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Abstract During off-axis imaging, the SR isncident on the
mirror at nominally 4 to grazing, depositing up to 200
This paper describes the mechanical design of the prlma\yv/cm a|ong the mirrofacefor 3 A, 9 GeV operation_
mirror that images the visible portion of the synchrotromhjs lineal power deposition corresponds to a heat flux of
radiation (SR) extractedfrom the High EnergyRing 2000w/cni. This power deposition mayccur ashigh

(HER) of the PEP-Il B-Factory. Duringoff-axis  as 5 mm from the nominal HER beam axis.
operation, thewvater-cooledGlidCop mirror is subjected

to a heat flux inexcess 02000 W/cni. When on-axis 2 MIRROR DESIGN DESCRIPTION
imaging occurs, the heat flugdue to scattered SR,

resistive wall lossesand Higher-Order-Mode (HOM) 2.1 General Requirements

heating is estimated at 1 W/éniThe imagingsurface is
plated with Electroless Nickel to improve itgptical
characteristics. The design requirementsttierprimary
mirror are listed and discussed. Calculated mechanicak Reliable on-axis imaging
distortionsand stresseexperienced byhe mirrorduring ¢  Withstand off-axis thermal loading

The GlidCop mirrorandabsorber coisination have the
following design criteria:

on-axis and off-axis operation will be presented. . In-situ adjustment and replacement capability
. Integrate into existing dipole chamber design
1 INTRODUCTION . Compatible with 10 nTorr UHV System

The design approach fthe SR Light Monitor System *  Minimal impedance

has beerdescribed indetail[1] and is based ostandard *  Provide SR masking

design parameters féhe HERArc Vacuum System([2]. The general requirements cover three basic
The 3 A, 9GeV electron beam isirculated around the cateqgories: optical, vacuum and mechanical requirements.
HER through 192 dipole magnets wittend radii of

165m thateachemit 55 kW of radiation. The SR is 2.2 Optical Design Requirements

widely distributed in the arcs; the copper vacuum

Imagng Surface

chamber outer wall intercepts up to 102 W/cm. \ :

The shallow angle of Skhcidence orthe chamber \ [ o
wall, stringentimpedance requirementnd the magnet
packingfactor in the arcs lead to complicated design
solutions. These factoradverselyimpact anydesigns \
that employ relatively large source-to-optic distances, _ P
crotch-style absorbemnd “Y”- chambers such as those mim Geep (max)| Vertical, or
implemented by APS[3] and others. At SLAC, PEP had gotin Mirror ~f Sa0fe

originally implemented a system thagflectedthe light
back across the beam axis to optics on the inside of the
ring perimeter. The system for PEP-Il is similar in
concept, but manages the SR hieaids in aslightly
different fashion. The imaging surface of the mirror is plated with
A GlidCop mirror and photon absorber replace a Electroless Nickel (9% Sulphur, 18D bath) to a
190mm (7.5”) section of the outer wall of thdipole maximum of 0.1 mm thick. Reliable imagirdictates
vacuum chamber. During on-axis operation, the hdairly stringent surface quality including figure, slope
portion of the SR fanestimated at 1 mm irheight, error and surface roughness. The figure of the maiter
passes through a shallow slot in the mirror imadang polishing is specified to be flat 2040 rmsmeasured by
and isintercepted inthe GlidCop photon absorber. TheHe-Ne laser interferometry a632.8 nm over the81.2
heat load duringmaging due to scattere®R, resistive mm x 34.9 mm (3.198” x 1.375”") opticalrface. The
wall lossesand HOMheating is estimated at 1 W/ém required slope error is specified noteceed Surad rms,

Tangettial, or BeambDirection

Figure 1 Optical Surface of the Primary Mirror
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corresponding to amms slope ofA/5 over a 25 mm low yield strengthafter brazing coparedwith GlidCop.

distance. The mirror roughnesafter polishing is GlidCop is chosen forits relatively high thermal

acceptable if less than £orms. conductivity, vyield strengthand relative ease of
Image quality near the slot is important to manufacture.

minimize theeffects of edgescattering. Therefore, the : : Mirror Surface

specifications above apply up to 0.2 mm from d¢dge

of the slot. This surface adjacent to the slot as well as a Arr-Guard — 8

2-mm-wide area along the outer perimeter of the imaging . N/

surface arenot required to meet the surface quality

specifications. e g

. Coadling Tube J Cooing
2.3 Vacuum Requirements Channeks

Slotin Miror
Surface

For 10 nTorr UHV systems, SLAGequires certified  Figure 3 Section of Mirror at Cooling Outlets
materials, cleanliness consistent with 100K clelssin . L

rooms, and no directwater-to-vacuumjoints.  These Thermal distortion is minimized on the substrate by
requirements are implemented to improve vacuum systeé#'Ploying  a  cooling scheme  similar to those
reliability. In particular,welded or brazedoints that Implemented by DiGennarro et al[4]. The cooling

carry cooling water areair-guardedfrom the vacuum Passagesrewithin 2.5 mm of the imagingurface and
system. are evenly spaced inthe sagittal direction. A flexible

mount allows the mirror t@xpand0.2 mm during off-

‘ BeamDirecion axis operation.

\c/i%ﬁ&r Masking is required to avoid SR striking any
E’J.;g‘gr?,er surfaces at wre than grazingncidenceangles. During
Mimor on-axis imaging, thechamber opening masks the
Strain = upstream end of the mirrandabsorbersimultaneously.
Relieved = Mirror Air- During off-axis imaging, thehamber rasks themirror
Cooling Guard and the mirror masks the absorber. Three RF seath,
4 : Miror Water masked by their immediate upstream compondnidge
ReturnLines .
(2% gapsbetween the chamber, mirr@and absorber. By
design, the leading edge of the mirror cannot
Mirror Water inadvertently be moved beyoritd masking point into
Supply Line the SR fan.
?Vt;sgrrbgjpply The mirror and absorber are attachéth adjustable
and Return Access Flange fasteners to a mounting plate. Yaw and roll of the mirror
can be set to withiel mrad andt 3 mradrespectively.
Strain-relieved cooling tubemre routedrom the back of
Figure 2 Mirror and Absorber Assembly the subassembly to a spool piece. The sppete
provides external water supply to the mirror and absorber.
2.4 Mechanical Design Requirements The air-guard,which eliminateswater-to-vacuumbraze

The kev elements of the mechanical desionsist of and weldjoints, has a small tubeouted through the
Y <9 spool to the tunnel atmosphere. The assembly is

managing the thermal loads to facilitate reliaiob@ging,
X : . insertedthrough aflange-to-rectangular-tube brazement
packaging the assembly in the dipole chamber geometry, . o )
oS ) : that is electron-beamwelded to the modified dipole

providing in-situ alignment and repair or replacement.

For thermallyloadedmirrors, substrate selection is chamber.
dependgnF on three materlql prop_ertles: thermal 3 ANALYSIS
conductivity, thermal expansiorand yield strength.
Manufacturing considerations such as metaiging, | Modulus of Elasticity 131 GPa (19E6 psi)
machining and optical preparationalso drive material | Yield Strength (1 hr @ 100Q) | 303 MPa (44E3 psi)
selection. Thermal Conductivity 365 W/m°C
GlidCop , Molybdenum, Berylliumand Copper | Thermal Expansion 16.6E-06¢C

have been considered.hilé Molybdenum has very high Table 1 Mechanical Properties of GLidCop AL-15
yield strengthandlow thermal expansion, it iglifficult
to machineand join. Beryllium has relatively hig
thermal expansion but low yield strength. It t@guires
special care during machining. Copper has better ther
conductivity than everthe best GlidCop, but hagery

h The mirror must function reliably at low heat loads, 1
Wicn?, and withstand high thermal stresses while
n*'g‘ercepting the off-axis SR fan, 2000 WkmA 2D
triaxial stress finite elemenmnodel has been developed
using ANSYS to helpdeterminethe optimum cooling



geometry. Strategic water routing canarkedlyimprove
mirror performance. To provideymmetry during on-
axis operation, all cooling channekre plumbed in
parallel. A flowrate of 1gal/min, corresponding to a
heat transfer coefficient of 2 W/&PC, yields almost no
bulk temperature rise duringnaging for a ~35Wotal
heat load. A conservative value of 0.8 W/&@ is used
for the analyses, along with a bulkater temperature of
35°C.
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3.2 Off-Axis Durability

Peak compressive stressdige tothe SR strikeduring
off-axis imaging are estimated at 267 MPa (39 ksi). The
hot-spot peak temperature is 286 This peak value is
relative insensitive to thdepth ofthe cooling passages.
For 3A, 9 GeV operation, theeakstress is 89% of the
quoted yield strength.

3.3 Three-Dimensional Effects

The sagittal slopeerror calculated is~23 prad for a
2.5mm deepslot. For reference,the installed mirror
system must limit the tangential and sagittal slepers
to 15 pyrad and 35urad respectively. The 2D analysis
shows that increasing thdepth of the slot narkedly
increaseghe sagittal slope error. At 5 mueep, the
slope error is more than an order of magnitude larger.
slope error of this size islearly unacceptable fqroper
imaging.

The slot varies in depth from 0.5 mm at thading
edge of the mirror to 5 mm at its deepest. This axial slot
depth variation requiresthree dimesional modeling to
fully determinethe mirror figureandslope errors. The
operational stressegwedicted bythe 2D analysis will be
comparable to the 3D calculations.

A

4 PLATING AND POLISHING RESULTS

The mirror has beeplated and polished by SESO in
France. The results of the plating and polishingoaite

good, and the mirror finish and quality will laeceptable
for use in the HER.

Figure 4 Distortions from Ideal Surface for 2.5

mm Deep Slot

The water passagese machined inwarérom the

backside of the mirror. A cover is thémzed on tcseal

the passages. It imssumedthat the cover is not

thermally connected to each web between water passag(é

but only in the thick middle portion as well as thater

edges. This is a conservative assumption sincedies
thermal conductionand subsequent convectiomould

lower the peak temperatures of the mirror footh

loading cases.Also, hydraulic pressurdas almost no
effect on mirror surface figure or slope error.

3.1 On-Axis Imaging

The water passagewumber, height,width and depth
(below the opticalsurface) directly affecthe optical
characteristics. Deeper slots reduce the mirror
temperature duringmaging but increasethe estimated
sagittal slope errors. Thaddedsurface areaools the
backsideandincreases angular errors time mirror face.
Shallower slots raise the butemperature othe mirror
adversely affectinghe mirror figure,and producehigher
peak compressive stresses during off-axis operation.

Optical Feature Specified Reported
Figure, rms X=632.8 nm) M40 A30
Tangential Slope Error, rms tbad <4prad
Sagittal Slope Error, rms qFad <3urad
Roughness (A rms) <10 71t08
Table 2 Specified and Reported Optical

Llaracteristics After Plating and Final Polishing

5 CONCLUSIONS

The mechanical design of the SR Primary Mirror is
capable of withstanding an off-axis hit of 2000 W/cah

3 Aat9 GeV. The reported optical quality of therar
component isacceptabldor operation. The operational
optical quality of the mirror varies along the mirror
surfacewith the depth ofthe slot. Further 3@nalyses
should be conducted and comparedith operational
results to determine overall mirror performance.
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