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requirements and goals

(inspired by earlier work at SLAC and DESY ')

» dP/P =0.25% or better (systematics limited) from physics requirments
(see e.g. Moortgat-Pick et al., arXiv:hep-ph/0507011)

 polarimetry should be robust and fast
for instant tuneup of spin-dependent machine parameters

spin precession and directional alignment tolerance
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FIGURE 2.7-2. BDS layout showing functional subsystems, starting from the linac exit; X — horizontal

position of elements, Z — distance measured from the




CLIC: Suitable locations
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Longitudinal BDS Location s (m)

alignment exists at two locations:

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

( s is here distance
from end of linac)

- 605.132 urad (s = 742 m)
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Parameter

Length (Iinac exit to IP distance)/side

Diagnostics Energy collimation Transverse collimation  Final focus

Tune-up dump

HH4-
H gy 4 energy

Coupling T Polarization IP laser ~ spoiler  apsorver
correction \ | |

(s is now distance from e+e- IP)



250 GeV
400 GeV

ABF R rmys) &9;"’ Hrms)  AGPR(rms) &9;1”’“'(1"?113)
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{prad) {mrad) {mrad)

Table 2: Disrupted beam rms angular spreads of orbit and spin angles.

Parameter set

T-BMT
S-T

mcoherent
coherent
total

Bailey et al. (EPACO08)

Depolarization A Py,

ILC 100/100 | ILC 80/30 | CLIC-G
0.17% 0.14% 0.10%
0.05% 0.03% 3.4%

0.00% 0.06%
0.00% 1.3%
0.17 % 4.8%
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scattering angles, 6. and 6, vs. Energy

- Eo=1.5TeV, wg=2.33 eV
Cross sections -
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cross sections and spin asymmetry
near the Compton edge
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1 -+ (va) 90 T2y / O-'y".f’:)z

L/ L-mcz..r

(ps) (mm) 3 mrad 10mrad 30mrad

1.000
).999 0.989
0.996 0.958
5 4.F 0.991 0.912
Loar 2C -_ 0.984 0.857
9  0.965 0.743
12 0.941 0.640
15 0.912 0.555
30 0.743 0.316 0.110
1000 300  0.110 0.033 0.011
10000 3000  0.011 0.003 0.001




LLaser for TTF Injector gun

Single Pass Amplifier Chain
(N:YLF)
with Relay Imaging System

Fig. 1. Schematic overview of the TTF photoinjector laser system

regen. multi-stage Nd:YLF ampl.
(built by Max-Born-Inst.)
operates at nominal pulse &
bunch pattern of TESLA

S. Schreiber et al.
NIM A 445 (2000) 427

o, = 8psS

0 10 20 30 40 50 &0
Time (ps)
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Laser parameters

for TESLA TDR (2001), we assumed T TF-style laser
of variable wavelength:

| conlignration Fy < [ > A e < P> L

' (GeV)  (pA)  (nm) (eV) (W) () (10%2em=2 571
TESLA-500 250 45 532 233 0.5 35 & green
TESLA-800 400 45 1064 1.165 1.0 7l & IR

. Giga-Z 45.6 45 266 4.66 0.2 14 & UV

Table 9: Relerence parameters [or statistical tables.

ILC: employ similar laser for upstream chicane polarimeter,
(operate only with green line at all ILC beam energies)

CLIC: assume standard Q-switched YAG laser
for feasibilty study
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laser for CLIC study

 will consider here only standard Q-switched YAG lasers
with the following parameters:
- 100 mJ pulse energy at 532 nm (2.33 eV)
- 50 Hz operation (one laser pulse per CLIC bunch train)
- ~3 ns pulse width (c,~ 1 ns), will cover ~5 adjacent CLIC bunches
- laser spot size 6, = 6, = 50 um
- crossing angle of 6, = 10 mrad
- overlap efficiency with the ultra-short CLIC bunches will be poor,
but sufficient for decent polarimetry

« other lasers
with pulse length and repetition rate better matched
to the peculiar bunch and pulse structure of the CLIC machine
- can and should of course be considered
- this will require in-depth examination with consultation
of laser experts

Tel Aviv, 3 -5 October 2010 K. Peter Schiler 14
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CLIC study:

luminosity for Q-switched YAG laser:

L= fiNNyg

For small crossing angle 6,

f, = number of bunches per second hit by laser
N, = number of particles per bunch

N, = number of photons in laser puls

g = geometry factor

0.100 J / (.. 233 el

., =300 um=0.03 cm
wm =0.0027 cm

44 pm = 0.0044 cm

) — QY1 D 2
g = 921.2cm
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CLIC study: pulsed laser efficiency

Laser Efficiency Factor vs. Pulse Length
(Laser Crossing Angle g, = 3 mrad, 10 mrad, 30 mrad)
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Laser Efficiency Factor vs. Pulse Length
(Laser Crossing Angle 8= 3 mrad, 10 mrad, 30 mrad)

Laser Efficiency Factor g
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Compton Polarimeter
IP at -630m
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Chicane Design

z (m}

Detector

essential for downstream polarimetry (separates Compton
electrons from low-energy disrupted beam background),
but adventageous also for upstream polarimetry

requires ~ 60 meters length

constant field settings | B dl over wide range of energies
good acceptance of Compton spectrum at all energies
without changing laser wavelength

laser crossing (Compton IP) at mid-chicane
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movable laser beam
(10 mrad vert. beam crossing)
out | in |

D4

Chicane Magnet D1 D3 Beam Energy Beam Defl. Angle Hor. Dispersion

(GeV) per magnet (mrad) atIP (mm)
cntr. z-pos. (m) -27.5 +7  +275
L (m) 3 6 3 45.6 5.366
hor. width (cm) 10 20 30 100 2.447

250 0.979
B (T) 0.272 0136 0.272 500 0.489

T
BL (Tm) 0.815 0815 0815
P (GeVic) 0.245 0.245 0.245




(W. Oliver, MDI workshop, SLAC, 2005)

Compton polarimeter at 45.6 GeV Compton polarimeter at 500 GeV

IP2: &~ and 2.33 &V photon IPZ: &~ and I &V photon
— 5.




10 mrad




X (cm)

20 movable laser beam
(10 mrad vert. beam crossing)
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Chicane Polarimeter: Vacuum Chamber Overview







electron detector

in exit Wf
Vacuum Chamber

Mirrar

20 identical channels,
10 mm wide each

Pulsed Light Source
(U Laser or blue LED)

Gas Cerenkov Hodoscope Detector

design similar to gas Cerenkov employed in SLD Compton polarimeter

C,F,, 0as (~10 MeV threshold)

detector will be Immune against low-energy and diffuse background (syn. rad.)

20 channels, 10 mm wide each, will cover a large fraction of the Compton spectrum
Cerenkov photon detection with conventional PMs, but other technologies are also
explored
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some simulation results

input parameters results
0.5 x 106 no. of Compton evt‘s per polarity Ch.# x [mm] N+ N- A Rate*A? Rate [MHz] dP/P [%]
676749. random seed 1 25 60,682 23,368 -0.444  0.337 1.710 0.228
2.33 laser photon energy QY] ) 35 45868 17,348 -0.451  0.262 1.287 0.260
250. electron energy (GeV) 3 45 35,673 16,012 -0.380  0.152 1.052 0.335
10. crossing angle (lgte)) 4 55 28,337 16,029 -0.277  0.069 0.903 0.486
1.50 luminosity (10132 / cm? / sec) 5 65 22,996 16,956 -0.151  0.019 0.813 0.924
0.250 chicane transv. mom. kick (GeV/c) 6 75 18,333 17,876 -0.013  0.000 0.737 11.521
2. magnet length (m) 7 85 15,248 18,744 0.103  0.007 0.692 1.466
20. cntr. dist. magnets 1&2 (3&4) (m) 8 95 12,025 19.818 0.245  0.039 0.648 0.646
10. cntr. distance magnets 2&3  (m) 9 105 9,881 20,480 0.349  0.075 0.618 0.473
0.7 dist. mag. 4 edge to det. ch.n  (m) 10 115 7,815 21525 0.467 0.130 0.597 0.370
20 no. of det. channels (max. 100) 11 125 6,246 21961 0557 0.178 0.574 0.324
10. det. channel x-size (hor.) ~ (mm) 12 135 4849 22,795 0.649  0.237 0.562 0.289
20. det. channel y-size (vert)  (mm) 13 145 3,479 23315 0.740  0.299 0.545 0.266
150. det. channel length along z  (mm) 14 155 2,385 23821 0.818 0.357 0.533 0.250
20. distance det. ch. 1 to beam (mm) 15 165 1,346 24,171 0.895  0.416 0.519 0.238
50. z-dist. btw. det. channels ~ (mm) 16 175 457 20,900 0.957 0.398 0.435 0.249
1. meas. time for stat. error (sec) 17 185 0 0
0.80 beam pol. to calculate stat. error 18 195 0 0
19 205 0 0

E, = 250 GeV 20 215 o0

@, = 2.33 eV (green laser) overall stat. error:  dP/P = 0.082%

¥ = 1.5 x 10%2/cmz2/sec fordT = 1sec (very fast!)
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Angle = 0.48544 mrad

detector

Compton IP

250 GeV
Angle = 0.48544 mrad

Cerenkov
Detector

16.1m
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Position

at s=742 m, at s=907 m
(behind 12 dipoles, as shown, or behind a lesser number of dipoles,
but with reduced performance)



CLIC detector hodoscope: where to place I1t?

Compton Electron Trajectories: Detalil
(E/Ep = 20%, 15%, , 1.5%, ) , 0.0183%)
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Longitudinal BDS Location s (m)

« trajectories shown indicate Compton electrons in the range of interest:
, orange and yellow trajectories correspond to the Compton edge
for beam energies of , 1.0 TeV and 0.5 TeV.
* a detector position behind 12 dipoles (at s = 907 m) would give excellent
coverage for beam energies from 1.5 TeV down to 135 GeV,
but would require several wide-aperture dipoles
* a detector position behind 6 dipoles (at s = 835 m) would work only for
beam energies down to 511 GeV.
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CLIC study: expected performance

(do/dE) 1/2 and (mb/GeV)
Eo=1.5TeV

|hhhhhhhhunnﬂnj.
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Hodoscope Bin Number

Mean Energy and
E[:. =15TeV
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CLIC study: expected performance

Ac_1/2 and (mb)
Ep=1.5TeV

10 11 12 13 14 156 16 17 18 19 20 21 22 23 24 25

Hodoscope Bin Number

Analyzing Power and Statistical Weights
Eg=1.5TeV

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Hodoscope Bin Number
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CLIC study: statistical errors

Statistical Errors AP/P (%)

for measurement time of 1 s and 60 s
E.:] =15TeV

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Hodoscope Bin Number

measurement time 1s 60 s

statistical error AP/P AP/P

bins 1-10 (edge region) combined 0.89% 0,11%

all 25 bins combined 0.61% 0.08%
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summary & conclusion

" Jaser-based Compton scattering provides a powerful tool
for high-energy electron and positron beam polarimetry

= with suitable lasers matched to the bunch and pulse pattern
of the machine, measurements will be very fast, allowing
instant feedback for spin control elements in the machine

= overall errors for ILC will be limited by systematics to the
level of ~ 0.2% which is comparable to the degree of
depolarization of the incoming beams from beam-beam
Interaction up to the lumi-weighted interaction point

= comparison of upstream polarimetry with downstream
polarimetry (not covered here) and physics-based
polarization analysis will check the control of systematics

= detailed studies have been carried out for TESLA and
for ILC, based on a dedicated TTF-style laser

= g feasibility study has also been carried out for CLIC,
assuming a standard Q-switched YAG laser
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