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Figure 1: Current CLIC BDS optics.

1 Status of the CLIC Beam Delivery System
PresenterRogelio Tomas, CERN

Since 2005 the CLIC Beam Delivery System (BDS) is undergaiiffgrent modifica-
tions both to maximize its performance and to incorporatéhal required instrumentationl[2].
A web repository containing current and old lattices candaenfl in [3]. The optics of the latest
CLIC BDS are displayed in Fidl 1. A total length of 2750m hatgethe diagnotics, collima-
tion and final focus sections. In the following we discussdlagnostics and the FFS sections,
followed by a brief overview of collective effects and apees in the BDS. The collimation
section is reviwed in sectidd 9.

1.1  Diagnostics section

The diagnostics section serves to correct the transvergding and measure the trans-
verse beam emittance. Simulations performed by I. Agapggest that a relative error of 7%
is expected in both transverse emittances, assuming tegea$ 3 identical trains and a beam-
size measurement with a 10% relative error at three lase&swiFhe design vertical beam size
at these laser wires ig/in. As suggested i [4] the backscattered electrons at tbeuares are
a better signal than the forward photons. These electranedlected

The energy measurement has been devised in a way to miningizequired space due
to the tight constrains on the CLIC total length. The deftatof the first dipole in the collima-
tion section together with high precission BPMs provides itiost compact energy measure-
ment. A conceptual layout is shown in Hi. 2. The energy memsant resolution of the set-up
is estimated to be 0.04%. The integrated magnetic field isnasd to have a calibration error of
0.01% and the BPM resolution is 100nm.

An upstream polarization measurement has been fully déisehe first time in[[5]. A
drift space between the collimation dipoles was found torbel@al location for the polarimeter
being long enough and properly aligned to the IP direction.
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First Collimation Dipole as Spectrometer
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Figure 2: Conceptual compact CLIC energy measurement.

1.2 Final Focus System

The current FFS optics is shown in Hig. 3. This optics comesis to a L'=3.5m. Previ-
ously the CLIC L' was 4.3m, going to a shortef klightly improved the luminosity bandwidih 4
and reduced the required number of non-linear correctaepikg the same luminosityl[2]. An
extra advantage of the"E3.5m compared to the 4.3m case is the need of a shorter leggth
100m.

Synchrotron radiation effects have a large impact on thiopeance of the CLIC FFS.
A detailed review of this phenomenon is given in Seclibn 6.

When assigning realistic errors to the FFS magnetic elesribatperformance is severely
deteriorated. Tuning the FFS consists in varying all abdégparameters until the performance
reaches a satistactory level. Tuning simulations have pedormed for a statistichal ensamble
of machines yielding the final relative luminosity as showrFig.[3. About 20% of the cases
end with a luminosity lower than 80% of the design. This ditrashould be improved by using
better tuning algorithms, profitting from the future ATF2pexience.

1.3  Collective effects
Four collective phenomena have been recently evaluatatiédsDS:

— lon instability . Residual gas ionization is caused both by direct ionimatibthee™-
molecules collisions and by field ionization. Simulatioreh G. Rumolo have shown
that ion instability does not develop for a 10 nTorr vacuureldsionization has not been
studied yet.

— Resistive wall wakefieldsFig.[8 shows the excursion of the last bunch of the train due
to the resistive wall wakefield as a function of the longihalilocation in the CLIC
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Figure 3: CLIC Final Focus System with = 3.5m.
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Figure 5: Histogram of relative luminosity after assumieglistic errors and tuning for a max-
imum number of 18000 iterations.

BDS for different beam-pipe radii. The effect of this wak&fidecreases for increasing
radius and from the plot we conclude that at 8mm the effectives negligible. This
number sets the reference aperture for the BDS as discust®a. b

— Collimator wakefields. Alignment and jitter tolerances arising from the collimiat
wakefield kicks are computed in Sectidn 9. However, the itglaf the analytical equa-
tions has never been experimentally verified due to the veoyt bunch length.

— Coherent synchrotron radiation. E. Adli has confirmed via simulations that the coher-
ent synchrotron radiation has a negligible effect in the@©BIDS. This is also observed
by the approximate calculation of the average energy losgalthis effect:

reqLE)

0F ~ ——————
AR

~1MeV (1)

14 Apertures

As mentioned above the reference BDS beam-pipe radius i® hm to avoid re-
sistive wall wakefields. It has been verified that convergidachnology can be used to build
all magntes of the collimation section.The FFS becomes muoblematic in terms of aper-
tures and magnet technology. In particular the final quanleg) see TablEl 1, require smaller
apertures than the 8mm and have larger gradients than psediesignd 6] due to the enlarged
vertical emittance and the reduction@f. A beam pipe radius of 1mm has been assumed in the
computation of the apertures. This thickness could be eglaxith magnet designs including
the beam-pipe. If the magnet design proves unrealistic ®@fberture has an impact on per-
formance due to collective effects there are two possiligiems: increasing the length of the
quadrupoles or increasing theé.
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Figure 6: Excursion of the last bunch of the train due to tisestere wall wakefield as a function
of the longitudinal location in the CLIC BDS for different é&-pipe radius.

Unit L*=3.5m L*=4.3m

QF1| QDO | QF1| QDO
Gradient T/m 200 -575| 133| -382
Length m 3.26| 2.73| 4.0 3.3
Aperture (radius mm 4.69| 3.83| 6.67| 6.76
Outer radius mm -1 <35 -| <43
Peak field T 0.94| 2.20| 0.89| 2.58
Field stability %10_4 0.3 0.08, 0.3| 0.08
Octupolar error | 10°T/m? -l <1 -1 <05
Dodec. error 10'5T/mP -l <2 -1 <1.0

Table 1: Technical specifications for the final quadrupoles.



2 ATF2 Ultra-low betas proposal
PresenterFrank Zimmermann, CERN

The CLIC parameters at 500GeV have been chosen toheervativemeaning that
they ought to be supported by experience in real machinest (paongoing like ATF2). In
particular the 500GeV CLIC IP beta functions arg,( 3,)=(10, 0.2)mm with £=4.3m while
the nominal ATF2 IP betas arg,(, 5,)=(4, 0.1)mm for '=1m. The chromaticity scales roughly
with L*/3* and therefore the 500GeV CLIC is a factor 2 more chromatia thBF2. For this
reason we propose to test at least a factor 2 reduction in dhedmtal and vertical IP beta
functions of ATF2. A summary of the relevant parameters @f different projects is given
in Table[2 including a more precise computation of chroniigtio confirm the rough scaling
law mentioned above for similar FFS. The FFTB had a totalffedent design, thus its larger
chromaticity than the new FFSs. A pushed ATF2 is the only waprove the feasibility of
the CLIC 500GeV chromatic level. The CLIC 3TeV option is marabitious and has &, =
0.09mm. To prove this chromatic level, ATFZ' should be reduced by another factor of 2 (factor
of 4 from nominal). This might require new or modified hardevand instrumentation.

The ILC project would also largely benefit from this test, mrticular by gaining expe-
rience in exploring lower betas and facing increased tudiffgculties for this pushed machine.

Referencel]7] studies a wide range of ATB2values. The larges* are useful during
the commissioning period in order to reduce the difficultytiod system. The previous study
also shows that there is some margin to lower the verticakla tunction. Figurgl7 shows the
vertical sigma versus the vertical beta functions withaatuding radiation effects. A minimum
beam size of 20nm seems possible with the magnets and popgiesupresently planned in
the beam line (not considering potentially increased bteahking background in the Shintake
monitor from reducing3,). Lattice aberrations dominate in the lower betas reginmlesS as
MAPCLASS [&] could be used to further investigate the congagion of the lattice aberrations.
The nominal ATF2 is just a factor of two away from the 500GeVICIin terms of chromatic
behavior.

There is another important aspect determining the fedsilof an FFS: the tuning dif-
ficulty. By tuning we understand the process of bringing th&team to its ideal performance
under realistic conditions of lattice errors (misalignritemultipole errors, mispowerings, etc).
The tuning difficulty should roughly scale inversely to thealn size at the IP. Achieving the
CLIC IP beam sizes in ATF2 is not possible due to the diffeeeinagyeometrical emittance but
the strategy should be reducing the ATF2 betas to the loveastilile values and experience
with the increased tuning difficulty can be extrapolateddathiCLIC and ILC. An ATF2 tuning
simulation is shown in Fid.18 for the case with) = 0.05mm. 90% of the seeds converge to a
satisfactory beam size while 10% finished at larger beanssize
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Figure 7: Vertical beam size (in [nm]) at the IP versus vaitizeta function (in [m]) for two
cases: nominal and half horizo ntal beta functions. Abirmatchange the ideal trend of this
curve for the very low betas and they are larger for the cagle half the nominal horizontal
beta. The quarter of, is marked on the plot together with the corresponding idestical
sigma.

Project Status B, [mm] | L*[m] | L*/3] &y
FFTB Design | 0.1 0.4 4000| 17000
FFTB Measured| 0.167 0.4 2400| 10000
ATF2 Design | 0.1 1.0 10000| 19000

ATF2 pushed | Proposed| 0.05 1.0 20000| 38000
ATF2 ultra-low | Proposed| 0.025 1.0 40000| 76000

CLIC 500GeV | Design | 0.2 4.3 21500 35000
CLIC 3TeV Design | 0.09 3.5 39000| 63000
ILC Design 0.4 3.5 8750 15000
ILC pushed Design | 0.2 3.5 17500| 30000

Table 2: Relevant parameters of the different projectsQ1a [T2].€, is a precise computation
of natural chromaticity given byl R3s — 1336 R34)/ 4 / ;. This is shown on the table to verify

that the chromaticity of similar FFSs roughly scales wititd,, the FFTB being the only FFS
having a totally different design.
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3 Near IR FF design including FD and longer L* issues
PresenterAndrei Seryi, SLAC

The ILC approach to stability of Final Doublet is based onstlmitty to apply intratrain
feedback within the 1ms long train, which allow avoiding agttive mechanical stabilization
of FD and allow to tolerate FD jitter of the order of hundred.nfime kicker of the intratrain
feedback in ILC is located between QDO and QF1, about 10m fRom

For CLIC, with 1nm beam size and 150ns train, one has to uspoakible options
to provide stability of FD. Therefore, one cannot afford 8§Q@rip-around time of intra-train
feedback, and one has to minimize the trip-around time, ¢timgshas to move kicker and BPM
of the intratrain feedback closer to the IP. Let us assumienbaan place the kicker and BPM
2m from IP, which will give irreducible delay of 12ns. Eleatric latency may give another
13ns [13], giving 25ns latency in total, which would allowaaib six iterations of intratrain
feedback in total.

Placing the feedback kicker, BPM and the electronics (wiay require shielding)
may require some increase of L*, so it is likely that FD will partly outside of the detector.
Stability of the latter is important — it was observed at SlHattstability of its superconduct-
ing triplets was about 30nm, while stability of the floor wdsoat a nanometer in the same
frequency range. While SLD was not designed to be stable ctimparison is indicative — the
tunnel floor is likely to be much more stable than the detedta@ives another reason to con-
sider removing FD from the detector entirely, by increadifigo about 8m, and placing FD on
a more stable tunnel floor.

Increasing L* in principle leads to some reduction of lunsity, due to larger chro-
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Figure 9: Conceptual approach for CLIC IR with doubled L*iF bonfiguration would simplify
achieving the FD stability and also simplify the Machinet&stor Interface.

maticity and potentially larger aberrations. One othereptitil limitation is tightening if the
collimation depth with longer L*, and corresponding incgeaof jitter amplification and emit-
tance growth due to collimation wakefields. However, if tldlimation depth is limited by
extraction apertures, and not by the vertex detector, thenrtcrease of L* may be done si-
multaneously with increase of extraction apertures, withightening of the collimation depth.
In such assumptions, analysis for ILC parameters predishaad decrease of luminosity with
increase of L*. For CLIC case the analysis should be repeated

For 3TeV CM CLIC, in order to reduce synchrotron radiatiofeef from FD on the
beam size (Oide limit[[30]), one may need to lengthen the FBdguespecially QF1. This
may suggest that it would be natural to split such long quadsdependent pieces, to reduce
stability requirements as ¥/N (for those frequencies where they will move independently)
This will further ease the challenge of FD stability.

Taking all this into account, the CLIC IR with doubled L* mayok as shown in Fid.]9,
which would have the following advantages: a) reduced faekltatency — several iteration of
intratrain feedback over 150ns train; b) FD placed on tufioel, which is about ten times more
stable than detector — easier for stabilization; c) desgrot limited by the sizes of stabilization
system or interferometer hardware; d) reduced overallaist increased feasibility; e) shorter
L* may still be consider for an upgrade.

In order to further test the feasibility of such proposaleatative version of final focus
system with L*=8m was looked at. The design is based on NLC Bidfere the FD was length-
ened and dispersion reduced to minimize SR effects at 3TeVAIMrrations were reduced but
there were still room for further improvements. This opishown in Fig[ZID.

The optics is designed for 3TeV CM, IP emittances = (660/20)and IP betas =
(6.9/0.068) mm. The Final Doublet for this optics has thdofeing strength at 3TeV CM:
QDO0: 213 T/m and QF1: 72T/m, which allow use of SC quads withriaje radius of 1cm.
(Which is still smaller than the vertex, so it would not make tollimation depth tighter).
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Figure 10: Tentative FFS optics with L*=8m.

There were several*8 and 4" order aberrations which were still noticeable, which
include U, o and V\ém/m/y/(;.

Evaluation of this optics was done by DIMAD tracking with symotron radiation, and
then by beam-beam calculation by Guinea-pig, looking atuhenosity in 1% peak of lumi-
nosity spectrum. The luminosity achieved so far is: L(1%)35 x 10**cm™2s~! for nomi-
nal (6.9/.068)mm IP betas, however, due to remaining abens higher luminosity L(1%)=
1.60 x 10**em 257! is achieved for increased IP betas: (13/0.1)mm. The latigespond to
80% of the nominal CLIC luminosity. (However, one needs tetmto account that usually
CLIC luminosity includes 20% margin to account for variouses).

A tentative conclusion from this very brief study is that a 8With L*=8m may be
feasible for CLIC, even for 3TeV CM. Luminosity (in 1% peak)dlose to 80% of the nominal
2 x 103 em™2s™! (although not including a 20% margin to account for erroEs)rther opti-
mization may be possible. Advantages of doubled L* are thatRD stability may be claimed
to be close to be feasible now, with present technology tlaet aiready demonstrated (the FD
magnetic center stability is a separate issue independérit and needs to be verified in any
case). From the other hand, CLIC FD stability requiremeotd_f=3.5m are extremely chal-
lenging. Plus, longer L* gives much simpler MDI, easier FZida, no need for antisolenoid,
etc.

Further work on optimization of the design is planned to bealm close collaboration
with CLIC colleagues.
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4 Crab Cavity Development for CLIC
PresenterAmos Dexter, ClI

4.1 Introduction

The current CLIC scheme proposes to collide charged buneitasa horizontal size
of 60 nm and a vertical size of 0.7 nm at the interaction pdihis size should be compared
with the ILC bunch size of 600 nm by 4 nm. Analysis of the finadds undertaken at CERN
indicates that a head on collision scheme is impossible withwn technology and hence a
crossing angle of 20 mrad has been proposed. With such adangsing angle a crab cavity
system is essential in order to achieve the target lumindEiite currently proposed technology
for the CLIC linac is 12 GHz copper cavities operating at roi@mperature. The crab cavity
system must operate at this frequency, a harmonic or a $italb-harmonic dependent on
the number of RF cycles between bunches. Currently the eitlre investigating the use of a
12 GHz room temperature copper cavity as it gives complexéoflgy of bunch spacing and
exploits fabrication technologies under developmenttiermain linac.

4.2  Requirement

The CLIC bunch size and crossing angle dictate that craktieawvill be needed to
rotate bunches of particles into alignment at the inteoactioint if the desired luminosity is to
be achieved.

The crab cavity is a deflection cavity operated with & PBase shift, its effect is shown
in Fig.[I1. A particle at the centre of the bunch gets no trarsvmomentum kick and hence no
deflection at the IP. A particle at the front gets a transversmentum that is equal and opposite
to a particle at the back.

It is anticipated that every sixth bucket for the CLIC linaitl we filled hence the bunch
frequency is 2 GHz. This means that that the crab cavity mpestate at either 2 GHz, 3 GHz,
4 GHz, 6 GHz or 12 GHz. Transverse space not be a issue for atnesé frequency choices
except possibly 2 GHz in conjunction with a superconductiagty. The availability of longi-
tudinal space is likely to be a few metres maximum.

There are two key issues for the design of any linear collatab cavity system. The
first is achieving a degree of synchronisation between gd&#t phases such that electron and
position bunches do not start missing each other in the botét plane. The second is wake-
fields.

Linear collider crab cavities are typically placed immeedig before the final focus
quadrupoles and hence are in a region of highrhis position minimises the required cav-
ity kick and limits the signalling distance between the tiagiso as to assist synchronisation.
The most significant wakefield effects are vertical kickssiag bunches to starting missing

12
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each other in the vertical plane. A major part of any crabtyadesign is the wakefield damping
schemel[14].

A final issue for the crab cavity is flexibility of the power qulp [15]. Figure[I2 shows
the electric and magnetic fields inside a single cell dipalety. It is immediately apparent from
Fig.[12 that beam loading only occurs when the bunch is off ard beamloading changes its
sign depending on which side of the centre that the beam pa&séhe location of the crab
cavity bunch offsets can large. In the case of CLIC an estnsad.4 mm. At the arrival of each
bunch train the power supply does not know whether it willdheedeliver power into the cavity
or provide a 180 phase shift to assist power leakage from the cavity througincalator to a
load.

4.3  Crab Cavity Equations

Defining the transverse kick at the crab cavity as the trassvenomentum imparted
divided by the axial momentum we write

r, = 22 @

mc
The relation between displacement at IP and transverseskiitie crab cavity is given as
Tip = Riow, 3)

By nature of the oscillation of an RF field, kick depends omtiee time of arrival t and using
Eq.(2) is determined by

T, = E%Sin(w t) (4)
where the transverse voltage kick is defined from

eV = cAp (%)
and

eE, = mc (6)

13



The transverse kick includes the transit time factor. Dafinkt as the time difference between
a particle that is undeflected and one which is, then comgithia above equations the displace-
ment for delayed arrival is given by

Azip = Rip g sin(w At) (7)

o

Note thatAt relates to both the timing of the ends of a bunch and the groirthe centre of a
late bunch. For smalht we have

%
Aﬁip ~ R12 E

o

w At (for short bunches or small time errors) (8)

Equation [8) determines the required displacement at tideoéra bunch to get the correct
crabbing angle. When the cavity field is adjusted for perédighment at the IP we have that

Azip (1) = b,c At 9)

where half the crossing angleé, =0.5 6 . .
The kick voltagel’ required from system to achieve a rotation anglé,a$ hence given

by
Az (tend) V w
g, = —P Y R — 10
¢ Atend 12 E,c (10)
hence
0.F,c
V ~ 11
o B (11)

Comparing the CLIC requirement with the ILC requiremepgiritreases by a factor of thre,
increases from 14 mrad to 20 mrad bub creases from 16 m to 25 m hence for an identical
frequency of operation the kick increases by a factor of 2l7&s also apparent from (8) that
this kick can be reduced by increasing the frequency. Howinpasver one requires to provide
this kick depends on the loaded Q factor of the cavity. Foinopin power transfer one matches
the loaded Q to worst case beamloading and cavity lossesn\&leinches of charge q pass
through a dipole cavity with repetitiorf , phasep and with offset a the power extracted from
the cavity is

b= qV (%) JrepCOSp (12)

Combining Eqs.[(I11) and{lL2) at the perfect crabbing phies® we obtain

Pb _ a erq fl’epEo (13)
Rlz
Tablel4 computes this peak power requirement for the ILC &\ dentre of mass and for CLIC
at 3 TeV centre of mass. Before any consideration of cavitgjiency is made one realizes that
the CLIC crab cavity will be a high power device.
The key challenge for the RF system is to phase the cavitighadounches do not
miss [16] as illustrated in Fig.13. The luminosity reduatifactor S for Gaussian bunches

14



a 1 bunch f Eo R12 P beam
crossing | charge | repetition
angle

ILC | 0.6 mm | 0.007 32nC | 3.03MHz| 1TeV | 16.4m| 1.24kW
0.4mm | 0.010 06nC | 200GHz| 3TeV | 25m 288 kw

CLIC

Table 4: Peak power in ILC and CLIC crab cavities.

-
-~
Yo

Interaction point

Figure 13: Crab cavity fields view.

missing by distanceé\x as shown in Figi_13 and for a horizontal beam size parametés
given as

2
S =exp (— ifz ) (14)

Using Eq. [F) and expressing the timing ertbras an angle one writes
o =wAt (15)

wherew is the angular frequency of the RF. The luminosity reductamtor may therefore be

written as
ch,. p 2
S(go>=exp{—<2w) } (16)

Were the phase errors have a Gaussian distribution thenNt&IBminosity reduction factor is
determined from

1 °r 1 ch, 2 2
Stms (¢rms) = \/—2_71'/(,0 eXp{—2 (20 i) } eXp(—2:002 ) de 17)
rms x rms

hence

S rms (Cﬂrms)

-
<1+ <C er@rms) ) (18)
oW
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S |fGHn | o | 6 (rads) | 0. (deq) | At(fs)
CLIC 098 | 120 60 0.020 0.0251 6
CLIC(4GH?2 | p98 40 60 0.020 0.0084 6
ILC 098 39 600 0.014 01164 83

Table 5: Phase tolerances for CLIC and ILC.

For small phase erroks, Sims = S and inverting this relation gives

OpWw 1 360 o,.f | 1
- —1lrad = — 1 degrees 19
Qprms 067‘ Slflms 067‘ Slflms g ( )

wheregms is the acceptable phasing error of one cavity with respetttd@ther for a luminosity
reduction factor g . The target limit on luminosity reduction from the crab ystis about
0.98. Tabldb evaluates Eq.[19) for the CLIC at 12 GHz, CLI@ &Hz and the ILC as a
comparison and also expresses the phase error as a timamg err

The phase control specification for the CLIC crab cavitiese#l beyond anything that
has been demonstrated at the 100 kW input power level.

4.4  Technology Choice

The financial budget available for developing a crab cavistesn guides the technology
choice to one where power sources and major infra-strucrgevailable at the collaborating
laboratories. Whilst the use of a superconducting cavityndeed a normal conduction cavity
at 4 GHz is not ruled out, the future availability of high pavikdystrons at 12 GHz and infra-
structure for the manufacture and testing of 12 GHz cavigads us to the technology choice
of 12 GHz copper structures for testing at CTF3 in 2012.

Given that beam loading is likely to be completely unpreattt for CLIC, our proposed
solution is to have a power flow into and through the cavity thaignificantly higher than the
maximum beam loading power requirement. This is most eas#yized with a high group
velocity travelling wave cavity.

A reason for not favoring standing wave (SW) over travelkveye (TW) cavities is that
measurement of phase in multi-cell cavities can have inacees at the level of milli-degrees
caused by the excitation of modes adjacent to the operatodes|15] and we expect these
to be somewhat smaller for TW cavities. This is because thecBwity will have lower Q
factors and we expect that the phase shift when the cavitgtipnecisely on frequency will be
distributed along the structure rather than being all actbe input coupler as it would be for
the SW cauvity.

The proposal for synchronising the cavities is to use thesehproposed for the NLC
by J. Frisch where the output from a klystron is split andiearalong equal lengths of temper-
ature controlled waveguide to the crab cavities on opposaams. With an advanced optical
interferometer it may be possible to provide reference phas the cavities that a synchronized
to 1 fs [17]. The strategy is then to design a cavity whichdat the input phase as closely as
possible. To do this one might for instance mount the cawtyt@lly so that expansion gives

16



Phase advance per celh, radians Length of the cell, D mm (11.994 GHz)
27/3 (TW) 8.332

57/6 (TW) 10.415

7w (SW) 12.498

Table 7: Cell length for various phase advance choices.

Figure 14: Crab cavity geometry.

phase errors that cancel. Careful attention to cavity teatpee control will be needed so that
the two systems perform in an identical fashion.

It is unlikely that cavity phase could ever be measured tocauracy of milli-degrees
and then corrected on the timescale of a few bunches (say )4 a$ter actively matching
waveguide paths to the input couplers it turns out that ttegive phase of the two crab cavities
drift with respect to each other during the pulse then thg polssible correction scheme is to
mix an RF power correction with the main split power usingdféerward estimation from the
previous bunch train.

The strategies for managing wakefields are large irises sodgdamping.

4.5  Cavity Parameter Search

The first stage in the development of a cavity is to underskanwdkey parameters such
as group velocity, Q factor, R/Q and ratios of peak fields toéien axis depend on dimensions.
Figurel T4 shows our choice of basic cell as part of an infititecture with four variable param-
eters a, b, t and D. The iris curvature is circular with radi@s The properties are determined
from field solutions with periodic boundary conditions. Téedl length depends on the choice
of phase advance per cell as give in Tdble 7.

Whilst the cell has four independent cell parameters oneéslfby frequency and one
is fixed by phase advance hence investigative plots only wanthickness and iris radius.
Figures[Ib and—16 show parametric variations with iris radind iris thickness, all curves
correspond to a frequency of 11.994 GHz and the given phasmaed is given in the sub figure
header. Differing curves correspond to differing thickeees Note that a thickness of 8 mm
almost consumes the entire cell.

In order to get a high group velocity Fig.]16 indicates that #1/3 mode is a better
choice than the 4/6 mode. As longitudinal space is not a major consideratiermvight also
modes with wave numbers great tharsuch as consider ther#3 mode. In order to control
short range wakes to an acceptable we anticipate an iriggagiproaching 5mm.
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Figure 15: Parametric investigative plots varying irisitesdand iris thickness.
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Figure 16: Parametric investigative plots varying irisitesdand iris thickness.
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Figure 17: Peak electric field in the cavity with maximum gesud.

4.6  Gradient Testing

The absolute minimum number of cells for the CLIC crab caistgetermined by the
maximum gradient. The maximum gradient for this type of tyaid unknown. The number of
cells required for the CLIC cavity may need to be sufficiemifakefield de-coherence and this
is under study. As heating effects are likely to upset phéaeilgy, pushing to the minimum
number of cells is unlikely to be the optimum solution unleskefields are the determining
factor. As the maximum gradient is an unknown, it makes sémsetermine it for a typical
manufacturing technology. This then sets a limit that omeveark well beneath. A collaboration
between SLAC and CI with hopefully make such a test possHitgire[TY shows peak electric
field in a cavity being designed to determine the maximumigradA key feature of this cavity
is that the end cells are excited in a “TE111 like mode” so thatmaximum gradient occurs in
the centre cells which have “TM110 like excitation”.

A challenge with this type of this structure is impedanceahiig so that a pure forward
travelling wave is obtained in the centre cells. Use of a pdoce described by Alesini et €l. 18]
was attempted. This technique plots ratios of reflectiorifmpent for structures shorted at the
n™ and (n+1Y' cell centres as function of two matching cell parametersthad interpolates to
find parameters giving the correct phase advance per céllngiittenuation. The technique did
not seem to work very well for our cavity, possibly due to ikyemetry. A matching technique
that did work for our cavity used a Floquet theorem appro4€j. [

4.7 Next Steps
— Investigate maximum gradient vs. pulse length for X-banmbbh structure at SLAC
— Investigate pulse heating for dipole structures and itsoefbn phase stability.
— Develop damped structures.
— Cooling requirements and mechanical design.
— Determine likely phase and amplitude control performanceperation from a Klystron.
— Design beam test experiments.
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5 CLIC Post-Collision Lines
PresenterKonrad Elsener, CERN

5.1 A conceptual design

Due to the very large number of coherent pairs produced ine&/Zbllision, the CLIC
post-collision line can not simply be a copy or extensiontad tLC design. In ILC a beam
energy and a beam polarisation measurement station arefgag beam diagnostics after the
interaction point. For CLIC, a different approach has beeppsed and is being pursued since
a few years by A. Ferrari and colleaguesl[20, 21]. The mairadignts of the proposed scheme
for CLIC are illustrated in Figl_18. A set of four vertical bding magnets is used to separate
lower energy particles from the beamstrahlung photons ao the main beam. Three sets
of collimators are introduced in order to reduce partickeskes in the magnets. An intermediate
dump is designed to stop all the opposite-sign particles@tbherent pairs as well as the lower
energy tail of same-sign particles. After this dump, a secset of vertical bending magnets is
used to deflect the remaining beam back onto a horizontaict@jy. Beamstrahlung photons,
the core of the beam as well as the remaining particles of@sabove 250GeV are transported
to a common dump (the water dump).

dump
0.TmL
o water
dump
P A S __ __ _ __ beamstrahlungphotons__ [ _
T~ < - 1.5TeV disrupted beam
*9 100Gey | 300GeV. _ _ _ _ (+coherentpairs) _ _ _ _ _ | _

Figure 18: Conceptual design of the CLIC post-collisiorl{gide view), as described inJ21].
Same-sign patrticles from the IP are indicated in blue (300@&shed line, 1.5TeV solid line),
opposite-sign particles in red (1 TeV dotted line). Notet thés layout is drawn to scale, how-
ever the vertical and longitudinal scales differ by a fa@6r The overall length of the post-
collision line is 160m.

5.2  Recent Evolution
A detailed look at the conceptual design of the post-caolfidine proposed in[21] re-
veals a number of issues:
— longitudinal space: elements are unrealistically closesich other
— lateral space: although the 20 mrad crossing angle rapidlyigles beam separation in
the horizontal plane, the space available is too small (€gm between quadrupole of
incoming beam and dipole of post-collision line)
— beam losses: the energy deposition by stray particles irgditihe magnets appears too
high.

As aremedy to some of these issues, variants of "stretchegdions of the post-collision
line are being studied. Here, the distances between magreeiscreased, and the field is low-
ered from 1T to 0.8T. As shown in Fig. 119, this does not impadhe overall layout (separation
of particles), while the extra space allows for a more réialdesign of components.
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Figure 19: Proposal for a stretched version of the desigpgsed inl[2]L]. The overall length of
the post-collision line is increased to 240m.

At the time of CLIC08, work had started to address issuedadélto the particle losses
in the first series of vertical deflection magnets. For exanah additional collimator before
the first magnet had been introduced| [22]. Additional intedimte dumps (“tail-clippers™) were
proposed to stop the 250-700 GeV patrticles - this would all@water dump entrance window
to have the dimension of the ILC design (diameter 30cm). Muaik is still required to finalize
all these aspects of the conceptual design. Some of the ebangntioned here are integrated
into a report on an updated version of the post-collisiongief23].

5.3 Beam Diagnostics in the Post-Collision Lines

Due to the large number of coherent pairs produced in cofisiat CLIC, it will be
difficult to use sophisticated beam diagnostics equipmenhé post-collision lines. Several
possibilities have been described inl[25] and are sumnthiiz¢23]. One of the most crucial
tasks to be performed in the post-collision line is lumitgsnonitoring. Rather than measuring
absolute values of the luminosity, the task is to providegaaiwhich can be used for re-tuning
the beams, i.e. for re-optimising luminosity. Moreoveglisa feedback must be provided as fast
as possible (at least train-by-train, since a bunch-bycbdeedback is probably impossible at
CLIC). It has been shown [24] that the number of beamstrahphrotons is strongly correlated
to luminosity. This implies that counting the number of sptlotons would be a valuable signal
for luminosity monitoring. Two methods are currently eraged for this task.

5.3.1 Muon pair-production by beamstrahlung photons

Beamstrahlung photons impinging on the water dump will preshantly produce elec-
tron pairs and thus e.m. showers. A substantial fractiome$e very high energy photons will,
however, produce muon pairs. While the e.m. showers ang dbisorbed in the dump, the high
energy muons will penetrate the exit wall of the beam dumga\As proposed ir [25], these
muons can be observed with a gas-filled Cerenkov countergwsphotomultiplier. First esti-
mates show that one can expect abaut@ Cerenkov photons per bunch. Using the Cerenkov
techniqgue allows, moreover, being sensitive to the dioectif the muons, thus efficiently sup-
pressing background muons produced in the beam delivetgrayaf the incoming beam which
passes at a few meters lateral distance only.

5.3.2 Electron pair-production by beamstrahlung photons

A second way of counting beamstrahlung photons has beewged}26]. The photons
would be converted into electron pairs in a thin carbon dszated half-way between the last
magnet of the post-collision line and the water dump. Theteda pairs could be observed via
the optical transition radiation they produce when travgrsn a thin foil. This OTR technique
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is widely used for beam observation at high energy accelesaOut of the 2.5%10'? beam-
strahlung photons in a 156ns pulse train at CLIC, a 1mm thack@n converter would produce
5x10? charged particles, which can rather easily be observedyubsmOTR method. A weak
magnetic field between carbon converter and OTR screen wmrikslfficient to remove low
energy electrons such as those produced from synchrotaiati@an. Other sources creating
background at the proposed detector location still neea toNestigated.

5.3.3 The request for a Compton polarimeter in the CLIC padlision line

One of the results of CLIC08, concerning the post-collidiog, is the explicit request
by the physics community to provide a measurement of the heAamnisation after the interac-
tion point. This is discussed in some detail by K. MoffeitsictiorIB of this note.
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PLACET: rms [nm] | o, [Nm]
zero energy spread

w/o ISR 0.88 0.81
w ISR 1.83 0.96
1% linear energy spread

w/o ISR 1.04 0.83
w ISR 2.48 1.00
0.4% Gaussian energy spread

w/o ISR 1.36 0.89
w ISR 2.41 1.07
DIMAD rms [nm]

0.4% Gaussian energy spread

w/o ISR 1.35

w ISR 2.52

Table 8:RMS ando coming from a gaussian fit of the vertical IP beam sizes. Tlarbsizes with and
without Incoherent Synchrotron Radiation (ISR) in the CIBDS, for different beam energy spread are
evaluated with PLACET. DIMAD rms values are shown for conigam.

6 Incoherent synchrotron radiation studies
PresentersDeepa Angal-Kalinin, Cl, and Barbara Dalena, CERN

The emission of synchrotron radiation in the CLIC BDS resutlt an increase of the
beam emittance (and as a consequence of the IP beam spotdsieep the incoherent en-
ergy spread generated by the quantized radiation emittetthdoypended high energy beam.
In addition, if the energy spread of the incoming beam isdatwe full compensation of the
chromaticity cannot be achieved, this results in an in@edshe IP spot size too. Therefore In-
coherent Synchrotron Radiation gives a limit in the maximiuminosity achievable by limiting
the minimum beam spot size at IP.

Tracking the beam throught the CLIC BDS with PLACET][27] wevd@valuated the
expected vertical rms andof the beam at IP, with and without incoherent synchrotraliation
emission. Tabl€18 shows these values for zero energy si#ddear energy spread and 4
gaussian energy spread, rms values from DIMAD [28] fofO@aussian energy spread are also
reported.

Fig.[20 shows the study of the emittance growth due to inaattesynchrotron radiation
in CLIC BDS (top) with the BETAI[ZB] code, about 2Zemittance growth is expected for CLIC
BDS while the same study for ILC (bottom) gives an emittaneawh of 0.4%. Comparable
result comes from the evaluation of the relative luminokigs by running GUINEA-PIG when
synchrotron radiation in all the CLIC BDS is taken into acebu

The relative peak luminosity loss due to incoherent synichroradiation is reported in
Table[®. By switching on and off the synchrotron radiationha different type of elements of
the CLIC BDS (i.e. quadrupole, bending magnet and multipdtéras been found that about
10% of the luminosity loss is due to bending magnet in the finalfoand about 1% comes
from the last quadrupole (QDO). The luminosity loss due &fihal quadrupole is mainly due to
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SR induced emittance growth- CLIC-1.5 TeV
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Figure 20:Emittance growth due to Incoherent Synchrotron Radiatithé CLIC BDS at 1.5 TeV. The
ILC case at 250 GeV is shown too.

peak lumi (< 10**m—2) L/L,
ALL ISR OFF 2.224+0.03 1.00£ 0.02
All ISR ON 1.72+ 0.05 0.784+ 0.02
ISR QUAD ON only 2.00+ 0.03 0.90+ 0.02
ISR MULTI ON only 2.224+ 0.04 1.00£ 0.02
ISR SBEND ON only 1.92+ 0.02 0.86+ 0.02
ISR QDO OFF only 1.91+0.02 0.87+ 0.02
ISR QDO ON only 2.00+ 0.03 0.90+ 0.02

Table 9:Luminosity in the peak and relative luminosity loss due toolmerent Synchrotron Radiation.
Peak luminosity and relative luminosity loss due to the herent Synchrotron Radiation in the different

type of elements of the CLIC BDS are shown too.
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Figure 21:Vertical beam size as a function of the beta function at thiésamn point. The solid line is
obtained from Eq.(11) of Refl_[B80]. The red circle represtet calculated CLIC beta function at IP for
1.5 TeV. The beta function corresponding to the minimum ffect (triangle) for the nominal CLIC
normalized vertical emittance (20 nm rad) is also shown.

the incoming beam energy spread while the Oide Effect playgar role, as shown in fig. 21.
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7 Computation of Resistive Wakefields
PresenterRoger Barlow, University of Manchester

The Longitudinaln = 0 resistive wakefield has been studied in the long range approx
imation by Chaol|31] and at short range with some other apprattons by Bane and Sands
[32] We show how it can be evaluated without these approxonat We go on to evaluate
Longitudinalm > 0 wakefields and Transverse wakefields. We consider a fregeeemendent
complex AC conductivity, and the implementation of this hwet in simulation codes being
used for particle tracking simulations in CLIC.

We assume a uniform circular pipe of radiysconductivityoc and match the solutions
of Maxwell’'s equations in vacuum and in the (thick) metaleifphese can be decomposed into
angular modescps(m#f), m = 0, 1,2...). This is done in frequency space as differentiation
multiplication

7.1  The longitudinal wake for m=0
The Fourier Transformed wake is given by Chao:

where

Introduces, thescaling length( 20, for 1 cm Copper)

b2
80:36— K = sk =2
2ro S0
The Wake is a function of three parametersh(ando), but use ofs, enables it (for the simpler

approximations) to be written as a universal functjgr’), whereFE. (s, b) = b% (s/s0)-

7.1.1 The longrange case

In the long range limit

. 2qk
E,=——
Ab

the Fourier Transform is well known to be

q c _3
EM:%\ES 2

. We evaluate it the hard way by numerical integration of:

E.(s) = SOLW /0 h (Re[ Foven(K)] cos(K'') + Im| foaa(E)] sin(Ks’))dK
where
1 _q q
Joven = 5[ 1K) + [~ = =35 VE  foaa = 5 [F(K) = f(~K)| = i5VE
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Figure 22: Oscillatory functions
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Figure 23: The long range wake

oo

VvV K sinKx oscillations increase so numerical integratij[n dK appears hopeless.
0

However by first integrating analytically wit the function becomes cos(Kx)/V'K. The nu-
merical integration wrti is then possible - the oscillations get smallefias— oo. Then one
can differentiate numerically wrnt

Figure[ZB shows our results and the Chao formula superinthbose

7.1.2 A more accurate formula

The next approximation is
~ 2g 1
E,=——+
Z ikb A
b -1

the solution of which was given by Bane and Sands

E.(s) = % (6;8 cos(V/3s') — \/_/ e :g )

We can again separate and integrate numerically

‘ 2 . 21(%_%
feven(K) = T3 VK D) >fodd(K) = T3 )
b(ﬁ_L> L b(ﬁ_L> il
2 T VK K 2~ VK K

Figure[Z4 shows our results for both this approximation dreddng range one. The analytical
results of Bane and Sands are reproduced.
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Figure 24: Long range and short range approximations.

Figure 25: The wake as a function gfand¢

7.1.3 The full formula
Having validated our method usng the approximate solutiesiow apply it to the full
version of the basic formula:

8¢ &2+ E2VEK +4YE
feven(K) = 5 2 2
4[5\/?_%@'4-2\/?)—1—[(} +<€2+§2\/E+4%>
foaa(K) = 21 2[5*/X - %(5 + 2\/?> +K}

v 4[5\/?— %<§+2\/?)+K]2+<£2 +§2\/X+4§)2

with £ = s2/b*. Although no longer a universal curve, this can still be essed as a function
of two variables £ and¢) rather than the full set of three. Bane and Sands’ appraxima
corresponds t§ = 0. Figure[2Z5 shows how the function changes for different ealofé. For
¢ below about 0.1 the approximation is very good. (For a cojyeam pipe with a radius of 1
cmé ~ 0.000004.)
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Figure 26: Higher order longitudinal modes in the Bane amitdSaapproximation

7.2  Longitudinal wakes: Higher order modes
For higher modes, using the same technique gives

~ 4 1
E;n - b2m+1 pp 2k A 1 m
m+1—<7 + z) <1 + m)‘n
The equivalent of Bane and Sands’ approximation is
~ 4 1

mo__
z p2m1 kb A

m—+1 k

This can be separated into odd and even parts, and integrateérically as before. Figufe26
shows results fom = 0 tom = 5.

The full formula can be separated into odd and even partsrgedrated just as easily.
FigureZ6 shows the dependencetdior them = 1 andm = 5 modes as examples.

Fon(K) = =5 &2 4+ VK + 2K
even p2m+2 [52@— %(54—2\/?) +2<mL+1 —5%)]24_(52—%52\/?4-2%)2
8i (VR - ke +2vE) + 23 - )]

fodd(K):_b2m+2 [52\/?_%(54_2\/?)—1-2(%“—f%)r+<§2+52m+2\/—5)2

The dependence afiincreases for higher modes but still looks ignorable for aepsible
collimator, see Fid._47.

7.3  Transverse wakes
The transverse wake is also a sum over angular modes

Er(r,0,s) = Zrm_lr'm(f’cos(me) — Osin(mb))Wi(s)
The Panofsky-Wenzel theorem applies term by term giVifg(s) = / E.(x)dx. Luckily we

0 .
have already evaluated that integral already as the meangegfating the increasing oscilla-
tions in the longitudinal wake. So transverse wakes can loelleded for any order, in the full
formula or with approximations. Figufel28 shows the wakes/émious modes witl§ = 0.
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Figure 27:m = 1 andm = 5 longitudinal wakes for some values of
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Figure 28: Transverse wakes - various modes \ith
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7.4  AC conductivity
In the Drude model for electrons in a conductor the conditgtig not a constant but

includes a frequency/wavelength dependent imaginary jpa@n be writters = ﬁ =
— 1RCT
ﬁ wherel typically of order 1 at most. We introduce into previous farliaee and proceed
—1

as before. The wakes are now also a functiom oFigure[29 shows that nonzero valueslof
increase the size and the range of the wake effects.

7.5 Implementation

We use Mathematidal33] to integrate even and odd functindgyanerate tables of val-
ues as function of’, £, T" which are written to files, available from the authdrs|[34fh€efe are
separate files for tranverse and longitudinal wakes, andriber up tom = 5 (currently).¢ and
' do not vary for a given collimator. so we have written a poleabt+ object
collimatortabl e(fil e, Gamra, xi ) which reads complete 3-D table and interpolates
to get single table fos’. doubl e col | i mat ort abl e: : i nt er pol at e(doubl e x)
then returns the value of the wake for this collimator at tesickd separation.

Implementation in MERLIN is straightforward as it fits intieet existing structurg[35].
ClassResi st i vePot ent i al s inherits fromSpoi | er WakePot ent i al s It reads the ta-
bles when created and contains functidds ans(z, m andW ong( z, n) which each re-
turn a value from the tables (using parabolic interpolgtisoaled by appropriate factors.

PLACET currently includes only the: = 1 transverse mode though (unlike MERLIN)
it does include rectangular collimators through the Yok@yaatzy,, qiiing — 0.822 X Yirqiting +
0.411 X Yieading We have implemented it using te®! | i mat or t abl e object.

7.6 Examples

MERLIN has been used to evaluate resistive contributiorigdio factors for ESA test
collimators[36]. It shows that they are much less than geoowakes (and than the measure-
ment errors). FigurE=30 shows the results of a PLACET sinarafThe leading particles (on
the left of the plot) receive no kick: for later particles tkiek is greater.

7.7 Future developments
This technique can be used to study resistive wake effettg particle trcing codes for
full lattices isuch as those for CLIC, the ILC and the LHC. Tdpproach will be extended to
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rectangular apertures shortly.
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8 Halo and Tail generation study at low energy
Presenterljaz Ahmed, CERN

The CLIC test facility will demonstrate the essential paftthe CLIC drive beam gen-
eration scheme consisting of a fully loaded linac, a delapland a combiner rind [37]. The
final CTF3 drive beam delivered to the CLIC Experimental A(€AEX) comprising the test
beam line and a two beam test stand, has an energy of 150 Mé&/p8Beam current, a bunch
repetition frequency of 15 GHz and a pulse length of 140 nsinMigferences between the
CTF3 beam and the CLIC drive beam are the energy and the tufifeae CLIC drive beam
has a beam current of 180 A and is decelerated from 2.397 GEM2®GeV giving up 90%
of its energy. The aim of TBL is to extract as much energy asiptes out of the beam and to
demonstrate the stability of the decelerated beam and tiauped rf power. The main issues
are the transport of a beam with a very high energy spread nmathkignificant beam loss and
suppression of the wake fields from the power extraction eartster structures (PETS). Finally
TBL will produce RF power in the GW range which could be usetkgi several accelerating
structures in parallel. Since last decade the increasitegast for high-intensity, high-energy
linear accelerators have induced the scientific commuaitonsider a phenomenon whose ef-
fects are worrying: the beam losses. Lost particles cardddproduce complicated problems
in operation and maintenance of the machine. Usually suut i particles originate in a low-
density particles called halo which can extend far from tbarb core and are small fraction of
beam particles. Analytical estimates are undertaken ieram understand the physics of halo
production and to develop methods to limit and control beassés. The present work reviews
efforts and advances in beam-halo. The previous study wésrped mainly for high energy
beam for beam delivery system for linear colliders. We hawe studied and extended these
simulations to lower energies as relevant for the CLIC dboeam.

We describe the main processes which contribute among tbegbaeration with ana-
lytic estimates and with preliminary simulations in the GTFest Beam Line (TBL) and CLIC
drive beam. We calculate and simulate particle scattenmjradiation processes. When core
particles significantly increase in amplitude, they becbiale particles. Mainly the contributing
process for the production of halo is:

— Beam Gas elastic scattering (Mott)
— Beam Gas inelastic scattering (Bremsstrahlung)

The Monte Carlo halo generator code for the particle sdatigorocesses is provided by the
package called HTGEN. The previously, studies for halo aidgeneration study were per-
formed for ILC [38] and for CLIC beam delivery systern [39]. Aanalytical estimate for
elastic beam-gas scattering is calculated for a constamaized emittance of 150ad at
3,=3.40164myp is the density of nitrogen gas molecules per cubic meter atiek Rcattering
probability per electron per meter over the CTF3-TBL we fihdttan electron has a probability
of about 3.3%107'° to undergo elastic scattering with an angle of at least tlmrbdiver-
gence equal to 328rad. The probability integrated over the CTF3-TBL is abost1% 10~°.
As probability integrated over the CLIC drive beam we getu#0202<10~5. The probability
for inelastic scattering with a fractional energy loss Kmif.01, is 1.7% 10~ **m in the CTF3-
TBL and rather similar in the CLIC Drive beam. In the simutettj the beam gas temperature,
pressure and other parameters are shown in fable 10.

The simulations described here were performed for an ideahime without errors and
positioning tolerances. For the nominal intensity of 18&71010 particles per bunch and 200
bunches in TBL, we expect that 2.460" particles are scattered and named as halo particles,
in each train crossing. Similarly for the case of CLIC driveaim, with particle intensity of
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CTF3-TBL LENGTH [m] 21.99
CLIC Drive Beam Length [m] 738.349

Z mean (N2) 7
Pressure [nTorr] 10
Temperature [K] 300
Npart 4x10°
Kmin 0.01

Particle density [0**m 3] 6.438

Table 10: CLIC and CTF3 parameters

Location E Gas Oel Oin P, P, Orrin,
[GeV] [barn] | [barn] [m—1] m™1] [prad)
CTF3-TBL | 0.150 | N, 5242 | 5.5117| 3.37x1071% | 1.77x107 " | 329
CLICDB | 2.397| N, | 25146.2| 5.5117| 1.628<107? | 1.77x107*3 9.4

Table 11: Parameters for the CTF3 and CLIC halo generation.

5.25x10'% per bunch and 50 bunches in train will produce 3<18° halo per train.

Figures3ll an@32 show the deceleration of the halo partiblesigh the CLIC drive
beam and TBL after passing through successive decelemsttincfures. The tracking has been
performed by a detailed tracking package PLACET [47], wilevant parameters [n111.The
decelerating structures are assumed to have one longiluaitd one transverse mode. Each
of these two modes can be described by a loss factor, a waytbkl|em group velocity and a
damping. The PETS model includes single and multi bunctcefiehe monopole field is used
to decelerate while the set of dipole modes gives kick onrtnesterse plane.
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9 CLIC collimation system review
PresenterJavier Resta Lopez, Oxford

9.1 Introduction

The CLIC beam parameters have recently been optimised [id]tlze optics of the
Beam Delivery System (BDS) has accordingly been modifiedH2jvever no significant changes
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have been done to the optics of the collimation section (&p&H).
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Figure 33: Horizontal dispersion and square root of thetbmtdunctions for the CLIC baseline
collimation system.

The first postlinac collimation section is dedicated to ggesollimation. The energy
collimation depth is determined by failure modes in thedif&l]. A scheme spoiler/absorber,
located in a region with non-zero horizontal dispersiorygsd for intercepting mis-steered or
errant beams with energy deviation larger than aliouts of the nominal energy.

Downstream of the energy collimation section, a disper$iea section, containing
eight spoilers and eight absorbers, is dedicated to theniclgaof the transverse halo of the
beam, reducing thus the experimental background in thedctien Point (IP). For linear col-
liders, the necessary betatron collimation depths arec#iyi determined from the condition
that beam particles and synchrotron radiation photonstedhin the final quadrupoles should
not hit any magnet apertures on the incoming side of the IBoAting to this criterium, first
order estimate of collimator gaps using synchrotron raalatay tracing through the interaction
region has determined the following collimation depth$o, (horizontal) and’0 o, (vertical)
[41]. Since this estimate is based on linear transport aachtnlinear effects seem to be very
strong in the CLIC final focus, a safer criterium is simply firetection of the final quadrupole
QDO against particle hitting, i.e. the bore aperture of QR@dnines the actual betatron col-
limation depth:10 o, (horizontal) andi4 o, (vertical) [42]. Table. T2 summarises the CLIC
post-linac collimator parameters. The horizontal aperfar the momentum collimator is set to
ay = Dy0aper, With the energy offsed,p.. = £1.3 %.

9.2  Spoiler Survivability

The energy spoiler has been designed with the conditionref\sng in case of a deep
impact of an entire bunch train or, at least, withstanding ithpact of as many bunches as
possible.

Earlier studies([43] concluded that a spoiler made of benyll(Be) might be a suitable
solution in terms of high robustness and acceptable walsfiel
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Table 12: CLIC post-linac collimator parameters. Longihad position, horizontal and vertical
G-functions, horizontal dispersion, horizontal and veticalf gaps, geometry of the collimator
and material.

‘ s[m] ‘ Name ‘ Bz[m] ‘ By[m] ‘ Dg[m] ‘ az[mm] ‘ ay[mm] ‘ Geometry‘ Material ‘
907.098 | ENGYSP | 1406.33| 70681.9| 0.27 3.51 25.4 rect Be
1072.098| ENGYAB | 3213.03| 39271.5| 0.417 5.41 25.4 rect Ti(Cu coated)
1830.872| YSP1 | 114.054| 483.253| 0. 10. 0.08 rect Be

2262.421) XAB4 270.105| 80.9448
2280.243| YABA4 114.055| 483.257

ellip Ti(Cu coated)
ellip Ti(Cu coated)

1846.694| XSP1 | 270.003| 101.347| O. 0.08 10. rect Be
1923.893] XAB1 270.102| 80.9043| O. ellip Ti(Cu coated)
1941.715| YAB1 114.054| 483.184| O. : . ellip Ti(Cu coated)
1943.715| YSP2 | 114.054| 483.188| 0. 10. 0.08 rect Be
1959.537| XSP2 | 270.002| 101.361| O. 0.08 10. rect Be
2036.736| XAB2 270.105| 80.9448| 0. ellip Ti(Cu coated)
2054.558| YAB2 114.055| 483.257 0. . . ellip Ti(Cu coated)
2056.558| YSP3 | 114.054| 483.253| O. 10. 0.08 rect Be
2072.379] XSP3 | 270.003| 101.347| O. 0.08 10. rect Be
2149.579| XAB3 270.102| 80.9043| O. ellip Ti(Cu coated)
2167.401] YABS3 114.054| 483.184| O. . . ellip Ti(Cu coated)
2169.401| YSP4 | 114.054| 483.188| O. 10. 0.08 rect Be
2185.222| XSP4 | 270.002| 101.361| O. 0.08 10. rect Be

0.

0.

Recently we have revisited the spoiler heating issue cenisiglthe new beam parame-
ters [44]. For example, the new vertical normalised emdgaisye, = 20 radnm (previously it
wasye, = 10 radnm), and the current bunch train intensityi2 bunchesx 3.72 x 10 parti-
cles/bunch (2008 parameters), which is approximatelyewhan the old value20 bunchesx
2.56 x 10° particles/bunch (2005 parameters).

The principal mechanism for spoiler damage is the instadas heat deposition . The
main sources for such a heating are the energy depositionrégt dheam-spoiler impact, the
image current heat deposition (ohmic heating) and elefigid breakdown. Assuming a thin
spoiler & 0.5 X, with X, the radiation length of the material), in case of a deep bspailer
impact the energy deposition is basically done by ionizatio

We have recalculated the instantaneous temperature rigeienergy spoiler by the
deep impact of a full train using the Montecarlo code FLUKA][4considering the spoiler
geometry of Fig[Z34. The input is a train with 312 bunch&g2 x 10° particles per bunch,
1.5 TeV beam energy, and transverse beam sizes at spqiler 796 ym ando, = 21.9 pm.
No energy spread has been assumed.[Elg. 35 shows the ingtansatemperature rise through
the longitudinal section of the spoiler. We have obtainedsaimum increment of temperature
of about 280 K, which is below of the melting limit (1267 K) aaden below of the thermal
fracture limit (370 K). Therefore a Be based spoiler coulthatand the impact of the full bunch
train.

Unlike the energy spoiler, the betatron spoilers have besigded to be sacrificial, i.e.
they would be destroyed if they suffer the direct impact otiadh train. A possible alternative
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Figure 35: Instantaneous increment of temperature in a Béesy the impact of an entire
bunch train in CLIC.

is the use of rotating consumable collimatars [46] as betespoilers for CLIC.

9.3  Collimation Efficiency

As we have already mentioned above, the CLIC collimatiortesysconsists of two
parts: an energy collimation system and another sectionngiveam of the former, dedicated
to beam halo cleaning in the transverse phase space. Hereegenpsome preliminary results
of collimation efficiency of the two systems.

9.3.1 Energy collimation

The energy collimation system fulfils a machine protectionction against incoming
errant beams. The goal is to spoil mis-steered beams comangthe linac with large momen-
tum error> 1.3 %.

We have study the efficiency of this system by means of bearkitrg simulations using
the code PLACETI(I47]. Gaussian distributions1of off-energy macroparticles are tracked
through the BDS lattice. In this simulations the spoilerresated as a “black” collimator, i.e.
any macroparticle interacting with the aperture is assutodize completely absorbed without
secondary particle production. Fig.136 shows the relatiwmlper of lost particles versus the
average beam energy offset. We have compared three casediffgtent width energy spread
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(assuming a Gaussian energy spectrumi)= 0 % (monocromatic beam}r = 0.25 % and
og = 0.5 %. The system seems to work as expected. For average enesgtsoff 1.3 %
practicaly thel00 % of the particles of the beam are removed by the energy sptiilsrworth
mentioning that witt) % average beam energy offset angd = 0.5 % the results have shown
~ 1 % of losses. This situation of losses during normal operafifmminal energy beam and
og ~ 0.5 %) has to be minimised in order to reduce the muon backgrourtieatP. For
instance, if we take into account that muons may be genesdtadate of about0~ per lost
electron/positron and & % of the beam particles hits the spoiler, th&fil x 312 bunchesx
3.72 x 10° particles/bunch« 10™* ~ 1.16 x 10° muons/bunch train might be produced, which
would actually be a quantity non-acceptable in terms of gemknd at the IP.
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Figure 36: Relative beam particle loss at the energy spedesus the average energy offset of
the beam. The curves correspond to the cases with beam esprepd) %, 0.25 % and0.5 %.
The vertical solid black line indicates the limit of the egyercollimation depth.

9.3.2 Betatron collimation

The function of the betatron collimators is to clean the $kaarse beam halo, i.e. to
clean particles with amplitudes | = 10 0..| and2, | + 44 o, in the phase spacesz’ andy-y/,
respectively.

To determine the cleaning efficiency of this system paitiavelling at high transverse
amplitude has been tracked using the code PLACET. We havkausienple halo model, which
consists of macropatrticles distributed in rings or ellgpsé different radius: 10000 macropar-
ticles per ellipse, and a Gaussian energy distribution \&itimean energy value df5 TeV
(nominal energy) and a width energy spreaddéf %. Here we have also assumed “black”
spoilers.

Fig.[37 shows the particle loss as a function of the radiusehtalo ring. For a horizontal
halo (Fig.[37, left), witho,, ,, fixed at the nominal value, abouta % of the halo is removed
at radiuslO0 o, ,» (horizontal collimation depth) and th&0 % is removed for radip> 15 o, ..
For a vertical halo (Figl_37, right), with, ., fixed at the nomimal value, about28 % of
the halo is removed at radiusg o,/ (vertical collimation depth), and thB)0 % is removed
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for radii 2 70 o,,/. All these losses are well localized at the betatronic spsilHowever, it
Is important to point out that no multiple Coulomb scattgrivas been considered. One would
expect an increase of number of losses at nominal collimakspth radiil0 o, ,» and44 o, ,, by
mean of multiple Coulomb scattering in the spoiler and sqbeat absortion in the downstream
absorbers.
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Figure 37:

More realistic halo models would be useful as an input fordleaning efficiency stud-
ies. The different mechanisms for halo and tail generatlwukl be better understood. Sim-
ulation results on halo and tail generation in the CLIC BDS8ehbeen presented ih [48,149].
In addition more realistic simulations should also incltide energy deposition in spoilers and
absorbers with secondary particle production and theralior wakefield effects on the halo.
Recently an interface of the codes PLACET and BDSIM has beseldped which allows
tracking studies including all these ingredients (see k@meple [50]). Further studies for the
optimisation of the CLIC collimation efficiency need to bendo

9.4  Collimator Wakefield Effects

CLIC collimator wakefields have previously been studiedhgs$he tracking code PLACET
[51] with collimation depthd0 o, and83 o,,. Since the new vertical collimation depth has been
reduced tal4 o,,, we have recalculated the effects of the collimator wakedieh the luminosity.

The luminosity loss due to the horizontal misalignment aftehorizontal spoiler and
absorber is shown in Fi§._B8. In comparison with the betatmifimators the energy spoiler
(ENGYSP) and the energy absorber (ENGYAB) have been set avitig half-gap (see Ta-
ble[12), and practically do not contribute to the luminosiggradation by wakefields. On the
other hand, for the horizontal betatron spoilers we havaiobtl a misalignment tolerance of
about5/20, ~ 20 pm (10 % luminosity loss), which can be achieved with conventionavsy
alignment techniques.

More critical for the luminosity performance is the beambdity in the y-y' phase
space, which is more sensitive to errors due to the transviatess of the beana /o) ~
1/50). Fig.[39 shows the relative luminosity as a function of thudh-collimator offset for
each vertical betatron spoiler. The wakefields impose roallor misalignment tolerances of
aboutl /20, ~ 1 pm (10 % luminosity loss).

Fig.[40 compares the relative luminosity versus an initeatical position jitter at the en-
trance of the BDS with collimator wakefields and without coltor wakefields. In this case the
join effect of all the BDS collimators has been considereake Tollimator wakefields impose
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an very tight initial jitter tolerance of abo0t2 o, ~ 0.1 um (10 % luminosity loss). According
to this simulation, if the jitter of the beam 1so,, at the entrance of the BDS, assuming no colli-
mator wakefield, &5 % of the nominal luminosity might be achievable; while witHlocoator
wakefields effects, only & % of the nominal luminosity.
We can conclude that in order to achieve the target lumipositollimator alignment
in the vertical position with precision better tharpm will be required. Moreover, the jitter
position of the incoming beam at the entrance of the BDS shbalcorrected at the submi-
crom level, for example by mean of precise orbit steeringlifieek systems using cavity beam
position monitors and stripline kickers.
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10 Damage simulations for CLIC and ILC spoilers and ATF2 tess
PresenterJuan Luis Fernandez Hernando

The mission of the spoiler for the CLIC energy collimatorstie BDS is to protect
the main absorber by dispersing the beam, via multiple Guohlecattering, in case of a direct
hit. This will reduce the beam energy density and therefgmedasevere radiation damage. To
ensure that dispersion the beam must traverse at leastddioa lengths of material at any
point.

The spoiler effect on the beam during normal operation dueakefield effects has to
be reduced to a minimum. To achieve that, both the geometdntribution as well as the resis-
tive contribution to the wakefield need to be minimised. Ametry with shallow leading and
trailing tapers is used to reduce the impact on the geometrtribution and a high conductive
material is recommended for the latter one. Therefore tlsé deometry considered has tapers
with an angle of 0.03 radians and a center flat section of @&atian lengths of material. The
material best suited for the tapers must be highly condeas&/well as practically transparent
for the beam, therefore present a large radiation lengtimitomise the deposition of energy
and avoid potential damage from the beam. Beryllium wassadefor this purpose. For the flat
section the requirement is to have a material with high cetidity as well as high fracture and
melting temperature points. The options considered ingtidy are Titanium alloy (Ti6Al4V)
and Beryllium. The alloy is more resistive than the Berytlibut its shorter radiation length, al-
lowing for a shorter spoiler geometry, combined with itsthfgacture and melting points make
it a good option. Beryllium tapers with Titanium alloy cogethe most probable option for the
ILC betatron collimation system spoiler design in the BDS$ @suld survive direct bunch hits
at the same time that it allows for a reduction of length. Agté does not seem to be an issue
in the CLIC BDS the option with the Beryllium flat top presettie additional advantage of a
better wakefield performance. Figlird 41 shows the geomety with a flat top made of Tita-
nium alloy. The Beryllium option flat top would have a lengfl@.65 cm instead of the 1.8 of
the alloy.

The spoiler design has to survive the impact of the 312 bunéioen the train. Each
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Figure 41: Spoiler with flat top made of Titanium alloy.

bunch is composed of 3.72E9 electrons at an energy of 1.5 Tie&.horizontal and vertical
beam sizes at the spoiler’'s position is 796 and 21.9 micresgactively. That kind of impact
was simulated for both options using FLUKA%2] 53]. Figufi@sand 4B show the temperature
increment along its course inside the spoiler material dua train of bunches hitting at the
same position (i.e. without jitter), 2 mm from its top as skmoiw Fig.[41. This temperature
increment it is the maximum one and is located in a volume dene surrounding the beam.
The Beryllium spoiler, FiglZ42, will not reach melting tenmpture (1267 K) but it will reach
fracture temperature (370 K) in the trailing taper. The fiten alloy flat top of the other spoiler
option, Fig.[4B, would probably surpass fracture tempeeaf{i710 K) and it is close to its
melting temperature of 1941 K. In this case the trailing tapmde out of Beryllium, will reach
its fracture point as well.

Temperature increment in a Be spoiler with tapers and a
0.5 rad. lengths body hit by a full CLIC train
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Figure 42: Temperature increment inside the Be spoiler nate

While it is relatively clear what reaching melting tempewat on the spoiler would sup-
pose: material being blown into the vacuum vessel, irretjfida on the surface of the spoiler,
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Temperature increment in a spoiler with Be tapers
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Figure 43: Temperature increment inside the Titanium adlpgiler.

etc; it is not clear what the effects of a micro-fracture wbirhply. Therefore further studies
are needed to understand the effect of fractures on spaigepties as well as research other
spoiler configurations that would allow full survivabilityhis studies should be done in par-
allel with a wakefield study to optimise the design, both gsiamerical codes and test beam
experiments, as have already been done for the ILC spdidisAlso studies of activation and
residual equivalent dose rate once prototypes start to sigmied. Another issue would be the
design of a system that would detect damage in the spoilers.

11 CLIC collimation depth studies
PresenterFrank Jackson, Daresbury

Collimation depths for CLIC are currently estimated at1@nd 44,. This estimation
has evolved from calculations done some years ago[2]. Hieese calculations are repeated
for the up-to-date IP parameters and final doublet desig@@82The nominal 3 TeV centre of
mass energy is assumed.

The criteria constraining the collimation depth is that @yotron radiation from the
halo must pass cleanly through the interaction region.éGhIC final focus designs, the small
aperture permanent magnets (as small as 4mm in radius) entpegightest constraints in the
interaction region.

The collimation depth for the current CLIC compact final dimilfL* = 3.50m) is seen
in Fig.[44 and is 23.2,, 69.%,. It can be seen that the aperture of QDO determines the colli-
mation depth.

Due to the significant dispersion in the CLIC final doubleg tiorizontal collimation
depth must be reduced by a factornd®, giving 16.4,,. The collimation depth calculated here
is an upper bound, and may need to be reduced to provide & sadegin. Machine protection
issues, not studied in detail yet, may also impact the caliiom depth.

The collimation depth for the L* = 4.30m final doublet desigaye somewhat looser,
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Figure 44: Collimation depth for the current CLIC compacafidoublet (L*=3.5m).

since the QDO aperture is 6.77 mm.

12 On a possibility of much shorter collimation system for CUC
PresenterAndrei Seryi, SLAC

Design of CLIC BDS and its collimation is based on damagestio&l analysis [43]
which includes Ohmic heating and standard dE/dz energy l@sever, recent observations at
SLAC have shown that for CLIC short bunches there may be n&aetsfthat need to be taken
into account.

Recent experiments devoted to studies of excitation ofiswolaterials by ultra-short
bunchesl]55], conducted at SLAC on FFTB, have shown a newtdfiat may be relevant for
design of the CLIC collimation system. In this experimenggnetized samples were placed
under the 30GeV beam with 100fs to 5ps duration, and demiagtien due to field of the short
bunch was studied. Typically, a localized damage was obgenthe center of demagnetization
pattern, due to the beam. The size of the damage was tentiorthiagrons, which is close to the
transverse size of the beam. In this study the new effect Wwasreed: while there was damage
of a sample observed for 4ps beam, this damage disappear@dtiorter 140fs beam.

A possible explanation of damage disappearance suggestedhors in[[55] is that for
short bunches the field gradient exceeds 2.5V over 0.25nnctiwé typical distance between
atoms) so that potential wells around each atom shift, andwttion zones do not overlap any
more. Therefore, potential gradient leads to breakup oflaotion path, there will be no current
and correspondingly no heat transfer and no damage. (Thgyestll goes into the material,
but is probably dissipated via emission of terahertz phgton

This phenomenon, if it is confirmed for CLIC-like beam paraeng, may allow smaller
beams at spoilers and thus shorter CLIC collimation systémsently it is not clear how far
the threshold is moved out, and the multi-bunch effects afgetunderstood also. A new ex-
perimental test, at facility like proposed FACET, would kedgdiul to explore this phenomenon
further and to understand its applicability for design oharser collimation system for CLIC.
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13 Spin Rotation Issues in CLIC
PresenterKen Moffeit, SLAC

13.1 Introduction

A description of CLIC and a parameter set is given in refeee[i€)].CLIC produces
longitudinal polarized electrons at the source. It is im@aotto preserve the degree of polariza-
tion as the electrons travel from the source to the einteraction region and to measure the
polarization near the IR. The degree of polarization at Rishould be).99 P,

13.2 Spin Rotation upstream of the Damping Ring
Longitudinally polarized electrons are produced from a Ga@Athode using circularly

polarized photons. The helicity of the electron spin is cielé for each pulse train by choosing
the Pockels cell voltage producing left- or right-handezkldight. Only spin components per-
pendicular to the plane of the damping rings at E=2.424 Gd\Wbeipreserved. A spin rotation
system is needed before the damping ring to orient the lodgil electron spin to the vertical.
The spin direction can be rotated normal to the damping rsiggia Wein filter near the source
where the electron beam energy is lower than 5 MeV. Crossaatriel and magnetic fields in
the Wein filter rotate the spin to the vertical while leavihg imomentum direction unchanged.
This was done at Jefferson National Lab for their polarizedteon beam physics experimen-
tal program[[56] and has also been proposed for ILC [57]. 31 Rotation after the Damping
Ring The spin vector must be oriented before the beam ertens&in linac so that at the e+e-
interaction region the spin is pointed in the desired diggte.g. longitudinally polarized. The
present plan at CLIC is to make the spin rotation after themlagring where the beam energy
is 2.424 GeV. A cartoon of the CLIC systems is shown in figurafer the damping ring there
are:

— 90° bend where the beam energy is 2.424 GeV,

— 90° bend after the booster linac (beam energy 9 GeV) ,

— 180 bend after the beam is transported 24 km to the beginningeafin linac.

The spin precesses ahead of the change in momentum dirbgtem amount given by

—2 E(GeV
espin = ’Yg Obena = ( )

et 20
2 0.44065 Obena (20)

An energy spread of the beam in the 90 degree and 180 degrds Wédhresult in spin
diffusion and a depolarization of the beam. The goal is teelR\R 0.99 (E PeSource , which
- gives limits for the acceptable energy spread in the trarisgystem. Keeping spin diffusion
effects small is also important to limit systematic errargletermining the luminosity-weighted
polarization due to chromatic effects.

Option A: Spin rotation at 2.424 GeV is located directly after the garg ring and
before bunch compression, BL1. The energy spread in the iabgmmg is 0.134%, but, the
energy spread after the bunch compressor may be much langeder to keep depolarization
small due to spin diffusion the energy spread of the 2.424 B&Am after the bunch compressor
must be less than 1.9% as the beam is deflected 90 degreesarBoaster Linac.

Option B: Spin rotation at 2.424 GeV is located after the 90 degreel [z before
the Booster Linac. The spin direction is normal to the 90 dedrend and therefore is not
depolarized. The beam then enters the spin rotation sySthmfirst solenoid system rotates
the spin from the vertical to transverse horizontal. Deppédion due to spin diffusion will
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be small for energy spreads less than 6%. After the first sadea~16.36' bend rotates a
horizontal transverse component to a longitudinal compba@d requires an energy spread
less than 6% to keep the depolarization losses small. Optenmd B: There are also constraints
on the energy spread after the booster linac where the beargyeis 9 GeV for both options
A and B. At the end of the 24 kilometer transport system ther&80 degree bend, which can
be considered as two 90 degree bends. The first 90 degree bentsdhe beam back to the
direction of the booster linac. As a result any spin diffuseffects due to the 90 degree bend
at the end of the booster linac is canceled by this 90 degred. 80 we need only consider
spin diffusion depolarization effects due to a 90 degreesllm 9 GeV. Presently, the CLIC
parameters show an energy spread of 1.3% at 9 GeV [10]. Agishows the spin diffusion
and depolarization from a 90 degrees bend at 9 GeV with a 1r8¥gg spread.

E=9 GeV GSE/E=1.3%

6000 - 0

4000 |- P=<c08(0spin)>=90.8%

Spin direction angle, Ogpin (radians)

after 90° bend €0S(Ospin)

Figure 45: Spin direction and average polarization after®nhd at 9 GeV with 1.3% energy
spread.

The spin direction extends out tol radian about the nominal direction and gives a
mean depolarization of 9.2%. Takllel 13 gives the mean lodgitl or transverse horizontal
polarization after a 90 degrees bend for different energgasts.

The energy spread at 9 GeV will need to be less than 0.5lo$ske ongitudinal and
transverse horizontal polarization spin components in déiffees bend.

Option C: If the energy spreads at 2.424 GeV and 9 GeV are too larggthecation
can be done at 9 GeV after the reverse bend and before the baajecied into the main linac.
The polarization is in the vertical direction during the 9€gdees bend, 24 km transport line
and 1800 bend and depolarization effects will not occur. ifisert in figure 1 shows the spin
rotation elements required at 9 GeV:

— a flat-beam spin rotation system proposed by Paul Emmla [98hyincludes half
solenoids with a reflector beam line between them to elinsicedss plane coupling,

— focusing elements to remove the focusing effects of thensadis,

— Four superconducting solenoids of strength 23.1 Tm.
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OE/E at 9 GeV < P>
Mean longitudinal or transverse
horizontal polarization after 90 deg bend
(note: a vertical spin component will not
be depolarized)

0.25% 99.6%
0.5% 98.6%
1.0% 94.0%
1.3% 90.8%

Table 13: Spin diffusion effects for different energy speat 9 GeV.

— A 4.4065 bend is required between the first and second spin rotatistesys. This
allows for all three components of the spin to be injected the main linac so that the
desired polarization is achieved at the IR.

Spin diffusion is small in the spin rotation system at 9 Ge\thva 1.3% energy spread and
will not depolarize the beam. The bottom line is that thegport system between the polarized
electron source and the e+e- interaction region should biged to transmit greater than 99%
Of P@SLource.

13.3 Compton Polarimeter

A Compton polarimeter has been proposed upstream of theaatien region in the
beam delivery system [59]. The angle of the beam at the Camlpt@nd at the interaction re-
gion should be the same in the horizontal and vertical dwast The tolerance on the difference
should be less than 2@ad due to the large(g — 2)/2 at 1.5 TeV.

g—2 E(GeV)

esin: —a Ybend — N a~am
pin = bend = 7044065

5 Gbend == 3404‘06‘9bend at 1.5TeV (21)

It will also be necessary to monitor the beam direction ahlptéices with beam position
monitors.

13.4 Extraction Line Polarimeter

Presently, the CLIC design does not have extraction linarmation and energy mea-
surements. The 20 mrad crossing angle at CLIC in principtenal for an ILC type extraction
line polarimeter and energy measurement. Fifufe 46 shosveléments of the ILC extraction
line energy spectrometer and polarimeler [60]. There gfscant difficulties for an extraction
line polarimeter at CLIC.

For beam energies below 500 GeV, the beamstrahlung photwhdiarupted electron
beams in the extraction line will be similar to those in th€ldesign. Extraction line energy
and polarization measurements would therefore be posaitdl@evould provide important inde-
pendent measurements and calibration for the upstreamimpelzr and energy measurement
instruments. They could also help understand the lumipestighted polarization. At higher
beam energies, the polarization could also be measureddeams out of collision at a low rate
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Figure 46: Schematic of the ILC extraction line energy measient system and the Compton
polarimeter.

of ~1 hertz if backgrounds are large. There are significant amscabout placing instruments
in the extraction line at CLIC, however:

— At the highest CLIC energies the very large beamstrahlungnerdaum spread and
beamstrahlung photons per electrons will require a larganbstay-clear than the 0.75
mrad at the ILC requiring larger aperture magnets.

— The large beamstrahlung momentum spread of 29% may not alfoausing system for
a small beam size at the Compton IP and have acceptable beses o the extraction
line.

— The higher energy beams of 3 times that of ILC will requiregenmagnets to obtain
the desired deflections in the energy and polarimeter chkan

— Without focusing elements the beam size will be large at tbengton IP even with
beams out of collision requiring high power laser for an agggq Compton backscatter
rate. The CLIC divergence is 6 rad in the horizontal and 14imatie vertical giving a
beam size of 1.2mm by 2.8mm at 200m from the IR. This givesgelaarea by a factor
of 340 than that at the ILC. The number of particles per busctmaller by a factor 2
at CLIC (0.37%<10'°) over ILC (0.75<10'°). The laser power would need to be a factor
700 times larger in a CLIC Compton polarimeter to obtain #a@e number of Compton
electron of 300/cm detected as in the ILC polariméter [60].

— Without focusing the transfer matrix between the IR and tloen@ton IP will not be
optimal (R22=-0.5) for extracting the luminosity weightaeolarization.

The improvements with instrumentation in the extractio lio allow precision measurements
of polarization and energy at CLIC warrant more study.

13.5 Laser Wire Detector

A study for the ILC showed that synchrotron radiation backgnds in 0-degree line will
give unacceptably large backgrounds in a photon laser veteatior [61]. A preferred solution
is to detect the Compton-scattered electrons.

13.6 Positron Polarization

Presently the CLIC design does not include a polarized mosgource. Similar de-
sign criteria as given for polarized electrons will applygositron polarization if that option
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is included in the future. The spin rotation and helicityesgiion before the damping rings for
polarized positrons would occur 400MeV after positron captand pre-acceleration [57].

14 Alignment studies: Decelerator and CTF3
PresenterErik Adli, CERN

The Compact Linear Collider (CLIC) study has shown that adea beam-based cor-
rection will be needed in order to ensure nominal perfornedioc several parts of the collider,
including the Deceleratol [62]. The CLIC Test Facility 3 (E3) has been constructed at CERN
in order to demonstrate feasibility of several key conceft€LIC. The CTF3 linac is fully
loaded[[63], implying that current jitter leads will leadgmnificant energy jitter - analogous to
the Decelerator and the TBL, and the linac was thereforecteleas test-case for beam based
correction [64]. In particular Dispersion-Free Steeribg-G) [65] was tested, and compared to
All-to-All correction.

For the nominal linac, consisting of 11 triplet cells, Adl-All correction gave as good
results as DFS (residual dispersis®mm). In order to verify the performance of Dispersion
DFS, a test-case with simulated large BPM offsets was defifieel position bump leads to a
factor three higher dispersion after the bump (15 mm).

Figured4y anf48 show the position measurement and disper&asurement, respec-
tively, after All-to-All correction and Dispersion Freeesatring have been peformed on the real
CTF3 linac, with the simulated BPM offsets active.

| 127 ——
6ToFs ——

: o T~
. N\ /
1V

6 8 10 12 14
BPM girder # [-]

Figure 47: Position measurement after all-to-all coratand dispersion free steering in CTF3.

We observe that DFS has indeed managed to reduce the dpbsisa factor~3 (to
~5 mm, the minimum achieved without the bump as well). In additve note that DFS is
mostly oblivious to the BPM readings (the difference of tleeninal and the dispersive orbit is
given large weight). This means that in practice DFS can gi®indications where problems
are located.
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Figure 48: Dispersion measurement after all-to-all cdroecand dispersion free steering in
CTF3.

15 ATF2 Final Doublet Support
PresenterA. Jeremie, LAP

15.1 Introduction

The ATF2 Final Doublet (FD) is situated at the end of the ATFlfifocus section
comprised of two quadrupoles (named QDO and QF1), two selksgSDO0 and SF1) and cor-
responding cavity BPMs (Beam Position Monitors). The Fidalublet is set just in front of
dedicated instrumentation including a Shintake Moniteirgg the size of the electron beam.
The distance separating the farthest SF1 magnet centetti@imteraction Point (IP) is 3,17m.
The distance separating the most critical magnet QDO frariPhis 1.23m. The present sec-
tion describes the study for the FD support. The support sieedatisfy some requirements.
Referencell66] shows that the QDO magnet vertical jitterusdhaot exceed 6-7nm to avoid a
2% increase in beam size. In addition, measurements of tikeghdund motion show that the
ground vibrations diminish as the frequency rises. AboveH#£) ground motion can be consid-
ered low enough. The low frequency limit is given by the dapifor the Beam-Based feedback
to compensate for beam instabilities. Since the beam tapetiate is 1Hz, the beam based
feedback will work only below a fraction of this frequencyg.iaround 0.1Hz. The desired fre-
guency range is thus 0.1Hz-100Hz. The support should be@aeholve as Final Focus design
evolves. In addition, it needs to adjust the magnet positiom beam height of 1.2m. And fi-
nally, the relative jitter tolerance is 6-7nm. There are passible approaches to the problem.
One can either cut or reduce the vibrations in the frequeange of interest, or one can design
the support in order to push the resonance peaks outside frettpuency range, in this case, to
higher frequencies where the ground vibration is lower.

D Work supported by the Agence Nationale de la Recherche oFitbiech Ministry of Research (Programme
Blanc, Project AF2-IN2P3-KEK, contract ANR-06-BLAN-0027)
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15.2 Initial design

Initially, the idea was to use a commercial active isolaystem with a honeycomb
block and active isolators that had proven to give excellestults within the CLIC toler-
ances|[67], but was not satisfactory for the frequency ramgeded for ATF2[168]. Another
approach needed to be found. We want the measurement to lcaheent behaviour with re-
spect to the beam. This means that the relative motion bettheeShintake monitor (measuring
the beam size) and the FD should have a maximum jitter of 6-ifntine vertical axis above
0.1Hz. It also supposes that QDO is rigid and does not haverdeital resonances. Vibration
measurements on site at KEK have shown that ground motioohierent up to 4m. This is
slightly more than the distance separating the last FD ntdgora the Shintake monitor. Thus,
the chosen strategy was to study separate stiff supporteddfD and the Shintake Monitor in
order to behave in the same way as ground motion. We contstueging the rigid honeycomb
block but without the active isolators. In free-free confafion, this block has its first resonance
frequency at 230Hz. A finite element (FE) calculation sirtintaa simple block (without the
complex honeycomb structure) showed however that whenltiok s positioned on 4 supports
at its corners, the first resonance peak drops to 56Hz, andlewer to 26 Hz, when the weight
of the FD magnets is put on the block. These peaks are in thadrey range of interest. Vi-
bration measurements confirmed these low frequency peekgectively 80Hz and 41Hz on
the honeycomb block. To estimate the impact of these pealtseaelative motion between the
FD and the Shintake Monitor on the KEK site, the IntegratedRM relative motion between
the block and the floor has been done. The calculation is peed by integrating the vibratory
behaviour of the block measured at LAPP and the data of ATErgtanotion [3]. Figuré 49
shows the block transfer function for 3 different weighteelintegrated rms from 0.17 to 100Hz
is 6.7nm with the FD mass on the block. This is slightly abdnee@-7nm tolerance needed. The
impact of the peak alone at 41Hz is already of 5.7nm mainhabse of it's low frequency
position.
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Figure 49: Transfer function of the honeycomb block for 3eté€nt weights.

It has been shown in ref [3] that these peaks are not resonmaates of the block, but
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are due to the boundary conditions of the 4 feet. The rigidelgoomb block did not show any
resonances in all 3 directions under 150Hz.

15.3 Current design

We need to push the peaks to higher frequencies. This canhievad by fixing the
block on its entire face to the floor instead of fixing it onlythé corners. The FE calculation
of the simple block gave encouraging results, namely 526tiz1:85Hz respectively without
and with the FD weight. Since the FD support should allow fidordesign evolution, the choice
has been made to first fix steel plates to the floor with boltsthed fix the block to the plates
with beeswax having good vibration transmission propsytean be easily unglued, is stable
in time and is rad hard. Some additional design has been doadjuist in X, y, z with shims
(0.05mm) and adjustment pushers for a 1.2m beam heightaNiormeasurements confirm the
good behaviour of the block completely attached to the flbbe peaks are respectively above
100Hz for the empty block (outside the measurement range) 92Hz for the block with FD
weight. Figurd B0 shows the corresponding transfer functio
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Figure 50: Transfer function of the current design of the Flpgort.

Table[T4 shows the integrated rms for the peak for differegsisnrements.

Object Peak position Integrated RMS
4-feet block with weight 41 Hz 5.7nmm
Glued block with weight 92 Hz 0.3nm
Sextupole on mover/support 100 Hz 0.15nm
Quad on mover/support 76 Hz 1.1nm

Table 14: Margin specifications
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The sum of the integrated rms for the fixed block and magndislmwv the 6-7nm jitter.
The honeycomb block fixed to the floor on the whole surfaceh adjusted movers has been
validated for ATF2 FD support. Some additional vibrationaserements with water flowing
through the magnets have shown no significant impact on tiratidnal behaviour of the sup-
port and magnets. The whole system has been shipped to KE#kgdAugust 2008, it has been
installed, centered and aligned in x, y and z on Thursdayesaper 25 2008 (see Fig.J51). The
BPMs have been installed on October 15, 2008.

Figure 51: ATF2 final doublet.

The FD section is the fruit of a successful internationalatmration since the different
components come from several institutes: Quadrupolesugebes and movers from SLAC
(from FFTB), the support from floor to mover come from LAPR; 8PM+support from KNU
and LAPP.

15.4 Conclusion

In conclusion, the ATF2 rigid Final Doublet support has bebosen (vs. active sup-
port), SLAC FFTB movers adjusted to meet beam height. Vibnatneasurements validate the
rigid support choice, and Water flow in magnets has no sigmfieffect on vibrations. Finally
the ATF2 Final Doublet support is installed at KEK ready toe first beam to start before the
end of the year 2008.
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