iy

UCRL- 92829
UCRL--92829 PREPRINT

DE86 002141

noT
L

Bepaived by £57

NOVY 0 € 1505

Development of a NdFe-steel hybrid
wiggler for SSRL

K. G. Tirsell, T. Brown, P. Ebert
W. Dickinson and E. Lent
Lawrence Livermore National Laboratory

E. Hoyer, K. Halbach, S. Marks, D. Plate, D. Shuman
Lawrence Berkeley Laboratory

Roman Tatchyn
Stanford Synchrotron Radiation Laboratory

1985 International Conference on Insertion Devices
Stanford Synchrotron Radiation Laboratory
Stanford, California
October 28-30, 1985

October 1985

This is a preprint of a paper intended for publication in a journal or proceedings. Since
changes may be made before publication, this preprint is made available with the
understanding that it will not be cited or reproduced without the permission of the
author.

NOTICE

[GLE TO A DEGREE

G
GFACTORY REPRODU

THIS REPCRT 15 ‘LL -
sual PBECLUL‘bb SAT

CTION

USTRIBGION 07 THS (OCUMENT 1S USUMITED




Development of a NdFe~steel hybrid wiggler for 5SRL
K. Glenn Tirsell, Thomas C. Brown, Paul J. Ebert, William C. Dickinson and Edward M. Lent

Lawrence Livermore National Laboratory
P, O. Box 808, Livermore, CA 94550

Egon Hoyer, Klaus Halbach, Steve Marks, David Plate and Derek Shuman

Lawrence Berkeley Laboratory
University Of Califoraia, Berkeley, CA 94720

Roman Tatchyn

Stanford Syachrotron Kadiation Laboratory
P. O. Box 4349, Stanford University, Stantord, CA 94025

Abstract

A NdFe-steel hybrid confiqured permanent magnet wiggler is being developed for inser-
tion in the SPEAR ring at the Stanford Synchrotron Radiation Laboratory, SSRL. Featuring
15 complete periods, a 12.9-cm magnetic period length, and a peak magnetic field range of
0.01-1.4 Tesla, the wiggler was designed to provide an intense radiation source for the
National Laboratory/University of California participating research team {PRT) ftacility on
Beam Line VIII-W. A new permanent magnet material, neodymium-iron (NdFe), is being used
in the magnetic structure instead of rare-earth cobalt, REC, used previously in the 27-
period wiggler now on Beam Line VI. NdFe advantages include a 16% higher coercive force
(10.6-kOe vs,. 9.0~hOe) and lower cost., The wiggler design features a thin walled, rigid
vacuum chamber with pole pockets on opposing surfaces ailowing a 2.l-cm aminimum magnetic
gap with a 1.8~cm beam vertical aperture. At 3 GeV the wiggler at peak field is expected
to radiate approximately two kilowatts in a 5-mrad horizontal fan with a 7.8 keV critical
energy. Calculations are in progress to model the wiggler radiation spatial and spectral
radiation emission.

Introduction

This paper descri?es a NdFe-steel hybrid insertion device being designed at Lawrsnce
Berkeley Laboratory. It is a permanent magnet hybrid configured wiggler/undulator
designed for the SPEAR ring at SSRL, BL-VIII-W, to provide an intense radlation source tor
the PRT consisting of Lawrence Livermore National Laboratory, Los Alamos National
Laboratory, Sandia National Laboratory, and the University of California Laboratory for
Synchrotron Radiation Research. Initial plans are to divide the 5-mrad wiggler horizontal
radiation fan available at 3 GeV into two branch lines. A hard x-ray brancn will be
1mplemented first utilizing the forward directed central 2-3 mrad core to provide 3-30 keV
monochromatized x-rays at a hutch location. Hard x-ray mirrors with grazing angles
between 0.5 and 0.2 degrees are being considered to provide focusing.

Although beam line plans are still under review, a VUV side branch is being strongﬁy
cunsidered featuring a 100-to-1200 eV grating monochrumator similar to that of BL-VI. A
horizuntally deflocting mirror will bu dovelopud to inturcept onoe uide ot thu horizontal
tan a4t a 2% grazing angle. Translation of this mirror to the center axi1s will permit good
VUV coverage of the insertion device output as an undulator. The mirror will be centered
vertically on the orbital plane where the wiggler emission should exhibit a high degree ot
linear polarization. This layout makes initial VUV branch utilization straightfucward,
without precluding future exploitation of the more complicated polarization dependence ott
the orbital plane. Since the longest practical horizontally-deflecting mirror accepts
only about 2 mrad, the total horizontal fan reguired by the x-ray optics is about 5

mrad. The proposed division into two branches is supported by preliminary wiggler emis-
sion modeling as will be shown later. Full utilization of the remaining wiggler side lobe
has buen left for future consideration.

Insertion device design

Magnetic design

The choice of the insertion device magnetic dosign parameters is a compromise based on
the tollowing somewhat conflicting performance requirementss (1) A horizontal fdan ot 5
mrad at 3 GeV is required for the proposed x-ray optics. (2} Due to the diverse require-
ments of the PRT, a high x-ray critical energy is needed to provide a wide energy
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range. (3} Cost considerations have dictated a fixed gap vacuum chamber. The magnetic
structure will be out of vacuum and the field will be adjustable by varying the pole-to-
(4) For SPEAR beam stability, a transyerse vertical peak field tolerance of
3% is required for the 24 mm horizontal aperture over the range 0.01 ~ 1.24 Tesla. (5) 'To
obtain high intensity and to provide for possible use in the undulator mode, it is desir-
able to maximize the number of wiggler periods, Based on these requirements, a periodic
structure was designed with the specifications* in Table 1.

pole spacing.

Table 1. Beam Line VIII-W insertion device parameters.

Magnetic period length {cm) 12.85

Number of complete periods 15

Peak magnetic field range (Teslas) 0.01 ~ 1.4

Peak to peak field uniformity $ 2% at minimum gap

Minimum magnetic gap (cm)
Beam vertical aperture (cm)
Pole width (cm)

Transverse good field aperture A4B/B < 3% over 2.4 cm
Effective magnetic length {(cm) 202.4

2.1
1.8 for SPEAR injection
7.5

A wiggler design with a 12.85 cm period length Was selected to produce a gap field
equal to or greater than 1.24 Teslas at the minimum wiggler gap of 21 mm {g/X = 0.1613).
During the course of this work significant progress has be¢n made in understanding the
influence of the po}e width and transverse end configuration on the performance of the
magnetic structure. Magnetic measurements have been obtained from several single pole
test assemblies and compared with results from the magnetic modeling code PANDIRA which
assumes infinite pole width. To achieve the BL-VI1I design criteria, a periodic magnetic
structure was developed using 2-D and pseudo 3-D analyses with emphasis on maximizing the
gap fleld and minimizing the amount of rare earth permanent magnet (REPM) material
used. This structure¢, a half-period assembly (pole and adjacent REPM}, is shown in
Figure 1. By testing a model scaled to a 7-cm period length the calculated magnetic per-
formance was verified, and a basis was obtained for the estimated wiggler performance
shown in Figure 2. FPFor the minimum wigglur gap of 21 am (g/A = 0,163), a poak livld ot
1.39 T was muasurud. For a 3% {(2%) tolurance in the vertical peak tield alony the trans-
verse direction, the minimum good field aperture obtuined is 2.9 (2.2) cm. Thus, model
test results verify that the design meets the performance criteria.
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The end half-pole configurations combine electromagnetic coils with REPM material to
dliow l[or active covrectioun of the inscertion device tield inteyral. The contliguration s
desiynud s0 that no current is required in the ond coils at the largest operating gap (10
cm), and increasing correction current is required when the gap is reduced.

Mangnetic structure

Figure 3 shows the overall design of the wiggler. The proposed maggetic structure 1s o
variable Eield, out of vdcuum arrangement, similao to the BL-VI device’ consisting of two
support "1" beams, each having 31 half-period essemblies and 2 end halt-purngd asseablies
attached, After preliminary model tests, Ndbe (H. = 10.6-kUe), was sclected® 1n ftavor ol
REC because it demonstrated higher gap magnetic flelds when substituled 1n a pole
configquration ootimized tor REC (l6% higher tields at large gap-to-puriod catiog aml less
with decredasing gap-to~period ratios due to pole saturation). NdFe also exhibits less
chipping, is easier to bond to common materials, and 1s less expensive than REC. Shown 10
Figure 1, the basic building block of the magnetic structure is the half-period pole as-
sembly each consisting of a vanadium Permendur pole surrounded with 16 blocks of Ndlte
material bonded to both the pole and aluminum keeper. The blocks of NdFe will each be
measurced tor total magnetic moment using a Helmholtz coil, then sorted and matched to
achieve a uniform total magnetic moment for each pole assenmbly. Fabrication ot thesc
half-period pole dassemblies will be in o manner similar to those ot the BL-VI wiggler:®

the halt-period pole assemblies and end half-period pole assemblies will be bolted onto
precision flat surtaces of the "1" backing beaws dand subsequently shimmed such that all
pole faces are aligned to a plane within £0.025 mm. Provision for tuning will be avail-
able for each pole assembly. The backing beams are mounted to the drive system which
allows the peak field to be adjusted by changing the gap between the two magnet halves.

Vacuum system

The wiggler vdacuum system shown in Figure 4 consists of a "fixed gap” vacuum chamber
with ports provided for wmounting two fixed masks, two 220-liter/sec ica pumps, one nude
ion guauge and one right angle bakeable valve. The chamber itself will be fabricated trom
two stainleys stuel plates, type 316 LN.  The halves will be jachined to provide o mintnum
opcedting vertitcal guap ol 18 me aud o hotizontal gap ol 2l mm (60 @m Lo Lhy tuside of Liw
Leam ceaterline and 156 mm to the outside, providing a reglon designed to properly handle
bending magnet tadiation by allowing no direct radiation on chamber walls. The top and
bottom chamber surfaces will have pole pockets machined into them to achieve the 2l-mm
minimum magnetic gap. The two halves will be welded together along the neutral axis to
minimize warping. The ante-chamber (towards the outside of the SPEAR ring) allows the two
masks to absorb radiation produced by both bend magnets adjacent to the wiggler. These
fixed masks are designed to deflect desorbed gases downward toward the ion pumps in order
Lo maximize pumping efficiency.

Two transition spools fabricated with bellows and welded to Conflat flanges will be
mounted on each end of the vacuum chamber. They will each accommodate a low loss RF tran-
sition as well as four sensing elements that together monitor the electron beam position.

Drive system

The wiggler will be equipped with one remote drive system to control the magnetic gap
from 4 minimum of 8 mm during magnetic measurements to a maximum of 300 mm but with an
opurating gap ranging from 21 to 100 am. This System includes a main frame supporting 8
ball dcrow shatts; 4 right-hand«d ones on Lhe uppetr halt of the wigylucr and & lett~handed
ones on the lower hall coupled together by 4 drive shafts., The shafts are driven by a
stepping motor and a double worm gear reduction unit through a roller chain and sprocket
arrangement. The position of the maygnet gap opening is encoded via a device directly
coupled to the drive system, Limit switches, a torque limiter, and muchanical stops pro-
vide system protection.

Insertion device radiation output

Figure 5 shows the expected l5-period wiggler photon flux compared to that from a SPEAR
bending magnet. Table 2 summarizes typical wiggler output characteristics. In nominal
SPEAR operation, the total puwer out is comparable to the BL~VI wiggler, but the powor
densgity is only 69%, thus, the covled components designed tocr BL~VI can bu conservalivuely
adapted with minor modifications.
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Figure 3. Overall design of the 15-period insertion device.
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15-period wiggler — 1.3 T {3 GeV, 100 mA)

15-period wiggler —
1.3 T (2 GeV, 10 mA)
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Table 2., Beam Line VIII wiggler output characteristics for B=]1.3T and K=15.6.

Typical purasitic Nominal dedicated Maximum dedicated

{2 GeV, 20 mAi) (3 Gev, 100 mA) (3.7 GeV, 100 ma)
Peak critical energy, kev 3.5 7.8 11.8
Horizontal divergence, mrad 8.2 5,4 4.4
Total Eddi%ted power, watts 175 1950 2970
Peak kW/cm® at 8.5 m 0.11 2,7 6.2

from wiggler center

Preliminary wiggler emission modeling

As an aid in designing the beam lines, a computer program yas written to calculate the
spatial distribution of the radiat.on from insertion devices. This program has been
applied to the 15-period design in nominal wiggler mode for which the incoherent emission
dominates and our basic assumption of negligible coherent emission is reasouable. (A more
rigorous medullng cuo on thu LLNL Cray computors iz planoud tor thu nuear tutueol).
subiwinger's equation® was applied over the sinusoidal electron path ot the wiggler to
obtain the spatial distribution of radiation in the x-y plane normal to the center axis at
the first mirror position (8.5 m from wiggler center;. For these studies typical SPEAR
operating conditions were assumed (1.8, 3.0 and 3.4 GeV, respectively). Account is taken
of the effects of the finite wiggler length and the spatial and angular spread of the
SPEAR electron beam. At each photon energy an approximation is made to the horizoatal
spreading of the distribution to account for the intrinsic photon divergence. Figura 6
showy x-rday uvmisgion rusulty for vag ol tha four dymmotric quedrantys caleulated tor two
photun vaergies, 7.8 keV (the critical cnergy obf the wiggler at 3 GeV and 1.3 lesla) and
900 eV typrcal ot the proposed herd and soft x-ray branches, respectively. The isointen-
sity curves on this x-y plane each represent a fraction of the absolute intensity given at
the center (x=0, y=0).

The 7.8-keV results indicate a rather uniform distribution that decreases smoothly near
the edges. In contrast the soft x~ray distributions typified by the 500 eV case display a
more complex nature characterized by an increase in intensity at the sides. These results
indicate that a horizontally deflecting mirror can be positioned to inteircept the more
intense side lobes while still making a large fraction of the central core available to
the hard x-ray branch.
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Preliminary work shows the effect ot cach of the contributions that simear the spatial
vutput distributions. At high energies the only noticeable effect is that due to the
sputial and angular spread of the wvlectron beam. At low photon ecnergies both the intrin-
sic photun spreading and the colierent contribution are more 1mportunt. Validity ot the
preliminary hacrd x-ray results is thus considered rather good, while the low energy
distributions will benefit more significaatly from the rigorous approach in progress. At
any rate, the initial results are sufficient to specify the wiggler design parameters and
tor conceptual design of the branch line x-ray optics.

Undulator performance

To take advantage of the insertion device performance as an undulator, the capability
will be provided to deflect the beam on center axis into the VUV branch. 1In this mode of
operalion, of great interest is the spectral range for which the undulator fundamental,
El, is significant, detined roughly by detlection parameter K values trom 0.3 to 2. For
nominal dedicated SPEAR operation at 3 GeV, the range is 200-600 eV, thus, covering the
important carbon, nitrogen and oxygen K-edge regions. For 3.7 and 2 GeV operation (maxi-
mum dedicated and typical parasitic) the respective El ranges are 300-900 eV and
90-270 eV, Since the low horizontal divergence in undulator mode tends to improve the
resolution of a grating monochromator, we expect to have good performance particularly in
the dedicated mode. Note that we have not fully analyzed the effect of magnetic field
tolerances on undulator performance. For best results careful tuning of each pole assem-
bly may be required during construction.

A 15-period device with a similar period length, 12 cm, pas been chosen as one of the
interchangeable magnetic structures con Heam Line V at SSRL. Calculated output spectra
tor this undulator have been presented in these proceedings.

Utilization of the higher order undulator harmonics may prove advantageous for the hard
x~ray branch. The development of a UHV double crystal monochromator and/or differential
pumping is being considered to extend the range of the hard x-ray branch to lower ener-
gies.

Acknowledgments

We wish to thank C. Poppe, LLNL, for his support leading to the design completion. We
appreciate the encouragement of A. Bienenstock, J. Cerino and H. Winick of SSRL, and help-
ful discussions with G. Brown. We wish to acknowledge the support of this work at LBL by
D. Attwood, M. Howells and K. Berkner. We thank R. Bringans and R. Backrach, Xerox Palo
Alto Research Center, for presenting the BL-V undulator spectra in these proceedings and
tor making their undulator information available to us. We are grateful for the assis-
tance of J. Brown, J. Thompson, and B. Gee on design and Linda O'Connor and Janice Meamber
on the manuscript. This work was performed under the auspices of the U. S. Department of
Energy by Lawrence Livermore National Laboratory and Lawrence Berkelay Laboratory under
Contract No. W-7405-Eng-48.

References

l. Egon Hoyer, et al., The Beam Line VIII Wiggler Conceptual Design Report, Lawrence
Berkeley National Laboratory internal report, LBID-990,1985.

2. K. Halbach, "Permanent Magnet Undulators,® Journal de Physique 44, C1-Cll (1983).

3. Eqgon Hoyer, et al., "A New Wiggler Beam Line for SSRL," Nuclear Instrum. and
Meth., 208, 117 (1983).

4. K. Halbach, et al., "CSEM-Steel Hybrid Wiggler/Undulator Magnetic Field Studies,*
I1EEE Transactions, Nuclear Science, to be published, NS-32 (1985).

5. LEyon Hoyer, ot al., "The Beam Line V| REC-Steel Hybrid Wiggler for SSRL," 1EEE
Transael ionn, Nue lu.n‘ Beiunve, NG=-30, $Hl, (19B3).

b, D) Shuman, MqJ“uL]‘ud Nuudymlum—lxun Hlu«ku, LB Spucitication, th:, 1985,

7. E. M. Lent and W. C, Dicklnson, Spatial Distribution of Radiation Erom the Heam
Line VIII-W 15-Period Wiggler, Lawrence Livermore National Laboratory Report, UCRL-53635,
May 13, 1985,

8. 1lbid, p2.

9. R. Z. Bachrach, et al., ™“SSRL Beam Line Wunder: Design and Planning," Nuclear
Instrum. and Meth., 208, 105 (1983).

10. R. Z. Bachrach, et al., SSRL insertion device beam line 'Wunder', Session 6, these

proceedings.



http://Mpjti.il
http://i_i.il

