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e - Flux of e*
- —>CcLicc

SLC CLIC ILC LHeC
(3 TeV) (RDR)

Energy 1.19 GeV 2.86 GeV 5 GeV 100 GeV
e*/ bunch at IP 40 x 10° 3.72x10° 20 x 10° 15x10°
e*/ bunch before 50 x 10° 7.6x10° 30 x 10° 15x10°
DR injection
Bunches / 1 312 2625 20833
macropulse
Macropulse 120 50 5 10
Repetition Rate
e* / second 0.06 x 1014 | 1.1 x 1014 | 3.9 x 1014 | 31 x 104
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Undulator-based e* source

] Gé I/::e-
e  beam Helical Undulator y.ray = ™

E>150GeV L>150m

» Helical Undurator Z{E5_ & TRIBA L THBEH
"Fon, cholRBEEFNTFOoND.

- E> 150 GeV DEFE—LZHICHETHE(E
HEL LY © main linac DEFE—LZFES,




ILC Undulator-based e*™ Source

e+ DR
Electron

o+ Target Positron

Undulator e+ Booster

e- Main Linac

IP e+ Main Linac BC
(Experiments)
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Undulator Cryomodule
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Positron Generation
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ILC Undulator-based e*™ Source

Electron

BC e- Main Linac Undulator

IP e+ Main Linac BC

(Experiments)
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ILC Undulator-based e*™ Source

e+ DR
Electron

e+ Target POS itro n

Undulator e+ Booster
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IP e+ Main Linac BC
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ILC Undulator-based e*™ Source

e+ DR
Electron

o+ Target Positron

Undulator e+ Booster

e- Main Linac

(Experiments)
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ILC Undulator-based e*™ Source

Electron

e- Main Linac iUndulator
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Figure 14.3. The construction and commissioning schedule for the mountain topography design variant. See
Fig. 14.2 caption for details.
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ILC Undulator-based e*™ Source

Electron

Undulator
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ECFA LC2013 T® Jeff Gronberg KD ASAK KLY

Lawrence Livermore National Laboratory

Design and Prototyping of the ILC

Positron Target System

L

Jeff Gronberg, Ryan Abbott, Owen Alford, Craig Brooksby, Ed
Cook, Pat Duffy, Jay Javedani, Nick Killington, Tom Piggott

May 30, 2013 - ECFA 2013

Lawrence Livermore National Laboratory, P. 0. Box 808, Livermore, CA 94551

This work performed under the auspices of the U.S. Department of Energy by
Lawrence Livermore National Laboratory under Contract DE-AC52-07NA27344 UCRL-XXXX-12345
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We are doing design and prototyping of the
rotating shaft seal and the capture magnet
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We have the English prototype wheel but have
started with the medium disk

= Same weight as
titanium wheel but
lower moment of
Inertia

= No shielding required
for safety

= Cooling water in the
shaft has an effect on
the balancing

= Not quite as stable a
balance point as a
solid shaft would have

Lawrence Livermore National Laboratory
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Wheel Speed (RPM)

Pressure (Torr)

FerroTec Seal #1 ran for 1 month (450 hours up)
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proof of principle experiment
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300 Hz scheme

e+ generation in 63 m sec (cf. undulator : in 1 m sec)

Truly Conventional Collaboration
ANL, IHEP, Hiroshima U, U of Tokyo, KEK, DESY, U of Hamburg

NIM A672 (2012) 52—56




How?
e Total Number of bunches: 2640

* Divide into 20 triplets
(1 Triplet = 3 Mini-Trains)

e Each triplet contains 132 bunches

* 2640 = 20 x 132

* 300 Hz creation of triplets
triplet to triplet time space = 3.3 m sec

e Create 20 triplets : 63 m sec

mm) Stretching in time




Conventional e+ Source for ILC

Normal Conducting Drive and Booster Linacs in 300 Hz operation

e+ creation go to main linac
20 triplets, rep. =300 Hz 2640 bunchesi/train, rep. =5 Hz
e triplet = 3 mini-trains with gaps e T =369 n sec
b_to_b ™

* 44 bunches/mini-train, T, {, , =6.15 n sec

Drive Linac " Booster Linac

Several GeV 5 GeV
NC NC
300 Hz 300 Hz DR
Target Tb_to_b =6.15 n sec

Amorphous Tungsten
Pendulum or Slow Rotation

2640 bunches
60 mini-trains

Time remaining for damping = 137 m sec

We create 2640 bunches
in 63 m sec



Conventional e+ Source for ILC

Normal Conducting Drive and Booster Linacs in 300 Hz operation

e+ creation go to main linac
20 t.rlplets, rep. = 390 HZ_ 2640 bunches/train, rep. =5 Hz
* triplet = 3 mini-trains with gaps e T =369 n sec
b to b ™

* 44 bunches/mini-train, T, (, , =6.15 n sec

Drive Linac " Booster Linac

Several GeV 5 GeV
NC NC
300 Hz 300 Hz DR
Target Tb_to_b =6.15 n sec

Amorphous Tungsten
Pendulum or Slow Rotation

2640 bunches
60 mini-trains

Time remaining for damping = 137 m sec
We create 2640 bunches

in 63 m sec - Stretching



Beam before DR
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mini-train an e- cloud problem in e+ DR.
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<—100 n sec <--the 100 ns gap is required to cure
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Beam before DR

< 200msec (=5Hz) 4% ——{H
<—>{ 20 triplets (63 m sec)

3.3msec (=300Hz)

i I

triplet > triplet = 3 mini-trains =1f

2 bunches |.: . ~¢:inn- . ~
« 992 nsec g Injection: usual kicker ( ~ 1 us)

— <264 n sec no stacking is necessary
A — <+—100 n sec <--the 100 ns gap is required to cure
mini-train an e- cloud problem in e+ DR.

N

%mini-train = 44 bunches (264 n sec)

2x10"
positrons/bunch

(«
D)

—ﬁ },7 6.15 n sec



Conventional e+ Source for ILC

Normal Conducting Drive and Booster Linacs in 300 Hz operation

e+ creation go to main linac
20 triplets, rep. =300 Hz 2640 bunchesi/train, rep. =5 Hz
e triplet = 3 mini-trains with gaps e T =369 n sec
b_to_b ™

* 44 bunches/mini-train, T, (, , =6.15 n sec

Drive Linac " Booster Linac

Several GeV 5 GeV
NC NC
300 Hz 300 Hz DR
Target Tb_to_b =6.15 n sec

Amorphous Tungsten
Pendulum or Slow Rotation

2640 bunches
60 mini-trains

Time remaining for damping = 137 m sec

We create 2640 bunches
in 63 m sec



Beam after DR
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Beam after DR

< 200 msec (=5Hz) y e
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Parameter Plots for 300 Hz scheme
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Target Heat Simulation wanming

(a) 5 m/s, after 3 triplets
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Target Heat Simulation wanming

/(a) 5 m/s, after 3 triplets
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R/D items



R&R Issues of the Conventional Source

* “conventional” but still needs some more R&D
* High current, high rep rate driver linac

* Moving target

* Flux concentrator

* Booster linac

* Overall simulation



Moving Target

 ~5m/sec required (1/20 of undulator scheme)
e 2 possible schemes being developed at KEK

SHz pendulum with bellows seal

air bellows seal

vacuum

)

main issue: life of bellows

First step prototype fabricated

2013/8/30 ILC monthly, Yokoya

rotating target with ferromagnetic seal

ferromagn;k

fluid seal
- (- +

N

air vacuum

main issue:; vacuum

o1
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Undulator-Conventional
Footprint Compatibility



Nick's Suggestion@ADI-CFS(Tokyo, April 2014)

Both in the tunnel

300 Hz conventional e+ source

undulator e+ source



Try to follow
Nick's Suggestion
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ILC Undulator-based e*™ Source

e-DR

e+ DR

Electron

~
e+ Target |

Positron

iUndulator

e- Main Linac e+ Booster

IP e+ Main Linac BC
(Experiments)
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Central Reglo Tunnel
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Undulator Source in Central Region Tunnel
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ndulator Source in Central Region Tunnel
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PTAPA Positron Source Target Area and Pre—Accelelator PTRANH Positron Source Transfer Line (High Energy)
EDOGL Electron Dogleg AUX  Auxilliary Source

EPUNDL Electron Post—Undulator Dump Line ref. G_05 G_06 U_04 U_05 U-06 U-07 U_O8 U_og U_10 U_11
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Undulator Source in Central Region Tunnel
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Undulator Source in Central Region Tunnel
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Use Not-Busy Areas
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Conventlonal Source in Central Reglon Tunnel
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CPDEL Conventional Positron Source Drive Electron Linac
CPTAPA Positron Source Target Area and Pre—Accelelator

CPCAP Conventional Positron Source Capture Section

CPPA Conventional Positron Source Pre—Accelerator

CPDET Conventional Positron Source Drive Electron Transfer Line
CPBSTR Conventional Positron Source 5GeV Booster

CPTRANH Conventional Positron Source Transfer Line (High Energy)



Conventlonal Source
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Footprint Compatibility
Both Sources in TDR Tunnel



Footprint Compatibility

1. undulator e+ JE¢& 300 Hz conventional e+ JEOW A%

RITORRIVIZHIO HEMN

2. é% l:ﬁﬂ@*ﬁ%‘]’ﬁ‘sﬂ‘go

£5—

X%

>,

3. £9° 300 Hz conventional e+ EMSiEHIFazv 3=y
DB H LB BT/, e+ JR. DREEO P REDFTLL
a3y a=>4 % e-linac DTN 1 EHFIZIRDBED

K5,




5. Fk&EWH



FEH 1

1. e+ [IWEPIZIEEND TEYH SILGLTIE G B,
(cf. e- (IYEFRMEYHT)
2.ILC TIEKEDe+ H\HLE,
(BAIRFRH-YE—HK) 72545 — SLC M601T)
3.ILC e+ jR: R—RXF12IE undulator e+ j{.
(a) {F15 e+ HYERHIFES (F )
(b) main linac ME—.(150-250 GeV) Z#{#5
REEHIH > ZLOHEHEDRE

CILC DELRTLWBRA B oT=E DD, | Mk KA IR DL
2 AT L . EERFHYG D KRR

- undulator D754 AN KE, BN EE
-TEDOYEHEINKE, Eﬁ%ﬁl’aﬁ%b\l‘fﬂlﬁ:&h

- ASyia=— i NEND,
« 3—FyrRXET AL, (F—vbDTO I~’5¢47’li5|€m:ﬁﬁ ERELTGO?)
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FEH 1

1. e+ [IWEPIZITEND TEY R ST G B,
(cf. e- (IYEIRMEYHT)

2.ILC TIIKEDe+ HNHLE,
(HEIFRBh-YE—HK)=7a35445 — SLC M60{E)

3.ILC e+ JR: R—XS5142IF undulator e+ j{.
(a) "B e+ DNERHES (Fl )

(b) main linac ME—./(150-250 GeV) {5
KELGHF > ZLOHEHHDFREH

' ILC DEVATLNBABI-BDITIED,| s Higis DML
. \ VAT L, RERFAIR D KIELR
undula:t:r 0)77:()‘/I~75 KZE, A A S
- TEOYEDHEINKE, f=ELERZED ThIE- A
- aZydaz I RELS, HiRS

 B—ByrREE A, (A—FyrOTOMA T TR, EEELT GO?)
T AHD RD FEMEEILE
No Positrons, No Collisions.
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4. £5—D MDA %(1): Compton e+ R
o BB e+ R, ML=V RTL XBRELTILELIGE

. Ef2

FEH 2

R/ID NHE

5. H5—2 MDA i%(2):300 Hz conventional e+ &
*6 GeV ) e-beam M5 e+ S, MIIL=V AT L,
JMIZLTLVD, 2 undulator e+ JREDEDOEIREHEL
e 63 SYFMIIFTTH oY e+ D, > 24— yhHi%
S2—4"yEE :undulator 100 m/s conventional 5 m/s
o F18 e+ E—L [THELLV(XRA).
6. SEDAEDA
LUTDASHTIAV VT RAEBZERY =L (FEar o5 2 TlEaL)
e &9 300 Hz conventional e+ JRTHIH T, 3k Undulator e+ JEA
e Undulator e+ jRé& 300 Hz conventional e+ JRZaA/INFTILIZ,

ChoRILTANEZTRE,

Uk RV CHRIILA]RE

10



=&
2~3FTaAURIIFILA
BELTETHAIEZTT .

No Positrons, No Collisions.



Backup Slides



Helical Undulator

Multi-wire winding model in Opera 3d
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wire current ’ WV VECTOR FIELDS

A | \&“ <@ -coren

Current
>
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Positron Generation

7

e 15mm Ti-a h h

i !

« 100m/s ta 2013/-5

speed.
vacuum.
 There is nd Same speed as E6 wheel in vacuum !
optimization (pulse S
structure is fixed).
« Thechnical design of

the water joint and
vacuum seal.

Ferrofluid \

11/05/12 2013ILCEMATE (E1U)



Lessons Learned

= Ferrofluidic seals are not boring, each one has its own individual
personality

* We would prefer them to be anonymously interchangeable and

predictable
= They all have outgassing spikes

o Adifferential pumping region just after the seal would be a
useful modification

= We are pushing them to speeds at which there is significant heat
dissipation
« Off-the-shelf models do not seem to be well designed for this.
* Improved cooling design is a must for any future system

Lawrence Livermore National Laboratory UL-
15

Option:UCRL# Option:Additional Information




I Electron beam degradation

0 The tolerance on the

vertical and horizontal
alignment of the undulator
~100microns for 6eV kicks.

o The tolerance on the Quad-
BPM alignment ~20um.

-
o
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In the case of 300Hz scheme

« 200msec (=511z) ’}

<« 2() triplets (63 m sec) %l W/ <

3.3msec (=300Hz) i .
| e spacing between triplets

Bl I g =33ms

A
ripiet =2, triplet = 3 mini-trains
< 992 nsec >
— <264 n sec 132bunches in 992ns

| i

—»  <—]100 n sec
mini-train | gOOd foraFC
N we can use existing
< mini-train = 44 bunches (264 n sec) - FC technology
|
/ f\ | 2x10" |
f \ (\ \

_ positrons/bunch / | / \\
\ \

)(\ ’j\\‘ f’r\ fl'\\ /\*’

, . j ] . \
> - 6.15 n sec



Assumpﬁons 132 bunches

. make a shock wave
drive electrons .
heat same position on the target
2x107%bunch

a triplet; 132 bunches 992ns

each triplet hits
different position on the target

3.3ms

a train: 20 triplet pendulum or slow
= 2640 bunches 63ms rotation target



Flux Concentrator

* Almost existing technology

— pulse length ~1usec (cf. “1msec in undulator
scheme)

 Beam aperture should be a bit larger

—~7mm =2 ~12mm

* Being developed for SuperKEKB
— It has 14mm aperture



Linacs

* Driver linac (~6GeV) 2x101%/bunch

— high current - - -

— high rep rate (300Hz2) a triplet: 132 bunches 992ns
* Booster linac (~¥5GeV)

— high rep rate

— accurate loading

compensation (due to
uneven bunch I __________ I I
structure) 3 3me

a train: 20 triplet
= 2640 bunches 63ms

2013/8/30 ILC monthly, Yokoya 80



Loading Compensation Scheme

60

3x10'° positron/bunt

&

Urakawa

ns

ORI, s 300Hz triplet beam*°
Supply Less than +/- 0.7% 3°
20
’ ‘ S8OMW Klystron 10
500 1000 1500 2000 2500
Low Level RF
Phase Shifter
and Amp.
) = .
E COEhPOWEr = 500 High Power precise control of

Terminator

3m long constant gradient travelling wave structure

2013/8/30 ILC monthly, Yokoya

Test at ATF linac being planned

the phase shifters needed

81



Overall Simulation

* DR aperture Longitudinal Phase Space
- AE < +'375Mev @I Emr:smznoo
300 3 Meanx  34.23

— Az < +-34mm

Mean y 241.6
RMS x 0.03872

280;— RMSy  17.77
—_— + < £
AFA, < 70um ool
 Must include Sl aar
) L
— target simulation = 220
N >
— loadin O 200
& . ; +- 3.46
compensation 1801
* |s S-band linac i S D LT PR I,
34.1 34.15 34.2 34.25 34 3 34.35 34.4
acceptable? Time (ns)

2013/8/30 ILC monthly, Yokoya 82



Dependence on Drive beam size

100 - Ee-: 6 GeV 14
Trarget: 14 mm, Ne/bunch = 2x1079

80 PEDD (left axis) 5
0 positron yield (right axis) ~
— =
<60 - 5
= —_
Z le-=1.4"|2
Slod L AN fretie-=1 :
LI.] - mmm w mmm n s o n s o n s o m o o mm s omm o MgE 5 o mm s EENG Em f Em o Em 5 o s \i:'/
a 3 35l |8
20 - -

0 . ! . 0

0 2 4 6

o of the Drive e- Beam (mm)



Conventional e+ Source for ILC

Normal Conducting Drive and Booster Linacs in 300 Hz operation

e+ creation go to main linac
20 triplets, rep. =300 Hz 2640 bunches/train, rep. =5 Hz
* triplet = 3 mini-trains with gaps e T =369 n sec
b tob™

* 44 bunches/mini-train, T, (, , =6.15 n sec

Drive Linac " Booster Linac

Several GeV 5 GeV
NC NC
300 Hz 300 Hz DR
Target Tp 10 b =6.15 n sec

Amorphous Tungsten
Pendulum or Slow Rotation

2640 bunches
60 mini-trains

Truly Conventional
* We assume single solid target.

“NO Liqui_d Target or Time remaining for damping = 137 m sec
NO Hybrid Target are assumed
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© FELERORIEREL)E. 2000rpm (FIDERE100m/
S

. _h’ilmsd)ﬁsﬁ@ ADEFBZHST=H

o ABTHKAR—IRRICIESTNNSD X, #iimH D [ElER
T%*_Té eddy currentZ &

Cockcroft Insitute Teddy currentiX & & o [ ER1ZE /Y,
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2R (2)

B 21 T100m/s TEK

SN E T vt
LLINLT24E NS D a—— T
Ferromagnet sealz 2

M- Tl ER b | =

+ 5 uRRIE AT

LML S G 1

— QOutgassing spikes still
being observed

More works needed

— market products don’t
work

2013/9/17 ILC Yokoya 86



Timing [Gl 28

+ BFE—LZEOTRODERADGEFEERT 51O
2. BEEFIENERKIC Eﬁ'mxﬁ:?b\hﬂbé

° (L4+A1+L3)—L2=HXCDR
From Kuriki, BTR-

/ L4
L2 X L3
1P
DESY

e BHMTULAIX, IPE>EDAL =n x (Cpr/2)
« JFYIOEMNEEFHZLE. ) VI KEFCpr/2=1.6km
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50GeV

100GeV
150GeV
200GeV
250GeV

50GeV
100GeV
150GeV
200GeV
250GeV

Effects on the electron beam

~225MeV
~900MeV

~2GeV
~3.6GeV
~5.6GeV

0.0041
0.3138
1.572
3.298
4.898

N/A
~9.9GeV
~4.6GeV
~3.7GeV
~3.96GeV

0.403
0.373
0.314
0.265
0.221

ecny growth (%)

80 -
70
60

W Liu, PA?QQ

50
40
30
20
10

.—-w"/

0

Relative Energy Spread (%)

I T

0.00E+00 2.00E-05 4.00E-05 6.00E-05 8.00E-05 1.00E-04

sigma of dy (m)

SHzat thelP
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Discussion@LCWS2013(Tokyo)

If we start with "Conventional", we need to keep smooth path to "Undulator".
footprint compatibility (no change of the tunnel)

 "300Hz conventional source" should fit the space for
"undulator source"

1st step
300 Hz conventional e+ source



Discussion@LCWS2013(Tokyo)

If we start with "Conventional", we need to keep smooth path to "Undulator".
footprint compatibility (no change of the tunnel)

 "300Hz conventional source" should fit the space for
"undulator source"

Remove the Conventional Source



Discussion@LCWS2013(Tokyo)

If we start with "Conventional", we need to keep smooth path to "Undulator".
footprint compatibility (no change of the tunnel)

 "300Hz conventional source" should fit the space for
"undulator source”

2"d step
undulator e+ source




Central Regl unnel

"6'.4- ‘,'xul\‘ar VAR L AR YT T OF
. W W o Tl ]

v(\’(“' 7
RS g Y
‘b-r. s v“ {' ‘v‘,":r" 2
R e e doF TR NI
, ")V“l, "Afh:' 'Yi\. "16"{."‘:'-‘ PR
2 “"' \y‘Q::ﬁ ',&-'";‘:(".l "::ﬁc;‘;f;'n; ,af -A‘ < v\’f“* o ) i
-_'.‘j.‘, {' v ;‘;_4;‘.:§;'}!‘:~ .- ﬁ &:'\\d A P ;ﬁ)'e‘ﬂx o . » V(\’f\‘ar mATAR . T )
T 4‘ i ;-v }‘\A‘ - [ &:"Q‘q. : \-\;&.'7 )
7 ypas S R PN
. ‘ 4‘ ; ﬁ. ) .',\5. . b e ~ J . Ay ‘uﬂ b
T i«,-‘,-;«..,-;}: R S YA e A
Sl v AT g T R T
e e
T L

“C"‘ -"(}e‘-f‘;:"?"“. ‘ff’ 5
e o I A%




Undulator Source in Central Reglon Tunnel

. I‘-o'\.
-‘-{'1‘;
'"'vfé\-, .

PR e

ey R R Yy LR G /& :
cena e

)

), 5

P o 1‘ v,ﬂr:.. i'.— =
‘\:‘-rvv‘
A0y ¥
SO

B0 T e

R s

33 31 29 27 25 23 21 19 17 15 13 11 09 0.7 05 0.3
Distance from IP (km)



Conventional Source |n Central Reglon Tunnel
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Undulator Source in Central Reglon Tunnel
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The Undulator Source is Long.



Parameter Plots for 300 Hz scheme

e- directly on to Tungsten colored band accepted e+/e-

O—=4 Omm PEDD J/g
dT max by a triplet

Ne“(drive) = 2x10'%/bunch
30

25

N
o

Target Thickness (mm)
o &

2 4 6 8 10 12 14 16 18 20
Drive Beam Energy (GeV)



