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SR - Lattice Errors - Sources of Vertical Emittance | '

 emittance coupling
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e Betatron coupling: dQ=0.007 (in commissiong year 2001)
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— Emittance coupling in absence of spurious vertical digpar®.2% (Guignard)

e Left: Emittance coupling after betatron coupling correntivith initially 6 skew quadrupoles 0.1%
(simulation for 200 seeds)
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Emittance Control at the SLS
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‘ SR - Lattice Errors - Sources of Vertical Dispersion'

T 40
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e Left: Dispersion waves from quadrupoles and correctorsitiphase if BPM-quadrupole errors are
small (<50 um RMS) (— Beam-Based Alignment) after correction to quad centensg.f$iard
correction” (all SVD weighting factors used).

e Right: Main contribution to dispersion frosextupolethrough betatron coupling (simulation for 200
seeds) ! Contributions from quads and correctors cancel !
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= Emittance Control at the SLS
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File Options

\ SR - Lattice Calibration - Beta Function Measurement I.

o Quadrup0|e CorreCtion (177 Quads with individual PS)
B-Measurement from quadrupole variation

Help

Init| ﬁi‘iw?;! §>aﬂwa|

]

0x = 0.0000

gy = 0.0000

Beta—x = 1516 m Beto—y = 7.95 m
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ERIMA-QMB—03 /% ARIME—OMB—03
AQ (x1000) vs Akq (x1000)

gt s S L ﬁl ﬂ ﬂ ﬂ i] j )—Il

Hysteresis Correction based on tune

measurement before and after the quad

variation. Allows to restore the original

average beta function in the quad.

—> important in order to minimize optics
distortions during the measurement !

L XVII ESLS Workshop 26/11,/09

Relative measurement errors:

Xms = 1.3 % Xmax = 12.2 %
Y-ms = 1.1% Y-max = 7.5 %
Relative Beta-beat compared to theory:
¥-mms = 15.5 % X-max = 41.8 %
Y-ms = 6.4 % Y-max = 20.1 %
Valid data: X 174, Y 174 from 174

automatized
measurement

Courtesy: A. Streun
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SR - Lattice Calibration - Beta Function

From Model or Measured

— measure average beta functions in quadrupoles
- Invert 177 x 354 Matrix using SVD
- plug the measured average beta functions into
the "inverted" matrix
— calculate quadrupole variations dk_i which fit model

best to the measured average beta functions (cut
weighting factors since quadrupoles are not the only
the only source of beta variations !)

— apply the —dk_I to the machine in order to correct the

beta beat. N iz 5 |
L. quadrupole variations
i i — 0.002 + = i
i weighting factors Lo b
; cutoff <13 R
r‘ notused | Ll
r el dk/k +-0.2% p—p
s[m]
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SR - Lattice Calibration - Beta Function Measurement Il '

- Beta and alpha inferred from phase

cot@,, —cot ¢,

- B = f ,-
3 M, [ M, — Ny, | N,

— Similar eq. for 3, 5, o4

0
m

(

2,3

l

M’L
I

— Measure 3 times for single location
— Assume model transfer matrix Mand N

— Free from BPM scale

+ Beta inferred from spectrum height{z

E b s
0:

] ) i *\1 f& fHﬁ }L

— Complementary

— Tune Spectrum o< m

— Assume the average
— BPM scale error

|

Courtesy: M. Aiba, CERN
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First measurements at the SLS

error !
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=== Emittance Control at the SLS

\ SR - Lattice Calibration - Beta Function Correction Il '

-— From Model or Measured Doing it the LOCO way

/ ;\‘ Linear Optics from Closed Orbits

J. Safranek, SSRL

Note:
No Dipole

Errors
can be

handled !

-

or':o:'n-l':-l{:omhmmo

R
} Illzlirllr'.l l'
hil

|
-

Response Matrix Coefficient

BPM Index

— 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.

¥ XVII ESLS Workshop 26/11/09
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= Emittance Control at the SLS
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‘ SR - Multipole Correctors I

Versatile 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 skew quads (m>0) — vertical dispersion
12 auxiliary sextupoles  — resonance suppressmn

e ;
. Horizontal Corrector Vertical Corrector Skew QQuadrupole

D m &
;ia Y

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

—-
—

L XVII ESLS Workshop 26/11/09

Inner coils (6) s
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Emittance Control at the SLS
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SR - Dispersion Correction II

¥ XVII ESLS Workshop 26/11/09

0.015 T T T T T 0.015 T T T
Measurement before correction (rms=0.0048) ——+— Model prediction (rms=0.0023) ———
Measurement error (mean=0.0009) ——— Measurement after correction (rms=0.0023)
Measurement error (mean=0.0009) ———
001 L Measurement Error MEAN 0.9 mm ! _ 001 I o _
XA\ Model Prediction RMS 1.4 mm
T 0005 T ﬁ T I I 1~ E 0005F M .
rﬂ’s ty ko ﬁ\ﬁﬁ%\ il #\HI . ﬁAvA\ o A\\///A\\\ it
0 o AW U HT Y 15 oINS AL T2 :
P o AN
g 0005 |- ¥ I 1- 2 ’-0.005 - \/ 1
r Vertical Dispersion X2.1
001 1 before correction 1 00 Vertical Dispersion I
RMS 4.8 mm after correction RMS 2.3 mm
001 0 50 100 150 200 250 K 0018 0 5:0 1|oo 1I50 2loo 2|50 300
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
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50 Emittance Control at the SLS LS
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SR - Dispersion Correction Il

"98SE_+-8,15_20,dat™ u 1038 || ! " Before BPH Tilt Correction {rms=0,082087) ——i
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e.25 - while changing the
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SN~ XVII ESLS Workshop 26,/11/09
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=== Emittance Control at the SLS LS

‘ SR - Betatron Coupling Correction I

--— From Model or Measured ol used =
/ o weighting factors
% - Alternative: just fit skew terms

= no cutoff

Q

9

=

@ 10

(@] 8

o i 1Oinclexi N 20

X2

E 2| factor 5 ]

-4 o

= reduction !

g T

e

(o]

o

0

o (4]

B Corrector Index

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. /

¥ XVII ESLS Workshop 26/11/09
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Emittance Control at the SLS
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and
non-dispersive
Skew quads

o101
¢ Q} = 171
o100
i
By

2
Sextupoles
11000

= Q,

hi000
= 30,

Bygop9
= O, +20,

hygg99

= Q- ZQ}_,
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L

SR - Dispersion/Betatron Coupling Correction

Resonance Suppression v.1.0

‘ EXLIT | Help | dbon | | b 1SET  stans
| | o | S | a-oteF || -o.24a27 | 043] ok
b [ 0.00000 | D000 ok

C5-imLF 0, 02706 [, 82 ok oC-02F —0, OG0 {1,992 ke
A | B ELE LR s i el H-odF | 0u00000 |  -bugon ok
C5-034F 000343 b,z ok SL-DEF -0,33208 1,356 ok
CS-TLF 005570 147 ok SL-DESF 0,17908 -LETT ok
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Ci-bEHF || DooER| 1038 ak S-0BTF 0,915 | 0,726 ok
C5-0FHE ~0.o0213 SLoEd | ak. T-nasF o, (E7E 0,957 ok
C5-DALF -0.02322 -h.750 ak or—{ 5 0.2795 -1 057 ok
-EF || bosms|  1.eE ok -1 || eao3m|  -p.der ok
C5-10HF 0,00E07 11,165 ok -4 25 0, 44154 LETL o
C5-LIRF || -p,02E= | i TEL ak
5-121F =N.ol s —.3?8 7 n.llc
2-LICH LTSS I ok o = e
C5-015A 0,601 11, G6L ok Hode ey = el 74 gl 4] i el :':f
s REGEE Ll ok Fnplitud=: lm— Phase: l,rE‘L— 1%
r5-i1EHA DoniEd | pLofl ak LFIATE | 4
C5-02HA 0,00535 0.173 ah ety pfan] phie e ey EEES i i
CongEn || botre| 0. o s i o el =0
L5-145A L0267 1,873 ak.
Cs-paLn || -p.01EZE -0,529 ck | Remst all 50 | | r=q.fop | req.fh | =l fp collFh | factor
SRl | et i | | 0y S0 | us| g ua| o000
emitilal| o Sl Ll e+y 5a | 5 | A e 1660
Ci-esd || -D.O0PIE| 0,234 ok | Peference S0 | -1y éon| —3:1| EEE T e
EFPEA | R 00t b ok f | Fead currents 52 0 gon| 1A | g0 -1 100
[5-17HA D.000500) 0,000 excluded ; Al 100 4 1100 4 100|
507 || D.oomd| 0,000 Dervar | | e solubion | Gy | _— 00
CS-0E6hH || DODDN| 000D | wxcluded B | cop ohannels || | @z 700 | @ | 00 = 100
C5-DELR || -D.02028 | -0LEES ak.
SR || 0,008 | 0,308 k| | _toemnels OFF | S ?] o : ol o)
C5-135H 0,01742 1,568 ok ;
Fem || hanE| heel ]  SEELIEihiEYLSISTISaidrsiTgsigaiisag bubbhbbhybby
Cs-1oHe || -po0RcE | -n,19m okl R e e e e e e e e e e R e s o
r5-11HA 001550 0,508 ok
[5-115a || -D.o0EE7|  -b.oa3 ok | 1 il I I I
51250 || -D.0i74d| 0,570 ak = i
C5-12LA DLOLET? 0,612 ak

Empirical Optimization

of skew quads by mini—

mization of driving terms

in the hamiltonian by

observing beamsize over

lifetime. (court. A. Streun)
J

-

~
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50 Emittance Control at the SLS LS

SR - Betatron Coupling Feed-ForwardI

0.0006

T T T
before coupling correction

3004 rad | - - ~
\ q_l ra 900“ m CO u p | I n g CO rre Ctl O n after coupling correction

\
0.0004 ks

' . A
] AN i i N
E 0.0002 ¢ / ‘\¢ : g
ST - ||¥l i Moy ki
é -0.0002 ? . / 1 % A
5 ‘ | | & 50 [
skew quadrupole \\ ‘ »
-0.0004 j :
\ v .
4-Bump %?4\ Coupling PolLux
0.0006 150 152 154 156 158 160 162 0 50 100 150 200 250

ring position [m] ring position [m]

e Left: Layout of the vertical asymmetrical “polarization” bumpnsisting of four successive dipole
correctors (nagentaars) for the dipole (thickluebar) beamline PolLux. Dedicated skew quadrupole
(redbars) are used to locally compensate for the betatron aoyipiduced by the sextupoles:¢
bars) within the bump-&coupling feed-forward).

e Right: Twist of the electron beam ellipse as a function of the lamdjital SLS storage ring position for
a -300urad steering for the PolLux beamline beforgdenline) and after (edline) betatron coupling
correction. The arrow denotes the location of the 4-bumpHerPolLux beamline.

e The 4-bump is implemented as a reference change of 2 BPMsawiité framework of the Fast Orbit

S

Feedback with a feed-forward table for the skew quadrup@te2 Hz switching frequency). J

XVII ESLS Workshop 26/11/09
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SR - Emittance (Sigma) Coupling Monitor.

IDL 4

An important instrument
for optics correction:
the beam size monitor

» vertically polarized, near-UV
(384 nm) synchrotron light

200

150

100 4

504

e = = » better resolution than X-ray
o = 4208 - 1 pinhole array monitor
Y8 = B53 me il -
e H = control of coupling
Ref: o] ‘e B :
A. Andersson et al., am = Optlmlzat|0n of Touschek
NIM A 5917 (2008) e f 1 ’ i i
437 u y - ||fet|me — T/G :
0 5|u 1:)0 1EI;0 2<|30 25'.0 ili H polarizer
) fused silica window arey fllter/ berilfinee
air blades to set aluminized flat mirror ﬁ i g M4
horizontal acceptance / I Q
ur fused \ u 4> C |
ili L} s
pinhole array ;S;rf:sa T é F;:ﬁ»\

nch
X ray — e , [ B 1 zoom lens
\ec,trof‘ 1C flat | @luminium window
finger m|rror molybdenum filter [222] ccD
absorber phosphor screen

L XVII ESLS Workshop 26/11/09
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B51 Emittance Control at the SLS SLS™

4 N

SR - Sigma and Emittancﬂ

60 T T T T T
g before correction 4
g after correction X
fit to ¢, 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 T T T r T >
<cefa'|3uy,:;2 before correction = 20.0+-19.2 pm ——
<Cg, /B> after correction = 9.8+-9.3 pm ———
40 ] 25
+ —
= =
8 30f X ¥ 1 -é 20
“ + + T <
efore Coupling E 15
20 |- X Correction E =
= ey = 12.6 pm.rad E 10
/\ I + =+ @
10 S - 5
: After Coupling
"Correction ey =8.1 pm.rad rer conlisd
§ | | | 0 : : : , & after correction +
0o ~~——0 20 30 40 50 60 0 5 10 15 20 25 30
Gey /B, at ARIMA-BX-09 [pm] &, [pm] (cey Minimized)

e Does the minimization of the beam sizg @ one dipole imply the minimization of the emittangge?
Yes, at least for a small number of skew quadrupoles (22 skewl$} simulation for 100 seeds) left
plot !

e Is it equivalent to minimize the beam sizg instead of the emittancsg, ?
Yes, it nearly is (22 skew quads, simulation for 100 seedg)ght plot !

¥ XVII ESLS Workshop 26/11/09 /
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= Emittance Control at the SLS

SWISS LIGHT SOURCEmM™
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for best ratio T/\/g

=2 |lowest V-emittance:
£=12.8 (£ 0.4) pm rad
= 5x¢, from1/y
= 0.05% of &

= option: n,-wave to
adjust £,<> 7'on
T Je, scaling curve

¥ XVII ESLS Workshop 26/11/09

Boo101 - Mo100 @A Aypp10

‘ SR - Dispersion/Betatron Coupling Correction - Summary.

1. Suppression of n, by 12 > 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

8,815

B.885

vertical dispersion [nl

-p.885 T

-8.81

=-8.815

188

1
208

joa

~

Michael Bogem
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B51 Emittance Control at the SLS SLS™

SR - Sigma and Emittance - Operatioj

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

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

o B, =(13.55£0.14)m

7 = (2.3£0.55)mm
o 3.2+0.7)pm

&, =

£
22~ (0.05£0.02)%
- 2%

x

. =(0431£0.009)m
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

L XVII ESLS Workshop 26/11/09 /
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Emittance Control at the SLS

SWISS LIGHT SOURCEmM™
@DA@"

-

~

\ SR - Lattice Errors - Sources of Vertical Emittance I '

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

y
Vertical dispersion, in turn, is generated entirely by COD
and skew quads:

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

XVII ESLS Workshop 26/11/09

Term K + Sn, related to
local chromaticityg (=0 for
corrected locaf).

Term G,~0 for well (to
centers of quadrupoles) cor-
rectedy..

Term Ks4n, Is small since
the quadrupole roll errors
are small.

Local & ONLY =0 if y.
IS corrected in quadrupoles
and sextupoles simultane-

ously ! J

Michael Bogem
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F=L Emittance Control at the SLS LS
‘ SR - Lattice Errors - Sextupole Beam-Based Alignment 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,(5) (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

L XVII ESLS Workshop 26/11/09 J
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Emittance Control at the SLS SIENE
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SR - Lattice Errors - Sextupole Beam-Based Alignment III

) ) 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 with respect to BPM.83 = -90.63 +582um
(fitted slope = 0.00153 ~ +1.7849¢-005 . model slope = 0.92666.
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Figure 4: Fitted offsets, derived from trim kicks, as a
function of the reading in the nearby BPM. The reported
error in the intercept is 6 microns.

Figure 3. Example orbit with the superimposed fit. The
dashed line shows the location of the sextupole under test.

e At KEK ATF skew quadrupole trimsK=0.01 nT 1) on the sextupoles were used (sextupole center =
skew quad center). The kick induced by the offset of the bewrtina skew quad is determined from the
difference orbit using the machine model. This fit is doneskreral closed orbit bump amplitudes at
the location of the sextupole under teAt.the SLS 36 out of 120 sextupoles are equipped with
auxiliary skew quadrupoleg{=0.03 nt 1) for betatron coupling and dispersion correction. J
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Emittance Control at the SLS

SWISS LIGHT SOURCEmM™

SIS

SR - Lattice Errors - Girder Re-alignment I

“Long Range Correction”).
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e Corrector Pattern can be used to determine alignment drreiéo Cutoff).
e Prominent girder-girder alignment errors related to laaairector patterns (circles).
e Girder-girder errors introduce mechanical steps drivimg adjacent correctors.

e Leads to saturation of correctors in machines with larggnatient errors-&Eigenvalue Cutoff =

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