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N = Symplectic integration

—>CLIC

B Symplectic integrators with positive steps for Hamiltonian

systems H = A 4 eB with both A and B integrable

B Consider Hamiltonian system H (P, ¢),with N degrees of
freedom

B A trajectory of the system in phase space is described by

—

le(t) — ($1(t), ce ,.CIZQN(t)), Ly = Piy Li+N — ({4, 1 = 1, .. .,N

B Hamilton’s equations of motion take the form
dx _ .
with the usual Poisg(?;n brackets {f, g} = Z 0f 99 _ 0f 9g
7 Op; 0q;  0q; Op; )

1=1

B'The solution 1s formally written as
n

#0) = S L Lm#0) = 2 £(0).

n!
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TEFETT> CLIC
B A symplectic integrator of order n from tto ¢+ T
consists of approximating the operator ™21 = eT(Latlen)

by products of eCiTlagnd e%™leB =1 ... n which

integrate exactly A and B over the time-spans ¢;T and d;T
B The constants ¢; and d; are chosen for reducing the error

B The SABA, integrator 1s written as
SABAQ _ eclTLA 6cl17'LEB 6C27'LA 6d17'L€B eclTLA

) 1 1 1 1
— — 1 — — — d = —.
Wlth C1 2 < \/§> , C2 \/g ) 1 2

B When {{A, B}, B} is integrable, e.g. when A is quadratic

in momenta and B depends only in positions, the accuracy

)

of the integrator is improved by two small negative steps

SABA,C = e~ € 5L1a.B) B} (SABA,) o~ T € 5L{{a,B},B}
with c¢=(2-+/3)/24



—ep— <—— Performance of SABA, [@]

o — ([ [ (S ——
B The accuracy of the SABA,C was proved an order of

magnitude more precise than the Forest-Ruth 4th order

integrator

© ® N o & A

log10(AE/E)

14 12 -1 08 -06 04 02 0
Iog10(s).
B Note finally that the usual “drift-kick” scheme corresponds

to the 2nd order integrator of this class

SABA; = ezlaegmleBeala
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—popope——<—— SABA,C for accelerators [@)]

| | ) D)

==="=>CLIC
B The accelerator Hamiltonian in the small angle, “hard-edge”

approximation is written as H (x,y,l, ps, Dy, 0;5) = Hog 4+ V,

P2 4 p?2
with the unperturbed part Hy = (1 4+ h x) 2&’31 " 53/) |
and the perturbation V(z,y) S‘ S‘ . 2l

n>1 7=0

B The unperturbed part of the Hamiltonian can be integrated

( ; 2
1 , i
v/ = = (1+ hat) (cosgb—l—p—smqﬁ> —1
h P},
;2 -2 ;2
Pl 2% py
- pl — p! tan ¢ ;
f — 7 4L Yy hS
px - p . . . p
' py + pl, tan ¢ with ¢ = 2(1y+ 5
= i -
\ py py




N AB AZC for accelerators 11

B The perturbation part of the Hamiltonian can be integrated

o=t pl o= ph— s L | = DY jan(@)y T ()"
GSLB : 4 Ox ) Wlth Oz i n>1j=1
yf — yz 3 pf — pz — 8—V S oV _ - . N (.0 \n—7—1
\ Y Yy Ay |, 8—y = ZZ(n—J)an,j@C) (y")
v n>17=0

B The corrector 1s expressed as

2 2
1+ hx | [OV oV
C:{{AaB}vB}: + ?
1+9 ox Oy
and the operator for the corrector is written as
(o = g
yl =y
] ov|® oav|® [ov| &?v| ov| 9PV
sLo . f _ i 7 _ 7 _ -
SRR I e A K e +2<1+hx>[8xi8x2i—'_@yi@:c@yj}s '
; .2+ hal) (OV] V| oV 0*V
Py = py— + | S| (8
LY Y 146 Oz |, 0z0y|, Oy |, 0y?|,
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T - Application to the ESRF

B Consider the old ESRF “ideal” lattice, 1.e. perfectly
symmetric (periodicity of 16) with the only non-linearity
coming from the sextupoles

B Integrate the equations of motions with three different

methods

“Drift-Kick” method by splitting the 0.4m sextupoles in a
drift+kick+drift

Splitting the sextupoles in 10*(drift+kick)+drift
Using the SABA,C symplectic integrator

B Produce frequency maps by using Laskar’s NAFF algorithm
and compare
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I il Frequency map I @

B Comparison between frequency maps produced by “drift-
kick” 1 kick versus

0.5
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T Frequency map II (S]]
. —’CMC

B FFrequency map using the SABA,C symplectic integrator
reproduces the “10-kick™ case
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0.008

1-kick

R U]

0.006 & -

-10
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0.004 14

0.002

0

0 0.005 0.01 0.015 0.

B Diffusion map using the oos g
SABA,C symplectic
integrator shows lower
horizontal and slightly oo

0.006 |

higher vertical DA than
1-kick integrator
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B D Diffusion maps XN
===—"CLIC

.l Colour coding

following the
logarithm of the
diffusion vector
amplitude

o Dli=r = Vlie,r/2) = Vhe(r/2,m

0.01 0.015 0.02



. . . 397 Kyst 397 Klystrons
Compact Linear Collider : multi-TeV e-p s 1 Y Y IERAAS
drive beam accelerator combiner rings drive beam accelerator

collider for high energy physics beyond the 24 GeV, 1336z ? rireif 24.GeV, 133 Gz
Tkm n Tk
LHC ety "

CR2540m
loop »
Rt

.70 km 2.70 km

IP1

Center-of-mass energy from 0.5 to 3 TeV

RF gradient and frequencies are very high

100 MV/m in room temperatute
accelerating structures at 12 GHz

e* main linac

48.250 km

Two-beam-acceleration concept

: €3 . ”» M[ booster linac,
High current “drive” beam, decelerated 9GeV, 3 Gz ?
in power extraction structures (PETS), — _

. e injector e injector,
generates RF power for main beam. 24Gev 24 GeV
Challenges:
Efficient generation of drive beam DRIVE BEAM
QUAD

PETS generating the required power

12 GHz RF structures for the high
gradient

QUAD POWER EXTRACTION

STRUCTURE

Generation/preservation of small RF power «<—

emittance beam ACCELERATING
STRUCTURES

Focusing to nanometer beam size

Precise alignment of the different MAIN BEAM BPM

COII]pOI’lCIltS




~ 100 m > '\er

~ 100 m > <
+ . . - . .
4 BCS ¢” Main Linac ¢ Main Linac & BC2

Qé 24 ((}}Péz 12 GHz, 100 MV/m, 21 km 12 GHz, 100 MV/m, 21 km s
- RTML \9GeV/ RIML =
) 48 km > L

. 3 TeV

5 .

5 || 3 GHz Base line

S ~ 500 m - c

& configuration

~5m
30m 30m
2.424 GeV 3 GHz 838?\?5 cpr ) 2424GeV
365 m 88 MV 365 m
2.424 GeV 2.424 GeV
2
R=
—
8
(&)
PR 0m E I T R
Thermionic gun - : Pre-injector Pre-injector |
Unpolarized e Pg%g%‘l’(l)]i]lzl?lgg © Linac for e* aset C gun
Polarized e
1.5 GHz 1.5 GHz 1.5 GHz 14
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_ﬁ@_«wﬁw%\ v Damping ring deSlgIl goals

Ultra-low emittance and high beam
polarisation impossible to be
produced by conventional particle

source: PARAMETER CLIC
Ring to damp the beam size to bunch population (10°) 4.1
des.ire-d values through synchrotron bunch spacing [ns] 0.5
radiation
: : f hes/trai 12
Intra-beam scattering due to high number of bunches/train :
bunch current blows-up the beam number of trains 1
Equilibrium “IBS dominated” Repetition rate [Hz] 50
cmittance .ShOUk.i be reache':d fast to Extracted hor. normalized emittance [nm] <680
match collider high repetition rate
Other collective effects (e.g. e-clou d) Extracted ver. normalized emittance [nm] <20
may increase beam losses Extracted long. normalized emittance [eV m] | <5000
Starting parameter dictated by design | Injected hor. normalized emittance [pm] 63
criteria (?f th? c.olhder (e.g. Injected ver. normalized emittance [um)] 1.5
luminosity), injected beam , , .
Sl "L . Injected long. normalized emittance [keV m] 1240
characteristics or compatibility with

the downstream system parameters
(e.g. bunch compressors)
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Emittance (nm.rad)
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Vertical emittance vs. energy
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—p=p=p=——<—— CLIC damping ring layout

straight section including 38 wigglers

ad
96 m
extraction injection
, ’/"""’ e - ."..'Q:..
E . . S
& regular FODO cells with wigglers *o,
& dispersion suppressor & dispersion suppressor & .
y 4 beta-matching section injection/extraction region
&

%
.
with two wigglers ‘:;

48 TME cells 3

. =

48 TME cells 5
3 ARC :
.
'Q‘ ARC dispersion suppressor & dispersion suppressor & ¥ 4

% beta-matching section beta-matching section y

LY . . &

’«% with RF cavities regular FODO cells with wigglers  with two wigglers s
‘0‘.",«.‘ . | ':-t""",
Tewe, jaee®
96 m
— P

straight section including 38 wigglers
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—>CLIC

B TME cell chosen for
compactness and efficient
emittance minimisation
over Multiple Bend
Structures (or achromats)
used in light sources

Large phase advance
necessary to achieve
optimum equilibrium
emittance

B Very low dispersion

B Strong sextupoles needed

to correct chromaticity

® Impact in dynamic
aperture

26/05/2008

1,

TME arc cell

DQ FQ
[ 1 : |
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] | : |
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6. : 0.013
D L 0.012
X I
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— A
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~ 4 1 0.010 .
g | [ 0.009 '8
S - S
s i <
Q 34 L0008 3
S 0 <
; L0.007 .Q
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£ 2 L0006 O
~ L o.
5 By
Q B L0005 Q
1.4 X I
] \v, | 0.004
0.0 . . . . T . . . . 0.003
0.0 02 04 06 08 1.0 12 14 16 18 20
S, (m)
Energy 2.42 GeV

Field of the bending magnet, B,

Length of the bending magnet

Bending angle

Bending radius

Length of the cell. Lyyp

Horizontal phase advance, i,

Vertical phase advance, p,

Emittance detuning factor, e,

Horizontal chromaticity, dv,. /00

Vertical chromaticity, dv, /00

Average horizontal beta function, (/3,)
Average vertical beta function, (3,)
Average horizontal dispersion, (D,.)
Relative horizontal beta function, 3, = 3*/3;,
Relative horizontal dispersion, D, = D*/D;,

0.932 T

0.545 m

27 /100

8.67 m

1.73 m

210°

90°

1.8

-0.84

-1.18

0.847 m

2.22 m

0.0085 m
0.113/0.07 = 1.6
0.00333/0.00143 = 2.33




T Wigglers’ effect with IBS
Ve, (nm) ™ For higher wiggler field and

(cm) e Smaller period the transverse
emittance computed with
IBS gets smaller

| B The longitudinal emittance

BINPSC 450 has a different optimqm but

agler .‘ 400 it can be controlled with the
Ankasc | sso RF Voltage

wiggler

g, (evm)

(cm)

1.8 2.0 2.2 2.4 2.6 2.8

Bw (T) °
m The choice of the wiggler parameters . 5000
is finally dictated by their
technological feasibility. A 4950
Normal conducting wiggler of 1.7T can . 1000
be extrapolated by existing designs
Super-conducting options have to be 2 4850

designed, built and tested
26/05/2008 ESRF workshop 2(




—>CLIC

dipol QF SF QD SD QD SF QF SF QF

D SD QD

Sextupole scheme

ol

QF SF dipol

Ex|;

B Two sextupole schemes

15

Y Y
»/PI=| 1.370E-08 —
Ez i,,j/p::= 3.161E-10 _8":.(.)_5_ %
0=-05%"

2 and 9 families of sextupoles

For 2nd scheme sextupoles are

separated by a -I transformer (2nd £
order achromat) G °
B Dynamic aperture 1s 90 in the :
horizontal and 140, in the vertical ;

plane (comfortable for injection)

10 5

3rd UNIT CELL

c
V<, =1.75/0.75

1lst UNIT CELL 2nd UNIT CELL

0 5
4th UNIT CELL

i 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6

7 8 9,1 2

3 4 5 6 7 8 9

- m_;- =—cancelation

AL PEW]
v _andg )V - _cgrnce

LLLLLL

Korostelev, PhD thesis 2006
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. Vertical plane A s,

3B6.6
36.4
36.2

36

368
366
364

362

36

=

70 705

Levichev, Piminov (2005)

g 35&%5 70 70.5 ¢
Ox Ox

B Optimising the CLIC DR tune by scanning the tune space for
maximum horizontal and vertical dynamic aperture

m DA limited by (1,%2) and integer resonance line

26/05/2008
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- /««j Effect of broken periodicity @

N Y, -

s 1=
[t =

Horizontal plane | Vertical plane -z Levichev, Piminov (2005)
e —— 8 el ST

A8

B, B

or vertical beta
beating of 5%,
appearance of
large amount of
non-systematic
resonances,
shrinking the DA
and the optimal
tune areas

JE.4
J6.2

Jb

E A4 =
JE6.48
JB.EB

36.4

J6.2

m.ﬁllll s — 23
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| on Energy CLIC Damping Ring whh Damping Wigglers |

m Particles through 3D wiggler — 3°F | e e
field tracked with symplectic ~ *F i
integrator (Verlet scheme) aoof f \/\
m Linear optics distortion 00 / R \\
corrected with quadrupole 200/ -
magnets in the dispersion oof / \
suppressot %m / . A i .\.m
[On Energy CLIC Damping Ring with Damping Wigglers | Ax, o,
g’ 2 _ o j Sexste :tWig :
5 Levichev; Piminov (2005)

20

m [ongitudinal field variation
\ contributes to an octupole-
like tune-spread

\ m Fffect of wiggler in DA

quite small

15

10

rrrryroerrprrrrpyrrrrprrTrod
|

-t
o
&
o
-t
o



—ﬁw«%H%% 7 Effect of COD and coupling

CL I C Korostelev, Zimmermann (2006)

Several alignment errors considered 1g . DYNAMIC APERTURE

introducing closed orbit distortion and ey p1= | 1.37¢E-08
. . . . PE=Z 1,/ PI= 3.161E-10

dispersion variation 15—

Correction with dispersion free 12 |

steering (orbit and dispersion £,

correction) S|

Skew quadrupole correctors for °

correcting dispersion in the arc and 3 |

emittance minimisation ;

Even after correction, reduction of the 10 5 0 5 10

DA, especially in the vertical plane Ox inj

Imperfections Simbol I r.m.s.

Quadrupole misalignment (AYquad): (AXquad) 90 pom.
Sextupole misalignment (AYext)s (AXgext) 40 pm
Quadrupole rotation (ABOquad) 100 prad
Dipole rotation (ABgipole arc) 100 prad.
BPMs resolution (Repm) 2 pum.
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— - e——— T ffa ct of radlatlon damplng @

e —
o CLH! .C; L |__ox=70azz7o=ssa182 | Levichev (2007)
: 0.12msl .| 06ms | _| 1.2ms EF
. - & [
== = = = 2
=
o-_
aF
=f
_3: 1 1 1 1 ] 1 1 1 1
-2 Q 2
X, mm

B Including radiation damping and

.l 36ms |-l 42ms |-f 48ms | excitation shows that 0.7% of
- Damping {othe stable resdnahce islands? the pgrtlcles are lost durlng the
- Il ['=} ! damping
4 ¥ éb( | "la ¥ | ® Certain particles seem to damp
) @ ﬁ (] ' ’ig i ' away from the beam core, on
TS LT R resonance islands
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m Optimise the TME cell for realistic magnet parameters

B Reiterate sextupole optimisation and non-linear dynamics
including magnet and wiggler field errors

B Include space etfect: in fact the space charge tune-shift at
injection 1s negligible but when the beam shrinks it
becomes quite large

Nppr y
Ay, = (27?);/2;’305 55‘ Jy(ai+ay)ds ~ 0.15

and should be taken into account at least in the tune
optimisation

B Include effect of radiation damping, excitation and IBS in
the non-linear optimisation process

m Use symplectic integrators + resonance analysis
(frequency and diffusion maps)
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