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Physics with polarized beams

'Scope Document no.1' (2003) and 'no.2' (2006): baseline
'"full luminosity of 2 x 1034 cm2s-1!
‘electron beams with polarisation >80% within whole energy range.'

Options:
'e+ polarisation ~50% in whole energy range wo sign. loss of lumi....,
Reversal of helicity ... between bunch crossings.'
GigaZ: e+ polarisation+frequent flips essential.'
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G RL e- beam is completely right-handed polarized (P .. = +1)
e+ beam is completely left-handed polarized (P ., = -1)
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Physics with polarized beams: motivation and requirements

Standard Model only J =1 is possible. e
New Physics models: —only from RL, LR: v, Z or Z'
may contribute to J =1
may allow the production of scalar particles,

J = 0 would be allowed e

— only from LL, RR

s depends on F,,
F a

Exchange Diagrams b
Helicity of e not coupled with helicity of e

L& C

L
depends on P,

T - and U - channel diagrams

The helicity of the incoming beam is directly coupled to the influenced by Fe+
helicity of the final particle and is completely independent of g
the helicity of the second incoming particle. I

-]

Single W* production: the vertex e*W*v depends only on Pe*. e : ¢




Physics with polarized beams

Cross section enhanced or reduced

The cross sections can be enhanced or reduced by an appropriate choice of the polar-
ization states. This allows to suppress the background: For instance, a ratio of "unde-
sired” to ‘desired” polarization states, [(1 = Pa-)(1 = P:)]/[(1 4+ Po-)(1 + Pu)], yields
a background reduction by a factor 4 having (80%, 60%) polarization instead of (80%,
0%). A positron polarisation of 30% reduces this undesired background by a factor 2.

Positron Polarization important
Comparison with (Pe- =807%, Pe+ =0) estimated gain factor when (Pe-=80%, Pe'=60%) (Pe-=80%, Pe* =30%)

Case Effects for P(e”) — P(e”)and Ple™) Gain& Requirement
Standard Model: FT ' quUll'Ed
top threshold Electroweak coupling measurement factor 3 galn fac'ror' 2
lq Limits for FCN top couplings improved factor 1.8 gain factor 1.4
CPVintt Azimuthal CP-odd asymmetries give Pf_ Pg, required
access to S-and T-currents up to 10 TeV PP~ required
Ww- Enhancement of Tj; , ,,T% up toa factor 2
TGC: error reduction of Ak, A),, Akz, Adz factor 1.8
Specific TGC hy, = Im(gl + &%)/v/2 P' PT required
CPVin~vZ Anomalous TGC 2,744 Pf_ Pjr required
Hz Separation: 1 Z < Hwv factor 4 gain factor 2
Suppressionof B = W[~y factor 1.7
tH Top Yukawa coupling measurement at /s = 500 GeV  factor 2.5 gain factor 1.6




Machine-Detector Interface Issues

BDS and Polarimeter Alignment

acceleratur Alignhment Tolerances (from RDR Volume 3, Table 4.7-1)

Area Type Tolerance
Sources, Damping | Offset | 150 pm (horizontal and vertical),
Rings and RTML over a distance of 100 m.

Rall 100 peraed
Main Linac Offsct 200 pm (horizontal and vertical),
{ervomodules) over a distance of 200 m.

Pitch 20 poral

Raoll
BDsS Offset 150 pm (horizontal and vertical],

over a distance of 150 m around the TR,

Spin precession:

,, =82
spin — 4 "

" Ubend

« locally, achieve 1 prad
over distances up to 200m
-can probably extrapolate this to
achieving 10 urad over 2000m;
will be complicated by the 1.5m
offset of the upstream polarimeter IP
— need to flesh out procedure

at E = 250 GeV,

E(Gel)
= 044065 " Ypend BI:u.el'ul espin cusiasuinl
) ) 50 prad 28.3 mrad 0.9996
100 prad 56.7 mrad 0.9984

Goal for Spin Alignment: <50urad between beam direction at polarimeters and IP
— spin rotator optimization should be identical for upstream & downstream polarimeters
— monitor correlations of polarimeter measurements with local BPM trajectories;

+ downstream polarimeter can monitor correlations with IP BPM trajectories5



Impact of Crossing Angle and IR Magnets on Polarimetry

Crossing angle + Detector Solenoid has beam axis and solenoid axis misaligned. This causes a vertical
deflection of the beam and affects the trajectory of low energy beamsstrahlung pairs.
An "Anti-Detector-Integrated Dipole” Anti-DID has been designed to compensate for this. It aligns
low energy pairs with the exit beampipe (good for backgrounds) but misaligns the incoming beam and
the beam at the IP

100
:: _ Angle
£ -102 prad
2 o | / for SID
2.0_ s
0
'2{-]12 10 ) 6 4 2 0

Z‘. m
Vertical trajectory of the beam in SiD with anti-DID and 14 mrad crossing
angle. Collider IP is at Z = O meters.

Trajectory of the beam at the upstream and downstream Compton IP s
must be corrected for this vertical angle.



Polarimetry in the BDS of the ILC

5 ILC e BDS (500 GeV)
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Beam Delivery System (BDS) as described in the RDR. The upper part shows the region from 2200 m
to 1200 m upstream of the e*e” IP, including the polarimeter chicane at 1800 m. The lower part shows
the region from 1200 m upstream to 400 m downstream of the IP, including the upstream energy
spectrometer at 700 m as well as the extraction line enerqy spectrometer and polarimeter around
100 m downstream of the IP located atz =0 m. 7



Compton differential cross section on Compton edge
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(b) Compton edge energy dependence on
beam energy.

(a) Compton differential cross section versus
scattered electron energy for same (red curve)
and opposite (. curve) helicity configuration
of laser photon and beam electron.

The beam energy is 250 GeV and the laser photon energy is 2.3 eV.



Upstream Polarimeter: Chicane

Magnetic Chicane Dipole 2 |«— g m—| Dipole 3
8 1m—» 16 1m——| P4{| {3(1P6 PSP | 16.1m <8 1m—=
Dipole 1 Dipole 4
p1l|pz| P2 PiqPi{P1z
: BB . a5 6CeV Cherenkov
i - Detector
250 GeV - 2
B —— — R TS i || . e'/e Ip
etje 25 GaV
50 Gev
£~
2 Tk 25 GeV
4y
fotal length: 74.6 m h

Schematic of the upstream polarimeter chicane.

Constant B-field: Compton edge position independent of E,

same laser frequency for all E,

laser IP moves horizontally with Ey by ~ 10 cm
=> vacuum chamber and laser optics have been designed accordingly



Laser

use same laser as for TTF/Flash injector gun

regen. multi-stage Nd:YLF amplification
[S.5chreiber et al, NIM A 445 (2000) 427]

operates at nominal pulse & bunch pattern of TESLA
- can hit every bunchl

pulse length: o; = 8 ps

- large fraction of laser
power available for collisions

- ~1500 scattered e- / bunch
- BO W -> stat. error< 1% / s

in routine oper‘a‘l‘ion

for many years

* cost (in 2000): 400k Euros

ILC Polarimetry, J. List, April 9 2008 poge 8

10 mrad

Movable mirror and lens focusing the
laser onto the electron beam.
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Cherenkov phatons <

. Cherenkov

_ 20 identical channels A8 ~
B diameter: 10 mm % f,f" = . hodoscopes
= | L . P
O | . =T
| 15 cm wd — T L’%

— - B vacuum chamber s

. - =
Laser { LED (calibration) thin exit window = g/ e* — beam

Schematic of a single gas tube (left) and the complete hodoscope array
covering the tapered exit window (right) as foreseen for the Cherekov

detectors of both polarimeters.
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Upstream Polarimeter: Issues

* Can the chicane host other
instrumentation?

- laser wire emmittance
diagnostics? |

- MPS collimator?

"The plan is to separate them but we
haven't finished all work on optics yet.
Andrei Seryi

12



Downstream extraction line Polarimeter

Goal for Polarimeter Accuracy is <0.25%

T W I

Disrupted beta and dispersion in the extraction line.

e 9950, _Ungx\l?e/rgioln 861?1/52 - 19I007 132352 018 .
= 2000.{ " 016 =
= 4750 [ 0.14

1500, | L 0.12

1250. [ 0.10

1000. - [ 0.08

750. [ 0.06

500. - [ 0.04

250. - L 0.02

0.0 - L 0.0
20 85 1d0 " 180 200 " 280 " 300 >

s (m)

Optical B functions and vertical momentum dispersion Dy in the 14 mrad extraction line
from IP to the dump, shown for the 250 GeV nominal disrupted beam.
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Energy Chicane

3E

1E z~5652m 7E

z~46.8m Z~68.8m

Honzontal Bend
Magnets

z~622m z~65.71m

Z2mrad energy sinpes

i- o vemmmammemm T

Polarimeter Chicane

1P 2P IP 4P
z~120.7m +dz=20m +dz=12m +dz=20m

Cherenkov Det.

SHE-shielding for 7 7~1T75m

Cherenkov det.

Synchrotron Strip Detector
z~147.7m, y=15.3cm

I l
energy
collimator

I 10 m
f——

10 cm

vacuum-"
chamber

.-'"';'I'|
Synchrotron StripﬁDetectDr +dz=10m 2G
z~147 .7m, y=—19.9cm +dz=10m

Schematic of the ILC extraction line diagnostics for the energy
spectrometer and the Compton polarimeter.
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Continuum Powerlite 8000

YAG Laser
10 Hz

6ns wide
532 nm
600 mJ

at Compton IP

Optics
| Losor Nd:Yog #3.
|Losertit:Yag 2.

Need ~100 mJ'!Zns

Laser Optics Bench

Manual Intensity Control Remote
Intensity Control
NWP
I I(/“F'Imlul.in-du
iy CCD Camera T TRTY =) Palafizer

H<— 1
H<

Ih‘h I

Fockals Call
J-..-"

] i,

Solinar

Remote Steering
Focusing Control

FPulse Length Control

Palarmer Pockels Cell Palarzer

57
vo4A

#3—b—8

.1”

Remote Polarization

—E—{ 1

Control

Podarizar CP Fs

Fralodiade

CCO Camera

Packels Call

“plate
Left Photadiode

ﬂl Laser Tranapon Line

L e=ar Safety Stoppar

—__-
Right Photadiode

1%
measurement
every minute
3 bunches per

train

1%
measurement
every hour
180 bunches
per train

1%
measurement
every day
all bunches of
train

Will investigate availability of a mode-locked laser with ~35 picosec wide pulse width.
Recent new product from Quantel Pizzicato B

-30 mJ pulse energy at 532 nm (2.33 eV)
-20 Hz operation
-35 picoseconds
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Laser Room on surface (10m x 10m x 3m) Downstream Polarimeter

10 m - -
[ _ Gownin _
] " Room 9 Plan view: Config. of surface laser room,
e penetration shaft and extraction line tunnel
B'S
=
Electronics Penetration shaft: clear line of sight
E Racks f / (aperture=0.8m, depth~130m)
o !
_+Mirror Box 1 (in laser room):horizontal down
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maoveable stage for vertical |
- Lens Box movement of Compton-IP |
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Laser Transport

Laser Building on surface Extraction Line Polarimeter
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Downstream Compton 1P
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Compton scattered electrons at the Compton detector plane z=175m

28
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yv=15.3cm

5,
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Vertical offset of the Compton endpoint for a
fixed-field chicane with 20mm dispersion at
250 GeV and the last 2 polarimeter "chicane"

magnets 50% stronger than the first two.
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Backgrounds due to beam loss

Beam conditions for the norminal ILC parameter set show very small beam losses and no significant
background is expected in the Compton electron Cherenkov detector cells.

Beam loss with worse case having large disruption: Low power option study.

Power loss (W/m)

Total loss on magnets and pipe: 152 W
At chicane collimators: 42 W, 2.2 W
At dump collimators: 2.8 kW, 6.7 kW, 10.7 kW

150 T T T T

125 | E
100 | E
75 F E

(o))
o
T
]

Distance from IP (m)

Longitudinal density of the primary
beam loss for the ILC low beam
power parameter option "cs14" at
250 GeV beam energy. The two red
lines show loss on the energy and
polarimeter chicane collimators.

Low power option cs14 tail file with E<162.5 GeV or 8 = 0.5 mrad

. . Background at the Cherenkov Detector per
From 17.45 million beam particles 2 % 107° beam particles

82 charged /sqg cm and 1558 photons / sgom
Compared to ~300 Compton electrons per
1cm by 1.5 cm wide cell

200 =
20
173
150 =
i =L | Photons
ik Charged
7
-0
Fo
40 = R ™ u
[ SR | VS S S T S S N ST ————— F. . TP PPN .
) o 20 40 80 B0 100
| L L 1 | ! ! L | ! | ! I I | L
=40 =20 o 20 40
YIVS. %l Energy (GeV) 46

The backgrounds from secondary interactions should be small
at the Cherenkov detector compared to the signal even for the
Low Power beam parameter running.
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Synchrotron Radiation

Compton Detector Plane
z=175m

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

X (cm)

Distribution of x vs y at the Compton detector plane for synchrotron radiation photons
generated from the upstream magnets.

The sharp cutoff at 14 cm is the shadow from the special collimator located at z = 160 m.

There are no synchrotron radiation photons above 14.04 cm.
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Systematic Errors

e The physics of the Compton scattering process is well understood in QED, with radiative
corrections less than 0.1%

e Detector backgrounds are easy to measure and correct for by using laser of f pulses;

e Polarimetry data can be taken simulatanously with physics data;

e The Compton scattering rate is high and small statistical errors can be achieved in a short amount

of time (sub-1% precision in one minute is feasible);

e The laser helicity can be selected on a pulse-by-pulse basis;

e The laser polarization is readily determined with 0.1% accuracy.

Expected Polarimeter Systematic Errors

dP/P
Uncertainty
Detector Analyzing Power 0.2%
Detector Linearity 0.1%
Laser Polarization 0.1%
Electronic Noise and 0.05%
Background Subtraction

TOTAL 0.25%
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Measurement of the beam polarization using the
WT™W™ production [1]

TIvan Marchesini

1

Deutsches Elekironen-Synchrotron DESY, Notkestrafie 85, 22607 Hamburg, Germany

| Hadronic Invariant Mass {3 jets F.) |
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Figure 2: The W invariant mass measured from the hadronic decay (left) and from the

leptonic decay (right ).

| Leptonic Invariant Mass (2 jets F.) |

The Blondel scheme
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With 860 fb-1 of luminosity, the error on P.- ~ 0.1% and the error on P+ ~ 0.2%.

|
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CLIC Upstream Polarimeter
Requirements: 6P/P = 0.25%

X[m]

Angular Deflection jrad)

200

-200

-400

600

-800

-loao

Suitable locations

0.5

a 500 1000
Longitudinal location [m]

IP directions (0.Bmrad)

BDS layout

1500 2000 2500 3000

BOS Angular Deflection {urad)

2000 2500 300

\.Q: 1000
\

N _—

N
\

A /4
Longitudinal BDE Location s (m)
Laser IP End of BDS

Slide from Peter Schuler's talk at CLICO8 Workshop

measurement robust and fast

alignment exists at two locations:

s= 742 m

(s =1555m)
but only the first one qualifies
for polarimetry
(upstream of energy collimation
and sufficient free space for
laser beam crossing)

-605.132 urad (s =742 m)
-601.351 wrad (s =2796 m)

aligned within 3.8 prad
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CLIC Polarimeter

Orbit angle tolerances at Compton IP and IR due to spin precession considerations

espin — 7/

g—2

_ E(GeV )

“Ybend
2

= 3404 .06 -0, ,at1.5TeV

Change in spin direction for various bend angles and the projection
Of the longitudinal polarization. Electron beam energy is 1.5 TeV.

0.44065

" Ybend

Change in Bend Angle | Change in Spin Direction | Longitudinal Polarization
Projection
100 prad 340.4 mrad (19.5 degrees) 94.26%
50 prad 170.2 mrad (9.75 degrees) 98.55%
25 prad 85.1 mrad (4.87 degrees) 99.64%
13 urad 45 mrad 99.9%

For 8P/P = 0.1% implies angle at Compton IP and IR is aligned to better than 13 prad.
Polarimeter needs to be before energy collimator to clean up Compton electrons.
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CLIC Upstream Polarimeter

BDS detail behind s = 742 m

700 _BCI]D 900 1000 1100 s(m)
7421 89071 10721
- T T T I T T TT T T
165
"COLL3ESP"
330 1
"OCTEC3" "COLL4EAB"

20 m (free space)

-

B4A/B B4AB B4A/B B4A/B B4AA/B B4AB
1] | e e
168 m
7421 907 .1

Laser |P Detector
Position

Laser IP ats =742 m

Compton electron detector at s = 907 m

(behind 12 dipoles, as shown, or behind a lesser number of dipoles,
but with reduced performance)

Slide from Peter Schuler's talk at CLICO8 Workshop
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CLIC Upstream Polarimeter

electron detector hodoscope

i E 20 identical channels,
1501 mn = 10 mm wide each

Pulsed Light Sourc ]

Gas Cerenkov Hodoscope Detector

Design similar to gas Cerenkov employed in SLD Compton polarimeter

C,F,, gas (~10 MeV threshold)

detector will be immune against low-energy and diffuse background (synchr. rad.)
could use ~25 channels, 10 mm wide each, to cover a large fraction of the spectrum
from the Compton edge to beyond the asymmetry crossing point

* assume minimum distance of 20 mm from the beam axis

* Compton photon detection 1s an additional option, but will not be considered here

Slide from Peter Schuler's talk at CLICO8 Workshop 27



Conclusions

RDR Baseline:
+ 30% polarized positrons
- Spin rotations systems for both electrons and positrons

Does not have positron helicity flip randomly pulse train to pulse train
* Upstream and downstream polarimeters for both electrons and positrons. Both upstream and
downstream polarimeters required. Physics benefit of having both polarimeters justifies $(10 to 15)
million cost for either.

Positron polarization of 30% improves physics reach (factor 2 in some reactions)
Positron helicity flip important for systematic error reduction

Z-pole calibration data taking: Important fo have precision measurement of polarization
ILC luminosity at Z-pole should be ~8*103%2cm-2s1 (40 times LEP & 400 times SLC)
Check luminosity weighted polarization measurements from upstream and downstream
polarimeters, check SLD measurement and physics-based using Blondel scheme.
Calibrate upstream and downstream precision energy measurements against z-mass from LEP
Measure A r 1-day gives error on sin?6,, at ~10* (with P error of 0.25%)

Upstream Polarimeter
Decision to have a Dedicated Chicane has been reached by ILC management.
Energy collimator and laser wire system will be moved upstream of polarimeter chicane

Downstream Polarimeter
The extraction line with six magnets improves the acceptance of the Compton scattered
electrons. This allows detection over a larger part of the Compton electron energy spectra.
The backscattered electrons are further away from the beam pipe by ~10 cm. o8



