
Experime
coherent 

 

Adam Rogers

Central Laser 
RAL 

Cristina Hern

Central Laser 
RAL 

Marco Galim

Central Laser 
RAL 

 

Introduction 

High power la
and commerci
uses and aidin
this advancem
the output pow
achievable pow
limited more b
technology beh
amplified spon
loss and dama
amplified and 
helps minimis
combine multi
power beam. T
therefore requ
both spatially 
such systems. 
HAPPIE Lab e
new HAPPIE 
experiment an

Layout 

The layout of t
setup for multi
after the apodi
Secondly, a de
This gives furt
arms. Addition
field camera e
beam. A near f
plane of the be
layout. 

Figu

Contact  Ad

ental setup
multibeam

s 

Facility 

nandez-Gomez

Facility 

mberti 

Facility 

asers are except
ial environment
ng continued adv
ment also comes
wer of these lase
wer of these mo
by the involved 
hind the laser p
ntaneous emissi
age thresholds a

delivered withi
e and even elim
iple lower powe
To enable wave
ired that techno
and temporally
This project is 
experiment carr
Lab 2 is to both

nd to introduce n

the experiment 
iple reasons. Fi
iser to give the 
elay stage in on
ther control of t
nal diagnostics 
nables higher f
field camera wa
eam on the mirr

ure 1a a schemati

dam25_50@ms

p of the V
m recomb

z 

ionally useful i
ts, providing a d
vancement in m
 the continued p
ers. However th
odern laser syst

d optical compon
production. Fact
ion, thermal eff

all limit the pow
in a laser system

minate some of 
er beams into o
efront and pulse
ology able to co
y can be develop

a progression o
ried out by the 
h increase the s
new diagnostics

was altered fro
irstly, a spatial f
beam a well de

ne arm of the be
the relative pha
were also adde

fidelity when re
as also included
rors. Figure 1a

c diagram of the 

sn.com 

ulcan HAP
bination 

n modern scien
diverse range of

many fields. Wit
pressure to incr
he highest 
tems are often 
nents than the 
tors such as 
fects, depolarisa

wer that can be 
m. One method
these problems

one single high 
e shape control 
ombine these be
ped and applied
of the previous 
CLF. The aim o
cale of the 
s into the setup

om the previous
filter was includ

efined edge. 
eam was installe
ase between the 
ed. A microscop
combining the 
d to view the im

a shows the basi

new layout.  

PPIE Labo

Ian M

Cent
RAL

Bryn

Cent
RAL

Jona

Cent
RAL

ntific 
f 

ith 
rease 

ation 

d that 
s is to 

it is 
eams 
d to 

of the 

.  

s 
ded 

ed. 
e two 
pe far 

mage 
ic 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figu

The 
New
the a
contr
conn
comp
Doin
came
Figu

 

 

oratory 2 f

Musgrave 

tral Laser Facil
 

n Parry 

tral Laser Facil
 

athan Phillips

tral Laser Facil

ure 1b Top: Initia
Bottom

delay stage an
wport actuators. 
arms can be alt
rolled individu

nected to contro
puter. Currentl
ng so enables th
eras and interf

ure 2. 

for spatial

lity 

lity 

lity 

 

 

 

 

 

 

 

 

 

al beam path of th
m: Beam path int

d actuated mirr
On the delay st

tered. On the m
ually for eac
ol drivers whic
ly these actua
he user to overl
ference pattern

 

 

 

 

 

 

lly and tem

he CW onto the a
to the diagnostics

rors are control
tage, the path l

mirrors; tip, tilt 
ch mirror. Th
ch can be contr
ators are opera
rlap the beams 
ns can be seen

mporally 

actuated mirrors. 
s. 

lled by a set of
ength of one of
and piston are

hese are then
rolled though a
ated manually.
on the far field
n as shown in

f 
f 
e 
n 
a 
. 
d 
n 



Figure 2 On the
O

Wavefront m

Measurement 
experiment us
technology ba
Mask, a 2D di
four identical w
slightly differe
other as they p
millimeters the
undistorted wa
the CCD came
reference. Wh
system the, int
the phase grad
spectral analys
on the CCD al
directions. The
of these gradie
into a set of Ze
error signal ge
undistorted wa
This method d
is important w
difference betw
to adjust the p
and constantly
overlapping th
the actuated m
formed. This p
the Hartmann 
interference pa
area used to m
the SID4 softw
individual pha
difference for 

e left, the two sep
On the right, the b

measurement m

of the wavefron
es multiwave la

ased on a modifi
iffraction gratin
waves (Figure 
ence directions.
propagate into t
e beams are slig
avefront would 
era, which can b

hen a distorted w
terference defor

dients. Measurin
sis with Fourier
llows phase gra
e phase map is 
ents. This phase
ernike or Legen
enerated by com
avefront can the
does not provide
within this exper
ween the two b
ath length of on

y adjusting this 
he edges of the t

mirrors, an interf
pattern is furthe
mask of the SID
attern, a phase d

measure the phas
ware. This enab
ase map of each
piston measure

 

parate beams on t
beams brought to

methodology 

nt within the HA
ateral sheering 

fied Hartmann t
ng, splits the inc

3c) which are p
. The beams int
the camera and 
ghtly separated
create a unique

be calculated an
wavefront propa
rmations are dir
ng these deform
r transforms of 
adient extraction
then obtained t
e map can then 
ndre polynomia
mparison to the 
en be applied to
e piston measur
riment to measu
eams. This enab
ne beam to mat
spatially locks 
two subbeams (
ference pattern 
er complicated w
D4. By analyzin
difference can b
se difference ca

bles the measure
h beam as well a
ement on the sam

the magnified far 
ogether.   

APPIE Lab 
interferometry,
est. The Hartma
cident beam into
propagated alon
terfere with eac
after a few 
. In an ideal cas
e set of fringes 
nd used as a 
agates through t
rectly proportio

mations using 
the image form
n in two orthog
hrough integrat
be broken dow

als. Using these
results of an 

o an adaptive m
rement howeve
ure the piston 
bles the delay s
ch that of the o
them.  By 
(Figure 3a) fro
between them 

when going thro
ng this unique 
be measured. T
an be adjusted u
ement of both th
as the phase 
me camera.  

r field. 

, 
ann 
o 
ng 
ch 

se, an 
on 

the 
onal 

med 
gonal 
tion 

wn 
, an 

mirror. 
er. It 

stage 
other 

om 
is 
ough 

The 
using 
he 

 

Plan

Softw
used
repla
requ
capa
near 
actua

The 
impl
equip
loop
lock 

Fina
into 
the c
the l

Con

The 
basic
wave
autom
spati
Even
and a

Refe

1. S
B
s
s

2. P
s
c
S

3. P
“
F
1

4. P
W
p

nned developm

ware developed
d for the current
aced by a new c

uirements of the
acity to capture 

field and far fi
ated mirrors to 

PHASICS cam
lemented into th
pment, a simila
 to automatical
the CW laser. 

ally once the Ti:
the system, the

combined pulse
aser using a sim

clusions 

HAPPIE Lab s
c functions of th
efronts with the
mation can be d
ially locked and
ntually two mor
advancement fr

erences 

S. Mousset, C. R
B. Wattellier, “P
shearing interfe
september 1, 20

P.J.Phillips,C. H
setup in the Vul
combination to 
STFC,CLF Ann

P.J.Phillips,C. H
“Two beam spa
Frontiers in Opt
1126358,16-20 

P.J.Phillips,C. H
W.Shaikh, “Tw
phasing with fe

ments 

d for the previou
t layout. The pre
computer assign

system. Curren
images and mo
eld cameras. It 
combine the tw

mera used in the 
his system when
ar process will b
ly adjust the act

Sapphire Tsuna
A.P.E autocorr
and provide th

milar feedback l

etup has been s
he system are o
e system will so
developed. From
d focus can mov
re beams can be
rom the previou

Rouyer, G. Mar
Piston measure

erometry”, Optic
006 ; DOI: 10.1

Hernandez-Gom
lcan HaPPIE la
achieve Diffrac

nual report, 200

Hernandez-Gom
atial phasing wit
tics Conference
October, 2011 

Hernandez-Gom
wo beam spatial 

mtosecond”, CL

us setup can no
revious laptop h
ned to handle al
ntly the system 
onitor the CW la
is then possible

wo beams.  

previous system
n possible. Usin
be used to creat
ctuated mirrors t

ami is ready to 
relator will be a

he ability to tem
loop method.  

successfully upd
operational. Ana
oon be possible 
m here the beam
ve onto tempor
e introduced int
us setup will be

arre, N. Blancho
ement by quadri
ics Letters / Vol
364/OL.31.002

mez, J.Collier, “
aboratory for M
ction limit puls
09-2010 

mez, I.Musgrav
ith a CW laser”
e Reference num

mez, I.Musgrav
and temporal c
LF, Annual rep

o longer be 
has been 
ll the software 
has the 

aser with the 
e to control the 

m will also be 
ng this 
te a feedback 
to spatially 

be introduced 
able to monitor 

mporally lock 

dated and the 
alysis of 
and from there

ms can be 
al locking. 
to the system 
 achieved.  

ot, S. Montant, 
iwave lateral 
l.31, No.17 / 
2634 

“Experimental 
Multi-beam 

es”, 

e, J.Collier, 
, 2011 
m. 

e, J.Collier, 
coherent 
port 2012 

e 


