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Outline

B Details on how the MBA lattice will effect the on-axis brilliance (brightness), flux,
and power of the x-ray photon beam

o Large increase in brightness and coherent flux (> 100x)

o A more modest increase in flux (2 — 3x)

o Optimization of undulator period length for user program energies of interest
o Undulator bandwidths

B Otherissues
o Undulator phasing
o Undulator gap control
o Radiation damage
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DLSR Source Parameters from LS Note #337, Rev. 1.28, Oct. 1, 2013

Tahble 7: Parameters for 11 source points for HTBA -TwoSector- 60pm-max 105 my 34
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Np — 48 i = 13.0MHz
|:> 100 70 417 417 13 29 74 57 109 38 005 138 104

N =81 22.0MH=
100 35 425 425 13 29 74 57T 110 39 100x10' 119 53
1Lo0 6% 396 396 13 29 T2 55 106 37 9.77 223 99

=
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Ny = 162 fv = 44.0MHz

Loo 21 416 416 13 29 7.3 57 109 38 0.95 1.41 3.1

o0 35 396 396 13 29 72 5.5 106 3T 977 223 5.0

024 68 561 133 13 29 B5 6.6 6.2 22 0.74 3.00 6.7
Ny = 216 fo = 58.TMHz

Loo 20 407 407 13 290 T3 56 108 38 086 1.72 29

o0 34 388 388 13 29 71 5.5 s 3T 9.70 201 49

011 68 614 65 13 29 5O 6.9 43 15 0.709 3.00 5.0

Ny = 324 fi, — S8.0MHz
100 18 395 305 13 29 7.2 55 106 37 976 232 26
022 35 566 126 13 29 86 66 60 21 974 300 33
010 68 508 59 13 20 88 68 41 14 960 431 48
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On-Axis Brllllance Tumng Curves of HPMs and SCUs The Big Picture
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Calculated odd harmonic brightness tuning curves of hybrid permanent magnet undulators (HPMs) and superconducting undulators
(SCUs) for today’s APS lattice and the proposed DLSR lattice. The magnetic length is 2.4 m for all devices. The shorter the period
length the higher the brightness (and flux) for any given harmonic energy. The minimum gap is 8.5 mm for the DLSR (11.0 mm APS).

Reductions due to magnetic field error were applied to all undulators (estimated from one measured undulator A at the APS).

The brightness gain for the DLSR SCUs approaches three orders of magnitude for photon energies above 100 keV!
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On-Axis Brilliance Tuning Curves of HPMs and SCUs: O - 60 keV
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B Close-up 0—60 keV of previous figure.

60

B For the DLSR the optimum period length becomes shorter than today. The U2.7 cm (maybe U2.8 cm) becomes the new “Undulator A”

for continuous energy coverage.
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Universal Helical Undulator - Original Idea

The idea of a universal helical structure is described in the paper by
D. Alferov, Yu. Bashamkov, and E. Bessonov “Generation of circularly polarized
electromagnetic radiation,” Zh. Tekh. Fiz 46, 2392-2397, November 1976.

FIG. 2. Schematic diagram of a helical undulator,

The structure suggested by the authors as a universal helical undulator capable of
generating both helical and planar undulator magnetic fields.
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Realistic Model

Inner bifilar coil:

. Period: 16 mm

Winding bore: 6 mm

Winding: 6 mm (W) x 2mm (H)
= Current density: 0 A/mm?
oo or +940.3 A/mm?

EEEEEEEEEEEEEEEE

e, e Outer bifilar coil:
Period: 16 mm
Winding bore: 11 mm
Winding: 6 mm x 6 mm
Current density: 0 A/mm?

Opera or 1400 A/mm?2

1=940.3 A/mm? 0 Helical

By =0.8022 T, B, =0.8022 T

0 J=1400 A/mm? Helical (opposite helicity)

By =0.8022 T, B, =0.8022 T
1=940.3 A/mm? J =1400 A/mm? Vertical

B, =1.6041T, B, =0
= -940.3 A/mm?2 J =1400 A/mm? Horizontal

B,=0,B,=16041T



\_________________________________________
On-Axis Brilliance Tuning Curves of HPMs: Revolver ChooseBestMBAID

Fil

psU-k10-HHL-I200-P24.54P20.5-L240-Rev2.bfnorm.env, /home/oxygen/0OAG/chooseBestMBATdData/A0P-TH-2013 |=
-047/HPM-Data/G8.5/apsU-k10-HHL-I200-P25.04P23.0-L240-Rev2.bfnorm.env, /home/oxygen/0AG/chooseBestM
BAIdData /AOP-TN-2013-047/HPM-Data/G8.5/apsU-k10-HHL-I200-P24,54P21.0-L240-Rev2.bfnorm.env
09:54:23: Done.

09:56:28: Working...

KL

Lattice: | & 2013-047 (81pm) (‘2{]13—055(59pm}|

Beam current (ma):| & 200 ¢ 400

Front end type:| " Canted ©® HHL ( VHHL t"‘EHHL|

Optimizaticn guantity: | @ Brightness ( Spectral flux density  Spectral flux|
Maximum HPM ID length {m}): |(‘Ncme w 2.4 O 4.B|
Maximum SCU magnetic length: |(5“None ol -E ol e e sl e F4.D|

Undulater type: | W HPM v RevolwverZ I_SCU|

Magnetic gap (mm):

Pericds tc consider: | T Existing All|

0.5mm pericd increments:

Minimum, maximum pericd (mm) : |2Cl |25

Optimize: ¥ Band Ave. [ Band Min. W Band Max. [ Few Dip5|

RBanks to include: |1
o 50

Default plet range (keV):

T Nene ( UlY ¢ Ul17.5  Ul8 ( UlE.5 (U1%  U1l®.5  U20 U20.5 021  U21.5 022
FEiEEEmEEE Cp22.5 (w23 (o 023.5 024 Co024.5 025 (1 025.5 (U026 (026.5 (U027 O U27.5 (D28
T yUg28.5 U028 C OU2%.5 ¢ U030  U30.5 T U331 ¢ U3l.5 ¢ U32 [ U32.5 ® U33 (" U33.5

Band 0

|Enable: ® Yes (" MNo|Low, High (keV): |15 35 ‘

‘ add Bandl Search ”

B Use M. Borland’s ChooseBestMBAID. On the Linux workstation: /usr/local/oag/apps/bin/linux-x86_64/chooseBestMBAID
B Web App: http://www.aps.anl.gov/Accelerator Systems Division/Accelerator Operations Physics/cgi-bin/chooseBestMBAID.cgi
B Example: Revolver with 2 IDs, search periods in the range 20 — 25 mm only, and optimize for the energy range 15 — 35 keV.
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http://www.aps.anl.gov/Accelerator_Systems_Division/Accelerator_Operations_Physics/cgi-bin/chooseBestMBAID.cgi
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http://www.aps.anl.gov/Accelerator_Systems_Division/Accelerator_Operations_Physics/cgi-bin/chooseBestMBAID.cgi

ChooseBestMBAID (Revolver) Plot 1: U2.50 cm & U2.00 cm
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ChooseBestMBAID (Revolver) Plot 2: U2.50 cm & U2.30 cm
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ChooseBestMBAID (Revolver) Plot 3: U2.50 cm & U2.20 cm
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ChooseBestMBAID (Revolver) Plot 4: U2.40 cm & U2.00 cm
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ChooseBestMBAID (Revolver) Powers/Power Density: U2.50 & U2.00 cm
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Other combinations similar.
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ChooseBestMBAID Revolver Logfile

Printout for 5DDS file /tmp/131017-085628-12902deqjus52.best

Tagl Rank TotalPowerMax OnlAxisPowerDensityMax phetenEnergyMin
| keV
k10-HHL-I200-P25.0+P20.0-L240-Rev2 1 7.148119%e+03 2.125504e405 4.900000e+00
k10-HHL-I200-P25.0+P23.0-L240-Rev2 1 7.14811%e+03 2.125504e+05 4.900000e+00
k10-HHL-I1200-P25.0+P22.0-L240-Rev2 1 7.14811%e+03 2.125504e+05 4.200000e+00
k10-HHL-I200-P24.0+P20.0-L240-Rev2 1 6.673058e+03 2.144052e405 5.700000e+00

Printout for SDDS file /tmp/131017-095628-12%02dejus52.best
Tagl BandRange( BrightnessGapl BrightnessMax( BrightnessMin0 BrightnessAve( BrightnessDips(
SBU SBU SBU

k10-HHL-I200-P25.0+P20.0-L240-Rev2 15-35keV 0.00e+00 5.04e+21 1.96e+21 3.20e+21 0.00e+00
k10-HHL-I1200-P25.0+P23.0-L240-Rev2 15-35keV 0.00e+00 4.80e+21 1.68e+21 3.34e+21 0.00=+00
k10-HHL-I200-P25.0+P22.0-L240-Rev2 15-35keV 0.00e+00 4.71e+21 1.37e+21 3.36e+21 0.00e+00
k10-HHL-I1200-P24.0+P20.0-L240-Rev2 15-35keV 0.00e+00 5.04e+21 T.38e+20 3.2%e+21 1.00e+00

o

Print‘ Print...| Export text... Email...‘ Replot‘ Save Plots
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On-Axis Flux Tuning Curves of HPMs and SCUs: 0 - 60 keV

On—Axis Flux in 2.0 x 1.0 mm @ 30.0 m (ph/s/0.1%bw)
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Calculated odd harmonic flux tuning curves of hybrid permanent magnet undulators (HPMs) and one superconducting undulator
(SCU) for today’s APS lattice and the proposed DLSR lattice. The magnetic length is 2.4 m for all devices. The minimum gap is 8.5
mm for the DLSR (11.0 mm APS).

Reductions due to magnetic field error were applied to all undulators (estimated from one measured undulator A at the APS).
The flux gain for the DLSR undulators is in range 2 — 3x. (A factor of 2 comes from the higher operating current of the DLSR).
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\________________________________________
Power Density and Flux in the Central Cone at 8.0 keV at 30 m

weV
5198-0 reV 0k E‘SB,O
514, w="1-
=1

s 0270 R DLSR: U2.30 cm Power Density

APS: U2.70 cm Power Density z [ Total Power 3.9 kW
Total Power 2.6 kW

Poer Density @ 30 m (W fm?)
Power Densty @ 30 m (4 /me)

APS: U2.70 cm Spatial Flux
Density at 8.0 keV (first harm)
Aperture Power =280 W; K=1.51

DLSR: U2.30 cm Spatial Flux
Density at 8.0 keV (first harm)
Aperture power=180 W; K=1.31

->

Full size~2x1 mm

Full size~1x1 mm

B Important: Notice that the size of the power distribution is essentially unchanged whereas the size
of the central cone is reduced by a factor of ~ 2 in the horizontal plane (lower order odd harmonics).
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\________________________________________
Flux Spectra of U2.30 cm (DLSR) vs. U2.70 cm (APS)
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First harmonic energy at 8.0 keV.
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Optimum Flux Depends on Aperture Size and Harmonic Number
(comparison of 1x1 mm aperture vs. 2x1 mm aperture)
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B The flux fora 2.0 x 1.0 mm aperture is noticeably higher for odd harmonics above 9. (First harmonic is at 3.5 keV.)
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Example: Optimized Flux at 14.4 keV
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i , ]
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be . i
15 1
- X — } _
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o = ]
M
14
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(T
0= -
12

Energy (keV)

Flux gain is 4x for this beamline. Best choice is a period length of 1.80 cm with modest power and power density while operating in

the first harmonic.
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Undulator Harmonic Bandwidths
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B The first bandwidth becomes smaller. For example at 8 keV it is smaller by ~ 25% (red vs. blue markers)
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Flux in the Central Cone
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The flux in the central cone with harmonic number n is
F" oc NQ, (K)I

where N is the number of undulator periods and / is the ring current.
The coherent flux is directly related to the brightness

A12) i
47z2(2 » )z 5 =P x(A12)
xS xSy =y

" =F"x fcoh=F"x
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Software: Use ChooseBestMBAID and XOP
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Synchrotron Radiation / Optical Elements

RXOF 1.4 XOP (X-ray Oriented Programs)
il Logo |Tree [PT [Cmd [cCD
XOP provides codes for modeling of x-ray radiation sources and characteristics of
mirrors, filters, and multilayers and multipurpose data visualizations and analyses. The
graphical user interface drives a variety of computer codes from different authors
written in different computer languages. It includes a flexible DAta BAse for X-ray
applications DABAX, which contains tables for x-ray applications and codes fo access,

visualize, and process these tables. Additional software packages called extensions,

may optionally be installed to enhance the functionality of XOP. Common extensions

are the SHADOWVWUI package, a Visual User Interface for the SHADOW ray-tracing
program and the XAID package for XAFS data analysis. The current version of XOP
runs on most Unix, Linux, and Windows platforms

This software is subject to U.S. Export Control and is categorized under Export Control
I Classification Number (ECCN) 5D002. Please complete and submit the Software
Application Form for XOP v2.4 and Future Releases as instructed therein. If all export
requirements are met the software will be distributed to the applicant

Contacts: Roger Dejus (APS) and Manuel Sanchez del Rio (ESRF)

m

I w15% v

Contact MD-Group (R. Dejus) and
ASD Operations (M. Borland)

B XOP (X-ray Optics); new version 2.4 to be released October 2013: http://www.aps.anl.gov/Science/Software/

B Use M. Borland’s ChooseBestMBAID. On the Linux workstation: /usr/local/oag/apps/bin/linux-x86_64/chooseBestMBAID
B Web App: http://www.aps.anl.gov/Accelerator Systems Division/Accelerator Operations Physics/cgi-bin/chooseBestMBAID.cgi
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http://www.aps.anl.gov/Science/Software/
http://www.aps.anl.gov/Accelerator_Systems_Division/Accelerator_Operations_Physics/cgi-bin/chooseBestMBAID.cgi
http://www.aps.anl.gov/Accelerator_Systems_Division/Accelerator_Operations_Physics/cgi-bin/chooseBestMBAID.cgi
http://www.aps.anl.gov/Accelerator_Systems_Division/Accelerator_Operations_Physics/cgi-bin/chooseBestMBAID.cgi
http://www.aps.anl.gov/Accelerator_Systems_Division/Accelerator_Operations_Physics/cgi-bin/chooseBestMBAID.cgi

Discussions/Summary

B The issue of undulator phasing becomes important for the DLSR lattice. Remedies:
o make one 4.8-m-long undulator instead of 2 x 2.4 m, however,

o long undulators and a smaller minimum gap (8.5 mm instead of 10.5 mm) increase the
attractive magnetic forces, but

o we may make the magnets narrower in the horizontal direction (good field region 3 mm
instead of 5 mm), and

o use undulator with shorter periods (< 2.8 cm), so forces are expected to be less than for the
Undulator A.

B Undulator gap precision is typically about 10 um for the Undulator A and better for shorter period
lengths (~ 5 um). It may need to be set tighter for certain applications for the DLSR due to a
smaller bandwidth.

B The power and on-axis power density for the DLSR undulators are typically higher by 30 — 50%.
The power scales with E? and the power density with E* but we are operating at smaller gap with
larger K value. For example, the Undulator A (3.3 cm) at 10.5 mm gap generates 6 kW power and
170 kW/mrad? power density and the U2.7 cm at 8.5 mm gap on the DLSR generates 9 kW power
and 225 kW/mrad?.

B Radiation damage may become increasingly important because of the smaller minimum gap. Need
tighter beam-loss control and to consider SmCo magnet material, which has higher radiation
resistance than NdFeB. (The tuning ranges would become somewhat smaller). All results
presented here used NdFeB magnets.
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Discussions/Summary

B Helical devices may be more prominent for the DLSR due to the round beam pipe. The
brightness/flux is higher than for the planar devices (first harmonic only). Higher harmonics are
strongly suppressed on-axis. The on-axis power density is also considerably lower for reasonably
large K values.

B A remarkable increase in brightness and coherent flux is expected (> 100 x) for the DLSR. A more
modest increase in flux is expected (2 — 3x).

B Use the software presented to explore options for your own beamlines. May set front end heat
load limits too in the optimization code ChooseBestMBAID.
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