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ILPS Tasks
• LAST, luminosity and alignment studies

• Develop codes, understand imperfection models, develop 
alignment feedback and tuning strategy integrate studiesalignment, feedback and tuning strategy, integrate studies

• COLSIM, collimation simulations
• Develop codes and study/optimise collimation 

• FMSIM, failure mode simulations
• Determine relevant modes and study them

• BBSIM beam-beam simulation code developementBBSIM, beam beam simulation code developement
• Benchmarking/improvement, e.g. spin tracking

• HTGEN, halo and tail generation
/• Provide realistic tail/halo models

• BCDES, bunch compressor design (CLIC)
• PCDL, post collision diagnostics line, p g

• Diagnostics potential in post collision line
• Develop line for CLIC



Some Comments
• The work of ILPS is fully integrated in the GDE and in the CLIC 

beam physics meetingsp y g
• A good part of the RDR chapter on accelerator physics has 

been contributed by ILPS
– Even most of the editingEven most of the editing
– Organisation changes made work a bit difficult

• CLIC parameters changed
– From 30 GHz to 12 GHZ
– From 150MV/m to 100MV/m
– Driven by beam physics, RF structure design and costDriven by beam physics, RF structure design and cost 

optimisation
– Large input from ILPS

CTF3 collaboration extended to cover CLIC as well– CTF3 collaboration extended to cover CLIC as well
• Due to the expected prolongation of EUROTeV people have 

been preparing to finish in 2008
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FMSIM
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HTGEN : Halo estimates and 
simulations for linear colliderssimulations for linear colliders

by H. Burkhardt, L. Neukermans1, A. Latina, I. Ahmed ;  CERN

Done 2007 :Done 2007 :
htgen software package with installation instructions, interfaces to 
tracking codes and examples made available (and started to be used by people other 
then the authors)then the authors)
provides simulation and estimates of main halo production processes ; 
applied to ILC & CLIC

Ongoing and future work :
•provide an online manual for the htgen software package
•improve the HTGEN package•improve the HTGEN package 
simplify HTGEN commands and provide control and diagnostics output
implement further halo production mechanisms
reduce dependence on external libs  (CLHEP, GS in case of placet)p ( p )
cleaner interfaces -- less globals and copying of structures
update to recent synchrotron radiation code
•work with HTGEN users, provide help and follow up on requests
•tests and benchmarking : measurements (ATF CTF3) and with other codes

1 EuroTeV fellow until 28 Feb 2007

•tests and benchmarking : measurements (ATF, CTF3) and with other codes --
Geant4, BDSIM



Reports and Presentationsp
Reference to all material, software package for download, installation instructions,
answers to frequently asked questions: 
HTGEN page http://hbu.home.cern.ch/hbu/HTGEN.html

Reportsp

Monte Carlo generation of the energy spectrum of synchrotron radiation, by. H. 
Burkhardt, 8 June 2007,  CERN-OPEN-2007-018; CLIC-Note-709; EUROTEV-
Report-2007-018Report 2007 018

Halo Estimates and Simulations for Linear Colliders, PAC’07 Proc. WEOCC03 ; 
CLIC-Note-714, CERN-AB-2007-045, EUROTeV-Report-2007-064

Presentations

LC workshop Daresbury : 8-11 Jan 2007, Halo and Tail Generation Studies, by L 
NeukermansNeukermans

PAC June 2007 : Halo Estimates and Simulations for Linear Colliders, by 
H.Burkhardt

CLIC'07 workshop : Halo and Tail Generation, by H.Burkhardt on 17 Oct. 2007



COLSIM
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COLSIM Report CERN/IFIC activities 2007COLSIM Report CERN/IFIC activities 2007

• Design and optimization of an alternative nonlinear collimation system for CLIC 
( t ti i t f il i )(protection against energy failure scenarios)

• Now two available designs: linear vs nonlinear
– Performance and cleaning efficiency comparison

[“Study of the CLIC BDS: Linear versus Nonlinear Collimation”, Javier Resta Lopez et al. 
European LC Workshop, Daresbury, 8-9 January 2007]

• Study of the collimator wakefield impact on the luminosityy p y
• Tracking studies using the code Placet
• Analytical calculations (Stupakov’s regimes)

• General design: nonlinear collimation system can be adapted to circular colliders• General design: nonlinear collimation system can be adapted to circular colliders 
(nonlinear collimation system for the LHC)

• PhD thesis made in the framework of this studies [“Design and Evaluation 
P f f N li C lli ti S t f CLIC d LHC” J i R tPerformance of Nonlinear Collimation Systems for CLIC and LHC”, Javier Resta 
Lopez, PhD Thesis, University of Valencia, October 2007]

J. Resta Lopez, A. Faus-Golfe (Valencia)



Milestones

• Design and evaluation performance of alternative optics for collimation 
in the colliders: nonlinear collimation systemsy

• General conceptual design of nonlinear collimation systems for linear 
colliders and adaptation to circular colliderscolliders and adaptation to circular colliders

• Two available optics designs for collimation in CLIC BDS: a baseline 
linear collimation systems and a competitive nonlinear collimationlinear collimation systems and a competitive nonlinear collimation 
system



Jonny Smith

Lancaster

Gdfidl
Lancaster

Gdfidl EM simulations predict kick 
factors measured for simple tapered 
collimator by the SLAC ESAcollimator by the SLAC ESA 
experiment

Now being extended to simulate fields 
in real collimators with all the addedin real collimators with all the added 
hardware: bellows, flanges, etc.



Roger Barlow

Manchester
Delta wakes from 

Gdfidl provides the EM

Manchester

Bunch wakes
Gdfidl provides the EM 

wakefield due to a 
specific bunch 
(Gaussian with some σz)

ECHO2D 
simulation of 
wakes from a( z)

Tracking simulations need 
EM wakefield of single 
particle (to be summed 

i bit

wakes from a 
bunch

(Modes 1-4)
over in an arbitrary 
bunch: different σz or 
even non-Gaussian)

Deconvolute using FourierDeconvolute using Fourier 
Transforms for angular 
modes Reconstructed 

wakes from a 
point particle



PLACET Simulations of Collimator 
Wakefields in the ILC BDS

Adina Toader
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Fig. a) ILC Luminosity versus initial beam jitter. For a vertical beam offset at the 
beginning of BDS of 1/2σy the luminosity at IP is reduce by 40% due to the collimators.

b) ILC Luminosity versus vertical collimator offset. The main cause to the 
luminosity loss is due to the wakefield effects in the spoilers (SP) while the absorbersluminosity loss is due to the wakefield effects in the spoilers (SP), while the absorbers 
(AB) have very little influence. For instance an offset of 1/2σy of SP4 (red dot line) 
gives a reduction in luminosity of 25%.   



Adriana Bungau

Manchester
Wakefield effects 

Manchester

with MERLIN
Code adapted to 
include angular 

d f bimodes of arbitrary 
order

Eff t b th tEffect beams that go 
very near the edge of 
the collimator

Can conclude that 
high-order modes 
only matter for 
unrealistically large 
offsets

M t t th t t f ltMust get the two sets of results on 
comparable plots…



CLIC Collimator Wakefield EffectsCLIC Collimator Wakefield Effects
• For perfect BDS little 

amplification of initial jitteramplification of initial jitter 
exists

• But alignment of collimators 
to beam is importantp

– Moving collimators by a 
few micrometres 
reduces luminosity if no 
trajectory correction is 
applied

A. Latina, D.S. (CERN)



BDSIM Pl t I t tiBDSIM-Placet Integration
• BDSIM tracks halo particles up to collimator• BDSIM tracks halo particles up to collimator
• Placet tracks core beam
• BDSIM passes halo description to Placet
• Placet tracks combined beam through collimator to calculate wakefield 

kicks
• Placet passes kicked halo back to BDSIM
• BDSIM applies kicks and continues tracking halo

BDSIM Run#1 BDSIM Run#2

Placet
S. Maton (RHUL), A. Latina (CERN)



BDSIM Pl t I t tiBDSIM-Placet Integration
• 1000 halo particles Difference in energy losses along beamline1000 halo particles 

tracked through CLIC 
BDS

• 1/r distribution in x,xp 

Difference in energy losses along beamline 
between Placet-BDSIM tracking and BDSIM-only 
tracking

, p
space

• Ax=[5.7-14.2]σx
• Ay=[54-162]σyy [ ] y

cf: CLIC Note 555, CERN

• dE/E = 0.01%

• Tested with CLIC
• Plan to apply to ILC



BDSIM R t U dBDSIM Recent Upgrades

• Define new materials in gmad file
• Kicker magnets implemented
• Parser correctly reads lines, inverted lines and nested 

combinations of these
• Added global coordinates, time of flight and arc path length to 

sampler output
• Multiple laserwires with varying wavelength and crossing angle 

now possiblep
• Upgrade for compatibility with Geant4.9, CLHEP2.0 and gcc4.0
• Numerous bugfixes

S. Malton (RHUL)



F t U d t BDSIMFuture Upgrades to BDSIM

• Category A: Must have:
– Beam gas scattering

N t t t– Neutron transport
– Realistic magnet geometries

• Category B: Would like:
– Dosimetry and activation
– Polarisation tracking
– AML/XML inputp

• Category C: Wouldn’t mind:
– Better visualisation: Interactive pan and zoom
– Better format conversion tools: Update mad2gmad MakeBetter format conversion tools: Update mad2gmad. Make 

sad2gmad? placet2gmad?



BBSIM

Ph Bambade (LAL)Ph. Bambade (LAL)



BBSIM1 - Study of Impact of beam-beam effects on precision luminosity 
measurements using Bhabha scattering at ILC

C Rimbault P Bambade K Mönig D SchulteC. Rimbault, P. Bambade, K. Mönig, D. Schulte

• Kinematics of the Bhabha process is
modified b the collecti e space charge

e+
bhabha

modified by the collective space charge
effect ( beamstrahlung + electromagnetic
deflections) Number of detected
Bhabha in a given angular acceptance is

e- e+

e-
bhabhaBhabha in a given angular acceptance is

lower than the theoretical predictable one
• This leads to a bias of the order of 10-2

(for nominal case) in the luminosity
Bias due to EM deflections,
bias to due beamstrahlung radiation and(for nominal case) in the luminosity

measurement. But the bias depends on
the parameters of the beams (energy,
sizes, intensity)

total bias on luminosity measurement as a 
function of horizontal beam size σx

sizes, intensity)
• Beam parameters must be controlled at
better than 20% to reach a precision of
10-3 on the luminosity measurement10 on the luminosity measurement

EUROTeV-Report-2007-017, JINST 2 P09001

Contribution to ILC Detector R&D Panel•Contribution to ILC Detector R&D Panel 
Report, FCAL Collaboration, 2007





BBSIM3 - Status of GUINEA-PIG++ Simulation
G. Le Meur, F. Touze, P. Bambade, C. Rimbault

• GP++ use configuration management environment CMT easy compilation

• GP++ versioning, updating and releasing achieved with SVNg, p g g

• GP++ is distributed on the web software development tool TRAC:
https://trac.lal.in2p3.fr/GuineaPig

• GP++ code can be run both on 32-bit and 64-bit computers.

• New keyword rndm_seed allows to choose the random generation seed.

Ph i i l ti i t i t f t l b b ff t• Physics simulation improvement: easy interface to apply beam-beam effects on 
Bhabha event input files and associated photons. See documentation

http://flc.web.lal.in2p3.fr/mdi/BBSIM/bbsim.html

• Automatic GRID sizing option: auto-computation of the grid sizes and number of cells 
based on the input beam parameters or loaded beams and disruption angle calculation 
(EuroTeV memo drafted) very useful for feedback studies(EuroTeV memo drafted) very useful for feedback studies. 

• All results are now in the main output file, with units and few comments.



Future of Beam-Beam SIMulation task

• Implement and study spin depolarization in GP++ (Spring 2008)

•Check theory (Autumn 2008)

• Extend hadronic mini jet phase space (Fall 2008)• Extend hadronic mini-jet phase space (Fall 2008)

•Could be late (priority was on luminosity measurement)

• Time performance improvements: 

parallel computation is under development/investigationparallel computation is under development/investigation 

research on pair production optimization

• Technical paper on GP++ developments
Involved persons at LAL: P. Bambade, G. Le Meur, C. Rimbault, F. Touze, + ?

At CERN: D. Schulte 



PCDL

V Ziemann (Uppsala)V. Ziemann (Uppsala)



The CLIC Post-Collision LineThe CLIC Post Collision Line

A conceptual design of the extraction line for CLIC was completed 
and published in 2007: 

1. magnetic separation of the wrong-sign charged particles of the 
coherent pairs from the other outgoing beams (two beam pipes after 
38 m) + early measurement of the beam profile (energy spectrum) for 
the wrong-sign charged particles of the coherent pairs,

2. transport of the disrupted main beam through a vertical magnetic 
chicane, a refocusing region (quadrupoles) to bend back the low-

l d l d f ( l l h 2 0 )energy tail and a long drift (total length = 250 m),

3. beamstrahlung photons in the same pipe as the disrupted beam.3. beamst ahlung photons in the same pipe as the dis upted beam.

A. Ferrari, V. Ziemann (Uppsala)



CLIC Post Collision Line Layout



CLIC Post-Collision Line (cont.)CLIC Post Collision Line (cont.)

A d i f h d i d d ( i i )A design of the dump window was done (report in preparation): 

The most severe constraints come from the undisrupted beam (spot f p ( p
size of 1 mm2, 20 MW). The window must have a thickness smaller 
than a radiation length, low elastic modulus and thermal expansion 

ffi i t (t h ll h i l d th l t )coefficient (to have small mechanical and thermal stresses). 

Similarly to the LHC dump window, use a 1.5 mm thick layer of C-C y p y f
composite (SIGRABOND 1501G) with a thin 0.2 mm leak-tight layer 
(Cu or Al) on the high-pressure side.

Temperature increase of 1 K after beam impact, thermal stress below 
1 MPa, displacement below 0.1 mm for a pressure difference of 1 atm 
and maximal mechanical stress of 15 MPa.



D A l K li i R A l b P B b dD.Angal-Kalinin, R.Appleby, P.Bambade 

EUROTEV-REPORT-2007-022

EUROTEV-MEMO-2007-1,4,5



S.Cavalier F.Touze 
EUROTEV-MEMO-2008-xx



O.Dadoun, LAL-RT-07-07



D.Angal-Kalinin 
R.Appleby 
P BambadeP.Bambade 

Nov. 2007 : prel. design by Y. 
Iwashita (Kyoto) seems OK



ILC head-on scheme : Luminosity reduction from amplification of 
vertical jitter due to long range beam-beam effect 60m after IP ?

Injection line

Extraction line
Complete treatment
J.Brossard, EUROTEV-REPORT-2007-052 

Nominal parameters 6mm separation sufficient and OK with LEP E SNominal parameters 6mm separation sufficient and OK with LEP E.S.
High Luminosity & Ecms ~ 200-350 GeV further study under way
(Low Power unfeasible due to reduced inter-bunch timing)



LAST

Ph Burrows (Oxford)Ph. Burrows (Oxford)



Update of ILC integrated simulations (Oxford)
Realistic Placet based beam dynamics simulations: 

FONT project: 
Feedback On Nano-Second Timescales

• Operates at high frequency and acts within a bunch train

• Removes the relative offset jitter at the IP by measuring
the beam-beam deflection angle and steering the beamsthe beam-beam deflection angle and steering the beams
back into collision   

J. Resta Lopez (Oxford)



Fast feedback system
L i it ltLuminosity result

Example of 40 random seeds GM model CExample for 1 single random seed

(x 1034 cm-2s-1)

Mean value=1.7698 +/- 0.0539
(88.5 % of the nominal Luminosity)

(x 1034 cm-2s-1)
•Assuming  40 % emittance growth in the linac
•Applying 0.2 s of GM  to the Linac +BDS 
•Additional component jitter: 25 nm for the quads
in the BDS; 50 nm for the quads in the Linacin the BDS; 50 nm for the quads in the Linac

J. Resta Lopez (Oxford)







Optimised Bumps (Uppsala and CERN)

• The method to automatically design optimised bumps has been 
further developedp
– Accepted for publication in PRST

• Main idea is toMain idea is to
–represent beam 
at the end of the 
linac by a vectorlinac by a vector
–Simulate a 
number of 
machines withmachines with 
imperfections 
and analyse the 
space they spanspace they span
–With the same 
method design 
bumps that can •Method has been adopted by Fermilabbumps that can 
correct this 
space

•Method has been adopted by Fermilab
P. Eliasson, D. S.



ILC Static Imperfectionsp
• Bunch Compressor alignment using DFS has been investigated

– Differences between SLAC and KEK simulations existedDifferences between SLAC and KEK simulations existed
– Good agreement KEK/CERN found after detailed comparison
– Final emittance growth (both stages) ⊗∑ψ< 3 nm

• BC for DFS alignment of the Main Linac
– Suggested by CERN earlier as solution to produce different 

energy beams before main linacgy
– Full simulation of BC and main linac performed 
– Final vertical emittance growth (for misaligned ML) ⊗∑ψ < 2 nm

Slightly better than simplified simulations– Slightly better than simplified simulations
• Main Linac tolerances for RDR
• Identified helical undulator as problematic

– Confirmed by DESY
• Cross talk between RF dynamic effects and cavity tilt identified as 

potential error sourcep

A. Latina, D.S. (CERN)



ILC – Dynamic Imperfections
• Dynamic effects during beam-based alignment studied

– Criterion: direct emittance growth due to dynamic imperfection must be 
larger than indirect effect

• In this case indirect effect will be acceptable
– Imperfections applied during DFS
– Quadrupole jitter

⌠quad= 500 nm jitter ⊗∑ψ∼6 nm (direct) 3nm (indirect)
• Using both energies in one pulse reduces this to about 1nm 

– RF gradient jitter (indirect growth)RF gradient jitter (indirect growth)
• very large gradient jitter = 5% leads to ⊗∑ψ< 3 nm
• smaller gradient jitter = 1.5%  leads to ⊗∑ψ< 0.2 nm

• Impact of crab cavity studied (with Cockroft)• Impact of crab cavity studied (with Cockroft)
– Control of transverse mode frequencies is important

• Comparison between different main linac feedback systems
– One-to-one
– Local feedback
– MICADO

• Integrated simulation of ILC showed luminosity loss with GM model C
– Need element stabilisation A. Latina, D.S.(CERN)



Beam Delivery System Alignment
• Static Alignment (CLIC)

– Few-to-few and DFS used
– DFS is problematic since response to energy deviation is not linear
– Collimations system can be aligned using DFS 
– FFS alone does not work in all casesS
– No final solution yet – synergy with ILC BDS alignment study

• Dynamic Alignment (CLIC)
Ch i f bit f db k i d t l BPM l ti– Choice of orbit feedback gain and tolerance on BPM resolution

• 100nm BPM resolution seems acceptable
– Very tight quadrupole stability requirements (fractions of nm for final 

d bl t d t t bili ti )doublet, need to use stabilization)
• Method for ATF2 developed

– First iteration
– But seems to work
– Reasonable agreement with SLAC findings
– Is already being used in Oxford ATF2 dynamic studiesIs already being used in Oxford ATF2 dynamic studies

A. Latina, R. Tomas, D.S. (CERN)



Other CLIC Main Beam Studies
• Main linac lattice for new parameters developed

– Survey/stability tolerances specified
– More relaxed beam parameters introduced

• RTML : BC's, booster, pre-injector linac have been simulated
BC for DFS in the main linac• BC for DFS in the main linac

– Confirms previous simplified studies
• Dynamic effects during alignment (DFS)Dynamic effects during alignment (DFS)

– Quadrupole and beam jitter
– Indirect effect somewhat smaller than direct effect

• Orbit correction feedback
– Specifications of components, e.g. corrector step size, BPM 

resolutionresolution
• DFS used for drive beam alignment

– Method seems to work fine
• Multi-bunch studies to confirm long-range wakefield limit

A. Latina, D.S. (CERN)



CLIC Structure Model and Tolerances
• CLIC parameter optimisation has been using 

wakefield models based on a previous fit to RF p
structure simulations
– Fit not valid in whole explored region

N t d h b f d t t d f lidit– New study has been performed to extend range of validity 
and to confirm results

– Model has been improved
– Rounded irises have been included in model

• Mechanical structure tolerances have been 
calculated based on beam dynamics requirementscalculated based on beam dynamics requirements
– Particularly tight is the longitudinal shift tolerance for CLIC 

structures

R. Zennaro, D. S. (CERN)



PLACET Tracking Codeg
• OCTAVE interface greatly extended (MATLAB like code)

– Started to exploit OCTAVE capabilities
D i lib i• Dynamic libraries

• AML interface (with Y. Renier (LAL))
• Defined step sizes for moversp
• Collective effects

Coherent synchrotron radiation
Improved (non linear) collimator wakes (GdfidL in preparation)Improved (non-linear) collimator wakes (GdfidL in preparation)

• Halo and tail generation module has been integrated
• Some reference manual available – tutorials on the web 
• BDSIM-PLACET interface

BDSIM is a vital code for BDS studies
Alignment and tuning studies with PLACETAlignment and tuning studies with PLACET

Standard unix/macintosh/linux distribution installation procedure
Used at a number of institutesUsed at a number of institutes

A. Latina, E. Adli, H. Burkhardt, G. Rumolo, D.S. (CERN)



1. Luminosity Stability “fast feedback”
centroids and slopes 

fixed to nominal

“fast feedback”
centroids of 

colliding bunches
The Model

ELIN1
(SMP)

EUND
(Particle)

ELIN2
(SMP) EBDSFB FB

γεx = 10 μm 
γεy = 0.02 μm
ATL in x and y

One-to-one steering xy (433 BPMs) One-to-one steering xy
(86 BPMs)

y
A = 4·10-18 m/s
1-2-1 steering
Idealistic feedback

ATL ground motion
Idealistic feedback
and beam tuning
5 linear “tuning knobs”
w w d d c

1d          1m       1y

wx, wy, dx, dy, cxy
Cross section by
GUNIEAPIG with 
40 collision / point

In our model the luminosity 
can be kept above 80% of 
the nominal values for about 
15 (-7+15) days. Luminosity 
needs to be re-established 
then by a re-application of 

3/5/07 Dirk Krücker ILC-Tech meeting 52

beam-based alignment.



2. Coupler Wake Fields and RF Kicks in MERLIN

Coupler wake fields and RF
kick has been implemented in

MERLIN

Trajectory in ML

MERLIN
based on Zagorodnov/Dohlus
HOM coupler rotated by π/2

k fi ld ki k li ibl→ wake field kick negligible
RF kick ~ 1KV/cavity,
similar to a 100 μrad cavity tilt
E itt th i ML

Lattice w/o undulator 
Emittance growth in ML
1.5 nm – mainly dispersive

bypass

corrector

Projected Emittance ML
cavities

21.5 nm
RF +RF +

3/5/07 Dirk Krücker ILC-Tech meeting 53



Dynamic Studies on Main LinacDynamic Studies on Main Linac
• Start with a misaligned linac 90%level projected emittance

DFS after ATL on ML:
Start with a misaligned linac 
(positron)

– Std random errors on elements
– 100 Rnd Seeds

• Apply DFS (DMS**) 32

34

36 90% level projected emittance 
 90% level corr. emittance
 RMS mean projected emittance
 RMS mean corrected emittance

Apply DFS (DMS )
– Differential Weight fixed (=40)
– Energy modification strategy:

• -20% gradient
• 20% initial beam

28

30

32

nc
e 

(n
m

)

• -20% initial beam
– Segmentation (40 quad, 20 overlap)
– Final ( energy corrected*) mean 

Emittance = ~22 nm
A l d lk (ATL) A 4 10^ 18

24

26

Em
itt

an 1d 1w

• Apply random walk (ATL) A=4 10^-18 
m/s

• Then apply DMS algorythm
– Over the time scale (up to 6 weeks) 

t di d th ti l itt i fl t
1 10 100 1000 10000 100000 1000000

20

22

studied, the vertical emittance is flat. 
– Final ( energy corrected*) mean 

Emittance = ~22 nm

Vertical emittance value stable

Time (s)

*Correction throughout this study: Energy correlation numerically removed

**DMS: Dispersion Matched Steering (as dealing with a curved machine)

Vertical emittance value stable 
over studied time scale. 

N. Walker



Static Misalignment in ML
Apply vertical 

g
Rnd-walk-like misalignement:

45

50

misalignment with a 
simple random-walk-like 
correlation: σ2 = C L 35

40

(n
m

)

 Projected Emittance
 Eng. Cor. Emittance

• Mean Vertical Emittance (100 
seeds)

• Curved machine, with 
wakefields

Increase due 
mainly to 
wakefields as 
Cavities are 

30

Em
itt

an
ce

 (

wakefields.  

• Misalignment errors have been 
applied prior to this study

• Apply CL model

moved away.

20

25

E
pp y

• Apply Dispersion Match 
Steering

1E-10 1E-9 1E-8
20

C (m) (~7 mm 
offset)

(~1 mm)

200μm/600m 0.5mm/km + 2mm
A misalignment of 200 μm 
vertical over 600 m along 
the linac corresponds to  
C= 6.7 10^-11 m

With the simple CL model and misalignment of 
200μm/600m, no significant impact on the vertical 
emittanceC  6.7 10 11 m emittance.

Impact of misalignment non negligible if misalignment 
worse (eg. 0.5mm/km + 2mm). N. Walker



FASTION: A code to study the fast ion instability in a line (with acceleration or 
not))

• Multi-bunch code, ions and electrons are macro-particles

• Ions of an arbitrary number of species are created at each bunch passage and 
t d th h th t ipropagated through the train

• Line can be made of 

→ a sequence of FODO cells, two kicks per FODO cell.q , p

→ a given lattice, which is passed through a twiss file 

• Electromagnetic interaction: the ions are kicked by the passing bunches and the 
b nch macro particles feel the effect of the ion fieldbunch macro-particles feel the effect of the ion field 

F O D O

Bunch n Bunch n+1 

sx

y

ion
electron Cell j 

Kick 2 Kick 1 G. Rumolo, D.S. (CERN)



Application to CLIC Transport Line
⇒ If we look at the time evolution of the instability at the head, middle and ⇒ e oo at t e t e e o ut o o t e stab ty at t e ead, dd e a d
tail of the batch, we clearly see a strong growing coherent signal mainly 
affecting the last part of the train (p = 1 nTorr)

~ 6 e-folding times

G. Rumolo (CERN)



Application to CLIC Main Linacpp

Up to p = 50 nTorr no coherent instability appears and noise amplification 
does not cause large centroid motion (nor emittance growth) The reason isdoes not cause large centroid motion (nor emittance growth). The reason is 
the absence of trapping and the consequent drift of ions to the large 
amplitudes, while the bunch train is passing through.



ILPS Objectivesj
• Conceptual design of a bunch compressor system, and a 

chicane system for tuning the beam path length, compatible with y g p g p
multi-TeV operation

• Inclusion of spin in the simulation code GUINEA-PIG, and 
benchmarking of physics processesbenchmarking of physics processes

• Evaluate (model) the performance of various post-LINAC 
collimation systems for given halo models, and evaluate the 
impact on the detector. Investigate the impact of luminosity 
tuning and errors on background performance

• Identification of key failure modes, and evaluation of their impact de t cat o o ey a u e odes, a d e a uat o o t e pact
on the machine design

• Develop and optimise beam-based alignment algorithms and 
feedback systems to optimise the luminosity performance in thefeedback systems to optimise the luminosity performance in the 
bunch compressor, main linac and beam delivery systems

• Conceptual design of a post-collision extraction lines; studies on 
the feasibility of post-collision diagnostics. 



Deliverables
• Software package to model luminosity performance

– Two essentially ready, documentation improvements needed
Report on l minosit t ning• Report on luminosity tuning
– Needs to be collected, not everything is done in Europe

• Report on failure modes
– Reduced in priority, a bit exists 

• New version of GUINEA-PIG
– Polarisation missing, foreseen in 2008, but important effect found 

f l i i ifor luminosity spectrum reconstruction
• Report on multi-TeV BC

– Work almost done, final report is needed
• Report on possible performance of post collision diagnostics

– Beam line designs exists (referenc  for CLIC), diagnostics potential 
needs to be documented

• Computer models for halo and tail generation
– Exist, are being documented

• Report on performance of collimation system
– Parts exist, summary to be written, impact of tuning not addressed



ConclusionConclusion
• Strong activity in 2007Strong activity in 2007

– Significant impact on ILC
S RDR• See RDR

– Significant impact on CLIC
• New parameters

• Need to finalise in 2008Need to finalise in 2008
– Consolidation of codes

I ti l d t ti• In particular documentation
– Documentation of results


