LCLS Undulator Quadrupole Harmonics with Core Sections Displaced
Harmonics are evaluated at r = 4 mm at several places along

the z direction
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced

« Harmonic values are normalized to the quadrupole field
* Normalized harmonic values are plotted as a function of z.

LCLS Undulator Quadrupole
B,/B2(r=4mm) Values For One Quarter Moved 0.000 mm
-0.016
-0.012
— B2(2)/B2(0)
— B1(2)/B2(0)
0.008 B3(2)/B2(0)
—— B4(2)/B2(0)
-0.004 — B5(2)/B2(0)
— B6(2)/B2(0)
e S — B7(2)/B2(0)
% 0 % — B8(2)/B2(0)
= = —— B9(2)/B2(0)
B10(z)/B2(0)
0.004 B11(z)/B2(0)
B12(z)/B2(0)
0.008 - B13(2)/B2(0)
-~ B14(z)/B2(0)
0.012
0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced
Zoom In

2-D analysis would not show the end affects.

LCLS Undulator Quadrupole
B,/B2(r=4mm) Values For One Quarter Moved 0.000 mm
-0.0012
-0.001
. —B2(2)/B2(0)
I
-0.0008 B3(2)/B2(0)
—— B4(2)/B2(0)
—B5(2)/B2(0)
> -0.0006 5 — B6(2)/B2(0)
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= = — B8(2)/B2(0)
= ) = —— B9(2)/B2(0)
0.0004 B10(z)/B2(0)
. B11(z)/B2(0)
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e -~ B13(2)/B2(0)
-~ B14(z)/B2(0)
0
0.0002
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced

Exaggerated Displacement

MARK JASKI ACGCELERATOR SYSTEMS DivisiON Advanced
Photon
11/2007 MAGNETIC DEVICES GROUP Source

Asprse Maional Labogsory



LCLS Undulator Quadrupole Harmonics with Core Sections Displaced

Core is displaced 0.000 mm.

LCLS Undulator Quadrupole
B,/B2(r=4mm) Values For One Quarter Moved 0.000 mm
-0.016
-0.012
— B2(2)/B2(0)
— B1(2)/B2(0)
0.008 B3(2)/B2(0)
—— B4(2)/B2(0)
-0.004 — B5(2)/B2(0)
— B6(2)/B2(0)
e S — B7(2)/B2(0)
% 0 % — B8(2)/B2(0)
= = —— B9(2)/B2(0)
B10(z)/B2(0)
0.004 B11(z)/B2(0)
B12(z)/B2(0)
0.008 - B13(2)/B2(0)
-~ B14(z)/B2(0)
0.012
0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced

Core is displaced 0.055 mm.

LCLS Undulator Quadrupole
B,/B2(r=4mm) Values For One Quarter Moved 0.055 mm
-0.016
-0.012
— B2(2)/B2(0)
— B1(2)/B2(0)
0.008 B3(2)/B2(0)
—— B4(2)/B2(0)
-0.004 — B5(2)/B2(0)
— B6(2)/B2(0)
e S — B7(2)/B2(0)
% 0 % — B8(2)/B2(0)
= = —— B9(2)/B2(0)
B10(z)/B2(0)
0.004 B11(z)/B2(0)
B12(z)/B2(0)
0.008 - B13(2)/B2(0)
-~ B14(z)/B2(0)
0.012
0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced

Core is displaced 0.110 mm.

LCLS Undulator Quadrupole
B,/Ba(r=4mm) Values For One Quarter Moved 0.110 mm
-0.016
-0.012
— B2(2)/B2(0)
— B1(2)/B2(0)
0.008 B3(2)/B2(0)
—— B4(2)/B2(0)
-0.004 — B5(2)/B2(0)
— B6(2)/B2(0)
e S — B7(2)/B2(0)
% 0 % — B8(2)/B2(0)
= = —— B9(2)/B2(0)
B10(z)/B2(0)
0.004 B11(z)/B2(0)
B12(z)/B2(0)
0.008 - B13(2)/B2(0)
-~ B14(z)/B2(0)
0.012
0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced

Core is displaced 0.165 mm.

LCLS Undulator Quadrupole
B,/B2(r=4mm) Values For One Quarter Moved 0.165 mm
-0.016
-0.012
— B2(2)/B2(0)
— B1(2)/B2(0)
0.008 B3(2)/B2(0)
—— B4(2)/B2(0)
-0.004 — B5(2)/B2(0)
— B6(2)/B2(0)
e S — B7(2)/B2(0)
% 0 % — B8(2)/B2(0)
= = —— B9(2)/B2(0)
B10(z)/B2(0)
0.004 B11(z)/B2(0)
B12(z)/B2(0)
0.008 - B13(2)/B2(0)
-~ B14(z)/B2(0)
0.012
0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced

Core is displaced 0.220 mm.

LCLS Undulator Quadrupole
B,/B2(r=4mm) Values For One Quarter Moved 0.220 mm
-0.016
-0.012
— B2(2)/B2(0)
— B1(2)/B2(0)
0.008 B3(2)/B2(0)
—— B4(2)/B2(0)
-0.004 — B5(2)/B2(0)
— B6(2)/B2(0)
e S — B7(2)/B2(0)
% 0 % — B8(2)/B2(0)
= = —— B9(2)/B2(0)
B10(z)/B2(0)
0.004 B11(z)/B2(0)
B12(z)/B2(0)
0.008 - B13(2)/B2(0)
-~ B14(z)/B2(0)
0.012
0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced

Core is displaced 0.275 mm.

LCLS Undulator Quadrupole
B,/Ba(r=4mm) Values For One Quarter Moved 0.275 mm
-0.016
-0.012
— B2(2)/B2(0)
— B1(2)/B2(0)
0.008 B3(2)/B2(0)
—— B4(2)/B2(0)
-0.004 — B5(2)/B2(0)
— B6(2)/B2(0)
e S — B7(2)/B2(0)
% 0 % — B8(2)/B2(0)
= = —— B9(2)/B2(0)
B10(z)/B2(0)
0.004 B11(z)/B2(0)
B12(z)/B2(0)
0.008 - B13(2)/B2(0)
-~ B14(z)/B2(0)
0.012
0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced

Core is displaced 0.275 mm.

LCLS Undulator Quadrupole
B,/Ba(r=4mm) Values For One Quarter Moved 0.275 mm
-0.016
-0.012
— B2(2)/B2(0)
— B1(2)/B2(0)
0.008 B3(z2)/B2(0)
- B4@B20)
-0.004 — Bs(Z)/BZ(O)
— B6(2)/B2(0)
S S — B7(2)/B2(0)
% 0 % — B8(2)/B2(0)
= = —— B9(2)/B2(0)
B10(z)/B2(0)
0.004 B11(z)/B2(0)
B12(2)/B2(0)
0.008 - B13(2)/B2(0)
-~ B14(z)/B2(0)
0.012
0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced
Skewed harmonic components

Core is displaced 0.000 mm.

LCLS Undulator Quadrupole
Skewed A,/B,(r=4mm) Values For One Quarter Moved 0.000 mm
0.016 -0.016
0.012 -0.012
— A2(2)/B2(0)
0.008 0.008 — AL@/B20)
' e A3(2)/B2(0)
— A4(2)/B2(0)
0.004 -0.004 — A5(2)/B2(0)
— A6(2)/B2(0)
S S — A7(2)/B2(0)
£ 0.000 0 2 — A8(2)/B2(0)
g - z —— A9(2)/B2(0)
A10(2)/B2(0)
-0.004 0.004 Al11(z)/B2(0)
A12(z2)/B2(0)
-0.008 0.008 - AL3(@)/B2(0)
-~ Al4(2)/B2(0)
-0.012 0.012
-0.016 0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced
Skewed harmonic components

Core is displaced 0.055 mm.

LCLS Undulator Quadrupole
Skewed A,/B,(r=4mm) Values For One Quarter Moved 0.055 mm
0.016 -0.016
0.012 -0.012
— A2(2)/B2(0)
0.008 0.008 — AL@/B20)
' e A3(2)/B2(0)
— A4(2)/B2(0)
0.004 -0.004 — A5(2)/B2(0)
— A6(2)/B2(0)
S S — A7(2)/B2(0)
£ 0.000 0 2 — A8(2)/B2(0)
g - z —— A9(2)/B2(0)
A10(2)/B2(0)
-0.004 0.004 Al11(z)/B2(0)
A12(z2)/B2(0)
-0.008 0.008 - AL3(@)/B2(0)
-~ Al4(2)/B2(0)
-0.012 0.012
-0.016 0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced
Skewed harmonic components

Core is displaced 0.110 mm.

LCLS Undulator Quadrupole
Skewed A,/By(r=4mm) Values For One Quarter Moved 0.110 mm
0.016 -0.016
0.012 -0.012
— A2(2)/B2(0)
0.008 0.008 — AL@/B20)
' e A3(2)/B2(0)
— A4(2)/B2(0)
0.004 -0.004 — A5(2)/B2(0)
— A6(2)/B2(0)
S S — A7(2)/B2(0)
£ 0.000 0 2 — A8(2)/B2(0)
g - z —— A9(2)/B2(0)
A10(2)/B2(0)
-0.004 0.004 Al11(z)/B2(0)
A12(z2)/B2(0)
-0.008 0.008 - AL3(@)/B2(0)
-~ Al4(2)/B2(0)
-0.012 0.012
-0.016 0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced
Skewed harmonic components

Core is displaced 0.165 mm.

LCLS Undulator Quadrupole
Skewed A,/B,(r=4mm) Values For One Quarter Moved 0.165 mm
0.016 -0.016
0.012 -0.012
— A2(2)/B2(0)
0.008 0.008 — AL@/B20)
' e A3(2)/B2(0)
— A4(2)/B2(0)
0.004 -0.004 — A5(2)/B2(0)
— A6(2)/B2(0)
S S — A7(2)/B2(0)
£ 0.000 0 2 — A8(2)/B2(0)
g - z —— A9(2)/B2(0)
A10(2)/B2(0)
-0.004 0.004 Al11(z)/B2(0)
A12(z2)/B2(0)
-0.008 0.008 - AL3(@)/B2(0)
-~ Al4(2)/B2(0)
-0.012 0.012
-0.016 0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced
Skewed harmonic components

Core is displaced 0.220 mm.

LCLS Undulator Quadrupole
Skewed A,/B,(r=4mm) Values For One Quarter Moved 0.220 mm
0.016 -0.016
0.012 -0.012
— A2(2)/B2(0)
0.008 0.008 — AL@/B20)
' e A3(2)/B2(0)
— A4(2)/B2(0)
0.004 -0.004 — A5(2)/B2(0)
— A6(2)/B2(0)
S S — A7(2)/B2(0)
£ 0.000 0 2 — A8(2)/B2(0)
g - z —— A9(2)/B2(0)
A10(2)/B2(0)
-0.004 0.004 Al11(z)/B2(0)
A12(z2)/B2(0)
-0.008 0.008 - AL3(@)/B2(0)
-~ Al4(2)/B2(0)
-0.012 0.012
-0.016 0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced
Skewed harmonic components

Core is displaced 0.275 mm.

LCLS Undulator Quadrupole
Skewed A,/B,(r=4mm) Values For One Quarter Moved 0.275 mm
0.016 -0.016
0.012 -0.012
— A2(2)/B2(0)
0.008 0.008 — AL@/B20)
' e A3(2)/B2(0)
— A4(2)/B2(0)
0.004 -0.004 — A5(2)/B2(0)
— A6(2)/B2(0)
S S — A7(2)/B2(0)
£ 0.000 0 2 — A8(2)/B2(0)
g - z —— A9(2)/B2(0)
A10(2)/B2(0)
-0.004 0.004 Al11(z)/B2(0)
A12(z2)/B2(0)
-0.008 0.008 - AL3(@)/B2(0)
-~ Al4(2)/B2(0)
-0.012 0.012
-0.016 0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced
Skewed harmonic components

Core is displaced 0.275 mm.

LCLS Undulator Quadrupole
Skewed A,/B,(r=4mm) Values For One Quarter Moved 0.275 mm

0.016 -0.016
0.012 -0.012

— A2(2)/B2(0)

Skew dipole ) — Al1(z)/B2(0)

oo o008 A3(2)/B2(0)

— A4(2)/B2(0)

Skew sextupole —_ A5(2)/B2(0
/\ harmonic — A6(2)/B2(0)
— A7(2)/B2(0)
0.000 —— —: ~.¥ 0
] N — A9(2)/B2(0)
A10(2)/B2(0)

— A8(2)/B2(0)
oo Skew octapole 0.004 Al1(2)/B2(0)
harmonic A12(2)/B2(0)

A2(z)/B 2(0)
An(2)/B 2(0)

-0.008 0.008 -~ AL3@)/B2(0)
~ Al4(2)/B2(0)
-0.012 0.012
-0.016 0.016
Z(cm)
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LCLS Undulator Quadrupole Harmonics with Core Sections Displaced

« How bad is bad?
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