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@ Sources (CLIC and ILC)
@ e+ polarimetry at low energies (LEPOL)

@ Compton transmission polarimeter
@ Bhabha polarimeter studies
@ Compton polarimetry after 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: P. Starovoitov, Tel Aviv U: G. Alexander
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e* Main Linac

12 GHz, 100 MV/m. 21 km 12 GHz, 100 MV/m. 21 km

48 km

4 GHz
Compton based
configuration

2.86 GeV 2.86 GeV

polarized ¢t polarized e
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Drive Linac RF gun § : : : .
3l Missing:
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= % — Polarized e
P~ Stacking cavity B 2 GHz 2 GHz

] AMD

CLIC 09 warkshop 15t October 2000 L. Rinolfi



,','E ILC Electron Source System (

Spin rotation

Fast helicity reversal done with laser

Damping Ring

SC solenoid for spin
rotation

RDR

Faraday Cup
and Mott
Polarimeter
(13.5W)

Energy Compression

N ' ' L-band (3 =10.75)
Spin Rotation NC tune-up dump TW Bunching

SC e" LINAC (5.0 GeV) (11.3 kW) and Pre-Acceleration

2x5MW
(1 + 1 spare)

 DCGun (2%)

SC tune-up dump (311 kW)
8x 10 MW Energy Collimation 10 MW 10 MW 10 MW
(Vertical Chicane) SPARE

433.3 MHz
216.7 MHz

Drive

SHB Laser
(above
3.2nC 5nC Ground)

l\ 76 MeV - 5.0 GeV /| 140 keV - 76 MeV




,','E e- polarimeter

e Mott polarimeters to measure e- polarization
near the gun at ILC and CLIC

e Mott polarimetry requires transverse polarization
of positrons a spin rotation

e Mott at SLAC: (Clenendin et al.)

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources S
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ir | C positron source (RDR)( e

uv

Pre-accelerator

(125-400 MeV) ! Booster Linac

U D{ (eryomadules to boost energy to 5 GeV)

~147 GeV e~

150 GeV e~

Helical P}f

Undulator DI‘ID LY k v Dump
Collimator CaptureRF & pump : .
- (125 MeV) Damping Ring
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Helical undulator €& Average positron polarization ~30%
Polarimeter:

« Optimization of e+ polarization and e+ intensity at the source
« Control of polarization transport

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 6
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Conditions:

— Large beam size
— Energy (ILC): 125 MeV

Requirements for the method:
— Suitable for low energy

range
— Suitable for large positron
beam size

— Suitable for intense beam
— Fast, non-destructive
— Accuracy O(few %)

15 Oct 2009, CLIC09

olarimetry at positron source (

Laser Compton Scattering

— High intensity Laser on
low emittance beam

— High precision

— Only after Damping Rings
Bhabha/Mgller scattering

— Thin magnetized target

— Suitable for desired
energy range

Compton Transmission

— Beam absorbed in thick
target

— energy ~fewtens MeV
Mott scattering

— Transverse polarized
positrons

Polarimetry at the CLIC sources 7



,',',‘: Polarimetry at the e+ source (

Considered options for the ILC:

Simulations using Geant4 with polarized processes

~125 MeV ~400 MeV

AcCcelerator

Capture Pre-accelerator

i
~30 MeV

A [

Transfer line to Damping ring

Separator
e- and gamma dump

T 1

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 8



Compton transmission polarimeter @j.j_;g“gg

E166

Bending magnets

10 Mev § 7 ECECECECECR] 46.6 GeV e
<€
ECECECECECE

Undulator

— Reconversion of polarized e+
to polarized photons

reconversion

detector  MAGTEZEYrargey — transmission of photons
. i |]‘ through iron depends on its
\ e* magnetization
— — Measurement of transmission
spectrometer asymmetry for opposite

fa and(d ) iron magnetization
Method was used at ATF and E166

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 9
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E166 results

Good agreement
of measurement
and prediction

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

Polarimetry at the CLIC sources 10



CT polarimetry at the e+ source (— -

Application of Compton transmission polarimetry at ILC
e E.. =125 MeV

~125 MeV ~400 MeV

Disadvantages:

o At 125MeV Compton process
IS suppressed

 Method is destructive
a only few bunches/pulse

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 11



CT polarimetry at ILC (—

 Reconversion target heating:
power deposition in target (W, 2X,)
and iron absorber € only few bunches
(1 bunch) for polarization measurement
a fast kicker needed

20 bunches per pulse

1 bunch per pulse

e Precision:

Intense ILC beam aa sufficient statistics
precision <10% after few pulses

e Compton transmission polarimetry is possible, but not the
preferred solution

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 12



CT polarimetry at CLIC (—

e+ flux (Rinolfi) /

Compton transmission

with selected bunches
a kicker needed

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 13



Bhabha Polarimeter

~125 MeV -400 MeV

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources
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Bhabha Polarimetry

Detector
Magnetized
Iron /g'
Cross section: / '
2
+
s _ Iy’ a cc?sq) [(9 +6cos” g +cos* q)— P.P. (7 - 6¢co0s” g - cos’ q)]
dw 169° sin® q & °
e+ and e- must be polarized
« maximal asymmetry at 90 (CMS) ~7/9 78 %
c.m.s, Lab system
Example:
P..=80%,
P.=7%
A~ 4.4 %

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 15
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Bhabha Polarimetry@400MeV (—-—-——:?Lz >

positrons e- asymmetry (target plane)

electrons
photons

Selection of scattered electrons and positrons:

Reverse polarization in target foll
a Asymmetry ~ P(e+)

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 16



Bhabha Pol.: asymmetry measurement @T:’;Icg

30 m magnetized Fe foll
e distribution (detector plane) e E, .. =400 MeV ( 3.5%)
« Angular spread: 0.5°
P, =-100% « 100% e+ and e- polarisation

e- asymmetry e e+ polarization

P, = +100%

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 17



Bhabha target heating Baxaiges

Peak temperature for iron foil (30nmm) time dependence
Magnetization of iron foill

depending on temperature ‘

e Only small reduction of P,

Emittance growth (ILC): 1.3% (s=1.0cm)
5.2% (s=0.5cm)

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 18



Bhabha polarimeter at CLIC (—

polarized e+

Bhabha polarimeter

Compton transmission at 200 MeV
with selected bunches

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 19



Bhabha Polarimeter @ 200 MeV (—

e (G4 Simulation

asymmetry measurement with scattered electrons

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 20



e Target heating at CLIC less than at ILC
(assuming beam sizes as at ILC)

Bhabha polarimetry at CLIC, 200 MeV, Is
possible

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 21



Compton Polarimetry after D

Compton polarimetry is only efficient for small beam sizes a after DR

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

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

* in principle, p/2 crossing angle between e and g6 possible, but
larger statistical error, D(p/2) 15<D(p)

a needs more time

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

* Very small asymmetry ~ 1-2%
» Detector has to resolve the | dependence of asymmetry

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 22
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Spin rotation and fast helicity flip (—jj'j—:éuc‘“

Scheme suggested by K. Moffeitetal. , SLAC-TN-05-045

parallel spin rotation beam
lines for randomly
selecting e+ polarization;
pair of kicker magnets is

“Compton source”: turned on between pulse-trains
fast helicity flip by reversing polarization of laser

23

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources <o



C

o
e* spin rotation + helicity flip at 4OOMeV@T=C’;, >

Proposal: K. Moffeit, M. Woods,Walz, ILC-NOTE-2008-040
a spin rotation and fast helicity reversal at ~400 MeV

After bend of 99.146 degrees
spins are horizontally
transverse.

Kicker a 2 parallel lines
with solenoids to rotate
spin to the vertical

Bhabha polarimeter has to be passed before spinrot  ation

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 24



Summary @Tﬁ

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

« Compton transmission a very few bunches
— E 125 MeV for ILC
— ?? for CLIC
« Bhabha (~400 MeV at ILC, 200 MeV for CLIC)
« Compton after DR (5 GeV ILC),
— Where is it needed ?

— Longitudinal polarization recommend, transverse possible but
more complicated due to lower asymmetry

So far, there is no low energy e+ polarimeter in the ILC design

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources
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Backup
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S LICE

Center-of-mass energy CLIC 500 GeV CLIC 3 TeV
Beam parameters Conservative Nominal Conservative Nominal
Accelerating structure 502 G
Total (Peak 1%) luminosity 0.9(0.6)1034  |2.3(1.4)103 4 1'5(0'23;)41 5.9(2.0)-1034
Repetition rate (Hz) 50
Loaded accel. gradient (MV/m) 80 100
Main linac RF frequency (GHz) 12
Bunch charge (109) 6.8 3.72
Bunch separation (ns) 0.5
Beam pulse duration (ns) 177 156
Beam power/beam (MW) 4.9 14
Hor./vert. norm. emitt (10-6/10-9) 3/40 2.4/25 2.4/20 0 .66/20
Hor/Vert FF focusing (mm) 10/0.4 8/0.1 8/0.3 4/0. 07
Hor./vert. IP beam size (nm) 248 15.7 202/2.3 83/2 .0 40/1.0
Hadronic events/crossing at IP 0.07 0.19 0.57 2.7
Coherent pairs at IP 10 100 5107 3.8108
BDS length (km) 1.87 2.75
Total site length km 13.0 48.3
Wall plug to beam transfer eff 7.5% 6.8%
Total power consumption (MW) 129.4 415

27
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Baseline Spin Rotation Syster@-—?—?zé*y

S gverse
(Rt;?:t‘\on)
® DR
S ertical ids (SC)
(P\‘I.zcéSS\On Pa-\r Of SQ\GT\O\

\

SIongitudonal
—

5 GeV
Bend of n * 7.9312° g =24
4 "By
Odd Integer
_ E[GeV]
%eon = 0. 4206 ene
Dipole and solenoid strength Dipole:  7.9312°
are set by spin manipulation a ~2kG

Solenoid: 26.2 T

requirements :
a 2x3.5m; 38.5 kG

Design is based on paper by Moffeit, Woods, Schuler, Moenig and Bambade (2005), SLAC-TN-05-045

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 28
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Spin Rotation — Alternatives <_-_-_—:’CL,(;<-;

Example: Spin rotation at 1.7 GeV
aa less stringent requirements for solenoid

Proposal: spin rotation using Wien filter near gun
aa concern: emittance blow-up (?)

Spin Rotation at lower energy than the damping ring
K. Moffeit, M. Woods and D. Walz, ILC-NOTE-2008-040 29



Compton polarimeter @ 5 Ge
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Method e+ precision
Energy
Compton 125 MeV | Destructive | Stat: few %; | Prototype
transmission a (Sjg’frfm":t'('e (E166,)
use only very ILC design
few bunches Simulations
per pulse
Bhabha 400 MeV | Almost non- | Stat: few %; | ILC design
destructive | Syst. will Simulations
dominate
Compton 5 GeV Non- Stat: few %; | ILC design
(after DR) destructive Syst. will simulations
dominate
31
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e* spin rotation and helicity reversal @@ge\m«;

K. Moffeit et al., SLAC-TN-05-045 a fast reversal before DR (5 GeV)

parallel spin rotation

beam lines for randomly
selecting e+ polarization;

pair of kicker magnets is
turned on between pulse-trains

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 32



s-channel asymmetries with pol e+ bea{ﬂmﬁzc«g

Can perform 4 independent measurements (s-channel vector exch.)

-~

S, =S - P.R. + AR (+ P.-F. )] | =0 (SM) if both beams
_ j ( )] 100% polarized
S =s,1-P.P. +AR\-P.+tF.
5.+ =5, :1+ I:)e+ Pe + AR (' Pe+ - R )] Standard Model
_ s-channel
s, =s,i+P.P +A (+P. +P |
SLC: s ,and s, used for A  measurement A = s.-s. 1
s +s, P
ILC: _s.,-s, 1+ Pe_ Pe+ -
Ag = XP 5 Error propagation:
S.,+s  + P, >
-+ +- e e e DPeff < DPe
s.-Ss,. [ 1
= —— Post P,

S ,*+S, \ Pg
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