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Scope of WP13

 Upgraded Beam Instrumentation for HL-LHC

 Long-Range Beam-Beam Compensation
 Studies leading to proof of concept

 Design study for possible final implementation

 Electron Beam Test Stand
 Construction and operation of test stand at CERN

 Coordination of e-beam simulations
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Task Description

13.2 Cryogenic BLMs & Radiation Hard BLM Electronics

13.3 New BPMs Q1 to Q5 with dedicated electronics

13.4 Luminosity Monitors

13.5 High Bandwidth Transverse Pick-ups

13.6 Upgrade to Synchrotron Light Monitor

13.7 Beam Gas Vertex Detector

13.8 Long Range Beam-Beam Compensator Studies

13.9 Electron Beam Test Stand
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Beam Loss Monitoring

 Need for cryogenic BLMs removed 

 Updated simulations including addition of tungsten shielding 

and latest magnet geometries show no advantage over 

standard BLMs for all realistic loss scenarios
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 Radiation Hard ASIC development

 Collaboration with EP-ESE-ME

 Two fully functional custom chips being 

developed to evaluate performance of two 

different architectures: 

 Current to Frequency Converter

 Better for large currents & quickly varying signals

 Delta-Sigma

 High accuracy due to oversampling & filtering

 Aim to test first prototypes before end 2019
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Beam Position Monitors for the New 

Interaction Region Layouts in Point 1 and 5
 New BPMs foreseen from Q1 to Q4

 24 cold directional stripline BPMs for Q1-D1 regions

 4 warm directional stripline BPMs for after D1

 8 warm button BPMs in front of D2 (or inside D2)

 Challenges
 Directivity of stripline BPMs to measure both beams

 Complex design including tungsten absorbers for 
collision debris and active cooling with liquid helium
 Collaboration with WP 3,9,10,12,15

 Status
 Layout optimised

 All BPMs located away from parasitic encounters

 Initial design completed for tungsten shielded BPM
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New BPMs for HL-LHC IP1/5

 Major integration effort in 
2018 in collaboration with WP 
3,12,15

 BPM prototype production 
launched

 Starting large procurement of 
tungsten absorbers (with 
WP12) and cryogenic RF 
feedthroughs

 String Test BPM validation 
campaign planned

 Internal Review of Design 
held in May 2018
 Highlighted 20 actions to be 

followed-up
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Luminosity Monitors

IP1 & IP5

 Currently
 Gas ionisation detectors housed in TAN

 Degrading & need to be replaced for HL-LHC

 Proposal
 Replace with Cherenkov detectors in TAXN

 Investigate Cherenkov light in quartz & air

Status

 Proof of concept prototypes installed in 2016
 Continued testing with beam since 2016

 To be considered
 Remote handling, vacuum bakeout, motorisation …. 
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Luminosity Monitors
 Cherenkov in air

 80% loss in light yield for first 55 fb-1 in 2018

 Not a feasible option in current state
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 Fused Silica Rods after 1-2 years of LHC operation
 Loss in UV-region but visible region intact

 Promising candidate for final solution
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Beam Gas Vertex Detector

 Aim
 Use tracks from beam-gas interactions to reconstruct beam spot in a non-

invasive way

 Provide bunch-by-bunch size with a 5% resolution within 1 minute
 Demonstrator aims at 5% within 5 minutes

 Provide average beam size with absolute accuracy of 2% within 1 minute
 Demonstrator aims at 10% within 5 minutes

 Demonstrator
 Collaboration with Aachen University, EPFL & LHCb

 Installed during LS1 on Beam 2

 In test since 2016
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Beam Gas Vertex Detector

 Demonstrator has achieved its goal
 Shown feasibility of beam size measurement from vertex 

reconstruction

 Achieved real-time track reconstruction & analysis

 Demonstrated statistical accuracy within specifications
 Systematic effects still to be fully understood
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Beam Gas Vertex Detector – The Future

 Project recently approved 
construction of two final version 
BGV Detectors for HL-LHC

 Material budget study & detector 
technology comparison ongoing
 Four candidates under evaluation:

 Gaseous GEM/Micromegas

 Silicon detectors

 Scintillating fibers

 Readout & online processing using 
BI standard acquisition system & 
adapted detector ASIC

 Development of pattern recognition 
algorithms adapted to new sensor 
technology

 Review of all beam size 
measurement systems in 2019
 Decision on technology to use for 

final HL-LHC  systems
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Development of High Bandwidth BPMs

 Important for understanding instabilities
 Electron cloud, impedance, beam-beam, ...

 Also essential for crab cavity diagnostics

 Currently based on head-tail monitor
 Installed & recently upgraded in both SPS and LHC

8th HL-LHC Collaboration Meeting, CERN, Oct 2018 Rhodri Jones (CERN) 11



logo

area

Development of High Bandwidth BPMs
 Development of more sensitive, higher bandwidth system

 Collaboration with Royal Holloway University London (RHUL) – HL-UK

 Prototype electro-optical pick-up installed in SPS
 Upgraded for 2018 with compact fibre-optic interferometer design 

 Next steps
 Improve pick-up sensitivity with LiNbO3 waveguides & better acquisition system
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Motivation
An	Electro-Optic	Beam	Position	Monitor	(EO-BPM)	is	being	developed	to	
measure	the	transverse	shape	of	a	proton	bunch	in	a	single	pass.

• Developed to monitor bunch rotation by crab-cavities at the HL-LHC.
• Measure intra-bunch perturbations before and after crabbing, and track

any instabilities in subsequent turns.
• High bandwidth electro-optic crystals replace electrodes in conventional

BPM and readout optically; no electronics in accelerator tunnel.
• Aim to measure the mean transverse displacement of particles along a

4σ=1ns, nominal 1.15 × 1011 proton LHC bunch at 6-12 GHz bandwidth.

ENHANCED	BUNCH	MONITORING	BY	INTERFEROMETRIC	
ELECTRO-OPTIC	METHODS	

WEPAL073, 2 May 2018

On	interfering	with	light	that	bypasses	the	crystal	
the	phase	modulation	is	enhanced	by	a	factor:

Acknowledgement:	Work	supported	by	UK	STFC	grants	ST/N001583/1,	
John	Adams	Institute	at	Royal	Holloway	University	of	London	and	CERN	

Conclusion and Outlook
A new design of electro-optic pick-up based on interferometry has
observed first signal in response to nominal bunches in the SPS.
The sensitivity of the flange mounted, compact setup is enhanced
compared to earlier studies and demonstrates the expected
variation with interferometer phase.
In future an improved low noise, high bandwidth photodetector
and amplifier will be tested at the SPS and a dual crystal
interferometer will be characterised with short electron bunches
at CERN’s CLEAR facility to assess the timing resolution

Compact	fibre	interferometer

The	single	EO	pick-up	that	was	first	tested	
interferometrically was	an	early design	with	only	
a	small	5	mm	length	crystal	and	no	electrode,	
nonetheless	a	reasonable	signal	amplitude	in	
response	to	the	longitudinal	bunch	profile	was	
observed	in	September	2017:	

S.	M.	Gibson*	,	A.	Arteche,	S.	E.	Bashforth,	A.	Bosco	-
John	Adams	Institute	at	Royal	Holloway,	University	of	London,	UK

M.	Krupa,	T.	Lefèvre - CERN,	Geneva,	Switzerland

*stephen.gibson@rhul.ac.uk

Bench	Tests	and	Electromagnetic	Simulations:	

Free-space	Interferometer
• A pair	of	fibre-splitters	was	used	to	create	an	

interferometer	around	one	EO-crystal	as	shown.
• Alternatively,	as	interferometer	between	opposing	

EO-pick-ups	allows	direct	optical	measurement	of	
the	beam	position	difference	signal	
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4.3. Elect ro-magnet ic simulat ions

Figure 4.20: Heatmap of the Coulomb field propagat ion over the pipe sect ion for pickup

one. In the CST simulat ion, the instant t= 2.45 ns corresponded with the bunch density

peak, that is, the maximum value in the t ime-profile.

Figure 4.21: Coulomb field t ime-profile curve inside the LiNbO3 sample for pickup one

(radial posit ion = 68.5 mm).

the force lines density from the inner part facing the proton bunch to the outer part in

contact with the crystal (fig. 3.8(b)). Thereby, the elect rode design is capable of gathering

moreelect ric field lines that polariseelect rically theelect rode itself, delivering thecollected

field into the crystal with more compacted force field lines, leading to an increase above

the shape factor. This coupling factor was already int roduced in the equat ion 4.2 as µC ,

where here EL N B (r0) = Ebunch (r 0) · µC / ✏z, and Ebunch is the analyt ical predict ion at the

radial posit ion r 0. Therefore, for pickup one, µC = 3.36.
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4.3. Elect ro-magnet ic simulat ions

(a)

(b) (c)

Figure 4.18: Relevant screenshots of the pickup one in the CST user interface.

vert ical blue line unt il the edge of the crystal corresponds to the elect rode, and thereby,

the elect ric field is zero. Whereas in pickup zero the field was dropping along the crystal,

one can observe in Table 4.5 that the peak-field is kept more constant in the propagat ion

through the dielect ric sample. This e↵ ect is caused by grounding of the top electrode,

which fixes the elect ric field di↵ erence and thus makes the strength field lines be more

uniform and parallel in between the elect rodes, in the same fashion as described in Figure

3.8(b). In contrast , the lack of a grounded top elect rode in pickup zero leads to a decay

in the propagat ing peak-field crossing the crystal.

Table 4.5: Analyt ical predict ion for a shape factor µS= 1, and the numeric result for the

peak field at di↵ erent radial posit ions inside the crystal under on-centre nominal SPS

bunch condit ions for pickup one.

Posit ion [mm] 68.0 68.5 69.0 69.5 70.0

Analyt ical predict ion [kV/ m] 0.87 0.86 0.86 0.85 0.85

Modulat ing Field Peak EL N B [kV/ m] 2.93 2.86 2.80 2.76 2.77
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Interferometric	electro-optic	concept

Robust	optics	setup	at	SPS

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

When	light	is	incident	at	45o to	the	z-cut	MgO:LiNO3 crystal	axis,	the	
electric	field	from	a passing	relativistic	bunch	results	in	an	electro-
optic	retardation

Ø Compact	mechanics	fit	within	a	standard	
114	mm	diameter	LHC	BPM	flange.

Ø Reflective	fibre	collimators	supported	on	
miniature	translation	and	rotation	stages	
provide	6	DoF adjustment	per	collimator.

Response	of	the	free-space	EO	interferometer	to	an	
average	SPS	bunch	when	the	laser	frequency	was	
set	at	positive	and	negative	working	points.	

An	enhanced	signal	was	observed	in	
first	SPS	beam	tests	of	the	compact	
interferometric	setup	in	April	2018.
The	new	EO-pickup	demonstrates	the	
expected	variation	in	signal	amplitude	
as	the	laser	frequency	is	set	to	scans	
through	2p in	interferometer	phase. Installed	on	top	flange	of	EO-BPM	at	SPS Mounted	for	bench	tests

On interfering with light that bypasses the crystal the result-

ing phase modulation is enhanced compared to the robust

caseby a factor of
n3

e r33

n3
e r33−n3

o r13
for the sameapplied electric

field. To benefit from this enhancement the SPS prototype

wasmodified in Sept. 2017 by placing two polarizing beam

splitters in front of one EO-pickup, as depicted in Fig. 1,

such that light traversing the crystal was horizontally polar-

ized, in the z-direction, while vertical polarization bypassed

the crystal. The combined beams were analysed and the

intensity modulation was recorded by a fast photodetector.

Figure 1: Free-space interferometer optical concept.

Alternatively apair of fibre-splitterscan beused to create

an interferometer aroundonecrystal asshown inFig. 2. Note

the simple arrangement presented here is for one pick-up

only, however, in principle theconcept isextendable to an

interferometer that hascrystalson oppositesidesof thebeam

pipe in each arm of the interferometer, as proposed previ-

ously [2], to measure directly the difference signal between

the two opposing pickups.

75%

25%100% from laser
50:50 
interferometric 

signal to detector

50:50 
interferometric 

signal (antiphase)

25%

>25 to 45%

Reflective
collimators

Path through 
crystal

Path in fibre

50:5025:75

Layout is tolerant to 

any drift in alignment 

over time

Figure 2: Compact fibre interferometer concept

A third interferometric concept is to house two parallel

crystals in one pickup, with thesecond crystal inverted so

the sign of the electro-optic response is reversed to create

a push-pull Mach-Zehnder interferometer. Similar to an

electro-optic modulator, such a design doubles the effective

phase modulation signal for a given length of crystal. A

pick-up of this type has been manufactured and is intended

for future beam tests at the CERN CLEAR facility.

MECHANICAL DESIGN

Free-space Interferometer Design

The original robust layout of the optical breadboard adja-

cent to one EO pick-up is shown in Fig. 3, including remote

controlled optics to reconfigureand analyse the polarization

states and optimise thefibre-coupling. The layout was mod-

ified as shown in the photographs to create the free-space

interferometer concept sketched in Fig. 1.

5.1. Opt ical setup

(a) (b)

Figure 5.3: Example of the OB trajectory when the knife-edge prism is ret racted (a) and

placed in the final posit ion (b) for setup A.

P in the figure, the prism is moved forward to intercept the OB and send it towards the

pickup (fig. 5.3(b)). The KEP orientat ion is finely adjusted with the stage in order to

align the OB at the same spot measured in the CCD camera when the KEP was ret racted.

Furthermore, the distance covered by the incoming beam from the collimator to the input

face crystal is the same for the outcoming beam from the output face of the crystal to

the lens held by the 3d stage. The CCD camera also provided the diameter size of the

collimated beam, which is approximately 4σ ≈ 900 µm. With that beam size, the opt ical

power applied into thecrystal input facenever reached above10 mW, or equivalent ly about

∼ 10 kW/ m2, which is significant ly below 8 MW/ m2 that corresponds approximately to

the power required to produce opt ical damage by inducing photorefract ive effect at 780

nm in lithium niobate [62].

Table 5.2 shows the ext rapolated opt ical power decay from an init ial 1 mW along

the whole opt ical path for each of the points depicted in Figure 5.3(b), based on the

experimental readouts during the alignment process. The est imated efficiency limit of

both PM and SM fibres was found to be approximately ∼ 75% (1 → 2 and 7 → 8), and

the crystal absorpt ion is roughly ∼ 9% and ∼ 12% for the 9 mm long and the cubic 5 mm

crystals installed in setup A and B, respect ively.

In Figure 5.3 a perimeter in a discont inuous white line has been superimposed over

the image that represents the posit ion of the enclosure walls shown in 5.2(a). Since setup

A is located in the inner side of the SPS ring next to the t ransport path of the accelerator,
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Figure 3: Robust optical layout of EO prototype at SPS [7]

andmodificationwithbeam-splitterstogenerateafree-space

interferometer around the EO-crystal.

Compact Interferometer Design

Theconcept in Fig. 2 was realised by acompact mechani-

cal design in Fig. 4 that fits thefibre-coupled optical beam

delivery system entirely within theouter dimension of astan-

dard LHC BPM flange of diameter 114mm. A custom sup-

Figure4: Mechanical design of compact interferometric EO

pick-up with fibre-coupled optics, mounted for bench tests,

and installed on the top flange of the EO-BPM in the SPS.

ENHANCED BUNCH MONITORING BY INTERFEROMETRIC

ELECTRO-OPTIC METHODS

S. M. Gibson⇤, A. Arteche, S. E. Bashforth, A. Bosco, JAI at Royal Holloway, University of London, UK
M. Krupa, T. Lefèvre, CERN, Geneva, Switzerland

Abstract

A prototype Electro-Optic Beam Position Monitor has

been installed for tests in the CERN SPS to develop the con-

cept for high-bandwidth (6-12GHz) monitoring of crabbed-

bunch rotation and intra-bunch instabilities at the High Lu-

minosity LHC. Thetechniquerelieson theultrafast response

of birefringent MgO:LiNO3 crystalsto optically measurethe

intra-bunch transverse displacement of a passing relativistic

bunch. Thispaper reportson recent developments, including

anew interferometric electro-optic pick-up that wasinstalled

in theCERN SPSin September 2017; infirst beam testswith

nominal bunch charge, acorresponding interferometric sig-

nal has been observed. The interferometric arrangement

has the advantages of being sensitive to the strongest po-

larization coefficient of thecrystal, and thephase offset of

the interferometer is controllable by frequency scanning of

the laser, which enables rapid optimisation of the working

point. Novel concepts and bench tests for enhancements

to the pick-up design are reviewed, together with prospects

for sensitivity during thefirst crab-cavity beam testsat the

CERN SPS in 2018.

INTRODUCTION

Motivated by the need to monitor bunch rotation induced

by crab-cavitiesat theHigh Luminosity LHC [1], an Electro-

Optic Beam Position Monitor (EO-BPM) isbeing developed

to measure the transverse shape of aproton bunch in asin-

gle pass [2]. The aim is to determine the mean transverse

displacement along a 4σ ⇠ 1ns, nominal 1.15⇥ 1011 pro-

ton bunch, to detect the intra-bunch perturbations before

and after the bunch crabbing and track the evolution of any

residual instabilities in subsequent turns. The technique

relies on the high bandwidth electro-optic (EO) response

of MgO doped lithium niobate crystals, that essentially re-

place the electrodes in a capacitive button BPM. The phase

and/or polarization state of light transmitted through each

crystal is altered by theelectric field of thepassing proton

bunch. By illuminating and reading out the EO-crystals via

single mode fibres, the beam signal is conveyed optically

to a fast photodetector in the rack room, thus dispensing

with the bandwidth limiting hybrid electronics associated

with electrostatic BPMs in the accelerator tunnel. The tech-

niquetargetsoperational bandwidthsof 6−12GHz to access

higher order modes of intra-bunch perturbation.

Project Status

A prototype EO-BPM was installed in the 4th sextant of

the CERN Super Proton Synchrotron (SPS), as described in

⇤ stephen.gibson@rhul.ac.uk

earlier studies [3,4], and was placed adjacent to the existing

Head Tail monitor [5]. First beam signals from the EO

pick-ups of the proton bunch were observed in December

2016 using a robust configuration of the remote controlled

analyzer optics [6,7]. In 2017, an improved design of the

pick-up demonstrated sensitivity to transverse displacement

of thebunch viameasurementsof thevertical and horizontal

SPS tunes [6]. In addition, coasting beam measurements

have since demonstrated that a single pick-up signal is well

correlated with deliberately induced lateral offsets of the

beam position during dedicated tests at the SPS [7].

This paper reports on the design and implementation of

a free-space interferometric pick-up that was installed in

Sept. 2017 and a subsequent compact, fibre-interferometric

design that was installed in Feb. 2018 in the vertical plane.

The concepts of these new designs are presented, alongside

electromagnetic simulations and analytic estimates of the

expected signal enhancement based on prior beam and bench

test results. Thefirst beam signals from the interferometer

are reported, together with prospects for sensitivity during

beam tests in 2018, following the recent installation of a

prototype crab-cavity in the SPS.

INTERFEROMETRIC EO CONCEPTS

Previous EO-BPM results [6, 7] were obtained from a

robust optical configuration of theEO pick-up in which light

incident on the xz faceof the z-cut MgO:LiNO3 crystal was

linearly polarized at 45◦ to the x and z-directions. When the

electric field Ea (t) from the passing relativistic bunch is in

the z-direction, the resulting electro-optic retardation is

Γ(t) =
2⇡

λ
(ne − no)l +

⇡

λ
(n3

er33 − n3
or13)l Eaz(t)

wherene and no aretheextraordinary andordinary refractive

indices of acrystal of length l in the propagation direction,

with linear electro-optic coefficients, r33 and r13. Thefirst

term is thestatic natural birefringenceof thecrystal, while

the second term is the electro-optically induced birefrin-

gence and is proportional to the electric field. Note that

the constant of proportionality depends on the difference

between thecubeof therefractive indicesmultiplied by their

corresponding EO-coefficients. The retardation results in a

polarization changeof light emerging from thecrystal which

is converted to an intensity modulation after an analyser.

If instead the light incident on the crystal xz-face is lin-

early polarized in the z-direction, then the light remains

linearly polarized as it propagates along the crystal and sim-

ply experiences a phase shift:

φ(t) =
2⇡

λ
nel +

⇡

λ
n3

er33l Eaz(t)
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Abstract

A prototype Electro-Optic Beam Position Monitor has

been installed for tests in the CERN SPS to develop the con-

cept for high-bandwidth (6-12GHz) monitoring of crabbed-

bunch rotation and intra-bunch instabilities at the High Lu-

minosity LHC. Thetechniquerelieson theultrafast response

of birefringent MgO:LiNO3 crystalsto optically measurethe

intra-bunch transverse displacement of a passing relativistic

bunch. Thispaper reportson recent developments, including

anew interferometric electro-optic pick-up that wasinstalled

in theCERN SPSin September 2017; in first beam testswith

nominal bunch charge, acorresponding interferometric sig-

nal has been observed. The interferometric arrangement

has the advantages of being sensitive to the strongest po-

larization coefficient of the crystal, and thephaseoffset of

the interferometer is controllable by frequency scanning of

the laser, which enables rapid optimisation of theworking

point. Novel concepts and bench tests for enhancements

to the pick-up design are reviewed, together with prospects

for sensitivity during thefirst crab-cavity beam testsat the

CERN SPS in 2018.

INTRODUCTION

Motivated by the need to monitor bunch rotation induced

by crab-cavitiesat theHigh Luminosity LHC [1], an Electro-

Optic Beam Position Monitor (EO-BPM) isbeing developed

to measure the transverseshape of aproton bunch in asin-

gle pass [2]. The aim is to determine the mean transverse

displacement along a4σ ⇠ 1ns, nominal 1.15⇥ 1011 pro-

ton bunch, to detect the intra-bunch perturbations before

and after the bunch crabbing and track the evolution of any

residual instabilities in subsequent turns. The technique

relies on the high bandwidth electro-optic (EO) response

of MgO doped lithium niobate crystals, that essentially re-

place the electrodes in a capacitive button BPM. The phase

and/or polarization stateof light transmitted through each

crystal is altered by theelectric field of the passing proton

bunch. By illuminating and reading out the EO-crystals via

single mode fibres, the beam signal is conveyed optically

to a fast photodetector in the rack room, thus dispensing

with the bandwidth limiting hybrid electronics associated

with electrostatic BPMs in the accelerator tunnel. The tech-

niquetargetsoperational bandwidthsof 6−12GHz to access

higher order modes of intra-bunch perturbation.

Project Status

A prototype EO-BPM was installed in the4th sextant of

the CERN Super Proton Synchrotron (SPS), as described in

⇤ stephen.gibson@rhul.ac.uk

earlier studies [3,4], and was placed adjacent to the existing

Head Tail monitor [5]. First beam signals from the EO

pick-ups of the proton bunch were observed in December

2016 using a robust configuration of the remote controlled

analyzer optics [6,7]. In 2017, an improved design of the

pick-up demonstrated sensitivity to transverse displacement

of thebunch viameasurementsof thevertical and horizontal

SPS tunes [6]. In addition, coasting beam measurements

have since demonstrated that a single pick-up signal is well

correlated with deliberately induced lateral offsets of the

beam position during dedicated tests at the SPS [7].

This paper reportson thedesign and implementation of

a free-space interferometric pick-up that was installed in

Sept. 2017 and a subsequent compact, fibre-interferometric

design that was installed in Feb. 2018 in thevertical plane.

The concepts of these new designs are presented, alongside

electromagnetic simulations and analytic estimates of the

expected signal enhancement based on prior beam and bench

test results. Thefirst beam signals from the interferometer

are reported, together with prospects for sensitivity during

beam tests in 2018, following the recent installation of a

prototype crab-cavity in the SPS.

INTERFEROMETRIC EO CONCEPTS

Previous EO-BPM results [6, 7] were obtained from a

robust optical configuration of theEO pick-up in which light

incident on the xz faceof the z-cut MgO:LiNO3 crystal was

linearly polarized at 45◦ to the x and z-directions. When the

electric field Ea (t) from the passing relativistic bunch is in

the z-direction, the resulting electro-optic retardation is

Γ(t) =
2⇡

λ
(ne − no )l +

⇡

λ
(n3

er33 − n3
or13)l Eaz(t)

wherene and no aretheextraordinary andordinary refractive

indices of acrystal of length l in thepropagation direction,

with linear electro-optic coefficients, r33 and r13. Thefirst

term is thestatic natural birefringence of thecrystal, while

the second term is the electro-optically induced birefrin-

gence and is proportional to the electric field. Note that

the constant of proportionality depends on the difference

between thecubeof therefractive indicesmultiplied by their

corresponding EO-coefficients. The retardation results in a

polarization changeof light emerging from thecrystal which

is converted to an intensity modulation after an analyser.

If instead the light incident on the crystal xz-face is lin-

early polarized in the z-direction, then the light remains

linearly polarized as it propagates along the crystal and sim-

ply experiences a phase shift:

φ(t) =
2⇡

λ
nel +

⇡

λ
n3

er33l Eaz(t)To	benefit	from	the	enhancement,	two	polarizing	
beam	splitters	select	light	to	traverse	the	crystal	
that	is	horizontally	polarized,	while	vertical	
polarization	bypasses	the	crystal.

The	combined	beams	
were	analysed and	the	
transmitted	intensity	
modulation	was	recorded	
by	a	fibre coupled,	distant	
fast	photodetector

If	instead	the	incident	light	is	linearly	polarized	in	the	z-direction,	the	
light	propagating	along	the	crystal	simply	experiences	a	phase	shift:	

The	EO	pick-up	signal	was	validated	by	test	bench	
measurements	in	which	a	voltage	modulation	was	
applied	directly	to	the	electrode,	or	the	pick-up	
was	in	an	electric	field	generated	by	a	coaxial	line.
Test	bench	and	earlier	beam	tests	were	all	found	
to	be	in	good	agreement	with	the	prediction	from	
electromag- netic simulations	and	analytic	model.
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Gas Curtain Monitor

 Aims to provide a non-invasive method of aligning 
electron beam devices with the proton beam
 E.g. hollow electron lens

 Gas sheet in combination with luminescence

 Collaboration partners
 Cockcroft/University of Liverpool for hardware prototyping

 GSI for the luminescence detection

 TE-VSC & Wroclaw University for gas jet simulations

 EN-MME for nozzle manufacture

8th HL-LHC Collaboration Meeting, CERN, Oct 2018 Rhodri Jones (CERN) 13

3

45° tilted gas jet curtain

Skimmer 3

4 mm x 0.4 mmSkimmer 2

400 mm



logo

area

Gas Curtain Monitor

 Testing at Cockcroft

 New test station designed, installed & commissioned

 First tests with Nitrogen & Neon

 Demonstrated gas jet formation

 Validated optical system for luminescence detection
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Gas Curtain Monitor

 Demonstrating feasibility for LHC
 Installation of fluorescence test station in 2018

 Tests with Neon gas volume (not curtain) with high intensity/energy beams

 Cross-section expected to be very low for protons

 Tests ongoing - no luminescence seen yet - high background from losses & SR

 Installation of full “compact” prototype instrument during LS2
 Will allow complete system validation during Run 3
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Long Range Beam-Beam Compensation
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Status

 Full set of wire-in-jaw 
collimators installed for B2

 One either side of IR1 & 5

MD#2

 Efficiency of wires in IR5  
confirmed with 
improvement of lifetime for 
bunches suffering long-
range interactions

MD#3

 Wire reduces losses to burn-off level

 Crossing angle reduced during test

 Down to 130 urad, still observing 
compensation!

MD#4 – still to come

 2 wires powered in parallel per collimator

Future

 Design of HL compatible device started
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Progress with other WP13 Tasks

 Upgrade of synchrotron light diagnostics
 New halo monitor will be installed in LS2

 Collaboration with KEK

 Aim to demonstrate contrast of 10-5

 D4 exit in LSS4 identified for new light extraction line
 Design of extraction tank & optics to start in 2019

 Beam position system electronics
 Large scale consolidation launched for LHC BPM system

 Funded by consolidation project, R2E & HL-LHC

 Will address requirements for HL-LHC final focus in IR1 & 5

 Electron beam test stand
 To test components for possible hollow electron lens

 Installation ongoing

 Accompanied by e-beam simulations (collaboration with BINP)
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Summary

 LHC constructed with comprehensive suite of beam diagnostic devices
 These play an important role in its safe & reliable operation

 HL-LHC will push the performance of LHC even further
 Requires a deep understanding of beam related phenomena

 Can only be delivered through its beam instrumentation

 Significant progress made on all tasks thanks to our many collaborators
 Aachen University (Germany)

 ARIES (EU)

 BINP (Russia)

 CERN EP Department

 EPFL (Switzerland)

 FNAL (US-LARP)

 GSI (Germany)

 KEK (Japan),

 LHCb (CERN)

 Royal Holloway University of London (UK)

 Wroclaw University (Poland)

 University of Liverpool (UK)
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