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1 Introduction

At the TESLA beam parameters [1, 2] (£ = 250 GeV, N = 3.6 . 101 particles
per bunclwith 5630 bunches per second) the loss of a small fraction of Lhe bean
along the beam line effects strongly the background conditions in the detector
and canses irradiation and heating of the Collider cquipment.,

The Eirge aperture of the TESLA cavities are perceived to be a major ad-
vantage as 1t results in substantially reduced wake effects for both longitudinal
and transverse wake fields.  As the aperture of an I, band cavity is equal 1o
0 mnwhich is about ten times larger than in some of the higher frequeney
designscrelaxed linac alignment. injection jitter and vibration tolerances are DOS-
sible. Conlomb scattering within the linac is negligible because of sufficient ]y
low pressire in the superconducting linac compare to the conventional onc. 13
sinee it may be true that even one particle hitting the final doublet can blind
the derecror. and large amplitude particles cause synchrotron radiation inciden
on the final doublet. a collimation system is necessary. It is necessary also for
salety reasons. to protect the beam line and detector from destriction with
mis-stecred beam,

Fhe collimation system is intended to localize the beam loss in « specially
cauipped short part of the beamn line to prevent particles loss in other parts of
the Collider. The philosophy of the TESLA beam collimation system is 1o nse
laree apertire quadrupoles and only collimate the beam at as large as possible
amplitndes in order to minimize background produced by the collimators.

Particles tracking and beam loss simulations were done using a STRUCT code
B)owhere full scale beam line aperture simulations are performed. Calculation of

the eneroy deposition in the collimation systemn components has been done witl
the GEANT code [4].



2 Collimation System Simulations

The lavout of the TESLA beam collimation system is presented in Fig. 1. The
requirenents for beam collimation are determined by the condition that syn-
chrotron radiation generated in the doublet before the [P has to pass freely
thirongh the aperture of the final quad on the opposite side. This means col-

lnation of the so called "sine-like™ trajectories (with respect to IP) at 120 in
N and 480 in Y planes [2. 5], The system consists of four frame shape™ tita-
nin spoilers and four copper absorbers (we follow here concepts for mechanical
collimation. originally developed at SLAC [6]). The spoilers are located at 8o,
and 520, transverse amplitudes, and at 2% momentum deviation in a region with
lavec horizontal and vertical g-functions and maximum dispersion (Fig. 7). The
spollers are used to intercept particles with large momentum deviations and large
arnplitudes and to spoil a mis-steered beam or a beam with very large momentm
deviation.

The first two spoilers are placed with a phase advance of 7 in between them
to ntercept “sine-like™ trajectories. The second pair of spoilers is placed at = /2
plia-c advance downstream the first pair and intercepts "cosine-like™ trajectories.
Collimation of both phases becomes necessary because of the magnet lattice in-
serted hetween the collimation section and the Final Focus Section. Ispecially in
the “hig bend™ section phase mixing can occur due to uncorrected chromaticity.
Offmomentum trajectories which are purely sine-like at the I can thus be (fully
or partially) cosine-like at the entrance of the collimation section. Another conse
quence of phase mixing is that collimation at the two orthogonal phases mnst he
tiolier by a factor of /2 than the original requirement for sine-like trajectories
at the 1P,

PO < avs ks T, M T
absorber 1 absorber 2 absorber 3 absorber 4

| | |
l bending magnet
quadrupole
spoiler 1 spoller 2 spoiler 3 spoiler 4

Figure 1: Scheme of the TESLA beam collimation system.

The absorbers are placed at 300, and 1000, amplitudes. Due to the large
amnplitudes 1t becomes very unlikely that an unspoiled beamn, which missed the
spotlers. could hit them. Absorbers number 1,2.3 and 4 are used to protect
mavnets against irradiation with low energy electrons and sccondary particles
cintted from spoilers.



The jaw positions of the beam collimation system elements with respect to
the beam axis are shown in Table 1.

clement SPOILERS ABSORBERS
niumber | 2 3 4 1 2 3 4
Nomm | 144 | 1.44 | 1.44 | 1.44 1230 12731230 [ 2.73
Y,mm | 2,152,151 2.15(2.15 | 3.30 | 2.68 | 3.30 | 2.68
X, o 8 3 S 8 30 30 30 30
Y, o 32 32 32 32 100 | 100 | 100 | 100

Table 1: Jaws position of the beam collimation system elements with respect to the

heam axis.

The beam loss in the absorbers and the amount of the spoiled beam which
passes the collimation system are shown in Fig. 8 as a function of spoiler thickncss.

The number of spoiled beam particles passed throngh the collimation systen
behind the fourth absorber is smaller than 107* for a spoiler thickness lareer
than 10 min.and 41077 - for a thickness larger than 50 mm (Fig. 8). The bean
size in the first absorber (absorber which intercepts most of particles) is cqual
to o, - T mm, o, = Tmm at 10 mm spoiler thickness, that is enough to absorh
the bean safely. The advantage of the thin spoiler is a low cnergy deposition
i the spoiler and therefore the possibility to accept a large number of bnches.
However: the thick spoiler results in a two orders of magnitude higher efficieney
of collimation system. Therefore we decided to use 70 mun thick spoilers which
corresponds to two radiation lengths of Ti (sec also section 5).

For the computer simulations of the hackground conditions in the [P, acecl-
crator equipment irradiation and collimator heating the halo of the hean was
vepresented by 10" particles with 1/@ and 1/y density distributions for ampli-
tudes of = (6= 24)7, and Ay = (24 =100)7, and with momentum deviations
ol a{d 1) = 1%. 0.01% of the beam are supposed to be outside the (6~ 2 )
region i this simulations.

1y

Particle loss distributions downstream the collimation region with and wit hont
collimation of the beam are shown in Fig. 9.

Beamstrahlung collimators and septum-magnet shadow [7] intercept large
nimber of high amplitude particles. This decreases synchrotron radiation back-
sronnd in the detector. But interaction of these particles with collimators and
shadow results in enormous fluxes of secondary particles on the detector Compo-
nents [N causing radiation background.

If1here is no collimation of the beam. about 1 - 107 and 2 - 107 electrons per
second are lost in the seventh and eight bending magnets of the Final Focens
Systeny at magnet aperture diameter equal to 25mm, 2.5 - 10% electrons - in the
beamstrahihing dump number 1 downstream the last magnet at a distance of 98
i from the 1P 2.3 - 10° electrons - in the septum-magnet shadow at a distance



of 60 m from the IP, 5-10% electrons - in the doublet upstream the IP and |- 10"
clectrons per second - in the detector.

These losses are eliminated with collimation of the beam at 8o, X 320, [iven
less tight collimation at 100, X 40, does not effect particle background in the
detector (Iig. 9 bottom).

In Iig. 10 distributions of halo particles at the entrance of the second donblet
of the Final Focus System for the beam without collimation and with collination
at ~7, X 320, and at 100, X 00, are shown. The bean size withonut collimation
s nnch larger compared to the beam whose synchrotron radiation passes frecly
throngh the aperture of the final quad on the opposite side (A4, = 120, = 4.3 111,
and A, = 187, = 2.3 mm) [2]. Even with collimation at 100, X 407, size of the
beann is larger than necessary. This causes synchrotron radiation backgronnd in
the deteetor.

The collimation system intercepts beam halo for the particles with a monmen-
tur deviation close to the equilibrium. but large momentum deviation particles
spoil the picture. To improve that the second stage of collimation can be done
m the high-3 regions of the Final Focus System [9] about 200 1 upstream the
[P These regions are situated kx in phase advance from the last doublet. that is
suitable for the “sine-like™ trajectorics collimation of the beam in horizontal and
vertical planes. The distribution of halo particles for the two-stage collimation
systemis shown in Fig. 10,

The second stage of halo collimation gives s additional safety in suppressing
backoround from large amplitude particles which may escape from the first stage
or nay be produced from gas-scattering between the collimation section and
the Final Foeus Svstem. Tt also will help to keep the detector backeround a
acceprable level even at a small deviations of the beam position in the first stage
of collimation svstem.

This stage cleans the beam from large amplitude “sine-like” trajectorios in-
dependently on the phase advance between the first stage and the TP That gives
the possibility for a future modifications of different parts of the heam delivery
section withont influence the collimation systen efficiency.

The second stage of beam collimation permits to allow a reduction of the
aperture of the beamstrahlung dump to R=4.3 i since it redinces the ainonnt
of beam particles hitting the dump. The aperture reduction is necessary for
sviclirotron radiation interception (see below).

Particle loss distributions for the two-stage collimation svstem are shown in
Fie. 11, The sccond stage spoilers are placed at 120, and 430, position to effect
onlyv large amplitnde particles which canse svnchrotron radiation in the last don
blet before the TP, It intercepts 70 particles per bunch in our assumptions. what
15 about 510" times less than the first one (250 times smaller, for less tight first
stace spoilers collimation at 100, X 400, ). but it is situated much closer 1o the
P That is why the second stage can effect the muon background in the detector
as well as the first one.



The lavout ol the second stage of the beam collimation system is presented
in Fig. 2. The second stage is similar to the first one, but the first two spoilers
are nsed for collimation of the beam in horizontal plane. and the sccond pair 15
used for vertical collimation. The jaw position of the beam collimation systein
clements with respect to the beam axis are shown in Table 2.

 Av=r | AVY=r i A¥Y=r | a¥=rn L=150m
absorber 5 absorber 6 absorber 7 { absorber 8
~ ~N ~
‘ dump
U FET) P
g Ly
: quadrupole
§poi(_eis spoiler 6 (hor) spoiler 7 spoiler 8
ther) bending magnet (vert (vert)
Figure 2: Second stage of the beam collimation system.
[ clement SPOILERS ABSORBERS
Cnumber |05 6 T 8 5 1 6 T 8
[ N.omm | 190 1.90 | 2.00 | 2.0 2.50 | 2.50 | 250 | 2.50
\;:”mm 2.00 1 2.00 | 1.80 | 1.80 | 2.50 1 2.50 | 2.50 1 2.50
I N.o 12 12 70 70 ST ST ST ST
C Yo 296 | 296 48 48 12500 | 2500 | 2500 | 2500

Table 2: Jaws position of the second stage beam collimation system elements with

respect 1o the beam axis.

3 Synchrotron Radiation Background Simula-
tions

The photon loss distributions emitted from the beam hialo without collimation
and with collimation of the beam with one- and two-stage systems are shown in
Fig. 12 [or collimation with the first stage spoilers at 8o, X 320,. and in Fig. 13
for collimation with the first stage at 100, X 400,. The photon power losses i
the 26 1 diameter vertex detector beam pipe [10, 11] amount to 0.00011 mW
with two-stage collimation (0.0031 mW for less tight first stage collimation at
107, N 10a,), 0.00011 mW with one-stage collimation (0.00.44 mW for less tight
collimation at 100, X 400,), aud 33 mW without beam collimation.



Svnchrotron radiation losses in the vertex detector emitted by the core of the
beam in the last bending magnet as a function of beamstrahlung dump aperture
radius are presented in Fig. 3 for two positions of beamstrahlung dump. Dump

placed in a distance of 97 m from the TP eliminates synchrotron radiation loss in

the detector at dump aperture radius smaller than 4.3 mm.
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Figure 3: Syuchrotron radiation losses in the vertex detector
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4 Secondary Particles Background Simulations

Simmilation of secondary particles production was included in the elements witl
taree rate of the beamn loss. These elements are dumpl. absorber number 8 and the

septinn-magnet shadow. These elements are assumed to be made from graphite

heres The production of secondary particles in the energy range larger than 0.2 of
theinitial electron energy was taken into account in these simulations. Particle
los< distributions for the system without beam collimation and with colliination

with one- and two-stage syvstems are shown in Fig. 14

With collimation of the beam at So, and 32, secondary particle {lnxes in

the vicinity of the IP are eliminated at all.



(@Ejdr) 1 p |l =205K) ) X,
MeV/cm] | [g/cm?] [J/gK] [W/emK] | [em]
i 6.85 4.54 2.0 0.15 3.56
C 4.0 2.20 0.71 2...3 19.3

Table 3: Some properties of pyrolytic graphite and titanium.

5 Spoiler Design

The beam spoilers are intended to separate beam halo particles away from the
heam so that these can be intercepted with thick absorbers at a downstream po-
sition i the beam line. This is achieved by two mechanisms - first the particles
receive a relatively large kick angle in the spoiler due to multiple coulomb scat-
tering which results i a blow up of the particle action and secondly the particles
lose enerev which brings them on dispersive trajectories. Especially the second
mechani=in provides a high efficiency for separating spoiled particles from the
heam. For example the probability for a 250 GeV electron to travel throuel a 2
radiation length thick Ti spoiler without losing more than 10% of its energy is
o107

The required properties of such a beam spoiler are partly in contradiction and
a realistic design has to be a compromise with regard to several points which are
deseribed below.

5.1  Spoiler Heating in Case of an Accidental Beam Loss

Thonel the beam is enlarged at the spoiler position by optical magnification if
still exhibits an enormous power density of P, /270,0, &~ 140 MW /mm?  Of
conrse there is no material which could withstand such a power density {or a
longer time. On the other hand the spoilers are close to the beam and one has
to take into account the possibility that a mis-steered bheam hits the spoiler head
o, Fhe spotler should he able to accept at least a few bunches in such a casc.
Durine that time the beam loss can be detected and the remaining bunel train
(= 150 hunches if the damping ring extraction is switched off as fast as possible)
can be dinmnped externally using an extraction kicker. Since the bheam is sinall it
might he even possible to sweep the remaining bunches over the spoiler. However,
spotler thickness and choice of material must be a compromise between the ability
to stronely disrupt the energy of outcoming particles and on the other hand to
withstand a number of head-on bunches.

We consider here two possibilities - a titanium spoiler and a graphite spoiler.
Properties of both materials are given in table 3.

I 1o 4 the peak energy deposition for one TESLA bunch with nominal
dimensions 15 plotted as a function of depth (simulation with GEANT). Due
to the large radiation length the graphite spoiler is much longer comparcd 1o

-1



titanium.  This leads to a larger transverse spread of the induced shower in
graphite and results in a lower maximum energy deposition. In order to determine
the instantaneous temperature jump due to the deposited energy one has to take
into account the temperature dependence of the heat capacity:

c(T)dT. (1)

dl To+AT s
dm ./1‘:’1},

The instantaneons temperature jump AT,,5 can be caleulated by solving (1)
nerically. Parameterizations for ¢(T') can be found in [12], temperature cnrves
for hoth materials are shown in Iig. 5.

The heating induces thermal stresses in the material which, if to high. will
lead 1o cracks and damage the spoiler. The temperature limit can be estimated
fram the induced stresses:

1
orTS > ;QIZA];’HS/' (-2)

Here one should take into account that the material dependent parameters
o< ultimate tensile strength, o linear expansion coellicient and 2 elastic mod-
ulis are also functions of temperature. From (2) we estimate limits of = 1000 ('
for 11 and 2650 “C for pyrolytic graphite. From the temperature curves in g,
5 it can be concluded that both materials are suited for a beam spoiler and can
withstand a suflicient number of bunches. However, a two radiation length thick
pyrolvtic graphite spoiler can accept nearly 50 bunches on the same spot whereas
the eqnivalent titanium spoiler stands only 6 bunches.  Therefore a eraphite
spotler wonld promise a higher inherent safety in case of accidental beam Tosses.
Another advantageous property of graphite is its large thermal conductivity A
which becomes important if relatively large steady beam losses on the spoilers
have to he handled. Such a situation is imaginable for instance during set-np and
tuning of the machine. A disadvantage of graphite is certainly the larger length
ol the spotler which results in a higher probability for edge scattering and reduces
the collimation efficiency.

5.2 Emittance Dilution by Wakefields

Ultravelativistic particles moving in a perfectly conducting pipe experience no
transverse kick since the forces cansed by the electric and magnetic field caneel
cxactly. However, at discontinuities as the entrance or the exit of a beam spoiler
this cancelation is distorted and particles in a off-axis bunch will experience an
offective kick due to the induced fields. The so called geometric wake ficld kick
varies along the longitudinal direction of the bunch and can be estimated for
rectangular spoilers by [13]:

z? Ny (Ay)

Ae)=iep (55| 0=
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Figure 4: Energy deposition of one TESLA bunch in graphite and titaninm on the
beam axis as a function of depth.
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Figure 6: Sketch of the tapered spoiler.

where r, = 2.8-107" m the classical electron radius, o, = 0.7 mm the rms huneh
leneth, Ny = 3.6 - 10" the bunch population. {Ay) the transverse bunch offser
and g the halt gap between the spoilers.

Sinee the strength of the kick varies along the bunch it dilutes the Leam
cmittance. We assume that the mean kick can be corrected with steering elements

and demand a Tuminosity reduction of less than 2 7%:

AL 1Az 1Ay? 1
fffff =—-— = ~~M <0.02. or Ayl < ool
L 2z 2 g mETg

I he rms-wakefield kick Ay’ is obtained by averaging of Ay and Ay over
the longitudinal charge distribution {which is assuined here to be Ganssian )

i : 9\ 2
Ayl = (A% = (Ay)?)" = % 0, =0.278 -0y,
[ order to reduce the geometric wakefield the spoiler can be tapered as shown
i bies 60 For taper angles 0,,, < 1 the reduction factor is a lincar function of
0., 1]
60, 12(R—yg)
W - 7“(]4@ - ]'sp).

Of conrse the beam spoilers are not perfect conductors and for narrow gaps

the resistive losses act back on the bunch. The so called resistive wall wakelield
Kick can be estimated by [15]:

| (s s s)? 7. Ngl,, [ A (Ay)
A2y = Uy —— @ exp —(—_i 0, = ", Bl [ 2or } ,{//. (9]
V27 Js=0 /s 2 ' 27 To. g’

where Ly, s the length of the spoiler and A,

» 1s a characteristic length calenlated!

"Note that we use MKSA units throughout this paper. In CGS units the conductivity is
stialler by a factor 47ey and the kick formulas are different as well.
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from the conductivity oy, of the spoiler material:
1

A= ——.

ClLOTsp

Here the rs-kick is given by [6]

Ny K(v3/2) T1/4)
Yrms = 2\//:\ S

Taperine increases the length of the spoiler and therefore the resistive wall kick.

[NIES

The incrcase can be estimated by replacing the factor /A, L., /¢" in (5) by an
integral over the total length:

\//\.97)[4‘5]) ~ /‘L!ot \/I/\(l) (/1
9’ =0 g*(1)

Therehy we obtain an enlargement factor for the rms-resistive wall wakefield kick
ol the tapered spoiler of (see geometry in I'ig. 6)

LI:)L < (/> (/ .
1) (1499 G
Ut 0

72

)\Lap

)\sp

Here Ay, is the characteristic length of the taper material which could he a thin
copper loil for instance. Note that the heating of the taper material is not critical
since the beam spot is enlarged by 1/04,,.

As long as the resistive wall wakefield kick is smaller than the geometric
wakeficld kick, tapering of the spoiler is helpful. The optimmnm total length of the
tapered spoiler Ly, is achieved when both kicks have equal strength:

0.275 - By (Lyor) - 07 = 0.292 - ko ( Lyoy) - 0.

Now we can apply these formulas to the TISLA parameters. We consider
three possible lavouts for the spoiler - a spoiler made of pyrolytic graphite. the
eraphite spoiler with copper coating and a spoiler made of titaniuin. For all kinds
ol spoilers we assume a thickness of 2 radiation lengths and a radius of the bean-
pipe of 7 =125 mm. TESLA parameters relevant for the beam spoilers are piven
o table Tomaterial parameters in table 5 and results for the different lavonts in
table 60 It turns out that the graphite spoiler, even untapered, misses the gowl
of Ayl < o'/5 already due to the resistive wall cffect (sce table 6). So tapering
will nor improve the situation in that case. However, the Ti spoiler is uneritical if
one applies some tapering. If coating of the inner surface of the graphite spoiler
with a thin layer of copper or another material with high clectrical conductivity
is possiblesalso such a design could be used.

The conclusion from these considerations is that mechanical collimation of
the TESLA beam at amplitudes of 8o, and 320, can be realized with a tapered
11 spotler. A graphite spoiler would be advantageous in view of its thermal
propertics. however, it remains to find a method to reduce the surface resistance.

11



e 3 o ol g g/lo
(mm mrad] | [m] | [pm] | [nrad] | [mun]
N: 14 868 | 158 | 181 1.3 8
Y: 0.25 6797 | HY 3.7 1.9 32

Table 4: Some beam related parameters at the spoiler locations.

it

o (] [2.65-10° 1 1.06 - 1075 [147- 1077 [4.5-107" [ 6.1 - 107"

L& ¢ |om [ G | An

Table 5: Characteristic length of several materials. Note the anisotropic properties
of pyrolytic graphite. We assume that the material is aligned along the bean in the
direction of the higher conductivity.,

) geometric resistive wall | opt. tapered | opt. len. [in]
7y oy 7% Iy Ty 7 5 /yu‘
Arige | Sy | Ay | Dyiy | Arip | Ayigs ot o
¢ 9.0 1.7 9.4 4.0 - - -
C.Cul 90 | L7 [ 1421607 [1302] 481 [ 1.0 | 15
T 9.0 1.7 132.8 | 56.7 | 122.8 | 459 | 0.66 .2

Table 6: Wakefield kicks for different spoiler materials and taperings for a beam offse
of 1 7. The table contains the geometric and resistive wall kicks for the untapered
spoiler and the geometric kicks for an optimal tapered spoiler. Given is alwavs the
value of o/ Ayl o which should be larger than 5 for a luminosity reduction of less than
20 Furthermore the total length for an optimal tapered spoiler is given.



6 Conclusions

I) Onlv using thick spoilers (larger than two radiation lengths) is possible to get
hieh efficiency of the beam halo collimation in TESLA.

2) One-stage beam collimation system which mtercepts sine- and cosine-like
trajectories at 30, and 320, permits to eliminate particle loss in the detector and
to decrease the synchrotron radiation loss emitted [rom halo in the last Iinal
Foens Svstem doublet 3.0 - 10° times.

3) The second stage ol halo sine-like trajectories collimation placed in the
hieh-3 regions of the Final Focus System permits to clean the beam from large
amplitude particles independently on phase advance between the first stage and
the 1P This gives the possibility for a future modifications of different parts of
the heam delivery section without influence the collimation system efficiency,

1) The concept of mechanical collimation with tapered titanium spoilers is
applicable for TESLA. Emittance dilution due to wakefields is negligible and the
requircinent for spoiler protection to trigger the safety dump kicker after no more

than six bunches (or 4.2p08) 1s realistic.

References
T Edwards., TESLA Parameters Update a Progress Report on the
TESLA Collider Design. Marvch, Particles Accelerators, 1991, Vol LN X,
2 R.Brinkmann. Status of the Design for the TESLA Lincar Collider. Par-
ticle Accelerator Contference, Dallas 1995, DESY-TESLA 95-11. .33,
3 LBaishev, A Drozhdin, N Mokhov. STRUCT Program User’s Reference
Mannel. S5C-MAN-0034, Vebruary 1994.
1 GEANT Program User’'s Reference Manuel.......
50 RiBrinkmann. Final Doublet Apertures. Collimation Requirements.
15/04/93.
) NoMerminga, J.Irwin, R.Helm. R.D.Ruth. Collimation Syvstems for a
TEV Lincar Collider, SLAC Pub. 5165 Rev. (1994)
A Drozhdin. Extraction of the Spent Beam into the TESLA Beam Cap-
ture Section. DESY Print, December 1994, TESLA 94-29.
[~ M.Sachwitz. H.J.Schreiber. Muon Background. TESLA meeting. Fras-
catl, November 3-10. 1994,

91 O.Napoly, E.Rlein. JNLRifllet. TESLA Final Focus System with Sn-
perconducting Magnets in the Interaction Region: Optics. Tolerances
and Magnet Design, DESY Print, December 1994, TESLA 94-31.

13



[10]

D .Schulte. Summary of TESLA 500 Working Groups. TESLA test fa-
cilitv meeting, Orsay, March 8-10, 1994. D.Schulte. Schematic Layout
of the Interaction Region. TESLA test facility meeting, Orsay, March
8-10. 1991

Daniel Schulte. Background in the Interaction Region. TESLA meeting.
Frascati. November 8-10, 1994.

Handbook of Chemistry and Physics. Chemical Rubber Publishing
Company (1976)

K.I.FF. Bane. P.L. Morton. Deflection by the Image Current and
(harges of a Beam Scraper, SLAC Pub. 3933 (1956)

Kaoru Yokova, Impedance of Slowly Tapered Structures, CERN SI./90-
3% (1938)

A.Chao. Physics of Collective Beam Instabilities in High Energy Aceel-

crators. J.Wilev & Sons. New York (1993)

1<



18000 T T T T T T T T
16000 |- §E_
i
14000 i
I
i
g 12000 |- i
g i
5 10000 | i
T i N
4 1 H . M
2 8000 + i L‘ Y vertical
o noon B
© oo Nl
@ 6000 |- ;1‘ ;S ;5‘ I‘;
s000 | {1 iy [
T P
[ A -
2000 RN :\ fl ; horizontal ,"\ A
0 y \ ")\“l m:’/’\q 1 ! 1 A A LY J.’L
0 200 400 600 800 1000 1200 1400 1600
Length, m
008 T T T T T T T T
"DDX.DAT" ——
0.06 + ~
0.04 | E
g L‘\
(8]
4 0 n A,LJ
g JANAN
@ | /\\. / |
G 002k | . | M\ e
| b \/
004 } j -
0.06 |- 4
-0.08 L 1 L L 1 L L 1
0 200 400 600 800 1000 1200 1400 1600
Length, m
T T T T T T T T
sp1 sp2 sp3 sp4d sp5 sp6 sp7 sp8

1 i 1 1 1 1
0 200 400 600 800 1000 1200 1400 1600
Length, m

Figure 7: Horizoutal 3-function (solid line) and vertical J-function (dashed line) in
the collitnation region (top). Horizontal dispersion function (bottom).



Spoiler thickness, mm
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Figure 12: Photon loss distributions emitted from the beam halo withonut collimation
and with collimation of the beam with one- and two-stage systems for collimation with
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Figure 13: Plioton loss distributions emitted from the beam halo without collimation,
and with collimation of the beam with one- and two-stage systems for collimation with
the first stage at 100, X 10ay.
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Figure 14: Primary and secondary particle loss distributions in the [P region without
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