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Optical Beamlines for the KEK B-Factory Synchrotron Radiation Monitors *

J. W. Flanagah S. Hiramatsu, T. Mitsuhashi, KEK, Tsukuba, Ibaraki Japan

Abstract age is captured via camera and processed. The surface of
the beryllium mirror is deformed by heating from the X-

We have designed and constructed two optical beamhn?asy component of the synchrotron radiation. The deforma-

for the KEK B-Factory synchrotron radiation monitors, one. ; . : . :
. ) n, which varies as a function of the SR beam intensity,
for each ring. Each beamline transports the SR beam 30- . ) R
) introduces a corresponding wavefront distortion in the SR
meters to an external optics hutch along two parallel paths, . . .
eam. The surface deformation of the mirror will be con-

One path is used for direct imaging with adaptive OptiCSmfinuous:ly monitored in the tunnel with a Shack-Hartmann

the other is used for transverse beam size measurements . .
. ) - ) wavefront measurement system to be installed during the
via SR interferometer[2] and longitudinal profile measure- : : :
machine shutdown for physics detector roll-in, and the

ments via streak camera. We designed and installed reIwévefront distortion corrected by the use of a deformable

lens systems for the adaptive optics paths. W‘? also prov'%rror (CILAS BIM31) in the optical hutch. This adaptive
remote alignment control for components which are inac-

cessible during beam operation (14 mirrors and 2 pairs %}2 t::CosrrSeycStf dﬂ?}/ﬁtﬁ;l/dlg?rmuge wave front distortion to

lenses total), with monitoring provided by a set of remote- .
- ' . . Because of the distance between the hutch and the beam-
controlled optical screen monitors. We describe the desqn . . . .
. . ine, the optical path between the two mirrors is constrained
of the relay lens and alignment systems along with perfoEb be at Igast 3% meters. A set of relay lenses is used to
mance results. transport the SR wavefront from the extraction mirror to

the deformable mirror, which is located at the conjugation
1 INTRODUCTION point of the relay lens system.

The KEK B-Factory is an asymmetric electron-positron ) ]

collider with two intersecting storage rings: the High En2.2 Relay Optics Design

ergy Ring (HER) for storing 8 GeV electrons, and therp,o requirements for the relay lenses are:

Low Energy Ring (LER) for storing 3.5 GeV positrons.

Eachring has a complete, independent SR monitor system,e Provide plane-to-plane focusing for the extraction and

consisting of a 5 mradian bend SR source magnet, water- correction mirrors: each mirror sits at a conjugation

cooled beryllium extraction mirror, closed optical beam-  point of the relay lens system, to map the surface of

lines and above-ground optical hutch. The beamline for  the extraction mirror onto that of the correction mir-

the LER is shown in Fig. 1; the HER beamline is similar, ror;

except for having one less bend in the tunnel. The beamlinee Match the active area of the correction mirror to that of

is split into two paths soon after the extraction mirror. One  the extraction mirror: the 15x15 mm usable surface

path, the imaging line, contains two pairs of relay lenses  of the extraction mirror needs to be magnified by a

which are used to transport the SR wavefront at the extrac- factor of 2 to make the most effective use of the clear

tion mirror to a deformable mirror in the optics hutch for aperture (active area) of the 5 cm diameter correction

wavefront correction prior to imaging. The other path, the  mirror;

direct beamline, has no focusing optics. e Minimize aberrations at the wavelengths of interest;
The mirrors for both imaging and direct beamlines are  a bandpass filter in the optical path sets this range to

custom ground and coated with aluminum for a surface flat- 550 nm=+ 5 nm;

ness of\/10. e Use commercially available lenses where feasible.
2  OPTICAL PATH DESIGN The basic design uses two pairs of doublet lenses. Each
pair consists of a concave lens and a convex lens with fo-
2.1 Imaging Beamline cal lengths of equal magnitude but opposite sign, which

minimizes the dependence of focal length on errors in fo-

The principle features of the imaging beamline are showga| lengths of the two lenses. The convex lenses are com-
in Fig. 2. The optical path begins at an SR extractiofmon, commercially available lenses (Melles-Griot achro-
point on the beam line, reflects from a beryllium extracmatic doublets). Concave lenses are not commercially
tion mirror in the beam pipe, and then passes to an opépmmon, so they have been custom ordered.
Cal hUtCh abOVegrOUnd OutSide the tunnel, Where the im' To reach the factor of two magnification between the

*Work supported in part by the Japan Society for the Promotion O?’Oht focal plane (e,XtraCt,lon mirror surface) and the rear
Science. ocal plane (correction mirror surface), the focal length of

T Email: john.flanagan@kek.jp the first pair of lenses is taken &g3 of the total distance
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Figure 1: SR Monitor optical beamlines (LER)

between the mirrors (5100 mm), while that of the second As a starting point, the concave lenses are specified as
pair is taken a€/3 of the distance (10200 mm). The re-being identical to the convex lenses, but with opposite radii
sulting set of design parameters is shown in Table 1.

Table 1: Relay Lens Specifications

Pair/ Eff. Edge | Thick- | Pair Lens

Lens Foc. | Dia. ness Foc. Sep.
Len. | (mm) | (mm) | Len. (mm)
(mm) (mm)

Pair 1: 5100 | 187

Convex | 1000 | 80 10

(Melles

Griot

LAO366)

Concave | -1000| 80 10

(custom)

Pair 2 10200 373

Convex | 2000 | 150 | 23.27

(Melles

Griot

LAO379)

Concave | -2000| 150 23

(custom)

of curvature. The glasses used in the custom lenses are then
changed to more common types (BK7 crown and F2 flint),
and optimized for the required focal lengths. Commer-
cially available lenses are optimized for minimum aberra-
tions at infinite conjugate ratios; the curvatures of the cus-
tom lenses were optimized with the use of optical design
software (Zemax) for minimum aberrations in combination
with the commercial convex lenses at the finite conjugate
ratios needed and at the required magnification on the sur-
face of the correction mirror.

In addition to the above, an additional MG LAO366 is
used after the correction mirror to bring the image to a final
focus at the video camera input. This final focus lens is
added to the simulated system, and the spacings between
lens pairs in the end-to-end design re-optimized.

The resulting design shows a wavefront distortion of
A/10.

2.3 Direct Beamline

In addition to the imaging beamline described above, a di-
rect (non-imaging) optical beamline is split off from the
imaging beamline before the first lens, and proceeds paral-
lel to the imaging beamline into the optical hutch. This di-
rect beamline is used for precise transverse beam size mea-
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Figure 2: Relay lens optics. Extraction and deformable mirrors sit at conjugation points of the lens system.
surement via interferometry, as well as for longitudinal prosurements using both the imaging and direct lines. An mea-

file measurement via streak camera. The direct beamliseirement output example is shown in Fig. 3.
contains no focusing optics between the SR source point

and the hutch, only mirrors, in order to preserve both thje = w7 Fo e sy <
spatial coherence for the SR interferometer and the temg ' rvenis peansen 10
ral structure for the streak camera. ert. Imege Froflz b, imenerctic. [
ot H ) 117
_rrnc-; s |l
B op e

3 MECHANICAL DESIGN

el L

All mirrors which are below ground (8 in the LER ring and
6 in the HER ring) are movable in two degrees of freedor
with pulse motors. The pulse motors are remotely cor
trolled from the optical hutches to permit alignment while
the rings are in operation, by both manual control and GPI
interface.

In addition to the mirrors, the second set of lenses i
each SR beamline are remotely movable as well, to ai;
just the focal length and magnification of the mapping ot

the surface of the extraction mirror onto the surface of thﬁigure 3: Example of SR measurement system output
correction mirror. The alignment of the beamlines befor%eam size (LER, vertical only in this example) is moni-
particle beam commissioning was carried out using a Iasf'dred continuousfy

auto-collimation method: a laser beam is sent down the
beamline from the optics hutch, and the mirrors adjusted

% R

s Bt i

sequentially to deliver the beam to the SR extraction port, 4 RESULTS
where a temporary mirror reflects the beam back up both
beamlines. The direct and optical beamlines for the LER and HER

For alignment with the SR beam itself, when the lasefiave been designed, installed and commissioned, and are
auto-collimation method can not be used, a set of “opticavorking well to deliver initial SR beams for imaging, in-
screen monitors” were designed and installed in the syterferometry, and streak camera use. Refinements to the
tem at several locations in each beamline. These monitdRgasurement methods are underway, and commissioning
consist of remotely operable guillotine-like semi-opaquéf the adaptive optics components is scheduled to begin
screens, which are monitored via cameras from the oghortly.
tics hutch to facilitate optical path alignment using the SR
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