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Brief introductions
Deflecting section study

Single dipole deflecting 
First order isochronous deflecting
Second order isochronous deflecting
Questions
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Basic Introductions

Locating after SASE1
Wavelength range: 0.4~4.8 nm
Adjustable Polarization
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Basic Introductions
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Bunching undulator

E=17.5 GeV

<dE> ~8 MeV

Vertical polarization

Horizontal polarization Phase shifter
Deflecting 
Section
θ > 100 μrad

Numerical calculation for longest and 
shortest wavelength (4.8 & 0.4nm)

For far field Gaussian optical 
beam, the open angle:

nms 8.4=λ
mμω 30~0

2θ

2θ
ω

E=17.5 GeV

<dE> ~30 MeV

βx=8.014 or 19.453 m

γx=0.125 or 0.051 m-1

βy=19.453 or 8.014 m

γy=0.051 or 0.125 m-1

αx= αx = 0

Planar polarized light

Polarization 
adjusted light
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study

All of the deflecting section study concerns the 
shortest wavelength 0.4 nm 
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Deflecting section study --- Single dipole
Deflecting angle θ is quite small, if a simple dipole works?

Θ = 100 μrad
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Standard SASE2 βx fulfills the initial beta function requirement

Dipole length, the longer, the better

Even for a very long dipole, Lbend = 2m

Initial Gaussian Bunch βx0 =20 m, αx0 = 0
First Order Matrix

βx0 =20 m, αx0 = 20
First Order Matrix

βx0 =20 m, αx0 = 20
Second Order Matrix

Special initial αx0 is required
How to compensate Second order geometry aberrations ?

To overcome first order geometry aberrations:
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Deflecting section study --- first order isochronous
First order isochronous: First order achromate + zero R56

Mirror symmetry system, balance between second order geometry aberrations and R56:
R5: 1.57075e-011 2.78426e-011 0.00000e+000 0.00000e+000 1.00000e+000 -1.77057e-008
T51: 3.40651e-001
T52: 7.16885e-002 8.39040e-001
T53: 0.00000e+000 0.00000e+000 4.28676e-001 
T54: 0.00000e+000 0.00000e+000 2.74989e+000 5.23755e+000
T56: 1.88249e-004 3.32063e-004 0.00000e+000 0.00000e+000 0.00000e+000 4.87033e-008 

Φ=120, L=0.12m Φ =-70,L=0.07m

0.2m 0.1m

L=0.53m, K1=1.275

Φ =-70,L=0.07m Φ=120, L=0.12m

Initial 
Gaussian 

Bunch

βx0 =20 m, αx0 = 0, βy0
=20 m, αy0 = 0

Second Order Matrix

0.1m 0.2m
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Deflecting section study --- first order isochronous
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For first order order achromate system, the bunch length expansion due to second 
order geometry aberrations is:
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From the Matrix show above:
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- first order isochronous

With the required initial TWISS parameters, the beam distribution change is:

Initial Gaussian Bunch βx0 =1.573 m, αx0 = 0.067, βy0 =8.794 m, αy0 = 2.309
Second Order Matrix

By especially setting the initial TWISS parameters, the 0.4 nm 
bunch can be well maintained.
The problem is, how to make the TWISS parameters from 
SASE3 standard value to the required initial ones?
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- first order isochronous

Vertical polarization

Horizontal polarization Phase shifter
Deflecting 
Section
θ > 100 μrad

Matching

undulator
Bunching undulator

βx=8.014 m

βy=19.453 m

αx= αx = 0

βx=1.573 m

βy=8.794 m

αx=0.067

αx=2.309

Add “Matching Undulator” between the Bunching Undulator and 
deflecting section
Quadrupoles are set between Matching Undulator segments to 
adjust TWISS parameters
Undulator is used to maintain the Bunch during the TWISS 
parameters matching.

Design of matching section
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- first order isochronous

Design of matching section

• 97.92m long Bunching Undulator can give maximum bunch factor

• Several configurations have been investigated, all of them can match the TWISS parameters. The 
solutions can be:

four undulators, 5m, 5m, 5m, 5m

four undulators, 2m, 2m, 2m, 2m

three undulators, 5m, 1m, 1m

three undulators, 1m, 1m, 1m 

• Different Bunching Undulator length have been studied for each match undulator structure

•the best combination of bunching undulator and matching undulator is :

87.04 m Bunching Undulator + 3*1m Matching Undulator

Matching Undulator Design and Bunching Undulator Length
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Bunch factor and 
FEL power in 
Bunching Undulator:
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Deflecting section study --- first order isochronous

Design of matching section
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 With Und

Matching 
section
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Crossed 
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Bunch factor dropping in the 
undulator matching section

Beta function of the whole system
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Deflecting section study --- first order isochronous
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Bunch Factor=0.2659
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Design of matching section

Matching

undulator
Bunching undulator
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Bunch factor = 0.12089

Phase Normalized by Wavelength (rad)

33% decreasing

32% decreasingDue to the abnormal beta function, 
in the matching section, even there 
is undulator, bunch factor still drops.
In the deflecting section, the bunch 
factor drops to a smaller value.
At the entrance of crossed 
undulator, the maximum bunch 
factor can be 0.12
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Deflecting section study --- first order isochronous

Design of matching section

Tolerance
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 Random Error
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• Random offset of quadrupoles in Matching 
undulator section

• No error for deflecting section

• Bunch factor measured at exit of deflecting 
sectiong

• Random and constant offset of all magnets in 
the deflecting section

• No error in matching section

Matching Section errors Deflecting Section errors
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- first order isochronous

Design of matching section

FEL comparison

74.0~65.085.5~77.93.5961.163.40 m

83.4~79.893.8~92.42.0683.693.06 m

S3/S0 %Polarization %Px/PyP (GW)Length (m)

17.5GeV,              0.4nm,         Lg,3D = 8.48,      aperture = 1.474mm

Ideal cases

First order 
isochronous

Bunch factor drops a lot in the matching undulator section
The beta function in the crossed undulator is too smaller than the standard values
Compare to the ideally deflecting, power drops ~68%, total polarization drops ~11%, 
circle polarization drops ~15%
The maximum bunch factor in matching undulator can arrive 0.34, with 97.92m, which 
can not be used

A better solution can be found?
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Deflecting section study --- Second order isochronous

Design of matching section

D22D21D12D11S4S3S2S1Q2Q1B2B1Type

8.80.2564.50.20.50.50.50.50.30.30.20.2Len-gth
(m)

-100
K2

14.72
K2

99.75
K2

-44.56
K2

0.289
K1

-0.106 
K1

-25
μrad

125
μrad

Stren-
gth

Q1 
D11 S1 D12

B1 
D22 S2 D21 

Q2 
D21 S3 

B2 
D22 D12

S4 
D11 

Q1 

Q1 
D11 S1 D12

B1 
D22 S2 D21 

Q2 
D21 S3 B2 

D22 D12 S4 
D11 

Q1 

Q1 
D11 

S1 
D12

B1 
D22 S2 D21 

Q2 
D21 S3 B2 

D22 D12 S4 D11 
Q1 

Q1 
D11 S1 D12

B1 
D22 S2 D21 

Q2 
D21 S3 B2 

D22 D12 S4 D11 
Q1 

Four cells system, total deflecting angle is 400 μrad (smaller 100 
μrad deflecting hardly gives improvement)
Total transport matrix is unity

R5: 1.49674e-016 6.50521e-019 0.00000e+000 0.00000e+000 1.00000e+000 7.30186e-008 
T51: -7.46661e-002
T52: 1.86252e-001 -3.38115e-004
T53: 0.00000e+000 0.00000e+000 1.30394e-002 
T54: 0.00000e+000 0.00000e+000 7.35423e-002 -7.317047e-005
T56: 1.18833e-004 -1.48212e-004 0.00000e+000 0.000000e+000 0.00000e+000 7.37998e-007 



17

09. Feb. 2008
Beam dynamics meeting

Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- Second order isochronous

Design of matching section

Long distance is needed to 
make beta function large
With large beta function, 
sextupoles can compensate 
the second order aberrations



18

09. Feb. 2008
Beam dynamics meeting

Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- Second order isochronous

Design of matching section

Initial Gaussian Bunch Initial TWISS parameters is Standard SASE3 values
Second Order Matrix
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Deflecting section study --- Second order isochronous
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Design of matching section
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• The Bunching Undulator can be 97.92m long 
to achieve highest Bunch factor

• Deflecting section drops 44% bunch factor
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Deflecting section study --- Second order isochronous

Design of matching section

Tolerance
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Random and constant offset of all magnets in 
the deflecting section
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Deflecting section study --- Second order isochronous

Design of matching section

FEL comparison

74.0~65.085.5~77.93.5961.163.40 m

57.6~46.670.5~62.52.2971.533.06 m

83.4~79.893.8~92.42.0683.693.06 m

S3/S0 %Polarization %Px/PyP (GW)Length (m)

17.5GeV,              0.4nm,         Lg,3D = 8.48,      aperture = 1.474mm

Ideal cases

First order 
isochronous

Second order 
isochronous

Quite strange that the polarization of Second order isochronous system is worse than 
the first order isochronous system, Why?
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Deflecting section study --- Questions
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Correlation Corr(1st,2nd) = 47.2%

Second Order Isochronous

Design of matching section

80 85 90 95 100
0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40 First Order Isochronous

S (μm)

B
un

ch
 F

ac
to

r

 Bunch at 1st Crossed undulator entrance
 Bunch at 2nd Crossed undulator entrance

Correlation Corr(1st,2nd) = 77.4%

Why the correlation of bunch factor at entrance of 1st and 2nd crossed undulator 
for 2nd order isochronous deflecting is smaller?
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- Questions
Design of matching section

80 85 90 95 100

0.0005

0.0010

0.0015

0.0020

0.0025

12 MeV

40 MeV

δγ
/γ

S (μm)

 Matching Und. = 97.92 m (Second Order Isochronous)
 Matching Und. = 87.04 m (First Order Isochronous)

30 MeV

The Bunch factor difference between the Maximum and Minimum energy spread is:
12.6% --- First Order Isochronous 47.0% --- Second Order Isochronous

For the Second order isochronous deflecting, distortion is larger
--- Find a smaller R56 for Second order isochronous deflecting

Bunch slices shape distortion
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- Questions
Design of matching section

With the second order isochronous deflecting, the matrix terms R5i, T5ij
can be optimized to zero:

R5: -6.13825e-011 6.62404e-015 0.00000e+000 0.00000e+000 1.00000e+000 1.11783e-013 
T51: 6.67028e-002 
T52: -2.03828e-002 -4.73361e-005
T53: 0.00000e+000 0.00000e+000 3.24998e-002
T54: 0.00000e+000 0.00000e+000 3.45780e-003 1.85512e-005
T55: 0.00000e+000 0.00000e+000 0.00000e+000 0.000000e+000 0.00000e+000 
T56: -1.59364e-004 2.43488e-005 0.00000e+000 0.000000e+000 0.00000e+000 1.53949e-006 

R56 and T56j are very small, why there is still ~1nm expansion? 

Sextupoles impact or Elegant does not correctly report the Matrix?
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Conclusion
Design of matching section

• Second order isochronous deflecting system can best maintain the electron 
bunching at 0.4nm (higher error tolerance, higher bunch factor, standard beta 
function in crossed undulators)

• Why the polarization of 2nd isochronous deflecting is worse than the 1st order 
isochronous?

• Why the elegant reported matrix does not match the simulation result?
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- Questions
Design of matching section

Thanks!



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


