Adaptive Alighment
for
Main Linac

Valentin Ivanov#, Kirti Ranjan, Nikolay Solyak
Fermilab

LET Beam Dynamics Workshop at SLAC

Palo Alto, CA, USA.
Dec 11 - 12, 2007

December 11-12, 2007 LET Beam Dynamics Workshop at SLAC



Overview

v" Introduction. Sources of Emittance dilution
v' Adaptive Alignment (AA) scheme - Basic Principle
v" Ground Motion Simulations for ILC Main Linac
» Ground Motion Models in LIAR and Lucretia codes
» Example of AA performance with no noise
> AA in presence of GM, Perfect Lattice
» AA with Ground Motion after DFS
> Effect of Gain (convergence factor)
> Effect of different GM Models for perfect aligned linac
> Effect of different GM Models in a DFS linac
» Effect of BPM resolution on AA
> Effect of tuning intervals
» AA in entire Main Linac of 114 FODO cells

v Summary
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Introduction

In this work we present the simulation results on the
effect of ground motion (GM) on the main linac
performance of the ILC, and then use adaptive
alignment (AA) technique to correct it. The adaptive
alignment technique is investigated for the ILC main
linac and its limitations are studied. Then ground
motion studies are performed using the simulation
codes LIAR and Lucretia. The beneficial effects of
iImplementing AA algorithm are further discussed.
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Sources of Emittance Dilution

- Dispersion from Misalighed Quads or Pitched cavities
-Transverse SR Wakefields: Misaligned cavities and CM
-XY-coupling from rotated Quads

- Transverse Jitter

Single Bunch

Design Parameters Beam condition
= 10.5 km length = Bunch Charge =2 x 10"

> E,.=31.5 MV/m in cavity @1.3GHz || ~ Bunch length =300 pm

- = Norm. Y-emit. = 20 nm
= |njection energy = 15.0 GeV = Norm. X-emit. = 800 nm
= Extraction energy = 250 GeV

“y |:> ML f Y- .t.
= Initial Energy spread = 150 MeV grovl?llt'll'?gest nonr1 emi

« Curved tunnel;

<« Optics - FODO lattice, with 3 phase advance of 75°/ 60° in x /y plane; 1
Quad / 32 cavities (changed to 1Q /26 cav. in RDR — THPMN109 )

e Each quad has a Cavity style BPM & Vertical Corrector magnet.

BCD
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Tolrances

Nominal initial misalignments in ILC Main Linac

Tolerance With respect to | XY- plane
Quad offset CM 3003 m
Quad Rotation CM 300 3 rad
BPM Offset CM 3003 m
BPM Resolution = 11 m
Cavity Offset CM 300 m
Cavity Pitch CM 300 3 rad
Cryostat Offset Survey Line 2002 m
Cryostat Pitch Survey Line 20 2 rad

« Vertical emittance dilution in such a Linac >10000 nm*rad
« Needs Beam Based Alignment
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StatrBeam Basxl A Ignmeant
One-to-One (1:1) Steering

— Find BPM readings for which beam should pass through the exact
center of every quad and Use correctors to Steer the beam.

— One-to-One alignment generates dispersion which contributes to
emittance dilution and is sensitive to the BPM-to-Quad offsets

— Typically reduce emittance from ~10000 nm to ~100nm

Dispersion Free Steering (DFS):
— Aims to directly measure and correct dispersion in beamline.

— Measure dispersion (via mismatching the beam energy to the lattice).
Calculate correction (via steering magnets) needed to zero
dispersion. Apply the correction. Make few iteration

— Typically reduce emittance growth to ¢ ~5+7 nm

Emittance (Dispersion and Wake) Bumps:

— Global correction technique (NLC, CLIC, ILC)

— Varying strength of the correctors in bump to minimize beam size at
the Laser Wire Scanner monitor at the end of the linac.
— Can reduce emittance growth to A¢,~2+3 nm ( X-Y coupling )
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A.Seryi et.al., “ Recent developments of LIAR Simulation Code”, EPAC 2002

GM is Modeled with a 2-D Power Spectrum P(w,k)

5 (1-cos(kBa/As/w?)) + ) _Di-U;.

Diffusivé"-ﬂé‘orrected “ATL” |sotropic plane

wave motion

N\ Mo

N\
e

"y

del A"™
0.1

Integrated rms motion, nm

-

T
Frequency, Hz

Figure 1: The integrated absolute ground motion spectra
(solid lines) and the integrated relative motion of 2 objects
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Different GM Models in LIAR/Lucretia

Parameter Mgdel Mogel Mogel (};ﬁ&) (IIBEA%,D
A 1E-19 5E-19 1E-17 1E-17 1E-17
{1/'s)
B SE-19 1E-18 5E-18 SE-18 S5E-18
(m"2/s"3)
Resonances
Freq. 0.001 0.001 0.14 0.012 0.012
(Hz) 0.2 0.2 2.5 0.22 022
5 4.5 50 0.5 1.1
3.0 2.0
C(),- 10.0 3.0
20.0 10.0
20.0
Amplitude 1E-9 1E-9 1E-11 1E-10 3E-10
(m"2 s) 3.5E-13 | 3.5E-13 1E-15 1E-11 1.5E-13
1E-21 2.5E-20 1E-19 5E-15 2.0E-15
a' SE-16 1.5E-15
I 1.5E-18 | 5.0E-15
1.3E-20 | 1.8E-17
5.0E-19
“dr 1.0 1.0 5 1.0 0.7
(~1/width) 3.5 3.5 1.5 5.5 6.5
1.3 0.35 1.5 2.0 7.0
d 8.5 3.0
i 3.5 8.0
3.0 5.5
4.0
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Adaptive Alighment (AA)- Basic Principle

AA scheme was proposed by V.Balakin in 1991 for VLEPP project

“local” method: BPM readings (A,) of only 3 (or 5 or so on) neighboring quads
are used to determine the necessary shifting of the central quad (4y).

y=conv*[A;,, +A,  —A;*{2+K,L(1- E]%}]

conv : Speed of convergence of algorithm

A. : BPM reading of the central quad and so on

K. : Inverse of quad focusing length

L  : Distance between successive quads (assuming same distance b/w quads)

AE : Energy gain between successive quads N

E : Beam Energy at central quad New position of quad & BPM:
The procedure is iteratively repeated Yi=Vi —Ay j
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Examples of AA performance, no GM
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ILC BCD Like Lattice — Straight — Only one quad at 10th position is misaligned by
300um (BPM’s are perfectly aligned with Quads, and have perfect resolution)

« AA procedure smoothes out the beam
thrusts, and decreases the emittance
growth significantly from ~12000nm to
~20nm (initial)

1 All the quads are

»|  misaligned randomly by
wol 100 um RMS in an
otherwise perfect linac.

« Sensitive to BPM-Q offset and
BPM resolution

Y-normalized emittance {nm
) o = rJ

" AAiterations &
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(a) Normalized vertical emittance vs. time in a perfectly aligned
linac. AA of 100 iterations and 0.3 convergence factor is
implemented after every one hour of GM model ‘C'.

(b) A blown-up portion of the plot after adaptive alignment.
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(a) Normalized vertical projected emittance vs. time in a dispersion-free
steered linac. AA is implemented after every hour of GM model ‘C'.
(b) A blown-up portion of the plot after 100 AA iterations, gain=0.3.

=
i

Orbit after DFS is used as a reference,
in this case AA is not sensitive to BMP-to-Quad offsets
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Convergence: 114FODO; Straight; Prifect; Model B; BPMres=0; Gain=0.: Convergence: 114FODO; Straight; Perfect; Model B; BPMres=0; Gain=0.
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Convergence of AA iterations for different gains of GM model ‘B’

21

114FODO; Perfect; Straight; Model B; BPMres=0; 100 AA iters; Seed 11

20.8f

e | Normalized vertical emittance

+ (Gain=0.2

£ | growth for GM of model ‘B’ for

N
o
N

Y-emittance (nm-rad)
N
o
-

.45 | different gain. Less gain value
A requires more iterations to
SO |  reach the convergence.
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Normalized vertical emittance vs. time in a DFS linac. AA of
100 iterations and convergence factor 0.2 is implemented
every half hour of GM of model ‘C’.
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Normalized vertical emittance vs. time in a DFS linac. AA of
100 iterations and convergence factor 0.3 is implemented
after every 1 hour of GM of model ‘C’

(a) BPM resolution of 0.2 um (b) BPM resolution 1 um.
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FE ffactsof BPM meoliton @xt.

114FODO; Straight; Perfect; Model B; Gain=0.2; seed 11

* 3 . ‘BPMres‘=0 ]
<L+ eeuesosim]l - Fyl] ML Lattice,
S I . .-" | 114FODO cells
g C e e e 1 Normalized vertical
L emittance growth for
?24-~.':'-.°"";,-°'.,...°°. % -2 | GM of model ‘B’ for
Chestaat e e | different BPM
o0 _ o %8 ‘ o e » B o e _
e s o resolutions; 100 AA
5‘0 100 150 260 2€L>0 300 3€L>0 400 I te rat I o n s -

Time steps (x 2hrs)

The effect of BPM resolution for AA correction can be
significantly reduced by averaging information from all
bunches in one train or even by using information from
a humber of previous pulses. This was confirmed in
simulations done for short lattice.
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Effect of Different GM Models, Perfect Aligned Linac

« Perfectly aligned lattice — ILC BCD Like Straight Lattice (114 FODO cells)
« 20 different GM seeds (GM — Models ‘A’ , ‘B’ and ‘C’)

« GM of 30 days in step of 2 hr.
« When AA incorporated: AA of 100 iterations after every 2 hrs. (perfect BPMs,
Gain = 0.2, no GM during AA iterations )

After GM After 50 AA iterations After 100 AA iterations

114FODO; Straight: Perfect: BPMres=0; Gain=0.2; After GM 114FO0DO; Straight; Perfect; BPMres=0; Gain=0.2: 50 AA iters. 114FODO: Straight: Perfect; BPMres=0: Gain=0.2; 100 AA iters
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Individual variation for different seeds & GM models
can affect substantially on beam emittance
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AA in entire ILC Main Linac of 114 FODO cells

Y-emittance (nm) @ Linac exit after 100 AA iterations for different GM
models ‘A’, ‘B’ and ‘C’. Total period - one month, time step - 2 hours

114FODO; Straight; Perfect; BPMres=0; Gain=0.2 . 114FODO; Straight; Perfect; Model C; BPMres=0; Gain=0.2
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Vertical emittance growth for GM models A, B and C.
Convergence factor = 0.2; 100 AA iterations.
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Summary of AA studies

In the absence of any dynamic steering Ground
Motion can severely limit the emittance dilution
performance;

Adaptive Alignment algorithm can be helpful as a
dynamic tuning technique to stabilize the emittance
performance in a perfect or Dispersion Free Steered
linac for ~months time scale (site dependant)

We expect to implement this algorithm every few
pulses; however, a time interval of more than half
hour between iterations can cause significant growth
in emittance, particularly in GM model ‘C’.

A detailed study of GM on the main linac was done
for different GM models, perfect initially aligned &
DFS steered lattices.
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