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projects

Tentative schedule new

Color code approved envisaged/proposed
R&D . I

R&D to CDR Al N
Technical design to TDR =V NN

Construction
Operation

Last update:
28/07/2010

Project

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

LHC to nominal

TTeV 14 Tev

100380

Protons |[LHC-HL

5.10734 with luminosity leveling

LHC-HE

New magnets

33 TeV

500 GeV

Linear

500 GeV 3 TeV

Colliders

FACET-II

Muons & .
. Neutrino Fact
Neutrinos

Pro"ect XiFNAL

RR or LR instalation

Towards HE-LHeC

eRHIC/BNL

CDO

upgrade from 5 x 325 GeV

to 30 x 325 GeV

e-hadrons
ELIC/JLAB

MELIC

ELIC

ENC/GSI

shared operation HESR/ENC

LHiC/CERN

2.8TeV/n

5.5 TeV/n: Pb-Pb, p-Pb, Ar-Ar, ...

Towards HE-LHeC

RHIC 11/BNL

lons
NICA/DUBNA

FAIR/GSI

Beauty |SuperKEKB/KE

50/ab

Factories |SuperB/LNF
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Why lepton colliders ?

y
~ . &
’ e

o3 Y

L Simple particles

 Well defined:
energy/ang. mom.

e E can be scanned
precisely

 Particles produced
democratically

 Final states
generally fully
reconstructable

BUT — Synchrotron Rad. => Massive particles or LC!
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e*e- colliders

2 ILC 1 TeV ~ 45 km*

797 klystrons 797 klystrans
circumferences

15MW, 139 ps | | | | | | 15 MW, 139 ps
from 2.4 GeV.10.240 MgV, Geiayloop 130m
drive beam accelerator drive beam accelarator

CR1292.2m

: CUAD POWER EXTRACTION e e CR24383m

STRUCTURE 25km 25km
delay loop b- < | delay loap
@ denelerator 24 sectorsof 876 m
BDS BODS

e, 12 GHz— 140 MW —

ACCELERATING

STRUCTURES
H 275km 275 km
Main beam —1 A, 200 ns TArc120m € mainlinac, 12.GHe, 100 M¥/m, 21 02k ¢ main linac: T.Aradms%
from 9 GeV to 1.5 TeV ] < N\ S
BFM 48,3 km

CLIC 0.5 TeV: 13 km
CLIC 1.5 TeV: 27 km

iy e injector,
2.86 GeV

booster linac, 6.14 GeV

LECT
a” e
PDR |\l DR
EmY 421 m
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(23] )

Parameters
\T\ g A/

Technology CLIC
Centre-of-mass energy (GeV) 500 3000
Total (Peak 1%) luminosity (1034 2.3(1.4) 5.9(2.0)
Total site length (km) 13.0 48.3
Loaded accel. gradient (M'V/m) 80 100
Main linac RF frequency (GHz) 12 (Normal Conducting)
Beam power/beam (MW) 4.9 14
Bunch charge (107 e+/-) 6.8 3.72
Bunch separation (ns) 0.5
Beam pulse duration (ns) 177 156
Repetition rate (Hz) 50
Hor./vert. norm. emitt (10-/10-°) 4.8/25 0.66/20
Hor./vert. IP beam size (nm) 202/2.3 40/ 1
Hadronic events/crossing at IP 0.19 2.7
Coherent pairs at IP 100 3.810%
Wall plug to beam transfer eff 7.5% 6.8%
Total power consumption (MW) 241 568
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ILC SCRF progress continue

Electropolished 9-cell cavities
JLab/DESY (combined) up-to-second successful test of
| WALCPG10ct2003 BAAPEJan2010 WLCWS Befing 28 Mar2010 BTDP Rev530.Jun 2010 | I

IWLC2010 —<:I

TDR
Goal

|

2010
Milestone

>10 >18 >20 >25 >30 >36 >40
max gradient [MV/m]
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ILC SCRF progress continuesgifii

Gradient Yield of 8 ILC Cavities Built by One Venc
Processed and Tested at JLab since July 2008
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30 ———— | _C TDP1 goal
- — |LC TDP2 goal
First-pass vield [96]
20 Second-pass yield [94]
10 8 I1ILC ﬁ-cell cavitie-:s. built by AGGEL!RI:
A11, A12, A13, A14, A15, A16, RI18, RI19
n | . . . . I A : A A I A A ) i | ) ) ) ) I
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Eacc [MV/m] RLGeng26augl10
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ILC SCRF progress continue

isto cell 6

| 0.5 mm

orcell 5

U iy
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Samples-1; nach U.S waschen ]
MAG: 320 x MV: 25 0 kV
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ILC SCRF proof of principle
FLASH @ DESY @

Full beam-loading long pulse operation — “S2”
ACC1 ACC2/3  ACC4/5/6

RF gun Diagnostics Accelerating Structures

Collimator
’ Undulators

=y (= e e
' Bunch Bunch
Laser Compressor Compressor FEL
2MeV 127 MeV 450 MeV 1000 MeV Bypass Diagnostics
N 260 m .
XFEL 1L 1 FLASH | omA » Stable 800 bunches, 3 nC at
design | studies 1MHz (800 ps pulse) for over 15
hours (uninterrupted)
Bunch ncC |1 32 1 3
charge
« Several hours ~1600 bunches
# bunches 3250 | 2625 (72000 | 2400 ’
~2.5 nC at 3MHz (530 ps pulse)
Pulse length | us | 650 970 | 800 800
Current mA |9 S 9 » >2200 bunches @ 3nC (3MHz)

for short periods
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ILC COST @

Summary The reference design was
“frozen” on 1-12-06 for RDR

RDR “Value” Costs production, including costs.

Total Value Cost (FYO07) | L
mportant to realise this
4.80 B ILC Units Shared is a snapshot; design will

+ continue to evolve, due to
R&D, accelerator studies

1.82 B Units Site Specific | & value engineering.
=

The value costs have
14.1 K person-years already been reviewed many

(“explicit” labor = 24.0 M person-hrs | times; all reviews have been
@ 1,700 hrslyr) very positive and generally
consider there is scope for

1ILC Unit = $ 1 (2007) further cost reductions.
2 Value = 6.62 B ILC Units
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Towards the TDR in 2012
m  Single Tunnel for

T main linac
Py i ‘Move positron source
- to end of linac
- o D [ i T * Reduce number of
aor e | o ecrcten — bunches factor of two
3 In}udion & et Injection
~4.45 Km \ ¢ ~31 Km ~d 4 Km 1P, ~31 Km (Iower power)
T tx==.. | < Reduce size of
Sakn T own ,-mrmm damping rings (3.2km)
o | - Integrate central
ot Saamine region
1" e IR vy *Single stage bunch

compressor ????
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Towards the TDR in 2012

PMC O
Damping Ring
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Industrialisation Model

Laboratory: A Laboratory: F

Laboratory: B ] ILC — Laboratory: E
host-laboratory /
AN

Performance specification / MOU
N

Laboratory : D

Responsible for gradient test

Laboratory: C

Build-to-print specification/ Contract

» Lab: responsible for gradient
» Industry: responsible manufacturing

Manufacturer / industry
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What about LHC results? @

o) Jihfuitively, the better the LHC SUSY exclusion limits, the
less likely there will be SUSY particles kinematically
accessible at a 500 GeV linear collider

o Try to quantify this: y-axis: % of generated models
which escape LHC observation which have no SUSY
particles accessible at 500 GeV LC
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% Not Accessible

o

LHC luminosity fb-
[Conley et al, arXiv:1103.1697] v S. Dawson ALCPG11
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Increasing SCRF Gradient

L-Band SRF Niobium Cavity Gradient Envelope Evolution

60 Y e
b RRR Nb: high RRR (purity) niobium
I HT: High Temperture post-purification R L G
[ HPP: High peak pulsed Power Processing . " e n g
[ HPR: High Pressure water Rinsing
55 | ep ElectroPolishing T T ]
| HTA: High Temperature Annealing ]
| LTB: Low Temperature Bake ' ]
| LL/RE Shape: Low-Loss/ReEntrant Shape ® single-cell LL/RE |
50 | ER: Ethonal Rinse ) e LL/IRE [ * v end Q“’Up'"'Shape ]
[ USC: UltraSonic Cleaning with detergent Shape o © 1
= - Single-Cell Cavity
£ 45 | SRR MO
E I HTA
= o0 2
S LTB ° a2,
0O 40 _E.P° """" &0 @/ A ER/USC ]
«HOM coupler brushing ]
| HPR A 4t ]
35 [ S EP+HTA+LTB 4 & y
30 -_ ..................... HT e HT =" 7 _-
I HPP Multi . ]
ulti-Cell Cavit
RRR Nb e y
25 L . L . 1 . L . L 1 . L . L ] L . L . l . L L . l . L . L
1985 1990 1995 2000 2005 2010 2015

Year RLGENG21Jan201

Understanding in gradient limits and inventing breakthrough solutions are responsible for
gradient progresses. This has been a tradition in SRF community and rapid gradient

progress continues. Up to 60 MV/m gradient has been demonstrated in 1-cell 1300 MHz
Nb cavity. 45-50 MV/m gradient demonstration in 9-cell cavity is foreseen in next 5 years.
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From 500 GeV -> 1 TeV @

15.4 km
(site length ~31 km)
c =
< 10.8 km - 2.2 km—>
N :ﬁ—Gi
o Main Linac ot BDS
e )
: : P
E Main Linac central region
<Gcavity> =
31.5 MV/m
Geft ~
22.7 MV/m

(fill fact. = 0.72)
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From 500 GeV -> 1 TeV @

21-25 km
(site length 42-50 km)
£ £
- <6-10 km-?2 > 10.8 km po 2.2 km-—>
/\\ / &?
o Main Linac O BDS
e 7
S 5 IP
5 Main Linac central region
<Gcavity> =
31.5 MV/m
Gefr ~
\/ a

Snowmass 2005 baseline

recommendation for TeV upgrade: 9 9 Q
Gcavity = 36 MV/m = o8 0021200 58
oo ves

(VT > 40 MV/m)

Based on use
of low-loss or
re-entrant

cavity shapes
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CLIC

326 klystrons ] 326 klystrons

33MW,139ps | | | circumferences | | | 33MW,139ps
: delay loop 73.0 m :

drive beam accelerator L CR1146.1 m drive beam accelerator
CR24383 m
= 1 km g ) 1km "

delay loop > CR2 CR2 delay loop

:CRd CR1 decelerator, 24 sectors of 876 m

N\ H
p kR e v AP Aoy Ao iy
[ IA\ [ | M BDS BDS 4 || /J |
45 m 2.75 km 2.75 km 245
TAr=120m € main linac, 12 GHz, 100 MV/m, 21.02 km IP e* main linac

TA radius =120 m
- ™~ /7

-« >

48.3 km

CR combiner ring

TA  turnaround

DR damping ring

PDR predamping ring

BC bunch compressor
BDS beam delivery system
IP  interaction point

B dump

booster linac, 6.14 GeV

e~ injector,
2.86 GeV

et injector,
2.86 GeV

N
e e-
PDR DR
398 m)\493 m
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| i : .-'- :

Parameters
= )

Technology ILC LIC
Centre-of-mass energy (GeV) 500 3000
Total (Peak 1%) luminosity (1034 2.0(1.5) 5.9(2.0)
Total site length (km) 31 48.3
Loaded accel. gradient (M'V/m) 31.5 100
Main linac RF frequency (GHz) 1.3 (Super Cond.) 1 Conducting)
Beam power/beam (MW) 20 14
Bunch charge (10° e+/-) 20 3.72
Bunch separation (ns) 176 0.5
Beam pulse duration (ns) 1000 156
Repetition rate (Hz) 5 50
Hor./vert. norm. emitt (10-/10-°) 10/40 0.66/20
Hor./vert. IP beam size (nm) 640/5.7 40/1
Hadronic events/crossing at IP 0.12 2.7
Coherent pairs at IP 10 3.8108
Wall plug to beam transfer eff 9.4% 6.8%
Total power consumption (MW) 216 568
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CTF3 @ CERN

©® Demonstrate Drive Beam generation
(fully loaded acceleration, beam intensity and bunch frequency multiplication x8)

® Demonstrate RF Power Production and test Power Structures

©® Demonstrate Two Beam Acceleration and test Accelerating Structures

PULSE COMPRESSION
magnetic chicane FREQUENCY MULTIPLICATION

150 Mev\lmac T H | L

35A-1.4yps e o

E‘ " TL Delay Loop

© Combiner Ring
— . — / i
10m | CTIEX—TCLIC E | I
Lo per'lmem'al Ar'ea) 28\4 140 ne

_ TWO BEAM TEST STAND
PROBE BEAM
Test Beam Line Infrastructure from LEP

total length about 140 m >
B. Foster - Glasgow 4/11 Colliders 21
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RF Structure Breakdown @

| 8 TAL 41 A0 wa A400 L |

— Scaled @ 100 MV/m (unloaded ) Accelerating
Gradient and 180 ns pulse length)

i

I ;" T T ;‘) M m
= ¢ 5 @ B B T = £
1 = E - - -I: -
e & €& g 2 § i & 2
— 5 5 S 2 x = o -
= 5 5 = % = & s s
¥ & 2 = g 5 S £ g
(& = . ] = 1 = T [
=T o oo o8
| | [+ 3] —_— ca
S, mCTF% & # o & = Z E
' - 0 E <)
o0 = o
(1S P F = -

K CLICBDR s_pecificaﬁon

Interrupted by earthquake in \\}
Jafrsiaclast estimate available 03-11
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- Module type 4—— = Module type 1 - Module bype 0 - Module bype 0 -

Szme configuration as fhe CLEX medules

Integration of test
modules for tests

with beam in

CLEX: 2012

Integration of all technical
systems for tests without
beam in laboratory: 2011

RF structures, quadrupoles, instrumentation, alignment, stabilization, vacuum, etc
B. Foster - Glasgow 4/11 Colliders 23




Muon Collider

-' uon Collider
Conceptual Layout

2L
2

-C(

Project X i
Accelerate hydrogenionsto8GeV =~ - i
using SHF technology. e

Compressor Ring 4 : i
Reduce size of beam. R J Au

Target &
Collisions lead to muons with energy f
of about 200 MeV. | &

Muon Cooling | & J
Reduce the transverse motion of the | iﬁ*
muons and create a tight beamn. f

b Site

Initial Acceleration ‘ . '!;J‘ e f
In a dozen tumns, accelerate muons R e r 4 |
to 20 GeV. : ¥ & f

Y - f |
Recirculating Linear Accelerator | pnm——" D
8 In a number of tums, accelerate é ,E'"'“w YA 3 A fﬁ
— muons up to 2 TeV using SRF 50 Tl |
n technology. \\ 4 F . ’ i
>= \ Ry :"
L Collider Ring . O b ]
o Located 100 meters underground. \ i u J
Muons live long enough to make -y

________

about 1000 tums. N

3020

4

25U 272U 294U 270 ~ 3
Center of mass energy £ (GeV)
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Muon Collider Cooling @

 lonization cooling analogous to familiar SR damping process in electron
storage rings

— energy loss (SR or dE/ds) reduces p,, p,, p,
— energy gain (RF cavities) restores only p,
— repeating this reduces p, ./p, (= 4D cooling)
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MICE Schedule

MICE Schedule as of March 2010 Run date:

STEPI

—l— || ||I STEP II
—= || i ||| STEP IIVIIL1 skip
[ e |y ey [ e if needed

STEPV
2012-2013

complete
-> Aug2010

[

||| STEP VI
>2013
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Muon Collider Cooling

. Néed 6D cooling (emittance exchange)

- put wedge-shaped absorber in dispersive region Mo A
* use extra path length in continuous absorber

outer Cylinder = . g‘{:
el N %

& @

Incident Muon Beam Incident Muon Beam

H, Gas Absorber
in Dipole Magnet

Single pass; avoids
- Injection/extraction issues
&t ~
@'% e o | .
%@@@J%ﬁ@% Guggenheim” channel
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Muon Collider Cooling

gy : : : .
* Final cooling to 25 um emittance requires strong solenoids

— not exactly a catalog item = R&D effort

— latest design uses 30 T

45 T hybrid device exists

— very high power device, so not a good “role model” Palmer, Fernow

— exploring use of HTS for this task _
o 1 : s+ s & 1 s o Liquid Hydrogen 50 T Solenoids
Pr.Driver ; 5 5 i .
Target : | | ; - * -
Collection _ — - H—‘ - \—‘ -

Main Cool i ' '
ain Coo | Re-acceleration & Matching

Final Cool

HAccelerator
Collider B MaP PLAN
li?eadiinesg

Detector

||||||||||||||||||||||||||

&
28

\GC‘;\L’.
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LHeC LH.C)

_ History of Deep Inelastic Scattering TWO Options:
é 1 _ . Finite Proton Size - Ring-Ring
Stanford Power Limit of 100 MW wall plug
. ' “ultimate” LHC proton beam
1w - - Quarks 3
e : 60 GeV e*beam
107 - = : 2L =210 cm?st = 0(100) fb?
i Quark-Gluon -
Dynaimics - -
ol . Pulsed, 60 GeV: ~10%2
LSy ' High luminosity:
10" . T Energy recovery: P=P,/(1-n)
C e ] B*=0.1m
[5 times smaller than LHC by
o 1 1020m

reduced |¥, only one p squeezed
and IR quads as for HL-LHC]

L= 10* cm?st = 0(100) b

i i i 1 i i
14960 195 2] 202

vear
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LHeC Ring Option  LH.C)

Bypass Point 5:

+ adjustment of the cocumference
by varvung the separation
« A=20.56 Meter

Bamt 5

S —

7k

—

3
A\

1l
!

ST

=
Tk
o s,

Falar 3.3

- A
S

'\l. 4 Fmis
I e+
I L

Bypass Point 1:

+ TECE ﬂ:u:Sunr:}' [ e
Gallery
+« A=1623 Meter
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LHeC Ring Option @'

Installation of an e ring is challenging
= Modifications of the existing installations will be necessary
* No show stopper

This is the big question for the ring option (interference, activation,..)
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LHeC Linac Option (. H..O

THREE-PASS ERL Single-PASS 60 GeV ERL

10-GeV linac comp. RF

imjector

U=1/3 U(LHC)

20, 40, 60 Ge

Multibunch wakefields - ok

Emittance growth - ok

[ILC 10nm, LHeC 10pm]

360 separation at 3.5m - ok

Fast ion instability - probably ok
with clearing gap (1/3)

A= 10-CreY T

Figgure 10,8 Beneling magnets for the LR recireulator

. 6004m dipoles/arc — probably ok (between ILC/BNL
03 fem e Mmal foens CERN 1 2401.2r:qu:-1d5r/up0||=_i/arc ? P Y ® 7 !
Polarized source Future 150 GeV e ERL linac Dump
N x 10 GeV section accelerator N & 10 GeV section decelerator

—ly _

G Energy flux is carried out by 10 GeV beams
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Tentative schedule new

projects

Color code approved envisaged/proposed
a0 . EE
R&D to CDR 2 | |

Technical design to TDR
Construction
Operation

Lastupdate: | Project 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
28/07/2010
LHC to nominal [7TeV. |84 TeV 100380
Protons |LHC-HL 5.10734 with luminosity leveling
LHC-HE New magnets 33 TeV
500 GeV
Linear CLIC 500 GeV 3 TeV
Colliders |[PWFA FACET-II
LWFA
Muon Collider
Muons &
. Neutrino Fact
Neutrinos -
Project X/FNAL
LHeC RR or LR instalation Towards HE-LHeC
eRHIC/BNL CDO upgrade from 5 x 325 GeV to 30 x 325 GeV
e-hadrons
ELc/AB B8 MELIC ELIC
ENC/GSI shared operation HESR/ENC
LHiC/CERN 2.8TeV/n 5.5 TeV/n: Pb-Pb, p-Pb, Ar-Ar, ... Towards HE-LHeC
RHIC I11/BNL
lons
NICA/DUBNA
FAIR/GSI
Beauty |SuperKEKB/KE 50/ab
Factories |SuperB/LNF _
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WS\C° Gces7? |
n@lﬁl PV symmetries? J

N\ LHC

N A -
el o e, T H\

) ep < b ete- y
High £ 2{}’\“ New Physics 0[‘\'2- |
Oa\' “ . wiatter 23511 '

© —apstructure?? P !
G eq-Spactroscopy®® | Spectroscopy??
LheC . ILc/cLc

ol T L 10

Rolf Heuer: 3/4. 12. 09 at CERN: From the Proton Synchroton to the Large Hadron Collider
50 Years of Nobel Memories in High-Energy Physics
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MICE Schedule

: MICE Schedule as of March 2010 Din date:
i Stace 1 15 November 2007
4 _ ' - or January 2008

_.ill’ﬁll Stage 2 April 2008

July 2008

Delivery of 1st FC
May 2009

Stage S
summer 2009
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(5); Summary and Outlook @
H:@J\"‘

* None of the projects | have discussed are very near realisation

 |LC — technically mature — but cost. }CLOSE Collaboration
* CLIC — much development required — cost?

- MC — well, what can | say? It's a great idea....

- LHeC — technically “OK" probably — lots of details & a TDR.

* We have to be realistic about technical maturity, schedule and
cost — | don’t believe that we are at the moment and politicians
can smell it.

 |f we want a facility in addition to LHC within YOUR active
lifetime — let alone mine - we need:

- FOCUS ¢ REALISM ¢« DETERMINATION + LuCK
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