The Swiss Light Source SLS

JMUMW MM

a0

100 150

¢ 12xTBA lattice, 288 m circumference, 2.4 GeV
¢ 5.0...6.8 nm emittance (dep. on ID status)

¢ 400 £1 mA top up operation
¢ User operation since 10 years; 18 beam lines
¢ Upgrades: laser slicing & 3 super-bends
¢ 1 micron photon beam stability at front ends
¢ 3 pm rad vertical emittance (0.05% coupling)
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Vertical emittance limit

¢ Quantum limit
= direct photon recoill,

1/y radiation cone

= T.0.Raubenheimer, Tolerances to limit th
vertical emittance in future storage rings,
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55 $ G%(s)ds
G(s) =curvature, C, = 0.384 pm

SLAC-PUB-4937, Aug.1991
= Independent of energy!

m examples:

SLS
SOLEIL
MAX-IV

0.20 pm

0.26
0.05

PETRA-III 0.04

OIM
OIM

OIM

e/

¢ - — === —- — - -

isomagnetic lattice <IB >
Y/Iwm

ag

£, =0.09pml(-
Jo,

A. Streun, PSI

TIARA Kick-off, CERN, Feb.23-24, 2011




SWISS LIGHT SOURCE m™

(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

4 )

BPM/Corrector Layout I

sector N

+1 BPM/Correctors
for FEMTO straight

Horizontal / Vertical Correctors

e The SLS Storage Ring is divided into 12 sectors.

e Pairs of 6 BPMs and 6 horizontal/vertical Dipole Corrector Magnets are distributed over one Sector (+1
BPM/Correctors set for FEMTO straight).

e The Corrector Magnets are implemented as extra windings on the , the BPMs are adjacent to
the Quadrupols (nonzero orbit in a quadrupole field leads to a dipole kick).
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Status of SLS Instrumentation and Achievements in Coupling Control SIS
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‘ How is the Closed Orbit corrected ? '

Sliding Bump - Phase advances between Correctors 0° < A¢ < 180°, Correctors 1,2,3 allow to zero
the orbit in BPM 2 near Corrector 2. 1 opens “Orbit Bump”, 2 provides kick for 3 to close it again.
Continue (“Slide”) with 2,3.4 to zero orbit in BPM 3 ... iterate until orbit is minimized in all BPMs !

Corrector / BPM AP < 180 deg
3
WHHM..\
2 3 4
1
g
Orbit Bump

MICADO - Finds a set of “Most Effective Correctors”, which minimize the RMS orbit in all BPMs at
a minimum (“most effective””) RMS Corrector kick by means of the SIMPLEX algorithm. The number
of Correctors (= iterations) is selectable.

Singular Value Decomposition (SVD) - Decomposes the “Response Matrix”

A\ BiBj
S1n wr
Corrector j into matrices U, W,V with A = U « W % VI Wisa diagonal matrix containing the

sorted Eigenvalues of A. The “inverse” correction matrix is givenby A= = V « 1/W x U™
SVD makes the other presented schemes obsolete !-)

cos [rv — |¢; — ¢;|] containing the orbit “response” in BPM i to a change of
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(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

Corrector/BPM Response Matrices I

Ai; = RVALLEE R [TV — |pi — ¢

2 sin v

e “Response Matrix”: Differences from the “Closed Orbit” (“Difference Orbit™)
due to a kick of corrector ¢ are recorded at BPM positions j = 1..73.

e v, =20.44 (~3 BPMs/Correctors per unit phase, ¢ = [ 1/3(s)ds)
o v, =8.74 (=9 BPMs/correctors per unit phase)

& TIARA-SVET kick-off Meeting 23-24/02/11 /

Michael Boge #» =




50

Status of SLS Instrumentation and Achievements in Coupling Control
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‘ SVD Eigenvalues I
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e Range of Eigenvalues 0.5 < W < 500

e FEigenvalue Cutoff @ i (W; = 0 for ¢+ > 7o) determines the minimum achievable RMS Orbit and
Corrector Strength after Correction — “MICADO” like: the largest Eigenvalues correspond to the
“Most Effective Corrector” patterns

e No Cutoff corresponds to “Matrix Inversion”. The RMS Orbit after Correction is Zero !

~
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(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

4 N

Inverse Corrector/BPM Response Matrices

73 hcm

73 vem

vem index

° Az._jl 1s a sparse “tridiagonal” matrix (3 large (+1 small) adjacent coefficients are nonzero since BPM
and Corrector positions are slightly different)
—“Sliding Bump Scheme” iteratively inverts A

° Az._jl contains global information although it is a “tridiagonal” matrix !
— Implementation of a Fast Orbit Feedback (FOFB)

\ TIARA-SVET kick-off Meeting 23-24/02/11 /
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(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

How to correct Off-Energy Orbits ? I

) 0]
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o ! central design orbit %-(s)zD(s)-L2
Fhase2pi [rad] =closed orbit for p=p, D Po
Waveform Index W-E"J_“. Mean: —0.234 yom dev: 0.167 Nux: 20.420 in
=

e In the case of “strong focussing” (b) the Orbit Deviation @ a location s is given by
xo(s) = D(s)Ap/po with Ap = p — pg, D(s) denotes the Dispersion. AL/Lg = a.Ap/po with
the so-called “Momentum Compaction Factor” a.. = 1/Lg fOLO D(s)/p(s)ds (= 6-10~% at the
SLS)

e p variations due to “Path Length” AL/ Lg (thermal or modelling effects) changes have to be corrected
by means of the RF Frequency f with Af/f = —a.Ap/po and NOT by the Orbit Correctors !

— Fit Ap/po part of the Orbit using SVD on a 1 column response matrix containing dispersion values D;q

@ the BPMs and change the RF frequency by —A f to correct for Ap/pg !
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(rate = 10 mHz, time = 2 weeks)

number of samples

‘ Orbit Correction Loop I
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(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

4 )

Fast Orbit Feedback - Schematic View I

“‘. . -. Fuy . - .
P s, Fast Link 40Mb/s
#  slow Link
1Mb/s [ﬂ ;
O Q )
| E /B/ l:i.*

Slow Link §
Response Matrix A
or theoretical
measured

8

[A-L|= Submatrices of A -1
= SVD Engine
o = Signal Processors

e Dedicated Signal Processors perform Matrix Multiplications in parallel !
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‘ Fast Orbit Feedback - Digital BPM System I

Power Level [dBm]
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DBPM System

BPM
pickups

‘ Fast Orbit Feedback - Detail .

PS
CTR

PS
CTRL

[ |<‘"h fpun e =ty " s
FOFB System

e Bl (e B
A

b

VME Bus

» integration of photon BPMs into FOFB (—IR beamlines)

* DSP processor: ADSP2106x
* DDC: Intersil HSP50214

(on the market since Sep. 1994)
(on the market since ~1997)

~

Iff’r‘?ff’lg fiber optic links to adjacent : i _
signal sectors (40 MB/sec) 11 iiif fiber optic
6 < > \\ // links
L . i _Jwlw [ 1L . EPICS LAN
"\ Front TIT Down iED i _f‘il el wl || CTRL | jOC 4ub
End - y.Converter|||F | _3 $ / |Interface
- SHA!%C ﬁnk! POrts
! (40 MB/sec) Eﬂ N ! l

Michael Boge

11



(F=0 Status of SLS Instrumentation and Achievements in Coupling Control SPESNE

4 )

Fast Orbit Feedback - Performance I
hor. open loop transfer function ver. open loop transfer function
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(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

Slow/Fast Orbit Feedback - System Integration I
errator
Client Console -

A - - —‘—\Event @05Hz - - - - - — — - -

BPM
Server

CORBA Server <=

Dedicated
UNIX Hosts

%/ent @ 3Hz —.
TRACY Feedback
@ 1Hz
Server Client \ FB L m—\
0
Fvent Model Server -
EZCA Server
______________________________________ o
23
LowLevel =
FOFB Fast Orbit Feedback E -~

e Development within a Client-Server (Common Object Request Broker CORBA) environment
e Hard Correction (“Matrix Inversion” on the Model based Response Matrix using SVD)

e BPM Datasets @ 3 Hz, average over 3 successive Datasets => =~ 1 Hz correction rate (toggle between
K x/y plane => 2 s for full cycle) /

TIARA-SVET kick-off Meeting 23-24/02/11
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SLS™

_
[

Files Options Tools

Slow/Fast Orbit Feedback - Operator Interface

=|Ojx
Help

Orbit Correction {Mode: RIft., Meth: ma) Energy\(ﬂipn'le ARTMA-BE-DIL with 8 deq deflection): 2427.8 MeV

+ Correct # Start Feedback

+ Stop Feedback - Undo Correct

ref_orbit.0503311712 03731405 17:12:53

var’m?m:‘\_.

| Correct :: Start Feedback

3 Stop Feedback-l]3311?12 03431405 17:12:53
2 < 8.5 mm

Reference Orbit

(LT R RT AT N N
=2 -]
=
[15]
=

=l

08:12:

19

Find. . | |

08/04405_17:39:27> and BPM Reference 0ffsets < 0.100 wm at Gain 0.160
08704405 _17:39:27> Notice: ¥06 ¥-BPM Feedback Enabled for ID Gap < 8.5 wm — - . - 1N— H
08/04705_17:39:27> and BPM Reference Offsets < 0.100 rm at Gain 0.160 oco(Mode=Rl,co; Server=slsbd8; Domain=slsac.psi.chy
08/04405_17:39:27> Notice: ¥X10 X-BPM Feedback Disabled
08704405 _17:39:35> Notice: Feedback Run Nuomber #1123169968
08/04/05_23:36:31> Notice: Frequency correction (dP=-2.006503e-05, dfref-6.0, fref-499650040.0})
08/04/05_23:41:23> Notice: Frequency correction (dP=2.095209e-05, dfref--6.0, fref-499650034.0)
08/05405_00:51:33> Notice: Frequency correction {dP=-2.127518e-05, dfref=6.0, fref=499650040.0}
08/05705_02:52:30> Notice: Frequency correction (dP=-2.012341e-05, dfref=6.0, fref-499650046.0) Feedback ON Mode FOFB active
08/05/05_04:27:19> Notice: Frequency correction (dP=-2.005204e-05, dfref-6.0, fref-499650052.0)
 |0B/05/05_06:00:54> Notice: Fregquency correction (dP=-2.034029e-05, dfref=6.0, fref-1499650058.0) \ Blinking !!!
/ 08/05/05_08:12:19> Notice: Frequency correction (dP=-2.17678Be-05, dfref-6.0, fref-499650064.0) (L
» +* Daq ON Il * Feedback ON Mode FOFB active EVENT

Tklogger(Group=slsbd; Server=slsbd8; Domain=slsac.psi.ch) POLL]

8.50 wm (feedback gain= 0.160}

s1shd8 BdﬂnalysisRIftFB@slsth[ZSBS][26540] BdinalysisRIFB: X04 vertical X-BPM #2 referemce set to  33.06 wum (offset 0.00 ym) at

8.50 yvm (feedback gain=

0.160)
s1shd8 Bdﬂnaly!;lsRIftFB@slsth[ZSBS][26540] BdinalysisRIFB: X06 horizontal X-BPM reference set to  77.02 wum {offset 0.00 ) at

8.50 yvm (feedback gain= 0.160)

s1shdB BdAinalysis:RI:MASEslshdB[30632][26540]: BdAnalysis:RI:MAS AnalysisServer:908 Cchange of Magnet status: ARTMA-SMA is now OFF
slshd8 BdAnalysisRIftFBeslshd8[2589][26540] : BdAnalysisRIFB: Frequency correction (dP=-0.000020, dfref=6.000000, fref-499650040.000000)
slshd8 BdAnalysisRIftFBeslshd8[2589][26540] : BdAnalysisRIFB: Frequency correction (dP=0.000021, dfref--6.000000, fref-499650034.000000)
BdAnalysis:RI:MAS AnalysisServer:909 change of Magnet status: ARTMA-SMA 1is now ON
(dP=-0.000021, dfref=6.000000, fref=499650040.000000})
(dP=-0.000020, dfref=6.000000, fref=499650046.000000})
(dP=-0.000020, dfref=6.000000, fref=499650052.000000})
(dP=-0.000020, dfref=6.000000, fref=499650058.000000})
(dP=-0.000022, dfref=6.000000, fref=499650064.000000})

slshd8 BdAnalysis:RI:MAS2slshdB[30632][26540] :
s1shdB BdAinalysisRIftFBeslshdf[2589] [ 26540] : BdAnalysisRIFB: Frequency correction
s1shdB BdAinalysisRIftFBeslshdf[2589] [ 26540] : BdAnalysisRIFB: Frequency correction
s51shd8 BdAnalysisRIftFBeslshdB[2589][26540] : BdAinalysisRIFB: Fregquency correction
s1shdB BdAinalysisRIftFBeslshdf[2589] [ 26540] : BdAnalysisRIFB: Frequency correction
s1shdB BdAinalysisRIftFBeslshdf[2589] [ 26540] : BdAnalysisRIFB: Frequency correction

Priority Messages

FEEEEEZEE

=L

BdAnalysis:

BdAnalysis:

BdAnalysis:BRin]RI :BPMwfeslshd8[13774] [ 26540] : BdAinalysis:BRinjRI:BPMwf CGallbackFnl6l
BRinj RI:BPMwi@slshdB[13774] [ 26540] : Bdinalysis:BRinjRI:BPMwf GallbackFnl6l
BdAnalysis:BRinjRI :BPMwf®slshd8[13774][26540] : BdAinalysis:BRinjRI:BPMwf CallbackFnl6l
BdAnalysis:BRinjRI :BPMwf®slshd8[13774][26540] : BdAinalysis:BRinjRI:BPMwf CallbackFnl6l
BdAnalysis:BRinjRI:BPMufeslshd8[13774] [ 26540] : BdAnalysis:BRinjRI:BPMuf CallbackFnl6l
BdAnalysis:BRinjRI :BPMwf®slshd8[13774][26540] : BdAinalysis:BRinjRI:BPMwf CallbackFnl6l
BdAnalysis:BRinjRI :BPMwf®slshd8[13774][26540] : BdAinalysis:BRinjRI:BPMwf CallbackFnl6l
BdAnalysis:BRin]RI :BPMwfeslshd8[13774][26540] : BdAinalysis:BRinjRI:BPMwf CallbackFnl6l
BRinj RI:BPMwi@slsbhdB[13774] [ 26540] : Bdinalysis:BRinjRI:BPMwf GallbackFnl6l

ARTDI-BPM-01LE=GET-ENABLE CDEV_RECONNECTED
ARTDI-BPM-01LD=-INT-AVE CDEV_RECONNECTED
ARTDI-BPM-01LD=X-AVG CDEV_RECONNECTED
ARTDI-BPM-01LD=Y-AVG CDEV_RECONNECTED
ARTDI-BPM-D1LB=INT-AVG CDEV_RECONNECTED
ARTDI-BPM-01LD=-GET-ENABLE CDEV_RECONNECTED
ARTDI-BPM-01LB=X-AVG CDEV_RECONNECTED
ARTDI-BPM-01LB=Y-AVG CDEV_RECONNECTED
ARTDI-BPM-01LB=GET-ENABLE CDEV_RECONNECTED

+

Continue !!!

TIARA-SVET kick-off Meeting 23-24/02/11
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(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

Beam-Based Alignment - Principle I

0.014 T T T
ARIDI-BPM-07ME——-

fit(offset = 47.5 +- 0.5pm) ——
BPM 0.012 |- .
beam with bump

quadrupole

‘beam B £ 00" ¥ <——— local bump scan ——— ]
}y 777777777 § 0.008 |-
—————————————————————— bpm Y. 3 /
} Yq™ Yopm 9 5 0006 —
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, s
S 0004 BPM offset
o 47.5um
0.002 |- i
0 1 Il 1
04 -03 -02 -01 0O 01 02 03 04
ybpm [mm]

The so-called “Beam-Based Alignment” (BBA) (with respect to quadrupoles) technique is based on the fact
that if the strength of a single quadrupole q in the ring is changed, the resulting difference in the closed orbit
Avy(s) is proportional to the original offset y, of the beam at q:

Ay’ (s) — (k(s) + Ak(s) Ay(s) = Ak(s)yq(s).

The difference orbit is thus given by the closed orbit formula for a single kick, but calculated with the
perturbed optics including Ak(s). From the measured difference orbit the kick and thus y, can be easily
determined and compared to the nominal orbit yy,,,, in the BPM adjacent to the quadrupole, yielding the
offset between BPM and quadrupole axis. The error of the position ¥y, is given by the resolution of the
BPM system (Method can also be applied to sextupoles).

TIARA-SVET kick-off Meeting 23-24/02/11 J
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(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

\.

~

Beam-Based Alignment - Measurements

horizontal BBA 29-38/16706 —B— ! ! ! vertical BBA 29-38/18788 —E—
+=-0.,85 +=0_085

8,82 % J
* | . i # {{} % September (W| October
s . @w ﬁﬂﬁ “‘f " mﬁ*# "ﬁﬁ "'H ﬁ " ﬁwﬂ%

Faaltg b SR

2] 58 1ea 158 200 250 a 180 158 200 258

s [nl s [nl

0.02 [ i o

vertical BBA of fset [nnl

horizontal BBA offset [nnl
@
T
B
-]
HH

Absolute Vertical vs. Horizontal BBR Heasurements 36/18/65 =——i Changes of BBA constants after 2 months of operation and
; ' : 2 weeks of shutdown ( changes stay within a +-50 um band)

8.5

1 Absolute BBA constants which feature offsets of more than

750 um !

These large offsets are of electronical origin and

mechanical origin (vacuum chambers are floating
with respect to the quadrupole centers).

Absolute Vertical BPH 0ffset 38/18/2088 [nnl
-]

How to destinguish between the two contribution ?

=1

=1 -8.35 a 8.5 1

Absolute Horitzontal BPH Offset 38/10/2008 [nnl /
TIARA-SVET kick-off Meeting 23-24,/02/11
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Number of BPMs

Number of BPMs

25

20

25

20

0

Comparing BBA with Mechanical Measurements I

BBA dx/dy histograms for the SLS

.—f| VerticaI'BBA Hislogr'am —
Horizontal BBA Histogram —3
+-50 um : _
I |+ changes
between two
- shutdowns
- 09/08-18/10/07
™ | | 1 ]rl 1
-0.1 -0.05 0 0.05 0.1 0.15 0.2
Beam-Based Alignment Constant [mm]
BBA dx/dy error histograms for the SLS
ertical BBA Error ﬁistogram —
Hoyizontal BBA Error Histogram —
L[| <Sum|  <10um
[ H-|_|_|_|_\ 1
0 0.005 0.01 0.015 0.02

Beam-Based Alignment Error [mm]

& TIARA-SVET kick-off Meeting 23-24/02/11

horiz. offset [mm]

wvart. offset [mm]

1.5
BBA x consts+ mechanical measurement
—»— delta ¥
1.0 [
i
o B |
ﬁ | II ﬁf ¥ *’ IMT |
Illfllﬁl}?\ FIII?Q]:
0.0 4 L] ¥= bAah AT
(Y- sy W
([ $
i |I
-0.5 |
1.0 T T T T T T T
1] 10 20 30 40 50 60 70
index
BPM vertical offsets Y0
and measured displacements delta ¥
0.2
—vw ] BBA y constst mechanical measurement
0.4 4 /\T =
| [,
4t o i
0.2 ! d il il @
11y ;\ TRV [
| k é \ o |
00 | ill 1y 1
fo v
0.2 !
-0.4 4
-0.6 T T T T T T T
1] 10 20 30 40 0 &0 T0
index

BPM horizental offsets X0
and measured displacement delta X

~
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Status of SLS Instrumentation and Achievements in Coupling Control
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Comparing BBA with Linear Encoders

~

0.01 F =t T ARIAL-POMSV-05SB:VAL [mm] ——
ARIAL-POMSV-06SB:VAL [mm] ——— | o _
— ARIAL-POMSH-05SB:VAL [mm] —— 7 ©0- £
£ ARIAL-POMSH-06SB:VAL [mm] ——— £ 0.03 T T ] 005 _
o oo R | N
< : : n : : _
‘ ‘ £ ‘ ‘ =
2 o o2 § £ oopf g Joos -
E o s 2 1 | g
5 & X 001 e 003 ¢
= 001 @ E g 8
c F.
o s 9 2 3 %
g -0.005 : g @ 0 ET 002 2
lg_ ; = S 22 %
‘ 0 2 3 ] ke
g \\ _ % % 2 001 001
T L i N =}
g 001 iy £3 ° o | | | £
< : -3 [} c E
o ‘ S 000§ £ T 0 ®
€ IE - 5 & g
-0.015 : 4 T2 :
2 LLI 5 0.0 [ R 001 &
: T [an) m
s ; -0.02 @ 3
i i i i i i i i S 004 002 §
-0.02 =4 : ’ N
~NOo ~NOo ~NOo ~No [co ) o) 0 O [co ) o) [co =) [co o) o =
[=}=) [=}=) [=}=]) [=}=] oo oo o9 oo oo > | | ; <]
85 85 £s 85 z§ 8§ 35 38 83 0,05 i i i 003
S8 e 8 Z® 8 & Zx S Zo Aug 2007 Oct 2007 Jan 2007 Apr 2007 May 2007

e Readings of the linear encoders (100 nm resolution) at an undulator beamline readings over ~10
months stay within a band of +-5/10 pm in the x/y plane (Please note: SLS linear encoders don’t have a
calibrated zero position).

e The corresponding BBA constants are only roughly following these changes since they are also
accounting for drifts of the electronics.

%
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Dynamic alignment system

u sway Y| y pitch

. h a
5 mover motors and encoders: M . ool
— setandreaduvyno “2% .

Hydrostatic levelling (HLS)
=read vy o (slow..!)

——

Horizontal sensors (HPS) = L

é? | -
= re ad_ un s ;
(requires HLS data for evaluation) gs. & 4~

BPMs with position monitors
. irder bod
= reconstructionof uvyn = s

hydrostatic - HPS [

(“beam based girder alignment”) S oy

no control: w + coupling correction !

A. Streun, PSI TIARA Kick-off, CERN, Feb.23-24, 2011



Beam based girder alignment

48 girders = 96 horizontal and vertical “correctors”. " o

orbit kicks from displaced girder ends o OO only
BBGA & OCO

Vertical Girder Response Motrix G_yy

2 g "-1 3 A
. B0 - e 'I‘__ :-,, O4i 3
Ol'blt : [a o3k rwy 8 r
s i, %
response by
._I: E ' 0.1; pAVk )
o ;
and ul 20 f|-|:|Gird‘Er Li14] B0 ook *I = WA % :
I—!Grizc:-niﬂl Girder Carrection Matrix Gixx Vertical Girder Correction Matrix Gioyy 9 2 e o
COrreCtIOn - I ﬁiqi-ﬂb‘ o Vertical Corrector Strength [mrad]
_ ) ‘L:‘! il ' ) E
matrices -« 3 £ 05
20 i,:tl’:ﬂﬂf 2 oaf it
" d i ey
Duhl 20 10 &0 80 I Du 20 A0 50 50 ARy )
Cirder Girder
Simulation: horizontal vertical
SVD: used/all weighting factors 60/96 96/96
O_Dé,..l...l...l..

saved magnetic corr. strength 75% 100% 0 20 20 60

A. Streun, PSI TIARA Kick-off, CERN, Feb.23-24, 2011 7



Optics correction

Beta function measurement Jelox=istem | By = 7esm

and correction at quadrupoles ‘| P

¢ Measurement of (3 ), from L R
tune & single quad variation: " s N
Gradient distortion: Ab,L. — Au LN o248 802

cosi — VX5, Ab,L sing= cos [+ Ap) #cospu— Au sm,u (,u 2m/)

¢ Precision: 0.5% (rms) weighting factors |
¢ Beta function response matrix M from model: : | cutoff <13
{</8x>|_<,a/>|_} = Me{Ab,L}. 1 not used |
VIis a 3o rymatrxfor SLS. / Jint
¢ Solve by SVD with rigorous filtering! £ 32 m é%ﬁ ﬁe
¢ Apply gradient corrections. . SE + T T [T
8 LE | b+
¢ Beta beat after correction: :E SRS T
3...4 %In x and y (rms) o HISRER | |

A. Streun, PSI TIARA Kick-off, CERN, Feb.23-24, 2011 1



Optics measurement and correction
turn by turn BPM data

e Betatron phase advance between BPMs
Calibration and model independent measurement

Phase-beating correction is equivalent to beta-beating
correction

Not very successful in vertical plane - under investigation

Phase beat x (2m)

0.020 - m  Before correction 0.254 = Before correction
1 ® After correction (no iteration) 1 ®  After correction
0.015- 0.201
0.010 1 ] 015 =
0.005 ] = " 0101 e P
JUE Rl YO LA ® 005 ee N [
[ . . -
o_ooo_.= » o ...- 8 oae o, o, on v 8 ] p o . Y .,
-0.005 " e 4 ° o8 © % 000-_ " L. * .. . ...- I; : (] e o: Py
0.010. - " @ -0.054," L, °° . e e, [
-0. - . . °
P
1 -0.101 .
-0.0151 ] - - -
0.020 1 -0.151 =
' — -0.20 — . |
50 100 150 200 250 300 0 50 100 150 200 250 300
s (m) s (m)

* Beta-beat contains unknown BPM calibration error
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(== Status of SLS Instrumentation and Achievements in Coupling Control SI’SH

4 N

Betatron Coupling Correction I

-«-— From Model or Measured [ ' e I |

)/ % \ weighting factors |

Alternative: just fit skew terms
no cutoff |

ury

15 20

1
=0

COMENONEDODOD
YR
Qo 5 ©
c ol
% -
o (8)
= |

Response Matrix Coefficient

BPM Index

- measure the Orbit Response Matrix
- invert 24 x 21316 Matrix using SVD
- plug ORP into the "inverted" Matrix
- calculate quadrupole variations dk_i
which fit the model best to the Orbit

Response Matrix
- iterate within model for large errors

— apply -dk_i to the machine in order
to correct the betatron coupling. /

\ TIARA-SVET kick-off Meeting 23-24/02/11
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(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

Vertical Dispersion/Betatron Coupling Correction - Summary I

1. Suppression of n, by 12 n > 0 skew quads:

1, from off- momentum orbit measurement and SVD fit

2. Suppression of Q,+Q, by 24 = 0 skew quads.

response matrix measurement and SVD fit using model RM
3. + some empirical tuning of skew- quad Hamiltonian modes

hoor01 - o100 @Nd_Hypg19 o e e e
for best ratio T/.Je, e
> lowest V-emittance: ' A A / |
= 8,885 I i ]
£=2.8 (£ 0.4) pm rad VIR A,
_ 5><8},0fr0m1/}/ Eoering J\é@ﬂ}m(v TNy
= 0.05% of e, N B A\ TN
2 option: n-wave to ’ Y
adjust £« Ton

T =5 "H E.J.r Scallng Curve —0.010 a a8 188 1I5I] 2088 258 368

[, ]
& TIARA-SVET kick-off Meeting 23-24/02/11 /
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SWISS LIGHT SOURCE m™

B51 Status of SLS Instrumentation and Achievements in Coupling Control SIS

4 N

Sigma and Emittance - Operation I

Ake Andersson, CLIC workshop, Oct.16, 2008:

g, reduction in user top-up operation, I=400mA

- 8 ,6’},=(13.55i0.14)m
7 = (2.3£0.55)mm
3

bl 7 &, =(3.2£0.7) pm
i | 1 ;
e ) ID gap changes g—v = (0-05 T 0-02) %
c 7 i | %

f.=(0.431£0.009)m

55 |- - 44 ;
7, =(27.3£1.0)mm
4 days £, =(6.3+0.7-0.9)nm
50 1 L 1 1 L 1 1 ] 1 3
EE 58 E2 58 EE 3] 5 ES =58
~o = =] ~o ~o ~o ~o = ~o
o 3= So oo So S g0 So So
ng Qo To - o o o e oo oo ~0
o S -0 ot -0 bt o o b il -0
\ TIARA-SVET kick-off Meeting 23-24/02/11 /
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Optics measurement and correction
LOCO

* Linear orbit correction based on orbit response
— Great success at DIAMOND

— Already done at SLS for the coupling. Extend to correct the linear optics
at the same time
— Infer not only the optics but also corrector/BPM calibration/rotation
» First test revealed wrong calibration in vertical corrector and/or BPM...

1.15-
m Cor.H
° e CorV
1.10+ BPM H
] v BPMV
1.054
5
=2 - A, s AT A
T 100 Sagun T by i (I, Sl A
Q | | |
S o0.95 -
. N v ® L) v v
A L, T w e
V..' ° vo.V' ov o oy <o ve
0.90- A
] v
0.854+—r——r———r———r——————r—— 1

BPM / Corrector #

* Systematic offset in vertical plane indicates wrong calibration in corrector and/or BPM



(F=0 Status of SLS Instrumentation and Achievements in Coupling Control SINg

4 N

‘ Response Matrix Measurements - LOCO Principle I

-— From Model or Measured Doing it the LOCO way

/ ; \ Linear Optics from Closed Orbits

J. Safranek, SSRL

Note:

No Dipole
Errors
can be

handled !

Lo =
COMENONRDRO

|
-

Response Matrix Coefficient

- measure the Orbit Response Matrix

- invert 177 x 21316 Matrix using SVD

- plug ORP into the "inverted" Matrix

- calculate quadrupole variations dk_i
which fit the model best to the Orbit
Response Matrix (cut weight. facs)

— iterate within model for large errors

— apply -dk_i to the machine in order
to correct the beta beat.

\ TIARA-SVET kick-off Meeting 23-24/02/11 /
Michael Boge 15




B51 Status of SLS Instrumentation and Achievements in Coupling Control SEZS

‘ Multipole Correctors I

Versatile Sextupoles

all 120 sextupoles were delivered with H&V corrector coils ;' \
= make skew quadrupoles and auxiliary sextupoles 1

120 sextupoles in 9 families:
SF(24), SD(24), SE(24) — chromaticities
SSA(12), SSB(12), SMA(6), SMB(6), SLA(6), SLB(6) — D.A.
SD, SE, SxB: 72 H&V correctors — orbit correction

S#A: 24 skew quads (n=0) — betatron coupling

SF: 12 skew quads (m>0) — vertical dispersion
12 auxiliary sextupoles — resonance suppression

~ ) X
. Horizontal Corrector Vertical Corrector ) . Skew QQuadrupole

—-
—

fr e—

2y &
i@ 'i;ﬁ

[C——Jinnercoiis(6) [ ] outer coils {4}, half winding number

\ TIARA-SVET kick-off Meeting 23-24/02/11 /
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(== Status of SLS Instrumentation and Achievements in Coupling Control SSN)

Vertical Dispersion Correction I

0.015

0.015

' I Measuremerln before corretl:tion (rms=0.0648) —— ' Model prediétion (rms=0.0(')23) —
Measurement error (mean=0.0009) ——— Measurement after correction (rms=0.0023) ——

Measurement error (mean=0.0009) ———

Model Prediction RMS 1.4 mm

0.005 | /\ r\ﬂ —
- | A ) A A" l

JV AN L | \W AT, AV Al
0 NI\[ \ \ \Vﬂ Y \v/ -

- \4

Measurement Error MEAN 0.9 mm ! _ 001 L

L BVRA B
:'/11 \1¥ Nyt [ KL K -

sl

I ! P
r Vertical Dispersion | x2.1
before correction - % Vertical Dispersion |

RMS 4.8 mm after correction RMS 2.3 mm
o1 0 50 100 150 200 250 & 0018 0 5|o 160 1:50 21)0 2:50 300

0.01 |

/

vettical dispersion fm]
T

/
/
=y

vertical dispersion [m]
o
T

\

-0.005 -0.005

\
\
T
<
1

-0.01 |

s[m]

s[m]

- measure difference orbits for various dp/p

- determine vertical dispersion knowing dp/p

- invert Skew Quad - Dispersion Response Matrix

- feed measured dispersion into it to determine
Dispersive Skew Quads values for correction

— Get a Model Prediction

— Apply correction and remeasure

\ TIARA-SVET kick-off Meeting 23-24/02/11
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SWISS LIGHT SOURCE m™

SEENE

-

ARIHA-CH-B8SE:I-SET [A]

\ TIARA-SVET kick-off Meeting 23-24/02/11

Vertical Dispersion Correction - BPM Tilts

8,31 T T — — T 8.01 . . . T T
B85E_+-8,15.28,dat" u 1818 D . Before BPH Tilt Correction {rns=8,882897) —+—
a==8.042 -> etay=6.8 nn {5.8 nn neasured) = : After BPH Tilt Correction {rns=8.88133) —*—
: : : : . From BPH Tilt {(rns=8,88257) —¥—

8.3 H H H

"""""" 8,005

within FOFB Ioop
rwhile changing the
the BPM reference

Vertical Dispersion [nl

=-8.885

Dispefsion befoﬁe Tilt Corrfectioin: 21 mm rms

0.24 Dispersion after Tilt Correction: 1.3 mm rms
8,23 -a.81 i i H H H
-2.8 =2.6 =2.4 =-2.2 =2 -1.8 -1.6 50 108 158 208 258
ARIHA~CV-B8SE:I-SET [A] BPM Tilt Horlzontal Dispersion snl
1,5 Y 0.008 T T T T T T
Tilt F t — H H i 11y di i {48) F—t—i
BPM T|It = FaCtOI’ Curl’ent Rat|o Hur‘.l.zuntal Dl.sp;rslu:c[g']‘ — Hnr‘lznntgit? f?i‘;:;fé;:ﬁ:izg.2
R o R e SRR R R P R Py crry LR R SRR E PR PPEPEEE PEPPEREPEY TR N N N
: BLBBB [l
i Correlatlon :
Z oesh B[/ R . ............. r Dlspersmn from BPM Tilt vs
< ; : 8,884
£ of JIITHN . ..... E
& | =
A ] | & e.002
. £
g =05 o T et s ...(;, oo 78,15 27 b E
-] [ e e P R e L+ e R R RREEEEEEEEREE
3 B . i I t ;* 3 .E
& =1 20 * @
= i ’ *i t E,'
i i -
; £ * 'E i‘ t * }{; E o602
i
3 {1 ;*{ by i 3
" i H 2 -p.804
= I T 3 I ¥ c B
pa i =
i
[P SO — i -0.886
-3 i i i il i -@,808 i i I i i i i
a o8 1ea 138 268 238 —-0.888 -0.886 -0.884 -b.882 a a.082 6.884 0.886 0.088
s[nl

Yertical Dispersion [nl

~N
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Sextupole symmetrization

J+k i4+m

4"'"."-4{- G e S G _ . o
h_jl-fm_n X Z” }“fr’;;_; L}“ (53 ,]fm;- Jr']f:l-*“_! k)prn+(l—m)dyn |

Sextupoles in symmetric familie s/
= Im (h) = 0 by lattice symmetry S/
m design: optimized for Re(h) - 0L h.
= AuxXiliary sextupoles breaking the symmetry
m compensate parasitic Re,Im (h) # 0.
m first step: do empirical optimization

= =9 knobs required for Reand Im of
h21000’ h30000’ h10200 and h10020 and AEX = O

B Nyo0 Uy @aNd Agy LA, (SLS: all aux. sext. at same £, 3, 17)
m 12 auxiliary sextupoles installed

= energy acceptance 2% - 3%
m auxiliary sextupole strength ~ 3% of SF strength

A. Streun, PSI TIARA Kick-off, CERN, Feb.23-24, 2011 2



Multi-purpose colils In sextupoles

all 120 sextupoles were delivered with H&V corrector coils
= make skew quadrupoles and auxiliary sextupoles

120 sextupoles in 9 families:
SF(24), SD(24), SE(24) —» chromaticities
SSA(12), SSB(12), SMA(6), SMB(6), SLA(6), SLB(6) - D./\A.
SD, SE, S[B: 72 H&V correctors - orbit correction
S[A: 24 skew quads (n=0) - betatron coupling |

SF: 12 skewquads (n>0) - vertical dispersion
12 auxiliary sextupoles - resonance suppression R

Inner coils (6) .
E ':III-, \‘I‘ =

Horizontal Corrector Vertical Corrector

[ Jimnercois(sy [ | outer coils {4}, half winding number

A. Streun, PSI TIARA Kick-off, CERN, Feb.23-24, 2011 3



Touschek (IBS) lifetime measurement

Particle losses due to Touschek and Coulomb scattering:

. e—t/TC [E 1 1 \
N =-r.N-r.N°= N(t) =N, = =N, 1—t[€ + for t <<T.,T,
Touschek life time T; r=uT

RF acceptance
Horizontal dynamic aperili‘7{ Lattice energy acceptance \

o
o

Vertical physical aperture

Theory

Betatron 05F ¢ - . =
36 skew quadrupoles < . . for ideal lattice g
9 P coupling L (6D TRACY-_simulation) ;

—12 auxiliary sextupoles

=» Agreement of energy

acceptance with design:
Normalized* life tmeas
function of RF voltage**

* normalized to bunch current
and vertical beam size
** without 3" harmonic cavity

Normalized* life time [hrs mA / um]
T

1.0 1.5 2.0
RF-voltage** [MV] ( normal operation /;‘_

A. Streun, PSI TIARA Kick-off, CERN, Feb.23-24, 2011 4
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SWISS LIGHT SOURCE m™

SLS™

-

\.

Chao’s Sigma Matrices

Evaluation of beam distribution parameters in
an electron storage ring - Alexander W. Chao
J.Appl.Phys. 50(2), 1979 p.595-598

V.BEAM SIZES AND SHAPES

Our method can be used to determine quantities like the
horizontal and vertical beam sizes, the tilt angle in the x-y
plane, the natural bunch length and energy spread, ete. To
do this, let us consider a photon being emitted at position s,
with energy deviating from the mean value by a random
amoung 8E. Let T(s,) be the coupled 6 x 6 transformation
matrix for one revolution obtained in Sec. IV without radi-
ation damping. The eigenvalues, A,, and eigenvectors,

E} (54), of T(s) with K = + I, + II, + III are defined by

T (S)E . (50) = /{k-Ek (5a),
E :(311) =& (s),
A = exp( £ i2m7v,).

(13

Following the photon emission, the subsequent motion of
the electron is described by

[X(s‘): z AE, (5), 535-3:]
E

where E,(s)is the eigenvector of T (s) obtained from E,(s,) by
the matrix transformation from s, to s. Equation (14) satis-
fies the initial condition

(14)

0 Excitation
0
0 .
o |=ZaEE 1s)
0

_SE/E, and

where the left-hand side is the impulse perturbation to elec-
tron state due to the photon emission event. It should be
pointed out that the transverse dimensions of the electron
are not excited at the instance of photon emission and conse-
quently no knowledge of the energy dispersion functions is
needed.

From the symplecticity condition® of T (), i.e.,

TST=5, (16)
where a tilde means taking the transpose of a matrix and
60 -1 0 0o 0 O

1 o 0 o0 0 0
{0 0 0 -1 0o 0
o o 1 o o o |
0 0 0 0 [
00 0 0o I 0d o554 moment
one can prove that of eq. 14
E}S‘E,-:O unless j= —/. (17
We will normalize the eigenvectors so that
ESE,=i, k=LILIL (18)

This normalization condition is preserved as a function of s
due to the symplecticity of T (). Using Eqgs. (17) and (18),
Eq. (15) yields

A = —II({SE.'IE‘])E ; 5(5<J¢ (19)
where E,, means the /" component of the vector E,.
Assuming all photon emission events are uncorrelated, one
obtains the quantum diffusion rate of |4, by averaging Eq.
(19) around the storage ring:

NS PR AV
[drﬂf"a.) 27R 45( E::; >| wsls) ] %
(20)

In Eq. (20), N is the number of photons emitted per unit time
and ™*

Ej; lps) |
where C,_r(55/43\/;)r[ﬁ/mﬁ with fi the reduced Planck’s

constant, ¥ is the relativistic factor, and p(s} is the bending
radius.

Q@n

So far we have ignored the radiation damping which,
when taken into account, gives an additional contribution

d |y = -20’—" 2 . 22
[m(lf‘fs. ) T, (4 ).] Damplnd )
with T, the revolution time and &, the radiation damping
constants found in Sec. IV. The equilibrium values of {|4,>
is given by a balance between quantum diffusion and radi-
ation damping, which gives

(141" ={14_«I}  generalized emittances

Mode LiL I

_ ¥ » |E; 5(5)|*
=C, o §d P (23)
Excitation = Damping

It follows from Eq. (14) that the
eters at postion s are given by

[(x,t‘,-){s) ’[Zk ;”"(|A&|2)Pelﬁh{sw:,(s)l. J] (24)
4

Equations (23) and (24) are our final expressions. The tilt
angle 6 of the x-y beam profile relative tq the horizontal axis
can be found from Undamped Eigenvectors
b
Tilt | tan20= 2xpy tra_nsformed fr(?m s0 to,
& —<{*> Jusing 6x6 Matrix T(s)
and the transverse beam area (for luminosity calculation) is
given by

[A = T —<xy>’1“2.J

rticle distribution param-

(26)
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(with radiation and damping) -> TRACY-2
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B51 Status of SLS Instrumentation and Achievements in Coupling Control SIS

4 N

Sigma and Emittance I

60 T T T T T
¢ before correction 4
g after correction X
fit to g, before correction (a = 0.634+-0.018)
fit to g, after correction (a = 0.815+-0.014)
50 - <g);> before correction = 12.6+-10.5 pm —— 7
<g)> after correction = 8.1+-7.9 pm =— 30
<Gy, /By>2 before correction = 20.0+-19.2 pm ——
<Oy /By> after correction = 9.8+-9.3 pm ——
40 - — 25
+ i
= °
El 30 - X + | g 20 F
& n E
+ o £
+ efore Coupling E 15+
20 X Correction . <
/\ o ey = 12.6 pm.rad E 10}
+ L &
10 1 . + ' u
s After Coupling St o+
Correction ey = 8.1 pm.rad 5+ am —
I , | | 0 g, after correction 4
O L 1 1 1 1
0 ~——"0 20 30 40 50 60 0 5 10 15 20 25 30

Gey’/B, at ARIMA-BX-09 [pm] g [pm] (G, Minimized)

e Does the minimization of the beam size o @ one dipole imply the minimization of the emittance €, ?

Yes, at least for a small number of skew quadrupoles (22 skew quads, simulation for 100 seeds) — left
plot !

e [s it equivalent to minimize the beam size o, instead of the emittance €, ?
Yes, it nearly is (22 skew quads, simulation for 100 seeds) — right plot !

\ TIARA-SVET kick-off Meeting 23-24/02/11 /
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Status of SLS Instrumentation and Achievements in Coupling Control SIS
Girder Re-alignment I

— cwl1lb
— cwillle
— cwilld
— cwillsd
— cwllse
— cwillsh
— cwilzsh
— cwlZze
— cwil2sd
— cwil2md
— cwilZme
— cwizmb
— ol Emb
— cwil3me
— cwl3md
— cwlgsd
— cwl8se
— cwlgsh
— cwid4sh
— cwidse
— cwldsd
— o 1d
— cwld le
— w4 1h
— cwilGfl
— cwlE1h
— cwlEle
— cwl51d
— cwlSsd
— cwlGse
— cwl5sh
— cwlEsh
— cwlEse
— cwlEsd
— cwlEmd
— cwilbme
— cwilEmb
— cwi ?mb
— cwi Tme
— cwil?md
— cwl?=sd
— cwil?se
— cwil?sh
— cwl&sh
— cwlize
— cwilgsd
— cwlgld
— cwidle
— cwilglh
— cwi9lb
— cwildle
— cwi9ld
— cwildsd
— cwl8sze
— cwl8sh
— cwllsh
— cwllse
— cwllsd
— cwlimd
— cwlOmne
— cwl0mb
— cwldmb
— cwldme
— cwldmd
— cwllsd
— cwllze
— cwllsh
— cwl2sh
— cwldse
— owlzsd
— owlz2ld
— owl2le
— cwl2lb

-éiTTe'rnlll"l Bl QD e '||'|| ‘®

BX 09: 71 um BX_11:95 um
BX_05:95um

ov [radl

s Im]

e Corrector Pattern can be used to determine alignment errors (—No Cutoff).
e Prominent girder-girder alignment errors related to local corrector patterns (circles).
e Girder-girder errors introduce mechanical steps driving the adjacent correctors.

Leads to saturation of correctors in machines with large alignment errors (—Eigenvalue Cutoff =
“Long Range Correction”).

e —Beam-based girder alignment (magnets on girders as super-correctors).

\ TIARA-SVET kick-off Meeting 23-24/02/11 J
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\ TIARA-SVET kick-off Meeting 23-24/02/11

Sources of Vertical Emittance '

For randomly distributed alignment errors, the vertical
dispersion makes a contribution to the vertical emittance,
given by:

Vertical dispersion, in turn, is generated entirely by COD

and skew rquads:
\/7 S-I:[C F

2sin Jrl/

Ty (s)= )

S

cos[qﬁ(s’)—gb (s)

—m/] ds’

with
F(s)=(K+Sn,)y.— K, n,+G,

5

where K, 5, K,, and G, are the normal quad, sextupole
skew quad strengths and vertical steering respectively and
¥, is the closed orbit displacement

Term K + Smy related to
local chromaticity & (=0 for
corrected local &).

Term Gy~0 for well (to
centers of quadrupoles) cor-
rected y..

Term Ksqm, 1s small since
the quadrupole roll errors
are small.

Local £ ONLY =0 if y.
is corrected in quadrupoles
and sextupoles simultane-
ously !

~N

J

Michael Boge
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(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

‘ Sextupole Beam-Based Alignment 1 I

o With stable orbit, measure beam position with BPMs
where individual magnet strength changes has a null effect

* | Gradient error from sextupoles is source of DA reduction,

so ideal would be to align to sextupole magnetic centers

* First order effect is a tune shift due to gradient

AQ, == B.(5)(K,L)x=—B,(5) (L)
T 27

Courtesy:
S.L. Kramer,

NSLS-II

AQ, = fﬁy () (KoL) x=— B, () (B,L) x
T 27

No tune shift with y coordinate except through coupling
Resolution of tune shift dependent on energy spread and chromaticity, at best <30um
Synchro-betatron coupling could easily increase resolution to ~100um

M. Kikuchi, et.al. (KEK), introduced gradient coils to shift orbit rather than tunes
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SWISS LIGHT SOURCE m™

(== Status of SLS Instrumentation and Achievements in Coupling Control SIS

Sextupole Beam-Based Alignment 11 I

SF1R.28: Y bump= 800 um , trim= 10 amps
fitted kick= -10.43+0.29 urad (chi2/dof= 1.7026)

100
SFIR.28 Y offset witl BPM.83 = -90.63 +5.82 u
80} l.sj?\)éﬁljrptzlset . (fitied slope 01 55 PSS R 40en005 , moder slope = 0.92666,
60 | ¥
measurement error ] 1 1 'J
40 ~6 um . 1 .
= ' L ’,'
. 0.4 ' 1 . ]
=20 : I
=0 & : 1,0’
X ) '
© 0l g O} Genter of sextupole== J,----------------
. ]
a0} 2 & 1
;Q 5.0. ! -’ : : !
-60} > # ' !
':'5,": o .’ ' ! !
80 2 e’ ' LI
- B :___: * ] 1 1
b P '
-100} Beam Based Alignment at the KEK ATF, M. Ross et al. | : '_5" : Readmg of ad]acent BPM [um]
(.) éo ;10 éO S (m)éo 1.00 1.20 14C Jiﬂﬂ -éﬂﬂ -a{nn ’Jtm 0 ‘mn Jnn
. L . Figure 4: Fitted offsets, derived from trim kicks, as a
Flgure'?). Example orbit Wlth the superimposed fit. The function of the reading in the nearby BPM. The reported
dashed line shows the location of the sextupole under test. error in the intercept is 6 microns.

e At KEK ATF skew quadrupole trims (K=0.01 m~!) on the sextupoles were used (sextupole center =
skew quad center). The kick induced by the offset of the beam in the skew quad is determined from the
difference orbit using the machine model. This fit is done for several closed orbit bump amplitudes at
the location of the sextupole under test. At the SLS 36 out of 120 sextupoles are equipped with
auxiliary skew quadrupoles (K=0.03 m—1) for betatron coupling and dispersion correction.
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Plan: RDT based coupling
correction at SLS

e Similar work to ESRF

— Construct RDTs with
* Orbit response

« TBT BPM data — maybe difficult for the nicely
corrected coupling (signal/noise)

— Correction with skew guads (and orbit bumps)

— Confirm the correction globally and locally
with orbit response, TBT BPM data, emittance
monitor and lifetime



Summary of recent coupling
correction at ESRF

« Coupling correction based on resonance driving terms

— Resonance driving terms are the direct figures of merit of the coupling
resonances

— Great success at ESRF (18" ESLS workshop, A. Franchi/ESRF)

%Jw,lmei(Aﬁbw.mq:Aﬁéw,y)
fiom =2 11 o) J: Skew quad component

1010

A Light for Science A Light for Science A Light for Science

Application to the ESRF storage ring Application to the ESRF storage ring Application to the ESRF storage ring
First RDT correction: January 16! 2010 First RDT correction: January 16" 2010 ESRF record-low vertical emittance: June 22" 2010
All skew correctors OFF:EY:BEv =237 + 122 pm 2" ORM measur. and RDT correction: €, +5€, = 11.5 + 4.3 pm At ID gaps open: EV:BEV: 4.4+ 0.7 pm
eirm [ALL CORRECTORS OFF| o foon 20 [ TAFTER 2nd CORRECTION| o ] 1 T e 2200 2010 rsc0rd low emitance]
500 085 ‘* ‘"0‘0‘ 1 18 005 =010 | [

A
n.m—-// B f \\y ]

" W

161 i
] 4
12 3l ]
002 B
8
0 I EXE 1 6 Soup . 1
0 50 100 150 200 2+ 0 50 100 150 200
BPM number 0 BPM number

€05 C10 C11 C14 C18 C21 €25 C26 €29 C31 D09 D25 €05 C10C11 C14 C18 C21 C25 €26 C29 C31 D09 D25

Amplitude of coupling RDTs [ ]

Amplitude of coupling RDTs [ ]

vertical projected emittance [pm]
@
=
S

vertical projected emittance [pm]
'5

vertical projected emittance [pm]

S =N Wk UMK O S
T T

il l

~20 min. for ORM C03 C10 C11 C14 Ci8 C21 C26 C25 C29 C31
afew seconds for RDT correction
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- » Principle

The TT-polarization method”: |
An image of the beam is formed from 150
vertically polarized visible-UV synchrotron ;
radiation. v e -
A T phase shift between the two radiation 'S o I
lobes ==>1,_,=0 in "FBSF" ]

(FBSF =filament beam spread function) R S S g

¥ omid = L00BE mm

IDL 4

*) . .. , X amp = 4515.6 o= .
Old idea springing from MAX-lab, see EPAC’96 Andersson, X sig = B61.86 mic
Eriksson, Chubar Y oalg = 9.08 mic
z)/egrlfi;r?l Saﬁ e A=400nm ilament-Beam-
P g ang Spread-FunctionT
~ +4.5 mrag
Finite vFrt. beam size ==>
Image
& beam Lens plane Non-zero central intensity
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PAUL SCHERRER INSTITUT L A |

=] - Beamline components SLS: -

CRUCIAL! the "finger” absorber fused silica window polarizer
grey fllter/ band pass

air blades to set aluminized flat mirror
horizontal acceptance / i E

acuun fused «—> CCD

: silica —_ -
Bx.0g o array\l lens o L %\
¥ yray-branch ]

SlC flat alumlnlum window
finger m|rror molybdenum filter
absorber phosphor screen

B Jzoomlens
]

[ZZ227ccD
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e  The actual setup in SLS SLS"

CCD camera

Band Pass + Line Filters

415 Ake Andersso
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RS Precision SLN"

Vertical: Predicted profiles (SRW¥*) W
for beam height values 0, 6.4, 9.0 20k |
um, and measured. — o Oy =64 ym
Statistical rms error = 0.1pm g ] N
*) Synchrotron Radiation Workshop, g 80 -
see EPAC’98 Chubar, Ellaume 2 . =0 W4
E, 60 - - \
. %
30+ %] 40
- 251 20l
s 2o
g 0 i | =
E 15 -200pum -100 0 100 200
é Vertical position
i e== Horizontal: Predicted profiles
e T . L ——=——=—=— (GRW) for beam width values 54,
Horizontal positio 57, 60 um’ and measured.

Statistical rms error = 0.3um
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o - Error analysis SLS"

Nominal (no IDs) and measured parameter values at the observation
point, together with derived emittances and emittance ratio

Parameter Nominal value Measured value Max. error margin
ags (%) 0.086 — +0.009/—0.000
p. (m) 0.452 0.431 +0.009

1, (Mm) 29 27,3 =+ 1.0)

Tex (LLM) 56 57.3 +1.5

¢ (nmrad) 5.6 6.3 +0.7/—0.9

p, (m) 14.3 13.55 +0.14

7, (mm) 0 2.3 +0.33

Teyo (M) — 6.8 +i().3

&, (pmrad) - 3.2 +0.7

g (%) - 0.05 +0.02
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o Systematic errors SLS"

* The smallest rms beam height values so far measured at SLS
are around 5 um. In this region it is difficult to exclude systematic
error contributions to the measured value from various non-
perfect optical elements. The valley-to peak ratio is only ~ 5 %,
and this number we should consider as a lower limit.

» However, for a rms beam height of( 3 um, we can keep the
(intrinsic) valley-to-peak ratio to 6% with almost the same
experimental set-up. In this case we have to introduce an extra
finger absorber with larger height.

* The Tt-polarization method then very much resembles an
Interference method. The advantage will be to be able to swap
between the modes in order to crosscheck the influence from
non-perfect optical elements.

* This method seems more advantageous
than moving to shorter wavelength.

7115 Ake Andersson and Natalia Milas, The SLS beam size monitor, TIARA Kick-off meeting WP6, CERN Feb.23-24, 2011
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[ )

-

e Dispersion measurements SLSN"°

Dispersions are measured
In the same source point,
by tracking the image
"centre of gravity”-
movement for small RF
changes.

d+500 Hz < (a known)

AE/E=%0.165% ==> slg = ©1.86 mi¢
AX~+40um ; Ay~+4|.u:n/ Teen e

JRms precision = 0.4 ym

Rms precision in dispersion
determination ~ 0.25 mm

alignment better
than10 mrad, using
horizontal correctors.

IDL 4
150
100 .
_ |
e
Eﬁ_:
IEI - I
| 1aco 1aca
S0
¥ mid =0088 mm
¥ arip = 4515.6 ct=
= S1.86 mic 400
SO0
Camera angular .
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o Operation SLS -

* The images of the camera are analyzed by a software which
as a lookup table that gives the the beam size correspondent
to the depth of the valley between the two peaks;

The whole system works 24/7 (nonstop) and Is reliable, and

The beam size values are archived.
e — o, = 10um \

L - ., S — 8
. SRW resullts (o) | S ) b)
.oF with quadratic § 7o oL ) () ke a7

- interpolation (——) B ——

sigma_y [micron]
~a
[
I
|

[am]
L B B B e
|

4
4 days
O 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 50 1 , | i | . | L . | i | X ) 3
0.0 0.2 0.4 0.6 0.8 1.0

Ratic valley/peak

13/07/07
00:00:00
13/07/07
12:00:00
14/07/07
00:00:00
14/07/07
12:00:00
16/07/07
00:00:00
15/07/07
12:00:00
16/07/07
00:00:00
16/07/07
12:00:00
17/07/07
00:00:00
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RS Maintenance SLS"

* We perform a simple maintenance about
twice a year which includes:

— cleaning the vacuum window;
— cleaning the filters;

— replacing the older band-pass (BP) filter
when markings are already visible.

— re-check filter positions + position
optimization and

— re-check camera sensitivity.
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== Effects of equipment LN
deterioration on the image

(/

Beginning (2007/08) Moved vacuum window (2010) New BP filter (2011)
Still some si

140 -
120 ]
100

0 500 1000 1500
xmid = 0.083 mm
xamp=4215.7 cs
X sig = 56.86 mic
Y sig = 8.91 mic

1115 Marked vacuum window (2010)1dersson and Netaiz iR €-fOCUS Ed system (2010))ERN Feb.23-24, 2011
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=== Deterioriation Examples

Vacuum

Window: BP filter:
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== Ppossible Improvements

Improvements on performance

Shorter wavelengths to
Increase sensitivity and
resolution

(SLS: 364 nm)

Use thicker finger absorber and
rather interferometric method.

( also better protection of first
mirror to hard radiation )

Better CCD camera (more and
smaller pixels)

0.8

0.6
-
=

0.4

0.0 PRI T T

A=132

25 nm

|

A=

403 nm

¢ooA O O

[hfferent skew quads setiings

0
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== Possible Improvements SLS"

Improvements on reliability
Refining the optics:
 Exit window should be made of a A/20 optical flat piece.

Tests OK at MAX-lab.

* The exit window can be cleaned in situ if a valve Is introduced In
front. It is a possible method for mirror cleaning (removing
Carbon), to leak in oxygen and expose it to UV-radiation.

We should be able to do likewise.

* The lens can be made with better surface accuracy, A/20, than
the present. It should also have a longer focal length.

» Check optical components outside vacuum...
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- Outlook

LA

SLS"

MAX-IV 3 GeV ring: Ttpolariz. method

E=3GeV
C=528m MAX-lab

MAX IV g, = 250 pmra
g, =1 pmrad
20 - 0.06 By = 14 m ==> O'y:37|.lm OKI
B,=1.8m==>0,=21ym
Large hor. acc. angle ==> OK!
16 - a.oz2
T o 400x10° ~ Spectral Flux / Surface
g = Vertically Polarized
p 12 - e In the Image Plane
3 5 d- Fil B
'élD _U_UqE NE 3004 re ilament Beam
oo -o.067 §
= S 200
-0.08 Q
g - =
o
-0.10
q- 100
F-0.12
21 '
0. R B N
o : - o i s 200 -100 O 100 200um
110N | Il N Il D 00 D 00 D O i | i Horizontal Position
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Storage ring energy scaling
¢ Beam Optics e N
¢ Magnet Kalibration |B™ =(Bp) E%bmﬂl | &, [El{uj ] }@gn(l)

Isat
¢ Beam energy
(Bo) [Tm] =3.3356 x E [GeV] ==

+ Magnet currents ) \ S

—

¢ SLS: nominal energy - — .
2411 GeV (400mA)  * T k

¢ Saturation in superbends s

(3 Tesla, normal conducting ! ): E < 2.5 GeV
before superbend installation: E = 2.7 GeV (250 mA) (2005)

¢ 2010: operation at 1.57 GeV, max. 300 mA
Problem: cavity HOMs - w.l.p.

No problems with superbends
center pole: 500 A @ 2.41 GeV = 120 A @ 1.57 GeV |

A. Streun, PSI TIARA Kick-off, CERN, Feb.23-24, 2011 4



Time schedule

Gantt Chart 1.3.a6 for Work Package WP6

NOW

WES WP6 Upgrade of S5LS vertical emittance tuning system
6.1 SLS_NOW: Expelinmmal tests at SLS with existing systems

6.1.1 EPS_Limit: emittance limit

6.1.2 EPS_Sens: emittance sensitivity

6.1.3 MON-RES: prm"le ronitar resolution

M6.1 M_INSTR: Interim report on existing beam instrumentation

6.1.4 COUPLING: coupling theary

B.1.5 MAG Scale magnet scaling

D6.1 0_SLS_NOW: Report on existing hardware situation and limitations

6.2 SPEC: Specification of necessary upgrades

£.2.1 ORE_C_SPEC; Orbit Control Specifications

6,22 KNOB_SPEC: emittance knobs

M6.2 M_KNOES: Spacif‘caﬂon of emittance knobs ready
£.2.3 MON_SPEC: Monitor specification

6.2.4 ENERGY: Specification of knob for energy scaling
D6.2 D_SPEC: Specifications ready

6.3 IMPL: Implementation of the specified upgrade

6.3.1 ORE_C_IMPL: Orbit Control upgrade
£.3.2 COUPL_IMPL: Coupling automation

6.3.3 MON_IMPL. Monitor installation

06.3 D IMPL: Hardware rea:ly and installed

6.4: COMM

6.4.1 0RB_C_COMM: Orbit Control Commissioning
B.4.2 COUPL_COMM: Coupling control

6.4.3 MON_COMM: Monitar commissioning

06.4 FINAL_R: Commissioning report

Ne o [wes ITm MName
1
2 6.1
3 |61
4 |612
5 613
B | M6
7 |614
8 [B15
a | D61
10 | &2
1 | g241]
12 | 822
13 |me.2
14 | g23|
15 | 624
16 | D6.2|
17 | 6.3
18 | 631
19 | 632
20 [633
21 | D63
22 | &4
23 | 644
24 | 642
25 | 643
26 | D64

= T
lAnnke 1 |Année 2 |Année 3 |
4 1o [ 72 [ 73 T 74 [ 1 [12 173 [ 14 [ 11 [ 12 7138 [ 74 |
1 3 : 2

Next dates:

New post doc (hopefully) starting mid 2011

M_INSTR mile stone: report on existing instrumentation 31.5.2011

A. Streun, PSI

TIARA Kick-off, CERN, Feb.23-24, 2011
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Post Doc recruitment

The Paul Scherrer Institut, in collaboration with CERN, INFN-LNF Frascati and MaxLab/Lund University,
will undertake a program of R& D to upgrade the SL S storage ring and allow it to be used as a test-bed for
research on ultra-low vertical emittance, in order to support the design of damping rings for linear colliders,
particle factories and light sources. The R& D program at SLS will involve the following theoretical and
experimental activities;
a) control and suppression of betatron coupling and vertical dispersion by means of skew quadr upoles,
b) measurement of small beam size and further developmentsof high resolution emittance monitors,
c) measurements of intra-beam scatting (IBS) contributionsto vertical emittance and of the particle
distribution in the halo.

In this context PSI offers a 2-year (renewable 1 year) position for a
Postdoctoral Fellow.
Your tasks

In the threefields of activities outlined above, you will characterize the current SLS status and its
limitations. Based on these findings you will elaborate theories, extend codes and specify new diagnostic
devices. As anew beam size monitor is planned, your work may focus on the specification, construction and
commissioning of this device aswell as calculations and simulations which kind of information it is able to
provide. Using this and existing devices you will perform measurements on the issues mentioned and
characterize the total performance of the upgraded storage ring with respect to research on ultra-low
emittance.

Your profile

You have completed a PhD in physics, electrical engineering, mathematics or related areas, and the
subject of your thesiswasrelated to accelerators and beam dynamics. Ideally you have both a thorough
knowledge of theoretical beam dynamics, in particular the formalism of coupled betatron motion, and sound
practical experience in accelerator diagnostics including controls and data acquisition. Since this position
Involves a collaboration of four institutes you should enjoy work in a dynamic and internationally oriented
environment and to communicate actively and in fluent English.

=>» approved by PSI management, Feb.21. To be published within the next days.
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Machine development shifts

{SLS Calendar of |machine ~| from January to June 2011 D
Move mouse over the cells to see the detail
W January W Fehruary 1'1) March W April W W
a2 a [Tue 1 9 13 |Fri 1 17 22
18
typically 2 shifts/week " 3
(3+1 per fortnight), and : 2
5-8 shifts after shutdown | i 6
19
free shifts available usually 15 ien 1o
(night shifts often not used) | 2
scheduling in MD-meeting, 20
~twice per month i
AU 20 25
12
21
4
17
26
13
22
]
Scheduled Shifts
- Shutdown ! Beamline devel. [ optional Machine devel.
! Machine development ! mMachine devel. foptional Beamline devel.
| User Operation (shift available) (L Scheduled
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