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e+e- versus pp - the folklore
• LHC

• discovery machine

• ILC

• elementary particle

• well defined: Energy, angular 
momentum

• democratic production of 
particles

• Final state (almost) completely 
captured

p p

e+ e-

ILC

LHC



LHC vs ILC

LHC ILC

total energy 14 TeV 0.5-1 TeV

usable energy a fraction full

beam composite point-like

signal rate high low

background very high low

analysis specific modes nearly all modes

reconstruction loose along beam full event

status running ready for construction

e+e- Collider to complement LHC



Example: Higgs reconstruction and branching ratios
The Higgs boson in the Standard Model
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FIGURE 2.2-12. The branching ratio for the SM Higgs boson with the expected sensitivity at ILC. A
luminosity of 500 fb−1 at a c.m. energy of 350 GeV are assumed; from Ref. [93].

For smaller Higgs masses, ΓH can be determined indirectly by exploiting the relation
between the total and partial decay widths for some given final states. For instance, in the
decay H → WW ∗, the width is given by ΓH = Γ(H → WW ∗)/BR(H → WW ∗) and one can
combine the direct measurement of BR(H → WW ∗) and use the information on the HWW
coupling from σ(e+e− → Hνν) to determine the partial width Γ(H → WW ∗). Alternatively,
on can exploit the measurement of the HZZ coupling from σ(e+e− → HZ) for which the
mass reach is higher than in WW fusion, and assume SU(2) invariance to relate the two
couplings, gHWW /gHZZ = 1/ cos θW . The accuracy on the total decay width measurement
follows then from that of BR(H → WW (∗)) and gHWW . In the range 120 GeV <∼ MH <∼ 160
GeV, an accuracy ranging from 4% to 13% can be achieved on ΓH if gHWW is measured in the
fusion process; Tab. 2.2-2. This accuracy greatly improves for higher MH values by assuming
SU(2) universality and if in addition one measures BR(H → WW ) at higher energies.

TABLE 2.2-2
Relative precision in the determination of the SM Higgs decay width with

∫
L = 500 fb−1 at

√
s = 350

GeV [7]; the last line shows the improvement which can be obtained when using in addition measurements
at

√
s ∼ 1 TeV with

∫
L = 1 ab−1 [99].

Channel MH = 120 GeV MH = 140 GeV MH = 160 GeV
gHWW from σ(e+e− → Hνν) 6.1% 4.5% 13.4 %
gHWW from σ(e+e− → HZ) 5.6% 3.7% 3.6 %

BR(WW ) at
√

s = 1 TeV 3.4% 3.6% 2.0 %

Note that the same technique would allow extraction of the total Higgs decay width using
the γγ decays of the Higgs boson together with the cross section from γγ → H → bb̄ as
measured at a photon collider. This is particularly true since the measurement of BR(H →
γγ) at

√
s ∼ 1 TeV is rather precise, allowing the total width to be determined with an

accuracy of ∼ 5% with this method for MH = 120–140 GeV.
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Detector Concepts
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FIGURE 3.1. Higgs recoil mass spectra for tracker momentum resolution, �pt

p2
t

= a � b
pt sin ⇥ , for 120 GeV

Higgs mass,
⇥

s = 350 GeV, and 500 fb�1.

ment must veto electrons in a high radiation and high background environment. Measurement
of the energy deposited by beamstrahlung pairs and photons in the BeamCal and associated
photon calorimeter (GamCal) provides a bunch-by-bunch luminosity measurement that can
be used for intra-train luminosity optimization. Beam parameters can also be determined
from the shapes of the observed energy depositions given su⇤ciently fast readout electronics
and adequate high bandwidth resolution. Near the beampipe the absorbed radiation dose is
up to 10 MGy per year.

Polarimetry and beam energy spectrometry must be able to achieve very low systematic
errors, with beam energy measured to 200 ppm, and polarization to 0.1%. High-field su-
perconducting solenoid designs must be refined, with development of new conductors. The
solenoid design must also accommodate dipole and solenoid compensation, have high field
uniformity, and support push-pull. Muon detectors must be developed.

Detector system integration depends on engineering and design work in several areas.
Stable, adjustable, vibration free support of the final quadrupoles is needed. Support of the
fragile beampipe with its massive masking is also a concern. The detectors are required to
move on and o� beamline quickly and reproducibly (“push-pull”). The detectors must be
calibrated, aligned, and accessed, without compromising performance.

Research and development on all of these detector issues must be expanded in order to
achieve the needed advances.

3.2 DETECTOR CONCEPTS

Four detector concepts are being studied as candidate detectors for the ILC experimental
program. These represent complementary approaches and technology choices. Each concept
is designed with an inner vertex detector, a tracking system based on either a gaseous Time
Projection Chamber or silicon detectors, a calorimeter to reconstruct jets, a muon system, and
a forward system of tracking and calorimetry. Table 3.1 presents some of the key parameters
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e+e- Linear Collider will address new physics by 
precision measurements
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Circular collider for electrons?

• Synchrotrons as a collider

• relatively small rf installation

• same acceleration section used again 
and again
at LEP/LHC: frep ~ 11 kHz

• bunches nb

• Duty cycles
LHC frep*nb ~ 40 MHz
LEP frep*nb ~ 44 kHz

• for electrons:
Synchrotron radiation is limiting maximum 
energy!
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Circular e+e- collider?

• Synchrotron radiation

• Energy loss for E>100 GeV is 
a considerable fraction of the 
beam energy

• Momentum acceptance of 
the rings!

• for E>350 GeV the entire 
energy is radiated in one turn

⇒ HEP future for electrons is straight
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Circular e+e- collider?

• Synchrotron radiation

• Energy loss for E>100 GeV is 
a considerable fraction of the 
beam energy

• Momentum acceptance of 
the rings!

• for E>350 GeV the entire 
energy is radiated in one turn
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Current status of SM Higgs Search @ LHC

• Based on 2 x ~5 fb-1

• will be doubled for the summer 
conferences

• expect another factor 2 by the end 
of the year

• If hints were statistically confirmed 
signal needs to be established as e.g. 
the SM Higgs particle

• scalar particle

• branching ratios
eventually requires e+e- collider



LEP3 to study a light Higgs?

• If a light Higgs were established at LHC 
could it be produced in the LEP/LHC 
tunnel?

• Higgs of 125 GeV requires an e+e--
collision energy of 240-250 GeV 
(peak of cross section in 
Higgsstrahlung process: e+e- → ZH)

• for heavy quarks an additional 
boost in helpful, i.e. √s>250 GeV

• σHiggs ~200 fb

• 10-100 fb-1/a required
(1033 - 1034 cm-2s-1)

 

Figure 1 Higgs boson cross section in e+e- annihilation [6] 

Ring properties 
We take the LHeC design as a convenient reference to estimate the achievable peak 
luminosity of LEP3. The parameters of LEP, the LHeC e- ring design, and LEP3 are compared 
in Table 1. 

Table 1: Parameters of LEP, the LHeC ring design, and LEP3 - a new electron-positron collider 
in the LHC tunnel, extrapolated from the LHeC design.  

 LEP [8] [9] LHeC ring design [7] LEP3 
Eb beam energy 104.5 GeV 60 GeV 120 GeV 
beam current 4 mA (4 bunches) 100 mA (2808 bunches) 7.2 mA (3 bunches) 
total #e- / beam 2.3e12 5.6e13 4.0e12 
horizontal emittance 48 nm 5 nm 20 nm 
vertical emittance 0.25 nm 2.5 nm 0.15 nm 
b dipole bending radius 3096 m 2620 m  2620 m 
partition number J 1.1 1.5 1.5 
momentum compaction 1.85x10-4 8.1x10-5 8.1x10-5 
SR power / beam 11 MW 44 MW 50 MW 
x,y* 1.5, 0.05 m 0.18, 0.10 m 0.15 0.0012 m 
rms IP beam size 270, 3.5 micron 30, 16 micron 55, 0.4 micron 
hourglass loss factor 0.98 0.99 0.65 
energy loss per turn 3.408 GeV 0.44 GeV 6.99 GeV 
total RF voltage 3641 MV 500 MV 9000 MV 
beam-beam tune shift (/IP) 0.025, 0.065 N/A 0.126, 0.130 
synchrotron frequency 1.6 kHz 0.65 kHz 2.98 kHz 
average acc.field 7.5 MV/m 11.9 MV/m 18 MV/m 
effective RF length 485 m 42 m 505 m 
RF frequency 352 MHz 721 MHz 1300 MHz 
rms energy spread 0.22% 0.116% 0.232% 
rms bunch length 1.61 cm 0.688 cm 0.30 cm 
peak luminosity / IP 1.25x1032 cm-2s-1 N/A 1.33x1034 cm-2s-1 
number of IPs 4 1 2 
beam lifetime 6.0 h N/A 12 minutes 

from A.Blondel et al., arXiv:1112.2518

Luminosity is the challenge



LEP3 Study Proposal

• Collider ring

• 2 x 120 GeV

• 7 GeV SR-loss per turn

• 4 bunches of 4×1012 e-

50 MW loss per beam

• τbeam = 16 min
determined by Bhabha 
scattering 

• Top-up ring

• fast ramping synchrotron 
chain; SPS and accelerator 
ring 44-120 GeV

similar to the maximum beam-beam tune shift reached at KEKB. For comparison, in LEP the 
threshold bunch population for TMCI was about 5x1011 at the injection energy of 22 GeV. 
For LEP3, at 120 GeV (with top up injection, see below), we gain a factor 5.5 in the 
threshold, which almost cancels a factor (1.3/0.7)3 increase in the magnitude of the 
transverse wake field (of the SC RF cavities) arising from the change in wake-field strength 
due to the different RF frequency. We note that only about half of the transverse kick factor 
in LEP came from the SC RF cavities, so that the actual scaling of the threshold may be more 
favourable. The TMCI threshold also depends – roughly linearly - on the synchrotron tune. 
The LEP3 synchrotron tune is about 0.3, while in LEP at injection it was below 0.15. The 
higher synchrotron tune would bring a further factor of 2 in the TMCI threshold, thus raising 
the threshold bunch intensity to about 1012 particles. Finally, the beta functions in LEP3 at 
the location of the RF cavities could be designed to be smaller than those in LEP (this is 
already true for the beta functions in the arcs), which would further push up the instability 
threshold. However the bunch length at 120 GeV in LEP3 is larger than it had been at 
injection in LEP, so that the scaling of the TMCI threshold may be more complicated and 
require further investigations. 

The value of 1.2 mm considered fory* could be realized by using new higher-gradient 
larger aperture quadrupoles based on Nb3Sn (as for HL-LHC), by a judicious choice of the 
free length from the IP, and possibly by a semilocal chromatic correction scheme. It is close 
to the value giving the maximum geometric luminosity for a bunch length of 3 mm, taking 
into account the hourglass effect. With a free length between the IP and the entrance face 
of the first quadrupole of 4 m, plus a quadrupole length of 4 m, the quadrupole field 
gradient should be about 17 T/m and an aperture (radius) of 5 cm would correspond to 
more than 20y. 

 

Figure 2 Possible two ring sketch for LEP3: a first ring (accelerator ring)  accelerates 
electrons and positrons up to operating energy (120 eV) and injects them at a few minutes 
interval into the low emittance collider ring in which the high luminosity 1034/cm2/s  
interaction points are situated.   

A.Blondel et al., arXiv:1112.2518 and 
IPAC12, TUPPR078 and references 
therein

Parameters at the limit
– no energy margin
– concept of storage doubtful



Parameters and
issues of LEP3
• beam dynamics studies and optics; HOM heating with large 

bunch currents and very small bunch lengths (<0.3cm), vertical 
emittance tuning, single-bunch charge limits, longitudinal effects 
associated with a Qs of 0.35, low beta insertion with large 
momentum acceptance, parameter optimization, beam-beam 
effects, including beamstrahlung, and the top-up scheme;

• optics design and beam dynamics for the accelerator ring, and 
its ramping speed;

• the design and prototyping of a collider-ring dipole magnet, an 
accelerator-ring dipole magnet, and a low-beta quadrupole;

• 100 MW synchrotron radiation effects: damage considerations, 
energy consumption, irradiation effects on LHC and LEP3 
equipment, associated shielding and cooling;

• SRF and cryogenics design and prototyping

• determining the optimum RF gradient as a compromise between 
cryo power and space, and the optimum RF frequency with 
regard to impedance, RF efficiency and bunch length;

• machine-detector interface, e.g. the integration of warm low-
beta quadrupoles inside the ATLAS and CMS detectors

from IPAC12 paper

Table 1 : Example parameters of LEP3 and DLEP 
compared with LEP [5, 6] and LHeC ring design [2]. 
Beamstrahlung (BS) effects were estimated from 
analytical formulae [7, 8]. 

 LEP2  LHeC LEP3 DLEP 
b. energy Eb [GeV]  
circumf. [km]  
beam current [mA]  
#bunches/beam  
#eí/beam [1012]  
horiz. emit. [nm]  
vert. emit. [nm]  
bending rad. [km]  
part. number Jİ  
mom. c. Įc [10í5]  
SR p./beam [MW]  
ȕכx [m]  
ȕכy [cm]  
ıכx [ȝm]  
ıכy [ȝm]  
hourglass Fhg  
ESR

loss/turn [GeV]  
VRF,tot [GV]  
Gmax,RF [%] 
ȟx/IP  
ȟy/IP 
fs [kHz]  
Eacc [MV/m]  
eff. RF length [m]  
fRF [MHz]  
įSR

rms [%]  
ıSR

z,rms [cm]  
L/IP[1032cmí2sí1]  
number of IPs  
beam lifetime [min]  
  BS [10í4]ࢢ
nȖ/collision  
ǻEBS/col. [MeV]  
ǻEBS

rms/col. [MeV]  

104.5 
26.7 
4 
4 
2.3 
48 
0.25 
3.1 
1.1 
18.5 
11 
1.5 
5 
270 
3.5 
0.98 
3.41 
3.64 
0.77 
0.025 
0.065  
1.6 
7.5 
485 
352 
0.22 
1.61 
1.25 
4 
360 
0.2 
0.08 
0.1 
0.3 

60 
26.7 
100 
2808 
56 
5 
2.5 
2.6 
1.5 
8.1 
44 
0.18 
10 
30 
16 
0.99 
0.44 
0.5 
0.66 
N/A 
N/A 
0.65 
11.9 
42 
721 
0.12 
0.69 
N/A 
1 
N/A 
0.05 
0.16 
0.02 
0.07 

120 
26.7 
7.2 
4 
4.0 
25 
0.10 
2.6 
1.5 
8.1 
50 
0.2 
0.1 
71 
0.32 
0.67 
6.99 
12.0 
4.2 
0.09 
0.08 
3.91 
20 
606 
1300 
0.23 
0.23 
107 
2 
16 
10 
0.60 
33 
48 

120 
53.4 
14.4 
60 
16.0 
10 
0.05 
5.2 
1.5 
2.0 
50 
0.2 
0.1 
45 
0.22 
0.75 
3.5 
4.6 
5.0 
0.05 
0.05 
0.91 
418 
376 
1300 
0.16 
0.17 
142 
2 
22 
8 
0.25 
12 
26 

and beta ratios) to minimize energy spread and particle 
losses resulting from beamstrahlung [9, 10]. The bunch 
length of LEP3 is smaller than for LEP despite the higher 
beam energy, due to the smaller momentum compaction 
factor, the larger RF voltage, and the higher synchrotron 
frequency. Similar to the LHeC design, the total RF wall 
plug power per beam is taken to be limited to 200 MW. 
The wall-to-beam energy conversion efficiency is 
assumed to be 50%. The energy loss per turn then 
determines the maximum beam current. At 120 GeV 
beam energy it is 7.2 mA or 4×1012 particles per beam. 
Additional power will be needed for the cryoplants (a 
total of 10-30 MW depending on the Q0 value of the 
cavities [2]) and for the injector/accelerator rings. The 
total wall plug power of the LEP3 complex would then be 
between 200 and 300 MW. If we distribute the total 
charge over 4 bunches per beam each bunch contains 
about 1012 electrons (or positrons), and the value of the 
beam-beam tune shift of ~0.09 is much less than the 
maximum beam-beam tune shift reached at KEKB. For 

comparison, in LEP the threshold bunch population for 
TMCI was about 5×1011 at the injection energy of 22 
GeV. For LEP3, at 120 GeV (with top up injection, see 
below), we gain a factor 5.5 in the threshold, which more 
than cancels a factor (1.0/0.7)3 increase in the magnitude 
of the transverse wake field (of the SC RF cavities) 
arising from the change in wake-field strength due to the 
different RF frequency. We note that only about half of 
the transverse kick factor in LEP came from the SC RF 
cavities, so that the actual scaling of the threshold may be 
more favourable. The TMCI threshold also depends – 
roughly linearly – on the synchrotron tune. The LEP3 
synchrotron tune is about 0.35, while in LEP at injection 
it was below 0.15. The higher synchrotron tune would 
bring a further factor of 2 in the TMCI threshold, thus 
raising the threshold bunch intensity to above 1012 
particles. Finally, the beta functions in LEP3 at the 
location of the RF cavities could be designed to be 
smaller than those in LEP (this is already true for the beta 
functions in the arcs), which would further push up the 
instability threshold. The value of 1 mm considered for 
ȕ*

y could be realized by using new higher-gradient larger 
aperture quadrupoles based on Nb3Sn (as for HL-LHC), 
by a judicious choice of the free length from the IP, and 
possibly by a semilocal chromatic correction scheme. It is 
close to the value giving the maximum geometric 
luminosity for a bunch length of 3 mm, taking into 
account the hourglass effect. With a free length between 
the IP and the entrance face of the first quadrupole of 4 m, 
plus a quadrupole length of 4 m, the quadrupole field 
gradient should be about 17 T/m and an aperture (radius) 
of 5 cm would correspond to more than 20ıy. 

At top energy in LEP2, the beam lifetime was 
dominated by the loss of particles in collisions [5] due to 
radiative Bhahba scattering with a cross section of 0.215 
barn [11]. For a luminosity of 1034 cmí2sí1 at each of two 
IPs, we find a LEP3 beam lifetime of 16 minutes — LEP3 
would be ‘burning’ the beams to produce physics very 
efficiently. With a LEP3 energy acceptance, Gmax,RF, of 
4%, the additional beam lifetime limit due to 
beamstrahlung [10] can be larger than 30 minutes, even 
with beams colliding at two IPs; see Fig. 2.  

 
Figure 2: LEP3 beam lifetime due to beamstrahlung at 
two IPs in units of seconds (color) simulated by Guinea-
Pig versus bunch population and Ex

* at Hx=20 nm, for a 
momentum acceptance of 2% (left) and 4% (right). Beam 
lifetimes above 1000 s cannot be resolved due to the finite 
number of macro-particles used in the simulation. 

 
In addition to the collider ring operating at constant 

energy, a second ring (or a recirculating linear 
accelerator) could be used to ‘top-up’ the collider; see 
Fig. 1. If the top-up interval is short compared with the 



Some remarks on circular e+e- collider

• It would be possible to collide e+e- in the LEP tunnel at √s=240 GeV

• Luminosity is the challenge

• Synchrotron radiation losses of 7 GeV/turn

• Radiation fluctuations necessitate voltage of 10 GV or more

• large momentum acceptance required (5% or so)

• cw-mode of SRF cavities necessitates an enormous cryoplant (~50 
MW)

• Beam stability

• Beamstrahlung at the interaction point is critical

• Power budget

• 100 MW radiated not extendible



e+ e-

5-10 km

Scheme for a Linear Collider

• Particle bunch used only once

• extreme focussing

• repetition rate

• high gradient

• High power

• Beam stability

• Realistic treatment of beam 
power and heat

• dimensions of collider

LEP ILC
σx × σy

N*frep

130 × 6 [μm2] 500 × 5 [nm2]
4 × 11 kHz 3000 × 5 Hz



While
A Possible Apparatus for Electron-Clashing Experiments (*).

M. Tigner
Laboratory of Nuclear Studies. Cornell University - Ithaca, N.Y.

Nuovo Cimento 37 (1965) 1228

While the storage ring concept for providing clashing-beam experiments (1) is very 
elegant in concept it seems worth-while at the present juncture to investigate other 
methods which, while less elegant and superficially more complex may prove more 

tractable.

has been proposed almost 50 years ago only 
one has been built and operated: SLC

with moderate design parameters
(from todays perspective)



Luminosity

Collider luminosity is 
approximately given by

where:
L =

nbN
2frep

A
HD

L =
nbN

2frep

4πσxσy
HD

nb = bunches/train

N = particles per bunch

frep = repetition frequency

A = beam cross section at IP

HD = beam − beam enhancement factor

for Gaussian beams



Luminosity – RF power

L =
(EcmnbNfrep)N

4πσxσyEcm

HD

L =
ηRFPRFN

4πσxσyEcm

HD

nbNfrepEcm = Pbeams

= ηRFPRF

• using centre of mass energy

• Example

• including efficiencies

• RF to beam: 20-60%

• Wall plug to RF: 30-40%

Ecm = 500 GeV
N = 1010

nb = 100
frep = 100 (5) Hz















Pbeams = 8MW

>100 MW AC needed to accelerate 
beams and achieve luminosity



• strong mutual focusing of beams 
(pinch) gives rise to luminosity 
enhancement HD

• As e± pass through intense field 
of opposing beam, they radiate 
hard photons [beamstrahlung] 
and loose energy

• Interaction of beamstrahlung 
photons with intense field 
causes copious e+e- pair 
production [background]

E y
 (M

V/
cm

)

y/σy

Beam-Beam Interaction

σx ! σy



Beam Beam Interaction at IP

Beam beam characterized by 
Disruption parameter: Dx,y =

2reNσz

γσx,y(σx + σy)
≈

σz

fbeam

Enhancement factor (typically HD~2)

HDx,y
= 1 + D1/4

x,y

(

D3
x,y

1 + D3
x,y

)


ln(
√

Dx,y + 1) + 2 ln

(
0.8βx,y

σz

)

︸ ︷︷ ︸





Hour glass effect

For storage rings fbeam~σz and Dx,y~1.

In a LC, Dy~10-20 and hence fbeam<σz



Hour-glass effect

β = “depth of focus”

reasonable lower limit for β is bunch length σz



RMS relative energy loss

Would like to make σxσy small to maximise luminosity

BUT keep (σx+σy) large to reduce δBS.

Trick: use “flat beams” with

Then choose σx to fix δBS, and make σy as small as possible to achieve high 
luminosity.

For most LC designs, δBS ~ 3-10%

Beamstrahlung

δBS ≈ 0.86
er3

e

2m0c
2

(

Ecm

σz

)

N2

(σx + σy)2

δBS ∝

(

Ecm

σz

)

N2

σ2
x

σx ! σy



Returning to L scaling law, and ignoring HD

From flat-beam beamstrahlung

hence

Beamstrahlung

N

σx

∝

√

σzδBS

ECM

L ∝
ηRFPRF

E
3/2
cm

√
δBSσz

σy

L ∝
ηRFPRF

ECM

(

N

σx

)

1

σy



Small vertical beam size

L ∝
ηRFPRF

E
3/2
cm

√
δBSσz

σy
σy =

√

βyεn,y

γ

with εn,y normalised vertical emittance and βy the vertical β-function at the IP.

L ∝
ηRFPRF

E
3/2
cm

√

δBSγ

εn,y

√

σz

βy
∝

ηRFPRF

Ecm

√

δBS

εn,y

√

σz

βy



Optimised Scaling Law

L ∝
ηRFPRF

Ecm

√

δBS

εn,y

HD for σz ≈ βy

• For high luminosity 

• high RF-beam conversion efficiency

• high RF power

• small normalised vertical emittance

• strong focussing at IP (small βy and hence small σz!)

• and could allow for larger beamstrahlung if willing to live with 
consequences



ct =
�

2

Concepts of rf acceleration

• Resonator required for
• longitudinal component Ez 
• matching of phase velocity

• Two concepts
• Traveling wave

• Bunch (entirely) exhausts traveling 
wave during transit/acceleration;

• Standing
wave
• Particle bunch is accelerated by the 

mean value of the field; field is rather 
unaffected (large reservoir).
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Traveling wave 
with damping
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EzEz = E0 sin(!t+ �) sin(kz)

= E0 sin(kz + �) sin(kz)

Ez = E0 cos(�)

ILC

CLIC



rf generation

• Klystrons

• velocity modulation of an electron beam 
by an external field is translated into a 
density modulation of the electron beam 
in the clystron

• rf field is extracted

• Wakefield

• field of moving charge is extracted from 
suitable resonant structures.

10 MW
CLIC 

Hans Weise / DESY � Freiburg, 6.März 2008

CLIC

ILC



ILC Layout (RDR version)

• Superconducting acceleration over a length of ~10 km

• Nominal gradient: 31.5 MV/m

• undulator based positron production



AmericasAmericas

Labs
ANL
BNL
FNAL
JLAB
LANL
LBNL
LLNL
SLAC

TRIUMF

Universities/InstitutesUniversities/InstitutesUniversities/Institutes
Colorado Univ.Colorado Univ.

Cornell
FSU

Iowa Univ.
MSU
Notre Dame Univ.Notre Dame Univ.

Europe

labs
Budker

CEA/Saclay
CERN

CIEMAT
CNRS

STFC Daresubry Lab.
DESY
ESRF
GSI

INFN
JINR

LAL-Orsay
PSI

Universities/InstitutesUniversities/Institutes
Abertay Univ. Lancaster Univ.

Berlin HU LAPP-Annecy
Birmingham Univ. Legnaro
Cambridge Univ. Liverpool Univ.

Dundee Univ. Manchester Univ.
Durham Mannheim

IFIC Oxford Univ.
IPJ RHUL

IPN-Orsay Rostock
IPPP Durham

Krakow

Asia

labs
BARC
IHEP
IUAC
KEK

RRCAT
Tsinghua Univ.

VECC

Universities/InstitutesUniversities/Institutes
Hiroshima Univ.

KNU
Nagoya Univ.

PAL
TIFR

Tohoku Univ.
Tokyo Univ.
Univ. Delhi

Global Design Effort (GDE) for the ILC

3 regions
16 countries
76 institutes as of RDR



GDE ILC timelines

     LHC physics

Reference Design Report (RDR)
GDE process

TDP 2

2005 2006 2007 2008 20122009 2010 2011 2013

Ready for Project 
Submission

Tech. Design Phase (TDP) 1

Extension due to 
2008

Budget situation



GDE approaching its original goals

Reference Design Report
                                           Accelerator

August 2007
ILC-REPORT-2007-001

international linear collider

Reference Design Report 

ILC Technical Progress Report  
(“interim report”) 

Technical Design Report 

~250 pages 

~300 pages 

* end of 2012 – formal publication early 2013 

AD&I 

The two parts are 
inherently linked 

TDR Part I: 
R&D 

TDR Part II: 
Baseline 
Reference 
Report 

Executive 
Summary 

~50 pages 

Outreach 
Document 

~25 pages 



Priorities during Technical Design Phase



Global SCRF Technology

Implicit Goal

Develop expertise and infrastructure 
for 1.3 GHz 9-cell cavities in all 

3 regions

This has been achieved 



Global SCRF Technology: Asia

¤

KEK, 
Japan



¤

KEK, 
Japan¤

FNAL, 
ANL

¤SLAC ¤JLAB¤Cornell

Global SCRF Technology: America
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Global SCRF Technology: Europe



Major R&D goals for Technical Design

• SCRF

• High Gradient R&D - globally coordinated program to demonstrate gradient by 
2010 with 50%yield; improve yield to 90% by TDR (end 2012)

• Manufacturing: plug compatible design; industrialisation, etc.

• Systems tests: FLASH; plus NML (FNAL), STF2 (KEK) post-TDR

• Test Facilities

• ATF2 - Fast Kicker tests and Final Focus design/performance
Delayed due to EARTHQUAKE RECOVERY

• CesrTA - Electron Cloud tests to establish damping ring parameters/design and 
electron cloud mitigation strategy

• FLASH – Study performance using ILC-like beam and cryomodule  (systems test)                                                        
Future STF (KEK), NML (Fermilab)



Cavity Yield
Plot  courtesy 

Camille Ginsburg of FNAL

TDP-2 Goal 

Intermediate 
goal achieved 

35 MV/m usable



Differential yield

more statistics 
soon to come from 
European XFEL



S1-Global Collaboration

¤
KEK, Japan

¤FNAL

x2

DESY
x2 x4

¤INFN Milan

complementing 
regional contributions 

to cryomodule



Test of FLASH Module / first XFEL prototype

• Cavity test in 2009:
34.75 MV/m

• Cavities in module
32.5 MV/m

• Operation at FLASH at 30 MV/m
and 10 Hz

• Increased FLASH energy to 1.2 GeV

• Collaboration IHEP/Beijing, CEA-
IRFU/Saclay, IN2P3-LAL/Orsay, INFN/
Milano, CIEMAT/Madrid and DESY
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Module PXFEL1 test on the Module Test Stand
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9mA Experiments in TTF/FLASH

XFEL ILC FLASH
design

FLASH
experiment

Bunch Ladung nC 1 3.2 1 3
# bunches 3250* 2625 7200* 2400
Pulslänge µs 650 970 800 800

Strom mA 5 9 9 9



Recent tests at FLASH – Operation near Quench limit

• Individual gradients flat to <<1% p-p
• Several cavities within 10% of quench 
• ‘Crash test’: very rapid recovery of 800µs / 

4.5mA after beam trip
• Ramped up current from ~zero to 4.5mA 

with ACC67 gradients approaching quench
• ‘Cavity gradient limiter’ to dynamically 

prevent quenching without turning off the rf
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Operation at 380MeV on ACC67 
(13 cavities) 

Red: quench limit 
Blue: operating gradient 

The limiting cavity is within 5% of quench 



FALSH: Evaluating rf power overhead

• Klystron high voltage was reduced 
from 108KV to 86.5KV so that the 
rf output just saturated during the 
fill

• The required beam-on power 
ended up being ~7% below 
saturation
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STF Quantum beam experiment at KEK

KEK-STF
Quantum-Beam Accelerator

2012
Feb : cool-down started,
April : beam acceleration

High-flux X-ray by Inverse-Compton scattering
10mA electron beam （40MeV, 1ms, 5Hz）
4-mirror laser resonator cavity
head-on collision with beam

Target: 1.3 x 1010 photons/sec 1%bandwidth

Capture cryomodule ( 2 SC cavities )

collision point
(Laser, electron beam)

photocathode RFgun

Goal : 10 mA 
shows the 

versatility of  
SCRF cavities:

high current beam
stable operation

Beam acceleration (40 MV) and 
transport for 1 ms,  successful !
April, 2012



Beam Acceleration Test Plan at FNAL



Beyond ILC TDR

Björn Wiik 
vision 

•  Continued progress in SRF gradient : breakthrough of 45 MV/m in 1-cell, ~60 MV/m record;  45 MV/m in 9-cell 
•  GDE began in 2005: produce a design for ILC and coordinate worldwide R&D efforts 
•  New SRF Test Facilities in operation: STF at KEK and NML at Fermilab 
•  Upgrade of CEBAF to 12 GeV underway at Jefferson Lab (80 cavities)  
•  FLASH operation and construction of European XFEL underway  (640 cavities)     

ITRP Recommendation 

Courtesy: R. Geng�



2-cell cavity with end-group reached > 50 MV/m

To be installed in  
KEK cERL injection beam line�



Accelerator Systems

• BDS

• ATF recovery after “earth quake” in 2011

• Damping Ring

• e+ source 

• RTML and ML beam dynamics



ATF2 status after earthquake recovery

(   10 β*x    x 10 β*y  optics ) 

Feb. 2012



Damping rings

• DTC04 Lattice Evaluations

• Magnet Design & Layout Review

48

DA with 
misalignments
& field errors Rubin/

Shanks

Ring

Tolerances 

Evaluation

for εy=2 pm

using current

LET Algos

J. Conway
C. Spencer



Damping rings cont'd

• EC Mitigations & Status
• Vacuum System Design/Costing

• SuperKEKB VCs in production 
with similar designs to ILC DR

• SuperKEKB Dipole Chamber

EC Suppression by  
Wiggler Electrode 

DR Wiggler chamber concept with thermal spray 
clearing electrode – 1 VC for each wiggler pair. 

Conway/Li 



Layout for Remote Target Handling

Used Target  
& Container�

Base�

Target Station�

New Target�

 Utilities:  
Water  pump 
Vacuum Pump 
etc.�

Target Handling Container�



Positron capture



ILC Baseline parameters



Detector Hall

• Cost
• Alignment
• Cryogenc systems

Beam line

Access tunnel

AlcoveAlcove

Area1

Area5

Area4

Area3Area2

71m

50m

Utility space (6F)

Loading
area



ILC Layout for TDR

Courtesy B. List



ILC Layout for TDR

Courtesy B. List



rf distribution

Klystron Cluster Scheme
(SLAC)

suitable for single 
tunnel layout



Two Japanese candidate sites



New tunnel shape - suitable for Japan

• rf distribution à la TDR (similar to European XFEL)

• 10 MW klystron attached to 2 cryomodules



ILC possible timelines
CY

Technical	  Design	  Report	  complete
Baseline	  established

2011 2012 2013 2014 20162010

ILC

2015

Technical	  design	  &	  R&D	  program

2017 2018

SRF	  system	  tests

TDR	  reviews

Site	  EOI’s

Cost	  EsKmaKng

Decision	  to	  proceed

Site/host	  established

Project	  ImplementaKon	  Plan	  complete XFEL	  operaKon

LHC

Physics	  Run	  1 Physics	  Run	  2Interconnect	  repair

Existence	  of	  low-‐lying	  
SUSY	  known

Higgs	  energy	  
scale	  known

timegap



Summary ILC

• Design for a 500 GeV machine will be published by the end of 2012
• 200 < √s < 500 GeV with adequate luminosity
• extendable to ~1 TeV,

particularly with further progress in cavity gradient
• including a cost update

• not dissimilar to RDR value of 6.7bn ILCU (1 ILCU = $1 US on 1.1.2007)
• GDE will use purchasing power index to relate exchange rate development in 

different regions

• Such a machine could be built today.


