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Abstract

The ®-factory DA®PNE is an electron-positrorollider
with a designluminosity of 5.210%2 cm2 s'1 at the en-
ergy of thed-resonance (1020 MeV c. m.) [1]. In order to
achievethe designluminosity high current multibunch ] Ny
electronand positron beamsre stored intwo separate E

rings and collide in two common interaction regions. L 7\_

Since the beamarrive atthe interaction points from the YJJ“ ppy— R e kE
differentrings, acareful longitudinal timing and precise /05 CALORIMETER

transverse scan of the colliding bunclags necessary 10 gy re 1: Schematic layout of the luminosity monitor.
optimize the collider luminosity. In this paper we describe

luminosity measurement techniquadopted in DAPNE,
discuss measuresmed atmaximizing the luminosity in
the beam-bearnollisions andreport theachievedresults.
The experimentatlata are comparegith the results of
numerical simulations.

1 INTRODUCTION The main background affecting the measurement is due
We describe DANE beam-beam performanoptimiza- to photons from bremsstrahlung on the residual (G&.
tion at the commissioning stage before the installation dfis contribution is statisticallgubtracted by measuring
the experimental detectors. A beam-beam interaction stuthe GB rate while beamsare longitudinally separated,
at this stage wasecessary to che@ndcalibrateall the obtaining the SB counting rakéand the luminosity:
luminosity measurement set-ups, to studyd apply

methodsandtechniques fofuminosity improvement and L= N

DISCR.

RF BUCKET # COUNTER

The detector is @roportional counter consisting of al-
ternated layers dbad andscintillating fibers with photo-
multiplier read-out.The chargesignal from the photo-
multiplier is proportional to the photon energy. Tdaa
acquisition systenprovides energyanalysisand photon
counting.

to demonstrate D&NE'’s capability of achieving the high (Emax Pra.
luminosity goals in both the singland multibunch O [ dE [ dQ B0
modes. In Section 2 we describe the main setuspd for EET Qr OEQ E

the luminosity measurements such as the sibgbens-

strahlung and the beam-beam tapdit detectorsSection
3 dealswith the techniquesand methods applied tampti-

whereEax is the maximum photoenergy; osg is the

SB theoretical cross sectiof2y is the solid angleovered

mize the luminosity performance. In particular, longitudiby the detector, defined by cmllimator placed infront of

nal timing, transverse scanning and the phase joioge-
dure arediscussedFinally, the resultsachieved so far in
both singleand multibunch beam interactiomodes are

the proportional counter. The minimum photon endtgy
accepted by the system is found by a calibrapimeedure
using the GB spectrum.

given in Section 4. The direct luminosity measurements with the luminosi-

ty monitorswere supportedand cross-checked kthe co-

2 LUMINOSITY MEASUREMENTS herent tunesplit measurements which allow to estimate
The DA®NE luminosity monitors[2] (seeFig. 1) are the space charge tune shift parameters. The fractangal
based on the measurement of the photon production in thiethe verticalandhorizontal tunesvere measuredimul-
single bremsstrahlung (SB) electromagnetic reaction at tkeneously in both the positraandthe electronrings dur-
interaction point during the collisions. Among other posing the beam-beam collisions.
sible reactions, SB has been selected fofPDk since its The betatron tunes are measured by exciting the beam at
high counting rate allows to perform “on line” luminosity RF frequency with transverse stripline kickers and measur-
measurements which are very useful during machine tuneg the beam response in the excitation plane with a
up. Moreover, the sharp SB angular distribution signifitransverse pick-up. Two different setups have been adopted
cantly simplifies the geometry of thdetector and makes to perform the tune measurements: in the first one a
the countingrate almost independenfrom the position Network Analyzer HP4195A (10 Hz - 500MHz) RF
and angle of the beams at the Interaction Point (IP). output, amplified up to 100 W by class A amplifiers,
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provides the sweeping excitation. The horizontal andfull scale isequal to 10min.). Thedip in the counting
vertical coherent beam responseicked-up bystrip line rate corresponds tthe beam separation obtaineth an
pairs and detectedvith the Network Analyzer. In the RF phase change.
second system the other beanexsitedwith white noise Closed orbit bumps in the IR with fogprrectorshave
andthe beam oscillations signal, fromdedicatedbeam been applied to adjust angle and displacement at the IP and
position monitor (BPM), is sent to a Spectrdmalyzer overlap the beams. Bumps have been also usseptrate
(HP 70000 system) operating irero span (detector) vertically the beams in one of the IRs when colliding in
mode. The SpectrumAnalyzer IF output is down- only one IP. In the horizontal plane the crossamgle
convertedwith a HP 89411 module and processed by a has been set to be 2®rad andthe horizontal orbit
real time FFT analyzer HP 3587S. displacement has beeadljusted to banuch smaller than
The knowledge ofthe tune shiftparameter§y con- the horizontal beam size of 2.1 mm at the IP. Since the
tributes to the luminosity evaluation from the followingvertical beam size is much smaller than the horizontal one

expression: (~ 20um), fine tuning of the vertical orbit has beper-
formed by changing the position at the IP in steps of
Np fy 0 oyd 5 um andthe angle in steps of 50rad. Theoptimal
L=f——2—4+—2= .. . . .
21 By JXE collision configuration hadveen found byscanning the

beam in the vertical plane looking fomaximum

Here the beta function at theﬂgis foundfrom lattice Iu=m|n03|ty monitor S|gna!.

measurements; the beam size ratiomesasured by the
DA®NE synchrotron light monitors [3] while the number
of particles per bunciN, is calculatedfrom the current
measured by a DCCT. The results from the two kinds of
measurement are in agreement.

ime Window Width () ‘Busket *® 1 Counts (He) |
=00

546.18
Bucket # 29
vounts 1y 7| | 15969.39

(e

3 LUMINOSITY OPTIMIZATION

For the collider commissioning two provisional
Interaction Regions (IR) with seven conventional
guadrupoles wermstalled in the experimentalits. One

of the quadrupoles is placed #te IP. Such ascheme | T - I | e

allows to reduce the machine chromaticity. oo P :
The beam orbit measurements in the HRs performed
by seven BPMs distributed along each IR. Since the posi-
tion of both beams isneasured bythe samemonitors,
monitor offsetscancelout. One of the BPMs ieach IR It has beerobservedhat during injection in the colli-
is installed at the IP position. This simplified beam susion modethe intensity of the beam beirigjected satu-
perpositionand beta functions measurements at the IFated below the nominal level. This has been explained by
during collision tuning. Averaging overl00 BPMread- the fact that the injected bunch performs both longitudinal
ings provided precise beaposition measurements in the and transverse oscillations during a time comparaiite
IRs with a standard deviation below 1. the radiation damping one. Such a bunch interacting with
In order to achieve high luminosity the longitudinal anchn opposite, already stored bunch, looses current. A
transverse positions of the two beams musadijgsted to  “phase jump” procedure has been adoptéiktthis prob-
provide maximum overlap at the IP. Moreover, the waistigm [4]. Initially, the two buncheare injectednto non-
of the vertical beta functions should be the same for thateracting RF buckets in order to avdidam-beam inter-
two rings and coincide with the crossing point. Since thgctions during accumulation. Then, when the nominal in-
IP is not a symmetry point of the machine, the tuning aénsity is reached, the stored bunches are broughtahto
the IR optics has been done iteratively to obtain symmayfsion by changing rapidly the phase of one of the two RF
ric beta functions with equal minima for the two rings.  cavities. In this way the orbit length in one of the main
The longitudinal overlap of colliding bunches at therings is changed for a short time ¢ancelthe initial lon-
nominal IP has been synchronized by monitoringdise gitudinal separation of the bunches. If the phase shift is
tance between the combined signals of the two beams performedwith a fast ramp (of theorder of few syn-
two sets of symmetric BPMs on either side of the IP. Thehrotron oscillationperiods)the bunch follows the RF
final preciselongitudinal timing hasbeen achieved by phaseand nosynchrotron oscillationsare excited. The
varying the RF phase of one of the two beamsrier to  procedurehas proved to beefficient in both single and
maximize the luminosity monitor signal. multibunch collision modes. The highest luminositi-
In Figure 2 wecan see aimage from theluminosity uesreached sdar have beerachieved byapplying the
monitor showing the counting rate as a functions of timgphase jump” technique.

Flgure 2: Luminosity monitor output
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4 NUMERICAL SIMULATIONS AND We have performed aluminosity scan changing the
EXPERIMENTAL RESULTS tunes around the working point (5.15; 5.21) with steps of
0.01 in both horizontal and vertical directions. Txper-

During commissioning it was decided to run on k-  imental resultsare in agood qualitative agreemenmtith
ing point (5.15; 5.21%ituated farther from integers thanthe numerical ones. For example, inorease othe hori-
the one (5.09; 5.07) proposed earlier [5]. This choice wa®ntal tune from 5.15 to 5.16 resulted in a substantial in-
based onbeam-beam numericasimulations with the crease othe horizontal beam sizebserved orthe syn-
LIFETRAC code [6] and dictated by several reasons takarhrotron light monitor while the lifetime wasnproved,
into account during machine start up. Among these: in agreementith the simulations. In fact, for thgoint
(a) closed orbit distortions are less sensitivantchine  (5.16; 5.21)(seeFig. 3 (c)) the beanmcore is blown up
errors for working points situated far from the integers; horizontally andthe vertical distribution tailsare shorter
(b) the secondorder chromaticity responsible for the than for the point (5.15; 5.21). In turn, lgcreasing the
parabolic tune variation as a function of the particle movertical tune to 5.14 a shaegradation othe lifetime
mentum deviation is much smaller for these points; wasobserved, as foresefrom the tail growthpredicted
(c) the dynamic aperture is large enoughtfes work-  numerically in Fig. 3 (a).
ing point evenwithout switching on thededicatedsex-

tupoles for the dynamic aperture correction; , , fuminosity (cm"-2s"-1)

(d) it is easier to correctnachine coupling during the 10" F  [---— tgsren- | T R
initial operation when the vacuum pressure is higher than | 1
the design value of l%Torr. . _ . Lok . o YA

According to the numericaimulations, the maximum o OCTOBER AAAA%/}AA 1
luminosity in single bunch collisions whicbhan be A NOVEMBER AR, Do 1
reached orthis working point withoutremarkable beam ;2 *= RIS E
blow up is 2.21030 cmr2 s'1 [7]. This valuecorresponds i %8 @?%@W N :
to tune shiftparameter<y , of 0.03. Theequilibrium i /<>°%§>>A o % 7
density contours on this working poimtre shown in  10° % 5 0 3
Fig. 3 (b). i o e*lp (MAR2) |
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Figure 4: Measured luminosity versus beam current.

Only two dayswere dedicated tamultibunch beantol-
lision operation. During thesdays aluminosity in the
range of 181 cm2 s1 was obtained by accumulating
about 200 mA in 13 bunches @achbeamandapplying
the “phase jump” procedure. Just a first attempt been
made tocollide the bunches at the two IPs simultane-

Fi 3- Equilibrium densitv in th lized betat ously. Thereacheduminosity per IP was lower than in
igure 2. Equitibrium densily In theormaiized betatron the% single IP configuration. At present, a simulation

?g[}gl\l}gdes space. Adjacent contour levels are at a constgpu dy [7] has beeperformed to findoptimal working

conditions for two IP interactionand the lattice adjust-
As it can be seen, the tails of the distributianswell —ments have been prepared for the rehifts with two ex-
within the machine dynamic aperture, which is 8Q periments in DAPNE.
times 700y for a machine coupling of 1%xperimental-
ly, a good lifetime andthe present maximunachieved REFERENCES
single bunch luminosity of 1:4030 cnt2 s'1 have been _ _
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of the electron times positron bunch currents. diaghed (6]
line shows the luminositgalculatedwith the design pa-
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