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World-wide Event

* OnJune 12,2013, ILC TDR was [ uIished in Worldwide Event.

nd of major phase in ILC development — now what?
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March 27" 2013

Possible Timeline

July 2013

= Non-political evaluation of 2 Japanese candidate sites I I
complete, followed by down-selecting to one LHC tlmelme

End 2013

= Japanese government announces its intent to bid /
2013~2015

L] Il'ltEl"gUVETfm}Entﬂl HEgDﬁEtiGHS Os=13-14 TeV. L~ 1% 10* el s, bunch spacimg 25 ns
= Completion of R&Ds, preparatio

M7 =751 00 fly
~2015 2018 LS2 Injector and LHC Phase-1 uporade to full desion lummosity

=0 ] PL Z ]
= Inputs from LHC@14TeV, decisi(gus
2015~16 2020 Js=14 TeV, L-2x10° em* s'!, bunch spacing 23 ns
= Construction begins (incl. biddinjss Ak
2026~27 2022 LB3 HL-ILHC Phase=2 l.Lpg,md»..‘. IR, erab cavies?
= Commissioning e

20007 14 TeV, L=5x10" em= ¢!, luminosity levelling
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Japanese Site for ILC

- Japanese Mountainous Sites -

:

site-A KITAKAMI
- W - T

- LCC Directorate official
site visit Oct. 2013.
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Brock Snowmass Summary

ILC, up to 500 GeV

1.

7.

8.
9.
10.

Tagged Higgs study in e+e—> Zh: model-independent BR
and Higgs I', direct study of invisible & exotic Higgs decays
Model-independent Higgs couplings with % accuracy, great

statistical & systematic sensitivity to theories.
Higgs CP studies in fermionic channels (e.g., tau tau)

. Giga-Z program for EW precision, W mass to 4 MeV and

beyond.

Improvement of triple VB couplings by a factor 10, to accuracy below
expectations for Higgs sector resonances.

Theoretically and experimentally precise top quark mass to 100 MeV.

Sub-% measurement of top couplings to gamma & Z, accuracy
well below expectations in models of composite top and Higgs
Search for rare top couplings in e+e- -> t cbar, t ubar.

Improvement of as from Giga-Z

No-footnotes search capability for new particles in LHC blind spots --
Higgsino, stealth stop, compressed spectra, WIMP dark matter

l Higgs EW Top QCD NP/flavor '
143
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Brock Snowmass Summary
ILC 1 TeV

Precision Higgs coupling to top, 2% accuracy
. Higgs self-coupling, 13% accuracy
Model-independent search for extended Higgs states to 500 GeV.
Improvement in precision of triple gauge boson couplings by a
factor 4 over 500 GeV results.
Model-independent search for new particles with

coupling to gamma or Z to 500 GeV
6. Search for Z' using e+e- -> f fbar to ~ 5 TeV, a reach comparable
to LHC for similar models. Multiple observables for Z' diagnostics.
7. Any discovery of new particles dictates a lepton collider
program:
search for EW partners, 1% precision mass measurement, the
complete decay profile, model-independent measurement of cross
sections, BRs and couplings with polarization observables, search
for flavor and CP-violating interactions

‘ Higgs EW Top QCD NP:’fIavurll
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The LC physics offer and challenges

 Staged energy approach:
— \s~240 GeV, "Higgs frontier*
— \s~350 GeV, “Top threshold'
— \s~500 GeV, "Top Yukawa'
— (Vs=91 GeV, "EW Precision frontier*)
— \Vs~1000 GeV, "Higgs potential’

 Polarized beams and threshold scans:
— impact on ‘quality’ (and quantity)
— Something ‘new’ comp. to LHC analyses
* Highest precision: precise spin treatment required
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ILC Machine Lay-out
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+  About 30 km in first stage Vs=500 GeV, crossing angle 2x7 mrad

* High luminosity: 2x1034cm-%s

* Running time: 75% per year

« Beams: 2x10'%bunch, 1312 bunch/pulse, 5 Hz rep. rate for
Vs=350 and 500 GeV
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Ring to Main Linac

(RTML)
(inc.

e Main Linac

nottoscale
ILC Scheme | © www.form-one.de
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bunch COmpresso

2%
W

IL.C Machine Overview

Polarised
electron source

A\

Damping Rings

e* Main Linac

Beam Delivery

-

olarised System (BDS) seemee
positron & physics
source detectors o,/ 0, 474 nm/ 6 nm

Luminosity - 2x10% cm2s"
Polarisation (e-/e+) - 80% / 30%
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IL.C Parameters

Cenrre-of-mass ensrgy Ecym G 200 230 250 350 500
Luminosicy pulse repearition rats Hz & & & & &
Positron production mode 10Hz 10Hz 10Hz nom. nom.
Estimared AC power Pac MW 114 119 122 121 163
Bunch population N x 1t 2 2 2 2 2
Mumber of bunches rik 1312 1312 1312 1312 1312
Linac bunch intzrval Af, ns 564 554  5R4 GR4  GR4
RMS bunch lkength &z pm 300 300 300 300 300
Mormalized horzontal emitzance ar P Tex um 10 10 10 10 10
Mormalized verrical emirtance ar IP Py nm 35 35 35 35 35
Horizontal bera funcrion at IP a2 mm 16 14 13 16 11
Verrical beta funcrion ar 1P B mm 034 036 041 034 048
RMS honzontal beam size ar 1P ol Mm 204 TEO 720 pB4 474
RMS verrical beam size ar IP T nm 7B IT T B9 E9
Vertical disruprion paramerer 0, 243 M5 ML 243 e
Fracrional RMS energy loss to beamsorablung 4z % 065 0B 097 1.0 45
Luminasicy L w1044 ¢m—2g-1 066 067 Q75 1.0 1.8
Fracrion of L. m1op 1% Ecwm Lom % o1 BD BT i ot
Electron polarisarion P_ % B0 B0 B0 B0 B0
Positron polarisarion P, % 30 30 30 30 30
Electron relative energy spread at [P Apip % 020 018 019 016 013
Positron relarive epergy spread ar IP Apfp % 019 017 015 010 0407
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Scope requirements: ICFA LC Parameter
+ ‘Scope Document no.1’ (2003) and ‘no.2’ (2006): baseline

— Full luminosity of 2x103*cm-2s1
— Beam energy stability and precision below tenth of percent level

— Machine interface must allow measurements of beam energy and
differential luminosity spectrum with similar accuracy

— Electron beams with polarization of at least 80% within whole
energy range
* Options:
— e+ polarization ~50% in whole energy range

— GigaZ= high lumi run at the Z-pole/WW threshold: energy stability
and calibration accuracy below tenth of percent level

Exploitation of polarization needs particular treatment

11
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Electron polarization

 Similar as SLC e- source: but now for long trains and high

30A
a0 &

RF power _
/ str.:mné Gals

— DC gun: e- with 200keV
1000 A Active Region —

— Laser: A=790nm , based on TiSapph, ... GaASy Py g S

Buffer GalsP

— cw. Nd:Yag laser provides power Gans, P, smines Gae
Graded Layer

Gahs
Substrate

Faraday Cup

Energy Compression and Mott
L-band (b=0.75) Polarimeter ,

Spin Rotation NC tune-up dump  TW Bunching (13.5W)
SCeLNAC (5.0Gev)  (11-3KW)  and Pre-Acceleration

2x5 MW
{1+ 1 spare)

DC Gun (2x)

SC tune-up dump (311 kW) EE
8 x 10 MW Energy Collimation 10 MWIOMW10MW 55
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[above
| 3.2nC s5nc Ground)

’\ 78 MeV - 5.0 GeV )‘< 140 kel - 76 MaV >‘
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Positron source

« Choice: e+ via radiation from a helical undulator (because of
higher yield, less rad. level, better DR accept., less target stress )

(Target processes:
Olufemi Adeyemi)
to Damping Ring
Photon /
( Clt"“'matﬂ; ) Pre-accelerator ok
pol. upgrade (125-400 MeV) 8
L f«—FEner
| aux source (500 MeV) Taroet SCRF hooster o
9 comp. RF
| l @ 1 Flux concentrator 045 Gal)
| «——spin rotation
N ] solenoid

v

150-250 GeV - e

SC helical undulator photon

dump

Capture RF T ]
(125 MeV) See Andriy’s and
e- dump

Simulated in Geant4 (PPS-Sim) oy 150250 G Friedrichs talks
e- beam to BDS
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Polarization: Technical facts I
* P(e-) ~80-90%
* P(e+) (always yield 21.5 imposed): Andriy Ushakov,

\s=240 GeV: 120 GeV e- drive beam
— Undulator with 231 m (K=0.92, A=11.5 mm), collimator r=3.5 mm

— P(et+)~40% Eb=175 GeV

Vs=350GeV: 175 GeV e- drive beam .\ —1T
— Collimator with r=1.2 mm e
— P(e+)~ 56% g FARNE 2
Vs=500GeV: 250 GeV e- drive beam oo
—  Undulator with 144 m, collimator r=0.7mm e
—  P(e+)~59%

14
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Technical facts I

* P(e+) (always yield 21.5 imposed):
Vs=1 TeV: 500 GeV e- drive beam

— Undulator with 176 m (K=2.5), collimator r=0.9mm
- P(e+)~54%

* Measurent of polarization: See Annika’s talk

— Compton polarimetry (up- and down-stream): 5P/P=0.25%
—  Via WW-process (lumi-weighted!): 6P/P(e-)~0.1%,
OP/P(e+)~0.2-0.3%

Eucard@Mainz 2/2014 Gudrid Moortgat-Pick
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Spin sensitive components
 Spin rotator before / after damping rings

* (Fast) helicity flipping of the e+ required: see Sabine’s talk
Po. P a- {:? 8+ Nee he.  Cross section
1.0 _E_‘ hE_ i ol —>
AR = oo e I R
-1+ -+ -1+ TR
+1 -1 SN ———- +1 41 AL

— Apply kicker at the damping system
* Polarization measurement (polarimetry, lumi-weigthed)

see Moritz and Annika’s talks

* QED processes at beam-beam interaction see Tony’s talk
Eucard@Mainz 2/2014 Gudrid Moortgat-Pick 16



Tony Hartin

Beam-beam: strong fields in IR

__ elal 4 .
T = mFEer {;L ‘ IJ)

2
*ﬁ"rre'-:"

Beamstrahluna
el Radiating 5
. electron T ~ —
6 oz (ox + oy)
YT > 0.1 strong Tield regime

Cha rgé'. Bunch and field

@ T depends on collider bunch parameters and the pinch effect

@ Future linear colliders will have "strong” IP fields

@ For polarised particles, beamstrahlung entails "spin-flip”

Machine LEP2 SLC ILC CLIC

E (GeV) 94.5 46.6 500 1500

N(x10™7) 334 4 1.74 0.37

Oy Oy (pm) 190, 3 2.1,0.9 | 0.335, 0.0027 | 0.045, 0.001
o. (mm) 20 1.1 0.225 0.044

L 0.00015 0.001 0.2 4.9
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Spin Rotator System

Valentyn Kovalenko

" PPS-Sim: Generation & Capture }Hlum]:l: PCAP BMAD: PLTR
Pre-accelerator : .
Booster Linac Spin
>‘ (125-400 MaV) RAtaEN
= SRS
- i ~
' ¥ Dump
DR

H- Dump 5 GE"H'

2

Spin Rotator
BMAD:RTML

Helical

Urdilsar Collimator opp

~ The longitudinally polarized positron beam has to be rotated:

~ into vertical direction before the DR.
» after the DR into longitudinal direction.

» Spin tracking has to be included in all transport elements that are expected to
contribute to a loss of polarization.
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Positron Linac to Ring Beamline

+«—— From the source:
Spin is longitudinally oriented
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:
i
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Latﬁce Spj[] F ]jppet Larisa Malysheva
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» Total length <80m.

» First cell is irregular FODO cell which should include fast kicker.

» At the parallel section the branch separation is about 2 m.
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BMAD: Spin Tracking in PLTR (up
to spin flipper)

Polarization
%
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0 20 40 60 80 100 120
element
Initial energy spread AE/E=3.5% In the beginning positron beam is
Enx= &y = 0.05 rad m longitudinally polarized:
€nx = Eny = 0.05 rad m Polar angle 8 = 0° — 900

Azimutal angle @ = 09 — (0
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Spin tracking: spin flipper

|

Paolarization,
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Relative depolarization is 1.7%
Positron beam has a vertical polarization at the end of beamline.

Polar angle 8 = 90° — 900
Azimutal angle @ = 0° — 900
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Post DR Spin Rotator

1 \ \

uadrupoles bends
solenoid 9 P

Spin rotator design requirements:

» spin rotator must preserve both vertical and
horizontal emittance (dilution < 2%)

» emittance increase caused by synchrotron
radiation should be negligible at 5 GeV beam
energy

» the system must preserve the beam polarization
» the system should be short (<100 m)

Eucard@Mainz 2/2014 Gudrid Moortgat-Pick
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X-Y Coupling

» Solenoid field rotates not only the spin, but also transverse
phase spaces

« Solenoid increases the vertical emittance via the coupling
between horizontal and vertical motion (x-y coupling)

 |If the spin must be rotated by 90 degrees then the orbit
would roll by 45 degrees — this would be disastrous if
the x-y coupling was not removed

Polarization y

t
Beam

Eucard@Mainz 2/2014 Gudrid Moortgat-Pick 24



Emma Rotator: phase space

» Is it possible to rotate only the spin and do not roll the particle
phase space? -> Yes, that is Emma rotator = Solenoid +
Quadrupoles + Solenoid

» The first solenoid rotates the spin by half the desired total. At
the same tine it also rotates the beam by a quarter the same
amount.

» The center of the Emma Rotator is a FODO cell transfer line
which reflects the beam about Y-axis.

» The second solenoid of equal strength to the first, will rotate
the spin the rest of way as it rotates the beam back to the flat
state. Rotation by the two solenoids are canceled out (no
emittance growth)

Polarization

I 1 O s

Solenoid Q-magnets Solenoid

Eucard@Mainz 2/2014 Gudrid Moortgat-Pick 25



Spin rotator and emittance preservation

» Spin Rotator = Emma

Rotator + Dipole Rotator + —
Emma Rotator g
« Emma rotator consists of

two solenoid magnets and
one reflector between them

» Any desirable spin

58

58

Polarization [%)

) 50 100 150 200 250 300

. - element number
orientation could be e
achieved 2 &
5]
quadrupoles BRI g % 50 10 150 200 20 800
- . element number
e e ?1[][] | | | | |
- . - -
v—V% 2 50
Solenoid Solencid Dipole Solenocid  Solenoid = : : | N
%= =P 50 100 150 200 250 300
element number
) ©® — —

« Depolarization <0.1%
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Emittance preservation

armittance (nm) r Emlttanc‘e d||ut|0n 030/[)

emittarice W
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9 05 xi0
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E 2048} ’y
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Eﬂddﬁ 1 ] ! ! ]
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and satisfy the spin
rotator requirements
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Resonant Depolarization

 Unpolarized configuration highly desirable
— Get systematics under control, etc.

* Helical undulator radiation: always polarized
— Question: if only medium/low polarization available

possible to destroy polarization if no spin rotators are used
before the DR?

— No, since no complete decoherence! See study of Barber/ Malysheva

* Proposal: use RF kickers to get resonant depolarization

— Study done by Valentyn Kovalenko within this BMBF project
together with M. Vogt, A. Wolski

— Simple spin model used so far, but looks promising

Eucard@Mainz 2/2014 Gudrid Moortgat-Pick
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Resonant Depolarization

Valentyn Kovalenko

Spin rotators

Use
o oscillating
o 18 g = e magnetic
— = field (kicker)
. | Not to scale
e Kicker field is 1 beam axis

» A resonance occurs when the rf magnetic field's frequency f_ is
synchronized with the spin tune v, and the circulation frequency f_

f.=f.(ntv)

When the Kicker frequency is close to the resonant frequency, the kicks
add up coherently, and the cumulative effect of the kicks is to tilt the

spins strongly away from the vertical.
Eucard@Mainz 2/2014 Gudrid Moortgat-Pick 29



Analytical approach

Froissart and Stora (1960)

P _rlel 1+Gy)| Bydl|
I 2 exp 7| ~1| |g= ( 7)) B, IS resonance strength
P 20 478, p, of one rf dipole.
a is the rate of resonance crossing (crossing speed). AO
If the rf dipole tune is swept across an interval AQ in N turns, then & = 5 :r
Tl
Three distinct conditions for the variation rate crossing AQ are:
Rate Polarization Fiffect
Fast crossing Py =P, No depolarization
Medimm crossing | 17 > 1 > =1 Partial depolarization
Slow crossing Pr= -1 opIN-fhp
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Used (simple) spin model

The model consists of an RF dipole followed by continuous bending
magnet.

*Spin behaviour of bunch of particles is described by applying rotation
matrices at each revolution turn.

RF Dipole

1 0 U
£(6) = |0 cos® —sind

0 sin® cosé@

Dipole Magnet

cosf/ 0 sinf
0 1 0
2 .
b —sinf 0 cosf

E+
| !
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Principal feature

«|nitial polarization (vertical). 30%
+Spin tune Gy=11.35

«Revolution frequency=92.5 kHz
*Resonance frequency=60.17 kHz
«Number of turns=9256

0z . . . .
o™ 0 M“‘W -
_DED 2000 4000 BOOO a0nn
04 . . . .
o= 0z \
[:I 1 1 1 1
0 2000 4000 G000 g000
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a™ o0 H%&wm .
=072 I I I 1
= 0 2000 4000 Gooo gooo
E [:]4 T T T T
=02t \ o
‘:L e
% |:| ] ] T T
O 0 2000 4000 GO00 go00
= HNumber of turns, M
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Integrated field of rf dipole:

IBLd] =0.01Tm
Energy spread: 0.5%
Resonance strength:
(1+Gy)| B,dI
= B, -
=8.8-107"

&

Mean polarization goes to 0

iR A



Application to Real lattice

- Phase Advance

1T

-~
r

clsed ortit ]
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Comparison codes SAMM+SPRINT

Q.BE T T I T T T T T T
| | | ' SAMM
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Comparison with analytical approach

L SPRINT data
Fitted data ]
Froissart-Stora

Ok - oo o TR
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02f- SN e S REREt EEEETE
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DB RCREEIETEPEPEEy TP

DBF- . RS

Resonant strength, = « 107

Ae/e = 0.2-104/2.5-10-4 = 8%
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Influence of beam geometry

D.35 I T T T

— | First results
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Open issues

Not a complete list ( just as proposals for ‘To-do-list):

Inclusion of effects of synchrotron radiation and radiation
damping

Test of different spin models (?)

Inclusion of accurate spin tracking in damping ring

Linking different codes for different sections to provide full
cradle-to-grave tracking code

Inclusion of non-Gaussian beams in beam-beam studies
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Conclusions

» Beam polarization gives ‘added-value’ to ILC
— Provides ‘new’ analysis tools comp. with LHC and highest precision
— Requires complete spin control

 Positron polarization
— Enhances eff. Lumi, provides higher prec.
— full energy range: Vs=92,...,1000 GeV !
— Fast helicity reversal is required
» Spin tracking from source to downstream polarimeter
— Spin rotator system

— RF kicker for ‘unpolarized’ option
— Depolarization and strong field effects in IP region

Eucard@Mainz 2/2014 Gudrid Moortgat-Pick 38



