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ABSTRACT

The Bates laboratory is in the conventional construction
phase of a pro*ect to build and comm ssion a ring of 190 m
circunference to store electron currents up to 80 mA at
energies 0.3 - 1.0 GeV. Storage tinmes of 1 nsec to several
seconds are planned for a variety of extracted beam and
internal target physics experinments. The facility is
briefly described and specific challenges in the areas of
magnetic nmeasurenent, fiducialization, and survey and

al rgnment are discussed. Transverse position precisions of
approximately 100 mcrons and a total orbit circunference
preci sion of "2 nm are sought.

1. I NTRODUCTI ON

The |aboratory (Fig. 1) is |ocated about 25 mles north of
the MT canpus near the tog_of a glacial drumin with dense
soil material which has a high test penetration resistance
and a good presunptive bearing capacity (6 tons/ft**2). The
present facility can produce 1% duty factor beans (600 Hz,
15 mcrosec) at enerﬂ!es between 50 MeV and 1 CGeV; energies
above 500 MeV are achieved by sending the beam a second tine
through the accelerator. The energy spread is 0.3% and the
emttance at 500 MV is 0.02 pi nmnr. There are two mgj or
experinmental halls for pursuing a broad spectrum of
prlnarllﬁ nucl ear physics research: one hall contains a
very high resolution 900 MeV/c nagnetic spectroneter; the
other contains three |arge magnetic spectrometers which are
used primarily in various coincidence studies. A full-time
staff of 95 supports users fromover 70 institutions

wor | dwi de.

The ring now under construction and schedul ed for beam tests
in 1991 will provide stored beans for internal. target
experlnents and extracted beans of high duty factor ?above
80%. Hgh intensity polarized el ectron beans are planned
for 1992.  The total estimated cost is $14.8 Mplus $1.5 M
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for R&D; 69 PYE are budgeted for the project. (No
experinental equipnent is included in these nunbers.) The
Survey and Ali gnnent budget is aﬁprOX|nater $200 K; this
does hot include the cost of in-house manpower.

It is to be noted that even though both the |aboratory and
project are small conpared to the others being discussed at
this workshop, it nonetheless requires conparable alignnment
precisions and is above the threshold beyond which
near-state-of-the-art equi pnent and net hods are required.

On the other hand, it is still below the threshold for
having even one dedicated full-tinme alignment engineer. The
author is a physicist who is in the process of !earn|ng
enough survey and alignment technology to coordinate the
efforts of a small engineering staff augnmented by yet other
physicists and technicians; over the years we have al
devel oped mllimeter habits which will have to be broken to
install a 100 mcron facility.

2. THE ALI GNVENT CHALLENGES

A nore detailed plan view of the ring is showmn in Fig. 2.
The northeast quadrant is an exposed, poured concrete
structure; except for the portion which passes through the

exi sting experimental hall, the renmainder of the ring is
covered with earth nore than five feet deep. The conponent
list for the ring alone is given in Table |. The nost

demandi ng tol erances specified by t he accel erator physicists
are for the quadrupoles (Table IT).

Table Il. Ring quadrupol e position tol erances
Coordi nat e Initial Stability
dx 0.1 nm 0.01 mm
dx' (pitch) 40 nr 10 nr
d 0.1 mm 0.01 mm
dy’{yamA) 30 nv 1m
dz 1.0 mm
dz' (rol 1) 1m 1m

Cal culating the effects of various alignnment errors is an
ongoing activity of the accelerator physicists and is
expected to continue even after the ring is conm ssioned.
The latest calculations actually indicate that the
tolerances in Table Il. are sonmewhat conservative.

An additional set of challenges is presented by the ring

di pol es, which are surplus fromthe Princeton-Penn

Accel erator. These 30 ton magnets are nuch taller than the
nearby nultipoles, effectively preventing |ong sightlines in
the arc regions. Figure 3. shows the approximnmate positions
of just the nmultipoles in one of the nore crowded sections
between ring dipoles. The situation is rem niscent of the

-84-



difficulties in the final focus region of the SLC alluded
to el sewhere in these proceedln%s by R Ruland. The current
?roposed solution is sinply to have a higher density of

| oor nonunents in these regions and to use instrunment
stands high enough to provide sightlines one foot above the
uEpeglsur ace of the ring dipoles or just over 7 feet above
the floor.

3. CURRENT STATUS

The concrete_Ppurlng I's nearly conEIete; nmost of the
tenporary ceiling supports should be renoved by

m d- Sept enber; backfilling will be conpleted and all
construction supports renoved by md-Cctober. Prelimnary
field neasurements of the ring dipoles have been underway
for several nonths; "production" neasurenents and
fiducialization should begin about one nmonth from now.

W have been extrenel¥ fortunate that NI ST was able to
make available to us the core conmponents of a large XYZ
mappi ng system the X and Z notions are automated.

The quadrupol es have been ordered, and the RFQ for the
sextupol es shoul d soon be ready. A flip-coil multipole
harnoni ¢ anal yzer, designed and built at Chalk River

(Canada), is 1n shipnent. Specifications for the harnonic
analrzer and the XYZ nmapping system being used with the
di poles are given in Table I11.

Table 111. Mgnetic neasuring equiprment specifications

FI ELD MAPPER SYSTEM (NI ST)

(Probe Positioning)

X range 91 cm

Y range 7.6 cm

Z range 178 cm

X and Z drive mn. step 32 m crons
X and Z drive max. speed 10 mi' s

(typically 4 points/mn.)
X and Z neasurenent resolution 13 m crons
Accuracy of X scale +/- 13 m crons

Accuracy of Z scale +/- 20 m crons

HARMONI C ANALYZER (Chal k Ri ver)
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Bobbin I ength 80 cm
Bobbin diam (std.dev.) 59.9712 +/- 0.0025 nmm
Bobbi n bow ng 60 m crons
Variation in groove depth +/- 55 m crons

Sensivity/Reproducibility to _
centroid of quadrupole +/- 10 m crons

Onee" abbrat o 68 SYadY, VRl BF GRS Ses hES Ph
the roomat this time):
for magnetic neasurements --
Chal k River Nuclear Laboratories
FNAL
LAMPF
CEBAF
Francis Bitter Nat. Mgnet Lab. (MT)
LBL
for survey and alignnent --
SLAC
LBL/ ALS
University of Bonn
CEBAF
University of Saskatoon
W also have a formal collaboration with N KHEF (Ansterdan,
which is building a very simlar ring on alnost the sane
time scale. At this time NIKHEF is proposing to adapt their

version of the Fresnel zone plate system for ring alignment
whereas we are proposing to use the SLAC/ GEONET system

4. OPEN | SSUES

What follows is a tinme-ordered partial |list of the issues
vx,h_lchvvearefacm? whi ch are related to survey and _
alignment. | should thank the workshop organizers at this
time for including discussions of almost all of these issues
in the fornmal agenda.
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-- connection of the new network to the existing beam

sw t chyard: It has been requested that "no steering"

be required along the straight line fromthe object

oint of the beamsw tchyard to the ring injection

ine, a distance of about 80 meters. (A nisaIiPnnent

of 0.05 nr between these two |ines should be tolerable.)
The beam |ine passes through three massive walls and

one verK narrow passageway. W propose to vacuum bore-
sight the line, with the conpllcatlon of having to shoot
throu%h a l cmdianeter aperture at the 40 mpoint and a
2 cmdianeter aperture at the 70 mpoint. Extending the
survey another 20 mto the output of the accelerator
woul d” requi re passing through another 1 cm di aneter
aperture at the 80 mpoint. The Z coordinate wll be
fixed by the present |ocation of the spectroneter pivot
on Beam Line "B".

- magnet fiducialization:

ring dipoles - because the tolerance is +/- |/2 mm
we expect to be able to use the mechanical center as
the magnetic center and use either GEONET or SIMS to
do the transfer to the survey targets.

multipoles - we will use a precision spindle

to center the multipole magnet on the axis of the flip-
coi | bobbin bearing and use the neasured deviation

bet ween the magnetic axis and the nechanical axis to
correct the data set. W are concerned about the
uniformty and snoot hness of the poletips in these

| am nated core nagnets as it affects spindle centering
and error analysis.

superconducting sol enoids - we have only just begun to
worry about these devices.

- magnetic field coupling: we are unaware of any usefu
rules of thumb for estimating the field distortion
caused by nei ghboring nagnets and, therefore, plan to
measure the coupling between the ring dipoles and
nearby multipoles as well as between nei ghboring
mul ti poles. The conbinations are too long for the
har noni ¢ anal yzer so will be neasured with the XYZ

napper .

- adjustment stands: in many cases there are close-packed
conbi nati ons of magnetic nultipol es whose relative
adjustnent range is only +/- 1 mm(restricted by the
vacuum pipe); to save nmoney, we would like to [earn
of any designs which nay be | ess expensive by virture
of having a small range.

- beam location w.r.t. fixed coordinate system the accel-
erator physicists have asked for the ability to |ocate
the center of the beamto +/- 1/4 nn1(tyP|caI beam
diameter is <1 nm. We will use fiducialized wire
scanners, but there are only three planned for the
entirering. We will vary selected quadrupole fields
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and neasure steering effects with downstream beam
position nmonitors. W have thought about using synch-
rotron light fromnear the ends of the ring dipoles
and seek advice fron1an¥3ne W th experience with

shal | ow dept h- of - f ocus cameras and al i gnnent and
cal i bration schenes.

| amlooking forward to both the formal presentations and

i nformal discussions in this workshop and would |ike to take
this opportunity to congratul ate and thank the organizers
for arrangi ng an agenda which prom ses to be extrenely
useful for our devel opnent.

FI GURE CAPTI ONS

Figure 1. Pl an view of the Bates Linear Accelerator
Center showi ng the South Hall R ng, which
is currently under construction

Figure 2. Detail plan view of the South Hall R ng

Figure 3. Approxi mate positions of magnetic nultipoles
in one of the nore crowded sections between
ring dipoles. Not shown are vacuum punpi ng

ports at each end, a beam position nonitor
and one steering corrector set.
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Tasiel. SHR CoMPONENT LiST

ELEMENTS NUMBER | LENGTH IGAP MAX FIELD ISPECIAL FEATURES

# m nm at 16eV 1
Dipoles 16 3.59 ¥6 3.7 kG IPPA Dipoles
Quads [ 79 0.30 65 5.5 kG I
Sextupoies 32 0.10 70 0.4 kG |
Corr. Sextupoles|2 0.10 70 - o
Octupoles 2 0.25 170 10 kG
Ramped Air Quad |5 0.30 70 0.05 kG Air Core
Ramped Dipole 1 0.1 mr deflection
Steer Corrector |32H, 32V 1 mr deflection
Corr. Octupoles |4 Air Core
Skew Ailr Quad |8 Air Core
Kickers 2 1.5 40 2 mr deflection |
Mag Septa 3 1.0 14 2 kG 0.04 Gauss at Ring
Elec Senta 12 |10 120 50kv/em | |
BPMs 31H,31V 10@0.1mm, 1mm, 0.25psec
Synch Monitor 16 Fiducial and digitize
View Screens [10 Smooth pipe
Curr Monitor |6 1%
Profile Monitor |3 Vacuum; smooth pipe
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Figure 2.
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