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EIC-FCC-ee collaboration on polarized electron beams 

Preamble: the EIC project is approved. 

It consists in upgrading the RHIC facility at  Brookhaven (BNL) 
to provide e-p and e-ion collisions 
by adding an electron booster and a storage ring  (familiar?)

The project design and construction is planned for the years 2020-2030
with start of operations in 2030. *

The electron storage ring has a number of features in common 
with the FCC-ee rings, esp. FCC-ee-Z, (current, RF, etc..)
including the extensive use  of beam polarization, 
transverse in the rings, rotation to longitudinal at IR and back. 

This offers a number of synergies and the interesting possibility 
of running experience before the start of FCC-ee

First meeting on 5 November https://indico.cern.ch/event/971271/ ,

mostly to inform each other about the projects 
much left to understand towards concrete workplan/time scales

https://indico.cern.ch/event/971271/
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As of my understanding

Concept of system 

Detailed design and 
Distribution of work

Complete R&D
Construction
Installation
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PHYSICS WITH POLARIZED BEAMS 

EIC: polarized-electron – polarized-hadron scattering

Performing experiments by flipping longitudinal spin of electrons
e- injected in ring from a polarized e- source (similar to SLC). Spin rotations and store.   
+ colliding with various (longitudinal or transverse) ion spin state. 
-- Measurement precision required ±1%  P.(1± 0.01)  P75% 
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FCCee polarization

Z line shapemZ and Z

at the same time AFB
(s)

 sin2W
eff, QED (mZ) 

WW thresholdmW and W

Higgs s-channel production
need to know Ecm ECM  ye=me?

natural build up of transverse 

polarization sped up with wigglers. 

Use polarization for ± 100keV ECM calib. 

for precision measurements of Z,W, H 

200 ‘pilot’ bunches will be stored at the 

beginning of fills with polarization 

wigglers ON, for about 1  hour to develop 

about 5-10% transverse polarization.

After a first energy calibration, the full 

luminosity run will comprise regular 

calibrations (1/10 min) on pilot bunches.    

Polarimeter/spectrometer used both for 
depolarization measurement and for 
monitoring of relative  beam energy 
variations. 
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(transverse + longitudinal?) polarization measurement in RCS, needed for diagnostic and optimization
expect 95% conservation of polarization degree. 
Precise polarization measurement in the storage ring. 
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EIC running mode : 
depolarization time should be >>  longer than the time between injections 

Quite a large amount of work to do
for full spin-matching of the system: 

-- arcs with transverse polarization
-- spin rotators at energies from 5 to 18 GeV
-- detector solenoid and final focus 
-- beam-beam depolarization

Depolarization is particularly damaging for the bunches
that are polarized antiparallel with the natural 
orientation opposite to magnetic field.  

My impression: 
-- need to design “polarization tuning knobs” 
-- continuous measurement of polarization in 3D 
Px, Py, Pz is necessary to provide a reliable average 
for the experiment and for tuning the system. 
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Polarization at FCC-ee

Simulations of spin are performed by Eliana Gianfelice on SLIM/SITROS (including imperfections) 
and simulation of misalignments and luminosity by Tessa Charles in a different  time zone.
 run into machines that are sometimes pathological, (not the same code or machines, convergence is slow. )
 other work to do: simulation and statistics on possible shifts between 

-- tune spin (measured by resonance depolarization) 
-- the beam energy 
-- the centre-of-mass energy 

Would such a machine arise in real life after 
dispersion correction for high luminosity?  
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Polarization measurement: EIC

Compton polarimeter

This seems to indicate
that 3D polarimetry 
is desirable: Pz, Px, Py
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Polarization measurement: FCC

Expect to perform the energy measurement in 10 minutes (needs some planning!)
Also we would like to measure the colliding beams to make sure they have PL &PT=0

Compton polarimeter
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ISSUES at DESIGN LEVEL ... 

EIC: (Eliana)  

... will probably be issues at the time of operations! 
FCC: Jorg Wenninger
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Moving forward

Two directions for collaboration EIC-FCC-ee are clear:

-1- identify or develop computer code that allows to perform on the same machine 
-- orbit tuning and trimming operations (both)
-- luminosity optimization (both) 
-- simulation and optimization of spin (both) 
-- calculation of difference between spin-tune and beam energy as in  = a . Eb/me  (both)

See what labs ‘policy’ says on this.  

-2- Development and implementation of polarimeter
The conceptual designs are the same Compton polarimeter measuring both transverse and 

longitudinal polarization. 
A polarimeter is a fun little accelerator/particle physics experiment with many evil details... 

A collaboration on this should include experts from various labs and could form a very nice 
international collaboration. 


