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¢traction line spin trackina studies usinag BMAD — consider
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(N Polarized reams, electrons 80O-90% and positrons 30-45 -> LO%

() Physies reauires o6P/P <Ol%, delivered By system of Uip/Down stream
polarimeters with calieration/cross-checks coming £rom annihilation data
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(N Polarized reams, electrons 80O-90% and positrons 30-45 -> LO%

() Physies reauires o6P/P <Ol%, delivered By system of Uip/Down stream
polarimeters with calirration/cross-checks comina £rom annihilation data

sO... interested in any source of depolarization retween UP and Down stream
polarimeters of a significantt fraction of Ol%
and.. where the losses are and whether the uncertainty is recoverarle

THartin LCForuw DESY L/15/10



(N Polarized reams, electrons 80O-90% and positrons 30-45 -> LO%

() Physics reauires oP/P <Ol%, delivered By system of Up/Down stream
polarimeters with calieration/cross-checks coming £rom annihilation data

sO... interested in any source of depolarization retween UP and Down stream
polarimeters of a significantt fraction of Ol%
and.. where the losses are and whether the uncertainty is recoverarle

BDS: previous studies [Smith (BMAD) Malysheva (Slicktrack)] show that depol is
swall, But does it decline over time due to around motion and on what scale? Mainly
classical spin precession here

IP: sianificant depolarization due t0 Beam-ream effects. Both classical precession
and Quantum spin £lip. The spin—#£lip calculation assumes classical motion of electron,
NO Reamstrahlung radiation anale. Discuss £ull calculation

Extraction: Propaaate disrupted ream down extraction line and simulate
polarization at downstream polarimeter

Time scales: Investiaate depolarization within Bunch, within train and train—train
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BDS polarimeter siting

ILC e BDS (500 GeV)
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« BDS changes for SB2009 : P Z (m)

separate combined functionalities of upstream polarisation
measurements + laser wire detection
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Extraction
BMAD

Linac BDS
PLACET -—) BMAD -
Eeed&ack l P Feedrack
OCTAVE OCTAVE
FEEDBACK
Placet sim of linac BMAD sim of BDS LOOPS
Extractio :
* | micron random and Extraction « Alignment
displacement « Ground motion Based ON eeam:-
* [{ correction model applied Beamw kicks
- Dispersion free . Transiate latest ILC = * Sivple PID
controller

steering

e Deliver multiple
Bunch trains of
300 runches
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MAD lattice

e Examine impact of
Orgeit correction on
the iInduced
depolarization

iMmplemented In
Octave

e Bunch to Bunch
at P

P Spin
tracking

« Modified CAIN
with full spin
tracking

e Implemented
SPIN tracking iN
all pair processes
o Full
BReamstrahlung
caleulation (No
BPProximations)
iInvestigated
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BDS spin trackina

Polarimeter
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Helicity

e Lattice translated
from MADM to
BMAD — checked
dispersion and reta
functions matceh TDR.

e SPIN precesses N the
latter part of the
lattice returning
(almost) to oriainal
helicity

e Polarimeter and laser
wire No longer share
the same chicane —
waiting on Nnew

lattice
/15710




BDS depolarization

Depolarisation at ILC IP for randomly misaligned BDS

100 3 linac and make || correction with

dispersion free steering to get
‘ realistic oreit

100000 — o« Startinag with [OO%
alignhea —— . . . . . .
o2=1 um | lonaltudinal polarization within a
{ 6?=2um —— ‘ .
i D /| sinale Bunch of SO OO0
S 1000 - | macroparticles
£ e e Introduce misalianments into
é

10 4

1 b : : : : [ i . . .
0.994 0.995 0.996 0.997 0.998 0.999 1 ° Assume NO linac depolarization |

Helicity

‘ . « Make random misaliacnwent of

e Make realistic misalianwents due tO expected around motion
eCrak cavity is in the lattice only as a drift at present!
*Examine depolarization recovery with an end-of-linac feedrack
*Track in the extraction line to downstream polarimeter

New lattice with polarimeter-only chicane tO come
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around motion studies

10° « Smwall displacementts
for High frequencies,
larae displacementts

10° " 0.07-0.1 Hz (order of microns)

._j
; MW N for Low $requencies
10 WMWMWJ} Mwwu'* 0.1-0.3 Hz

» We prorarly doO Nnot
Nneed to worty arout
3 e intra—train
‘f 3 Hz depolarisation

w Mn ﬁm\mw 3-10 Hz s Perform dgtailed

W Iﬁ N | ul M
WL"H Q
JW' K 3045 Hy Ground motion

simulations on the
24 31 7 14 21 scale of hours

October November

Arhpiitude, micron
o
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Ground motion and misalianments
(R.enier and Bamrade CARE/ELAN-200T-O0+)

Schema:
e R eal around motion spectrum measured

e Nl random offsets generated and transformed Into frequency
domain

e Convolute random and measured spectra and invert transform rack
t0O time domain

* Apply coherency function sO Nearey elements move IN a8 similar fashion

FFT of displacement .. .
———— * Oriainal paper applied I-D

| transform for y-offsets
e |deally we want 2-D x/y

| displacementts and prorasly

" e e | element roll
ey ] ¢ 20 um displacement over

train—train S Hz  2z=20 m and | month!
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Ground motion BDS misalianment

BDS Y misalignment due to ground motion (model C) M odel .

-] T Al e Initially aliened, then 2=

2000 i correlated misalianments over
6000 tive steps
%’ 5000 - o« After many time steps, mean
% 4000 - “ and standard deviation of
>

=) BT e e

1000 - H{HHH]I e ON the time scale of a day

e o
0 - - - - - misalianment arows to the
0 10000 20000 30000 40000 50000 60001 .
time (s) point where BDS
depolarisation may Be a proriem
(OI%)
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Ground motion depolarization

IP beam position and helicity Y with ground motion (model C)

1

3e-07

Bl -

%°°<xx>°<>o<>2<x
XW
2.5e-07 e
X
o] _OI%
X
XX
1.5-07 -

Y position (nm)

fﬁﬂlﬂﬂﬂ}ﬂ

i

- 0.998
x X
X
5¢-08 - { ﬂ} X “ F 0.9975
X
B :

0 -%1}{ Hﬁﬁ# | e x b 0.997
5e08 { 1 I 0.9965
Y mean +/-c ——

IP helicity  x
-1e-07 . : . 0.996
0 10000 20000 30000 40000
time (s)

IP Helicity

Model:

» Analysis Based on initially ideal
runch of 50 000
macroparticles

e around motion In linac and
OrRit correction rRUt assume
NO depolarization

e Apply reslistic ground motion
(Mmodel ©) to BDS

* Examine Beam y-protfile and
Helicity at IP

e Within hal$ a day depolarisation reaches its pudget limit

e However — final focus maanets starilised to Nnw level
— effect of orrit correction on depolarisation
— effect OFf crar cavity on polarisation
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C xtraction Line

Extraction line design helicity

Extraction line design parameters
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e« Extraction line lattice accounts £Or crossing anale

100

e Depolarization can re sensitive tO ream Offsets — ream
ReaM kick at [P sO Iook £Or correlations

» Machine parameters still In flux, polarimeter chicane to

have b maanets
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150 200

50
T Extraction line element number

250

DS Polarimeter

Intearated

Studies (BDS,
polarime-ter,
Extractionline

and IP)

onaoinag!
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[P depolarization

There is depolarization (spin £lip) due to the
QED process of eamsstrahlung, civen By the
Sokolov-Ternov equation

2
W= am
—j K5/3(z)dz+y—K2/3(z) , 2o {1-00s0)

du, \/3ny 1-y

But caleulation assumes that the fermion
Mmomentum is classical and that all particles
colinear

Classical spin precession
in inhomogeneous
external fields:

T-BMT equation.

The fermion spin ean also precess IN the runch
fields. Equation of motion of the spin aiven
By the T-BMT equation

a5 _ ~[(ya+1)B,+(a+1)B, y(a+—)

p " XE] X§

At the [P, the anomalous magnetic
poment sukject to radiative corrections
|ir\ the presence of the runch field

wafl

S(et)
P

Stochastic spin diffusion

et

from photon emission:
Sokolov-Ternov effect, etc.
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Summary <= Future work

(D We want to understand all sources of depolarization rRetween upstream and
downstream polarimeters, so ook in BDS| [P and Extraction line

(2.) Depolarization can occur recause Of aground motion induced misalianment of
maanetic elements, Beam-Beam effects at the [P and possigle Bunch offsets in the
extraction line £rom ream-ream kick
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Summary <= Future work

(D We want to understand all sources of depolarization rRetween upstream and
downstream polarimeters, so ook in BDS| [P and Extraction line

(2.) Depolarization can occur recause Of ground motion induced misaliacnwent of
maanetic elements, Beam-Beam effects at the [P and possigle Bunch Offsets in the
extraction line from ream-ream kick

(3) Application of a realistic around motion model to the BDS shows depolarisation
of Ol% reached in the time scale of several hours. Orrit correction is expected to
recover polarisation precision — studies oNnaoiNG

() Extraction line has a desian correction for the ILC crossing anale and eorag
cavity. Desian onGgoing - SB2.009 parameter set, b maanet chicane £or downstream
polarimeter. Intearated simulations planned (£ast sinm OF polarimeters)
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Summary <= Future work

(D We want to understand all sources of depolarization rRetween upstream and
downstream polarimeters, so ook in BDS, [P and Extraction line

(2.) Depolarization can occur Because Of ground motion induced misaliacnwent of
maanetic elements, Beam-Beam effects at the [P and possirgle aunch offsets in the
extraction line from ream-resam kick

(3) Application of a realistic around motion model to the BDS shows depolarisation
of Ol% reached in the time scale of several hours. Oreit correction is expected to
recover polarisation precision — studies oNnaoING

() Extraction line has a desian correction for the ILC crossing anale and eorag
cavity. Desian onaoing - SB2009 parameter set, b maanet chicane £or downstream
polarimeter. Intearated simulations planned (£ast sinm Of polarimeters)

(S) Depolarisation at the [P due to ILC, CLIC ream-Beam collision is siagnificanttly
larae N the depolarisation rudaet. The Quantum spin £lip process is also siagnificantly
larae

(6) for a precision study include higher order QED corrections and use solutions of
the Dirac equation in the runch fields. Cross—-check with known Anomalous maa
MoMment iNn maanetic field

THartin LCForum DESY L/15/10
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