
IBS and PolarizationIBS and Polarization
in the regime of strong intrabeam scattering 

where the CLIC e- (or e+) damping rings operate, 

F k Zi

we might encounter effects related to polarization 
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IBS effect for CLICIBS effect for CLIC

equilibrium emittances in the CLIC damping 
ring are determined by balance of radiationring are determined by balance of radiation 
damping and intrabeam scattering
(PhD Thesis M. Korostelev 2006) 
→ new regime of storage ring operation→ new regime of storage ring operation
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M. Korostelev, PhD Thesis CLIC Damping Ring

emittance with IBS is ~4x larger
than w/o IBS!
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polarization for CLICpolarization for CLIC
CLIC l t t ith l i d b dCLIC plans to operate with polarized e- beams and 
possibly also with polarized e+ beams (Compton 
scheme);
a study of spin transport and polarization y p p p
issues in CLIC from the sources to the collision 
point was performed by R Assmann and Fpoint was performed by R. Assmann and F. 
Zimmermann for Snowmass 2001 (CLIC Note 
501) ; however possible interplays of polarization501) ; however, possible interplays of polarization 
with IBS were not addressed at the time
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2 (or 3) issues2 (or 3) issues

• change of IBS rate for polarized beams
• depolarization due to IBS:• depolarization due to IBS:

- rotation of polarization vector
- shrinkage of polarization vector 

(“spin flip”)
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relativistic or non relativistic?relativistic or non-relativistic?

this depends on (local) horizontal momentum
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→ we can use non-relativistic approximation
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two Feynman diagrams for Moller scattering in lowest order:
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unpolarized cross section 
average over the initial spin directions and sum over the final ones; 
this simplifies the calculation of the squared matrix element:
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this simplifies the calculation of the squared matrix element:
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[1] P. Schmuser, Feynman-Graphen und Eichtheorien fur Experimentalphysiker, Springer-Verlag, Berlin (1998)
[2] O. Nachtmann, Phaenomene und Konzepte der Elementarteilchenphysik, Vieweg Braunschweig (1986). 



polarized cross section 
calculated by A A Kresnin L N Rosentsveig Soviet Physics JETP 5 2 (1957);calculated by A.A. Kresnin, L.N. Rosentsveig, Soviet Physics JETP 5, 2 (1957);
in the nonrelativistic limit:
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Bjorken-Mtingwa these terms reduce the effect of IBS
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and Piwinski kept 
only ~this term

polarization → 25% change of neglected term



spin-flip cross section
project initial and final spin states onto opposite polarity using projection operatorproject initial and final spin states onto opposite polarity using projection operator 
Σ; keep only dominant direct scattering term in scattering matrix 
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since γ5 anticommutes with all γ matrices and γ5
2=1:
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mp <<non-relativistic limit: 44 qVtotal
fi

flip and no-flip
equals total



spin rotation during the collision 
t f ll ti d ( l ) f ll l tt i th f ti fexcept for small correction, and (only) for small angle scattering, the fraction of 

the incident polarization vector in the scattering plane follows the scattering angle 
(C.K. Iddings, G.L. Shaw, Y.S. Tsai, Physical Review 135, 6B, 1964) which for 
multiple intrabeam scattering could also lead to a loss of polarization

Frank Zimmermann, IBS & Polarization, CLIC workshop



conclusions

• polarization does not affect IBS growth rates• polarization does not affect IBS growth rates
• if no mistake in the above calculation, the 

IBS spin-flip component could lead to 
substantial depolarization, perhaps making p , p p g
polarization impossible to attain in IBS 
dominated damping ringsdominated damping rings

• IBS spin rotation still needs to be studied; 
t th t it i h ll ff twe expect that it is a much smaller effect 

than the spin flip

Frank Zimmermann, IBS & Polarization, CLIC workshop
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appendix: other CLIC DR issuesappendix: other CLIC DR issues

• electron cloud
• space chargespace charge
• ion effects
• alternative damping-ring lattice

Frank Zimmermann, IBS & Polarization, CLIC workshop



electron cloudelectron cloud

i l t d d iti i th i lsimulated e- densities in the wiggler vary 
between 1013 m-3 and several 1014 m-3;
single-bunch instability threshold ~2x1012 m-3,
→ countermeasures are neededcou te easu es a e eeded

(photon stops, clearing electrodes,…)

D. Schulte, R. Wanzenberg, F. Zimmermann, ECLOUD’04 Napa;
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space chargespace charge
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ion effects T. Agoh, M. Korostelev, D. Schulte, K. Yokoya, F. Zimmermann,
Collective Effects in the CLIC Damping Rings, CLIC Note 632

ion oscillation frequency ~1 GHz for H-, lower for others
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~3 turns,  controlled by feedback?  better vacuum, e.g., 0.1 ntorr?



alternative CLIC DR lattice 
(Y. Cai) Description Without wiggler With wiggler

Energy E(Gev) 4.5 4.5

Circumference (m) 2200

Norm. horizontal emittance 0.88 μm 0.44 μm

Damping time (ms) 177 15

Tunes, νx,νy,νs 88.57, 38.64, 0.0065 99.57, 39.64, 0.0087

TME cell
Momentum compaction αc 6.96x10-5 6.86x10-5

Bunch length σz (mm) 1.45 3.13

Energy spread σe/E 3.90x10-4 1.14x10-3

Chromaticity ξx, ξy -143.4, -62.5 -175.6, -72.4

Energy loss per turn (Mev) 0.37 4.34

RF Voltage (MVolt) 5 10

dynamic IBS4x109

wiggler cell

dynamic
aperture

Frank Zimmermann, IBS & Polarization, CLIC workshop & SLAC-PUB-12858Y. Cai, May 2007


