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|LC baseline positron source
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Helical Undulator

Redundant Torets

Helical undulator (100 m long) produces

~10 MeV circularly polarized photons from 150 GeV electrons
Positrons of collected from athin target.
Positron polarization depends on:

Photon polarization spectrum (tight collimation increases polarization)

Target material and thickness

Positron capture phase space
Positron longitudinal polarization of ~30% can be expected from the baseline ILC

To Positron Darmping Ring

Fully implemented positron source polarization of 40 — 70% is expected.
Collimate photons from undulator increases circular polarization of photons hitting target.
Increase length of helical undulator to ~200 m to restore positron beam intensity. 2
Result is higher positron polarization.
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Annihilation diagrams

— only from RL, LR: ~, Z or 7

— only from LL, RR

Standard Model only J= 1 is possible.

New Physics models:
may contributeto J=1
may allow the production of scalar particles,
J=0would be allowed
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T- and u- channel diagrams:
The helicity of the incoming beam is directly coupled to the helicity of the final particle
and is completely independent of the helicity of the second incoming particle.

influenced by P+

F 3
et i
W
e e

Single W™ production: the vertex e”W ™ depends only on F,+.

(P, Pe+) unpolarized | (—=80%,0) | (=80%, =60%) | (—=80%, +60%)
ogleTe —ete ) 4.50 pb 4.63 pb 4.69 pb 458 pb
Table 1.2: Bhabha scattering at /s = 500 GeV for 45° < # < 135°. Due to the 7, Z exchange

in the t-channel all possible helicity configurations are allowed, e.g. the configuration LL
leads to higher cross sections than LR.




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 = Po-)(1 = P:)]/[(1 + P-)(1 + P.+)], yields
a background reduction by a factor 4 having (80%, 60%) polarization instead of (80%,

%). A positron polarisation of 30% reduces this undesired background by a factor 2.



Uncertainty in zero positron polarization
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(P.) is the mean huminosity-weighted polarization

fp is the background fraction

o F) is the unpolarized Z cross section at energy FE.

g (F) is the derivative of the cross section with respect to E
Ap. Ar. Ap. Ap. and A are the left-right asvimmetries [24] of the

residunal backeground. the integr ated lnminosity, the hmm polarization, the cente
enerey, and the product of detector acce :nhmw. and n[[]tu.*m-x'. respectively

(- 0.02 +- 0.07%) at SLC

App(91.237 GeV) = 01454+ 0.00237(stat.) £0.00077(svyst. |

P, is any longitudinal positron polarization which is assumed to have constant helicity

[-1mass




Use of effective polarization and left-right asymmetry

In the case ofleT™e™ annihilation into a vector particle tin the SM this would be ¢e7¢= —

v/Z°) only the Two J = I conligurations ogy, and o contribute, as already mentioned in
sect. 1.2.2, and the cross section for arbitrary beam polarizations is given by
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Effective polarization
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The polarisation will be increased to an effective value P,rp = (Pe- + Pyt ) [(14-Pe- Pos )
for example, 80% electron and 60% (30%) positron polarisation result in an effective
polarization of 95% (88%).
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Due to error propagation the polarisation uncertainty is substantially reduced if the
positrons are polarized: For the [80%, 60% (30%)] case the error of the effective polari-

sation is smaller by factor 4 (2) for independent polarization errors AP,.~, AP, and at
least by a factor of 3(1.5) for correlated errors.
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Effects for Ple™) =+ P{e™) and P{et) Gain wort (30%, 0% e Requirement

(Ple=), Plet)) (80%,60%)  (B0%,30%)

Statistics:

Par V, A processes 054 B8

-ﬂ-'i!-n"i,-".-'i!-.’i due to error propagation 3 w2

Standard Model:

top threshold Electrowe ak coupling measurement = 3 x 2

Ly Limits for FCN top couplings improved x 1.8 x 1.4

CPV in Azimuthal CP-odd asymmetries give PP FPLPL 0.8
access to 5 and T-currents up to 10 TeV

Wiw-= TGC: error reduction of Ayg, Al Ak Az x18
Specific TGC Ji, = Tmigh 1 1) fv/3 pLpL pUpT

CPV in~2 Anomalous TGC w2, vZ22 PT pT PPt

HZ Separation: H.Z < HPw w4 x 2
Suppression of B = Wiy x*17

HH Top Yukawa coupling at /5 = MiiGeV %25 w16

Supersymmetry:

o Ouantum numbers L, B and Yukawa PP PP x06

HA, my = 0 GeV Access to difficult parameter space x1.6

RPV in it — £76- Test of spin: §/B, $/vB 10

Extra Dimensions:

Gy Enhancement of §/'8, B = yu7, w3

etem — fT Unique distinction ADD vs, RS FeL ol P PT x5

New gauge boson 7

etem — _.l'_.'l' Measurement of 2 couplings x1.5

Contact interactions:

eTe— — an Model independent bounds P_P. P_P.

Precision measurements of the Standard Model at GigaZ:

A-pole Improvement of Agin? By x 10 x5(7)

Improvement of Higgs bounds =10 ?




Utilization of 30% positron polarization
at the beginning of ILC
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Polarized positron source

Electron Main Linac Electron Main Linac

Undulstor Bypass Line
r—

48 GeV' [-Band Linac

Photon Drit

Helical Undulator

Redundant Torets

To Positron Darmping Ring

Capture for highest positron polarization with desired positron intensity
Transport polarization efficiently to positron damping ring

Measure positron polarization before positron damping ring with Mott or Moeller polarimeter
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Spin transport of positron polarization

Spin Direction
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Helicity flip on a pulse train to pulse train basis is important:
Differences in intensity and polarization between the two positron beam helicity states

should stay within atolerance limit of +-1% after the damping ring.
Fast kickers will be needed to direct the beam to the second linac-to-ring line with the opposite

solenoidal B-field.
Inverting helicity periodically (eg weekly) in spin rotation system after damping ring can be used

to reduce systematic errors further.



Measure positron polarization

Positron extraction line polarimeter

Polarimeter Chicane

Energy Chicane
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Positron Beam Delivery System upstream Compton polarimeter

New Upstream Polarimeter Chicane

» constant integrated strength dipoles (B = 0.97 kG)

« dispersion = 20 mm @ 250 GeV, 10 mm @ 500 GeV

» dispersion scales inversely with energy (= 110 mm @ 45 GeV)
fransverse space for laserwire detector @ 500 GeV? (< 5 mm)
* magnet and vacuum chamber engineering issues?

L. =24 m(=3)
4L =03 m

angle = 0837 mrad

i
| 760 m -
i
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Physics measurements will benefit from 30% positron polarization created in a source
with a 100m long helical undulator. The following issues are necessary to make use of
this polarization. They should be available from the beginning or at least as soon as
possible after the start of ILC operation:

 Spin rotators before and after the damping ring.
e Two parallel spin rotation beam lines in the linac-to-ring transfer line before the
damping ring.

Helicity Flipping:

Fast kickers will be needed to direct the beam to the second linac-to-ring line
with the opposite solenoidal B-field.

* Positron polarimeters in the positron beam delivery system and the positron extraction
line are mandatory.

* Positron polarimeter before the positron damping ring may be desired.
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