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Abstract

A new h1gh 1ntens1ty beam 11ne w1th a w1gg]er magnet source is

‘described. Th1s progect, in f1na] stages of design, is a joint effort

between Lawrence Berkeley Laboratory (LBL), the Exxon Research and
Engineering Company (EXXON), and the Stanford Synchrotron Rad1at1on

Laboratory (SSRL) Insta]]at1on at SSRL will begln in the summer of 1982.

“The goa] of th]S proaect is to prov1de extreme]y h1gh—br1ghtness synchrotron

_rad1at1on beams over a broad spectra] range from 50 eV to 40 keV
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~ The radiation source is a 27 period (i.e., 55vpo1e) permanent magnet
wiggler of a new deSIgn. The w1ggler utilizes rare-earth cobalt (REC)
material in the steel: hybr1d conf1gurat1on to achieve high magnetic fields
with short periods. An ana1y51s has been made of the po]ar1zat1on, angular
d1str1but1on and power dens1ty of the radiation produced by the wiggler.
Deta1]s of the wiggler design are presented The magnet is outside a thin
walled (lmm) variable gap stainless steel vacuum chamber. The chamber gap
will be opened to 1.8 cm for beam injection into SPEAR and then closed to
1.0cm (or 1ess) for operation. Five remotely contro]]ed drives are
provided; to change the w1gg]er gap, to change the vacuum chamber aperture
and to poswt1on the w1gg]er '

Deta1]s of the beam line optlcs and end stations are presented

_ Thermal load1ng on beam line components is severe. The peak power dens1ty
at 7.5 mis 5 kW/cm for the nominal w1gg]er field and present SPEAR beam
currents and w111 approach 20 kwlcm2 with the maximum wiggler field and

prOJected SPEAR beam currents

I. Introduction
| The development of the Beam Line VI Complex ts a joint effort between
the Lawrence Berke]ey Laboratory (LBL), Exxon Research and Engineering |
Company (EXXON), and the Stanford'Synchrotron Radiation Laboratory (SSRL).
The goal of this project is to provide extremely intense synchrotron
radiation over a broad spectral range, from 50eV to 40 keV. The radiation
source is a 27 period (i.e. 55 pole) permanent magnet wiggler of a new
design. o |

A schematic layout of the Beam Line VI compiex is shown in Figure l;
Rad1at1on from the w1gg]er is concentrated in a forward cone 3-4 mrad

wide and is split among three possible branch 11nes the VUV (0.05-1.5 keV
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range); the soft x-ray (1-4 keV range); and the x-ray (3-40 keV range).
Initially the x-ray and VUV bran;h Tines will be implemented. The obtics
design 1. provides for the beam core (hard x-rays) in the forward |
direction with the upper and-lower tails of the beam being horizontally
- deflected by two vertically separated mirrors--at a_2° grazing angle into -
the VUV line and, in the opposite direction, at a 1-1/2° grazing angle into
the soft x-ray line. The x-ray line will have provision for optional use of
small angle vertiéél deflectibn, (with bent cylindrical focusing mirrors)
for desired cut-off energies. '
2. .Wiggler

The source of high intensftyVsynChrdtron,radiation fof Beam Line VI
will be a $hort period rﬁre—earth cobalt (REC)-steel hybrid'wilggler‘.2
Table I gives the basic parameters for this Wigg1er; The synchrotron
radiation output characteristics are given in Table II{

Table 1
BEAM LINE VI WIGGLER PARAMETERS

Nominal o Max i mum
. Design Design
Magnet Type = o REC-Stée] Hybrid
Peak magnetic field range (tesla) V.OO6—1;30 . .006-1.75
[+ 2% peak to peak:field variation] : :
Magnetic period (cm) { ' | 7.0
No. of complete periods S o ‘ :“27 .
Effective magnetic length (cm) , , 1‘193.4
~ Beam vertical aperture range (cm) 1.81.0 : 1.8-0.6 “
Pole to pole aperture rahgé (cm) 12-1.2 12-0.8
' Wiggler horizontal aperture (cm) + 1.0
Aperture field variation (gauss) | 30
Pole width (cm) ' 8.5

»



3

‘e

Table II
WIGGLER SYNCHROTRON LIGHT QUTPUT CHARACTERISTICS

(3.0 Gev, 0.1 Amp)

Nominal Maximum
Design Design
1.30 Tesla 1.75 Tesla
Horizontal angular divergence (mr) + 1.45 -+ 1.95
Peak critical energy (keV) 7.78 . 10.48
Total radiated power (kW) : 1.86 3.38
' 8 5 11.44

Kmax = .93480 (T) XW(Cm)

Source Size and Divergence

Energy Horizontal _ Horizontal Vertical Vertical
: Divergence Half Width Divergence Half Width
(kev) . (+ mr) . (mm) (+ mr) (mm)
a). Nominal Design (1.30 Tesla) '
: .01 1.45 3.30 . 1.57 0.90
0.1 - 1.45 3.30 .59 - W37
1.0 - 1.45 L3.300 .22 ) .20
10.0 1.45 3.30 . .08 .16
~b) Maximum Design (1.75 Tesla)
: 0.01 1.95 3.38 S 1.78 1.02
0.1 1.95 3.38 ' .67 .42
1.0 1.95 - 3.38 .25 21
3.38

10.0 1.95 .09 .16

, _
"The wiggler synchrotron radiation flux output for various vertical
angles with a 1.35 tesla wiggTer fie]d.and'a 3.0 GeV and 0.1 ampere
circulating beam is g{ven in Figure 2. Figure 3 shows the po]atization
defined by S0 |
{ -
_ N Nl
p = N'.+N_L
N" and Nl are the number of photons po}arized in the horizontal and vertical
d1rect1ons, respect1ve1y

When the w1gg1er is operat1ng at low magnetic fields, 1t will function

3

as an undulator. Figure 4 shows the anticipated spectrum™ for a 0.1 amp

electron current at 3.0 GeV and a widg]ér field of 0.3 Tesla.
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3. Wiggler Design

\

The wiggler desjgn utilizes the REC - steel hybrid configuration. For
comparison, Figure 5 shows quarter period magnetic flux plots of the eteel
hybrid configuration (a) and of a pure REC configuration (b) for the same
pefiod and gap. The REC-steel hybrid configuration,'has severa]'edvantages
over the purevREC approach such as was used in our .design of the SPEAR
undu]ator.4 First, the hybrid can produce a magnetie-field which is about
50 percent stronger thanjis possible with the pure-REC'device., Secbnd, the
field distrfbution in the hybrid wiggler is dominated by the shape of the
steel pole surfaces. Althbugh the steel is driven into saturation, its
permeability is still large edmpared to unity. 'This makes the field
strength and distribution much less dependent on material properties than is
the case in the pure REC design. Thfrd, if wjl] be possible to.tene the
peak field at individual steel poles by using variable flux shuﬁts at each
pole. |

. Figure 6 is an elevation cross-section of the Beem Line VI Wiggler.
The basic arrangementeof the poles and REC is shown. The longitudinal
Jocation of the tunihg studs for each pole-is indicated. The becking plate
has two functions;.it serves as part of the magnetic tuning circuit as well
as main structural eubpoft for the pole assemblies. Figure 7 shows a
cut-away section of the wiggler and the associatedbf1EXible vacuum chamber.

The pole-REC configuration shown in Figure 6, was optimized using the
ﬁANbiRAS magnetic design-code; Af ter establiéhing the basic configura-
tion, pole thickness was determined, subject to the constant 7 cm period
restraint and a 0.8 cm gae, so-as te achieve the highest peak gap field.
Computations were carried out with a REC coercive force of 9000 QOersted and

a Vanadium Permendur pole. Figure 5 (a) shows the magnetic flux plot at
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1.30 Teslas peak gap field with a bolé to pole aperture of 1.2 cm. In this
case, mosf of the REC is at a field level of B~0.18 Teslas. The pole is

~chamfered with a simple 45° angle to decrease pole corner saturation and to
slightly increase peak field.

A prototype half-period pole assembly of the optimizéd configuraf}on,‘
was fabricated and tested as shown in Figure 8. To expedite the test, an
iron pole was used wifh REC’having}a 7950 Oersted'coercive force. Test
results are summarized on Figure 9. The results show that the 8.5 cm wide
pole is adequate for the 2 cm aperture width, where the tra#sverse vertical
field tolerance is the lesser of 30 gauss or a 5 percent: field error.

~ Further, a tuning range of 1 percentvwas obtained for centré] fields up to
1.03 Teslas (6 mm half gap) and the range decreased to about a 1/2 percent,
due to pole saturation, at 1.42 Teslas (4:mm half gap);-vwith aéd mm half
gap,_an 8 percent lower péék‘field was measdred than was predicted with the
'Fwo—dimensional cohputer code'which'1§‘attributed_to the tﬁfee dimensional
aspects of the RECTpole assembly andcto mechanical considerations.

N In order to vary tﬁe wiggler field over'the.range from .006 to 1.75
Tes]as,‘the'wigglef bo]e to pg]e aperture must be varied‘from 12 cm to 0.8
cm. In additidn; operation of tﬁe wiggler requires that the integral of the
field through each half of the wiggler be zero for -all field levels.
NU]]ingvthe field intergral.will be éccomblishéd using special end poles,

o4 which have both REC and energizing éoils.) Using the PkOISSON-6 computer

code, a magnetic design was established such that no Coi] excitatiqh is

bt required for the 12 cm aperture and only a modest 700 ampere-turns being
required for the 0.8 cm apertufe.' N

The wiggler magnet is outside a thin walled, variable aperture vacuum

tank. Thus the wiggler magnet itself can be designed without the

13
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constraints that would be imposed by an in-vacuum design. FigUre 6 shows
the self supporting ribbed sections of the vacuum chamber between‘the' |
wiggler poles. The vacuum chamber apefture w}]].vary from 1.8 cm (the
nominal injection apgrture)xtg;@n:mjnimum.of.0f6 cm (1.75 tesla wiggler
operation). To achféveﬁfhiévVACQum‘Chambef;méiibn (1.2 cm), two flexible
. omega joints will be used tb ob£ain the necessary change in aﬁ?rfure, as
shown in Figure 7. |

The wigg]er'w111 be equipped with five remoté drivé Syétems with the f
following functions and motions. | |

Function Drive . »   ’fRange

~ Adjusts wiggler Wiggler pole to D 0.6 cm to 12 cm
- magnetic field pole gap s - - and to 90 cm for
- servicing
Allows for Vacuumﬂghéhber gap 0.6 cm to 1.8 cm

Spear injection

e ‘ S Vertical adjustment. *+ 0.2 cm and to 35
Allows alignment : ' S cm for servicing.
to SPEAR orbit : ’
Horizontal and yaw + 0.6 cm

adjustments

Tentative alignment tolerances for the wiggler are:

Motion Tolerance

Horizontal + 1 mm ‘
Vertical * .25 nm (+ .25 mm reproducibility)
Longitudinal + 3 mm

Roll * 4 mrad

Yaw + 4 mrad

Pitch + 0.1 mrad (+ 0.1 mrad reproducibility)

4, Beam Line Thermal Considerations

Table III summarizes tofa] beam power and peak power density, at 7.5
meters from the wiggler source point, for the nominal design and future

operation of the Beam Line VI Compiex.-'

16



-Table III
Peak

Wiggler  Electron Circulating Total power density
Field Energy Current Power" 7.5 meters
(Tesla) (GeV) (maps) (Watts) (Watts/cm?)
Nominal Design 1.3 3.0 100 1900 - 5800
Future 1.75 3.0 200 6800 15000
Operations
1.75 3.7 100 5200 18000

The nominal design is a factor five times more intense than the
existing SSRL Beam Line IV wiggler line. At these intensities all beam line
components that are i]luminated by the beam'muSt‘be suitably cooled or
protectéa. Al1 existing SSRL components such as masks, slits, shutters, and
pbsition monitors, which the beam may strike are being.redésigned'to handle
this intense power. The design approach is to use sloping surfaces, to
reduce the effective power density, along with water cooling. Components
(e.g.; vé]ves or beam stoppers) which normally are not exposed to these beam
inténsities; except under‘faﬁlt oberatioh, Will be sﬁitably interlocked so
that the SPEAR beam is immediately dumped.

| The beam 1ine‘enve]oge will be sized to allow for a horizontal beam
width of + 1.4 milliradians beam divergence plus a horizontal beam movement
of * 3 mm. The vertical opening will be for a + 1.7 milliradians (+ 10/y at
3.0 GeV) beam divergence plus a vertical beam movement 6f;: 1 mm for the VUV
‘and soff x§Fay beémS‘and_i‘0.54 mrad for the x-ray beam. |

The Beam Line VI component schematic; Figure 10, shows the locations of
‘the various mirrors. For example, the 1;0 degree (0.5 degrée grazing angle)

'x—ray, mifror at 12.8 m from the wiggler source point will have a maximum

absorbed power intenSity of 11 watts per square centimeter for the nominal

17
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&

design pérameters and 45 watts per square centimeter for the projected
intensity increase ét SPEAR. |

Mirrors, in addition.to heat remoyal considerations, have the
additional problem of thermal distortion which pah result in poor optical
perfbrmance. For mirrors the basic design'approach is to reduce distortion
due to heating by atfaching the mirror to stiffening members which will
reduce the distortion tendency. The mirror systems are quite compiex. They
will have éooling tubes, overétemperaturé'interlocks, a special backing
plate system, along with a more massive bending mechanisms (toroidal
mirrors). |
5. Beam Lines

5.1 X-ray beam 1ine

As shown in Figure 10, provisions wii]_be made for two bent cylindrical
x-ray mirrors, having cutoffs at 10 keV and 21 keV, respectively. The
monochromator will be an SSRL standard Hower—Brown version similar to those
installed on beam lines IV and VII at SSRL. A tandem hutch arrangement will
be employed, with the first unit serving as a genefa] purpose experimental
enclosure, and the second unit enclosing a general purpose diffractometer.

5.2 VUV Branch Line

The design will implement a new design of double grating
monochromator. This monqchromator utilizes the total horizontal fan but

slightly less than half of the vertical beam distribution. This reduces the

. power loading of thé VUV beam splitter mirror and allows the x-ray end

station to utilize almost all the horizontal orbit hard X-ray radiation.’
The monochromator ‘emphasizes the 50-1500 eV spectfa1 range and is

designed for high energy resolution (better than 0.3 eV over the whole

“range) and good order and scattered light sorting ( < 2 percent). Even with

19



in these constraints the bright wiggler source still allows for a reasonably
high photon flux (> 5 x 1010 photons/sec/0.1 percent bandwidth) over the
entire spectral range. The optical design of the monochromator utilizes a
concept originally suggested by W..Hunter (NBS) and-improved and adapted to
the wiggler sources by M. Howe]]s-(BNL).7 fFngre'll shows the resu]ting

LBL conceptual design presently being developed.

20
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