Depolarization at the
ILC (BDS & IP)

to possible theoretical corrections

)¢ Calculation of beamstrahlung without kinematic approximations

J( Higher order beam-beam effects, estimation of theoretical
uncertainty in depolarization

) BDS depolarization studies using BMAD



The 'usual' [P depolarization

Classical spin precession
in inhomogeneous
external fields:

T-BMT equation. B(p2) A

There is depolarization (spin £lip) due to the

QED process of peamsstrahlung, civen By the
Sokolov-Ternov equation

v _  om OOK d y2 K
== | Kyl et =Kola
f i W mgAvith CLIC parameters (I Bailey)
Where [=— J : = change igfpolarization vector magnitude
3Y y-1 3

The fermion spin can also precess in the runch

fields. Equation of motion of the spin &iveQ/gy
14§ e > > | V1o =

— = —|(ya+1)B.+(a+1)B,-yla+—)—=vXE| X§

Stochastic spin diffusion

At the P, the 3aNOMmalous maanetic moment from photon emission:
sugject to radiative corrections in the Sokolov-Ternov effect, etc.
presence of the runch field
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Comparison of CAIN ¢ GP++ total depolarization £or e-

after Beam-Beam interaction:AP =1—(P)

(P. Bamerade, F. Blampuy (summer intern), G. Le Meur,
C. Rimeault — LAL Orsay)
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Generalization of Sokolov-Ternov

Use exact solutions of Dirac equation in the bunch
field and include them at Lagrangian level

¢ Check agreement of full result with S-T in suitable
limit \



(p-ed"F-n~Er: 0"l 1, p)=0

wy(x,p)=up)F(¢)

Suestitution of the general solution for P, yields a first order
differential equation. whose solution can Be expanded in powers of k A®

_ e | , NE e —-ipx
by X, PI=T4 oy Ky AL explFk, AT)] e ™ u(p)
* make Fourier transform to et / Usual /s olution in

exponential of linear term IN X

the arsence of A¢

* n external field photons contrieute e-\u e+
e« Fermion momentum &ains Z—k
kS -

e Leads to fermion mass ski-Pft m+v°

J EQ_ are 5
- Bessel functions for circular polarized Ae  fermion SOlu‘t_iOf\S r epresented
- Airy functions £or constant crossed A¢ By douele stralaht lines
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Beamstrahlung in an external field
(Sok-Ter) — Nikishov =R.itus (I964)

A, = a,cos(k.x)

Volkov solutions introduce complicated functions B (| external field

HEONS g (gl = A cosTkre™ where flkxj=insin{kx -isin(2kx)-illkx

External field strenath expressed By dimensionless parameter v
which has a direct relationship to field potential or strenath and an| v =

3|3
S |

iInverse relationship to the field frequency w

Constant field csleulation performed for v (w-0)
Saddle point approximation used to write B, as a function of Airy functions and

the phase ¢ of the slowly alternating external field | 1 Ally) where y = (IL)ZB
: : " ysing Yy siny
Other approximations also made

Transformation to constant ecrossed field using solutions of a Schid milch ean
ml2 /2
if W(B)=2], F(Bsiny)dy then F(B) = W(0)+B], W'(Bsiny)dy

Clearly it would re retter to do the calculation directly in the constant

field, for areitrary n and without approximations — work in proaress
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Beamstrahlung in the runch field (no
kinematic approximations)

W|tk§ut &OING INto det@ls of —thg ealculait|$3r\ Sokalov-Ternov
the final resuts of the differential transition /

rate can re compared Full calculatior

dW _  am ‘[ ’ K Y 2 (0
— = — Jdit—Kyalz) where ==L | y=-
dwf \@TWZ 7 5/3( ) 1_y 2/3( ) { Y 1_y ) 3
o, am [° % _2 _ o (l-wsb)
— (144 = = I K..l7)di+-K,.(7) where 71== -+ |, y=—
du iy’ ¥ 5I3() 1-y 213( ) 3 1-y ei—!pi!cosﬂi—wf(1—cos0f)
IN the limit of uHra-relativistic e+/e-,
eimw , 008020080, and the full caleulation reduces
to —tLe_ Sokolov-Ternov equation .
Numerieal
Spin £lip rate has a8 similar dependence to I
that shown arove S’tUd\CS
SENSITIVITY: whenever 7 is small ie. when ur\derway
the radiated photon has low eneray and
significant anale
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Higher order effects

magnetic moment

e- Shy
¢ Compton effect in the bunch fields \ /

) Work in progress (271
Ky k




ANOMa3Ious magnetic moment In a8 strong field

(IPPP - Durham)
Needed in T-BMT equation to calculate the rate of depolarization due to ream-

Beaw effect é [(yCH'l)B -|-<a-|—])BL )/(CH‘—I)E_}VXE]

C

Main contrir” from when fermion is emredded in a s—trc?fa{ca)
p

external field characterised By )} =y~ —
. m
the anomalous maanetic moment develops a

vertex diaagram

— &
4= 2m -I_O((X ) dependence on Y and is aiven By (Baier-Katk)
— K x 1.3
aY)=- ﬂf o dxf sin[2(r+1¢')dr

However.we can envisage
recaleulating the vertex diaaram in BlIP with Volkov solutions
replacing all fermion lines

e Makina mass correction (including self-eneraies)
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2™ order external field process:
Coherent Breit-\Wheeler (CB\W) process

Beamsstrahlung
1st order ph

nonlinear .
Pair

Production

Char%e Bunch

Bu /Fields
nd .
2% order W\O\ L — 2 ‘Order process contains
paiieEy — twice as many Volkov E,

Production

Dourle intearals over
Bropagster products of 4 Airy functions
aenominater — mathematical challenae!

1200

1000 q spiN structure same as
o ordinary Breit-Wheeler
oo | . > 1 fermions redieve a mass shift
- mass shell due ‘tO BuF\QH -P|€|d and ‘tl’\e
16862 16EI564 16866 16EI568 16570 q_ Propaaa—tor Qar\ reack MaSS Ske”

n bunch field photons

whenever W~ W0
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RESULTS - Depolarization at the [P

(I Bailey, A Hartin, G Moortat-PickE LR OTeV-Report-20086-026)

[LC baseline | CLIC-G

f.‘& E:IEIE Dgn ?]D;} ?[rl Parameter set Depolarization AF),,

ng 2625 317 ILC 100/100 | ILC 80/30 | CLICG
3*/mm 20 1 T-BMT 0.17% 0.14% | 0.10%
4y /mm 0.4 0.09 S-T 0.05% 003% | 34%

oz/nm i 10 incoherent | 0.00% | 0.00% | 0.06%
e o o || coerent 000% | 000% | 13%

D, 0.17 total 0.22% 0.17% | 4.8%

T 0.048 C :

[ 103 e —26—1 5 ) or ILC, Depol uncertainty

estimated at +0.01+0.03%

otheoretical refinements will reduce uncer-tainty
¢ S-T assumes classical dynamics Of electron and NoO radiation anale
o« HO Corrections t0 anomalous maanetic moment —> T-BMT

o Hicher order intense field QE D processes
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BDS spin tracking

' ){ BMAD for spin tracking in BDS

)¢ Add misalignments and track a real bunch train with
feedback on




BDS ream parameters

45000 , , . , 0.25
40000 T — - 0.2
UL S
35000 N -~ 015 T
1 % _%
T 30000 AR - 0.1 =
Lo ..' '.I -LL :.D_
< Y =
E 25000 P r| - 0.05 o
2 =
T 20000 — mJ: 1o =
(T I
& 15000 - -0.05 &
o
10000 - beta x*+0.5 -1 0.1 o
beta y**0.5
5000 eta x — -0.15
helicity
D _.-'-‘r"-h._ _,_,..I"L.__| _D.E
0 500 1000 1500 2000
Z (m)

e Lattice translated from MADM to BMAD — checked dispersion
and reta functions match TDRL

e Helicity normalised to O for ease Of viewing

* SPIN precesses IN the latter part of the lattice returning (almost)
t0 oriainal helicity
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BDS depolarization

Depolarization at ILC IP for misaligned BDS

7000 ! a”gnedl ! e S—tar"tir\ﬁ Wi—tk ,OOWO
y=1 micron misaligned = . . . .
6000 -  y=2 micron misaligned = E lOr\C-al‘tudlr\al POlar'l‘La’thF\
§ 5000 - 1 e Introduce misalianwents into
E . . .
2 4000 | | linae and make [ correction with
. i < xo dispersion free steering
. . o | ¢ Assume No depolarization in
cx X% linac
1000 x ¥ XXXX * . - ‘ ‘
o o > « Make random misalianment of
0 L L AP ! | A .
0.997 0.9975 0.998 0.9985 0.999 0.9995 1 Rds elementts In y
Helicity

OlI% Depolarization
e ToO do:

e Make realistic misalianments due tO expected ground motion
Crak cavity is in the lattice only as a drift at present!

*Examine depolarization alona a realistic Bunch with feedrack on
e Track INn the extraction line to downstream polarimeter
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(N Full polarization treatment (Sok-Tern, T-BMT) and pair processes has reen
implemented in CAIN and Sok-Tern and T-BMT in GP++ - good aareement so far

() Depolarization £or ILC parameters is porderline with the rudaget rut
theoretical uncertainties can re further reduced

(3) Present Sokolov-Ternov equation assumes small Upsilon, eut laraer values
reQuire more exact caleulation using Volkov solutions

() Previous Volkov solution caleculations (I964) use several approximations —
caleulation with NO approximations IN proaress

() Hicgher order IFQED processes reing examined

(T spin tracking iNn BDS within BMAD will re performed £or a realistic runch train
within the feedrack |lOOp

@ G

|[ The LHC |

2] ]
W Durham

UPCOMING Universiie || Members

Institute for Particle Physics Phenomenology

OKKS ' ' OP You are in: _IPPP . Workshops
V \/ Advanced QED methods for future accelerators

Please come!

|[ Outreach | [ Visitors | |[ contact

Research

Workshops

Event date: March 4, 2009 10:00 AM to March 5, 2009 4:00 PM

A joint IPPP/Cockcroft Institute workshop on advanced QED methods for future
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