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Baseline 500GeV Machine L Upgrade Energy Upgrade
A B

Center—of—mass energy Ecm GeV 250 350 500 500 1000 1000
Collision rate frep Hz 5 5 5 5 4 4
Electron linac rate Hz 10 5 5 5 4 4
Number of bunches n, 1312 1312 1312 2625 2450 2450
Bunch population nb x10° 2 2 2 2 1.74 1.74
Bunch separation Aty ns 554 554 554 366 366 366
Pulse current Iheam mA 58 5.8 5.8 8.8 7.6 7.6
Main linac average gradient MV/m 14.7 214 31.5 31.5

Average total beam power Py, MW 5.9 7.3 10.5 21 27.2 27.2
Estimated AC power Pac MW 122" 121 163 204 300 300
RMS bunch length c, mm 0.3 0.3 0.3 0.3 0.25 0.225
Electron RMS energy sprea Ap/p % 0.19 0.158 0.124 0.124 0.083 0.085
Positron RMS energy sprea Ap/p % 0.152 0.1 0.07 0.07 0.043 0.047
Electron polarization P_ % 80 80 80 80 80 80
Positron polarization P, % 30 30 30 30 20 20
Horizontal emittance YE« um 10 10 10 10 10 10
Vertical emittance YE, nm 35 35 35 35 30 30
IP horizontal beta function B*, mm 13 16 11 11 22.6 11
IP vertical beta function B*, mm 0.41 0.34 0.48 0.48 0.25 0.23
IP RMS horizontal beam siz ™, nm 729 683.5 474 474 481 335
IP RMS vartical beam size ", nm 7.7 9.9 5.9 2.9 2.8 2.7
Luminosity L x10%*/cm?s 0.75 1 1.8 3.6 302 49
Fraction of L in top 1% Looi/L % 871 77.4 58.3 871 59.2 445
Average energy loss Ogs % 0.97 1.9 4.5 4.5 56 105
Number of pairs/bunch crossing x10° 62.4 93.6 139 139 200.5 382.6
Total pair energy/bunch crossing TeV 46.5 115 344.1 344 .1 1338 3441

1) 129MW for 250GeV machine

2) TDR gives 3.6 (perhaps typo)




Beam Parameters
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Disruption Parameter
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B function
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FEFET (hour-glass)
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Luminosity Enhancement
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Beamstrahlung
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Upsilon Parameter
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bin size 1GeV

dL/dW (/cm?/s/bin)

Luminosity Spectrum @15l :
(1TeVAD 2D P Parameter sets)

Luminosity Spectrum at 1TeV (e”,e”) R0111206(171067)  CAINZ 42
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Flat Beam
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Flat Beam (2)
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Luminosity Scaling
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AR E—L\/ \TA—~A (baseline, 5Hz)

L) 3R B IR 5 5Hz
INILABHT=YNDFE 1312
INFHT=YRLFE 2x10710
INFER 554 ns
INTFE 0.3 mm
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Undulatori%

o #100GeVD EFE —LZFHEA (undulator) [CRYUteiTSE S &, #
10MeVDEESTEH T . ChEEMICYUTTRETABEFEREINT S,

o FmELEDLEITTEL RIEKDEE]) (Helical Undulator) 785, AT 558
HXAREL. RIBEEFNFONS,

Qc
- 2 -2 linear accelerator
L 29 jnsolenoid
undulator % S Qo .
eletron , photons

ém

i

=
LN 1 I I fpositron

» fo IP
— CDAREFBREOREZED
« BF-[GEFOEELNMILIZTELZL
o FEERIZELAIEAGL
 undulator[ZDWTIX/NMREET AN TEE, R ELGE
s BFDIRILX—IELLGDERBICHFERENDHBLALS
— THHH. RIBEEFMNTEDHELDF AH R



ILC)Baselinei%&T (undulator;%)

%?I*)Lj\:‘:_ >1SOGeV to Damping Ring

Photon /
( clolhmato(; ) Pre-accelerator
pol. upgrade (125-400 MeV)
< ~——Ener
gtz 500 MaV) Target SCRF booster \ compg.yRF
@ } Flux concentrator (0.4-5 GeV) 7/
£ | l .~ spin rotation
150-250 GeV 5 ! o ‘ $0ibHok
SC helical undulator photon
Capture RF T dump
(125 MeV)
e- dump
150-250 GeV
>
- beam to BDS
Undulator

< -cuen
I_ Current

- FEFVFVIORIFICE

— Helical, superconductmg
— £ ~150m (ﬁTﬁBEEE'??ﬁ‘Z\EEiﬁA”BOm)
— K=0.92, A=1.15cm, (¥ TB=0.86T)

— beam aperture 5.85mm (E%)

EEFa2o 5D EER
1% FEIU[Z (L. Flux Concentratora ALY
A00MeVE TIXE{E MR

2014/7/19 ILC Camp Yokoya 27



Undulator Radiation
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Positron Polarization
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Positron Capture
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Damping Ring~~@)Transport

Spin flip
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Damping Ring
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Damping Rings
« ERIE
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Damping Ring Configuration
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\_wiggler RF \ Phase trombone

579 m

\ chicane \injection\extraction

2014/7/19 ILC Camp Yokoya
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Injection/Extraction

o INFHEHMNZN(131272625)

o REINLREZRTII/ A\ FRER A KL (600~300ns)

s NZEZDFEFETET HICIE. —FH

2625 x 300ns x (3x108m/s) = 240km

DIVTHBE

Li=A->T. N\ FEIEHEZEHELTEITRT 5
HLANIKL/NNFFT D, BEXFYH—TITS
FYH—DREINY T DREIFRD S,

DAL, ATFTCORDTIEIFOK
NIEBIEEcolliderDFTF R EBH>TULN =M, TYvh—DA[BETH AL,
ZFNIEXE THELY, CLICDdamping ringEDARX LD E(F /S0

bunch to be extracted next

kicker magnetic field
<——————position extracted already

Damping Ring Main Linac




Damping Ring Requirements

Beam energy o GeV
Train repetition rate 9 ns
Main linac bunch separation 994 ns
Number of bunches per train 1312
Buncg population 2.00E+10
Injection requirements
Normalized betatron amplitude (Ax+Ay)max 0.07 m.rad
Energy range (full) 75 MeV
Bunch length (full) 66 mm
Extracted beam
Normalized horizontal emittance 9500 nm.rad
Normalized vertical emittance 20 nm.rad
Rms relative energy spread 0.11 %
Rms bunch length 6 mm

Maximum allowed transfer jitter 0.1 ¢,, o,



Damping Ring Parameters

9Hz mode 10Hz mode

Low power High lumi [positron electron
Circumference km 3.238 3.238
Number of bunches 1312 2625 1312
Bunch population 2.00E+10 2.00E+10 2.00E+10
Maximum bunch current mA 389 779 389
Transverse damping time ms 23.95 12.86 17.5
Longitudinal damping time ms 12 6.4 8.7
Bunch length mm 6.02 6.02 6.01
Momentum compaction factor 3.30E-04 3.30E-04 3.30E-04
Normalized horizontal emittance pum 5.7 6.4 0.6
Horizontal chromaticity -51.3 -50.9 -51.3
Vertical chromaticity -43.3 —44 1 -43.3
Wiggler firld T 1.51 2.16 1.81
Number of wigglers 54 94
Energy loss per turn MeV 4.5 8.4 6.19
RF frequency MHz 650 650
Number of cavities 10 12 12
Total voltage MV 14 22 17.9
Voltage per cavity MV 1.4 1.17 1.83 1.49
RF synchronous phase deg 18.5 21.9 20.3
Power per RF coupler kW 176 294 272 200




ETFEIFLREH

* CESR-TA finished

* Gave recommendation for the mitigation method (table below)
— Arc and wiggler sections requires antichamber
— Full power in 3.2km ring needs aggressive mitigation plan

* No significant difference between 6.4km with 2600 bunches and
3.2km with 1300 bunches

EC Working Group Baseline Mitigation Recommendation

Drift* Dipole Wiggler Quadrupole*
M?':Z:Liillerl | TiN Coating G'Iri(l)\lO::IEZt\?g;h Clearing Electrodes TiN Coating
M?c?;:tl::i " \?\zlr?dnia?s Antechamber Antechamber

ECLOUD 10 (October 13, 2010, Cornell University)
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Damping Ring Vacuum Chamber

e« [BEF)>2Y TlL, CESR-TA teamDHEEIZLI-A VT X

DEOIZT 5B
« BEFEUNDALZEMIEXI)T AT

o BF')2 T TIL. Fll (Fast lon Instability) Mt 2 &+ E

=

20.00

“\-R23.00

|
"=
1MlE
i
4

(a) WIGGLER CHAMBER

2014/7/19 ILC Camp Yokoya

10.00

S11
SN

|

R25.00

(b) ARC CHAMBER

[rap

=

(c) DIPOLE CHAMBER  (d) DRIFT CHAMBER
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RTML (Ring To Main Linac)
ARSAIEH

Damping Ring

CcoLL1
(400m)

Tuneup Dumps

1
\
Turnaround [ (220 kW each) '.
218
; = ' Return (13,600m) 4
" 1 /
/ ‘ — Escalator L Skew = EMIT1
\ / /

Spin Rotator Main Linac (600m) (27m) T (27m)
(82m) /
;’ Linac Launch DR Stretch
(with SKEW2 at end) | l \ 2 (89m) s
emir2 | \ /
Q7m) \ L B2 _ BC2Ext. Pu:;«;%l?x)np
\ (758m) (63m)
BC1 BC1 Ext. |
(238m) ¥ (60m) — 3-07

« BEUVITMBUFVIADE—LDENE
« REVDEIEL (spinZEEARMNSKFEEAIZ[ET , solenoid +

bend + solenoid)
e Feedforward
« NUFEDEHE
e E—LDHEAT

2014/7/19 ILC Camp Yokoya
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Feedforward

Turn around ZFIFAL T, /\>F L& Dfeedforward MTE5,
Turn around [ZABDEBERID/\FRHEZRTEL. HESTE
F=EEITRHIET b,

LI BE) T OEREB LA vyh—DfluctuationDFE R %75
BT _EMTES,




INTFEHE

o EEATOMETIRZENIT S=OICN\FEELT S,

« MRERZEREATAVDEEE

« Damping RingCOEE/\FKIE 6mm, ZHZE 300 um (2
E#ET 5o

off-phase linac chicane

. RFODEMEICIRE A A\
RpdE. ZD BN
FEEHERTOD
E—LDRAZY 7
TN,

0.5 - 300um ‘ g
I ° 5
: 3 &




INTFEHE (2)

NOTFREEMREITHEIRILT—IENIENT S,

( longitudinal emittance M R 7F)

AEJE M RETEREII VI AEMGEENES,
NEEITHT=81Z. bunch compressor [XEIFFIZINELE
7_‘13_’% AE DNEMLTH. AE/E DIEMANSKLE DK DITER

TUIEL [ 4 (&5 AAE AE
2B & [ 48 (58 bunch :
1ERDHEIS B COmpressor q*{ﬁ
IEELNT e TR~ SY Y
h\gﬁUEﬁ-ﬁ _:+++++ H 4;+++ Z_> +Jr t +J;+{: 7
ECULSERL AR R Py +++:+T

= + +H T4+ I
(j:l:':l FEﬁo)AE/E RN ’rJrJHrJrJJrr +i+
bﬁé%tl]\é( 414 +++
fd:é 4




Double-Stage Compressor

o NUFDRIFFE'T TO6mmh i, JFvITHD300um(1/20) IZEHET 5
(RDRTIZ9mm—>300um (1/30) )

c MZE-VHAODEEE
e SB2009TIX1E&T1/20129 A &(ZLT=H . TDRTIXRDRD2EXRICHE T
« 2BXDIFSHNEMTHAH., 150umETERTESMHEEN DS,
— f=fzL. BEFE/TA—F[E300um
« BEDHFBELKRZL, I=EZIXRF phase error toleranceld

— correlated errors:  Ap ~0.16°/0.32°— SB2009/ RDR
— uncorrelated errors: Ap ~ 0.40° /0.6°— SB2009/ RDR

~1114 m

5.0 GeV 4.9 GeV ] dlagnoshcs 19 GeV
| |

[ gl S N )

| 3 cryomadules 17 klystrons

G =18 MV/m  wiggler section G =31 MV/m I wiggler section
: Vo= 448 MV R56 = -376 mm V=114 GV : R56 = -54 mm —- Maln Llnac
1 ¢ =-105 deg I & =-27 deg
| | I |
|
l 4.4 GeV 115 GeV \
| I o

—T .I-X| !

:E cryomodules pre-linac

) I
1G=23.6 Mvym Wiggler section : ~314m —
V=1168 V R56=-164 mm
¢=-122.4
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Main Linac

MOEZER E{AEAIE Y
* Key area of ILC STF REFSAEY

— ~2/3 of the total cost

* Gradient at vertical test
— Average 35MV/m
— Accept cavities > 35 -20% = 28MV/m
— Q0 > 0.8x101% gt 35MV/m
— vield > 90% (Up to 2 surface treatment passes)

* Average operating gradient 31.5MV/m

— Accept the range +/- 20%
— QO > 1xx10%9 at 31.5MV/m



Main Linac
Parameters

MAIN Linac RF Parameters

Cavity (9—cell TESLA elliptical shape)
Average accelerating gradient
Q factor QO
Effective length
R/Q
Accepted operational gradient spread
Cryomodule
Total slot length
Type A
Type B
ML unit
Number of units (e+/e-)
Total component counts
Cryomodule type A
Cryomodule type B
9-cell cavities
SC quad

Total linac length (flat site)

Total linac length (mountain site)

Effective average accelerating grad
RF requirements (for average gradient)

Beam current

beam (peak) power per cavity

Matched loaded Q (QL)

Cavity fill time

Beam pulse length

Total RF pulse length

RF—-to—beam power efficiency

31.5 MV/m
1.00E+10
1.038 m
1036 Q
+/-20 %

12652 m

9 cavities

8 cvities incl. 1 SC quad
A+B+A

282/285

564/570
282/285
7332/7410
282/285

11027/11141 m
11072/11188 m
21.3 MV/m

5.8 mA
190 kW
5.40E+06
924 us
727 pus
1650 us
44 %



Progress in SCRF Cavity Gradient

2nd pass yield - established vendors, standard process

# 28 MV/m yield B >35 MV/m yield

z

yield [%¢]
s

o Production yield:
94 % at > 28 MV/m,

LCWS 2012 :
| Average gradient:

37.1 MV/m

R o =~
é"‘h o &
N

@
§ § §
§ §

reached (2012)

test date (Hcavities)
2014/7/19 ILC Camp Yokoya A. Yamamoto, May2013, ECFA13 56




- Test Results for the Testing of 800 Series Cavities for the European XFEL

European

XFEL | Yield of gradients: After 1. re-treatment (2. pass)

Yield of usable and maximum gradient of ~207 cavities (2.pass) => 85%
(cavities that passed in 1. pass + results of cavities after re-treatment)

Average gradients increased + spread reduced

wu
o

100% 5o 100%
45 90% 45 90%
40 | | 80% 49 80%
' o
'%30 e 60% ;30 m 15t pass 60%
S ~a—yicld 1st+2nd pass S =
225 ek pese 50% “525 —e—yleld 1st & 2nd pass 50% &
'f.é 20 L a0% _ézo —o—vield 1st pass o
215 i 30% 215 30%
10 I ‘ 20% 10 20%
s i 1B 10% s I!l 10%
0 temmle -1 AR EE B! 0% 0 4-_El_._l_ . i -
12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 12 14 16 18 20 22 24 126 28 30 32 34 36 38 40 42 44 46
Gradient MV/m able Gradient MV/m
Average maximum gradient: Average usable gradient: A
0A
(32.8 + 4.9) MV/m (2.3 £ 51)MV/im . TTC 2
given errors are standard deviation D. ResC

20 LRTTSECD syPr gmlnary data; results are not published CRISP 1& wn | (3%) € vesmour,

amp okoya e O ‘o

Aliaksandr Navitski, EXFEL/ILC-Higrade cavities, AWLC 2014, FNAL
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Acceleration Test

* Confirm the gradient in modules (design margin: 10% from VT)
e At full spec with beam

* Energy stability, within a pulse, pulse-to-pulse

* Phase stability in vector sum

e Operational margin, klystron near saturation

High-power
coupler (cold part)

' 2K Li He tank
Tuner support rings

2014/7/19 ILC Camp Yokoya 58




SCRF Beam Acceleration Test

DESY: FLASH

« SRF-CM string + Beam,
— ACC7/PXFEL1 < 32 MV/m >

* 9 mA beam, 2009
« 800us, 4.5mA beam, 2012

KEK: STF

« S1-Global: complete, 2010
— Cavity string : < 26 MV/m>

« Quantum Beam : 6.7 mA, 1 ms,
e CM1 & beam, 2014 ~2015

FNAL: NML/ASTA

« CM1 test complete
« CM2 operation, in 2013
« CM2 + Beam, 2013 ~ 2014

2014/7/19 ILC Camp Yokoya

PXFEL1

E,. [Miim]
B R E RS

[= TR T
|y .

Eacc,max [MV/m]

IH  LACTE NRCTY  4TI0E LTIEY LT ATNL AS1D

AYamamoto, Higgs Hunting 2013
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FLASH layout

Diagnostics Accelerating Structures

: 5 Bunch Bunch

Compressor Compressor
5MeV 160 MeV 500 MeV 1200 MeV Bypass

315m

A

AYamamoto, Higgs Hunting 2013
2014/7/19 ILC Camp Yokoya 60




FLASH 9mA Expt achievements: 2009-mid 2012

High beam power and long bunch-trains (Sept 2009)

Metric ILC Goal Achieved
Macro-pulse current 9mA 9m/l
Bunches per pulse 2400x 3nC (3MHz) 1800x 3n¢
2400 x 2n¢
Cavities operating at high gradients, 31.5MV/m +/-20% 4 cavities > 30MV/np
close to quench
Gradient operating margins (Feb 2012)
Metric ILC Goal Achieved
Cavity gradient flatness (all cavities 2% AV/V (800us, 5.8mA) <0.3% AV/V (800us, 4.5mA
in vector sum) (800us, 9mA) First tests of automation for Pk/Ql controf
Gradient operating margin All cavities operating within Some cavities within ~5% of quench (800us
3% of quench limits 4.5mA

First tests of operations strategies for gradient!
close to quench

Energy Stability 0.1% rmsat 250GeV <0.15% p-p (0.4ms
<0.02% rms(5Hz




A recent result at FNAL

Performance to Date - Gradient _, ..

CM2 installed at ASTA

6 2014/7/19 ILCCapgpYokoya
2

LS | =Y g \ 2
. . W Vertical Test
Comparison of CM-2/RFCA002 Cavity _
. Horizontal Test
Gradlents ¥ Subsequent Vertical Test

45 M |nstalled in Cryomodule

40

35 —|
= 30
£
>
S
-
0]
£ 20 — —
©
o
)

15 .

ILC Milestone

10 -

5 -

0 -

& S $ Y Vi
S S é@ \@0 (‘L\o
&S (\QJ %o}“ Q’o,?‘ A D
A e o &
Cavity Location/Serial #

AWLC14/SRF Technology WG 14
May 2014



Linac Beam Dynamics

* Main linac alighment tolerances

with Ayey 180.
value .
respect to (nm) o
Cavity offset module 300{um 0.2 i
Cavity it module | 300[wad | <01 | 7]
BPM offset  |module 300jum | 400 | -
Quadrupole offset|module 300|um 0.1 2 100.
Quadrupole roll  [module 300|prad 25 |3 50.
Module offset  |perfect line | 200{um 150 |© 20 o
Module tilt perfect line 20|urad 0.7 o
20. 1

o+

8.8 9.3 9.8 10.3 10.8

distance along linac (km)
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m)

Transverse offset (

ATFIZDULVTIE

EHSA

Z (m)

L . befa ; ; ; !
il 'rHH | I{TFHI{‘HTJHP patch o 5 olarimeter :
N R S 1 ~H|ur __________________ Loofmal oo I? __________ primary]
Elelnerg‘f : ’_} r' transformer ip . dump
collimation :
S O A \ __________ JfIILIJrHJ ___1|||_|_ NN N
5 : er‘iergy 1 |||||||||| |l|_ 1 m
| spectrometEr ' final f’ \ sw;ispfers
-1 —...........r.............l............1 ............. :.............:..dDublet ..................
E E : E E energy
; ; ; ; ; sqectmmeteri
- -1000 -800 600 -400 -200 0 200
2014/7/19 ILC C: Z (m) 64

4F °
.  BDS (Beam Delivery System)
2t /*«”’
Jf
of [fuie {}ﬂjmﬂmﬂ]lﬂ iy T;;g:ggbwass , ILC e- BDS (500 GeV cm)
Sacnifical ~ Undulator T T I ! il A T
, e 1-11-4:1:HH+ L LIREIIRRARAREERA |H+|"'”| N ] ;|H| | |l'J| | ;|H| !
~& 1 detect off- . . . N . .
erery , LMPS ... skew cofrection /... .polarimeter. th RSN t_:gi_at_r_qn___:_ ........ 4
‘I'" emittance diagnostics fast N coliimation :
4r : : : I-cu:kers : : :
1 I T TP P,
®5 500 1000 :
Distance along tunnel (m) s Tast s :
I-;EI 212 . . . . . . . . . .
x*é/\J *E é o 2 L | I I | | | | I I I
2200 2100 -2000 -1900 -1800 -1700 -1600 -1500 -1400 -1300 -1200



BDSMD¥& Rk

BDSD R EEZEMIICIIE—LZEREATRKRACETHD
M, ZTNUNZZHDEENILATINSDS

Machine Protection System (Z#ll&undulator&kl) £ i)
Tune-up/emergency dump

Collimator

Beam diagnostics section (beam energy, emittance,
polarization)

Muon absorber
Crab cavity
Feedback system
Main beam dump




B UNE

REDIMBHEANLES (s=0) ETOHHEEHE LET S,
p=p, PR FIIZD R TN TS,
p=po(1+3) DHIF [, MBHEDD LLD) BIYITEANKD.
COERIE.s=0 M5 WL EIFINTLNEID, FTTOR—FEHIL
° -
(L5)2 L
g = Po = fo |1
Bo i Po/) |
e LE=A>TRIRENDHZIE
. L
: . 50 Lo

e ILCTIXL. By=0.4mm, L~6m,
o ~1/500.
LT=h>T £o0=30




BED) T TOBINEMIE
BED)TTIERDESIZHIET D
AfBHE R DL B uqd = a(xe, + ye.)

BB E p=p,(1+8) DHIFIZ&EDTIE., effectivelZ

Bquad
d

T+ = a(re, + ye,) —ad(xre, + yey)
ZDFE2IEMNBINETH S,
o1B A DREIL . B, =b {(:1’:2 B y2)€y n 2:Eye$}
Dispersion n, D H DG BENZE p=p,(1+5) DHALF (L n STEIFXEENT
B5

B...: = b K(az‘ + 7;5)2 — y2) e, + 2(x + 7]5)y633}

= OICIHERIRITIE + 2o (ve, + ye,) + 67 DIH
LiAoT. AMEHELCIEHEEIEEALFLEBFHIZEE. M bn=a/2 £LT
BIFIE. 5 DIEIEE S
==L, 61BEADT=HIIx, yDIERME (LD 5 [CEREFRLEE) NEREND



Local Chromaticity Correction

IRFEDILCODERETTIL. dispersionFEAE DL A TG RTIZ. 4B R &6
W AZERTEE, TG TRINEXHIT AiEZFELOTLVS (DFEY,
BEDAHE)

HRlD e/ DAL, Final Doublet (BB M2 D NAEBIEA) NESE
IREZHT ,

EBOCERHE DML, HRIOMA DI SR IEERT ZAMT
EHONTNS.

COAKIEATFR2 TERAShTWS
IPTdispersion n [FEZ DA, TDMWD n [£5ES



FF Optics

400 - . . . 0.2
: s = e 10%aperture In mim) matching & final final
| B;/z spectrometer transformer doublet
o 300} ! g2 40.1
5 | X |
% I Ny I
Q | | B
© | ! 5
< 200F— | 10 3
“E I polarimeter betatron energy | ~
- I & extraction collimation collimation I
N
@ 100} | COUPINGE - — = ——mmmm e mm o mm - 4-0.1
I emittance I
) =2
0 500 1000 1500 2000
S (m)
Single IR BDS optics (2006e)
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Final Doublet

* Final doublet
— Under study at BNL * QDO lJitter

— Simulation by White below

— Shows average, 10%, 90% CL

— Luminosity loss 1%
- jitter < 50nm rms

— Split QDO (2m) into 2 pieces
— Easier mechanical support
— Flexibility for low energy optics

4 5°K heat shield +
anti-solenoid LHe
. containment

Anti-solenoid,
the inner and
outer coils

Co-wound SDO
and OCO coils

% Nominal Luminosity

-
First extraction line
quad, QDEX1A (with
active shield coll)

End of 1.9°K
He-ll containment

2014/7/19 ILC Camp Yokoya

1]
=l
L]

-----------------------------

1
50 100 150 200

RMS QDO Jitter /f nm 20



IP Feedback

* Bunch interval is long enough for
intra-train digital feedback

— Advantage of SC collider
* Large disruption parameter
— Dy =25

Fraquency

(April 16 2010)

5

[ [
Offze1 (morens) Cttzet [micrors)

-> 0.8 1555 v 0.8 um

FB OFF: jitter 14.7 nm
FB ON: jitter 2.6 nm

12

1 #tar 147 nm

| LILISTRE
10" | FB OM pier 26 nemy

Jitter
comparison at
IP (simulation)

FONT + IP-BPM

-.'9&24 003 -002 -001 L+ 0.01 0.02 0.03 !‘.0'4
y offset fum]
PAC’11, NY, March N. Terunuma, KEK ATF Beam
30, 2011 Instrumentation Program
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MPS (Machine Protection System)

e MainlinaclEIRILF—FT N20%NDE —LTHEE SN . BDSOEF
R 4B T/IVELY
— ML aperture 70mm
— Undulator aperture 6mm
— BDS aperture 20mm (collimator ~1mm)

fast beam dump

( /
Vi

* Main linacDEALMNDIST LTI | ’ A

RILF—DRELELGDHIE—LN
BDSIZ A% &machine/detectore 10

. —i—;’;lf&?\éﬁ?&')ll undulator® k£ ””“Il# Hﬂ“[:'m"”

FIZMPSZFEL
« A2 EBPM (Beam Position undulator

Monitor)[C&WED KGN\ FZIR

tHL T, &EED/\>FZfast kicker T

BuYr=9

fast kicker
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Muon Wall

e Collimator[ZfEZEL=RIFD—F EImuonzRHRET S
o« NIFIFEAELFELT [TdetectorlTET S

hE g
S BeS

e IPHV5350m
e ~1.5Tesla.
e S5Sm(19METIEERT) _—

RDR&KUY



Beam Dump

« Main dumpld4hfr. WTNEERKISMW, ChulE1TeViEER
R L TS,

« RTVLARE.EEL1.8m, £11m (10X,)
« BEKAORE) THAFLITS

« EIXEE30cm e 21
EI1mm®DF | aee
2

402°C

396°C

e ImsDfE.E— 323;
LT FHF6cm Ttic
DIk 1Y ik
353'C

- KERITIRTIE i

K155EF T e 3340
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Crab Crossing

« EER~Dbackgroundz 15
=8 . ILCTIE14 mrad DR E

a%E>O+5

« ldmrad>>oc, /o, THH=HC
@iif(ilummosﬂy?ﬁ\li&/u
AR QAT

« ILCTIl&crab crossinglF w78

« IPHH13.4m

- BF-BEFRAIOISTZER
DRAAZ ‘/7.:,\%0).:#@1@75\
=ULULY

c,/0 3.9GHz prototype (E¥I(T9t)L)
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Traveling Focus

B,<<c, Tldhour-glasshVEELLY , g
£ 5 OB CINEL Y A Sty avelngfocus Breor
’é* ﬂzbhé :,‘ - A Cea
BFOE—LELUXELTHERSD
Dy MREFLIENEZIRAELY
=1-L. BFDE—LILZEITLVS

B FEE—LMDELEBET AMEZTERET
[E&LLy

— NFDEImEBIETERDMEZTERS
Yahs

— crab cavity + sextupole magnet
— Energy slope + chromaticity

— 1&%‘(1 energy spread MRELZY T ET,

{ﬁIE E:u—?l»‘ﬁ)b# DUVAMY
7&&0) AT
R

— crab cavityDH 9 MR EMEE

— ZDE=ORFENFGA—ZTIELGELY
(LML, crabZR1=ITT, [FEAEZFTT
E5HD T, BERRICHADNZINIELLY)
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Waist Shift

s HFE—LOEFMEICESZENIL. ER
fEZ/\ JFJ:LL%&EEI E)J#'c"@(f%
WNEYDIEDIHS

« £ A% nominal interaction point® FHIIZEL
* ILCD/INTA—EDIFE. 0.8 c, HI=YH ExE
* Official parameter set CIXINZTIEF




Luminosity Enhancement by Waist Shift (B1b)

e Maximum around Luminosity vs. Waist Shift (1TeV, Blb)
A5=O.8CTZ 6 PRI R S S S SR ST ST SN NSRS A N SN SR AN RS S R S N
e 15% for L, I - |

12% for L(1%) - —_—
to be compared 5/ L

with ~20% by TF

* No changein =
beamstrahlung  «"

e Nochangeinpair £ I
angle (pairangle s 1 - T
comes from S I
Coulomb tail) ERRS L (1%)

ZNDEAIE2625/\>F LT 1‘:
LMD, TDR 1TeVTIE2450/\ ]
UFED T, 6.6%IFETIT o e

Z 0 02 04 06 08 10 12 14

Waist Shift As/o,



Pair Creation
e HERIZRDIHOTEIETEF-IGFEFINRET S

T o e (Breit-Wheeler process)
et 4+ — et deT e (Bethe-Heitler process)
et +e= — eT4+e +et Fe (Landau-Lifshitz process)

(D g . beamstrahlung® JtF)
o UL N\UTFEEH-Y 10°~10° FEE
« COXMDIE, BREIDFHENHEFORFERIFBEDELEDI(L

J—OVATIEEMAIN, KEGTHETRHI DT,
background noise DR&E 275,




Out-coming Angle of Pairs

MPFDIRILF— cEy (kK1)
XEE—LERIFEDEMET S
HEH L KTEAME-SREARIFIERLC
FMUVEELT

; [Iog(4\/§Da;/e)] 1/2 O2N7e
\/§5D:13 'Y(UCC + Oy)
_ 2Nre O

Dy

v ox(ox + Uy)

» WHAFZEBRITHE

1/2

2N

0 o |: r€:| = pToc\/E
YEO z

o NIXIFEAEREBREE N/o, TEFY. transverse size[Z K74z
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fhcoherent Pair Energy—PT Digtribution
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Luminosity Upgrade

e Baseline (1326 bunches)

— Eq=250GeVTIL, A DHERLE LT T, LuminosityZ{&I1ZF 5 &MV AT HE
* Collision rate 10Hz ---- detector FAEMNES

— Eq=500GeVTIL,. ENNFTET S
— Equ=350GeVTI&, 7THz{ UL ETHIEE
* High power (2625 bunches)
— RF systemi& i@, H LW e-cloudDIKRIZ K> TlLpositron DRODEIMHNE
— Ey=250~500GeVIZ#>f=>TLuminosity{& & A Al g

Luminosity (x103* /cm?/s)

H#of Collison | 250GeV | 350GeV |500GeV
bunches freq

Baseline 1312 0.75
10(7) 1.5 (1.4)

Hi power 2625 5 1.5 2.0 3.6
10(7) 3.0 (2.8)
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Higgs Factories



Possible Higgs Factories

e*e LC

— ILC

— CLIC

— NLC/GLC-type (klystron-based normal-conducting LC)
e*e” Ring Colliders

— Ring Colliders

* FCCee, SuperTRISTAN, FNAL site filler, CEPC, ......

pu*u Collider
v-y Collider

— SC Linac-based
* |LC-based
e Recirculating linac
* ERL based
— NC Linac-based
* CLIC-based
* NLC/GLC-type
* SLC-type



Revival of e+e- Ring Colliders ?

* To create Higgs by e+e- = ZH requires E,,~240GeV
. Th|s is not too hlgh compared with the final energy 209GeV at LEP

Main Injector
3-12GeV

" SSuper TRISTAN 40
el SR AL R R

VLCC (233km)

SuperTRISTAN (40km, 60km)

e e* Higgs Factory
CEPC (China) (50km, 70km)

2014/7/19 ILC Camp Yokoya

PP collider

FCCee (100km)
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2 Aspects of Synchrotron Radiation Loss

* Energy loss by individual particles must be compensated for

U = 0.088218 V] mevy
plm]

e This (almost) determines RF voltage per turn
 ~7GeVin LEP tunnel

» Still possible owing to the improvement of superconducting cavity
technology

* But, to get required electric power, you must multiply the beam current
e Real limitation comes from the wall-plug power
* Reduce the beam current
 Small beam size for high luminosity



Beamstrahlung [ZX& 4 e*e Ring ColliderEFR

* Beamstrahlung @ high-energy tail (XEF-ZEFDEH
=HIRIILFT— ?Egi’é%f*b'd'

2N712y
Tmar &
ao (o + oy)
dW 2w
do 0 C3T(Be—w)| Jeirution of Tonattudnel feton T
*E%@k%h\*ﬁ¥'ijﬁl@ﬁ§b€ff\ﬁ(76 o4 \  norma lization [F(J)dJ=1 |

N7y (momentum band-width)
« E—LFMRIZEE
e Top-up ringMiHE

e L=A>T.ring colllderliLCJ:

l'):E;beamstrahlung( xfLTEeg
L\ 1x107

0.01 1

0.001

I = (8479 /<¥+2%>



Ring e*e” Collider® (Efzsh T %) Fll 2

240GeV (TLEP-H) T®Iluminosity [&. ILCKY T o&E

LMEZER1DTEH)
— 1034 cm?s! at Z-pole (TLEP-Z)

t-tbar threshold (TLEP-t) T®luminosity [FILC7E A

B2 IPHVAIEE (often use 4)
T RRERIF Dl

— Luminosity for sure

— TDR soon

ILCKYZ LY
— Used to be said “~half of ILC?”

kR JLIE 100TeVIZEEZ TDppl ZHE |

I TED



CEPC

FCCee IPAC14

2014Jdun

ICHEP 4 Z(crab w. W H t
Top Level Parameters
Energy (center of mass) GeV 240 91 90 160 240 350
Luminosity (per IP) 10 cm™2 g™' 1.77 28 219 12 6 1.7
No. of IP 2 4 4 4 4 4
Size (length or circumference) km 50 100 100 100 100 100
Other Important Parameters
Bending radius km 6.2 10.4 10.4 10.4 10.4 10.4
Ne 10'° per bunch 35.2 18 10 7 4.6 14
nb (number of bunches) per beam 50 16700 29791 4490 1360 98
I(beam) mA 16.9 1450 1431 152 30 6.6
AE(synch) GeV/turn 0.036 0.035 0.348 1.76 7.98
P(synch) per beam MW 50150 50 50 50 50
Critical energy of synch. rad. MeV 0.62 0.02 0.02 0.11 0.37 1.14
ex,n mm—mrad 1620 2582 12 517 221 685
gy,n mm—mrad 493 5.34 0.09 1.10 0.47 0.68
£X,8 nm 6.9 29 0.14 3.3 0.94 2
ey.g nm 0.021 0.06 0.001 0.007 0.002 0.002
beta_x IP mm 800 500 500 500 500 1000
beta_y IP mm 1.2 1 1 1 1 1
ox, IP nm 74300 121000 8000 26000 22000 45000
oy, IP nm 160 250 32 130 44 45
oz, IP mm 212 1.64 1.9 1.01 0.81 1.16
sigma_E, IP % 0.13 0.04 0.04 0.07 0.1 0.14
oz, IP (incl.beamstr) mm 242 2.56 6.4 1.49 117 1.49
sigma_E, IP (incl.beamstr) % 0.150 0.06 0.12 0.09 0.14 0.19
Full crossing angle mrad 0 0 30 0 0 0
Beam lifetime due to radiative Bhabha sec 3238.8 17220 2280 4320 1800 1380
b—b tune shift x 0.097 0.031 0.032 0.06 0.093 0.092
b—b tune shift y 0.069 0.03 0.175 0.059 0.093 0.092
Longitudinal damping time turns 40 1320 1338 243 72 23
RF frequency GHz 0.70 0.8 0.3 0.8 0.8 0.8
RF Voltage GV 6.87 2.5 0.54 4 5.5 11
Momentum compaction 4.00E-05] 1.80E-04( 2.00E-05| 2.00E-05| 5.00E-06| 5.00E-06
Synchrotron oscillation tune 0.196
Natural polarization time hour 0.335 240 254 14.3 1.88 0.286
Geometric Luminosity /IP (no hour—glass) 10 cm™2 g™' 2.486 42.7 2776 155 7.09 2.26
hot LY #86idy Camp Yokoya 0.704 0.64 0.94 0.79 0.8 ¥13




Ring ete- M X THIEREE (1)

Optics

— {Eemittance
« BIEMERETTIE, FCCeelde,,=2pm = LEP20D1/100

« CEPCI&21pm
« By* ~1mm DEHLETKREFEmomentum bandwidth (> 2%)

— Saw-tooth effects

* Machine configuration

AE/E

— 2 collider rings (FCCee) or single ring with pretzel (CEPC)
— RF sectionZ2!)>J THH T 5 (FCCee, HghZxtargy)
— Top-up ring [XdetectorZbypass LA (T AZ B0

F Arc RF Arc

saw-tooth effect
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TLEPHLflTAOEERE(2)

Beam J1=F

— Beam-beam fH E {EHH
- BEIPOIE
« RZ7%Fhour-glassE+ (B,=1mm, 6,=1-2mm)
« 1LY synchrotron k&l (FCCee at tt 0.7, CEPCO0.2)

— L) RF section (~600m) [CREER T AL E 4 (452 FCCEE at
Zpole)

RF

— power coupler (CW)
* >100MW into 600m cavity section
* 1.3GHz [X#&I®, 700MHz 7&50KHY, Need R&D. FCCeelX400MHz?
e CEPCIX700MHz

BEZE

— Synchrotron radiation D —JLK

* critical energy ~1.5MeV = neutron D FH 4
e C=100km®#E E critical energy ~1.1MeV [ZHEF



T =
e

Configuration of Collider Ring(s)

TLEPZ -- TLEPH

CEPC

TLEPZt

RF | RF

RF

electrostatic
separator




Ring e*e  Collider CM E — L {7 1%

IRAB D F&
A) Beam energy calibration (LEP T AM,~2MeVD E#&)

B)

Polarized colliding beam experiment

Sokolov-Ternov® B F R i®
- {mIBEFRE L. FCCee at Zpole T, 1,,=2408FMH (propto. p’/E5) . Wpair threshold T14

idis

E—LIRILIF—IE (EY/sqrt(p)[CELl)AY, RE D G FR0.44GeV (=mc?/a) IZLE
NTEMRTEELAESH & depolarization M FEZ S, Wpair threshold TH1J 1), Higgs

AL TIERABA AT HE

A)DT=IZIL. pilot buncheshMF X 5

B)

(RABET~5%TLLY,

Pilot bunchesI&EZELLZ LD THEMHA RS, BRRBRMMESETED, LIS T,

AM,DREIEE N, AMJIEIRILF—IEDT=HF)F1),

==L, ZIERET? ?

Pilot bunchesé&collding bunches TR JLF—2&E ? E—L IR ILE—HED~1/100F
TTEBLN ? ZOFEE TlLcollding bunchesD TR ILX—4 (£ %2 53 IEXFFR

DT=HIZIE.

Colliding bunches® Fap (1FFHFEE LI T ) AMRABRFR KV IXHMIZFELND T,

polarization wigglerh\ A E

LA L. RiBEEIZ1/100129 5&., 1RIFD OO S AV100/E(1245

=52, RE U #Flongitudinal [Z[BIEELAE T AU (X AR S AR
L=M>T. B)I& Z-pole THLE A&

B-

_---"/,

e

"B+

[~

-H--H"'-h-___

B—




0 —8yG = SVspin = +—

. 0.8-
Depolariza o]
tiondueto| o
ener R o = 1%o
0.4+
&Y 0.3 R TR of 120 GeV U.Wienands, MIT WS
spread o ¥
0'1': JL da_:nping’ synch. osc. , JL
7 0 0.2 ' 0 ' 02 Y
dE (MeV)
75 E:‘\'I 1 1 I 1 1 I 1 I 1 1 1) I I 1 T 1 ¥ I [ ¥ 1 ] A‘ssn::'annle‘t;]- I | I -‘:
Polarization _ C N\ Linear :
32 - \+\ T -
at LEP = 50 -
Comparison of 2 - AN -
@ - ' _ -
theory and -g o5 [ \ Hudgher e ]
: o i \order _
observation o - v T e :
0 -_ ____________________ . _______ ‘ Tr"-‘:ra—.—_ ———— _.*__.__-j
Energy Scale forTLEP is C oo v by b b by e oy by oo by T
3%/4=1.3 times higher 40 %0 60 70 80 90 100
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Power consumption for TLEP at 175 GeV (MW)

2013F4 A DE D, FHLLEHEAEL TLEP
Wall-plug RF power 218 1) [181 w/o RF feedback]
RF cryo power 24 (2)
Magnet system power 6 (3)
Cooling and ventilation 60 (4)
Experiments 25 (5)
General services 15 (5)
SPS & PS as pre-injectors (20 & 3.5 GeV) 5 (6)
e-/e+ source & pre-pre-injector 1)
Total 354 [318 w/o RF feedback]

(1): wall power efficiency: power converters: 95%; klystron efficiency: 65%; transmission losses 7%;
overall 55% (from the LHeC design report); includes 36 MW for RF feedback margin (which may not
be necessary)

(2): 60% of LHeC ; cryo power depends on cavity Q, (34 kW at 2 K for 1200 cavities with Q, =2.5e10)
(3): from LHeC ring-ring magnet design; power for 1 magnet (5.4 m, 0.075 T) = 270 W, assuming 2x80
km of magnets at 0.065 T (dipole field for 175 GeV beam energy)
(4): TLEP three times more than LHC; maximum capacity for LEP TLEP WS, Apr.2013
(5): as for LHC (see appendix)

(%ilp/gﬂgq&/etive@%tignate scaled from higher-energy proton operation

amp Yokoy : :
(7): L. Rinolfi, private communication Mike Koratzinos'& F.Z.




TLEP cost breakdown — extremely rough (GEuro)

TLEP

Bare tunnel 3.1 A
ay-

Services & Additional infrastructure (electricity, cooling, | 1.01?) nyb()
ventilation, service cavern, RP, surface structure, accessd by O

roads) 1 Orse
RF system t eﬂu 1.0 B
Cryo system — 1.0 @)

Vacugm ism 0.50)

@a@&t‘ ;\;stem for collider & injector ring 0.8
Pre-injector complex SPS reinforcements 0.5
Total 7.9

(1): J. Osborne, Amrup study

(2): very rough guess, conservative escalated extrapolation from LEP

(3): B. Rimmer, SRF cost per GeV or per Watt for CEBAF upgrade, 2010

(4): % LHC system [also, possibly some refurbished LHC plants could be reused]

(5): factor 2.5 higher than KEK (K. Oide) estimate for 80 km ring

(6): 24,000 magnets for collider & injector; cost per magnet 30 kCHF (LHeC); 10% added;

no cost saving from mass production assumed

I\igltéé/?/ etector costs not included Zimmermann, TLEP W5, Apr.2013




FCC global design study —time line

Ql [ Q2 | QB | Q4 | Q1 | Q2 | QB | Q4 [ Q1 | Q2 | QB | Q4 | Q1 | Q2| QB | Q4 | Q1 | Q2 | Q3 | 4

[ Prepare ] Kick-off, collaboration forming,

: — 2>study plan and organisation Zimmermann, IPAC14

(Ph1: Explore options
“weak interaction”

q®\lorkshop & Review —identification of baseline
Ph 2: Conceptual study of
baseline “strong interact.”

Workshop & Review, cost model,
\ LHC results 2> study re-scoping?

[ Ph 3: Study }

consolidation

4 large FCC Workshops Workshop & Review

distributed over ? co?’rentls & CIZDR | Report

Release CDR & Workshop on next steps [%
- presently discussions with potential partners (MoUSs)
- first international collaboration board meeting at CERN

2014/7/19 ILC Camp Yokoya

on 9 & 10 September 2014 M. Benedikt

)

participating regions



tentative time line

o1 AR

The AN
1¢ 1990 2000 2010 2020 2030 2040
LHC LR Constr. Physics
R&D

Design,
R&D

Zimmermann, IPAC14

HL-LHC Constr. Physics

Design,
R&D

FCC
:
hh R&D
he

Constr. Physics

LHeC/SAPPHIRE?

2014/7/19 ILC Camp Yokoya 99



Tentative time line

Zimmermann, TLEP WS, Apr.2013

1990 2000 2010 2020 2030 2040

LHC Design,

. Constr. Physics
R&D Proto Yy

Design,

HL-LHC RRD

Constr. Physics

LHeC Design, Constr.
& SAPPHIRE? | ¢

TLEP Design, | constr. Physics
R&D

VHE-LHC Design, Constr. Physics
R&D

2014/7/19 ILC Camp Yokoya 100
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Y.Wang, FCC kickoff 2014FeB

Timeline (dream)

* CPEC

— Pre-study, R&D and preparation work

e Pre-study: 2013-15
— Pre-CDR by the end of 2014 for R&D funding request
 R&D:2016-2020

— Approaching the Chinese government in 2015 for R&D funding
(next 5-year planning: 2016-2020)
* Engineering Design: 2015-2020
— Construction: 2021-2027
— Data taking: 2028-2035
* SppC
— Pre-study, R&D and preparation work
* Pre-study: 2013-2020
e R&D:2020-2030
* Engineering Design: 2030-2035
— Construction: 2035-2042
— Data taking: 2042 -

2014/7/19 ILC Camp Yokoya 101



Muon Collider

uDEEITEF- E'J‘E:'?t%?f’)&)'ﬂ‘ﬁﬂﬂbfb\é
— ete- CTTEAHLEE, uyw THTEDS
« LAWL plL200BELY éF:J*"?JDJEa%'CmI*)l/;\: E THNE AT gE
« W collider & e+e- colliderd&Yd o&41)—> (beamstrahlung
negligible)
— 71=72L muon decayh\bwbackground DEEHY

« LAL muonE—LIZBA lliﬁTU‘&L\
— antiprotonDIFE D LSIZ E—LAHNHNNBE

. ’ilé)éwgzation cooling” invented by Skrinsky-Parkhomchuk 1981, Neuffer

uu" |

lonization cooling test at MICE

@ @ To be terminated (P5)?
)

v @
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Create and Cool Muon Beam

 Hadron collision TpionZz2<KY .

muonlZdecayct 5

* Muons [XFFIE R TIX 2us THRLE
— FIEPOVNESBE

o EXFERIETIE
— Higgs factory at E_,

— Neutrino factory
— TeV muon collider

e colliderETIEiELY

=126GeV

Long Emittnace (mm rad)
3

o

1000

I00=

o

=
6D Cooling in LiH
- 3T & 201 MHz
c
l'..t_.. Phase
Merge to single 3 l_Rotate
bunches to 12
5 / 5 bunches
7 / Trans Cooling
4 in LiH, 3T
: quLud H2 \ & 201 MHz
 msoT |,8 4. 6D Coolingin H2
[ Solenoids ooling In L 6T & 402 MHz
| 10T & SOSIMHZ
L1 i1l L 1 L1 111 1 1 IR EREE|
0.1 1.0 10

Trans Emittance (mm rad)

Proton Driver = Front Cooling Acceleration Collider Ring
{=T1]
— End I+ i
k5 £ £
_m---::-
: S s |sz=| 2 8 B
8GeVlLinac? = a @0l c 5 & an ao
= 7] E & = =
E & = %’ 5 32 2 S o Q2
3 € 5o > 7 w S v §
- g m
=z “ 5 ; 8 =2 2 Z % = Accelerator Types:  Linac,
= = o Recirculating Linacs (RLAs),
] FFAG
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Muon Collider as Higgs Factory

* s-channel Higgs production

M+ L - H - S a o Initial
- 4t E £ & O v 5
— lowest energy Higgs factory ’ n 232 B g B S
- I*)bjF_ﬂ‘E’!iﬂMeV@E—A T 102 F ReqPired ; % S S Z_ i 3 2
2N E 824 & £E B 8z £ |}
4 L Q fo) | ==
« f=f=L TeV collider [CihE7ikey 5 | e, & & @ < ¥ A
facilities DIFEAE D, Hé E ool | e f )7
factkcgry THUWE (AHIDEHE § - e, w3
BB L1 51) 4| | g
- j&MW ) Proton driver £ Longitudinal space charge bound 2/7/13
%&MW@*%E"] §§ Lol Lol L 1|11||ll,|
42|_>1t;%£” 10.0 10'3 10:% 10;
 ~10%in 6D emittance, 103 in g, Fmit trans (micron)
to ~1mm.rad
— collider ring M [El&& (muon
decay, etc)
o HI0FEDREDMWHE , f
Proton Driver o Front Caooling Acceleration Collider Ring
o FL(F7L e
8 GeV Linac ? = $3 ;E“ ﬁg é %n %., "
E zﬂé g g é 5 g E Rec rlculatf;;tpnacs {Rﬂi?
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The Muon Accelerator Program Timeline
~2020

MAP Feasibility Advanced
Assessment Systems R&D

Muon lonization Cooling :
Experiment (MICE) @ Indicates a date when

an informed decision
should be possible

Proj X Ph Il

Proj X Ph Il & IV

-
At Fermilab, critical physics
production could build on

g Phase Il of Project X

Evolution t&/Full Spec n Factory

Collider Conceptual
Vv = Technical Design

‘ Collider Construction =»
v )
Physics Program

2014/7/19 ILC Camp Yokoya M.Palmer MIT WS, 2013Apr



Muon Collider Concluding Remarks...

 The unique feature of muon accelerators is the ability to provide cutting
edge performance on both the Intensity and Energy Frontiers

— This is well-matched to the direction specified by the P5 panel for Fermilab

— The possibilities for a staged approach make this particularly appealing in a
time of constrained budgets

 World leading Intensity Frontier performance could be provided with a
Neutrino Factory based on Project X Phase Il

— This would also provide the necessary foundation for a return to the Energy
Frontier with a muon collider on U.S. soil

A Muon Collider Higgs Factory

— Would provide exquisite energy resolution to directly measure the width of the
Higgs. This capability would be of crucial importance in the MSSM doublet
scenario.

The first collider on the path to a
multi-TeV Energy Frontier machine?

2014/7/19 ILC Camp Yokoya M.Palmer MIT WS, 2013Apr 106




._H

Gamma-Gamma Collider

B - BEFIASAMA—DEELERIZ. L—
H—Jt ARG
FAV TR REL TEIRILEF—FEEY.
FEIETS
fSEFETE
\ase! "
é

electron Cp

cp e¢lectron CP : conversion point

I[P : interaction point



Kinetics of gamma conversion

HFDEREIRILF—
W — T o - AFewy, *
14 ax+ &2 m2

& F D{R1E (longitudinal) (3,
UN—TEHFIRILT—X
RIFILDT=81Z essential

do/dy/nr 2
() — 4] w £ W, [02] 2 @

gL ——([F R A =2,
Ao = 1um * (E, /250GeV) ( x=4.831Z%F i)
— A<ATCIERERDNETS
— A> A TREEFIRILEF—HIELLGS
RKERDDEFEINFICERRT H1=-OITHELZL—HF— flush energy
[$%k(5-10) P a—JL
(BEMITIEF/\oFRIZIKD)



Various Possibilities of yy Colliders

* e+e- linear collider (ILC, CLIC) y-y collider|Za>/\—+rT&5

 80GeV e- on 80GeV e- converted by laser with x=4.83 gives 66GeV on 66
GeV y-y collider

(lowest energy to produce H except muon collider)

i CLICH E (2003) 500 MeV e- injector
. tune-up dump . )
*  SAPPHIRE (2012) | L
Laser y detq'ctor Laser y
main linac __ .~ _ main linac .
#“\?—M—;—_ | SAPPHIRE
<_\drive beam decelerator*“"_) 10,30, 50706
P e total circumference ~ 9 km
b drive beam drivta beam
CLICHE delay kiop * " FI1-GeV linac
<— combiner rings tune-up dump

, 4
drive beam accelerat 45 GeV, 1.5 km
injector injector or 85 GeV, 3 km
IP
Arc radius: 1.5 km dump dumg S LC-type

Bending radius: ~1 km ERL ’Y’y
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Gamma-Gamma General Status

o vy BTIXERERR
— >5F L ED RDHHE
. SO EOE RO BB, ET
RILF— vy BB RFI—,THDIFHEERM T
— need 100% confidence at the time of project approval
» BTBIZHNIE ZH TD ete HDIES . BER
LETyy IZRITIRE
— importance of y-y must be evaluated before the

construction of e+e- (possible constraintsin IR, e.g.,
the crossing angle)

Yokoya, Arlington, Oct.2012




(personal) Conclusions

ILC/CLIC Higgs factory are obvious if 500GeV is feasible
— cost and staging issues
— CLIC has maturity problem for early start
e*e Ring Colliders
— Technology not trivial
* Good exercise of accelerator physics (till an LC starts)

— LEP3 (27km, 240GeV) & TLEP (80km, 350GeV) are just at the
border of feasibility

— Can be a choice if higher energy with e*e  is not needed at all
v-y Colliders

— technology immature

— good target as a second stage of linear colliders

Those who are not satisfied with personal conclusions, go

to FNAL =

Yokoya, Arlington, Oct.2012




Far Future of ILC

* Extension by high gradient SCRF
* CLIC technology
* Plasma accelerator



TeV Upgrade : From 500 to 1000 GeV

<26 km ?

(site length <52 km ?)
£ £
o <10.8 km ? 10.8 km pos 2.2 km——>
i ‘_| L
C\ / ;_
] [/ _*i
g_ / / Main Linac g BDS
S 5 P
S Main Linac
5 central region
2 <Gcavity> =31.5 MV/m
G4 = 22.7 MV/m

(fill fact. =0.72)

Snowmass 2005 baseline
recommendation for TeV upgrade:
Gevity =36 MV/m = 9.6 km

(VT > 40 MV/m)

Based on use of
low-loss or re-
entrant cavity
shapes

2014/7/19 ILC Camp Yokoya N.Walker, granada 113



CM Energy vs. Site Length

Under the assumption
— Scenario B (i.e., keep the 500GeV linac as the high energy part)
— Available total site length  Lkm

— Operating gradient G MV/m
(to be compared with 31.5 in the present design)

— Assume the same packing factor

Then, the final center-of-mass energy is
Ecm =500 + (L-31)*(G/45)*27.8 (GeV)

— e.g., L=50km, G=31.5MV/m - 870GeV
L=50km, G=45MV/m —> 1030GeV
L=67km, G=45MV/m - 1500 GeV
L=67km, G=100MV/m = 2700 GeV

This includes the margin ~1% for availability

But does not take into account the possible increase of the BDS for
Ecm>1TeV

— Present design of BDS accepts 1TeV without increase of length
— A minor point in increasing BDS length: laser-straight



A Local Problem at Kitakami

* Once the first stage machine is built, it is almost impossible

to move the IP (interaction point) in later stages because of
the crossing angle

N e —— S

 Asymmetric collider may be acceptable
 Asymmetric accelerator
* Asymmetric energy

 Asymmetric energy can be avoided to some
extent by moving all the old cavities in the
south arm to the north at the time of
upgrade

—

[N oLD CAVITIES

mmmmmmmsm NEW CAVITIES
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BC2

6"~/¥ e~ main linac, 12 GHz, 100 MV/m, 21 km

CLIC (CERN Linear Collider)
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2.86t0 9 GeV

predamping ring
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CLICEILCD GeometryDEL Y

* Crossing Angle
— ILC 14mrad
— CLIC 20mrad (3TeVI[Zoptimize)
— T 14mrad THZ R TEA ENVE S (Z Dluminosity
MEEHH)

e Linac tunnel

— ILC geoid-following " auved N

— CLIC laser straight
— Synchrotron radiationldgeoid- /A
following"G:E,F'n'ﬂf':E@[,\ kinked

— BPM®calibration error > 5 7%%
hoEDEBTEDS N

laser-straight




CLICEILCD GeometryME LN (2)
Undulator® & M dogleg
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2014/7/19 ILC Camp Yokoya 118



CLICEILCD GeometryME LN (2)
Undulator® & M dogleg (continued)

o SRVVEES1TeVEE Z HTED . CDdogleglkboffsetwr . £ &EDNDdogleg T
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ectron undulator target Booster
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Plasma Accelerator

Linac in the past has been driven by microwave
technology

Plane wave in vacuum cannot accelerate beams:
needs material to make boundary condition

Breakdown at high gradient
— binding energy of matter: eV/angstrom = 10GeV/m

Need not worry about breakdown with plasma
— can reach > 10GeV/m



Plasma Wave

Plasma is a mixture of free electrons and nucleus (ions), normally
neutral

By perturbation, electrons are easily moved while nuclei are almost
sitting, density modulation created.

The restoring force generates plasma wave
Charged particles on the density slope are accelerated, like surfing.
Plasma oscillation frequency and wavelength are given by

no, = — = [m]
€gMe Wp \/ne[cm—3]

ne = plasma density

J e2 2me 3.3 x 104
LUp p— Ap p— p—



How to Generate Plasma Wave

 PWFA (Plasma Wakefield Accelerator)
— Use particle (normally electron) beam of short bunch

* LWFA (Laser Wakefield Accelerator)
— Use ultra-short laser beam

* |In both cases the driving beam

— determines the phase velocity of plasma wave, which
must be close to the velocity of light

— must be shorter than the plasma wavelength required
— can also ionize neutral gas to create plasma



LWFA

* laser pulse length €< plasma wave wavelength <
plasma density

* Laser intensity characterized by the parameter a,
— 3, < 1:linear regime
— a,> 1 : blow-out regime

ag ~ 8.5 x 10710\, [um]It/2[W /cm?]
* Accelerating field
ag/2
J1+a3/2
Eg = cmewp/e = 96n(1)/2[cm_

E = E;

]



Blowout and Linear Regime

 The gradient can

be higher in the Bubble/blow-out Quasi-linear
blowout regime '
but -
. acceleration

— difficultto 4

accelerate

positron
— Very narrow

region of plasma

acceleration  density
and focusing

transve
rse field

Figure from ICFA Beamdynamics
News Letter 56




Limitation by Single Stage

Laser must be kept focused (Rayleigh length)

— solved by self-focusing and/or preformed plasma channel
Dephasing: laser velocity in plasma

— longitudinal plasma density control

Eventually limited by depletion

— depletion length proportional to n,3/2

— acceleration by one stage proportional to I/n,

Multiple stages needed for high energy, introducing issues
— phase control

— electron orbit matching



Concept of LWFA Collider
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Example Beam Parameters of 1/10TeV Collider

Case: CoM Energy 1 TeV 1TeV 10 TeV 10 TeV
(Plasma density) (10" r:m'j) (2x 10" c111'3) (1[!” c111'3) (2x10" ::1‘11'3}

Energy per beam (TeV) 0.5 0.5 5 5
Lununosity (10** cn1'35'1} 2 2 200 200
Electrons per bunch (x10'%) 0.4 238 0.4 2.8
Bunch repetition rate (kHz) 15 0.3 15 0.3
Horizontal emuttance ye, (nm-rad) 100 100 50 50
Vertical emittance ye, (nm-rad) 100 100 50 50
B* (mm) 1 1 0.2 0.2
Horizontal beam size at IP ¢ 5 (nm) 10 10 1 1
Vertical beam size at IP J*_,. (i) 10 10 1 1
Disruption parameter 0.12 5.6 12 56
Bunch length o. (pum) 1 7 1 7
Beamstrahlung parameter T 180 180 15,000 18,000
Beamstrahlung photons per e, n, 14 10 32 22
Beamstrahlung energy loss d¢ (%) 42 100 95 100
Accelerating gradient (GV/m) 10 14 10 1.4
Average beam power (MW) 5 0.7 50 7
Wall plug to beam efficiency (%) 6 6 10 10
One linac length (km) 0.1 05 1.0 5

From ICFA Beamdynamics News Letter 56
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Example Laser Parameters of 1/10TeV Collider

Case: CoM Energy 1TeV 1TeV 10 TeV 10 TeV
(Plasma density) (107 em®) | 2x10P em™) | (107 em™) | (2x10° em™)
Wavelength (pum) 1 1 1 1
Pulse energy/stage (k) 0.032 11 0.032 11
Pulse length (ps) 0.056 0.4 0.056 0.4
Repetition rate (kHz) 15 0.3 15 0.3
Peak power (PW) 0.24 12 0.24 12
Average laser power/stage (MW) 0.48 3.4 0.48 34
Energy gain/stage (GeV) 10 500 10 500
Stage length [LPA + in-coupling] (m) 2 500 2 500
Number of stages (one linac) 50 1 500 10
Total laser power (MW) 48 34 430 34
Total wall power (MW) 160 23 060 138
: r (o

E:E: IE 1:;.?5.31-112 ng;fiii:;}g :;?:: beam 40%] 20 20 20 20
Wall plug to laser efficiency (%) 30 30 50 50
Laser spot rms radius (um) 69 490 69 490
Laser intensity (W/em?) 3 x 101 3x 107 3 % 10'® 3 % 10%
Laser strength parameter a, 1.5 1.5 1.5 1.5
Plasma density (cm™), with tapering 10" 2x 107 10" 2x 10"
Plasma wavelength (mm) 0.1 0.75 0.1 0.75

From ICFA Beamdynamics News Letter 56

2014/7/19 ILC Camp Yokoya

128



What’s Needed for Plasma Collider

High rep rate, high power laser
Beam quality
— Small energy spread << 1%
— emittance preservation
High power efficiency from wall-plug to beam
— Wall-plug = laser
— Laser = plasma wave
— plasma wave = beam
Staging
— laser phase
— beam optics matching
Very high component reliability
Low cost per GeV
Colliders need all these, but other applications need only some of these

Application of plasma accelerators (not for colliders) would start long
before all these requirements are established



Novel concept of a beam driven PWFA Linear Collider : A 2.5km

HIGGS Factory (250m acceleration)

~2.5km
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Drive beam after accumulation :
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An alternative ILC upgrade by PWFA
from 250GeVto 1 TeV and beyond?
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One possible scenario could be:
1) Build & operate the ILC as presently proposed up to 250 GeV (125 GeV/beam): total extension 21km

2) Develop the PFWA technology in the meantime (up to 2025?)

3) When ILC upgrade requested by Physics (say up to 1 TeV), decide for ILC or PWFA technology:

4) Do not extend the ILC tunnel but remove latest 400m of ILC linac (beam energy reduced by 8 GeV)

5) Reuse removed ILC structures for PWFA SC drive beam accelerating linac (25 GeV, 500m@19MV/m)

6) Install a bunch length compressor and 16 plasma cells in latest part of each linac in the same tunnel for a 375+8 GeV
PWFA beam acceleration (382m) ' ' J-P. Delahaye, MIT mtg
7) Reuse the return loop of the ILC main beam as return loop of the PWFA drive bea




