
Comparison of Traditional and Lo
al Chromati
ity


orre
tion s
hemes for CLIC Final Fo
us System

He
tor Gar
ia Morales

1,2

Rogelio Tomas Gar
ia

2
, Andrea Latina

2

1
Universitat Politè
ni
a de Catalunya, Bar
elona

2
CERN, Geneve

14th November 2013



Outline

Motivation

Final Fo
us Optimization

Syn
hrotron radiation

Luminosity performan
e

Tuning

Con
lusions



Motivation

◮
The Final Fo
us System provides the demagni�
ation needed to rea
h

nanemeter spot sizes and 
orre
ts aberrations generated by su
h strong

quadrupoles.

◮
Traditionally, there has been two main approa
hes to 
orre
t


hromati
ity.

◮
Dedi
ated 
hromati
 
orre
tion s
heme.

◮
Lo
al 
hromati
 
orre
tion s
heme.

◮
The 
omparison in performan
e was done for the NLC and now is done

for CLIC.



Parameters table

Parameter [Units℄ 3 TeV 500 GeV

Center of mass energy E
CM

, [GeV℄ 3000 500

Repetition rate f
rep

, [Hz℄ 50 50

Bun
h population Ne [109℄ 3.72 6.8

Number of bun
hes nb 312 354

Bun
h separation ∆tb, [ns℄ 0.5 0.5

A

elerating gradient G, [MV/m℄ 100 80

Bun
h length σz, [µm℄ 44 72

IP beam size σ∗

x/σ
∗

y , [nm℄ 40/1 200/2.26

Beta fun
tion (IP) β∗

x/β
∗

y , [mm℄ 10/0.07 8/0.1

Norm. emittan
e (IP) ǫx/ǫy , [nm℄ 660/20 2400/25

Energy spread σδ, [%℄ 1.0 1.0

Luminosity L
T

[1034
m−2s−1
℄ 5.9 2.3

Power 
onsumption P
wall

, [MW℄ 589 272

Site length, [km℄ 48.3 13.0



Linear opti
s 3 TeV L
∗
= 3.5 m

The latti
e for the lo
al 
orre
tion s
heme was taken from the repository

without applying major 
hanges. The traditional 
orre
tion s
heme was

generated by FFADA.
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Both s
hemes are optimized in order to obtain the same β∗

x,y at the IP.



Linear opti
s 500 GeV L
∗
= 4.3 m

The latti
e for the lo
al 
orre
tion s
heme was taken from the repository

remat
hing the β∗

values of the CDR values. The traditional 
orre
tion

s
heme was generated by FFADA with the same β∗

.
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Both s
hemes are optimized in order to obtain the same β∗

x,y at the IP.



Nonlinear optimization 3 TeV

The 
orre
ion of the nonlinearities is

performan
e by MAPCLASS and PTC.

Map:

zf =
∑

jklmn

Xz,jklmnx
j
0p

k
x0y

l
0p

m
y0δ

n
0

Chromati
ity:

ξ2y =
1

12β∗

y

(

X2
y,00101βy0 +X2

y,00011

1

βy0

)

Beam size dilution:

σ∗

y ≈ σ∗

y,0

√

1 + ξ2yσ
2
δ

where

σ∗

y,0 =
√

ǫyβy

S
heme ξy σ∗

y/σ
∗

y,0

Lo
al 3 TeV 23005 229.7

Traditional 3TeV 39842 398.0

Lo
al 500 GeV 19231 197.8

Traditional 500 GeV 22186 227.9
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Nonlinear optimization 500 GeV

The 
orre
ion of the nonlinearities is

performan
e by MAPCLASS and PTC.

Map:

zf =
∑

jklmn

Xz,jklmnx
j
0p

k
x0y

l
0p

m
y0δ

n
0

Chromati
ity:

ξ2y =
1

12β∗

y

(

X2
y,00101βy0 +X2

y,00011

1

βy0

)

Beam size dilution:

σ∗

y ≈ σ∗

y,0

√

1 + ξ2yσ
2
δ

where

σ∗

y,0 =
√

ǫyβy

S
heme ξy σ∗

y/σ
∗

y,0

Lo
al 3 TeV 23005 229.7

Traditional 3TeV 39842 398.0

Lo
al 500 GeV 19231 197.8

Traditional 500 GeV 22186 227.9
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Syn
hrotron radiation e�e
ts

Syn
hrotron radiation in the bending se
tions (required to 
reate the

needed dispersion for 
hromati
ity 
orre
tion) is one of the major issues

that 
reates beam size dilution at the IP.

S
heme E

m

[GeV] σx/σx0 (Bend) σy/σy0 (Quad)

Lo
al 3000 1.2 202

Traditional 3000 0.2 259

Lo
al 500 1.1 2.0

Traditional 500 0.5 139

◮
Bending magnet strength must be optimized to provide enough

dispersion for the nonlinear 
ompensation but low enough to keep

syn
hrotron radiation e�e
ts low.

◮
The verti
al beam size is strongly a�e
ted by the radiation in the last

quadrupoles but this e�e
t is not re�e
ted in luminosity sin
e the

impa
t is mostly present in the tails of the beam (i.e. in
reasing the

rms beam size) but the 
ore of the beam remains pra
ti
ally the same.



Luminosity performan
e

Table: Total and peak luminosity 
omputed using GuineaPig for lo
al and

traditional systems at high an low energies.

S
heme Energy [GeV℄ L
T

[
m−2
s

−1] L1%[
m−2
s

−1]

Lo
al 3000 7.6 2.4

Traditional 3000 5.3 1.9

Lo
al 500 2.3 1.4

Traditional 500 2.2 1.3
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Tuning simulation

When we 
onsider realisti
 imperfe
tions, the ma
hine performan
e

de
reases rapidly and luminosity drops dramati
ally.

Tuning set up

◮
Initial misalignment: 10 µm RMS (x, y) for all elements.

◮
BPM resolution: 10 nm.

◮
Dipole 
orre
tors: BPM+Quad+Corre
tor.

◮
Pla
et for tra
king and GuineaPig for luminosity measurement.

◮
Four latti
es: Traditional and lo
al for 3 TeV and 500 GeV.



Alignment pro
edure (Andrea's s
ript)

◮
Multipoles OFF:

◮
1:1 
orre
tion

(

bx
by

)

=

(

Rxx 0
0 Ryy

)(

θx
θy

)

◮
DFS





b
ω1(η − η0)

0



 =





R
ω1D
βI





(

θx
θy

)

◮
Multipole-Shunting (only 3TeV)

◮
Multipole Knobs

◮
Multipoles ON:

◮
DFS





b
ω1(η − η0)

0



 =





R
ω2D
βI





(

θx
θy

)

◮
Multipole Shunting (only 3TeV)

◮
Multipole Knobs



Tuning simulation 3 TeV
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Tuning simulation 500 TeV
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Tuning simulation evolution

Sin
e the tuning is 
omposed by several parts, we 
an analyze the


ontribution of ea
h method.

◮
Initial luminosity:

∼ 1029 − 1030
m−2
s

−1

◮
Step 1: One to one steering.

◮
Step 2: DFS

◮
Step 3: Multipole alignment

(not used in 500 GeV)

◮
Step 4: Sextupole knobs

◮
Step 5: DFS

◮
Step 6: Multipole alignment

(not used in 500 GeV)

◮
Step 7: Multipole knobs.

 1e+31

 1e+32

 1e+33

 1e+34

 1e+35

 1  2  3  4  5  6  7

L T
 [c

m
-2

s-1
]

Tuning step

Machine 104
Machine 10
Machine 77
Machine 51
Machine 34

L0=2.3 1034 cm-2s-1

The number of luminosity measurements per iteration is about 1200, that


orresponds to a time span of about 20 minutes per iteration if a fast

luminosity measurement takes 1 se
ond.



Tuning results

◮
The number of luminosity measurements per iteration is ∼ 1200.

◮
We 
onsider that fast luminosity measurement takes approximately 1

se
ond.

◮
Therefore, the tuning time is about 20− 30 minutes per iteration.

◮
Dedi
ated 
orre
tion s
heme is always faster to tune than the lo
al

s
heme.

◮
At 3 TeV, the dedi
ated 
orre
tion s
heme needs more than 1-2 hours

to be tuned.

◮
In order to re
over the missing luminosity at 3 TeV, a simplex

algorithm is applied after BBA+Knobs. This rea
hes a good

performan
e but the number of luminosity measurements in
reases in

one order of magnitude and therefore also the tuning time in
reases.



Con
lusions and future prospe
ts

Con
lusions

◮
We have 
ompared the performan
e and tuning simulation of two

di�erent FFS s
hemes for CLIC at 3 TeV and 500 GeV 
enter of mass

energy.

◮
If one wants to keep the length of the FFS in a reasonable value the

lo
al 
hromati
ity 
orre
tion s
heme always performs better than the

dedi
ated 
orre
tion s
heme.

◮
The tuneability of the traditional 
orre
tion s
heme is faster and

easier, with a notably di�eren
e for high energies.

Future prospe
ts

◮
Add a Simplex blind optimization to the already applied algorithm for

the 500 GeV 
ase. (Very soon)


	Motivation
	Final Focus Optimization
	Synchrotron radiation
	Luminosity performance
	Tuning
	Conclusions

