam were
recorded at various positions throughout the focus. The 4σ
widths along the intrinsic laser beam axes are shown in
Fig. 10 along with a fit to the M2 model [Eq. (3)
with Δx ¼ 0].
This shows that the laser is astigmatic with different

focused spot sizes at different locations with different
divergences. The intrinsic axes of the laser were found

to be rotated to the (extrinsic) lab axes by −17.4°. To
deconvolve the laserwire scan, it is the distribution of
photons in the vertical (y) axis that is required. To calculate
this, the laser is assumed to be a bivarate Gaussian as
described by σz;y. As the projection of a bivariate Gaussian
distribution is also Gaussian, the relevant vertical projection
is the maximum extent of the ellipse, σl, depicted in Fig. 11
and described by

σl ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðσlz sin θlÞ2 þ ðσly cos θlÞ2

q
ð7Þ

where θl is the angle of the laser axes with respect to the lab
frame and the subscripts z and y denote the laser axis
closest to that dimension in the lab frame. Here, the major
axis is closest to the y dimension. The laser propagation
parameters σo and xσo in each axis were scaled to the LWIP
using the ratio of the focal lengths of the M2 measurement
lens and the laserwire lens. Each axis is described by
Eq. (3) using the scaled parameters, and the projected
vertical size was calculated using Eq. (7) as shown in
Fig. 12. The laser propagation was measured each week
after maintenance was carried out on the laser system, and
the relevant measurement was used in the analysis of the
laserwire data. In the case of the laserwire data presented
here, the minimum vertically projected laser spot size
was σl ¼ 1.006% 0.032 μm.
The laser pointing stability was measured at the end of

the laser diagnostic line to estimate the pointing stability of
the laser at the LWIP by recording 600 laser beam profiles
and the centroid of each calculated. The standard deviation
of the centroids in the horizontal and vertical was measured
to be 125.7 and 132.7 μm, respectively, at the laserwire
lens. This measured spatial variation can be scaled by the
beam size at the ratio of the input laser beam size to that at
the LWIP to give a laser position variation of ∼40 nm in
both dimensions. This spatial variation therefore system-
atically increases the measured electron beam size by
approximately 0.08%, which was deemed to be a negligible
contribution and therefore not subtracted from the laser-
wire scans.

FIG. 9. 4σ widths of the major and minor axes of the input laser
beam profile as measured at the end of the laser diagnostic line as
a function of telescope actuator position.

FIG. 10. Measured 4σ widths of the laser beam through the
focus created with a f ¼ 1.677 m lens. The M2 model is shown
for each intrinsic axis of the laser propagation, which were found
to be rotated to the extrinsic lab axes by −17.4°.

FIG. 11. Maximum extent of an ellipse described by the major
and minor axes σmajor and σminor, respectively, here representing
σy;z of the bivariate Gaussian laser photon distribution.

L. J. NEVAY et al. Phys. Rev. ST Accel. Beams 17, 072802 (2014)
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A. Aryshev, S. Boogert L. Corner, 
D. Howell, P. Karataev, K. 
Kruchinin, L. Nevay, N. Terunuma, 
J. Urakawa, R. Walczak
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Green	fibre laser,	folded	geometry:

• Consider	532nm	laser	=>	88o	angle
• Long	laser	pulse	(>	ion	bunch	length)	is	folded	

between	two	mirrors	on	opposite	sides	of	beam	pipe	
(diameter	~	130	mm)

Ion	bunch	interaction

σΙ x,y =	1	mm
γ =	96.3	

σΙ z	=	120	mm	==	400	ps
4σΙ z	=	480	mm	==	1.6ns

130	mm
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Green	fibre laser,	folded	geometry:
Ion	bunch	interaction

σΙ x,y =	1	mm
γ =	96.3	

σΙ z	=	120	mm	==	400	ps
4σΙ z	=	480	mm	==	1.6ns

• Consider	532nm	laser	=>	88o	angle
• Long	laser	pulse	(>	ion	bunch	length)	is	folded	

between	two	mirrors	on	opposite	sides	of	beam	pipe	
(diameter	~	130	mm)

• Fast	moving	ion	bunch	passes	through	all	photons

Similar	to	multi	pass	amplifier

Effectively	amplifies	by	factor	of	
number	of	reflections	 	~10
(minor	mirror	absorption)

For	~130mm	between	mirrors,	want	
laser	pulse	length	of	1.3m	~	4ns

Note	vertical	laserwire
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Dispersion	and	spatial	targeting	of	most	energetic	ions	

• Instead	of	1030	nm,	10ps	pulse,	with	
broad	line	width,		spread	over	the	full	
momentum	range	and	spatial	extent	
of	the	ion	bunch,	consider	a	532nm	
long	pulse,	and	narrow	line	width,	
targeting	only	the	high	energy	ions	in	
the	bunch

• If	laser	is	in	high	dispersive	region,	the	
correlation	with	transverse	beam	
position	x,	can	be	used	to	target	high	
energy	ions	required	to	be	cooled.

Reduce	energy	and	spatial	overlaps
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Dispersion	and	spatial	targeting	of	most	energetic	ions	

• Target	spatially	the	ion	energies	
required	to	be	cooled,	in	a	dispersive	
region	of	the	accelerator.

• As	the	phase	space	is	cooled,	move	
the	laserwire	laterally	in	x	to	cool	to	
lower	energies.

• Or	could	use	multiple	vertical	
laserwires to	cover	x.

• Spectral	scans	could	alternatively	be	
achieved	by	varying	the	incident	angle	
/	mirror	chirp	(or	tuning	the	laser	
wavelength).

Energy	scans

x

Ion	energy	spread

x

Ion	energy	spread
Scan	
laserwire	
position	as	
beam	cools
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Multi	pass,	single	bunch	laser	options:	V-gen	532nm	
VGEN-G Green Fiber Lasers
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VGEN-G Dimensions
VGEN-G-20W Engine

VGEN-G-30W Engine

VGEN-G-20W Head

VGEN-G-30W Head

Dimensions in inch (mm)
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Specifications1

VGEN-G-10 VGEN-G-20 VGEN-G-HE-10 VGEN-G-HE-20 VGEN-G-HE-30

Wavelength 532 nm

Average Output Power 10 W 20 W 10 W 20 W 30 W

Repetition Rate Single shot to 600 kHz Single shot to 1200 kHz Single shot to 600 kHz Single shot to 1200 kHz Single shot to 1500 kHz

Pulse Width 3–20 ns (preset values) 3–50 ns (preset values)

Pulse Energy (Max) 100 µJ 180 µJ

Peak Power 10 KW

Pulse to Pulse Energy Instability2 <2% RMS@250 kHz

Polarization Vertical

General Characteristics
Operational Voltage 24 VDC

Operating Temperature 10–35 ºC

Laser Dimensions 105 x 195 x 283.14 mm 130 x 210 x 299 mm

Output Head Dimensions 98.7 x 116.5 x 298.7 mm 135 x 145 x 283.7 mm

Laser Unit Weight 6 kg 6.5 kg

Conversion Head Weight 4 kg 4.5 kg

Fiber Length 300 cm 

Output Beam Diameter 2 ±0.3 mm 3 ± 0.5mm (Typical 2.8mm)

Output Beam Parameters M² <1.2

1. Due to our continuous improvement, all specifications are subject to change without notice.
2. After 1 hour warmup.
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Summary

• Single	bunch	option	reduces	repetition	rate	to	43kHz	and	eases	average	energy	
requirement	to	215	W.

• Several	commercial	laser	system	identified	with	pulse	energies,	even	up	to	200mJ,	suited	
for	single	pass	option	at	1030	nm	at	43	kHz.
– However	such	system	would	require	free-space	transport

• Commercial	1030nm	systems	with	fibre	based	delivery	appear	limited	to	~150uJ	pulse	
energies.	Maybe	high	enough	for	photon	production,	but	not	cooling.

• Rethinking	geometry	&	wavelength	for	the	single	bunch	option	could	enhance	photon	flux,	
if	interested	in	demonstrating	‘photon	production’.	Smaller	source	for	photon	diagnostics

• For	potential	cooling,	targeting	higher	energy	ions	in	a	dispersive	region	with	spatial	scans	
angular	incidence,	may	be	an	option:	to	be	investigated	with	simulation.
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Back	up
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Post-doctoral	researchers

John	Adams	Institute:
• A	centre	of	excellence	for	Accelerator	Science	in	

the	UK,	formed	between	Royal	Holloway,	
University	of	Oxford	and	Imperial	College	
London.	

• Strong	 research	links	with	CERN,	DESY,	Diamond,	
KEK	Japan,	SLAC	US,	etc.	
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Dipartimento di Matematica e Fisica “Ennio De Giorgi”
Università del Salento - Piazza Tancredi, n7 - 73100 Lecce (LE)
gianluigi.dalessandro@studenti.unisalento.it
www.dmf.unisalento.it/~gdalessa

Curriculum Vitae et Studiorum
Education
2016-2018 University of Salento (M.Sc. in Particle Physics)                                             Lecce in Italy
2011-2015 Università di Pisa/University of Salento (B.Sc. in General Physics)          Pisa & Lecce in Italy

Scholarships                   
2017 Ecole Normale Superieure (Erasmus Scolarship)-1 Scholarship per                           Paris in France
Departement-3 months
2014 Lahti University of Applied Science (Erasmus Scholarship)-2 Scholarships               Lahti in Finland
per Departement-5 months  

Research appointments
2016 UC Berkeley/LBNL (Research Scholar)-5 months                                        Berkeley in California
2015 CERN (Technical Student)-1 year                                                           Geneva in Switzerland

Prizes & Recognitions
Special praise from the committee at the Bachelor’s assignation.
2 Project Prizes awarded by University of Salento for a total of 1600 Euros.
2 Erasmus Scholarships from EU.
1 Scholarship from CERN.
1 Fellowship from LBNL.
Italian National Institute for Nuclear Physics (INFN) association 

Publications & Activities
-Publication: “Development of x-band high-power RF load for CLIC applications using additive 
manufacturing techniques”, INSPIRE-HEP, http://inspirehep.net/record/1503902/ 
-Presentation (conference): “AugerPrime Engineering Array long term performance”, Auger Analysis 
meeting conference, Paris, 6-10th of June.
-Supervision: supervised undergraduate student at LBNL~1 month.  
Mathematics and physics tutor at undergraduate level (several years). 
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• Lasers	are	sensitive	and	can	be	temperamental;	best	to	keep	in	a	safe	laser	cabin,	away	from	
the	accelerator	tunnel:
– Laser	room	a	thermally	stabilised	environment	and	vibration	free	– good	for	operation.

– Personal	can	safely	access	the	laser	during	beam	operation,	away	from	radiation.

– Eliminates	expensive	commercial	electronics	from	suffering	irreparable	radiation	damage

– Satisfies	CERN	safety:	interlocked	access	control	on	laser	cabin,	shielding,	googles,	signs.

– No	need	to	wait	for	an	accelerator	shut	down	to	alter	laser	settings;	particularly	important	at	SPS,	with	very	
limited	technical	stops	per	year.

• Must	therefore	 transport	the	laser	beam	to	the	accelerator	tunnel,	two	viable	options:

– Free	space	beam	via	series	of	mirrors,	and	tubes:
• challenging	beam	pointing	requirements,	especially	if	tubes	contain	air,	susceptible	to	refractive	index	change)

• May	be	only	option	if	very	high	power	is	required.

– Transport	in	optical	fibres:
• Easy	to	install,	limits	on	peak	power		/	pulse	duration	due	to	non-linear	effects	in	the	fibre.	
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was used to fit a pair of horizontal and vertical scans
simultaneously to determine both σex and σey. The hori-
zontal scan is shown in Fig. 18 with both the Gaussian and
overlap integral models for comparison.
Importantly, the extracted horizontal size is considerably

different from that found using the Gaussian model, which
if incorrectly used to deconvolve the vertical laserwire
scans yields an inaccurate vertical electron beam size. It had
originally been envisioned that a single horizontal scan
could be used to deconvolve all the vertical laserwire scans
for a given measurement period (such as an 8-hour
experimental shift). Even with adjustments made to the
vertical beam size that would affect the horizontal size, the
deconvolution was expected to be relatively insensitive to
the horizontal size. However, even with changes in hori-
zontal size of a few percent, this proved to be untenable and

so horizontal and vertical scans were made each time for a
complete measurement.

4. Smallest vertical scan

The electron beam optics were manipulated to minimize
the electron beam size at the LWIP as measured by the
laserwire. The laserwire scans shown in Fig. 19 and Fig. 20
are the vertical and horizontal laserwire scans, respectively,
that were analyzed together and constitute the smallest
vertical electron beam profile measured. These were
recorded with an electron bunch population of 0.51!
0.05 × 1010 e−.
The measured vertical electron beam size was

1.07 þ0.06
−0.06ðstatÞ ! 0.05ðsysÞ μm and the horizontal beam

size was 119.0 þ2.4
−2.4ðstatÞ ! 0.01ðsysÞ μm. The analysis was

performed using Minuit minimization software using a
weighted least squares method that allowed for asymmet-
rical uncertainties using the Minos algorithm [21]. The
systematic uncertainties were found by calculating the
standard deviation of the fit parameters from randomly
sampling the laser parameters from the M2 model analysis
with their associated uncertainties. The calculated laserwire
signal from the fit as a function of vertical and horizontal
chamber positions is shown in Fig. 21. This shows that the
vertical scan reaches a lower signal level than the horizontal
scan at the edges of the scan, which can also be seen in
Figs. 19 and 20.

5. Quadrupole scan

The laserwire was used to profile the electron beam
throughout a quadrupole scan of the vertically focusing
quadrupole immediately before the LWIP, QM14FF. The
magnet current was varied from −80 A to −104 A in 3 A
steps. At each point, a short range, low sample number
vertical scan was performed to vertically center the laser

FIG. 18. Comparison of Gaussian and overlap integral models
for the horizontal laserwire scan.

FIG. 19. Nonlinear step size laserwire scan with the smallest
measured electron beam size.

FIG. 20. The corresponding horizontal laserwire scan for the
smallest vertical scan, which was required for the combined
analysis.
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L.	Nevay et	al:	Laserwire	at	the	Accelerator	Test	Facility	2	with	submicrometer resolution
Phys.	Rev.	Special	Topics	- Accel.	Beams,	17,	072802	(2014)

C. Electron beam characterization

At the start of laserwire operations, the laserwire
electron beam optics were set and the trajectory of the
electron beam adjusted to quadrupole centers. After this,
the dispersion and coupling were measured and corrected
using the Flight Simulator software by changing the
damping ring frequency in 1 kHz steps over a range of
5 kHz. This was repeated several times to accurately
correct coupling and dispersion. The measured residual
dispersion at the LWIP was DðxÞ ¼ 4.215$ 0.515 mm
and DðyÞ ¼ 0.095$ 0.023 mm. This is acceptable and
should make a negligible contribution to the vertical
electron beam size, given the energy spread of the
electron beam at the ATF2.
The emittance of the extracted electron beam in the

ATF2 can be measured either using wire scanners or the
multi-OTR system (mOTR) [19]. Measuring the emittance
using the wire scanners during laserwire operations is
impractical due to time constraints. During early 2013,
the mOTR system was being upgraded and was not
available for use during laserwire operations.

D. Alignment

To achieve collisions between the laser and electron
beams, they must be spatially and temporally overlapped.
Both of these functions were achieved using the OTR
screen as an alignment tool.

1. Laser alignment

Before operations, the laser beam must be precisely
aligned to the center of the laserwire lens as well as
perpendicularly to the vacuum window and lens assembly
to ensure the diffraction limited focused spot size is

achieved. The low power alignment laser was first used
without the laserwire lens. The two mirrors before the
LWIP were adjusted such that the back reflection from the
vacuum window overlapped with the incoming laser beam
back to its source. A mounted mirror was then placed in the
kinematic laserwire lens mount and the angle of the mount
adjusted until the reflected laser beam also overlapped the
incoming laser beam. This ensured the lens and window
were parallel to each other and that no optical aberrations
were introduced, as these would increase the focused spot
size. The alignment was verified with the main laser beam
at low power. After this procedure, the mirror was removed
from the lens mount and the laserwire lens was replaced.

2. Spatial alignment

During access periods before operation, the laser was
operated at low pulse energy and attenuated heavily so as
not to cause damage to the OTR screen. The OTR screen
was moved vertically to find the point where it intercepted
the laser focus as observed in the post-LWIP optical
system. The manual micrometers were adjusted to position
the OTR screen along the x axis so that the vertical distance
required to occlude the laser beam was minimized, ensur-
ing that it was centerd at the laser focus in the x dimension.
During experimental shifts, with the OTR screen set to the
vertical reference position, the laserwire vacuum chamber
was then scanned vertically until the electron beam was
intercepted (the OTR screen arm moves with the chamber).
When the screen intercepts the electron beam brehmstraah-
lung radiation is produced that is detected by the wire
scanner detector behind the laserwire detector. The cham-
ber was aligned to the point where half the maximum

FIG. 13. Measured brehmstraahlung radiation as a function of
vertical chamber position with the OTR screen at the laser focus
reference position. The red dashed line shows the chosen align-
ment position.

FIG. 12. Calculated projected vertical sigma for the laser as
well as the two axes of propagation at the LWIP. The distance is
zeroed about the minimum of the projected vertical size where the
laser is most intense and the Cherenkov signal greatest.

LASERWIRE AT THE ACCELERATOR TEST FACILITY 2 … Phys. Rev. ST Accel. Beams 17, 072802 (2014)
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Successful	measurement	of	the	
1.07	µm	profile	electron	beam!

Measured	vertical	e- beam	profile	Projected	laser	dimension
at	interaction	point Measured	horizontal	e- beam	profile	

A. Aryshev, S. Boogert L. Corner, 
D. Howell, P. Karataev, K. 
Kruchinin, L. Nevay, N. Terunuma, 
J. Urakawa, R. Walczak
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Chirp	pulse	amplification	scheme	as	previously	described Vertical	breadboard	at	beam	pipe	

Fibre	amplified	 laser	
transport	to	tunnel	 in	

photonic	crystal	fibre	– large	
area	single	 spatial	mode.

Beam	delivery	optics:	
NIM	in	Phys.	Res.	A	592(3):162-170 · July	2008
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A.	Bosco	et	al,	RHUL/DESY

Master	oscillator

After	pulse	stretching	
and	4	stage	fibre	
amplification

Laser oscillator is a Nd:YVO4 solid state mode-locked oscillator emitting laser light at 1064 nm
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A.	Bosco	et	al,	RHUL/DESY

Project description

Figure 2.6: Particle tracking simulations of the FETS bunch as it propagates along FETS diagnostics dipole,
showing the momentum spread of the bunch. 

 
Figure 3: Distribution 7 cm after entry of section 
 

 
 
Figure 4: Distribution at 4.8 m ~ at Laser position - Dipole at 5 m.  
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Figure 5 : Distribution at 5.7 m ~ at end of Dipole  
 

 
 
Figure 6 : Distribution at 6 m ~ at position of diagnostics vessel. 
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Figure 2.7: Comparison of laser parameters and associated cost
Laser Wavelength Pulse	width Rep	rate Avg	power Peak	Power Pulse	energy Cost	(ex	VAT)

Manlight	ML-30-PL-R-TKS	 1064nm 80	ns <30	kHz 30	W 6.7	kW 1mJ	@	30	kHz £13,000
V-GEN	VPFL-ISP-1-40-50 1060	-	1080nm 1	-	300	ns 35-1000	kHz 50	W 40	kW 1.5	mJ £14,471

LDH-P-FA-1060 1064nm 60	ps 1	-	80	MHz 1.4	-	55	mW 8.4	-	14	W 0.76	-	1.5	nJ £18,641
	LDH-P-FA-1060L 1064nm 64	ps 1	-	80	MHz 14	-	427mW 66	-		183W 5.6	-	16	nJ £28,431

HighQ-2 1045nm 250	fs 63	MHz 1.5	W 92	kW 23	nJ £36,000
FemtoTrain	1040-5 1040nm 220	fs 10	MHz 5W 2	MW 500	nJ £53,000

Spirit	One	ps	1040-10 1040nm 13	ps 200kHz	-	1MHz 10W 3.8	MW 50	microJ	@	200	kHz £93,000
3960C-15HP Tsunami 800nm	-	1040nm 5ps 80	MHz 300	-	800	mW 760	-	2000	W 50	nJ £121,000
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