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Abstract region.
Polarizede— ande+ beams are foreseen for the future The largest depolarizing effects are expected to result

. . ) . . . from the collision of the two beams at the interaction
International Linear Collider (ILC). High precision phygsi ; .
. o . point(s) themselves [7]. The status of our analysis of the
requires the polarization of both beams to be known wit

: . olarization aspects of the beam-beam interactions includ
a relative uncertainty of about 0.1% or better. Thereforg "
. e Ihg incoherent and second order coherent background pro-
all possible depolarizing effects that could operate betwe

. ; . : %esses is presented in the first section of this report.
the polarized sources and the interaction regions have to eT . .
under full control. ransport elements between the sources and interaction

. . . . rPoints which can also contribute to a loss of polarization
This report gives a brief summary of ongoing work o

. . include the initial acceleration structures, transpowdi to
the ILC spin-dynamics concentrating on recent results f%e damping rings, the damping rings, the spin rotators

depolarizing effects in the ILC damping rings, main linac S . . !
beam delivery system and beam-beam interactions. Tmze main linacs, and the high energy beam delivery sys
r

polarization dependence of incoherent and second orc{emS [51. A synopsis of our studies of depolarization in

. e ILC damping rings, main linac and the beam delivery
coherent background processes have been taken into ac- o ; . .

. S system is given in the second section of this report.
count as well as the treatment of spin precession in stron

fields.
BEAM-BEAM INTERACTIONS

OVERVIEW The program CAIN [6] evaluates analytically the two
i , ) sources of depolarization during beam-beam interaction at
The full physics potential of the ILC can be realized onlyy, e jinear collider: the spin precession as well as the spin-
by utilising polarized=" ande™ beams [1]. Polarized™ g, 5okolov-Ternov (S-T) effect. Usually the spin preces-
with a polarization betwees0% and 90% are foreseen gjon effect is dominant, but at higher energy the depolar-

for the baseline machine design. In the current Referen%ﬂon due to the S-T effect increases [7]. Studies and ex-

Design Report (RDR) [2] of the ILC a helical undulatorengigns of the CAIN physics model are presented below.
based positron source [3] has been chosen as the most reli-

able solution for producing the required flux of ordér* larization f in Precess

positrons per second. The design produces positrons \Paepo arization from Spin Precession

an electromagnetic shower instigated in a thin target by in- Spin precession is described by the Thomas—Bargmann-

cident circularly polarized synchrotron radiation proedc Michel-Telegdi (T-BMT) equation:

by the undulator operating on the main lC beam. Even

in the baseline design, that foresees only an approximatelys  —e . _ 1. . E.

100 m long helical undulator, @+ polarization of about gz — m_v[(7a+1)BT+(“+1)BL_7(“+ﬁ)5evX?]XS

30% can be achieved and could be used for enhancing (1)

physics analyses. It is, however, important to ensure thatherea describes the anomalous magnetic moment of the

no significant polarization is lost during the transport oklectron given by the higher-order corrections to the

thee™ ande™* beams from their sources to the interactiorvertex. In the environment of strong colliding beams,
*This work is supported in part by the Commission of the Euanpe however, the USl_Jal perturba_tlon theory cannot be applied.

c o\ th . ) Therefore modified expressions for the anomalous mag-
ommunities under thé"' Framework Programme “Structuring the Eu- . A . .

ropean Research Area”, contract number RIDS-011899. netic moment in a medium have been derived [8]. These
ti.r.bailey@cockeroft.ac.uk expressions have been evaluated in the “no scattering” case




and using the quasi-classical approximation that implies 450000
that the change in the momentum due to the strong fields 400000 - E cAN orignal
has to be sufficiently slowly. This condition is fulfilled if B CAIN full pol
the Larmor radius of the particle due to the existing mag- v 350000
netic field in the bunches is much larger than the particle 'g 300000
wavelength. It has been checked that even in the strong —
field environment of the ILC such a quasi-classical approx- © 250000
imation can be used and the T-BMT equation can be ap- % 200000 -
plied to describe the spin precession sufficiently accurate O
see also [6, 8, 9]. g 150000 |
. < 100000 |

Incoherent Background Pairs

The production of background pairs is strongly depen- 50000
dent on the polarization state of the initial photons in- 0
volved in the process. These photons are either real (beam- S1 S2 S3 S4 S5 S6 S7

strahlung) or virtual and depend on the constant, crossed

bunch electromagnetic fields. The CAIN program containsigure 1:Number of pairsfor seven IL C parameter sets.

full polarizations for the real photons, and the Stokes pa-

rameter §;) representation is given in equation 5.510 of .

the CAIN manual [6]. The polarization of virtual photonscorIerent Background Pairs

depends on the beam electric figld* at the point(z,y) ~ The coherent production of pairs via the first order in-

where the pair is produced. For gaussian bunches an §raction between a beamstrahlung photon and the beam

pression forE(;¥ is written in terms of a double Fourier fig|d js included already in CAIN. However the second or-

transform [10] and is solved by expanding in a Taylor Séger stimulated Breit-Wheeler process also takes place in

ries and using the condition for flat beams> o, the presence of the bunch fields. The cross-section calcula-
tion involves solutions of the Dirac equation in an external

- . 2\ 2 _ field (represented by double lines in the Feynman diagram,
Bl = -sexptein ) (et +uv/TET ()] fgure 2)

2 1
By = £\ /Fexp- i) L Erf () b, o n _
(2) \
The Breit-Wheeler cross-section with full polarizations x ) P )
is also required. At present in CAIN this cross-section rﬁ_;ﬁ
o¢"C is written down only for the product of circular po- K . K, K,

larizationsé» &5 of the two initial photons. The full cross-
sectiono ™!l is a sum over all polarization states and funcFigure 2:Stimulated Breit-Wheeler Feynman diagrams.
tions of final electron energyand momentunp [11]
Integrals of products of Airy functions, which are
cire 0?1y . -1 . . usually associated with constant crossed electromagnetic
o o 2(1 —hy 4+ =577)sinh “p+ 2(Bha =1 — =) fields, are introduced into the cross-section. Naively, in

full ) s comparison to the first order coherent process, the second-
o < 2(1=he + Z(h1+ hs) — &) sinh p order cross-section is diminished by an order of the fine
+2(3hy — 1 — hy — &8, — 12) structure constant. However the bunch field has the ef-

fect of allowing the second order cross-section to reach the

where hy = &€ ha = &€ mass shell. The resulting resonances are rendered finite
hy =14 & + & + 638, by inclusion of the electron self-energy and the stimulated

(3) Breit-Wheeler cross-section can exceed the first order co-

A numerical investigation of these two cross-sections réierent process. A detailed theoretical and numerical inves
veal that the usual peak at low energies (approximately lefigation is required to gauge the effect on produced pairs
than 50 MeV) for the full cross-section is substantially ref9].
duced compared to the”''C prediction.

CAIN was modified with the above expressions and was SPIN TRANSPORT
run for all seven 500 GeV centre of mass collider parame-
ter sets [12]. There wasl®-20% overall reductionin pairs  The SLICKTRACK [13] Monte Carlo computer code
(figure 1), with no discernible impact on collision luminos-has been used to analyse the spin motion in the ILC damp-
ity. ing rings, main linac and beam delivery system.



Damping Rings the final to initial polarizations of particle bunches trhve

. . ) . P
Previously [7] we have presented results showing thf!llpg through the linac is approximatedys(10~“rad).

spin motion in the 6 km DR (OCS) of the ILC, including
both spin precession and synchrotron radiation effects in CONCLUSIONSAND OUTLOOK

the presence of realistic magnet misalignments (1/3 mm we have studied possible depolarization effects at the
misalignments and 1/3 mrad roll for quadrupole), leadg c at the damping ring, main linac, at the beam deliv-
to negligible depolarization both at the design energy adry system and during the beam-beam interactions for a
5.066 GeV and close to a spin-orbit resonance at 4.8 GeYange of ILC parameters as part of an ongoing rolling study.
Updated simulations using SLICKTRACK with the
“OCS6” damping ring lattice at 5.0 GeV show that the sum ¢An analysis of depolarization processes during ILC
of the mean squares of the angles of tilts of spins awayeam-beam interactions was carried out. The current CAIN
from the direction of the equilibrium polarization (approX jmplementation of depolarization through spin precession
imately vertical) to be less than 0.1 mfagven after 8000 has been shown to be valid for ILC energies.
turns (8 damping times). At 4.8 GeV the sum of the mean ¢The polarization dependence of coherent and incoher-
squares of the angles was shown to reach approximatelit pair production at the interaction point has been stud-
40 mrad® after 8000 turns, which still represents a negligiied, and these effects are currently being incorporated int
ble degree of depolarization. I.e. the ratio of final to @liti CAIN. This work is ongoing, but initial results from CAIN
polarizations in this case i®s(v/40 mrad ~ 0.99998. indicate a substantial decrease in low energy incoherent
These simulations were carried out assuming the nasair production when polarization effects are included.
row energy spread{45 keV) expected for injected elec- oThe SLICKTRACK software package has been ex-
tron bunches. We have also carried our similar simulationgnded to simulate the spin dynamics through the ILC BDS
for the OCS6 damping ring lattice at 5 GeV assuming agnd main linac. All simulations show very small amounts
initial energy spread of-25 MeV, much greater than the of depolarization, as expected.
natural energy spread of the damping ring, as expected foreAdditional SLICKTRACK simulations of the ILC
positrons coming from the ILC baseline positron source. damping ring lattices support our earlier results showing
In this case the sum of the mean squares of the spihat the horizontal projections of the spin vectors of the
angles after 8000 turns was found to be approximateblectron and positron bunches injected into the damping
20mrad® which is once again negligible. It was also showrtings do not rapidly decohere. It is therefore very impor-
thatin this case, as in the previous simulations, the hofizotant that the vectors be properly aligned prior to injection
tal projections of the spin vectors of an electron or positro  «SLICKTRACK is being extended to include non-linear
bunch do not fully decohere after 8000 turns, i.e. if therbital motion, allowing a detailed study of spin motion in
spins are tilted from the vertical at injection then theinpr non-linear elements such as sextupoles and wigglers.
jections do not fan out uniformly in the horizontal plane

during damping, even if the initial energy spread is large. | REFERENCES
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