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Abstract

Installation, alignmentand survey of the magnetic
elements and vacuum chambers of ®ME are described.
The networks of the Damping Rirepdtwo Main Rings
are described, focusing the techniques chosen to obtain the
required precisions. A description of thanechanical
measurements, coupled to the magnetic onegféo the
magnetic axis ofquadrupoles andsextupoles to their
fiducials is underlined: emphasis is put on the strategy to
couple precision with quickness. The results of fiisase
alignment joband its refinementare analyzedising the
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orbit measurement. Figure 2: Main rings layout
1 INTRODUCTION 2 GENERAL NETWORK
DA®NE (Double Annular®d-factory for Nice Experi- A general network, connecting the thiesparatenstal-

ments} is a high luminosity double ring*&" ®-Factory lation areas, have been defined to allow an alignmaeiit
with a short term luminosity goal L=1.3 3&m2 secl. respect to aeferencesystembased orthe DADNE Main

The injector consists of arff/e” Linac and anAccumu-  Rings symmetry axig¢seeFig. 3). The number ofiodes
lator/Damping Ring, connected to DANE through andtheir position hadeendefinedusing the criterion of
~ 160 m long Transfer-lines. The machigenerallayout having at least two nodes in each area and putting them, if
occupies three areas (deig. 1), whichwere previously possible, along significant lines.
occupied by ADONEand have beeradapted tothe new DAMPING
machine and experiments. RING
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Figure 3: General network

This network has beerealizedwith sockets, with a
30 mm diam. boreand aconical fit for Taylor-Hobson

Figure 1: DAPNE complex layout spheres, mounted on pillars directly inserted in the
floor.
The two Rings of the collider am-planar (se€&ig. 2) A network pre-analysis, which takes inamcount the

and each of them, comprised in a rectangle 31 m large angmberandtype of measures (distancesd angles) and
26 m high, contains 8 bending magnets with &tflic- their precisionallowed to calculate foeach nodehe di-
ture, 4 wigglers, 39 quadrupoles and 16 sextupoles of twmensions of the 99% probability ellipse. Thige-analy-
different families (“small” and “large”, depending on the sis, made with STAR*NET, a StarplusSoftware Inc.
internal bore), one rf cavity, 3€orrectormagnets. In the program,showed amaximum ellipse semi-major axis of
InteractionRegions, shared bythe two rings, 4plitter 1.9 mm.

magnetsand 4 superconducting solenoidze placed. In  The survey of the network has beealizedmeasuring
the “Day One” configuration, i.e. without experiments,anglesand distanceswith the Leica theodolite T3000
the Interaction Regions contain 14 quadrupoles. equipped with the D2000 Distomat.
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3 LOCAL NETWORKS After any adjusting action in the horizontal planeeay
Two local referencenetworkswere defined and realized: @ccuratdevel adjustment wagealized.The bendingnag-

one for the LINAC, based on five nodes in the floor along€t Nedes, when in the final positiongre used talign
a line parallel to the LINAC axis at a distance of 1 m, aj,{@ultlpoleg,, correctors, rf cavity, and to survey beam posi-
another one for the MaiRings, made by 15sockets on ton monitors. o _

pillars. Figure 4 shows the MAIN RINGS local network, The measured closed orbit with no correction was:
together with a schematic layout of the two RINGS, and Xrms = 1.6 mm; yms = 3.7 mm

the 99% bability elli . . . - :
© o probabiiity ellipses From the vertical orbit analysis it wdsund that it

e L) could becorrected bydisplacing two quadrupoles by -
e .3, .Inm. After these displacementbe residual rms
closed orbit is within 1 mm.
The Accumulator runs with ngorrectors performing
above design parametérs
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Figure 4: Main ring network

The Main Ring network waslesigned tohave two
nodes in each quarter défie machine fordistance mea-
surements between them and the bending magnets
(8 nodes in total); the other éxternal nodes havieeen
defined toconnectthe former 8 and to set references to Figure 5: Damping ring network
align the experiments. The network pre-analgsiswed a
maximum ellipse semi-major axis of 0.1 mm. Thevey
of this network wasrealized measuringdistanceswith 5 MAIN RING QUADRUPOLES AND
invar wires and the Distinvar instrument,designed at SEXTL&E%%%%EAI&EH.%\“CAL
CERN, with a precision of 0.05 mm; the wirasre cali-
brated at CERN. Angle measurements, with a precision of
3", were alsoperformed to increasthe redundancy of the
network. The socket levels have bemturatelymeasured

with Leica N3 Precision Levet(0.02 mm) withrespect to threereferences ortop of eachmagnet(three 10 mm

tq the LINAC axis Ievgl (the Damping Ring is 600 ml”'bores). The orientation of the magnetic axis, passing
higher and the Main R|ng.500 _Iower). The Ie\{els of man%ﬁrough the magnetic center, was supposed to beatine
other waIIrefer_ences, realized iDINAC, Damping Ring of the mechanical axis: fothis reason everynagnet has
and Transfer Lines, were measured. been also mechanically measured (see Fig. 6).

4 DAMPING RING ALIGNMENT To get the threg reference pores (_easily manageable from

the survey and alignment point of view, a removaglige

The Damping Ring network, connecting thending was placed on top of each magnet, fitting on tooling balls
magnets to the local references placed on pillars, is showgerted inthe bores: the table bottosurface presents
in Fig. 5. Only distancemeasurements, with thiavar three different features tallow a free but unique, and
wires techniquewere performedThe pre-analysis maxi- therefore repeatable, positioning on the magnet. table
mum ellipse semi-major axigesulted0.2 mm long. A is equipped orthe top with two micrometer slides on
first rough positioning £ 1 mm) was previously which two Taylor-Hobson sphere sockets are fixed.
performed, surveying the polacoordinates of bending The mechanical axis afachmagnet has beematerial-
magnetnodeswith theodoliteanddistomatplaced in the ized with a specific tool (a halfcylinder, lying on the
center ofthe machine; aood leveling action was also magnet lower poles, with two marks just along its axis).
performed in this phase. Four network survegrnated With the slides in a arbitrary but alwagsjual position,
with three adjusting operations betwettyem, were then  just nearthe alignment position, sevguoints havebeen
performed to lower foeach nodg¢he maximumdifference surveyedfor eachmagnet: the two hal€ylinder marks,
betweenthe measuredposition andthe nominal one to three points on the upper tablsurface,the two T.H.
less or equal to 0.1 mm. spheres.

i

All the 92 quadrupoles and 32extupoles havébeen
magneticallymeasuredvith a rotating coil machine, de-
termining the position of the magnetic center wigspect
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The survey system consists of two theodoldesnect- The pre-analysis max ellipse semi-major ad@sulted
ed to a PC and managed by BICA program (ECDS3), 0.2 mm. Five network surveymdfour adjustingopera-
able to get 3Dcoordinates ofiny point withrespect to a tions between them were performed to obtain thatéch
reference system based on the theodolites. node the maximundifferencebetweenthe measuregosi-

The survey process can beparatedrom the elabora- tion and the nominal onecould be less or equal to
tion one: the coordinates of the two T.H. sphemessuc- 0.1 mm.The bending magneatodes were used talign
cessivelycalculatedwith respect to areferencesystem and/or survey the other machine components.
with an axiscoincidentwith the magnetmechanical one
and another parallel to the table plane. The acquisition
process is very accurate .02 mm) and safbecause any
discrepancy in collimation between the two operators, one
for each theodolite, may be easily detected by the program
and verified also later. On the contrary the measuimg
has been very short, not more than 20 min/magnet, due in E’*‘T T T T T T T T *TE’*
large part to the magnet moving operatiansitable po-
sitioning: the large number of magnets pushed this result.

Figure 7: Main Ring Network.

The installation of thébending magnets (C magnets)
resulted very critical due to the litttdearance (Inm) be-
tween the magnet polesdthe arc vacuum chambers, a
10 m long single piece. Theac chamberswere installed
just after the positioningand rough alignment ofmag-
netic elements involved (with their upper pestnoved)
and then well leveled; ahis point thebendingmagnets,
suspended tdhe crane in avery horizontal way with ad-
justable cables at theroperheight, were slowly horizon-
tally moved tofit the vacuumchambertill aroundtheir
final position: only then thehree legs were lowered to
support the magnet weight. Some difficulties for the in-
stallation ofexternal bending magnegsosefrom the lit-
tle space between the positron and electron machines.

In the first operation of the machine it hégen
measured that the closed orbit is mainly determined by the
"cross-talk" of one ring on the othand by the transfer

Figure 6: Quadrupole mechanical measurements lines fringing fields on the rings, while the alignment
error effect ismuch smaller. In particular on the eing

As a result of magnetiand mechanical measures wedisplacing three quadrupolé&®m their nominal positions
got for any magnet the position of the two slidesttsat, has beerused to corredhe verticalbare closedrbit to
after the eventual axial rotatiodefined asrotation of the less than 5 mm. Both rings are stable with no correctors.
table withrespect tothe horizontal plane, the twd.H.
sphere could lie just in the vertical plane passing through 7 CONCLUSIONS
the magnetic center and orientedgitudinally as the me-
chanical axis; with the slides in the specific positions tnﬁ/i
distances betweethe T.H. spheresandthe plane passing n
through the magnetic centesriented asthe mechanical
axis and perpendicular to the vertical omere also calcu-
lated tocomplete the informatiomecessary talign the
magnet.

6 MAIN RING INSTALLATION
AND ALIGNMENT

All the surveyand aligning job hasbeen performed

th only two specializedoperatorshelped bytwo other

ot specialized. It must be underlined that the 92
quadrupoles and the 32 sextupoles have been aligned in 25
working days. During the two lagtarsthe aligning job
hasnever been &ottle neck for the machine installation
and has assured a very good start for the machine commis-
sioning.
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