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Abstract normal conducting wiggleand 2 chromaticity correcting
sextupoles between two bending magnets. The

DA®NE [1] is the & e ®-Factory presentlyunder quasi-achromatic structure of the cell allows for vanishing
commissioning at INFN Frascati. The two beahase dispersion at the Interaction Points (IRsH inthe R.F.
been successfully injecteahd storedand the optics has cavity. One of the dipoles has parakidcaps providing
been tuned to operate in collision mode. The optics soNjertical focusing inorder toobtain well separatedptical
tions adopted tosolve the problems set by tiequire-  functions at the sextupoles. The wigglers run always at
ments of a high intensity, high luminosity-Factory are top field to obtain strong damping. Moreover, by
described.Preliminary measurements of the optical pachanging the dispersion inside the wigglers, it is possible
rameters are presenteghd comparedwith a machine to tune the emittance to large values (arder of
model. magnitude largethan the contribution from theipoles).

This kind of cell has beetestedsuccessfully for the first
1 INTRODUCTION time in a storage ring and we call it BWB.

In order to reach thhigh designluminosity at the low
c.m. energy of the& (1.02 GeV) the scheme of double
ring collider with a maximum number of 120 bunches pe
ring has been chosen. The beacolide in two 10 m
long Interaction Regions (IRs) at a crossing angle in th
horizontal plane.

Particular care has been taken in the design to make t
damping times as short as possibleoider to counteract
any harmful instability in such lovenergy range. Low
bending radius in the dipolesd 4high field wigglers in
each ring produce large energy loss (9 KeV per turn).

A peculiar feature ofthe lattice is thelnteraction
Region (IR)wherethe two beams travel together in a
common vacuum chamber. Due to the crossing angle
the horizontal plane, the beams pass throughlahve3
quadrupoles off axis. A correction scheme with the splitter Figure 1: Layout of DAPNE Main Rings.
magnets [1]and correctordipoles allows tochange the
crossing angle so that tieffect of parasitic crossings can
be finely tuned.

Two large detectorgachone equippedwith a longitu-
dinal field solenoid, will be installed at thénteraction
Points (IPs). Due to thlarge free solid anglerequired by
the experiments, the lo@-triplets are realizedwith
permanent magnefuadrupoles. Athis stage of DAANE
commissioning the twolow-3 interaction regions are
operatedwithout solenoidal fieldsand with conventional
electromagnetic quadrupoles.

Injection kickers, RF cavityand longitudinal feedback
are housed in the straight sections orthogonal tdRkse
Outside thearcs 8sextupolesare used to correthe tune
shifts with amplitude and momentum. Eight skew
guadrupoles are installed in each ring to control coupling.

The optical functions of the Longnd Short sectors
have beerdesigned asnuch as possible similagven if
there is nosymmetry with respect tothe IPs. Non
vanishing dispersion in the injection region used to
obtain large momentum compaction, improving the
threshold for microwaveinstability. Due to the low
2 MAIN RINGS LATTICE energy spread of the beams coming from the Accumulator
[2] injection efficiency is not affected by this dispersion.

The betatron tune working point has been chosen on
the basis of beam beam simulati¢8k In order to have

The Main Rings layout is shown in Fig. Each ring the maximum flexibility each quadrupole isdividually
is divided intwo sectors, an outer onealled Long, and powered. Anyway the tunes can be varied on a lsgge
an inner one (Shor@achone symmetric withrespect to by changing theguadrupolesettings only in the Short
its own center. straight section, leaving the optical functions in tkest

The lattice consists of 4 achromdtslled arcs in the of the ring unchanged.
following), each housing: three quadrupoles, a 2 m, 1.8 T The single ring parameters are summarised in Table 1.

2.1 General layout
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Table 1: DAPNE Single Ring Parameters

first injection and storage easier. larder tooptimize the

luminosity, the working point hadeen then moved

closer to the integev{ = 5.11,vy = 5.07). Injection has

been optimizecdaind measurements toharacterizehe ring
lattice have been performed on this working point as well.

3.1 Lattice Modelling

Due to the high beam emittance the machine aperture is
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large; forthis reasonandbecause othe short lengths of

2.2 Interaction Regions

The IRsare alarge fraction ofthe ring circumference
(=20%). The optical functionare symmetric withrespect
to the IP. The beams travel off axis in the IRgjng
separated at the IR ends hlout 12 cm. Tancrease the
separatiorand tolower the chromaticity, mainhdue to
the low{ insertions, a focusingequence=DF hasbeen
chosen. The IR modelling] takes into account thinear
effects ofthe fringing quadrupolefields on the off axis
trajectories.

Four different IR lattices have beedesigned: three for

the experiments and one for commissioning. The total |

first order transport matrix is nearly the same for al
configurations, thus allowing tmterchange the four IRs

with small adjustments of the optical functions in the arc

The large detector solenoids are a strong perturbation
the machine optic4BL = 2.4 Tm) and give the major
contribution to the coupling. A sophisticatedmpensa-
tion scheme has been designed [5].

For machine commissioning tH2AY-ONE IR houses
seven electromagnetic quadrupoles, to altaning of the
optical functions, with aquadrupole placed atPs.
These scheme reduct® chromaticity. ABeamPosition
Monitor (BPM) at the IPs allows to align the tvibeams
for the colliding configuration.

3 OPTICS MEASUREMENTS

Commissioning started with the nomir[lﬁl.
The first working point wasfar from the integer
(vx = 5.14,vy = 5.21) to reduce closed orbits anthke

the magnetic elements tleffect of the fringing fields is

not negligibleand acorrection tothe rectangularmodel

has been applied for most of them. Tdugeeffect of the
dipole isrepresented by thin lens oneach sidewith a
focusing strength computed from magnetic measurements.
This effect accounts for a change aimost 0.5 in the
vertical tune. The wiggler magnetee modelled by a
sequence of paralléhce dipoles, taking into account also
the focusingeffect of the sextupoldield component on

the oscillating trajectory whose amplitude=icm.

The measuredunes on the firsstored beamwhere in
agreementwith those calculatedwith this preliminary
Eodel within 0.05.

The horizontalandvertical 3 functions along the rings
lnave beenmeasured by recordinthe change intunes
given by a variation of theurrent in each quadrupole. As
n example, Fig. 2 shows the comparisbatween
fasured andomputedB functions for the ering. The
model fits quite well the measurements for differemes
The computed emittancagreeswith the design value
within 10%.

3.2 Closed orbit

The closed orbit measurement, availablender the
DA®NE Control System [6]providesthe beanyposition
in real time. Four methods to correct the closed draite
been implemented:

»  best corrector

» harmonic correction [7]

» eigenvalues of measured response matrix

e bumps in the IRs.
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Figure 2: Horizontal and verticfifunctions in one ring. White and black dots are measigethdpy respectively.
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Figure 3: Horizontal dispersion function in one ring. Dots are measured values

Orbit bumps in the IRs, with four correctors, hdeen

used toprecisely adjust anglend displacement in the
horizontal and vertical plane at the IP. The orbit

measurement in thiRs is performedseparately foreach
beam in the same monitoend thereforethe superposi-
tion of the two beams is natffected bymonitor offsets.
Bumpsarealsoused tovertically separatethe beams in
one IR when colliding in one IP only.

The Response Matrix of the ring, giving theam
position in all BPMs versus the perturbationscorrector
magnets, has been measured. It has been ushéctk the
machine model as well as for calibration of t@rector
strengths.

Since the two rings are very closedachother , there
is magnetic cross-talk betweéhe two rings. Fringing
fields from high field elementsproduceorbit changes on

3.3 Chromaticity

Fig. 4 shows the comparisorbetween theoretical
(lines) obtained from a trackingode and measured (dots)
horizontal and vertical chromaticities for therang, with
andwithout sextupolesperformed ornthe working point
(5.14, 5.21). Theagreement igpretty good up toenergy
deviations of theorder of £0.5%. The difference in
horizontal tune with and without sextupoles at teatral
RF frequency is due to closed orbit in the sextupoles.

4 CONCLUSIONS

The optics measurementiescribedhere havebeen
useful to establish a machine model to adjust the
operating pointand totune the lattice for the twbeams
operation. Theclosedorbit in the rings is smalknough

the nearbyring. These effects have beeorrected. The to obtain design coupling with sextupoles onMore
horizontal closed orbit is determined not only by magneteccurate modelling for two beams operatiomiigsceeding
misalignments, but also by the compensation of thie parallel with the commissioning.
trajectory in the wigglerand bythe splitter setting as a
function of the crossing angle at the IP. Tesedorbit
without correctors is within the aperture in both rings.
The dispersion function, shown iRig. 3, hasbeen
measuredrom closedorbits atdifferent RF frequencies. N B _
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Figure 4: Measured (dots) and computed (lines)
chromaticity with (black) and without (white) sextupoles
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