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Outline of the presentation

1. Mandate of SY-STI-LP section

2. Laser ion source RILIS at ISOLDE

3. Photoinjector laser systems

4. AWAKE laser system

Disclaimer

5. Summary

Only laser systems under
responsibility of SY-STI-LP
are covered in this
presentation




Mandate

The Lasers and Photocathodes section is responsible for laser installations

and optical beamlines used to produce charged particle beams in the
CERN accelerators complex and research facilities
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+ Support for laser applications in the AT sector, including safety aspects.

+ Training network (LISA)

+ Knowledge Transfer (@RILIS, @CLEAR)
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ISOLDE in the CERN accelerator complex
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The ISOLDE Laboratory

Focus on Exotic Beams at ISOLDE: A Laboratory Portrait
Guest Editors: Klaus Blaum and Maria Borge
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http://iopscience.iop.org/journal/0954-3899/page/ISOLDE%20laboratory%20portrait

The ISOLDE Laboratory: target and experiment areas

» 12 beam lines

» 10 fixed experimental setups HRS.

» Temporary setups for travelling experiments High Resolution
» QOver 50 different physics experiments per year. Separator

General Purpose
Separator
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Resonance lonization Laser lon Source: RILIS
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RILIS ion beams
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RILIS ionization feasible

lon beams of 48 elements have been produced at ISOLDE with RILIS

Z—|

@) T\
L '
X7 4




RILIS at ISOLDE facility

Laser beams transported to:
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RILIS Laser Setup (simplified scheme)
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RILIS laser setup

HRS target area | HRS separator area prism periscope HRS launch point

In d ustri al g rad e ,rLOt cavity 1 (FS quartz magnet window _. B
" ] magnet window referer}ce plate reference point ;nuel:socgpes § ‘E(
10 kHz Nd:YAG/YVO lasers Target {FS SUPRASIL ﬂ - w /) Fs
3" wedge - N - ® 9
e 1 _| o 8
. & Ti:Sa ring e b > e E
2 (]
variable| ¢ . 8
60 W g
splitter o c p.J %
]—Q_ 28
—
QF:— '—H '0
—
InnoLas 2-8 xbeam_ " . —
W) , expander © %/
- g c
18 W g I oo 85
S ©
B 5
18] ©
§ £
o
Q
Lumera 2
(o8
(V]
o
40 W 5
Reference area (detailed) . . %‘;
—_— mirror periscopes <
"¢ kn-n v &
» | —,

GPS launch point ¢

TND filters . .4 : - pr_lsm)

3 ' >
m " periscope
Edgeane . HRS reference 1 .

darea ccD

+ "~ Psp  GPS reference ]
annnnia Tuning range

Q ccp,
S +  PSD

o | 210 — 950 nm
Referenge cellL}‘ I

[a]
(e}
O

ando
asd

Pt | Al mirrofF, 9
“notch fllter
pickup “-bandpass filter

o
12)
Q

*+ gsd

11



Diamond Raman lasers for RILIS

Broadband: JuTiSe Suse Zuoe  aumiss
To extend the Ti:Sa tuning range
towards the UV pumped dye range
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K. Chrysalidis et al, Opt. Lett. 44(16), 3924—-3927 (2019)
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Z—
\\_/ 3

12



Diamond Raman lasers for RILIS

Narrowband:

To enable laser spectroscopy with a laser line
width ~ 10x narrower than is currently possible
with RILIS lasers
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i Rhodamine 6G + ethanol

E. Granados et al., Request for grant of European patent submitted 18.12.2020

E. Granados et al., a paper submitted to Optica

KT project “Singular light”
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MEDICIS Laser lon Source Setup At CERN (MELISSA)

MEDical Isotopes Collected from ISOLDE - facility for production of medical isotopes for research in
radiopharmaceutical science

Long-lived radio-isotopes

Produced in a cold target (at ISOLDE or elsewhere)
Transported to the MEDICIS front-end

Extracted by heating the target material

lonized and mass-separated

Collected on a substrate

Shipped to medical research laboratories
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Sm-153
Tb-155, Tb-149
Er-169

Tm-167

Yb-175

Ac-225

computer control

, | reference
point
'

t

frequency
conversion

pump laser (532 nm)

: “  MELISSA Laser Lab
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Lepton beams at CERN

= Next generation of colliders (“Higgs
factories”) will likely use leptons
Instead of hadrons exclusively:

CLIC (multi-TeV electron-positron collisions)
FCC-eel/eh

= Accelerator R&D :

AWAKE: Proton-driven plasma wakefield
acceleration experiment

CLEAR: CERN Linear Electron Accelerator for
Research
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CLIC Test Facllity (CTF3)

1.5 GHz RF 3 GHz fully loaded Delay Loop Combiner Ring
bunching system accelerating strcutures (42 m) (84 m)

Thermoionic DoglLeg Magnetic
Gun experiment chicane

Test Beam | CLEX experimental Feed-forward

Line (TBL) f area experiment
CTF2 experimental Two Beam CALIFES
area Module (TBM) injector

r DRIVE beam % 7 MAIN beam —

clear

Cs,Te / Cs,Sb Cs,Te @ CALIFES Test facility for:
In-situ, dual layer

PHIN  Co-deposition
«  X-band technology

Now at: «  Bunch compression
* Advanced beam dynamics
+ Plasma lens, AWAKE...
@ *  Wakefield physics
; * Radiation studies
\ S N PAY
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PHIN laser

= CLIC needs 140 us long train = ROy L M

i i harge/bunch (nC) 2.3 8.4 0.6
Previous tests showed decay over the train. T oo 1o 19,
. . . " bunch spacing(ns) 0.666 1.992 0.666
Beam profile degrades in step with UV g bunch length (ps) 10 10 10
£ Rf reprate (GHz) 1.5 0.5 1.5
pOWGf Ievel' 5 number of bunches 1802 70467 32
Stability requirement (0.25% rms) was not ’m“:f;'::;jj’t’;jf:j — o -
met. charge stability <0.25% <0.1% <3%
) ) QE(%) 3 2 0.3
Pan}ﬁgte occurs in crystals when using full laser wavelegth (nm) e 55 e
eng rain energy/micropulse on cathode (nJ) 363 1988 947
" 1 . energy/micropulse laserroom (nJ) 544 5765 1420
. Alm Of thIS StUdy energy/macrop. laserroom (ul) 9.8E+02 4.1E+05 4.1E+01
Identify damage levels, feasibility for CLIC mean power () o — -
. . average power at cathode wavelength{(W) 0.005 41 2.E-04
Test response to long trains with 1/3 of the micro/macropulie stability 130%  <0.1% <3%
T : conversion efficien 0.1 0.1 0.15
repetition rate (500 MHz instead of 1.5 GHz) eerey/macropulse Inii ol . —
Testbench for different crystals. oo e 1 o > 7 —
Operation in para”el tO CALIFES Iaser. average power on second harmonic (W) 0.49 406 1.E-03
average power in final amplifier (W) 9 608 15
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PHIN laser in 2021

Genki -10 XP burst

500 MHz fiber oscillator
10 W average power
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CERN Linear Accelerator for Research: ClEQI

= Multipurpose e- accelerator operating since 2017 and until 2025.

= “The primary focus for CLEAR is general accelerator R&D and component
studies for existing and possible future accelerator applications.”

High gradient accelerators

Plasma technology
Accelerator components for HL-LHC and AWAKE m

Characterization of electronic components D> \\\\\k
acterizaton : {:esa
Medical applications

Clear
THz beam generation

R

Centre hospitalier
universitaire vaudois

European Space Agency

IRRAD. E&u

‘CERN ig

Others...

ORATOIRE
CC E ERATEUR
E & R E

PDF

I

Proton Facility 535" [ED

y =
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CLEAR laser (original version)

HighQ oscillator
10ps, 1.5GHz

HighQ preamplifier

f=500 L=955 }"%56
CCD-3] —
A0 £ xl
| (o )
=1 =125 L=560 =
= Nd:YLF @5mm
v AMP |,
/ :}—S-Hhéﬁ N
\ v Sam— CALIFES 4
| 2| |CCD—1I

(]

max UV outputto CALIFES:
12 ul/pulse

v
spare outputto PHIN

E. Granados, E. Chevallay, V. Fedosseev, H. Panuganti
“Capabilities and performance of the CLEAR facility photo-
injector laser”, CERN OPEN 2020-002 (2019)
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CLEAR laser upgrade 2020-2021

PP1 PP2 Relay 2

Nd:YLF amplifier
10W, 1.5 GHz

BBO

A\

-
| & kTP
]

Nd:YLF oscillator
300 mW, 1.5 GHz

5N

Nd:YLF Amplifier

UV output

v
E. Granados “Upgrade of the CLEAR diode-pumped Nd:YLF power amplifier”, CERN OPEN 2020-001 (2020)
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New photo-injector at CLEAR/CTF2 clear

Ultrafast PHAROS laser from Light Conversion (Yb-doped fiber technology)

Wavelength Pulse energy Pk-Pk

1030 nm 2.21mJ 0.043% 0.099%
515 nm 1.23 mJ 0.053%  0.38%
163300, pulse width 151 fs (Sech) 257 nm 415 uJ 0.11% 0.77%

151 fs Sech

« Designed to operate with both Cu or Cs2Te cathodes
» Variable pulse duration from < 300 fs up to > 5 ps
* Requires multiple harmonic stages or UV stretcher.
» Synchronizable to RF (1.5 GHz) reference
« Expected maximum charge production:

-1000 -800 -600 -400 -200 O 200 400 600 800 1000

RFref (1.5 GHz) - - Cu cathode : ~ 400 pC
User input « Cs,Te:>1nC
Single-shot, 10 Hz... « Transport line to the electron gun under construction

To Harmonic stages and
photo-gun

Oscillator Regene_r_atlve Compressor
77 MHz Amplifier

//r
CE{W -
\ 1
X7 A 4,
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AWAKE experiment

Electron source system

= Proof-of-principle experiment:
E ~ Radio-frequency gun

Accelerated electrons on the scintillator screen

Laser beam

wakefield plasma acceleration 20-Mev
using a proton bunch as a driver, =i
- : ©

; . -
a world-wide first. - //z%m.e ,z
= — Electron beam
i N = Dipole '
= It demonstrated acceleration of a j\:;\/\{p S e
IOW'energy WltneSS bunCh Of Proton beam Sy l Imaging station 1
electrons from 15-20 MeV to S~

several GeV over a short

@

l OTR, CTR screené‘"'--.,.'

Quadrupoles ‘A

distance (~10 m) by creating a i, Deoe
high acceleration gradient of A N
several GV/m : |
= Our contribution: o L o
. . . 6 Electron bunch I] protgr?r;)% neh g Proton microbunches
IR beam delivery, diagnostics. 4| - e Laser
= ol el v . ump
UV beam generation, delivery, and E 5] £ RN oo imaging
photocathode, diagnostics. o s B I S station 2
aser pulse aptured electrons
Experimental and laser support s 3o T o d s 4o G o5
(mm) & (mm)

Nature volume 561, pages 363—-367(2018)
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AWAKE laser

Amplitude Technology

CENTAURUS 100 fs
Performance Measured Value
Repetition Rate 10 Hz
Central Wavelength 780-785 nm
Spectral Bandwidth 24 nm
Pulse duration 120 fs
Output Energy (uncompressed) 663 mJ
Output Energy (after compression) 500 mJ
Secondary output (uncompressed) 3mJ
Energy stability 1.02%
Beam pointing stability 4.2 prad
Temporal intensity contrast 201077
Polarization (linear) 250:1
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AWAKE laser beams

5

UV beam path to photocathode = 23 m

Laser beam to plasma cell
A =780 nm
t pulse =120 fs
E =450 mJ

Laser beam to streak camera
(“time marker”)

A =780 nm
t pulse = 120 fs,
E=0.01mJ

Laser beam to electron gun
A =260 nm
t pulse = 0.3-10 ps
E = 100-300 nJ
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IR laser beam to plasma

Pulse
compressor
under vacuum

Proton-laser beam merging
22 m upstream of the plasma cell Beam

diagnostics
setup
Laser
beam to
plasma £ P
g = {
[ TR D]
" v I |
8000mm till
Leak Mirror 520mm above proton beam return mirror
2000
Distance from the leak mirror to the 1° mirror on the table 520+8000+8000+400+96b7880\

1030 400

— b
1760 —>

Ca-md il 1650
B ‘ﬁ ' .
§| |—— ss0 8 - ol Mirror with a
f———— Pt CCD camera
= E—-l\ : behind

-Tﬂ.?f — 7%\ 5

Cam a - to monitor the merging mirror

320

1
Energy meter 21930 mm to plasma cell

Cams b, ¢, d — to monitor the beam at plasma cell entrance 4
) Eilter wheels
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AWAKE photo-injector

Photocathode
' f3 = 1000 mm

PHIN e-gun

Image plane

Motorized
aperture

| e | i
Photo-cathode Mirror in vacuum :
! Electron beam | . 2 s1 b
I = | g ‘_ 1.2 é
l l gg S1=82=2x13 telescope %
T T T I . g &
T f1=100mm f2=250 mm

e ——

Iris position = 200

2
-1
0
1
2
2 1 0 1 2

X [mm]
Iris position = 50

™Y Energy meter CMOS camera 4
[ : 0
: ' Filter wheel :

e 0
X [mm]
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= - &
Motorized aperture

Y [mm]

Iris position = 100

Y [mm]

-2 -1 0 1 2
X [mm]

Iris position = 20

Y [mm]

Motorized filter
wheel

-

Iris position =70

2
|
0
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AWAKE Run 2 project

= The experiment will use two plasmas, electron bunch seeding for the SM process, on-axis
external injection of an electron bunch and electron bunch parameters to reach plasma blow-
out, beam loading and beam matching.

» Two high power laser pulses propagating in opposite
directions ionize Rb vapour in each plasma source

» Witness electron bunch and the ionizing laser pulse
meet each other at the entrance of the accelerator
source

LWL RN LT '.-‘I.Jh-'u'\-"-'u'\-«..'
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AWAKE Run 2 project

» Distance from laser lab to laser compressors ~ 115 m

Distance from laser compressor to plasma cell entrance ~ 30 m (same as Run 1)

Requires relay transport optics




' ccb
SR

Beam
expander

AWAKE Run 2 project

| Laser (at ~15m)

L

— Stretched pulse
— Compressed pulse

Mirror leak

Relay imaging systems require only low-level primary vacuum, blue mirrors are “in air”
Focusing on plasma cell attained by mismatching beam expanders

Content of diagnostics sets still to be determined, location of safety devices, etc...

63 m > ~46 m .
Variable splitter
. /:%/bﬂ@:/ : %ﬂ%
v Relay system  tTTUUOT ' Relay system
Y (N — ,
' 8! ~46 m :
-, m //// m Delay stage
Va4 1
Relay system  —  TTTTTTTemee .
@ I
ot
° 8 ap
m él ] _!
: . Diagnostics | Diagnostics _ e .
PC1 | spatiotemporal | : PC2 o Vial ? Lo !
B : overlap | R Compressor2_ /.
§ < ~30 m - < ~30m >
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ceo
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' CCD

Beam
expander ‘-

AWAKE Run 2 project

_A___I

|___'I

‘1
\

Laser (at ~15 m)

v

|< 63 m > < ~46 m

Variable splitter

/L /L
////// ;nl //// ;I |

Relay system

7/
Relay system

1
1
N
) :
1 g ~46 m ]
Lol ' Delay stage
m ,// :
Uk.jU —/——RAWWr &

Relay system

Merging ch R

_ erging chamber Plasma cell 2 %%"‘:
: $g|-|

— v s 1

"""" _ | Diagnostics ! . Diagnostics | _ i 9
| Vlrtual ! 1 | d I I I : 1 1
! § > PC1 ] . spatiotemporal | : e mm A 2 !
A Compressor1 ¥ Lo overlap SRR L b Compressor2 vy
'a : - . . TTTmmmmmmmmmmmmTT I < i [a) :
1 8 h ~30m > |9 i

Will the laser mirror withstand the proton beam impact ?
— Stretched pulse Proton beam

— Compressed pulse goes thl’OUgh the
---  Mirror leak I i
merging mirror 2
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Run 2 study: proton beam impact on laser mirror

Energy deposition model Experiment at AWAKE during Run 2a (2021)

S. I SPS b h f3E11 . t400 G Vv Assembly Of 2 mlrrors placed 2021-07-24 12:04:18, DeltaT: 0.037 s
Ingle unch o protons a € - P+ bunch profile on BTV
Mirror placed at two locations from the laser cell: in the proton beam at 10m behind the mirrors was not

+  3m (0~0.9mm)and 20 m (g ~1.6 mm) downstream the plasma cell ffected
The mirror is modeled as a 100 nm silver layer ona 5 (12) |  wirror 1  dielectric R>99 5% B
mm silica substrate Mirror 2 — silver R>96% :

Profile along the silver layer
14 T T T

T
3im ——
10m —— 45

12 20m —

10
8 [
Small

increase
of Temp.

v

Adiabatic temperature increase [9K]

Peak energy density [J/cm?3 per bunch]

-1 -08 -06 -04 -0.2 0 02 04 06 0.8 1
X [cm]

Calculated by to Luigi Salvatore Esposito (SY-STI)

Number of bunches on mirrors: 8015
Total number of protons: 1.2 x 1015
Average bunch population: 1.5 x 1011

No visible damage of the reflecting coatings ! 32




Summary

= Multiple users faclility at CERN profit from charged particle
beams produced using laser technology

RILIS systems at ISOLDE and MEDICIS are essential for isobaric purity of
delivered radioactive ion beams

Electron sources of existing and future lepton accelerator requite robust
photocathodes and high-quality laser beams

Plasma created by high-intensity laser beams enables conditions for self-
modulation of high energy proton bunches and wake-field acceleration

= Laser development directions are defined by expanding
requirements for new and higher quality particle beams
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your attention!
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