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Abstract large number of gapsreated bythe structure may result

in poor vacuum. Hence, we havedeveloped anovel
An in-vacuum minipole insertiodevice[1] is currently  structure to place and hold small magnet piecesenise
being developed in collaboration betweenand the locations, and itis delineated in Figure 1.

National Synchrotron Light Source (NSLS). The Y

magnetic array igonstructed bySPring-8and it will be NG

installed in a chamber with mechanical parts in Xhay Clamps 7
ring (E=2.584 GeV) at the NSLS. The devicenade of %

permanent magnets with 31 periods and the length of thg
period is 11mm. It is to produce the fundamental
radiation at 4.6 KeV which will be mainly used f&fray
photo-correlation spectroscopyXPCS), and modest
value of deflection parameter(K=0.7@3.3mm gap)
enables higher harmonics to be used for a variety of
experiments.  Wedescribe technical difficulties of
constructing this type of device as well as the outline of Base Plate
our collaboration.

Side Plate

|

Figure 1. Magnet and holder structures

1INTRODUCTION 3MAGNETIC FIELD MEASUREMENT

With the advent ofthe third generatioright source,
vertical emittance of electron beggbeam)hasbecome
small enough toaccommodate sub-centimeter magnet
gap without sacrificing e-beam life-time. Unlike
conventional insertiordeviceswhose minimum gap is
limited by the thickness of vacuum chambémnsyacuum
insertion devicesallow magnetic gap to belosed up to
the value allowed by beam dynamics limit. Witkhadue n
of K not much smaller than unity, the use Hifjher \ &
harmonics and modest tunability are also viable. e

A picture of our magnetic field measurement facilities are
shown in Figure 2. There aredwo types of systems; a
Hall probe field mapping system whichincludes a
moving stage on a granite bendmlders for magnet
arraysand abase plateand arotating coilfield integral
measurement system which is seen at the upper right
corner in the picture.

2 ARRAY DESIGN

In-vacuumminipole undulator imposes extra constraints
and difficulties compared to conventional IDs in design of Fﬁk
magnet pieces primarily due to the following reasons:

(2) It requires higher machiningccuracysimply because f
of its small physical dimensions. (2) As thenimum |
allowable size of goodield region (horizontafield roll- ) L' -

off is less than 0.5 %)_ for st_able ring operatiremains Figure 2. Hall probdield mapping systenand rotating
the same, horizontal dimension of the magnet cannot be; system.
decreasedndefinitely. (3) Due to baking process of

magnets thgpermeance of anagnet piece shouldot be As for the Hall probe, we use AREPOC HHP-MP
lower than a certain value that determined by the \yhich has an activarea of 10pm x 100um, and the
material. In general, stocky piece is more favorable thanpjckness of enclosure is 1mm. It jaced in1.5mm
thin one, which contradicts the requirement (2). thick copper plate and sandwiched byKapton tapes.

A type of construction witlindependenmagnetholder  Eyen though there is no temperature controlling device in
and clamp is not appropriate as relative errors in he enclosure of the probe, sufficiently low (%0 /
machining with respect to block size become lady&t a k) temperature coefficient ofhe probe withsoftware
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compensation and reasonable ambient temperature control

ensure the accuracy of the measurement. Extra attention

was paid tothe straightnesandflatness of travel. The —_— Gap v.s. Quad.

center of the probe has been found to stay on axis within o J E— S

a range oft 1 um vertically, andt 7 um horizontally. 0) T

The rotating coildevice isthe same one as ised for 2 5ol

SPring-8 IDs [2] except for narrower coil width (1.5mm) § i

and shorter length (1.6m.) Magnetic field correction was & i e ]
made byfirst using simulated annealing [3] fa@oarse S oo e o ]
correction, then inserting magnet chips on the back of 2 I e

magnets for fine adjustment. A stainless chiglisays S -150¢

inserted between main magnetand chip magnets to i i o -4

warrant removability, in case it becomes necessary. The & _,o0f. ... 1

multipole components are measured within a range of x = 2.5 3 3.5 4 4.5 5
+4mm. They are derived from polynomial fitting of the Gap (mm)
first integral distribution along horizontal axis using the

following formula. Figure 3-(b). Gap versuguadrupolecomponents of the

field.
(o)
. x . 41D PARAMETERS AND SPECTRUM
j (By +iBy) dz = (bn + ian)(x + iy)" e
00 n=0 Pertinent 1D parameters are presented ifable 2.
Predictedradiation spectrum is shown in Figure 4 and
where I are normal components anglae skew ones.  peak brilliance with varying K is found in Figure 5.
Integratedmultipole requirements foNSLS X-ray ring
and our measurement resulése presented iffable 1. Table 2 Selected ID parameters
Figure 3-(a) and (b) show gapdependence of measured
integrated dipole, quadrupole, respectively. Type Linear (4 block)
. _ Period LengthX, ) 11.0 mm
e oot oey [ oo [
of IVUN arrays at 3.0mm gap By (K) @33 0688 T (0.707)
mm
(n) Normal / Skew Goal (Abs) | Bhasurement || Eacg'”g FatctloF: - 0.992 T
. undamental Ra )
(0) Dipole 100 G*cm 77 1 -70 G*cn| { | 2688
(1) Quadrupole 10 G100G | -25 G /-192 §| ) . :
(2) Sextupole 50 G/cm 161 / 41 Glcip Magnetic Material NEOMAX 32 EH
Norm. 2nd Integrd g G*m2 0.031 G*n? | | Coating Material TiN (5mm)
Skew 2nd Integrall g G2 N.A. |
RMS Phase Shake degrees 1.45 degrees <
9 9_" s NSLS-IVUN Radiation Spectrum (K=0.7)
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Figure 3-(a). Gap versus dipole components of the field
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K Variation from 1 to 0.1 7 MECHANICAL SUPPORT AND VACUUM
Y A—— : SYSTEM (BNL)

IVUN is conprised of threemajor components: a
rectangular vacuum chambeith bellows feedthroughs,
magnetarray units with drive system,and anelevator

base stage, upon which all of the above components are

1 0“;

104

] supported.
\ ] The chamber is equipped with three formgpamping,
19 ] a 300 I/s ion pump, a titanium sublimat@nd anon-
3000 10 evaporablegetter. Precise alignment of the magnet
Photon Energy (eV) . .
arrays is facilitated by removabléop and bottom
rectangular flanges othe chamber: Vith the central
5 TRANSITION AREA section of the vacuunthamber removedthe magnet
arrays are precisely aligned, with full access todirays.

According to Referencpt], there are three predominant ~Then, using auxiliary pneumatic cylinders on the magnet
beam dynamic effects caused by small gap aperture of th@rive, the magnet gap spened tonearly 300 mm, and
minipole undulatorandaperture changedue totransition ~ the central section of the vacuwchamber isreplaced,
from outer vacuunchamber tolD. They are power  Without disturbing any of the adjustments.

dissipation due to longitudinal impedance, transverse ~ The undulator magnet arrays are mounted onwiter-
coupledbunch instability / stronghead-tail instability ~ cooled beams of thedrive system, directly in the
due to transverseresistive impedance and transverse ~ accelerator ultra-high vacuum. THeve systemenables
geometric impedanc®ower dissipation turns out to be Magnet gapdetween 1 mmand 10 mm. The elevator
modest. It can be shown that for gap being smaller tha®@se stage provides mounting fixtures for the IVUN
2mm transverseresistive impedancebecomes dominant Vacuum chambeand the undulator magnet drive. I
as it is inversely proportional to the third power of the addltlgn, it provides a 3 mm vertical translation 01_‘ the
gap lengthwhereasgeometric one is only to the first comblneq chamber/magnassembly about the nominal
power. Twotransverse effectare comparable when the beam height.

undulator is operated at the gap of 3.3mm.

Brilliance (phs/s/mrad®/ m m?/0.1%bw/0.1A)

Figure 5. Peak brilliance with varying K

8 CONCLUSION
6 UHV TEST
With in-vacuum structure, a minipole undulator having
After magnetic field correction was finishedyacuum modesttunability and harmonics has beeoonstructed.
test in UHV minichamber was conducted to make sure ofThe magnetidield quality is found be satisfactoryafter
no degassing elements in the magnet-arrbgfore spectral and mutipole correction, and the magnels
installation. Figure 6 shows schematic of thecuum show excellent UH\kompatibility. A clever design of
testing facility. The final value of vacuum reading by an vacuum chamber greatly improves accessibility of
extractor gauge (IONIVAC IM520, Leyboldgached 2x magnet arrays. A completdevice is expected to be
10° Pa, whichindicates sufficient ultra-high-vacuum installed in the X13 R&D straight section of theSLS

(UHV) compatibility of the arrays. X-ray Ring in May 1997.
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Figure 6. Schematic of the vacuum testing facility
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