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Abstract

P olarized e

�

and e

+

b eams are foreseen for the future In ternational Linear Collider (ILC). High

precision ph ysics requires the p olarization of b oth b eams to b e kno wn with a relativ e uncertain t y

of ab out 0.1% or b etter. Therefore all p ossible dep olarizing e�ects that could op erate b et w een the

p olarized sources and the in teraction regions ha v e to b e under full con trol.

This rep ort giv es a brief summary of ongoing w ork on the ILC spin-dynamics concen trating on

recen t results for dep olarizing e�ects in the ILC damping rings, main linac, b eam deliv ery system

and b eam-b eam in teractions. The p olarization dep endence of incoheren t and second order coheren t

bac kground pro cesses ha v e b een tak en in to accoun t as w ell as the treatmen t of spin precession in

strong �elds.
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1 O VERVIEW

The full ph ysics p oten tial of the ILC can b e realized only b y utilising p olarized e

�

and

e

+

b eams [1]. P olarized e

�

with a p olarization b et w een 80% and 90% are foreseen for

the baseline mac hine design. In the curren t Reference Design Rep ort (RDR) [2 ] of the

ILC a helical undulator based p ositron source [3] has b een c hosen as the most reliable

solution for pro ducing the required 
ux of order 10

14

p ositrons p er second. The design

pro duces p ositrons via an electromagnetic sho w er instigated in a thin target b y inciden t

circularly p olarized sync hrotron radiation pro duced b y the undulator op erating on the

main ILC e

�

b eam. Ev en in the baseline design, that foresees only an appro ximately

100 m long helical undulator, a e

+

p olarization of ab out 30% can b e ac hiev ed and could

b e used for enhancing ph ysics analyses. It is, ho w ev er, imp ortan t to ensure that no

signi�can t p olarization is lost during the transp ort of the e

�

and e

+

b eams from their

sources to the in teraction region.

The largest dep olarizing e�ects are exp ected to result from the collision of the t w o b eams

at the in teraction p oin t(s) themselv es [7]. The status of our analysis of the p olarization

asp ects of the b eam-b eam in teractions including incoheren t and second order coheren t

bac kground pro cesses is presen ted in the �rst section of this rep ort.

T ransp ort elemen ts b et w een the sources and in teraction p oin ts whic h can also con tribute

to a loss of p olarization include the initial acceleration structures, transp ort lines to the

damping rings, the damping rings, the spin rotators, the main linacs, and the high

energy b eam deliv ery systems [5]. A synopsis of our studies of dep olarization in the ILC

damping rings, main linac and the b eam deliv ery system is giv en in the second section

of this rep ort.

2 BEAM-BEAM INTERA CTIONS

The program CAIN [6] ev aluates analytically the t w o sources of dep olarization during

b eam-b eam in teraction at the linear collider: the spin precession as w ell as the spin-
ip

Sok olo v-T erno v (S-T) e�ect. Usually the spin precession e�ect is dominan t, but at higher

energy the dep olarization due to the S-T e�ect increases [7]. Studies and extensions of

the CAIN ph ysics mo del are presen ted b elo w.

2.1 Dep ola rization from Spin Precession

Spin precession is describ ed b y the Thomas{Bargmann-Mic hel-T elegdi (T-BMT) equa-

tion:

d
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where a describ es the anomalous magnetic momen t of the electron giv en b y the higher-

order corrections to the ee
 v ertex. In the en vironmen t of strong colliding b eams,

ho w ev er, the usual p erturbation theory cannot b e applied. Therefore mo di�ed expres-

sions for the anomalous magnetic momen t in a medium ha v e b een deriv ed [8]. These
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expressions ha v e b een ev aluated in the \no scattering" case and using the quasi-classical

appro ximation that implies that the c hange in the momen tum due to the strong �elds

has to b e su�cien tly slo wly . This condition is ful�lled if the Larmor radius of the particle

due to the existing magnetic �eld in the bunc hes is m uc h larger than the particle w a v e-

length. It has b een c hec k ed that ev en in the strong �eld en vironmen t of the ILC suc h a

quasi-classical appro ximation can b e used and the T-BMT equation can b e applied to

describ e the spin precession su�cien tly accurate, see also [6, 8, 9].

2.2 Incoherent Background P airs

The pro duction of bac kground pairs is strongly dep enden t on the p olarization state of the

initial photons in v olv ed in the pro cess. These photons are either real (b eamstrahlung)

or virtual and dep end on the constan t, crossed bunc h electromagnetic �elds. The CAIN

program con tains full p olarizations for the real photons, and the Stok es parameter ( �

i

)

represen tation is giv en in equation 5.510 of the CAIN man ual [6]. The p olarization of

virtual photons dep ends on the b eam electric �eld E

x;y

!

at the p oin t ( x; y ) where the

pair is pro duced. F or gaussian bunc hes an expression for E

x;y

!

is written in terms of a

double F ourier transform [10 ] and is solv ed b y expanding in a T a ylor series and using

the condition for 
at b eams �
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The Breit-Wheeler cross-section with full p olarizations is also required. A t presen t in

CAIN this cross-section �

circ

is written do wn only for the pro duct of circular p olar-

izations �

2

�

0

2

of the t w o initial photons. The full cross-section �

full

is a sum o v er all

p olarization states and functions of �nal electron energy � and momen tum p [11]
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A n umerical in v estigation of these t w o cross-sections rev eal that the usual p eak at lo w

energies (appro ximately less than 50 MeV) for the full cross-section is substan tially

reduced compared to the �

circ

prediction.

CAIN w as mo di�ed with the ab o v e expressions and w as run for all sev en 500 GeV cen tre

of mass collider parameter sets [12]. There w as a 10- 20% o v erall reduction in pairs (�gure

1), with no discernible impact on collision luminosit y .
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Figure 1: Num b er of pairs for sev en ILC parameter sets.

2.3 Coherent Background P airs

The coheren t pro duction of pairs via the �rst order in teraction b et w een a b eamstrahlung

photon and the b eam �eld is included already in CAIN. Ho w ev er the second order

stim ulated Breit-Wheeler pro cess also tak es place in the presence of the bunc h �elds.

The cross-section calculation in v olv es solutions of the Dirac equation in an external �eld

(represen ted b y double lines in the F eynman diagram, �gure 2).

+p +p
-p

-p

1x
1x

2x2x

1k 2k 1k 2k

p p

Figure 2: Stim ulated Breit-Wheeler F eynman diagrams.

In tegrals of pro ducts of Airy functions, whic h are usually asso ciated with constan t

crossed electromagnetic �elds, are in tro duced in to the cross-section. Naiv ely , in compar-

ison to the �rst order coheren t pro cess, the second-order cross-section is diminished b y

an order of the �ne structure constan t. Ho w ev er the bunc h �eld has the e�ect of allo w-

ing the second order cross-section to reac h the mass shell. The resulting resonances are

rendered �nite b y inclusion of the electron self-energy and the stim ulated Breit-Wheeler

cross-section can exceed the �rst order coheren t pro cess. A detailed theoretical and

n umerical in v estigation is required to gauge the e�ect on pro duced pairs [9 ].

3 SPIN TRANSPORT

The SLICKTRA CK [13 ] Mon te Carlo computer co de has b een used to analyse the spin

motion in the ILC damping rings, main linac and b eam deliv ery system.
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3.1 Damping Rings

Previously [7] w e ha v e presen ted results sho wing that spin motion in the 6 km DR

(OCS) of the ILC, including b oth spin precession and sync hrotron radiation e�ects in

the presence of realistic magnet misalignmen ts (1/3 mm misalignmen ts and 1/3 mrad

roll for quadrup ole), leads to negligible dep olarization b oth at the design energy of

5.066 GeV and close to a spin-orbit resonance at 4.8 GeV.

Up dated sim ulations using SLICKTRA CK with the \OCS6" damping ring lattice at

5.0 GeV sho w that the sum of the mean squares of the angles of tilts of spins a w a y

from the direction of the equilibrium p olarization (appro ximately v ertical) to b e less

than 0.1 mrad

2

, ev en after 8000 turns (8 damping times). A t 4.8 GeV the sum of the

mean squares of the angles w as sho wn to reac h appro ximately 40 mrad

2

after 8000 turns,

whic h still represen ts a negligible degree of dep olarization. I.e. the ratio of �nal to initial

p olarizations in this case is cos (

p

40 mrad ) � 0 : 99998.

These sim ulations w ere carried out assuming the narro w energy spread ( � 45 k eV) ex-

p ected for injected electron bunc hes. W e ha v e also carried our similar sim ulations for the

OCS6 damping ring lattice at 5 GeV assuming an initial energy spread of � 25 MeV, m uc h

greater than the natural energy spread of the damping ring, as exp ected for p ositrons

coming from the ILC baseline p ositron source.

In this case the sum of the mean squares of the spin angles after 8000 turns w as found

to b e appro ximately 20mrad

2

whic h is once again negligible. It w as also sho wn that in

this case, as in the previous sim ulations, the horizon tal pro jections of the spin v ectors

of an electron or p ositron bunc h do not fully decohere after 8000 turns, i.e. if the spins

are tilted from the v ertical at injection then their pro jections do not fan out uniformly

in the horizon tal plane during damping, ev en if the initial energy spread is large. In

further w ork, the e�ect of the length of the injected p ositron bunc hes on this conclusion

will b e in v estigated.

3.2 Beam Delivery System

SLICKTRA CK has b een mo di�ed to include a \single pass" mo de and then applied to

the 2 mrad crossing-angle arm of the older design of the ILC BDS. Realistic misalign-

men ts w ere included as in the damping ring analysis. Sim ulations sho w ed a total spin

precession of appro ximately 332 degrees and an absolute decrease in the p olarization of

0.06% or less. These �gures are consisten t with those obtained b y Smith et al using the

BMAD computer program [5]. Our w ork will b e rep eated using up dated v ersions of the

BDS lattice consisten t with the RDR.

3.3 Main Linac

The SLICKTRA CK computer co de has also b een mo di�ed to include acceleration e�ects

and then applied to the ILC main linac. Spin precession of appro ximately 26 degrees

is exp ected in the Earth-follo wing linac, and SLICKTRA CK sim ulations of the spin

5
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motion sho w the ratio of the �nal to initial p olarizations of particle bunc hes tra v elling

through the linac is appro ximately cos (10

� 4

rad).

4 CONCLUSIONS AND OUTLOOK

W e ha v e studied p ossible dep olarization e�ects at the ILC at the damping ring, main

linac, at the b eam deliv ery system and during the b eam-b eam in teractions for a range

of ILC parameters as part of an ongoing rolling study .

� An analysis of dep olarization pro cesses during ILC b eam-b eam in teractions w as carried

out. The curren t CAIN implemen tation of dep olarization through spin precession has

b een sho wn to b e v alid for ILC energies.

� The p olarization dep endence of coheren t and incoheren t pair pro duction at the in ter-

action p oin t has b een studied, and these e�ects are curren tly b eing incorp orated in to

CAIN. This w ork is ongoing, but initial results from CAIN indicate a substan tial decrease

in lo w energy incoheren t pair pro duction when p olarization e�ects are included.

� The SLICKTRA CK soft w are pac k age has b een extended to sim ulate the spin dynamics

through the ILC BDS and main linac. All sim ulations sho w v ery small amoun ts of

dep olarization, as exp ected.

� Additional SLICKTRA CK sim ulations of the ILC damping ring lattices supp ort our

earlier results sho wing that the horizon tal pro jections of the spin v ectors of the electron

and p ositron bunc hes injected in to the damping rings do not rapidly decohere. It is

therefore v ery imp ortan t that the v ectors b e prop erly aligned prior to injection.

� SLICKTRA CK is b eing extended to include non-linear orbital motion, allo wing a de-

tailed study of spin motion in non-linear elemen ts suc h as sextup oles and wigglers.
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