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Polarization at CLIC
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Spin Rotation at e- Source
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•Spin diffusion in the 90 degree turnaround at 9 GeV due to an energy spread of less than 
0.5% will not be a problem. 
•The energy spread at 9 GeV is given as 1.3% in the CLIC-Note-764. Such a large energy 
spread will destroy the polarization. 
•Conclusion: CLIC will have to do the spin rotation after the reverse bend unless energy 
spread at 9 GeV is less than 0.5%

Longitudinal depolarization due to energy spread in reverse bend at 9 GeV

90.8%1.3%

94.0%1.0%

98.6%0.5%

99.6%0.25%

Mean longitudinal or transverse 
horizontal polarization after 90 deg bend
(note: vertical spin component will not be 

depolarized)

dE/E at 9 GeV



Ken Moffeit SLAC  
LCWA09

5

Polarization Projection0.9 1.0

Mean 
Polarization

98.72%

Spin direction angle (radians)
after reverse bend

Energy in GeV
9.28.8 9

Beam energy 9 GeV
Energy spread 0.25%

mean P 99.6%

bendΟ180

bendΟ90bendΟ90 bendΟ180

Plots from Takashi Maruyama
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Polarization Projection Spin direction angle (radians)
after reverse bend

Energy in GeV

Beam Energy 9 GeV
Energy spread 1.3%

Large spin diffusion !!!

108 9

-1 10

Mean 
Polarization

69.6 %

bendΟ180

bendΟ180

bendΟ90
bendΟ90

mean pol
90.8%

Plots from Takashi Maruyama
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•Difficulty and cost of the 46.2 T-m superconducting spin rotator system.
•Requires a 9 GeV flat-beam spin rotation system proposed by Paul Emma, which, includes half solenoids with a reflector 
beam line between them to eliminate cross plane coupling and focusing elements to remove the focusing effects of the 
solenoid (NLC-Note-7   Dec 1994).

Spin Rotation at 9 GeV

The baseline design is to have spin rotation at 9 GeV. But we have no 
real study of the requirements for the spin rotator.  Daniel Schulte

Bottom line: Physics requires Source
e

P −×≥ 99.0 at injection to main linac.
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CLIC Polarimeter
Orbit angle tolerances at Compton IP and IR due to spin precession considerations
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Change in spin direction for various bend angles and the projection
Of the longitudinal polarization. Electron beam energy is 1.5 TeV.

99.9%45 mrad13 μrad

99.64%85.1 mrad (4.87 degrees)25 μrad

98.55%170.2 mrad (9.75 degrees)50 μrad

94.26%340.4 mrad (19.5 degrees)100 μrad

Longitudinal Polarization 
Projection

Change in Spin DirectionChange in Bend Angle

TeVatbend 5.106.3404 θ⋅=

For δP/P = 0.1% implies angle at Compton IP and IR is aligned to better than 13 μrad.
Polarimeter needs to be before energy collimator to clean up Compton electrons.
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Upstream Polarimeter

Requirements:  ΔP/P = 0.25%            measurement robust and fast 

Slide from Peter Schuler’s talk at CLIC08 Workshop
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No dedicated polarimeter chicane! Use BDS dipole bends. May require a 
few special bend magnets to allow Compton electrons out.
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Q-switched YAG lasers
-100 mJ pulse energy at 532 nm (2.33 eV)

-50 Hz operation (one laser pulse per CLIC bunch train)
-~3 ns pulse width (σ ~ 1 ns), will cover ~5 adjacent CLIC bunches
-laser spot size σx= σy = 50 mm 
-crossing angle of θ0= 10 mrad

Recent new product from Quantel
New Quantel Pizzicato B

-30 mJ pulse energy at 532 nm (2.33 eV)
-20 Hz operation 
-35 picoseconds
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New Quantel Pizzicato B (35 ps)

ε ~ 0.7 for θo = 10 mrad
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Extraction Line Polarimeter

•Allows ILC type extraction line polarimeter and energy measurement below ~500 GeV 
beam energy. Important to understand systematic errors of upstream polarimeter.
•At 1.5 TeV polarization and energy can be measured with beams out of collision at low 
rate of ~1 hertz. Energy measurement may be possible at all energies to 1.5 TeV.
•Magnet apertures may be larger than ILC
•Costs ~$5 million for polarimeter. Add costs for quads and energy chicane.

May be a challenge 
due to pairs and high 
beamstrahlung tail.

CLIC Post-collision line
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Conclusions

• Spin rotation near electron source to direction perpendicular to damping ring using Wein filter.

• Spin rotation after damping ring will be located after the reverse bend and before injection to main 
linac at 9 GeV. 

The spin rotation system at 9 GeV requires two spin rotation systems each with two 
superconducting solenoids of 23.1 tesla-meters.

Physics requires Source
e

P −×≥ 99.0 at injection to main linac.

• Upstream polarimeter: Beam direction at upstream Compton IP must be the same as the beam 
direction at the IR within 13μrad. Compton polarimeter must be upstream of energy collimator.
• Downstream polarimeter in extraction line useful for understanding systematic errors in polarization 
measurement. May be difficult to operate at full CLIC energy and luminosity due to backgrounds from 
large beamstrahlung. 
• Energy measurement upstream required (needs design). Downstream energy measurement useful for 
physics.

• CLIC BDS has a suitable upstream polarimeter location at s=742m
• Compton detector placement as s = 907 m (behind 12 dipoles) would allow polarimetry from 1.5 TeV
down to 135 GeV, but would require several wide-aperture dipoles.
• A standard Q-scitched YAG laser operated at 50 Hz would give adequate polarimeter performance. 
New 35 ps laser from Quantel would increase laser efficiency from 3.3% to ~ 70%.


