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ILC et Source Requirements
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@ Wide range of drive e~ energy: 120 GeV (lowest?), 250 GeV
(design), 500 GeV (upgrade)
o et yield: 1.5 e"/e~ (50% safety margin)
@ DR acceptance:
o Transverse emittance: epy + €, < 70 mm rad
o Max. energy spread: £37.5 MeV
e Longitudinal bunch size: < 34 mm
@ e polarization: ~ 30% (up to 60%, upgrade)
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Schematic Layout of e™ Source
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Simulated in Geant4 (PPS-Sim) 150-250 GeV

e-beam to BDS

e SC Helical Undulator: 231 m length, 11.5 mm period, K < 0.92 (B < 0.86T)
e Photon Collimator: details in Friedrich’s talk (today)

e Target: 0.4X, thickness, Ti6Al4V rim rotated with 100 m/s tangential speed
e Flux Concentrator: 12 cm length, Bpax =3.2 T, Beng = 05T

e NC Capture RF: 1.3 GHz, ~10 m length, 14.5 MeV/m and 8.5 MeV/m
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Yield and Polarization vs e~ Energy

e™ Yield vs e~ Energy 147 m Undulator with K = 0.92
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Toget1.5e*/e” at E,- < 150 GeV:

= Increase undulator length (ILC TDR: 231 m is reserved)
To get 30% e™ polarization at E,- > 150 GeV:

= Reduce undulator B-field
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Yield and Polarization vs e~ Energy (231 m Undulator)

Dependence on e~ Energy
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Geant4 simulations for

@ 231 m undulator, K = 0.92
@ 0.4 X, Ti6AI4V target

@ FC:32Tt00.5Tin12cm
and Rj; = 6 mm

@ ~10 m 1.3 GHz RF structure

= Required undulator length is about 250 meters
= Optimization of source with 231 m undulator is needed
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Bunch Compression by Decelerating Field of Capture RF

E, = Eycos(kz + wt + )

Longitudinal Bunch Profile Longitudinal Bunch Profile
for Optimal “Acceleration” Phase  for Optimal “Deceleration” Phase
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Yield vs E-Field Phase of Capture RF

et Yield vs Capture RF Phase*

e > K
1173 / 0 Proper choice of capture
Tt/ \ ~15% RF phase (only!) allows to
26k \ use et source down to
215t \\ } 120 GeV e~ (without any
150 additional modifications)
1A5§ \
14 4

260 280 300 320 340 360 380 400 420
E-field Phase [degree]

Po:(po = 375deg) = 33.0% =  Pu:(ypo = 285deg) = 29.6%

*Note: the smallest aperture size of FC was increased from 12 mm to 17 mm
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Aperture Size of FC

[Lower E.- + Longer Lndulator = Bigger Beam Spot Sizej

Transverse Profile of Deposited

Energy in Target Yield vs Aperture Radius of FC
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Energy Deposited in Target at 120 GeV e~

Source Parameters:

Energy Deposited in Target:

@ 120 GeV e~ beam
@ Undulator K = 0.92 (Edep) = 9.2% (5 kW)

@ Optimal phase of capture RF

@ 8.5 mm aperture radius of FC @ Target rotated with 100 m/s
°

°

°

) tangential speed
192.5 m undulator active length

@ 554 ns bunch spacing

266.5 m undulator lattice length
Peak Energy Deposition
412 m between undulator and target Density

Photons on Target: PEDD ~ 44 J/g

@ E ph = 6.4 MeV "
Temperature Rise
AT ~ 84 K per pulse

o (E,) = 6.8 MeV
® (Pyy) =541 kW

A. Ushakov (University of Hamburg) ILC Polarized Positron Source 13.02.2014, Mainz 9/28



Thermal Stress in Target at 120 GeV e~ (ANSYS)

Time Evolution of Equivalent von-Mises Stress
(on back side of target and beam axis)
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Max. Equivalent Stress: ~ 140 MPa (27.5% of Fatigue Strength)

Ti6Al4, Fatigue Strength (Unnotched 10M Cycles): 510 MPa
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et Polarization at 120 GeV wo Photon Collimator

Yield and Polarization vs Undulator K Value
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Potmax ~ 31% at K = 0.84
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e™ Polarization at 120 GeV with Photon Collimator

Yield and Polarization vs Collimator Radius (K = 0.92)
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Summary 1: e™ Source at 120 GeV

@ Baseline positron source operated at E,- = 120 GeV and
231 m active undulator length can provide 1.5 e*/e™

@ Polarization of positrons is 31% for source without photon
collimator and undulator K = 0.84

@ 40% polarization can be achieved with photon collimator having
3.5 mm aperture radius

@ At 120 GeV the maximal thermal stress in target induced by pulse
is ~ 27.5% of fatigue strength

@ Heat load and thermal stress in FC has to be checked
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Base-Line Undulator at High Energies

Increase of e~ beam energy

results in

@ Higher energy of photons (~ E?) 16p

14F

@ Bigger et yield

e Bigger energy spread
e More difficult to capture

@ Smaller angle of photons (~ E~")

e Higher photon density
e Higher PEDD per bunch

© Smaller et polarization

Yield and Polarization vs e~ Energy
K=0.92, )\, =11.5mm
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Suggestion for ILC 1 TeV upgrade:
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Use another SC helical undulator with bigger period

(A\y = 4.3 cm, same NbTi technology),

that will keep energy of photons "small" (Ep, ~ A;?)

A. Ushakov (University of Hamburg)
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Photon Energy vs K Value. \, = 4.3 cm

Energy Distribution for K = 0.7 Photon Energy vs K-value
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Contribution of higher harmonics is more significant for
high K undulators
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Photon Yield vs K-value

Photon Yield vs K-value
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e™ Polarization vs K for Source wo Photon Collimator

Yield ~ 1.5e"/e”
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Max. polarization without collimator is about 25% for K = 0.7
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Polarization vs K for Source with Photon Collimator

Yield ~ 1.5
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54% e™ polarization can be achieved for source with K = 2.5 and
feor = 0.9 mm
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Photon Beam Radius vs K wo Collimator

Mean Photon Beam Radius vs K
Higher K results in

1'5; J bigger spot size on target
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Maximal Thermal Stress

at ~ 100 ns after pulse end

500GeVe,K=20,\=4.3cm, 150 GeVe, K=0.92, A\ =1.15cm,
Rcor = 0.8 mm Reor =2 mm

: Explicit Dynamics
Equivalent Stress
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Type: Eduivalent tvon|

Unit Pa I
Time! 4 7531-007 Noncommercial use onl

14.03.201218:11

Unit: Pa i
Time: 1 0436-007 Noncommercial use only;

14.03.201218:31

1,4511e8 Max 1,6384e8 Max

1,3475e8 1,521488
1,243928 1.4044e8
1,1403e8 1,2675e8
1,0367e8 1,1705e8
9,330587 1.053508
8,2945e7 9,365e7

7,2508487 8,195207
6,222%e7 7,0353e7
5186387 5.865507
4150287 4565787
31141e7 3,5159e7
2,0781e7 2,34807

1,04267 1176287
59237 Min 63552 Min

0 0,007 ()
) z/\! Ed

0,0035

omax = 145 MPa omax = 164 MPa

Dynamic thermal stress in target is at acceptable level
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Summary 2: e™ Source for ILC 1 TeV Upgrade

@ Source for ILC 1 TeV upgrade is a topic of current/future R&D

@ Max. e™ polarization of source with SC helical undulator (NbTi,
231 m long) having 4.3 cm period at 500 GeV e~:

e 25% for K = 0.7, without collimator;
e 54% for K = 2.5, with collimator (R, = 0.9 mm)

@ Relatively small photon spot size on target does not result in
target damage

o Peak thermal stress in target for K = 2 and photon collimator with
R.o; = 0.8 mm is about 150 MPa
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Yield and Energy of Undulator Photons vs Number of Harmonics

Photon Yield vs Photon Energy vs
Number of Harmonics Number of Harmonics
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Highest K value for 140 harmonics is about 2.5
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Positron Production

120 GeV e, 231 m undulator with K = 0.92, 412 m space to target

e* Yield after Target Positron Distribution after Target
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Captured Yield vs Target Thickness

Yield at 125 MeV and DR "Cuts"*
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Deposited Energy in Target

Deposited Energy by Bunch Deposited Energy by Bunch Train
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Simplified ANSYS Model

@ "Instantaneous" spacial distribution of Eyey/pn(X; ¥, Z)
max Epev,/pn = 1.2 MeV/(ph-cm?)

@ Bunch Overlaping Factor (BOF): 114 bunches/train

® Nphy train” = Ne- jbunch - Yph/(e-m) - Lu - BOF = 8.5-10™

@ PEDD = max Epev /pn - Non/ train ~ 44 J/g
ATmax ~ 84 K

@ Atz = 554 ns * BOF = 63.2 us

e Heat Rate O(X’ y:2) = EMeV/ph(X,y, z)- Npohr train” | At train
Qmax = 3.1-10"2 W/m3

ANSYS Heat Source:

Q(x,y,z), for t < At yain Task: to find max. stress shortly
0, for t > At ain after the end of bunch train

A. Ushakov (University of Hamburg) ILC Polarized Positron Source 13.02.2014, Mainz 27/28



ANSYS Results

Temperature after Bunch Train Maximal Equivalent Stress
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