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Which type of polarimetry, at which energies for LC ?
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,','E Outline

» Sources (CLIC and ILC)
» e+ polarimetry at low energies (LEPOL)
» Compton transmission polarimeter

» Bhabha polarimeter studies
» Compton polarimetry downstream DR

» Spin rotation, fast helicity reversal

Low Energy POLarimeter Group:
DESY/HUB: R. Dollan, T. Lohse, S. Riemann, A. Schalicke, P.Schuler, A. Ushakov
Minsk/CERN: P. Starovoitov, Tel Aviv U: G. Alexander
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,','E ILC Electron Source System (RDR) &!b

Damping Ring

SC solenoid for spin
rotation

Energy Compression

araday Cup
and Mott

) . L-band (8 =0.75) | polarimet
). Spin Rotation NC tune-up dump TW Bunching c)(;:\grlrsr:/\e”er
2x5 MW SC e” LINAC (5.0 GeV) (11.3 kW) and Pre-Acceleration
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e DC Gun (2x)

SC tune-up dump (311 kW) TI
8x 10 MW Energy Collimation 10 MW 10 MW 10 MW EE
(Vertical Chicane) SPARE m o
< AN Drive
SHB Laser
(above
3.2nC 5nC Ground)
l\ 76 MeV - 5.0 GeV /I 140 keV - 76 MeV /‘

* Mott polarimeter to measure e- polarization near the gun (ILC, CLIC)

« [Faraday cup - charge
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u’c': ILC positron source (RDR) Q!b
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Helical undulator =» Average positron polarization ~30%
Polarimeter at the source:

¢ commissioning

« Optimization of e+ polarization and e+ intensity at the source
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12 GHz, 100 MV/m, 21 km

48 km

________________________________________________________________________________________________ R
E 3 TeV
g 4 GHz
g Compton based
- configuration
e BCl1 4 GHz 7 86 GeV

2.86 GeV

polarized e* polarized e-

2.86 GeV 2.86 GeV
- Missing:
Drive Linac RF gun g . g

1 GeV g polarimeters

2 GHz E at the sources
5 v/e . =
% T{. ¢ Pre-injector Pre-injector | jeer
S Y arget_... Linac for e* DC gun
e % Polarized e
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AMD

CLIC 09 workshop 15t October 2009 L. Rinolfi



"'E Polarimetry at the positron source @B
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Laser Compton Scattering

Conditions: — High intensity Laser on
— Large beam size [O(cm)] low emittance beam
— Downstream capture — High precision
section: — Only downstream
. Energy (ILC): 2125 MeV Damping Rings

Bhabha/Mgller scattering
— Thin magnetized target

— Suitable for desired
energy range

Requirements for the method:
— Suitable for low energy

range 9
— Suitable for large positron Compton Transmlssmn. _
beam size — Beam absorbed in thick

target
— energy ~few tens MeV
Mott scattering

— Transverse polarized
positrons > need spin
rotation

— destructive

— Suitable for intense beam
— Fast, non-destructive
— Accuracy O(few %)
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,',',‘: Polarimetry at the e+ source @B

Considered options for the ILC:
— Compton transmission (125 MeV)
— Bhabha polarimeter (400 MeV)
— Compton polarimeter — downstream DR (beamsize!) (5 GeV)
— Simulations using Geant4 with polarized processes

~125 MeV ~400 MeV ~5 GeV
Accelerator

Capture Pre-accelerator

7
~30 MeV

e

Transfer line to Damping ring

Separator
e- and gamma dump

[ |
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,l"IE Compton transmission polarimeter

Bending magnets

ECECECECECET] 46.6 GeV e
<€
(CEEECECECECE

Undulator

10 MeV y

— Reconversion of polarized e+
to polarized photons

— transmission of photons
through iron depends on its
magnetization

— Measurement of transmission
asymmetry for opposite
(= and €) iron magnetization

Method was used at ATF and E166

reconversion
target

1.
.

spectrometer

detector magnetized
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,',I,': E166 results dh

100

Good agreement
of measurement
and prediction
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E166 results published in

PRL 100:210801,2008 (arXiv:0905.3066 [physics.ins-det))
NIM: http://dx.doi.org/10.1016/}.nima.2009.07.091
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,','E CT polarimetry at the e+ source G!b

Compton transmission polarimetry at ILC
« E.. =125 MeV

~125 MeV ~400 MeV ~5 GeV

Accelerator

Capture Pre-accelerator

B

Transfer line to Damping ring

§
D

Separator
e- and gamma dump

6 T T TTTTT T T TTTTIT ! T TTTTT

wn

Disadvantages:

« At 125MeV Compton process
IS suppressed

« Method is destructive
- only few bunches/pulse T T

photon energy [MeV]

.

—— Total
— Compton

o |[barns/atom]
S

o]

—— Pair production

[a—y

,_;
o
o
o
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CT polarimetry at LC

20 bunches per pulse

1 bunch per pulse

Heating of reconversion target: g =
power deposition in target (W, 2X,) 1000
and iron absorber < only few bunches -
(1 bunch) for polarization measurement  7o:
> fast kicker needed -
Positron beam energy | material  thickness — Eg,, per et 400
[MeV] [Xo / mm] [MeV/1le*] 300E
Target 35 W 20/7.0 22.4
Absorber Fe 26.7 / 150 6.9
Target 125 W 20/7.0 38.1
Absorber Fe 26.7 / 150 61.6
Precision:

Intense beam = sufficient statistics,
precision <10% after few pulses

\I|II\|III|III‘III|II\|III|I\I
2000 4000 6000 8000 10000 12000 14000 16000

time [s]

= Compton transmission polarimetry is possible, but not the

preferred solution
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CT polarimetry at CLIC

Drive Linac RFgun &
2 p
Compton 2 GHz §
2 ring TY-’e_ Pre-injector
- 'Y arget . Linac for e*
2 - A— I8
ng cavity i 2 GHz
e+ flux (Rinolfi)
SLC CLIC ILC LHeC
e/ bunch 35x1010 | 0.64x10% 2 x 1010 15x1010 Compton transm ISsion
Bunches / 1 312 2625 20833 :
macropulse with selected bunches
Macropulse 120 50 5 10 —> kicker needed
Rep. Rate.
e* / second 0.042 x 104 ] 1 x 10" | 2.6 x 104 | 31 x 10
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Bhabha Polarimeter

~125 MeV 400 MeV ~5 GeV

Accelerator

Capture Pre-accelerator

S [

Transfer line to Damping ring

\
)

Separator
e- and gamma dump
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Polarimetry at the CLIC sources

Detector

Magnetized .
Iron %
Cross section: e’
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— =1, ————= [R+6cos’0+cos* 0 {P_.P.| €-6cos’0—cos* O _
dQ2 167°sin” &
« e+ and e- must be polarized
* maximal asymmetry at 90°(CMS) ~ 7/9 =78 %
- c.m.s. 3.0sf- Lab system
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£
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"',': Bhabha Polarimetry@400MeV

Emi e- asymmetry (target plane) g
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l:lIE Bhabha Pol.: asymmetry measurement dh

30 um magnetized Fe foil
Eicam = 400 MeV (£3.5%)
Angular spread: 0.5°

e distribution (detector plane)

5 Pz=-100% « 100% e+ and e- polarisation
T &0 00
E
S TSignificance] €~ @Symmetry =» e+ polarization
-E-1000
= 200
g
1 L1 — o > 800
X pos. [mm]
E PZ = +100% | weighted Asymmetry | weighted Asymmetry
T - Entries 208
£ r Mean 0.4954
g 2001~ RMS  0.1111
-
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C C— X pos. [mm]
°C \ L1 ! \
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,',',': Bhabha target heating @!b

Peak temperature in iron foil (30um) time dependence
Z400=
- 330;
g 400_; e 360;
3504 -
] 340 —
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0.6
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=» Only small reduction of P, 0.4 |
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0 0.2 0.4 0.6 0.8 1

T/T,
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,','E Bhabha polarimeter at CLIC G!b

polarized e+

&
: . O
Drive Linac RF gun S
R

-

Injector Linac

2 GHz
5 : v/iet .
% ring Tg raet Pre—mj ?C‘mi
Y . Linac for e
g | o '
~ [ 2GHz 4

X

Stacking cavity

Bhabha polarimeter

Compton transmission at 200 MeV
with selected bunches upstream spin rotator

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 18



~§f§_Bhabha Polarimeter @ 200 MeV

* G4 Simulation R
— Eet 200 MeV Significance S;: S=——
— Target 30 um Fe AA

electron asymmetry distribution

electron significance distribution

0.2 0.05 0.1 0.15 0.2 0.25
qlrad] _ g lrad]
asymmetry measurement with scattered electrons
Energy range: 30 — 150 MeV
c0s0: 0.04 ~ 0.2 rad

o ~ ) = o - < ~ ) e o - < ™ < = © - < w < = i<} - < ~ ) = o - < - i ) © o 2 ©
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« Target heating at CLIC less than at ILC
(assuming beam sizes as at ILC)

SLC CLIC ILC LHeC
e'/ bunch 3.5 x 1010 0.64x10%° 2 x 101 1.5x1010
Bunches / 1 312 2625 20833
macropulse
Macropulse 120 50 5 10
Rep. Rate. | |
e* / second 0.042 x|10!4 1 x 104 2.6 x 104 11 x 1014

Bhabha polarimetry at CLIC, 200 MeV, is possible

— reversal of photon beam polarization by switching polarity of laser
light
—> Control of systematic effects

S-Dalinac: Moller polarimeter for 50-120MeV electrons
(see Barday et al., EPAC08, TUPD022)
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,',IE Compton Polarimetry downstream DR

Compton polarimetry is only efficient for small beam sizes - downstream
the damping ring

« Considerations for 5 GeV
 see G. Alexander, P. Starovoitov, LC-M-2007-014

e beam size larger than laser beam waist = not a good solution

* Luminosity and cross section are the same as for longitudinal
polarization

* Very small asymmetry ~ 1-2%

- Detector has to resolve the ¢ dependence of asymmetry < to
measure the shift of the center of the backscattered photon spatial
distribution
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Asymmetry due to transverse positron beam polarisation

ldeal beam

0,01

: 0.3
180Y crossing 0 o 0.1 0.2

ideon Alexander?), Pavel Starovoitov(?) (( Compton Polarimetry ILC Positron Source 11 /17




,','E Summary

* Polarimetry at e- source: Mott polarimeter
* Polarimetry at e+ source:

 destructive
» very few bunches can be used for measurement (kicker)

* Where is it needed (depolarization) ? Positron spin tracking studies at
CLIC to be done

* Itis more difficult to measure the transverse polarization

* Polarimetry at IP: Compton (8P/P ~0.25%)

« So far, there is no low energy e+ polarimeter in the LC
design
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Backup
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,',I,': Compton polarimeter @ 5 GeV é»

~25m >

0ed™ " Bfield
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JLE
Method e+ precision
Energy
Compton 125 MeV | Destructive | Stat: few %; | Prototype
transmission > SYSL W't” (E166, )
use only very | 9omMinate ILC design
few bunches Simulations
per pulse
Bhabha >200 MeV | Almost non- | Stat: few %; | ILC design
destructive Syst. will Simulations
dominate
Compton 5 GeV Non- Stat: few %; | ILC design
(after DR) | destructive | Syst. wil simulations
dominate
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