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The role:

The collimation system of a L/C C must serve multiple
purposes and fulfill a number of constraints.

* reduce the background in the particle detector by removing particles
at large betatron amplitudes or energy offsets,

 withstand the impact of a full bunch train in case of machine failure

* minimize the activation of accelerator components outside of the
dedicated collimation insertion

* not produce intolerable wake fields that might compromise beam
stability
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The motivation for LC:

to blow-up the beam size and to reduce the length taking
advantage of e << D.0.
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The motivation for CC:

reduction of resistive impedance because of the larger

aperture of the spoiler. In this situation 3¢ >> Dx8 and there
IS no need of a large blow-up of beam sizes.

Sansitiva
DT
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The Basic Scheme:

Deflection at the nonlinear element A%, = —aHn /a%

—I

Spoiler

increase beam size at the spoilers cancel aberrations
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The Basic Scheme:

* Nonlinear elements used are:
skew sextupoles and octupoles 1 1

|

“ i
iy

>
I element
4

HS:KS (y3_3(x+D5)2y) K
3) H, ==

* Higher-order multipoles
(decapoles, dodecapoles, ...),
are not useful because they
don’t penetrate to the small
distances needed

[N. Merminga et al., SLAC-
PUB-5165 Rev. May 1994]
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The state of the art:

®* Scheme with skew-sextupole pairs in NLC for nonlinear
betatron collimation in the vertical plane

[N. Merminga, J. Irwin, R. Helm and R. Ruth, SLAC PUB
5165 Rev. (1994)]

¢ "Tail folding” octupoles in the NLC final focus system

[R. Brinkmann, P. Raimondi and A. Seryi, PAC2001, PAC
2001 Chicago]

®* A magnetic energy spoiler (MES) for the TESLA post-
linac collimation system

[R. Brinkmann, N. J. Walker and 6. Blair, DESY TESLA-
01-12 (2001)]

®* Scheme with three skew sextupoles for CLIC
[A. Faus-Golfe and F. Zimmermann, EPAC 2002, Paris]
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The nonlinear collimation system:
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relative momentum offset

The system equations: )

K N\

- 3'S 3_3(X+Dx,sext5)2y)

The deflection: -

The Hamiltonian: Hsext

Ax’ = oH sext _ ( D 5) Integrated sextupole strength
- ax X+ x,sext
0H 1
’ _ s 2 2 2
Ay - ay __EKS(V —X - xsext5 _2stext5)
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The system equations:

Position at the downstream spoiler:

. sext,sp A ./ optical transport
X W xo, % + R12 ” matrix between
sextupole and spoiler

t, ’
ysp = yO,Sp + R;Tx SpAy

\

position at the
downstream spoiler
w/o skew sextupole
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The system equations:

Transverse beam size at the downstream spoiler:

0= )= (x, )
0= (2 )=(, )

for spoiler survival:

O-r,min — \/O-x,sp O-y,sp

y

—

this value depends on the spoiler material and
determines the minimum value of Ks, R,, and R;,
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The system equations for LC:

Assuming e << D_0 both at the spoiler and the sextupoles
and flat beams xg >> yg

Gaussian momentum distribution:

. average momentum offset

The beam size at the spoiller:

2 2 2 2 N2 2 2
O, z\/Dx,Spag +R,K°D (50 +0; ),B £

s Xx,sext y,sext—y

% z\/lR;KjD“ (0t +25202)

YsSp 2 X,sext
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The system equations for LC:

Uniform flat momentum
distribution:

. average momentum offset

The beam size at the spoiler:

2 5jglat 2 2 2 5jglat 2
D +R2K2D +0. |8, .. E

O-x,sp = X,Sp 12 Xx,sext 12 y,sext —y
4
1 ) 1
~ 2 2 4 flat 2 2
O-y,sp - ZR34KS Dx,sext 180 + 3 5ﬂat 50
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The system equations for LC:

Using a vertical spoiler the nonlinear terms in the sextupolar deflection
also yields a collimation for horizontal or vertical amplitudes at collimation

depth (units of F
epth (units of G, ) 0 D A DA

_ xX,sext . X,sext
n.= N, =
\/IBx,sextgx \/IBy,sextgx

Additionally we can collimate (in the other betatron phase) using the linear
optics:

—_ ax DX,SPA
n 2 - =
X
\/IBx,Spgx \/le,spo gx
. a 1 KR,D> A
spoiler half gaps n.,= y ~ s 1434 x,sext
1 2
\/ﬂy,spgy \/IBy,Spgy
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The system equations for LC.:

The achievable value of D IS limited by the

,sext
emittance growth A(ye) dugsfg SR in the dipole
magnets:

AGe )= (4x10" m>GeV )E°I, < fe.

! l

7% 1.0 x 109 m
f: fraction of the initial emittance
[;: radiation integral
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The system equations for CC:

Assuming e >> D_0 both at the spoiler and the sextupoles.

The transverse beam size at the spoiler:

O-x,sp =~ \/R122K ﬁx Sextﬁy Sext x + ﬂx Sp X

o~ |LRK (S

V,Sp 2 x,sext x+ ysext y)+ V,Sp y

EPACO06 Edinburgh A. Faus-Golfe 17
26-30 June 2006



The system equations for LC:

To collimate in either transverse plane we must have:

physical \/ l collimation
transverse y2 'By Py o KSR3 amplitudes for

apertures betatron

| motion
y2\/IBy spy T EKSR34

A horizontal collimator at the same location at the vertical spoiler will
intercept particles with simultaneously large in both transverse planes.
Its half gap aperture can be set to:

x2 \/ﬂx spx KSRIanny \/ﬂx,sextgy \/ﬂy,sextg
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Nonlinear energy collimation for (

The changes respect to the previous optics designs:

* collimation only in energy

* maximize the overall fraction of the system occupied by
bends and decreased the bending angle until SR became
reasonably small. But no bends were installed between the
skews (R, s = ()) to cancel the geometric and first order
chromaticaberrations and the luminosity degradation

* keep B-functions as regular as possible to avoid the need
of chromatic correction
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Performance from analytical studies:
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Tracking studies:

Entrance: IP: Luminosity
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Luminosity vs skew sextupole strength:

Tracking of a uniform flat momentum distribution of 40000 particles
with 1% full width energy spread from the entrance of BDS to IP

Luminosity for optics lattice "NEW4.1"
14

L (with SR) —e—
L (linear system with SR) -
12 - L (without SR) @
L (linear system without SR)

L [*1034 cm'zs'l]

0 20 40 60 80 100
-2
Ks [m™]

Luminosity drops with the excitation of the skew sextupoles
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Luminosity optimization:

Optimization of the beam sizes with a MAPCLASS (Python code) by
adding two additional multipoles (skew octupole and normal sextupole)
for local cancellation of the higher order aberrations

[R. Tomas et a/, EPAC'06 MOPLS100]

“ ‘:“”““I“I“"“:““
Fourth order =T Norminal
= Gy Mominal e
Third order oy Matched -
Second order __ Em—i=tm=b
< 15|
High chromatic aberrations
of 2nd, 314 and 4t are
responsible of luminosity o - - - - -
d d t n 1 2 3 4 b o 7
€gradatio Maximum order considerad
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Optimized Luminosity:

Luminosity tor optics lattice " EW4. 17

14 ' T T T : T T T T T
L (with SRy —e—
L (linear system with SR} -
12 r L (without SR} & - 7
1 IL=10.714 L (linear system without SR}
optimization #*:
10 i
o
E Sq . I=7441 -
[ Iy
SR Y 1=6.257 ]
.
—]
4+ i
For-an_integrated skew sextupole strength K,=20.86 m2
el e i
N g
|:| 1 1 1 1 1
d £ Ly 60 &0 100

Luminosity is improved by more than a factor two
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Beam profile:

Tracking of a uniform flat momentum distribution of 10000 particles

with 3% full width energy spread from the entrance of BDS to spoiler
Quadrupole # 0
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Quadrupole # 0

P(x.v) [”‘*1(.'!9.&1]1112 per bunch]
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Quadrupole # 1

P(x,¥) [*1091‘me per bunch]
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Quadrupole # 2

P(x,¥) [*1091‘me per bunch]
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Quadrupole # 3

P(x,¥) [*1091‘me per bunch]
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Quadrupole # 4

P(x,¥) [*1091‘me per bunch]
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P(x,¥) [*1091‘me per bunch]
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Quadrupole # 6

P(x,¥) [*1091‘me per bunch]
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Quadrupole #7

P(x,¥) [*1091‘me per bunch]
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Quadrupole # 8

P(x,¥) [*1091‘me per bunch]
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Quadrupole # 11

P(x,¥) [*1091‘me per bunch]
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Skew sextupole // Quadrupole # 12

P(x,¥) [*1091‘me per bunch]
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Quadrupole # 13

P(x,¥) [*1091‘me per bunch]
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Quadrupole # 14

P(x,¥) [*1091‘me per bunch]
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Quadrupole # 15

P(x,¥) [*1091‘me per bunch]
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Quadrupole # 16 // Spoiler

P(x,¥) [*1091‘me per bunch]
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Collimation gap 2t ay=1.669 .
1.5 |
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v [mm]

Particles density at the entrance of E spoiler
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Peak density at the spoiler:

Beam is highly non-gaussian at the spoiler, and then it is the peak density of
transverse enrgy which matters for the spoiler survival, not the rms beam size.

103 g ) T i T " T T T T T T T T T

Peak-density pg [kJ/(mm? bunch)]

K, =20 m?2

100 L | L | L | L | L L L
0O 02 04 06 08 1 12 14 16

Average energy offset 8, [%]

Spoiler survival is guarantee for off-momentum beams (>1%) using an
integrated skew sextupole strength K, = 20 m-
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Collimation efficiency and machine protection

For failures scenarios mis-steered or errant beams will hit the energy spoiler

1

Tracking of gaussian beams of 105 macroparticles for g © N 'Ll@ncargéoﬂgmat@oh
. - = onlinear B colliination -
different energy offsets and without energy spread. Beams R
with energy offset > 1.3 % (enfergy collimation depth) are = 10tk
totally intercepted by the spoiler. E
. N : i T 0%
The nonlinear collimation system uses a vertical spoiler. 2
Unlike the linear collimation system, the beam density is ER
. = otl
reduced by the nonlinear system as the beam energy g 10
. . . @ 5 . . : : :
10
offset increases. This helps to s o6 os ) 5 4
8 [%]
Linear Nonli
. : onlinear
Particles density at the entrance of ENGYSP 1400 Particles density at the entrance of E spoiler
0.1 T T T T T T T T T T E\ ’) 4 ; I ; : 14‘00 E\
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Nonlinear betatron collimation for

The changes respect to the CLIC optics designs:

 The LHC momentum spread is 2 orders of magnitude
smaller than in CLIC, cannot be exploited for
widening the beam during collimation

« Emittance growth from SR is insignificant, not
constrain in the design of the collimation system

 The geometric vertical emittance is about 3 orders of
magnitude larger than in CLIC
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Performance from analytical studies:
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Collimation amplitudes and collimators
apertu res: Collimation contours _

L]
L]

[J. Resta-Lopez et al, EPAC'06 MOPCHO091]
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X
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Primary and Secondary Collimators

Two-stage nonlinear collimation system, : iy

considering primary and secondary |
collimators. Primary collimators are located : I
close to IP7. ' Ig '?9 N B
: 90 :
ARC(( TR 170 yaee
[C. Bracco et a/, EPAC'06 TUPLS018] A )
[G. Robert-Demolaize et al, EPAC'06 § = I
TUPLSO019] | I
< Th /)
# | Name Distance from IPT | Azimuth | Half gap
TR = _ = In the nonlln_ear collimation system _these
13 | TCSG AR 1 1,571 B rectangular jaws play the role of primary
14 | TCSG.B4R7.BI 49.741 2.37 9T collimators with apertures 160, and 8o,
15 | TCSG.ASRT.BI RE.256 0.651 0
16 | TCSG.B5RT.B1 02.256 2.47 ! ] ]
17 | TCSC.CHRT.BI 104.256 1.571 0 Secondary collimators with apertures of
158 | TCSG.DSRT.11 108.256 0.897 9 > 90 between the primary collimators and
19 | TCSG.ESRT.BI 112.256 2,277 0
20 | TCSC.6RT.BI 146.861 | 0.009 9 the second skew sextupole
21 [ TCLA.AGRT.BI 153.927 1.571 9
22 Tgﬁ-ﬂﬁg—;-m 184.801 ;3‘- 9V Secondary collimators with apertures of
23 | TCLA.EGRT.B1 218.352 1.571 7 . :
21 | TOLA FoRT B1 290,351 0. . 70 downstream the primary collimators
25 | TCLA.ATR7.BI 237,698 . T and the second skew sextupole
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Studies on Collimation Efficiency

The cleaning efficiency has been studied by mean of multiparticle tracking
using the code CollTrack [R. Assmann et al] , a program which combines
the collimator scattering routine K2 [J.B. Jeanneret et a/] with the tracking
program SixTrack [F. Schmidt ef al ]

Beam halos from tracking of 5x10° protons for 200 turns:

Sample of vertical input halo Sample of square input halo

T T T T T T T

yloy]

y'[oy]
o & A L o 1w B o o

y[o ]
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Studies on Cleaning Efficiency
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Cleaning inefficiency, n(A)

Vertical halo

Radial aperture, A [0]
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Impacts and Absorptions of a vertical halo:

107 S — Nonlinear collimation system
absorptions EE—"
107
10!
10"
10_1 i 2 3 4 5 6 F 8 9 1011 -- .- - - 0 1 2 3 4 S
IP7 LHC collimators
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T __Linear collimation system
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Outlook and Summary

@ A nonlinear collimation system using two skew sextupoles
and a single spoiler for the case of LC and CC appears to
be competitive with the corresponding linear systems

@ Compared with linear system, the transverse energy
density is reduced at the spoilers, or primary collimators,
thus increasing the probability of spoiler survival in case
of miskicked beam impact.

@ For CC the non linear collimation system allows larger
aperture for the mechanical jaws, thereby, reducing the
collimator impedance.
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The system equations for LC:

We assume 3€ << D_0 both at the spoiler and the
sextupoles. Furthermore beams are flats Xg >> Vs

(35,) = Dy (8 )+ REKIDY 0 (8 N7 s
(

xsp> ~D, <5 > N
|

vL)= S RLKID!,,(6°)

< 4 Fasen horizontal and vertical mean
1 //squared position and average
<)/ > ~—R K Dz <52> beam offset at the spoiler
Sp 2 347 s T x,sp
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The system equations for CC:

We assume 3€ >> D _0 both at the spoiler and the
sextupoles.

<x§p> - <xz,sp> + Rlzszz <x2,sext><yzasext> horizontal and vertical
mean squared position

<xsp> ~ () // and average beam

offset at the spoiler

1 4

(72) = (05 )+ T R (s )+ (V)= 20 )5 )

<ysp > = _%R:MKS (<y2,sext > — <xz,sext >)
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The system equations for LC:

By combining these equations we could collimate in both
betatron phases and in energy using a single spoiler.

!

If we opt for nonlinear betatron collimation, the other
phase could also be collimated by installing a “pre”

skew sextupole with a phase advance of 1/2 in front of
the first skew sextupole in a non dipersive location.
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Luminosity optimization:

Optimization of the beam sizes with a MAPCLASS (Python code) by
adding two additional multipoles (skew octupole and normal sextupole)
for local cancellation of the higher order aberrations

f/’ff hﬂx‘a\ﬁ;w ::.rT]_ “1:?3
= 0PI 0 0SSN 0=
. h\:‘\—_:_f"f

[R. Tomas et a/, EPAC'06 MOPLS100]
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Impacts and Absorptions of a horizontal halo:
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Impacts and Absorptions of a radial halo:
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