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• Measuring small Beam Size at FCCee

• Laser Wire Scanner 

• Concept

• Past Achievements

• Laser wire scanner opportunities at FCCee
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parameter Z WW H (ZH) ttbar

beam energy [GeV] 45 80 120 182.5

beam current [mA] 1390 147 29 5.4

no. bunches/beam 16640 2000 393 48

bunch intensity  [1011] 1.7 1.5 1.5 2.3

horiz. geometric emittance [nm] 0.27 0.28 0.63 1.46

vert. geom. emittance [pm] 1.0 1.7 1.3 2.9

bunch length with SR / BS [mm] 3.5 / 12.1 3.0 / 6.0 3.3 / 5.3 2.0 / 2.5

Small Emittances

FCCee beam parameters
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FCCee beam parameters

Small beam sizes

K. Oide

< 10/100um beam sizes in ver/hor planes

ZH and 𝒕 ҧ𝒕 Z and WW
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Beam size monitors

• Wire Scanners : 
• Resolution possibly 

• Will not withstand the full beam power

• X-ray Synchrotron Radiation interferometry (to overcome diffraction limitations)
• using micro-slits (KEK)

• using nanoparticles (CERN)

• Laser wire scanner

double slit

Nanoporous

material
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Laser Wire Scanner : Principle
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Based on Compton scattering using high power lasers
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Non-invasive sub-micrometre resolution beam diagnostics

• 3rd and 4th generation light sources and 

• High energy electron/positron linear colliders

Development of high-power laser optics

• Ultra-strong focusing (F#2 and F#1) elements

• Laser delivery and manipulation 

Laser Wire Scanner : motivation and history



ATF ring – KEK LWS
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Optical cavity



ATF2 – KEK LWS
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Detector Laser beam transportLaserwire IP

dispersion corrections applied using four upstream skew

quadrupoles in combination.

The CBPM system provides high resolution position

measurement at 45 locations through the extraction line,

matching section, and final focus section of the ATF2. The

majority of the CBPMs are mounted to the pole faces of the

quadrupoles in the matching and final focus sections, with

the remainder at other points in the extraction line. There

are CBPMs in the quadrupoles before and after the LWIP;

however, the CBPM afterwards is on the far side of the

quadrupole, and so the trajectory cannot be treated as

ballistic between the two. A high resolution CBPM,

MFB2FF, is attached to the laserwire vacuum chamber

and moves with it during laserwire scans. MFB2FF has a

typical resolution of 70 nm at the bunch charge used during

laserwire operations over a limited range of < 100 nm [15].

The scanning range of the laserwire exceeds this range and

the mechanical offset and tilt of MFB2FF in relation to the

laserwire vacuum chamber introduced x-y coupling and

degraded the resolution. Therefore, the electron beam

position from MFB2FF was not suitable for spatial jitter

subtraction during laserwire operation.

FIG. 2. Photograph of the laserwire installation in the ATF2

beam line. The electron beam travels from right to left and the

laser beam enters behind the vacuum chamber and exits towards

the reader. The manipulator for the OTR and alignment screen

can be seen on top of the vacuum chamber. The avalanche

photodiode (APD) used for timing and the laser pulse energy

meter can be seen in the foreground. The high resolution CBPM

MFB2FF is also shown attached to the laserwire vacuum

chamber. The small optical breadboard (OTR switch) allows

one to switch between the high power laser path for laserwire and

the low intensity OTR path.

TABLE I. ATF2 parameters.

Parameter Symbol Value Units

Beam energy E 1.30 GeV

Horizontal emittance γϵx 4× 10−6 m rad

Vertical emittance γϵy 4× 10−8 m rad

Bunch repetition rate f bunch 3.12 Hz

Bunch length σez ∼30 ps

Electrons per bunch Ne 0.5–10 × 109 e−

Fractional momentum spread Δp=p 0.001

FIG. 3. Electron beam amplitude functions for the end of the

extraction line, matching section and beginning of the final focus

section. These are shown for normal ATF2 operation (top) and for

laserwire operation (bottom). The laserwire and laserwire de-

tector locations are shown by (red) dot-dashed and (blue) dotted

vertical lines, respectively.

FIG. 4. Electron beam amplitude functions about the laserwire

interaction point for normal ATF2 operation (top) where the

vertical waist is located at the MFB2FF cavity BPM, and for

laserwire operation (bottom), where the waist is moved to the

laserwire location.

LASERWIRE AT THE ACCELERATOR TEST FACILITY 2 … Phys. Rev. ST Accel. Beams 17, 072802 (2014)

072802-3

LWS using single pass high power laser



ATF2 – KEK LWS – Lens design

6/3/2021 Presenter | Presentation Title 10

• f2 lens at 50 mm focal distance

• Aberration free at 532 nm

• Micron spot size



ATF2 – KEK LWS – System design
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Spatial and temporal alignment using OTR screen
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Horizontal Vertical

ATF2 – KEK LWS – System design

Micron resolution achieved ! 



Petra III - LWS
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Ring LWS using single pass high power laser

Temporal and spatial algnment done using BPM



Petra III - LWS
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Profiler
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Vertical
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Horizontal
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Post-interaction

Imaging system



Petra III - LWS – Vertical scans
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q
D=2qf

q
D=2qf

Scan with

Piezo motors



Petra III - LWS – Horizontal scans
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fixedScan with

translation stage

fixed

Scan with

translation stage



R&D on Fiber laser amplifier for LWS
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R&D on Fiber laser amplifier for LWS
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R&D on fast scanning system
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Demonstrating scan duration in 243us using 130kHz laser rep rate

Developing a fast scanning system for high power laser
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Compton Scattering at higher beam energies

Cross section is decreasing for higher beam energy but still acceptable

Laser Wire Scanner for FCC

FCC
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• For high energy beams, the scattered photons steal most of the 

beam energy

• Detecting very high energy photons more efficient

Laser Wire Scanner for FCC
Compton Scattering at higher beam energies



Conclusion
• LWS can be positioned in the ring at any location and would work for any electron/positron 

beam energies without requiring modifications

• At high energy the Compton cross-section decreases but the detection of Compton photons 

becomes easier and cleaner

• Done using Cherenkov gaseous detector that can be tuned to only detect high energy photons, less sensitive 

to photon background

• Optical diffraction radiation can be used in the ring to prealign the beams temporally and 

spatially

• Laser and optic technologies available

• High power fibre laser can provide laser pulse trains at high repetition rate

• Existing optical system demonstrated micron resolution

• Fast scanning system could provide

• Similar hardware used for Compton polarimeter



Thanks for your attention

&

Congratulations to all the teams

at KEK, DESY and JAI (RHUL, Oxford) 
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