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Laser applications: talk overview e

Outline

Laserwires

— e laserwire profiles

— H- transverse emittance
— Longitudinal

* Polarimetry at LEP

* Shintake monitor at KEK

* Electro-Optic BPMs
— Other eo -> see A. Gillespe’s talk

Disclaimer: focus is on
laser based beam
diagnostics, not
radiation from the
particle beam.

High bandwidth signal transmission
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Laserwires — general concept -

How to measure the transverse beam profile?
* Traditional method is to sweep a solid wire across the beam
* Measure the background vs wire position of wire and beam

* High power and/or very small beams (micron scale at LC)
present challenges for conventional, invasive diagnostics:

— Solid wires may ablate, harming SC surfaces nearby. e
) ] Lahu\e\ Beam Splitter ton-scattered
Replace the wire with a laser beam: \ 1 e
. _Mirror :
* Electron beam laserwires: _ Gamma
Dipole Detector
— detect Compton-scattered photons i&» i,
* Hydrogen ion beam laserwires:

L«. i
Deflector ———sn T
\

— detect product(s) of photo-detachment *

H +vy->e +H°

A/
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Gaussian beam optics o,

Laser beam must be focused to a size compatible with the particle beam profile

* Electron beam laserwires:

— um level electron beam sizes
requires um level laserwire focus
—> major challenge!

* Hydrogen ion beam laserwires:

— mm level particle beam size, need

f <100 um laser focus.
* Key parameters:

Beam waist Rayleigh length Beam transverse size (1/e?)
A 2f TTWn 2 2
W = —M?*?— Zn -0 w(z) =w, [1+(4/;
T d AM 2 R

M? is measure of beam quality (M? =1 would be an ideal Gaussian)

\/
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e- laserwires: ATF setup | .

* Light focused into interaction chamber through vacuum window required careful optics
design to deliver beam with minimal aberrations:

Final
steering
mirror

—
Beam direction

Lens mount

..................

- -

................................

Interaction chamber/ Vacuum window

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

 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 scannersin the International Linear Collider

beam delivery system Phys. Rev. Special Topics - Accel. Beams, 10, 112801 (2007), Issue 11

Recollimation lens
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e- laserwires: ATF2 setup

ATF-II Extraction Line Detector Laserwire IP A. Aryshev, S. Boogert L. Corner,

: oamiE HENES L e B B B Rt B P Y Kruchinin, L. Nevay, N. Terunuma,
- M - h J. Urakawa, R. Walczak

« Goal: Sub-micron resolution
laserwire using transmissive optics

« Demonstrate 1um vertical profile IEE . — FM.ampulla/’?v 3!,; [ -
 Use mode-locked Nd:YAG laser Tel-ie 4 & QU e ———" !/ #’_—ig'-" - N

« 1x10"%e- and ~2GW peak power @‘/ —=—K L0 - CERNTE—

» Cherenkov detector for y-rays
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e- laserwires: ATF2 laser beam characterisation

« Electron beam 1 x 250um
« A=532nm laser, gy = 1um, M2 (spatial quality) = 1.3
* Rayleigh range = 15um

» laser o ~ constant over 30um << 250um
* Vertical laserwire scan non-Gaussian

Laser

Use measured laser propagation in overlap integral

A. Arysheyv, S. Boogert L. Corner,
D. Howell, P. Karataev, K.

Kruchinin, L. Nevay, N. Terunuma,
J. Urakawa, R. Walczak

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

y
°
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e” laserwires: ATF2 results e

A. Arysheyv, S. Boogert L. Corner,

D. Howell, P. Karataev, K.
Successful measurement of the Kruchinin. L. Nevay, N. Terunuma,

1.07 um profile electron beam! J. Urakawa, R. Walczak

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

Projected laser dimension

J . : Measured vertical e- beam proflle Measured horizontal e- beam proflle
at interaction point 18
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FIG. 12. Calculated projected vertical sigma for the laser as
well as the two axes of propagation at the LWIP. The distance is

\/

FIG. 19. Nonlinear step size laserwire scan with the smallest FIG. 20. The corresponding horizontal laserwire scan for the
measured electron beam size. smallest vertical scan, which was required for the combined

analysis.
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e laserwires: at PETRA-II & -IlI e
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oo o Lergiuena oston () N[V in Phys. Res. A 592(3):162-170 - July 2008
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H- laserwire: Linac4 transverse emittance scanner o e

* Linear Injector Upgrade at CERN for the (HL-) LHC, Linac4 to replace Linac2 after LS2:

* Higher energy, intense H- beam requires non-invasive diagnostics: H- laserwire

Linac2: Linac4:
160 MeV H-ions

http://home.cern/about/accelerators/linear-accelerator-4

A
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H- laserwire: Linac4 transverse emittance scanner 3

g * Linac4 laserwire developed in recent years in
; collaboration between CERN-RHUL:
— Initial tests of emittance scanner

prototype at 3, 12 MeV on diagnostic test
bench during Linac4 commissioning

]
bl
n.

.,
.

-----

------

el

\/
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H- laserwire: transverse emittance scanner concept o L e

Laser neutralises H°, which go straight to HC Detector
a downstream diamond detector.

Bias: 500V 5 Detector Channels

Main H beam deflected by spectrometer
magnet.

Bending

f L '\ W, ‘

Laser Magnet -
1080 nm
I y-scan
Principle:
H+y —> HO+e
H- beam H? beamlet beamlet
<1 ppm after drift

A
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H- laserwire transverse emittance scanner concept o,

* Laser neutralises H°, which go straight to

a downstream diamond detector.

nn

‘ I &‘ ‘,: 1“: R £z
. o N lﬁl%l'
*  Main H beam deflected by spectrometer R AR s e (s T
magnet.

* Count the total H° arriving at the
detector, as the laser position is scanned
through the H beam -> transverse
profile.

Laser,

o=
Beam Projection

A
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H- laserwire transverse emittance scanner concept oL e

* Laser neutralises H°, which go straight to

a downstream diamond detector.

nn

. e B lfl%l'
*  Main H beam deflected by spectrometer X PRy R Em ST R TEm)
magnet.

* Count the total H° arriving at the
detector, as the laser position is scanned
through the H beam -> transverse
profile.

Laser,

o=
Beam Projection

* Can also assess the beamlet distribution
at each laser position to find the angular
information, thus reconstruct transverse
emittance.

p Beam axis

(2

H™ ion beam

A
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ROYAL

laserwire: Linac4 prototype, focus optics tests o L .

* Fibre-coupled laser with beam expander and lenses to focus beam

Ax 2|
to <60 um: beam quality assessed on test bench. =
SO 349.0 um
N - camera and filter wheel T —TT
collimating motorized focusing 15 for , T—TTY
Lens o g lens " on translation stage T -
Fibre eam expander alignment around beam focus e —TT O
f=6.4mm =500mm e e s
E— - . S . - — _ . ADC Pesk % 69.7% ;_:"m_u :
3 [ ‘ \\ : T ’ o » "_ .' H;;M n'm!: “Exposure Gme = 3.185 ms ”‘l’
: o ‘ x ’ ' Ty — FrorT WYY . |
f l\’ .[) "1 |
5 - = vﬁl .: 1"‘ \y
e ). ;' F = D P ! — g T ,‘ — R ; ) ’ ; W (m’:xmn.w Tscate = 3508 umiary é-k»;{-‘!‘ﬂ»lﬂ(
" b % ;. c e d B BT =, = | - Figure 6: Picture of the laser at the focal plane.
" : = : 3 2 % : = ! J ; ' ' J: N . . o . - 220_- w=WO*s_qrt(1+((M2*Iambda*(z—20)
3 s . g X *1000)/(pi*(W0"2)))*2)
1 % Equation
200 -
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H- laserwire: Linac4 prototype emittance scanner

ROYAL

HOLLOWAY
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H- laserwire: Linac4 prototype profile scanner o L

* New configuration for 50, 80, 107 MeV, as diagnostics dipole was unavailable: instead count

liberated electrons deflected using a small steerer magnet.
[ 4

L1y Figure 8: sCVD diamond detector [12] mounted on the
actuator that is part of the laser monitor assembly for the
006 = o 50 MeV experiment.

B-Field in Y [Tesla] x10

H- beam
5

] : Shielding
009 . ‘ AAAAAAAAAAAAAAAAAAA (OUtSIde of
; beampipe)

T. Hofmann etal, ‘Design of alaser
based profile monitor for Linac4
commissioning at 50 MeV and 100
MeV’, TUPBOO5, IBIC 2015.
http://ibic.synchrotron.org.au/papers/
tupb055.pdf

012 Lecooto E—. [y — A.,E.. oo

N=

Laser dump

Diamond as DAE

electron detector 0.03 0 -0.g3l : -0.06 -0.09
m
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H- laserwire: Linac4 prototype profile scanner results
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Figure 10: Comparison of SEM-grid o--scaled profiles with
the laserwire profile for the 80 MeV H™ beam.

Laserwire profiles in good
agreement (<2%) with nearby
conventional diagnostics

ROYAL

HOLLOWAY

107 MeV
o SEM2
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Figure 11: Overlay of 107 MeV H™ beam o -scaled profiles
recorded with different devices.

S. Gibson et al, ‘Experimental results
of acompact laserwire system for
non-invasive H- beam profile
measurements at CERN”s LINAC4’,
TUPBOOS, IBIC2016.
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H- laserwire: Linac4 final system concept

* Measurement of electrons and neutralised H, wit two laser locations:

Diamond
Strip-Detector

\
I
I
I
1
I
1
1
1
I
1

Main Dipole
Magnet

Laser  Dipole
Beam
Electron
Multiplier

H- beam

\/
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H- laserwire: Linac4 profile & emittance scanners o

* Final dual-station laserwire was installed in 2017 for operation at 160 MeV

Data
Fit
— — 1080 nm

* 4 |gserwires in X and Y at two
locations

H™ total photoabsorption
cross-section x 10717 (cm?2)
N

* Detectors measure stripped
electrons and H°

Il Il Il Il Il
400 600 800 1000 1200 1400
Wavelength, nm
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H" laserwire: Linac4 profile scanner first results G | "2

* First electron detector profile results from commissioningat 160 MeV presented at IPAC18:

Well aligned laser beams with tightly
focused waist <60um ‘ :

‘ ‘ ‘ ‘ ‘ 1t E‘I’ = Laserwire
o8l © Xplanei M2=1.3923wx=58 .umixR=7.02mm | ; o Wirescannel’
oz6ll © Y plane: M = 1.333; wy=57 um,yH=7.14 mm —_ 075k § § |
Fibre lengths set to illuminate > o5l mi ] |
. . . — o
IPin X & Y at slightly different 0.25} ‘ e %o ]
. »?® $o00e,
times: Of I omecea® ®¥rx x |
-6 -4 -2 0 2 4 6
X [mm]
300 ~--PDX[40 : :
0 E 1k _ iﬁ * Laserwire ||
Positon [mm] S 2001 z 3 qiﬁ o Wirescanner
: : : ; : E 120
X plane: M® = 1.360; w_= 58 um; x_ = 7.26 mm s E —_— 075* F - Y i
0.28 ° ) x R @ 100t ) 5 2 i
o YPplane: M =1.368; w =59 um;y, =7.36 mm r 110 S II %
0.26 y A s R A R N ) YO o 0.5 i ‘ 3] ]
| YT LT R 025  mmE | "’L;‘ .
08 1 12 1'4Tim1é6[us]1'8 2 22 24 0 X o oig, 3
Figure 5: Signal of electron multiplier (EM) and photodiodes -6 -4 -2 0 2 4 6
of horizontal and vertical laser beam (see PD in Fig. 3). y [mm]
Figure 6: Beam profiles recorded with the laserwire and
a wire-scanner in both planes. As the wire scanner is lo-

" postton ) cated 2.7 m downstream of the laserwire, its profile is scaled
according to the beta-function ratio of both locations.

/_

Johi s \nstiGute fur Aecelerator Sclegee Stephen Gibson — Application of Lasers in Beam Instrumentation — CAS Bl, 8 June 2018



H" diagnostics at SNS .

MEBT Laser Bunch Shape Monitor

1 »F‘a"h jom o= o -.ew‘,_\
Injection W/ N

Z

SCL Laser Wire Profile Monitor

T ad

HOOGO

Extraction
HEBT Laser Emittance Scanner "» |
Laser Assisted H- Stripping
lon 2.5 MeV 87 MeV 186 MeV 387 MeV h )
Source N
' . ? Liquid Hg Target
SRE 0161 SRF, =0.81 —rresssseced 4o

a0 A \ |

Mode-lock Laser Q-Switch Laser

/' Yun Liu, H- stripping workshop

John Adams Institute for Accelerator Science Stephen Gibson — Application of Lasers in Beam Instrumentation — CAS Bl, 8 June 2018



H- diagnostics at SNS: longitudinal bunch profile |

Laser oz ﬁ ffiw" )
Chopper [ = s
o j - NN N . ) T W 1 .
Frequency ™ ] - : JENL ]
shift H | & : e
M”}
01)0&:&.‘5 :\- Lo . i et ’ ‘)‘- s ki y -
805 M“? s ()utput Phase (deg of 80.5MHz)
Figure 3: Typical bunch profile taken with phase shift
technique. Peaks are distributed 72° apart.
402.5 MHz

Beam dump MCP SR570

/ Longitudinal laser wire at SNS, IBIC 2013
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H- diagnostics at SNS: laserwire transverse profiles - 1 o

250m
4. 5

12 13

160 m 25m

14 15

HLIULFI_

I |_I H

Laser light Pick-up BS

AA

FM

‘B V-scan

\/

Camera
Telescope E
Laser K . ﬂ i
PZT Mirror :
Laser Room

Liu et al, NIMA 612 (2010) 241-253;
Appl. Opt. 49 (2011) 6816-6823.

Yun Liu, H- stripping workshop
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H- stripping at SNS: first demonstration in 2017 y FLtbwar

e -
A3

RTINS T
.__w‘T]hw : e0'~1w-‘_e:'

p+

FIG. 1. Schematic of the laser stripping concept in this experi-
ment, showing Lorentz stripping of the first electron by a dipole
magnet in the first step (the far right), resonant excitation of the
second electron by the laser in the second step (the middle), and,
finally, stripping of the excited electron by the second dipole
magnet (the left).

08

ﬂ;“
\ \\H

t (ps)

1 (mA)
AO
‘E

FIG. 4. The experimental results. The average beam current for
a 11 us H™ beam measured by the beam current monitor at the
interaction point before stripping (blue), and eight separately
measured stripped proton beam pulses on the same beam current
monitor during stripping (red).

John Adams Institute for Accelerator Science

Laser transport
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PRL 118, 074801 (2017)
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ROYAL

HOLLOWAY

Polarimeter principle (D))

O Scattering circularly polarized light on a transversely polarized e-/c+ beam (assume vertical Pr)
generates a polarization depend shift of the out-coming photon profiles.

— The beam polarization can be assessed from the scattered photon distribution.
y profile and asymmetry (R/L

0 Typical sensitivities at the Compton photon detector: Ay = S x P+ laser helicity) at LEP
o S~5-10um/% (depends on leverarm LIR — detector). 2 Sl s ey s di e oo
o By flipping the laser helicity one only has to measure a relative shift. § o _ ]
< ook h

l Laser

\
APH/PH [%]
= 7
T
..l..': NEPIRTYES I ETRPYIPS A SSTP

Polarimeter for FCC-ee / J. Wenninger

1
'
1
1
'
[ ‘—‘\ ¥
: LIR _-* j r ¢
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............ : o aa ‘ + P - 57 /0
....... ' e Electron -5 [
,,,,, [ Pk bunch L ’
1 ¥ L
:‘ i) - 10 ] 1 S are g ! ! ]
Mirr 15 10 -5 0 5 10 15

LIR=Laser (beam) Interaction Region
R. Assman (PHD)

5/31/2017

2 J. Wenninger
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Polarimetry at LEP: & future FCC-ee? i s

@ The LEP polarimeter ((ECD))

Q The LEP polarimeter was installed in LEP point 1 (now in the middle of the ATLAS detector).

— ND-YAG laser @ 100 Hz, interleaved right / left circularly polarized laser light (optical bench),
— Laser light path into the LEP vacuum chamber, in vacuum mirrors,

— Si strip detector (2 mm strips) for gamma profile measurement.

o . . .

£ g BOtTde'- (prllmgrly) End e+ polat(’jlzatlons e S NETAG e

5 could In principle be measureaq. gias RS | R : il il

: princi " | 0k 00

> — e+ measurement difficult due to mirror E{(ﬁ(( | camell V2 plat

3 vibration issues, performed only 2-3 Do 2 — Bttt °

3 : ) ) - "

o times during the entire LEP area. e 1

6 . Laser polarimeter

£ 0Distances to photon detectors of # : | E | | Mo

e 240m and 390m. Blecion : Proais

E detector E s ;n‘u;d : o

8 ............... ¢TI T e i —— A .

............... : e rnear I vy

B o S gy W
’ (11 kHz) Mirror %

~ Positron

- detector

S 240 m 390 m =

o v J. Wenninger
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ROYAL

HOLLOWAY

(GD

O The backscattered Compton photons were extracted at the entrance of the arc (Al window in the
vacuum chamber ~ 50 x 25 mm?2).
— Note that the actual layout was actually reversed (design drawing!).
— P functions at LIR (Laser-beam IR) ~40-120 m, beam sizes ~0.4 -1 mm.
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]
O - | R SV . . .

5/31/2017

J. Wenninger
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Shintake Monitor: prinicple .

* Aims at measuring o, = 37 nm beams for future linear collider. Installed at ATF2 in KEK.

Split into upper/lower path

Optical delay control Laser .
phase scan NG Compton scattered
—] photons detected
Optical Delay Line downstream
A v i Scattered Photon
N ) Gamma Detector

Laser Light

Bgnding Magngt/\/\,@f}j
\i,/:»f""" o SR

\ M oamt L3
/ *\ Laser Interference Fringe  Beam deposited
Collision of S L safely into

e- beam y * dump

with X ‘\I/' .
laser fringe

Virtual IP

\/
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Shintake Monitor: layout L

Transport line

Laser table = vertical table @ IP

Mirror Actuator 1 Vertical Table

Laser \ PSD 3&1’- ==
20 m transportline Laser Table ot l
s Mirror Actuator
Vertical Table (Main Optical Table)

 Emerge from bottom right

* First enter reflective mirror

» Reflected light split into upper/lower path
e optical path created for each mode

=>» Interference fringe

* Transmitted light to diagnostic section
PSD, photodiode (PD), PIN-PD, phase monitor

' 1.7m X 1.6m Jacqueline Yan, Univ of Tokyo
4 / TIPP2011
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Shintake Monitor: modulation depth .

Detector measures signal modulation depth
Focused Beam : large M

M = (amplitude) / (average) Signal
Laser Interfere Fringe A

Scattered Photon o~ litud
Electron Beam | e o 1amp '.»"u ©
.
R average \__/ \__/
>
I Phase Scan Fringe Phase
- siga.. .
» Dilluted Beam :
—
smallM

—

el — _p— _—

li——]

=_—
l >
Fringe Phase

A/
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Shintake Monitor: alignment =

| iwscan_meas101217_1630.dat | 42 I ndf 58.89046 / 36

Longitudinal laser alignment : z-Scan = i

Offset -0.68161+ 0.17989

energy deposit [GeV]

Laser Ray A Laser Ray B

Electron Beam —_— <~ > no Signal Modulation ;
=10
Z0 0025803 5035604 9045608 "’“’1545;;,?.'.;1,‘5, - oes
— 2'(2)
B e Low Modulation -A/-[meas. = eXp | — 2 —]V[ideal
P 8
e laser
=
— vertical [z-scan with IP-BSM 101217 | 22 ndf 0.03003/5
— Moo 0.6421+ 0.06458
P e— High Modulation ‘ .§ u Mean 9.048 + 0.0002484
—— g 0.6_— Sigma  0.0009102 + 0.0001533
—— longituc 8 F
T = -
0.5—
- - L 0-4;
® find position of max M ;
0.3
- 02f
€ can also get z laser spot size : 20, yaser
o1
T T R T R Y R T

©
o
'3
[
©
(=3
S

Mirror2Y[mm]

\/
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Shintake Monitor: systematics e

4
v

1 Laser Interference Fringe
Spherical Wavefront Effects focal scaniny : Res. 0.1um

» offset from laser focal point
=>» beam “feels” distorted

Add mover (stroke 30 mm)

‘!k I to final focusing lens Electron Beam  ——>

fringes
Mover
vertical
= longirudinal
Fringe Tilt
. . 2
ES— ..~ longitudinal: 0,,,, — Oy + 0. O slaser
2
transverse: O, —> 0., + 0@, O,
-—
U?l.‘m:r
vertical Tilt monitor:

PSD resolution 10 ym
- Ap ~0.3 mrad

= longirudinal

Jacqueline Yan, Univ of Tokyo, TIPP2011

\/
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Shintake Monitor: results ]

12 ndf 226118 250 | i , I | l
e E_avg 738+ 11.22 - sl
5_200:— M 0.4306+ 0.01898 M,meas =043 +/- 0.02
2100;_ init. phase 9,912+ 004923 (o-y,meas = 55 +/- 2 nm)
000/~
§ g M,meas = 0.54 +/- 0.04
00t (oy,meas = 47 +/- 3 nm)
800F-
7002— Assumptions: o U I . | ! l 1 I
S00E. *Gaussian — like profile -0.8 -0.4 0 04
*pointing jitter ~15% of claser Electron Beam Vertical Position (um)
500t ._ *Alignment precision based on
: % stgan & Zsian FIG. 2. Measurement of the vertical height of the beam at
400 the FFTB focal point with the laser-Compton spot monitor.
SRR F 8% SO ES BTANE BUAG BUNI The observed fringe spacing agrees well with the 0.5 um
10 15 20 25 30 expected from the wavelength of the laser. The beam height is
phase [rad] determined from the ratio of the Compton signal at the minima
of the fringe pattern to the signal at the peaks of the pattern. In
Stability Studies Based on IPBSM Fringe Pattern Analysis this case, the beam height is 73 nm.

FJPPL-FKPPL ATF2 Workshop Mar 17-19, 2014 LAPP
Jacqueline Yan, S. Komamiya, K. Kamiya (The University of Tokyo) Focusing of Submicron Beams for TeV-Scale e * e~ Linear Colliders

T.Okugi, T.Terunuma, T.Tauchi, K.Kubo (KEK) PRL 754 13 2479-82(1995)

\/
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Electro-Optic Beam Position Monitors < L o

Motivation: Crab bunch rotation and pile- up at HL-LHC

o2l | event from 2012 data with 25 vertices
LHC luminosity is currently limited by 23 interactions per SEESS :
geometrical overlap, due the crossing bunch crossing at
angle (285urad) between beams: nominal LHC

One bunch
L= N1 No f N R(0) = ! crossing in
Ao, 0 \/1—|—(Z—Stang)2 the ATLAS

J B} particle

tracker

At HL-LHC, RF crab cavities will

rotate the bunches to collide head on:

HL-LHC: pile up
increases to
~140 vertices
per crossing.

Distribution in beam direction
matters when identifying vertices.

/
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Electro-Optic Beam Position Monitors | e

Motivation: intra-bunch diagnostics / crabbed bunches

1 e.g. J. Gareyte, “Head-Tail Type Instabilities in the PS and Booster”, CERN, 1974

The EO-BPM project grew out of idea
to upgrade the Head Tail monitor; to
visualize and study beam instabilities
as they occur.

Applicable at HL-LHC to monitor
effects on crabbed bunches.

b) m = 0, x = 2.3 radians b) m=1, x = 6.9 radians d) m = 2, y = 6.9 radians

Standard approach: I
Stripline BPMs + fast sampling PllA
oscilloscopes. £ 1

Limitation: o-beam
Bandwidth up to a few GHz, limited by the
pick-up, cables, and acquisition system. ; ; )

A new technology is needed: 7NN
Fast electro-optic pick-up PilA

/ Stephen Gibson — Application of Lasers in Beam Instrumentation — CAS Bl, 8 June 2018

John Adams Institute for Accelerator Science



Electro-Optic Beam Position Monitors L e

Aim to develop fast, intra-bunch diagnostics to monitor crab-rotation of bunches.

from laser Replace pick-ups in a button BPM with
to detector 1 _
electro-optic crystals.

The electric field from a passing bunch
induces a polarization change of light
through the crystal.

Fibre-coupled design with laser and detectors

from laser

> 160 m away from accelerator tunnel.
Transverse position along the 1ns LHC bunch
— Al —y IS mon:tored.
Linear polarized Rotated polarized | o
light light I =1
P A e -
to detector 2 o
|
|
|

\/
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Electro-Optic Beam Position Monitors o L .

Opt
] zTEout
EO pick-up s
Amplitude EO modulator: Y
4‘7 1 -1 1 e~ Fi 1 }*‘ 1 eF 1 1
+45O A"’ -450 W(1> ﬁ(ﬁ;) ﬁ( ]) E(g%”j) E(l)
z z z z z
p()p[ Vv = E()pt E()pt TL V I i ! £ i
“vert " in out,z ! / %
2 ¥ o «%w«ﬁ ol } ol y?
H . 750 H |
v E \ Tcrossed (a) (b) (©) @) (o)
3 Ty > WV, OB p 5
4 L > y EO PNV Y5 " "4
5 X out,x ! . /’ /1
T m—"Y | Transfer Function: ™"
Half-Wave Plate EO Crystal Analyser (a) (2)

Different input and output polarisations.
Major and minor axes always at 45 and —45 degrees | ””'@ """""" // """

LNB: natural birefringence -> Thermal drift. s O 7
Transfer function: & 7777777777777 3 o 6 2 |
I T, =xE \ |
— 2 i 9 Z (e
Tcrossed = sin 9 = sin ( 9 4 §E_ 02} o Y a;\y” ,,,,,,,,,,, - ,

\/
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Electro-Optic Beam Position Monitors |

Optical setup

Bunch Coulomb field as modulating field

Optical arrangement must replicate an amplitude modlté(!ator:

|_ ............... 'I @ '_SMZTI)I('— P — _Om:ﬂdT ....... _l

: [ | .

! PM2 Fibre @  PM2Fibre | SZtUPE et |

1 1 : = M4 .

: -_< PM!1 Fibre I I Mly7——z ’3(1 mover Amplified »-i.-m-p.x.“g,.....!

I - | Fibre coupled | | J e g A ij|

! 780nm Laser | . M2 S ,I] — P I~ 8T 3 L |

I KEP stage LA y 1

: Detection system | iz AA /\vm-uum vic\\'port[ = s |\/\|

- a \ .

i HCA4 ! Il_, s !

| _____ ....... Jd Ix (.y,t_,lﬂ, ) I

160m separation between the rack room and pickup | s !
prototype. | T g die]
. . . . . M2 T~ / QM3 T_. |

780nm light carried by PM fibre and SM fibre for return. - ! WP % BC A ﬁl
. . b & : rer Local coordinate system o
Polariser splitter, HWP and Analyser to set a crossed @I pure M L s |
. . . | FC FC ‘ i
polarisers configuration. @I N o SPS |

Arrangement of set of mirrors for alignment.

A/
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EO-BPM: prototype system at SPS since 2016 L 2w

* 5 mm length crystal
* 66.5 mm radius
e 780 nm wavelength

SPS coasting beam tests | | | | "
demonstrated that the | | | | |

: iy —+
system is sensitive to the
transverse displacement
of the bunch by measurin

L
SuE
/
%

EO pickup's signal magnitude [dBm]

— Fit

A Exp-Fit ~ Normalised EO Signal [mV-10'p* /N,]
A Exp-Sim  Normalised EO Signal [mV-10"p* /N,]
[ee]

Q¥ Q’L‘l\\’\i’l«\‘“\ﬂ xm\&i beX\1 X%V‘\n Of the tune Of the SPS. 6f - - — o o
29”2 B3 Experlmental ‘ |
— : ]
Betatron amplitude sidebands: S — g e et i L e o Be g SWCPg L el ®
6 8 Artehe et al, s o “& “@%w%ﬁ’ et — g o RN AP T —
— w0138 — =i0.184 s S ] S S ne S
43.375 43.375 IBIC 2017 - . . - L . = 0 > 6 8

Bump Amplitude [mm] Bump Amplitude [mm]

/
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EO-BPM: compact interferometric design s

'M M\}h‘% : ﬂq‘, “ (MI 1) ﬂ] . A pair of fibre-splitters was used to create an interferometer aroundone
I ST EO-crystal as shown.
Al "

ﬂ -M W . Alternatively, asinterferometer between opposing EO-pick-ups allows
T e R direct optical measurement of the beam position difference signal

2] 0 1 O MR e T HE R © © 100% from laser 25%  pathinfiore 2% 50:50
- > interferometric
R R 575 25:75 50:50 signal to detector
............... i 75% >25 t0 45%
....... —— — 50:50
—_—
......... interferometric
---------------- Reflective . signal (antiphase
PMI(L) SR I colimators Layout s tolorantto "I ETPN)
sM1(8)& . any drift in alignment
.............. Compact mechanics over time

fit LHC BPM flange.

Path through
crystal

Installed on top flange of EO-BPM at SPS Mounted for bench te.;ts

Johi s \nstiGute fur Aecelerator Sclegee Stephen Gibson — Application of Lasers in Beam Instrumentation — CAS Bl, 8 June 2018



EO-BPM: compact interferometric design e

Optical response of the compact interferometer to an average SPS bunch as the laser frequency is scanned.

- 8 %27 ndf 0.2861/58 - 8 %2/ ndf 0.1233/58 = 8 %2/ ndf 0.1818/58 = 8 %2/ ndf 0.8521/58 = 8 22/ ndf 0.5975/58
2 [ ¢=-4.88rad Constant ~ 3.761=0.633 2 [ ¢=-412rad Constant  1.279 = 0.640 £ [ ¢=-347rad Constant -2.572 = 0.612 £ [ ¢=-170rad Constant -4.849 = 0.624 £ [ ¢=-134rad Constant -5.481+0.624
3 sE Mean  0.9445 = 0.1649 3 gL Mean 1.015 = 0.472 3 e Mean 1.073 = 0.253 3 e Mean 1.067 = 0.131 S g Mean 1.027 = 0.116
2 r o 0.8513 = 0.1667 e r o 0.8083 = 0.4569 - o 0.9349 = 0.2652 2 r o 0.8913 = 0.1356 = r o 0.8956 = 0.1211
gt 2 b 5 4 5 4 £ 4
3, s f 8 8, s
S 2 S 2¢ S 2¢ S 2 S 2¢
i~ = L c L c i~ L
© © N ®© | © | © |
5 0 G Of S OF S 0F — S 0= —
3 s ¢ s r s r s r
3 -2 8 -2 3 -2 8 -2 3 -2
a a C a C a C a C
S 4L 8 4L 8 4 8 afF 8 4
& | 5 § | 5 § |

-6 -6 -6 6 -6

_8FHH\HH\HH\HH\HH gl P T R BN _8F‘H‘\HH\HH\HH\HH _8F‘H‘\HH\HH\HH\HH _7‘ N I B I B

-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 5 10
Time [ns] Time [ns] Time [ns] Time [ns] Time [ns]

z 8 ¥Z/ ndf 0.4229 /58 & 8 2/ ndf 0.2795/58 & 8 2/ ndf 0.2891/58 = 8 2/ ndf 0.4297 /58 & 8 2/ ndf 1.016/58
£ [ ¢=-0.33rad Constant -3.314 « 0.625 £ [ ¢=0.20rad Constant  2.037 +0.628 £ [ ¢=122rad Constant 4.39 = 0.63 2 r ¢=1.10rad Constant ~ 5.755 + 0.628 £ [ ¢=154rad Constant ~ 7.624 = 0.687
= Mean 1.016 = 0.192 3 e Mean 1.117 = 0.309 3 e Mean 1.017 £0.143 3 e[ Mean 1.013 =0.109 3 e Mean 1.341:0.075
s F o -0.895 = 0.201 S o 0.8734 = 0.3162 g o 0.8747 = 0.1454 [ o 0.8738 = 0.1119 s o 0.7309 = 0.0776
5 4 3 4 5 4 3 4- 5 4-
8 g f 8 s F 8
S 2 S 2¢ J/‘\\ S 2 S 2 S 2
2 2 "t g r 2 r 2
54 ] C o] C . < C . <] C o
S OF S OfF S S OF = S O = S OF = =
9] r o r o} r ° r o}
5 -2 g 2 g -2 g -2 2 o
% C a C a C a C a
8 o 8 af 8 af 8 af 8 af
g L SL L g L 5;1 L g L

-6~ -6 -6 -6~ -6~

Y e R R I B ) e N B R B B e N B U I Y e N R E R B ) o E N BT I R

=10 -5 0 5 810 -5 0 5 10 810 -5 0 5 10 810 -5 0 5 10 80 -5 0 5 10
Time [ns] Time [ns] Time [ns] Time [ns] Time [ns]

21
n

P(t) = - o+ %nirse,lEaz (t) First results from compact setup presented at IPAC2018:

Tests with crabbed beams this year. Enhanced bunch monitoring by electro-optic
interferometric methods, WEPO73, IPAC 2018
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Optical links o .

Lasers can also be applied for the fast read-out of beam instrumentation

* Example from ATLAS: Optical-electroniclinks that bring data from the silicon trackers to the
electronicsin the countingroom.

Fujikura
SIMM(50/60/125)
fibres (up to 91 m)

On detector _ ROD

back of crate card
-*>NR/Z
. —1 ,‘n’ - - ’ : "N
"oaa | VOC 'l _ {4 amay | | orx
§ X A2 ] A2 ) (x12)
‘* porRICHRX 2|+, | = | =
"2 m— 4 bl VCSEL
P o T —r—
R Conrband al 7| amay | | ePm
«/C X12)
odule Opto
- :

A/
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Optical links o .

Lasers can also be applied for the fast read-out of beam instrumentation

* Example from ATLAS: Optical-electroniclinks that bring data from the silicon trackers to the
electronicsin the countingroom.

VCSEL array coupled to 12 fibres: VCSEL Vertical Cavity surface emitting laser diode
GaAs,thin active layer <10 um, very rad-hard

- high speed (>2GHz), 850 nm
matching to thin epitaxial Si PIN diodes

— Little uniform temperature dependence

Two types (by Truelight inc.) in use
Proton implantVCSEL (ATLAS on detector)

- Oxide confine® CSEL (off-detector on ROD)
high power (mW), ch-ch performance is very uniform
little temperature deviation

Nuclear Instruments and Methods in Physics Research A 530 (2004) 293-310
The off-detector opto-electronics for the optical links of the
ATLAS Semiconductor Tracker and Pixel detector

M.L. Chu?, S.-C. Lee?, D.S. Su?, P.K. Teng®, M. Goodrick®, N. Kundu®,
T. Weidberg®*, M. French?, C.P. Macwaters®, J. Matheson

Fig. 3. Photograph of a VCSEL array mounted on a base PCB with the MT guide pins.

PIN diode
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Optical links oo .

Developments for HL-LHC readout: data rate of 5 Gb/s

Versatile Link The Versatile Link +
* Small Form Factor (SFP) Transceiver: * Small form factor, high speed
Ui andccomectors | TREESPPY — Datarate: 5 Gb/s optical modules needed for:
S — Wave length: + CMS tracker modules
Mutimode * 850 nm, Multimode * ATLAS EoS
VCSEL/GaAs * 1310 nm, Single mode
—  Function: * 5G downstream, 10G upstream:
On-Detector Off-Detector . . .
Radianonri(otne Ilodr‘ar:anfheezone * Point-to-point — Driven by GBTX evolution path
VI DRx12 ¢ Point-to-multipoint — 10G laser driver ASIC
YosA N °
o ,» DeveTIopmen_t of pluggable modules. e Smaller
VCSEL gl e - WO versions: . . .
& ] }’ « Transceiver (VTRX) — Revised optical interface GBTIA 3xLD
* Double transmitter (VTTx) — MM only
— Compatible with the commercial e Denser
counterparts
_  LC connectors — Up. to 4 channels
— Length reduced to 43.5 mm * \Versatile
— Contains: — Common package
* The GBTIA& GBLD — Number of up/down links
* Radiation qualified PIN diodes and . .
Lasers — Configurable at assembly time or
_ Radiation tolerant: by turning off unused channels
+ 50 Mrad * On-going work

" 5x10%n/cm? — 10 Gb/s tiny single/quad LD
— Prototyping phase concluded:

- Prototypes available — Package, fibres, connectors

* Production planed for 2015 — Feasibility study until fall 2015
* Target LS2 upgrades

ECFA 2014 Paulo.Moreira@cern.ch 8 | See: Vasey et all, ACES 2014 |

ECFA 2014 Paulo.Moreira@cern.ch 18

/ P. Moreira, ECFA workshop 2014
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Summary of ‘Lasers Applications for BI’ L

Lasers have many interesting applications at accelerators!

* e- laserwires enable ultra precise measurement of micron sized electron beames,
demonstrated at ATF2.

* H- laserwires enable non-invasive measurements of transverse profiles, emittance and
longitudinal bunch shape for high intensity H- beams:
— Agreement with conventional diagnostics to <2%.
— Dual laserwire system recently installed at CERN’s Linac4.

* Laser polarimetry of e+ e- beams at LEP under consideration for FCC-ee
* Interferometry of the Shintake monitor to measure beam sizes down to 50 nm

Electro-optical Beam Position Monitors are in development for HL-LHC: with first signals
from prototype at SPS.

* Optical links at up to 10Gb/s for HL-LHC.
How might your application benefit from lasers?

\/
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Back up

\/
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Laser / THz accelerators -

Dielectric Laser Accelerators * THz structures
— High electricfield at optical wavelengths: — Easierto manufacture / control at THz wavelength.
— Gradients<0.3-1 GeV/m — Recent demonstration of THz accelerated beams

— Staging ratherinefficient, lowers average gradient (>30 keV so far), + new developments in UK.

— Laser efficiency -> high power requirements.

ol Ay
Peak gradient as a function of Laser Field e s
Laser pulse energy (mJ)
0.01 0.05 0.1 0.15 0.2 0.3 MCP detector
| - - . ——— s
M
300} 7 |
a / 100 -~ 1'01 /\
£ L ." 3 4 ectrum
£ 250 /zq 3 }{}} } z g ooi’;ﬂ?
b3 ’ . B~ X, o f(THz)
o] . 3 75 §
i |
g 150} o ¥ 50 g
(C_) '/i _.‘* /,/' %
% ol y ‘3L .o Da 0 3 nzitlure ) ARTICLES
g & /_/ iy 2 p OtoNICS https://doi.org/10.1038/541566-018-0138-2
& //./ - — ﬁimulaltionl: worst  J45
50h // oise leve .
09'4“—-. e e . Segmented terahertz electron accelerator and
0 0.5 1 15 2 25 3 35

manipulator (STEAM)

Dongfang Zhang ©®'25*, Arya Fallahi®">, Michael Hemmer®", Xiaojun Wu'4, Moein Fakhari'?,
Yi Hua', Huseyin Cankaya', Anne-Laure Calendron'?, Luis E. Zapata', Nicholas H. Matlis' and

/ Franz X. Kértner ®'23

o . i
Peralta et al., Peak incident electric field, £, (GV m™)
Natiira N2 Q1
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ROYAL

Laser & beam driven plasma wakefield: 100 GV/m R

* Laser-plasma accelerators (1 GeV demonstrated) *  Protondriven plasma wakefield

— Laser pulsein plasmafilled capillary enables — 12cm, 3x10'! proton bunch drives plasma wakefield
electronsto surf a plasma density wave. in cell at SPS.

— Recent excitingdevelopments in multi-pulse — Acceleration of 15 MeV injected e- to >1GeV
schemes and staging atlow energies. — Successful observation of self-modulationlast year:

Propagation direction
FTEUE T

Bubble regime

self-injected laser pulse

Wake potential protons - e . ‘
electrons . ke ol f
A :

NI

Distance in beam (z)

Plasma electron density p,,
°
3
Proton beam density py..,

0.00

Self-modulated proton bunch
resonantly driving plasma

cavity 4
or“bubble” ° Second half of the proton bunch sees plasma .
[ S.M. Hooker et al. J. Phys. B 47 234003 (2013)] s wakefields.
LBNL have demonstrated staging at low energies (~200 MeV increased to ~300 MeV). ' No Plasma g
Stage I: Plasma Steinke, S. et al. Multistage l
gas jet lens  Plasma-mirror : 3
coupling of independent

tape
laser-plasma accelerators.

Magnetic Nature 530, 190-193 (2016).
S spectrometer ) )
S — Van Tilborg, J. et al. Active
7— ms'cn'a,ge-c;p/-na:y- N% . Plasma Lensing for Relativistic
Lanex screen ) E Laser-Plasma-Accelerated

Laser 2
Ry Electron Beams. Phys. Rev.
Zaneicscreen Lett. 115, 184802 (2015).
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