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Polarimetry at the CLIC
Sources

Sabine Riemann (DESY),
LEPOL Group
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iIn Outline g

o

» 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

2.86 GeV 2.86 GeV

Drive Linac RF gun g M . ]
- ISSING.
. SsIng
2 GHz 5 polarimeters
= / =
2 e Pre-injector Pre-inj h
2 ! . jector | aser r
S Y Targct.._._ Linac for c* Linac fore- o D@g.l,:m;t e Sou CeS
< H— Polarized e
> Stacking cavity A 2 GHz 2 GHz
AMD

L. Rinolfi

CLIC 09 warkshop 15th October 2009



,',I,': 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




,.'IE e- polarimeter @Wﬁ

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

* Mott polarimetry requires transverse polarization
of positrons -> spin rotation

 Mott at SLAC: (Clenendin et al.)

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources S
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"'E ILC positron source (RDR)( o

Pre-accelerator

(125-400 MeV) ! Booster Linac

D{ (eryomadules to boost energy to 5 GeV)

~147 GeV e~

150 GeV e~

Helical P}f

y %

Undulator f DI‘ID L% k v Dump
Collimator CaptureRF & pump : .
{upgrade) (125 MeV) Damping Ring
e 1p 11
] 2 i
— 0.8 E 0.9: :0.9>'
] 8. F ]
e Tos fos-
| o4 3 07f 0.7
= ] = E
r 0.2 re 0.6f 0.6
= — - 0 5: 0.5
= 10 & S _
At ] c E
- —-025 0.4r 0.4
L 3 E
= —-04 0.3F 0.3 «
c 3 5 E ]

: —1-06_ 0.2: :0.2
= —-08 0.1 . . o
D :"\ L L 1 ‘ L 1 L L ‘ 1 L L 1 ‘ L 1 L L t ‘ 1 1 - _1 C_1 L 1 | L 1 1 ‘ L 1 1 i L L 1 i L 1 1 i L :X106

0 10 20 30 40 50 60 0 2 4 6 8 10
E, [MeV] photon collimation [rad]

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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{0 Polarimetry at positron source =

CLIC

Conditions:
— Large beam size
— Energy (ILC): 2125 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 %)

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 ~few tens MeV
Mott scattering

— Transverse polarized
positrons

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 7
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i1, Polarimetry at the e+ source (

Considered options for the ILC:

Simulations using Geant4 with polarized processes

~125 MeV ~400 MeV ~5 GeV
Accelerator

Capture Pre-accelerator

i
~30 MeV

o[- -

Transfer line to Damping ring

Separator
e- and gamma dump

T 1

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources



,"'IE Compton transmission polarimeter @Wﬁ

E166

Bending magnets

ECECECECECED]  46.6 GeV e
<€
CECE-ECEoECE

Undulator

10 MeV vy

— 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

magnetized
g. target

detector

e+

spectrometer

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 9



il E166 results I

JLr
S:
P l B
O u - - 1.
I soF g et Good agreement
'% - T of measurement
o 60F - < and prediction
© o ,
£ 40 .~ - e
ERNS ¢
> 20F expected e polarization
S s expected e” polarization
— _ PR (N T ST S T N AT T S T S ST T ST T S S A AN B

3 4 3) 6 I 8

E_. (MeV)

E166 results published in

PRL 100:210801,2008 (arXiv:0905.3066 [physics.ins-det])
NIM: http://dx.doi.org/10.1016/j.nima.2009.07.091
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h’E CT polarimetry at the e+ source W

Application of Compton transmission polarimetry at ILC
- E,, =125 MeV

~125 MeV ~400 MeV ~5 GeV

Accelerator
Capture Pre-accelerator :

[

m Transfer line to Damping ring
Separator
e- and gamma dump
6 I T TTTTT I IIIIIIII T I T TTTTT
. 5
Disadvantages:

I

« At 125MeV Compton process
IS suppressed

* Method is destructive
—> only few bunches/pulse T R

photon energy [MeV]

— Total
— Compton

ro

o |barns/atom|
F'y]

—— Pair production

[u—y

o
—
jan]
>
<
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,.'IE CT polarimetry at ILC I

* Reconversion target heating
power deposition in target (W, 2X) oo
and iron absorber =» only few bunches e

T [K]

1100} 20 bunches per pulse

] ] 800"
(1 bunch) for polarization measurement  _
- fast kicker needed 600}
Positron beam energy | material ~ thickness  Ey., per e” =
MeV] [Xo / mm] [MeV/le?] 400 1 bunch per pUIse
Target 85 \\T 20/?0 224 300_|||||||||||||\||||||\|\||||||\|
Absorber Feo 26.7 / 150 6.9 2000 4000 6000 8000 10000 12000 1402;:‘1612?00
Target 125 W 20/7.0 38.1
Ahsorber Fe 26.7 / 150 61.6

 Precision:
Intense ILC beam - sufficient statistics,
precision <10% after few pulses

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

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 12



,.'IE CT polarimetry at CLIC @Wﬁ

O
&
Qf\o
-~
foQ

Drive Linac RF gun =
1 GeV 7
Compton 2GHz 5
2 ring TK i_ Pre-injector
— Y At Linac for e*
<
-

A N
//\\Jm‘mg cavity i 2 GHz

e+ flux (Rinolfi)

SLC CLIC ILC LHeC
e’/ bunch 35x1010 | 0.64x10° 2 x 101 1.5x10%0 Compton transmission
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 10'4 | 31 x 10

=

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 13
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o

Bhabha Polarimeter

~125 MeV 400 MeV ~o GeV

Accelerator

Capture Pre-accelerator

S .

Transfer line to Damping ring

\
D

Separator
e- and gamma dump

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 14
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Cross section:

» (1+cos @)’
16y>sin" @

9+6c0s*@+cos* @)
[ )

* e+ and e- must be polarized
« maximal asymmetry at 90°(CMS) ~ 7/9 = 78 %

Bhabha Polarimetry

P. P

iz
( cuc‘;

Detector

Magnetized

Iron /

Oo\=3

»
»

A 4

e+

(7—6c0s2(9—cos4(9)]

@ C ) B
3 oos- C.M.S. Soesf- Lab system
‘g - Ppeam* Prarget=0.8 % 0.07 g - Pieam® Prarget=0.8  0.07 Exam p|e:
£ 0.04 £ 0.04[ _ o
g g P..,=80%,
- - a W, — o
0.03— 0.03 o ‘e, Pe_— 7%
L I~ * Q‘
l" ‘ﬁ
L L . .
0.02F 0.02F . .
B B o Ye ~ o)
', A ~44%
0.01 ot S e J
- * - -
b A P Prarge=0-6 % 0.07 P oeam™ Prarger=0-6 % 0.07
o | | | | L1l I 111 | L1l I L1l | | | L1l | | | 111 o ¥ | I | - | | - | | - | 11 | | L1 | | 11 1 | 1
1 08 06 04 02 0 02 04 06 08 1 0 002 004 006 008 01 012 014
cos §* 6 [rad]
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,,',’: Bhabha Polarlmetry@4OOMeV< a

i $ @ e- asymmetry (target plane) m@’
= 400 0.8
250 “ 350 0.6
200 300 04
2503 -
150 9 0
200 =
-0.2
100 ,g?':."' .5 Qt{O”S 150 = i
50 e F hl 06
50 Gl i Do 4 o 08
i R L e N, I P Tl VTR VI o i I | % : "
0.12 “";'?md] 0=""0.05 0.1 0.15 0.2 0.25 : lﬁ? -
8 [ra
Selection of scattered electrons and positrons: Detector
— 0.05 < 6 < 0.09rad (mask) Moaanet
_ 100MeV < E < 300 MeV Shielding -
(spectrometer) Magnetized

Reverse polarization in target foil
- Asymmetry ~ P(e+)

e-l-

L] [ e [ ] ] L] [ e [ -] @ (] [ e & -] ] -]

o
N——
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,'.,IE Bhabha Pol.: asymmetry measurement m

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

100% e+ and e- polarisation

e distribution (detector plane)

P, = -100%

&00 £

¥ pos. [mm] D

TSignificance | €~ @Symmetry =» e+ polarization
—1000

250

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
-400 -200 [] 200 400 .
X poz. [mm]

PZ = +100% [ weighted Asymmetry |

weighted Asymmetry
Entries 208
B Mean 0.4954
200~ RMS 01111

¥ pos. [mm] E

150

100~

50 400 600

- C— X pos. [mm]
T — e
R -0, . 1
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Peak temperature for iron foil (30um)

< g0 I N 13
8 e\>\ P

> e
2 —— s 820

0
x el

- -2
5 5 4 200

Magnetization of iron foil
depending on temperature
=>» Only small reduction of Pg,

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

15 Oct 2009, CLIC09

TIK]

Bhabha target heating <

time dependence

Z400=
- L
380—
360
340
320:jf
i
3007
230“.‘.\....|..‘.|..‘.\‘“.\.“‘\...‘|....|.‘.‘\.‘.‘
0 5 10 15 20 25 30 35 40 45
time [s]
—
<1
2
;0.8 -
0.6 |
0.4
0.2
0

Polarimetry at the CLIC sources

0 0.2 0.4 0.6 0.8 1

/T
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,','E Bhabha polarimeter at CLIC (

polarized e+

&
L S o
Drive Linac RFgun | < sl
Q - —
& 1GeV 2 &l
< i
Compton 2 GHz 2
S . -.f,-"e— L. _—
2 rimg i Pre-injector
[~
~ Y Target  Linac for e*
= | &

),

Stacking cavity

Bhabha polarimeter
at 200 MeV

Compton transmission
with selected bunches
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1§ Bhabha Polarimeter @ 200 MeV -

G4 Simulation o A n-p n+p
E.. 200 MeV TAAT 2 V(m+Dp+1)

— Target 30 um Fe

electron asymmetry distribution electron significance distribution

0.05 0.1 0.15 0.2 0.25
g[rad]

asymmetry measurement with scattered electrons
Energy range: 30 — 150 MeV
cos0: 0.04 ~ 0.2 rad

(] ° ] -3 [ ] & [ a a (] ° ] -3 [ ] & [ ] o L-] & L] [ [} [ ]
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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 0.64x1010 2 x 1010 1.5x1010
Bunches / 1 312 2625 20833
macropulse
Macropulse 120 50 5 10
Rep. Rate.
e* / second 0.042 x 1014 1 x 1014 2.6 x 1014 31 x 1014

Bhabha polarimetry at CLIC, 200 MeV, is
possible

15 Oct 2009, CLIC09

Polarimetry at the CLIC sources

iz
( cuc‘;
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,',I,': Compton Polarimetry after DFémmjc'Zﬁ

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

« (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

* in principle, n/2 crossing angle between e and y < possible, but
larger statistical error, A(n/2) = 15+A(n)

- needs more time

« 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



"',‘: Spin rotation and fast helicity flip <

Scheme suggested by K. Moffeit et al., SLAC-TN-05-045

Damping Ring | ..

Spin Rotation for
spin direction up

pre-accelerator
(125-400 MeV)

Boo
L rymn:iuhsnﬂ \.
N —>
F— '
®,

150 GeV e

hiplical undaiseos { 1 Y y dump Spin Rotation for
collimator L capture RF e dump spin direction down
(upgrade) (125 MeV)

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
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,-"E e* spin rotation + helicity flip at 400Mev@ﬁﬁ

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

Spin Direction
-— Longitudinal

ransverse horizonta Pre-accelerator
i I,amme ::,:,-ca,t | 125 to 400 MeV Aft.el’ bend Of.99.1 46 degrees
Ii—l spins are horizontally
99.146  fransverse.

degrees
Kicker Magnet

Kicker - 2 parallel lines
with solenoids to rotate
= spinRotationfor SPIN 10 the vertical

Spin Rotation for 0
@ spin direction down

spin direction up

Bhabha polarimeter has to be passed before spin rotation

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 24
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L  Summary

« Polarimetry at e- source: Mott

« Polarimetry at e+ source:
— Undulator based e+ source is polarized

— Low energy e+ polarimetry:
« Compton transmission = very few bunches
— E=125 MeV for ILC
— ?7? 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

— Details of e+ polarimeter design will depend on LC design

— Fast helicity flip to match the experimental precision for
physics is also useful for polarization measurement at the e+
source (control of syst. effects) but studied options require
longitudinally polarized positrons

— Tools for design/performance studies: G4 with polarization

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

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 25
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Backup
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SZa
CLICS

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)-1034 1'5(0'23)"‘1 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 /5.7 202/2.3 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

15 Oct 2009, CLIC09

Polarimetry at the CLIC sources



,','E Baseline Spin Rotation Syster@mj'[@

ical -4s (SC)
%’12?&33‘0“‘ pair of solenoid

SIongitudonal \

—

5 GeV
Bend of n * 7.9312° o 15
4 "B p
Odd Integer
B E[GeV]'
spin_m bend
Dipole and solenoid strength Dipole: 7.9312°
are set by spin manipulation >~ 2kG

Solenoid: 26.2 T

r iremen
equirements - 2x3.5 m; 38.5 kG

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

o Example: Spin rotation at 1.7 GeV

- less stringent requirements for solenoid

Proposal: spin rotation using Wien filter near gun

- concern: emittance blow-up (?)

2 x5 MW
i1+ 1spwe)

SC tuneup damp 311 KV
§x 10 MY

2nd Saction
acceleration from
1.7 to 5 GeV

Spin Direction Angle = 23.33 degrees

= Longiludinal

* Transversa horizontal
Spin Rotation at lower energy than the damping ring

® Transvarse vartical K. Moffeit, M. Woods and D. Walz, ILC-NOTE-2008-040
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Compton polarimeter @ 5 Ge

~25m

S 1.8k .
S e Pulsed laser (3MHz 180°) ]
< M _
g 14 om0y = 1.165 eV i
S oy — 0, =233eV =
7 L J
S I —— 0, =4.66 eV
s X ]
8N :
0.6E ‘\\"m.__w . ]
0.4F R T T .
02:||| NN BN A | ||||T-:-|||| m_l'Tl_'l_"l"l--F-llc—u—l-l-_::l:.n_-n-li
) 0.5 1 1.6 2 26 3 36 4 45 &

15 Oct 2009, CLIC09

time, seconds

Measurement error, %

PbWO,
M )
|
Calorimeter

R=3R,, (3x1.9cm)
L=20 X, (20x0.9cm)

Wl T T T T T T T TTTT

Y T T T | T T T | T T 7T | T T T L I_
2.4 7
-, Pulsed laser (3MHz 90°) -
225 e, = 1.165 eV |3
2- —w,=233eV |-
1.8 T ——,=4.66eV |-
1.6 - e ST
1.4~ T
1.2- \‘x\ i i
- .
1: T~ -
0.8 T — .
=1 1 1 1 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 _;-I-+-FH.J_:

10 16 20 25

Polarimetry at the CLIC sources

30 35 40 45 50

time, seconds
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"oy
Method e+ precision
Energy
Compton 125 MeV | Destructive | Stat:few %; | Prototype
transmission > Syt vl (E166, )
use only very | 90Minate ILC design
few bunches Simulations
per pulse
Bhabha 400 MeV | Aimost 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

15 Oct 2009, CLIC09
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,'.,IE e* spin rotation and helicity reversal %ﬁ

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

B Kicker Magnet Spin Direction
LTR Solenoid
‘ Bend Magnet Right Left
I Solenoid ~3.5m Off O [ X ] Off =] P-4
. Quadrupole Off o® o® On 1 t
On Off =y =
Focus Reflector .
Reflector Foou® 1 =+  Quads  Quads Positron
Quads
® l LINAC
@ e+ Solenoid e+ Bend e+ Solenoid
System 1 System System 2
L]
@
B Positron Damping Ring ®
5 GeV
Bend Magnet for
Soleni:g L”;? I‘:th Bend Magnet for
RTINS Solenoid Line with

positive Field

|

Spin Direction

r b

parallel spin rotation

beam lines for randomly e Froam ol
. . . Kicker for Solenoid Positron source

selecting e+ polarization; Line with negative e+ LTR Solenoid o flS! )

palr Of leker magnets |S Linewié?e?;gative K Moffeit 10 Feb 2005

turned on between pulse-trains

15 Oct 2009, CLIC09 Polarimetry at the CLIC sources 32



[ ]
[ | 7N

(I S-channel asymmetries with pol e+

Can perform 4 independent measurements (s-channel vector exch.)
=0,[I-P. P, +A, (+P. - Pe_): !
o =0,[l-P.P, +A,(-P. +P )
o .=cl+P.P_+A,[-P. -P, )

=0 (SM) if both beams
100% polarized

- wl e _ Standard Model
o, =0, _1 SR Pe+Pe_ SR ALR (—I— Pe+ + Pe_ ) s-channel
SLC: 6, and o, used for A g measurement A, = o_—o, 1
o +o, P
ILC: o o 1+P P |
Apg=——""— - : Pe Error propagation:
o .+o,_ P +P.
. > Al _ AP,
o,—0,_
= A Peff Pe

o.,+o, \P,
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