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Part II- Chapter 10. Beam Delivery System and Machine Detector Interface

10.2 Lattice description

The BDS lattice [166] hast its starting point 2254m away from the Interaction Point;
on the electron side, the BDS follows the target bypass section of the positron source’s
undulatory section, on the positron side it starts after the Machine Protection and
Collimation section of the Main Linac [167].

10.2.1 Diagnostics, Tune-up dump, Machine Protection

The initial part of the BDS, from the end of the main linac to the start of the
collimation system, is responsible for measuring and correcting the properties of
the beam before it enters the Collimation and Final Focus systems. In addition,
errant beams must be detected here and safely extracted in order to protect the
downstream systems. Starting at the exit of the main linac, the system includes
the skew correction section, emittance diagnostic section, polarimeter with energy
diagnostics, fast extraction/tuning system and beta matching section.
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Figure 10.1. BDS layout showing functional subsystems, starting from the linac exit;
X – horizontal position of elements, Z – distance measured from the IP.
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Table 1: Key parameters of the BDS. The range of L∗, the distance from the final quadrupole to the IP, corresponds
to values considered for different detector and FFS concepts.

Parameter Units Value
Length (linac exit to IP distance)/side m 2750
Maximum Energy/beam TeV 1.5
Distance from IP to first quad, L* m 3.5-6
Crossing angle at the IP mrad 20
Nominal core beam size at IP, σ∗, x/y nm 45/1
Nominal beam divergence at IP, θ∗, x/y µrad 7.7/10.3
Nominal beta-function at IP, β∗, x/y mm 10/0.07
Nominal bunch length, σz µm 44
Nominal disruption parameters, x/y 0.15/8.4
Nominal bunch population, N 3.7 × 109

Beam power in each beam MW 14
Preferred entrance train to train jitter σ < 0.2
Preferred entrance bunch to bunch jitter σ < 0.05
Typical nominal collimation aperture, x/y σx/σy 15/55
Vacuum pressure level, near/far from IP nTorr 1000/1
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Fig. 1: CLIC 3 TeV layout. Dipoles, quadrupoles and collimators are shown in blue, red and black, respectively.
The tune-up dump and its extraction line are also displayed.

The emittance diagnostic section contains 4 laser wires which are capable of measuring horizon-
tal and vertical RMS beam sizes down to 1 µm. The wire scanners are separated by 45◦ in betatron
phase to allow a complete measurement of 2D transverse phase space and determination of the projected
horizontal and vertical emittances.

The energy measurement has been designed to minimize the required space due to the tight con-
straints on the CLIC total length. The deflection of the first dipole in the energy collimation section
together with high precision BPM pairs at both sides of the dipole provides the most compact energy
measurement. The integrated magnetic field is assumed to have a calibration error of 0.01% and the
BPM resolution must be 50 nm or better with a maximum calibration error of 0.1%. This set-up provides
a relative energy resolution below 0.1%. Reference trajectories can be regularly established by zeroing

2

ILC BDS, Ecm =500GeV

CLIC BDS, Ecm =3TeV

polarimeter

Both assume that beam halo of 10-5 hit the collimators    -> 1μ / bunch at IP
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σb_b = Jitterb_b*(1+ A y 2)0.5, jitter amplification
Lb_b - ΔLb_b = EXP(-(σb_b 2)/4)

Cdep_y= θymax/σ*’y/safety_factor
A y = 0.0482 γ-1 Cdep_y -1.5 εy -0.75

Emittance growth in y = (0.4*Jittertrain*A y)2

Luminosity degradation due to the collimators

1. Collimation depth, wakefield and emittance growth

2. Bunch-to-bunch jitter effect on the luminosity

Values in ILC-TDR (CLIC-CDR) ;
θymax  = 1 mrad,  e.g.  no syn.rad hit 20mmφ beam pipe for ±10m around IP
safety_factor = 1.5
Jittertrain = 0.2 (0.2), scaled by beam size   with “FONT” feedback
                                                     note:  emittance growth ∝  Jitter**2

→  0.12

→  34.6(y), 6.6(x)@Eb=100GeV

→  4.4

→ 0.95

→ 0.45

Jitterb_b = 0.1 (0.05), scaled by beam size 

ILC-TDR

 55(y), 15(x)@CLIC

~0.95
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Nominal 200 Nominal 250 Nominal 350 Nominal 500 HL 500 Nominal 1000
Ecms [GeV] 200 250 350 500 500 1000
gamma 1.96E+05 2.45E+05 3.42E+05 4.89E+05 4.89E+05 9.78E+05
N e- 2.00E+10 2.00E+10 2.00E+10 2.00E+10 2.00E+10 1.74E+10
N e+ 2.00E+10 2.00E+10 2.00E+10 2.00E+10 2.00E+10 1.74E+10
nb 1312 1312 1312 1312 2625 2450 All numbers in red are input 
Tsep [ns] 554.0 554.0 554.0 554.0 366.0 366.0 All numbers in black or blue are calculated
Iave in train [A] e- 0.0058 0.0058 0.0058 0.0058 0.0087 0.0076
f 5 5 5 5 5 4
Pb [W] e- 2.10E+06 2.63E+06 3.68E+06 5.25E+06 1.05E+07 1.37E+07
Electron polarization, % 80 80 80 80 80 80
Positron polarization, % 31 31 29 22 22 30
Electron E-spread, % 0.220 0.190 0.158 0.125 0.125 0.083
Positron E-spread, % 0.170 0.150 0.100 0.065 0.065 0.043
IP Parameters
gamepsX incoming 1.00E-05 1.00E-05 1.00E-05 1.00E-05 1.00E-05 1.00E-05  
gamepsY incoming 3.50E-08 3.50E-08 3.50E-08 3.50E-08 3.50E-08 3.00E-08 Constants:
bx 1.60E-02 1.30E-02 1.60E-02 1.10E-02 1.10E-02 1.10E-02 alpha 7.2974E-03
by 3.40E-04 4.10E-04 3.40E-04 4.80E-04 4.80E-04 2.30E-04 re 2.8510E-15
sigx_geom 9.04E-07 7.29E-07 6.84E-07 4.74E-07 4.74E-07 3.35E-07 me 5.1100E+05
sigy_geom 7.8E-09 7.7E-09 5.9E-09 5.9E-09 5.9E-09 2.7E-09 c 2.9980E+08
sigx_effective 9.04E-07 7.29E-07 6.84E-07 4.74E-07 4.74E-07 3.35E-07 me 5.1100E+05
sigy_effective 7.8E-09 7.7E-09 5.9E-09 5.9E-09 5.9E-09 2.7E-09 c 2.9980E+08 sigy_eff=
sigxp 5.65E-05 5.61E-05 4.27E-05 4.31E-05 4.31E-05 3.05E-05 e 1.6020E-19
sigyp 2.29E-05 1.87E-05 1.73E-05 1.22E-05 1.22E-05 1.15E-05
gamepsX effective 1.00E-05 1.00E-05 1.00E-05 1.00E-05 1.00E-05 1.00E-05  
gamepsY effective 3.50E-08 3.50E-08 3.50E-08 3.50E-08 3.50E-08 3.00E-08 emitY_eff=sigy_eff^2/by
L* [m] 3.50 3.50 3.50 3.50 3.50 3.50
Max divergence X 4.00E-04 4.00E-04 4.00E-04 4.00E-04 4.00E-04 4.00E-04 Magenta -- input which needs to be justified
Max divergence Y 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03
Collim safety factor 1.5 1.5 1.5 1.5 1.5 1.5
Coll depth X 6.6 6.6 6.2 6.2 6.2 8.7 assume 6 is limit Dark green -- calculated, and need to be justified
Coll depth Y 34.6 42.5 38.5 54.6 54.6 57.7 CdepY=
BDS Inc. t-t jitter, sigma 0.2 0.2 0.2 0.2 0.2 0.2 FD-split effect x: 1.38888889
BDS Inc. b-b jitter, sigma 0.1 0.1 0.1 0.1 0.1 0.1 FD-split effect y: 1.19047619
Coll wake kick power xi, K~1/r^xi/ga 1.5 1.5 1.5 1.5 1.5 1.5
Coll wake Ay 4.4 3.1 3.3 1.8 1.8 1.5 Ay=
Coll wake Y-emit growth 0.124 0.060 0.068 0.020 0.020 0.015 emittance growth Y-grwth=
Increased b-b jitter, sigma 0.451 0.322 0.341 0.203 0.203 0.183 sg_b_b=
Lum reduct due to b-b jitter 0.950 0.974 0.971 0.990 0.990 0.992 DL_bb=
sigz 3.00E-04 3.00E-04 3.00E-04 3.00E-04 3.00E-04 3.00E-04
Dx e+ 0.2 0.3 0.2 0.3 0.3 0.3
Dy e+ 24.6 24.8 24.6 24.9 24.9 33.9  to set the vertical beta function for each Ecm to give D_y ~ 25
Theta0 6.39E-04 6.33E-04 4.83E-04 4.86E-04 4.86E-04 3.00E-04
xp_max_out 4.89E-04 4.84E-04 3.70E-04 3.71E-04 3.71E-04 2.30E-04
yp_max_out 1.09E-04 1.07E-04 8.21E-05 8.18E-05 8.18E-05 3.90E-05
Uave e+ 0.013 0.021 0.031 0.063 0.063 0.156
Umax e+
delta_B 0.0055 0.0100 0.0151 0.0389 0.0389 0.0910

TDR : Assume gamepsX,Y incoming already include emittance growth due to wakefields etc.
and no effect of b-b jitter

All numbers are analytic calculations but Guinea
Pig usually agrees within +/- few percent

Taken from J. Clarke presentation to Dec. AD&I meeting
(DESY)

Collimator Wakefield Theory

Wakefields from collimators deflect offset beams, leading to jitter amplification 
and emittance dilution.

Theoretical models exist for geometric and resistive contributions to the kick.

Wakefields in NLC design are within specifications.

Jitter amplification:  beam with n sigmas jitter !

n ( 1 + A2)1/2 sigmas (offset beam receives kick)

Emittance growth:  beam with n sigmas jitter ! fractional emittance 

growth of (0.4An)2 (tail kicked more than head)

How do we calculate A?
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Geometric Wakefields:
Depend on gap height, gap 

width, taper angle, bunch length

Complex theory with 3 regimes

Resistive Wakefields:
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length, collimator gap and 

length, conductivity

NLC Collimation System:

2.841.202.26Total Ay

--0.530.38FF absorbers

0.32--0.73FF spoilers

0.330.0140.51 absorbers

1.670.590.55 spoilers

0.370.0160.034 absorbers

0.160.0450.054 spoilers

CLICNLCTESLA

Ay " 0.7 @ 500 GeV CM with tail-folding 

octupoles – Emittance growth < 1%

Ay  1/Ebeam – may limit luminosity at lower 

energies and preclude 1/E lumi scaling!

From TR C Report, Chapter 7 (2003):

ILC

Collimation depth

emittance growth
Lum degradation

Split FD at Ecm=200 
and 250GeV

CLIC
15 (x)
55 (y)

Lum loss
  5%
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P_Beamstrahlung [W] 1.15E+04 2.62E+04 5.55E+04 2.04E+05 4.09E+05 1.24E+06
ngamma e+ 0.94 1.15 1.22 1.71 1.71 2.00
Hdx 1.1 1.1 1.1 1.2 1.2 1.1
Hdy 4.5 5.4 4.5 6.1 6.1 3.3
Hd 1.7 1.8 1.7 2.0 2.0 1.6
Geo Lum (cm-2 s-1) 2.96E+33 3.74E+33 5.18E+33 7.51E+33 1.50E+34 2.65E+34
Lum. dil. 0.950 0.974 0.971 0.990 0.990 0.992
Lum. (cm-2 s-1) 5.02E+33 6.85E+33 8.79E+33 1.47E+34 2.95E+34 4.13E+34
Lum/bc 7.66E+29 1.04E+30 1.34E+30 2.25E+30 2.25E+30 4.21E+30
Coherent pairs/bc 5.36E-167 4.31E-105 1.15E-67 1.00E-28 1.00E-28 9.82E-07
Inc. pairs/bc (LL) 1.39E+04 2.00E+04 2.80E+04 5.12E+04 5.12E+04 1.13E+05
Inc. pairs/bc (BW) 1.63E+03 2.23E+03 2.05E+03 3.55E+03 3.55E+03 3.69E+03
Inc. pairs/bc (BH) 1.22E+05 1.81E+05 2.23E+05 4.33E+05 4.33E+05 7.80E+05
Inc. Pairs/bc (tot) 1.38E+05 2.04E+05 2.53E+05 4.88E+05 4.88E+05 8.97E+05
Caliculations by CAIN
Lum. (cm-2 s-1) 5.08E+33 7.11E+33 8.90E+33 1.55E+34 3.10.E+34 3.54E+34
Lum. (cm-2 s-1) w/ waist shift 5.71E+33 7.85E+33 1.00E+34 1.68E+34 3.37.E+34 4.19E+34 0.6 sigma_y
Lum  top 1% : L(0.01)/L 0.914 0.841 0.790 0.613 0.613 0.476
Lum  top 1% w/ waist shift 0.911 0.840 0.784 0.612 0.612 0.463 0.6 sigma_y
Lum 1nm offsetY : L(1nm)/L 0.969 0.959 0.949 0.927 0.927 0.854
Lum 1nm offsetY w/ waist shift 0.959 0.952 0.937 0.916 0.916 0.828 0.6 sigma_y
energy loss 0.034 0.046 0.044 0.072 0.072 0.084
energy loss w/ waist shift 0.034 0.045 0.044 0.072 0.072 0.083 0.6 sigma_y
Inc. Pairs/bc (tot) 2.54E+04 4.17E+04 5.50E+04 1.23E+05 1.23.E+05 2.13E+05
Inc. Pairs/bc (tot) w/ waist shift 2.84E+04 4.45E+04 6.11E+04 1.30E+05 1.30.E+05 2.44E+05 0.6 sigma_y
Caliculations by GP
Lum -ratio : analytic/GP 0.85 0.86 0.84 0.87 0.87 0.92
Date of run 25.Sep.12 25.Sep.12 25.Sep.12 25.Sep.12 25.Sep.12 25.Sep.12
Lum GP-beam-beam   ( cm-2 s-1 ) 5.89E+33 7.96E+33 1.04E+34 1.70E+34 3.40E+34 4.47E+34 0.6 sigma_y
Lum  top 1%  :   L(0.01)/L 0.922 0.846 0.790 0.615 0.615 0.460
Lum(Ecms) /Lum (500GeV) 0.35 0.47 0.61 1.00 2.00 2.63
Ecms/500 0.4 0.5 0.7 1 1 2
relative to the scaled Lum 0.87 0.94 0.88 1.00 2.00 1.31
Inc. pairs/bc (LL) 18,811 25,793 34,409 111,658 223,316 101,258
Inc. pairs/bc (BW) 1,481 2,270 2,256 4,242 8,485 4,648
Inc. pairs/bc (BH) 20,974 35,687 49,000 111,658 223,316 218,083
Inc. Pairs/bc (tot) 41,266 63,751 85,666 227,558 455,117 323,989
energy loss 0.0060 0.0113 0.0165 0.0422 0.0422 0.0896

Nominal 200 Nominal 250 Nominal 350 Nominal 500 HL 500 Nominal 1000
TDR : Assume gamepsX,Y incoming already include emittance growth due to wakefields etc.

and no effect of b-b jitter
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l∗

σ∗, x/y
θ∗, x/y µ

β∗, x/y
σz µ

D, x/y
N 6.8 · 109 2 · 1010

Core

Ecm =500GeV

pushed β*y

constrained 
by 3TeV
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√

s = 500
√

s = 500

a common FFS   ? 
Both use  the local chromaticity correction scheme.

Talks(optics optimisaton) by H. Garcia, Thursday morning, BDS+Beam dynamics
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5.12 MACHINE DETECTOR INTERFACE

Fig. 5.289: Hybrid QD0 short prototype

2. In the longer structure, the coils are supported independently of the magnet core. This simplifies
the active stabilization since the coils are the heaviest part of the magnet assembly and the cooling
water flow does not directly affect the magnet core, which requires active stabilization.

Fig. 5.290: QD0 with thermalization coils

The fundamental mechanical characteristics of the structure (fundamental resonance frequencies,
intrinsic structure stiffness, etc.) must be characterized for the design of proper stabilization. As an
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Fig. 6: Top: Luminosity performance for 100 statistical realizations of the CLIC FFS after tuning using 3 different
approaches. Bottom: Required number of luminosity measurements for the 3 different approaches.

Table 4: Specifications of the FD QD0 quadrupole for the different L∗ cases.

L∗ m 3.5 4.3 6.0 8.0
Gradient T/m 575 382 200 211
Length m 2.7 3.3 4.7 4.2
Beam aperture mm 3.8 6.7 8 8.5
Jitter tolerance nm 0.15 0.15 0.2 0.18
Gradient tol 10−6 5 5 - 3
Octupolar error 10−4@1mm 7 7 - 3
Prealignment µm 10 10 8 2

9

with the same cross section but 
shorter length, which performs 
close to the specifications

permanent 
magnets

CLIC QD0  : Hybrid magnet
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• We have learned what is needed to 
wind long, slender ILC QD0 coils. 

• We have new mechanical scenario for 
how to install and support QD0 in SiD; 
ILD is also developing their solution. 

• We expect to have an ILC style QD0 IR 
magnet system for warm vibration 
tests; funding is needed for cold tests. 

• Look to make the most of synergy with 
SuperKEKB and CLIC stability studies. 

• We also have ATF2 FF upgrade coils. 

Daegu QD0 Status  Snapshot in Time. 

presented at KILC12 by,
Brett Parker, BNL-SMD

SD0 

Half QD0 

Half QD0 

Extraction   line Quard

ILC QD0 : SCQ
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A. Seryi
SLAC BAW-2 presentation
19 Jan 2011
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y < 35σy

TWISS parameters at 
Ecm=250GeV ( RDR )

Synchrotron radiations  at QDEX1A, 6m from IP

Ecm=250GeV

Synchrotron radiations  at QDEX1A, 6m from IP

Ecm=500GeV

x

y

y

x

Beam Profile  : Gaussian (<3σ) + flat

x < 6σx

split FD
  -28% in x
  -16% in y
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Part II - The ILC Baseline Reference 10.9. Accelerator Components

Figure 10.17. Tentative spoiler candidate design [171, 195].

Figure 10.18. Field distribution for the operating mode of the 3.9GHz crab cavity
[155].

⇠ 3 kW per cavity for about 10msec, with a Qext of ⇠ 106 [154, 155, 180, 181].
The crab cavity is placed in a cryostat with tuner, x-y and roll adjustment which
provides proper mechanical stability and microphonic rejection. The cryostat also
accommodates the beampipe of the extraction line which passes about 19 cm from
the center of the cavity axis.

10.9 Accelerator Components

The total counts of the BDS accelerator components are summarized in Table 10.3.

—DRAFT for EC— Last built: September 19, 2012 193

Crab Cavities

ILC : 2 cavities at 13.4m from IP,  2~3m long, the phase jitter < 61fsec

CLIC :  ~3m long, the phase jitter < 0.02o(4.6fsec) and amplitude<2% at 12GHz
2% luminosity loss

wakefield dampers

9cell SC cavities

2012年 10月 24日 水曜日



Effect of Synchrotron radiations 
(SR) on the beam size at IP

CLIC  3TeV : ΔσSRbends2=0.49(analytic)=0.55(tracking)

ILC  0.5TeV:ΔσSRbends2=0.31(analytic)=0.35(tracking)
in unit of 10-15m2,  where  σ2 = σnorad2 + ΔσSRbends2

a common FFS   ? 

CLIC  0.5TeV:ΔσSRbends2=0.2(analytic)=0.24(tracking)

CLIC 3TeV Δσoide = 0.6386[nm]
ILC Δσoide = 0.0207[nm]
CLIC 500 GeV Δσoide = 0.0256[nm]

Oide limit in the vertical sizes at the final doublet

Effects in the horizontal sizes from the bending magnets
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1. The current CLIC 500 has been design keeping layout 
constraints from the 3TeV design. In the new phase, we will 
aim at re-designing and optimizing CLIC at 500 GeV (or 
370GeV) and the higher energies will have to adapt to the 
tunnel layout. 

2. Necessity of 2 beam tuning simulations (meaning tuning 
the e+ e- in a global frame of ground motion in the same 
simulated physical time and computing luminosity from their 
collisions).  So, it is a major subject for a demonstration of 
feasibility.

Suggestions
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SLC has never achieved the design luminosity, e.g. finally half of design luminosity 
after 10 years operations 
with smaller beam sizes, 
  i.e. 1.5(x), 0.65(y)μm  v.s. 1.65(x), 1.65(y) μm of the design
    by careful emittance preservation and improvements in the final focus optics
with less beam intensities,
  i.e. 4 - 4.5 x1010/bunch v.s. 7.2 x 1010/bunch of the design
and the repetition rate of 120Hz instead of 180Hz. 

Learns from SLC experiences

ILC and CLIC have been designed with these SLC experiences.
1.  Less beam intensity and smaller beam sizes, control of emittance growth
2.  Final focus systems are based on the local chromaticity correction scheme
     which has better performance than the separated function chromaticity 
     correction scheme at SLC.
3.  ATF2 is very important  to verify the expected performances 
     as a  ILC/CLIC FF test facility 
4.  Additional skew sextupoles, octupoles and decapoles should be included in 
     the baseline designs to minimize the residual higher-order aberrations.
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Conclusions

1.  CLIC could be lengthened to gain luminosity
       or that ILC can be shortened 
        (maybe its bandwidth is unnecessarily large?).

2. Could we use a single FFS lattice for both projects? 
so the community focuses in one FFS?

3. Commissioning strategy should be made 
       with and without detectors. 
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