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Mandate

“The LP 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 networks (LISA)
+ Knowledge Transfer (@RILIS, @CLEAR)
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Lepton and ion beams at CERN

Next generation of colliders (“Higgs factories”) will likely use leptons instead

of hadrons exclusively:

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

LHeC (PERLE)

Accelerator R&D + synergies with other facilities worldwide:

AWAKE: Plasma wakefield accelerators and components (High gradient, LWFA)

CLEAR: Particle sources for medical applications (CHUV)
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Outline

= Part |: Photocathode preparation facility at CERN
Development of co-deposition of Cs,Te and Cs;Sb photocathodes
Lifetime studies in RF and DC guns, XPS surface analysis

Plasmonic photocathodes

= Part Il: Overview on CERN photoinjector activities
CTF3 / CLEAR Facilities
AWAKE experiment

Laser upgrades for photoinjectors

= Part lll: Laser ion source RILIS at ISOLDE
The ISOLDE laboratory
RILIS laser laboratory
Diamond Raman laser development

MELISSA radioisotopes for medical applications

= Conclusions and outlook




Part I: Photocathode R&D
at CERN
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“Common” photocathode technologies

Normally Cu, Mg 10°- 104 NC-RF Low Rep rate FELs

conducting metals (LCLS,
SwissFEL...)

Super-conducting Nb, Pb 10°- 104 uv SC-RF High Rep rate FELs

metals

Positive electron Cs,Te, Cs;Sb, 0.1-0.2 Visible — UV NC-RF, DC FELs, ERLs

affinity K,CsSb

semiconductor ...and others...

Negative electron GaAs, etc 0.1-0.35 IR — Visible DC (XHV) Polarized sources,

affinity ERLs (ALICE)

semiconductor

= Metals

= Low quantum efficiency -> requires high power lasers -> plasma is formed * CERN Photoemission lab

= Robust and simple Cs,Te photocathodes (UV, high QE) — current workhorse for

. AWAKE and CLEAR guns.
= Semiconductors

= High quantum efficiency at extended wavelength range. CB:'L?(I:ka“ photocathodes (green; high charge) — proposed for
= More difficult to maintain — x-rays and ions can cause decomposition and

surface damage, vacuum...
= Cs,Te is quite standard, but requires UV NEW: Plasmonically enhanced metal photocathodes.

Cu cathodes for single bunch RF guns




Photoemission lab @ CERN

(a) cathode plug

= >25 years prOdUC”']g CathOdeS Cs + K thickness heater (RF)

monitor

= Fabrication, lifetime studies, characterization

laser systems

rep. rate = max. 10 kHz
max. 1 mJ/pulse @ 532 nm, 1 kHz
50 ns (fwhm) pulse width @ 1 kHz

rep. rate = 10 Hz
max. 200 mJ/pulse @ 532 nm

4 ns (fwhm) pulse width cathode plug location sb th!ckness
L monitor
'.,‘ :  Legend
‘e, = $1-54=solenoids
S isasssssssssssssnnnnnan ety \\/CIV] = wall-current monitor

FCT = fast current transformer
FC = Faraday cup
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Co-deposition process

»  Co-deposition: Cs and Sb (or Te)
evaporated at the same time. The
metallic elements can mix together in
the vapour phase.

»  The evaporators power is adjusted
in order to reach a maximum value of

QE.

»  Average pressure during the
process is 1e-8 mbar.

» Once the cathodes are fabricated,
they undergo QE testing spatially,
lifetime studies and XPS
characterization.
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H. Panuganti, E. Chevallay, V. Fedosseev, M. Himmerlich, Synthesis, surface chemical analysis, lifetime studies and degradation mechanisms of Cs-K-
Sb photocathodes, Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated 8

Equipment, Volume 986, 2021
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Photocathode production, transport and characterization

Photocathode transport device

connection
vertical translation - : -
knob Co-Deposition Photocathodes Production at the CERN Photoemission Laboratory
from ~“mid 2001 to 2016
Laser Wavelenght: Cs,Te A = 266 nm / Cs;Sb A = 532 nm
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Cs,Sb and CS,Te photocathode experience at CERN

= Cs;Sb seems to be less robust than Cs,Te and more sensitive to non-optimal operation
conditions.

= For obtaining good lifetimes with Cs;Sb cathodes it is important to have the following
conditions:
Excellent vacuum
Very stable phase between RF and laser

Linear charge extraction regime of the gun. Otherwise non-extracted e- can cause desorption in the gun ->
bad lifetime.

Good laser beam shape characteristics

= More studies are needed, but mature technology with great potential for high charge
production in ERLs for example.

= Capability of adapting photocathode design to specific projects, including future
accelerators such as LHeC and FCC-eh.
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Plasmonically enhanced metallic photocathodes
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Part II: CERN Photoinjector
activities
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CLIC accelerator concept

326 klystrons

. 326 klystrons
33MW, 139 ps | | | circumferences | | | 33 MW, 139 ps
. delay loop 73.0 m .
drive beam accelerator o CR1146.1 m - drive beam accelerator
CR24383m
= 1km g 1Tkm
delay loop > < delay loop
DRIVE beam

decelerator 24 sectors of 876 m
mm o0 s oos M m
45 m 2.75km 2.75km
TAr=120m € main linac, 12 GHz, 100 MV/m, 21.02 km IP e* main linac TA radlus —120m

< —\ - >
48.3 km

CR combiner ring MAIN beam

TA turnaround

DR damping ring

PDR predamping ring booster linac, 6.14 GeV

BC bunch compressor

BDS beam delivery system
-
DR
493 m

IP  interaction point
W dump e injector,

e’ injector,
2.86 GeV

2.86 GeV

e
PDR
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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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Laser development for CLIC

1 1
| [15GH 7 . i
CLIC { | Synched | | Higha | 10 3-pass 7 4 » ToCALFES 1 Now CLEAR
_ I HighQ pre- amplifier 450pd in 100ns photoinjector : ..
Main Beam | oscillator | | amplifier (=31J / laser pulse) : phOtOIﬂJECtOI’
e e e e e e :
:"'?'—";';"_"_"_";"_"_"_":':"_"_"_";';' """""""""""""""""""""""""""""" ':
. 500 MH 1 bizss * [ roowburst | — — I
1 z urs
CLIC : : synched  [— coding L] fiber pre- : a?,',"’,",‘izzr af,',’:,‘,’if}zr Ty .2usi o - Now ICS
] ! Fiber oscillator L setup _| amplifier in 1.2us
Drive Beam | ! : i source @
1 1
1 1 2018 New fiber-based front-end ! i 1.5;\.\12?nk\1/Y2ps CLEAR
:.___L__-__:_:__-__-__-__:_:__-_____-__:_:__-__-__-_.:_:_I ___________________________________________ 1 (=800nJ/laser pulse)
J Dead Ded
PHIN CALIFES v
charge/bunch (nC) 2.3 0.6 To PHIN
Number of subtrains 8| NA Photoinjector /
Number of pulses in subtrain 212 NA Future 1 GHz gun
gate (ns) 1272 20-150
bunch spacing(ns) 0.666 0.666
bunch length (ps) 10 10
Rf reprate (GHz) 1.5 1.5
number of bunches 1802 32
machine reprate (Hz) 5 5
margine for the laser 1.5 1.5
charge stability <0.25% <3%
QE(%) of Cs2Te cathode 3| 0.3
E. Granados, E. Chevallay, V. Fedosseev, H. Panuganti “Capabilities and performance of the CLEAR facility photo- 15

injector laser”, CERN OPEN 2020-002 (2019)




CLIC drive beam laser in 2022 (now for Inverse Compton
Scattering experiments at CLEAR in 2023)
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CLIC drive beam laser in 2022 (now for Inverse Compton
Scattering experiments at CLEAR in 2023)

= 2laser Set-ups at CLEAR suitable for ICS: Parameter PHIN 1  One-five Photo-injector  Unit
PHIN 1 has a lower burst repetition rate of 5 Hz. The beam quality is low, more than Paug 7 2 10 W/s
50% power may not be coupled with the best mode matching. Burst rep rate 5 10 10 Hz
Micropulse rep rate 0.5 0.5 1.5 GHz
The One-five laser is useful for higher Q cavities. It has a near-perfect beam quality, B}mt duration <300 ps  <1ms < 120 ns
compact and fully independent of the CLEAR control system — would like to consider Wavelength 1047 1047 1047 fm
this laser for FP cavity Pulse duration 1 ! 7 b=
Micropule energy 9.3 0.4 10-15 nJ
= Fabry-Perot enhancement cavity in burst mode could be feasible Burst energy 1400 200 2.3 mJ
# pulses in each burst, N, 150,000 500,000 180
Input 4 ‘
lasenrp;eam o T ful angle
energy . é 1.5 mrad
{arb. units) ; e (arb, wnis) Table 2: Projected parameters of the photons generated by 33 —06mrad
! ' the HPCI-based ICS source. ~
Circulating / E
laser beam ' Parameter Value Unit = ]
energy h i &2
{arb. units) ! ! Energy 360 keV a
:.:'\u J.,:,P : T A Source rms spot size, o, 10 Hm o
E"‘-"’F}T’“ beam ! ! time (arb. units) Total flux, 9 x 1013 ph/s =17
(a:h_aiﬁ;_‘} : ) Flux ina 1.5 mrad cone 2% 10"  ph/s '\9
Hlmﬂmmwmm Average brilliance, B 4x10" 1 0 _
Peak brilliance, 8 3x 102 ! "
—_— ] _ > 0 100 ’200 300 400
N, time (arb. units) ! ph/(s mm? mrad? 0.19BW). £ keV]
Figure 2: Scattered photon spectra from RF-Track generated
Pierre Favier et al, Phys. Rev. Accel. Beams 21, 121601 (2018) by the HPCI-based ICS source. The 0.6 mrad spectrum
corresponds to an energy bandwidth of 5%.
Cw Musat, V.; Latina, A., D’Auria, G. A High-Energy and High-Intensity Inverse Compton Scattering Source Based on CompactLight 17
! Technology. Photonics 2022, 9, 308. https://doi.org/10.3390/photonics9050308




CLIC main beam -> CLEAR facility clear

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

CLEAR is a versatile 200 MeV electron linac + a 20 m experimental beamline,
operated at CERN as a multi-purpose user facility.

Currently >98% uptime for photoinjector.

Providing a test facility at CERN with high availability, easy access and high
quality e- beams.

Performing R&D on accelerator components, including beam instrumentation
prototyping and high gradient RF technology

Providing an irradiation facility with high-energy electrons, e.g. for testing
electronic components in collaboration with ESA or for medical purposes
(VHEE/FLASH)

Performing R&D on novel accelerating techniques — electron driven plasma
and THz acceleration.

Maintaining CERN and European expertise for electron linacs linked to future
collider studies

S
NL T g-esa @)

cle Qr,  BREREALSHT

L o NE A

IRRADDDm

Proton Facility 535" [ED
European Space Agency

z:r?n*‘
mmm
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CLEAR Facility photoinjector

Q
9 4
Beam parameter e
O
Energy 60 — 220 MeV
Energy Spread <0.2% rms (< 1 MeV FWHM)
Bunch Length 0.1 ps—10 ps rms = g
oM
Bunch Charge 5pC-2nC % |
Number of bunches 1 to ~150 M %
per train L0
Maximum total train 80 nC —
charge
Normalized 3 mm to 30 mm (bunch charge
emittances dependent)
Repetition rate 0.8t0 10 Hz

Bunch spacing

1.5 GHz (from Laser) or 3GHz
(double-pulse setup in the UV)

Pulse
10 pC - 30 nC
A .
’ N Single or any number of pulses

” // y
X Il " —

0.1-10ps Time

0.666 ns

(1.5 GHz)

1 - 150 bunches (100 ns)

P [

0.1-12s (0.833-10 Hz)

Z—
\ }
N4 P
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CLEAR laser development

PP1 PP2 Relay 2

Nd:YLF amplifier
10W, 1.5 GHz

BBO

A\

=
| & kTP
Ll

Nd:YLF oscillator
300 mW, 1.5 GHz

5N

Nd:YLF Amplifier

UV output

v

20

E. Granados “Upgrade of the CLEAR diode-pumped Nd:YLF power amplifier”, CERN OPEN 2020-001 (2020)



CLEAR laser development ciedar

Oscillator output

Parameter Value

P_avg 321.1 mW
P_max 322.6 mW
P_mln 3202 mW 4 T T T T T 3 T T T T T T T T T /F
P_std 0.47% a5l | /
Pk-Pk 0.75% — 25t fa
Pre-amp output E 3} {1 & o
I I B~ | S
Parameter Current value S25¢ 12 b
/
P_avg 9.68 W & 2 .
— 3 2r 1 3 1.5} Y, g
P_max 9.75W 8 S o
P_min 9.60 W S .c| S /
- 1.5 1 L
P_std 0.37% E ~§ 1+ _ |
=]
Pk-Pk 1.53% s a1y : g g
e
. ‘g © 0.5 w - 7
Main amplifier output 05 E .
n—B B -u B ol -
0 1 1 1 1 1 0 _ 1 1 1 L 1 1 1 1 L
0 50 100 150 200 250 300 56 58 60 62 64 66 68 70 72 74 76
E avg 2.726 mJ Time [min] Driving current [Amps]
E_max 2.781 mJ
E_min 2.697 mJ
E_std 0.52%
Pk-Pk 3.08%
o @ % .




PHIN electron gun -> AWAKE Collaboration AARES

Staging concept

(ass, 5 %

~ 50 pm; ~ 100 GV/m

75(,
a plasma wave ’ N 5 -
Laser -

‘\ q/u/ar s{

<
b

a section of RF cavity Gasjet

Positron production target

= Conventional Accelerators are large
(100 m) and expensive (10-100 M$)

= Conventional accelerators cannot
achieve better than a few 10 MV/m or
you get breakdown

e+/e- collider @ 1 TeV in a few 100s meters

Laser technology to develop
High repetition rate (10’s kHz)
High average power (100’s kW)
High efficiency (10’s de %)

boat Leemans & Esarey, Physics Today 2009

= Plasma waves are a possible alternative
— providing a route to small scale
accelerators and radiation sources
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Advanced Proton Driven Plasma Wakefield Acceleration Experiment @
(AWAKE) |

Accelerator R&D project based at CERN, taking advantage of high energy proton beams

“It is a proof-of-principle experiment investigating the use of plasma wakefields driven by a proton

bunch to accelerate charged particles”

Collaboration of 22 institutes world-wide

AWAKE Run 1:

1st milestone: Demonstrate seeded self-modulation of the proton bunch in plasma (2016/2017)

2" milestone: Demonstrate electron acceleration in plasma wakefield driven by a self-modulated proton bunch (2018) SR LIS DL - e

c~200ps

AWAKE Run 2 (2021-2028):

:_é_ L F L] Grao'en_t :_[:“ {
Accelerate an electron beam to higher energies of 0.5-1 GV/m while preserving the electron beam quality and <Lt b Mo
demonstrate scalable plasma sources technology. 3 $
t
AWAKE after 2028: Application to physics experiments (dark photon search etc). . !
as =9
T8 . AWAKE ICollaborati(l)n, Nature ?61, 363—3|67 (2018)

3 4 H 6 T
g 1 10 cm?

AWAKE Collaboration, Phys. Rev. Lett. 122, 054802 (2019).

M. Tumer et al. (AWAKE Collaboration), ‘Phys. Rev. Lett. 122, 054801 (2019)

M. Turner, P. Muggli et al. (AWAKE Collaboration), Phys. Rev. Accel. Beams 23, 081302 (2020) 23
F. Braunmueller, T. Nechaeva et al. (AWAKE Collaboration), Phys. Rev. Lett. July 30 (2020)

AA. Gom, M. Tumer et al. (AWAKE Collaboration), Plasma Phys. Control Fusion, Vol. 62, Nr 12 (2020)

F. Batsch, P. Muggli et al. (AWAKE Collaboration), PRL (2021)

7 e




AWAKE Run 1 MR

Electron source system

Accelerated electrons on the scintillator screen

Proof-of-principle experiment: wakefield plasma
Laser beam 20-MeV

acceleration using a proton bunch as a driver, a . ua‘ Radio-frequency gun o
_ _ G | structure é
world-wide first. - 9
= = D|po|e ©
| Electron beam
. Dipole
It demonstrated acceleration of a low-energy \T\ -a< P
Proton b - ke Imaging station 1
witness bunch of electrons from 15-20 MeV to rofon beam : l

several GeV over a short distance (~10 m) by OTR, CTR screens ..

Quadrupoles

creating a high acceleration gradient of several LA i

GV/m

Scintillator screen

Our contribution:

Electron

8-+ 7 8 spectrometer
[ [ on :
UV beam generation, delivery, and photocathode, 6 Electron bunch |] ool L 6] Proton microbunches "
di ti 44 ‘ ....................................... < 41 -
iagnostics. _ ) | Laser
E'-o: E_gf. W ‘((ﬁu“ Imaging
IR beam delivery for plasma generation, diagnostics. < 4] o * ) station 2
67 laser pulgse -6 Captured electrons
. o8 °
Experimental and laser support e 85 6 5 = @ s
& (mm) & (mm)

Nature volume 561, pages363—-367(2018)
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AWAKE Run 1 laser beamlines MVARES

Regen & Compressor I Laser beam to plasma cell
Stretcher | preamplifier Propulse+ (air) & THG
* A=780nm
* tpulse=120fs
e E=450m)

Laser beam to streak camera
(“time marker”)

B Compressor | PSSR — A =780 nm
b el N " : \¥Be) 2 - t pulse = 120 fs,
A gt e —— g I T——
Laser beam to electron gun
e A=260nm
* tpulse =0.3-10 ps
*« E=0.1-2

Laser was purchased and supported by MPP S

25




AWAKE Run 1 laser beamlines MR

Problems and their mitigation

* Pointing instability
» Use of rigid support for optics
» Applying beam imaging
» Transport in vacuum

* Beam drifts
» Temperature stabilization
» Alignment algorithm

Optics damage
» Beam size increasing
» Decreasing the pulse energy
within the possible margin:
E (IR) < 200 mJ

IR beam path to plasma (c.) =47 m

____________ >

IR marker beam path to streak camera = 60 m

UV beam path to photocathode =23 m

26




AWAKE Run 1 e- Injector

ATWVASE—

from SPS
Merging

Point

Protons
Y
Laser Cathode

Cs,Te cathodes produced in
the Photoemission lab

Parameter Value

Beam energy 18.5 MeV
Booster
source @m structure Energy spread 0.5%
AN 2z NS 1 K
B Stability 1012
connection
Electron flange g =8 ) )
Merging Point @ gate valve vertical translation RMS bunch length 2-3 ps
Commog i
Heam g Bunch charge 100-600 pC
Emmitance 2-5um
Start of _ v Beam size plasma ~190 um
_— Plasma Cell focus
‘ | : rotation knob
ffY A horizontal translation handwheel
I .




AWAKE Photocathode

= Photocathode performance at AWAKE RF-
photoinjector

Maximum measured QE ~ 26%, good agreement with
DC-GUN measurements

Saturation Fluence ~ 1.5 pJ/cm?

Issues to measure pulse energy bellow 5 nJ and charge
higher than 800pC during the commissioning tests

Photocathode performing very well during last months
of intense operation at AWAKE run 2b
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AWAKE photoinjector illumination NARE

Motorized Motorized filter
aperture wheel

-

Iris position =70

2
4
0
1
2
2 4 0 1 2 20 2

X [mm] X [mm] X [mm]
Iris position = 50 Iris position = 20 Iris position = 5

2 P
4 i
0 0
1 1
2 2
2 - 12 2 1 0 1 2

Photocathode

f3 = 1000 mm

Image plane

S1

S2

- 2
g : 1:2 a6
g; S1=82=2xf3 | telescope &
£ £
' f1=100mm f2=250 mm

e ——

Iris position = 200 Iris position = 100

S -
- > ; 2 2
- * o 1 1
s ' . . . = -g- .

— 7 : Y £
Motorized aperture 1 1
hus A 2 2

-2 1 0 1 2

- Energy meter CMOS camera
0w :
. ' Filter wheel

Y [mm]
Y [mm]

Y [mm]
Y [mm]

= 0 2 -1 0 1 2 -
X [mm] X [mm] X [mm]

CE/RW ///?//g‘ V. Fedosseev et al “Generation and delivery of an ultraviolet laser beam for the RF-photoinjector of the 29
/) N\ // AWAKE electron beam”, 10th International Particle Accelerator Conference (2019)



Mapping charge capture at AWAKE RS
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AWAKE run 2 (2021-2028) AR

Electron bunch seeding:
- Modulates entire proton bunch with phase reproducibility

Laser beam ‘ l
44 RFgun X c) e Laser g) e Laser
G I et L f : NEW: higher energy Bunch | | Pulse Bunch { | Pulse

Electron source system

RF struchive V. 15t plasma cell:
‘{ - = self-modulator Electron source system
B Electron beam
\')‘““\».\-; Drpoie 10 m Rb Plasma ~150 MeV Bl rrgun
> B NEW: density step RE st Q |
| | -

Proton beam -

it / 2" plasma cell:
p* e hv Fn ' 2 FElecdronbeam accelerator
‘ ‘ NEW Imaging station 1

\j‘ L _l
/JUJUU u\.L l_ - | OTR, CTR screens

.
’UU L Ji%@l.\ N
JLJ L[u\j Lap, .

[" W MR A

Laser beam

NEW: back-propagating
Goals: Electron ] A
shectrometer ‘L‘ -

Accelerate an electron beam to high energy (gradient of 0.5-1GV/m) ‘

Preserve electron beam quality as well as possible (emittance preservation at 10 mm mrad level) i
Imaging

station 2

Demonstrate scalable plasma source technology (e.g. helicon prototype)
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AWAKE 2 (ionizing lasers beam delivery) NARED

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




AWAKE Run 2 e- gun MVARE

Femtosecond gun from INFN * Will be installed at CLEAR during 2021-2022

* Possibility of virtual and real diagnostics

« Initially with Cu cathode, eventually Cs,Te

« Compatible load-lock system
UV input Photocathode

Vacuum windows
UV reflected beam (diagnostics)
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AWAKE Run 2 photoinjector laser MRS

« Light Conversion Pharos system already purchased (delivery Dec
2020, integration & commissioning mid-2022)

* Yb-doped fiber technology

217

» Designed to operate with both Cu or Cs2Te

« Variable pulse duration from < 300 fs up to > 5 ps

Pulse energy [mJ]
N N
- M -
[6)] - (o]
(&)} [e)) ol

* Requires multiple harmonic stages or UV stretcher. 2.15 ' : : : : : : : :
0 1 2 3 4 5 6 7 8 9 10
» Synchronizable to RF (1.5 GHz) reference Hours
+ Expected maximum charge production: Pulse energy @ 1030 nm > mJ
* Cu cathode : ~ 400 pC o s 200 uJ (RMS
. _ ulse energy nm ~ u
Cs,Te:>1nC <0.06%)
Repetition rate 0 — 200 kHz
Average Power 20 W
M? <1.3
Pulse duration 190 fs — 10 ps
Typical PHAROS near field beam profile

at 200 kHz

CE’RW
\

NS
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AWAKE Run 2 femtosecond e- gun MVARES

« Demonstrate velocity bunching with x-band and emittance preservation/control

« Show reliable high gradient x-band operation
- Study mechanical/integration aspects Layout in CTF2
« Testdiagnostics

*  Optimise final design for AWAKE

* (Get team together, gain momentum for challenging AWAKE Run2 injector

Prototype injector in CTF2:
60-70 MeV and typically 100 pC single bunch, bunch length 200-300 fs (goal), emittance ~ 1 um, Laser osc. frequency 75 MHz, rep. rate up
to 3 kHz, Length: 5 m
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AWAKE Run 2 LWFA injector (e4AWAKE) MARED

= The project aims to realize "laser-assisted electron
injection" in AWAKE, as proposed in Ref. [1], taking
advantage of the AWAKE Run 2 experimental setup dotecors: o) Faraday cup ‘H‘“.‘ °
without interfering with it. : 0 miam W ller

. d CH, moderator
—L[Cu . “~. electron :
. . T : beam
= Current proposal includes input from: LNF e, : . CCD camera
b) magnetic spectrometer chamber with 800 nm
CERN: (BE-ABP-LAF, SY-STI-LP, SY-BI-PM, TE-VSC-BVO, HSE-RP-AS, EN-MME-EDS, magnetic /screen for ilter E= 50 mJ
TE-MSC-NCM, TE-VSC-SCC, EN-ACE-OSS, SY-RF-MKS, BE-CEM-MRO, BE-CEM-MTA) system . 800mn electron beam - t=50 fs
: : LTt 2=800 nm
: 1
Max Plank Institute for Physics, Munich, Germany: use of the AWAKE laser, laser : . e PR farget U= = === — -
. . . : === ——— -
expertise, Rb expertise and used of Rb glovebox, Rb CCD'../.. ........ : E‘e“m“ = 200 mJ
ANEX eam ' ' | ~
camera ol e e e e t=10 ns
Dusseldorf University, Germany: simulation of wakefield acceleration in Run 2c screen — —— _ 2 _)=1064nm
setu p ¢) secondary Be target parabotic L/~
37T 2mm W )
Wigner Institute, Budapest, Hungary: simulation of laser ionization in both : Be : converter fror
demonstrator chamber and Run 2c setup : : \Ef:gon

Moscow State University, Russia: expertise and design of demonstrator chamber

LOA, Ecole Polytechnique, ENSTA Paris, France and LIDYL, CEA, CNRS, Universite

Paris-Saclay, France: expertise and design of demonstrator chamber _ n _ o .
[1] V. Khudiakov, A. Pukhov, Optimized laser-assisted electron injection into a quasi-linear plasma

. wakefield, https://arxiv.org/abs/2109.03053
Sketches and picture for Demonstrator, based on [2] and [3] [2] M. Thevenet et al, Vacuum laser acceleration of relativistic electrons using plasma mirror injectors, Nature

The CERN demonstrator would likely be smaller, with diagnostics outside the Physics 12, pages 355-360 (2016), https.//arxiv.org/abs/1511.05936 . .
vacuum [3] I. Tsymbalov et al, Well collimated MeV electron beam generation in the plasma channel from relativistic laser-solid

interaction, Plasma Phys. Control. Fusion 61 075016 (2019) https://iopscience.iop.org/article/10.1088/1361-6587/ableld
\\_/
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Part |ll: Laser i1on sources at
ISOLDE (RILIS)
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lon beams, ISOLDE Iin the CERN accelerator complex

CMS
_»7 *«_

Nortb_‘Area
ALICE — i LHCb
SPS TT40 T4 / e
n2 .l‘ 1.4 GeV p
T2 A ATLAS
HiRadMat
: TT60
I
ELENA AD
G OY > ISOLDE
P P East Area 5
n-ToF
unac2 *
neutrons
LINAC3
lons
P p (proton) p ion ) neutrons P p (@ntiproton) P electron $-+)- proton/antiproton conversion
21/09/2022 38




The ISOLDE Laboratory: target and experimental areas

» 12 beam lines

» 10 fixed experimental setups HRS.

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

General Purpose
Separator

Focus on Exotic Beams at ISOLDE: A Laboratory Portrait 39

21/09/2022 https://iopscience.iop.org/article/10.1088/1361-6471/aa990f



https://iopscience.iop.org/article/10.1088/1361-6471/aa990f

Resonance lonization Laser lon Source (RILIS)

IR
RF
Blackbody
radiation
DC electric
field

Collisions

Selective excitation

Hot-cavity RILIS:
T=2100 °C

-

lonization efficiency
10-30%

Mass selection

40




RILIS lon beams

RILIS ionization feasible
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RILIS at ISOLDE Facility

Laser beams transported to:

- : .1 - GPSFrontend, ~18 m
RILIS NP 8+ HRS Frontend, ~23 m
| « Gas-filled Paul trap ISCOOL ~20 m
GPS cabin |
W P p 1__*1 S]]
| “—— _!-—
y To ISCOOL | 90° prisms
- — ' -
T N HRS
H S
l | ’ NN
1 . g . \>\ ,I
NS Vacuum window
- HRS 90° magnet
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RILIS laser setup (simplified)

l Dye 2 | SHG I THG .
Dye 3 !

10 kHz
Master clock

SHG oo

\
GPS/HRS

Delay
generator

RILIS Ti:Sa Laser System ‘ Target &
Ti:Sa1l ; SHG/THG/FHG lon Source
Faraday cup

Narrowband Ti:Sa

A — meter
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RILIS laser setup
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Diamond Raman lasers at RILIS

Broadband.:
To extend the Ti:Sa tuning range
towards the UV pumped dye range

0.2
0.18
0.16| ‘
/
0.14 } =
!
— 0.12} "
> ’
= '
g 01 ! Slope EN
3 ro79% vt —
/
L 008}

" im
0 0.1 02 03 0.4 05 06 0.7 54 100
w]

pump

K. Chrysalidis et al, Opt. Lett. 44(16), 3924-3927 (2019)

’
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b ! 1 = -
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< T >
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— snaeey ™ b) f Massirna
e — E—— o 43,0 + *+ -
e o - + 3
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08 cm? l \ ] 4s''s, - ‘.," :-c.' e : ;lm 168 s, :.’ “l". .::"“

Optics
EXPRESS

D. Talan Echarri et al.,

Optics Express 28(6), 8589 (2020)

Z—
\ }
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Diamond Raman lasers at RILIS

Narrowband: OPTICA
To enable laser spectroscopy with a laser line
width ~ 10x narrower than is currently possible :
with RILIS lasers

Widely tunable front-end

2.5 W i 563-597 nm
15 no. 10 kHz

- Sirah Cirating tunable - - - . . Beam

Monolithic diamond
Fabry-Pérot resonator

i Rhodamine 6G + ethanol

KT project “Singular light”

119+ 0.3 GHz Stokes
4t = - —Pump ]
I 0.06

0.04 -

0.02 50x

N

s

<

Ry 2

-3 Av [GHy|
a 2 ~— 200 + 40 MHz
72]

=8

30 20 -10 0 10 20 30
Av [GHz

Stokes spectral squeezing via
phonon resonant interaction in
diamond

E. Granados, et al, "Spectral synthesis of multimode lasers to the Fourier limit in integrated Fabry—Perot diamond resonators,"” Optica 9, 317-324 (2022)
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MEDICIS Laser lon 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 e
|

VVVVVY

- L.

computer control

Sm-153 :
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MELISSA Laser Lab'

_____________________

Setup similar to RILIS, based on Ti:Sapphire lasers
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Summary

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

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

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

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

) 7
@) T\
\ )
X7 4

48



Acknowledgements

Sources, Targets and Interactions (STI) — Simone Gilardoni

Lasers and Photocathodes section (LP) — Bruce Marsh

Current members:

Katerina Chrysalidis — STAFF
Eduardo Granados — STAFF
Ralf Rossel — STAFF

Isabelle Fontaine — FELL
Reinhard Heinke — FELL
A. Jaradat — FELL
Miguel Martinez — FELL
Cyril Bernerd — PJAS

Ralitsa Mancheva — DOCT
Baptiste Groussin — TECH
Isabelle Hendriks — TECH
Georgios Stoikos — TECH

Former members:

Valentin Fedosseev
Eric Chevallay
Shane Wilkins
Camilo Granados
Matthieu Veinhard
Christoph Seifert
Tom Day Goodcare
Sebastian Rothe
Daniel Fink

Harsha Panuganti
Anna-Maria Bachmann
Florence Friebel
Daniel Talan Echatrri

Christoph Hessler
Mikhail Martyanov
Piotr Gach

Irene Martini
Marta Csatari
Massimo Petrarca
Nathalie Lebas
Vaila Leask
Vadim Gadelshin

49



Thank you for
your attention!
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