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1 INTRODUCTION

DA®NE is a symmetric 'ee collider designed to run with high luminosity inet
energy range of thé& resonance (1.02 GeV). The @AIE complex consists of a Linac for
e and ¢ a Damping Ring for both beams, used to decréasie ¢émittances for injection
into the Main Rings, and two horizontally separaiain Rings, colliding in one or two
Interaction Points.

The operations for the KLOE experiment ended in 520@ulminating with a
maximum peak luminosity of 1.5 #@m?s’. During the subsequent operations with
similar beam conditions for the FINUDA experimeiygernuclei production) a peak
luminosity of 1.6 16fcm?s® was achieved with a finer tuning of the opticsFig. 1 are
the best operation days for both experiments, whtagrated luminosity was hitting the
record value of about 10 pb
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FIG. 1: KLOE and FINUDA best days.

The DA®PNE upgrade aims at increasing the peak luminositg factor between 2
and 6, exploiting the novel concepts developediguerB, i.e. low emittance beams, large
Piwinsky angle andrab waist Hence the achievement of the ®NE luminosity goal is a
crucial milestone in th8uperBprogram.



2 THELARGE CROSSING ANGLE AND CRAB WAIST CONCEPTS
High luminosity can be achieved in colliders actiog the parameters as in the
following formula:
A
L=f ﬂ R| 1
coll 47Ta'xg'y 1)
where fq is the collision frequency, Nand N are the number of particles per beam,
andoy are respectively horizontal and vertical rms besmas and Ris a reduction factor
which takes into account geometrical and “hourdlaffects.

The approach chosen by KEKB Super B-Factory fonihosity upgrade is to shorten
the bunches to 3 mm, decrease the beam emittandesesatron functions at the IP, so
decreasing beam sizes, and increase the beamtsufidira-high current scheme”, 9.4 A
and 4.1 A for LER and HER) [1]. The short bunchgtgmallows to decreag®* at the IP,
without incurring in the “hourglass” effect.

The option chosen for SuperB to produce a pealniosity in excess of cm?s?
is based on thectab waist (CW) scheme [2] for beam-beam collisions which combine
several potentially advantageous ideas. This opiarow being applied to the upgraded
DA®NE ®-Factory at LNF, Frascati.

The first ingredient of this scheme is the largeifski angle: for collisions under a
crossing angleéd the luminosityL and the horizontaf, and the verticaf, tune shifts scale
as (see for example in [3]):

N¢
LO—* 2
A (@)
N 2
PR ©
UX\/1+¢2 a-ze
£ N AN @

(R0 7) (00

Piwinski anglegis defined as:
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oy being the horizontal rms bunch sizg the rms bunch lengtiN the number of particles
per bunch. Here we consider the case of flat beamall horizontal crossing angbe<< 1
and large Piwinski angle >>1. In theCW scheme the large Piwinski angle is obtained by
decreasing the horizontal beam size and incregbmg@rossing angle. As a result, both
luminosity and horizontal tune shift increase, émeloverlap area of the colliding bunches
is decreased proportionally w,/8. So, if the vertical beta functiofi, is comparable to
the overlap area size:
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several advantages follow:

a) small spot size at the IP, i.e. higher luminos#gd eq. (2)),
b)  reduction of the vertical tune shift (see eq. (3))
c) suppression of the vertical synchrobetatron restesiv].

In addition, in such a collision scheme there ésneed of decreasing the bunch
length to gain luminosity, then relaxing the probte of HOM heating, coherent
synchrotron radiation of short bunches and excegsiwer consumption.

Long-range beam-beam interactions are expectdichibthe maximum achievable
luminosity when the bunch distance is short (thecalbed “parasitic collisions”, PC).
Thanks to the large crossing angle and small hota&tdeam size in th€W scheme, the
beams separation at the PC is large in ternag,aiutomatically solving this problem.

The choice of large Piwinski angle, beneficialth® luminosity, introduces new
beam-beam resonances and may strongly limit thermamr tune shifts achievable (see for
example in [5]). TheCW transformation is expected to solve such a problémctually
contributes to suppress, through the vertical nmotroodulation by the horizontal
oscillations, betatron and synchrobetatron resamnsually arising in collisions without
CW. TheCW scheme is realized by a couple of sextupole magmetbe two sides of the
IP, as shown in Fig. 2. To provide the exact corspgan the sextupoles must have a
phase advance with respect to the IPttdfe horizontal plane and &2 in the vertical one.
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FIG. 2: Crab waistcorrection by sextupole lenses.

As an example of how theéWtransformation actually works, Fig.3 below shotws t
SuperBbunch charge density envelopes at the IP wheidoal without (top) and with
(bottom) theCW sextupoles. In red is the Low Energy Beam, in bheeHigh Energy one,
whom distribution is shown only near the overlagioa. For sake of clarity, in the picture
the crossing angle has been reduced by a factdr wf enhance th€W transformation

effect.
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FIG. 3: Sketch of the large Piwinski angle acrdb waistscheme foSuperB
Top: CWtransformation OFF. Botton€Wtransformation ON.

The contour lines are points with the same y coatdi. When there is nGW
transformation (top plot) the waist line is orthagbto the axis of one bunch (LEB in this
example). Otherwise, when ti@&V transformation is on (bottom plot) the waist mowes
the axis of the other beam (HEB here). As a consecp; each beam collides with the
other in the minimump, region, with a net luminosity gain. Actually, bess the
geometrical gain just mentioned, because of @W transformation the non linear
component of the beam-beam forces decreases, rethaang the emittance growth due to
the collision. TheCW transformation acts on the y-plane as describethbyfollowing
formula:

y - y-xxy/tg(26) (7)
Wherey is the crab coefficient (of the order of one @sle x(y) is the particle horizontal
(vertical) coordinate, y' is the vertical slope.



3 DA®NE UPGRADE HARDWARE MODIFICATIONS

Relevant modifications to the machine have beenizegh in 2007, aimed at
implementing the new collision scheme, togetherhwither hardware modifications
involving injection kickers, bellows and beam pipections. A layout of the upgraded
DA®NE is shown in Fig. 4, and the main hardware charage briefly illustrated in the
following.

FIG. 4: Upgraded DAPNE layout.

3.1 Interaction Regionslayout

The KLOE Interaction Region (IR1) has been modifiéffor the installation of the
Siddharta experiment, and equipped with new quadespto be able to lowd* at the IP.
The total crossing angle has been increased fromi2@ to 50 mrad, by removing the
splitter magnets and rotating the two sector dipatethe long and short arcs adjacent to
the interaction regions of both rings. New beanepipave been designed for this scheme.
Existing sextupoles are used for tB&V transformation. Fig. 5 shows the comparison
between the KLOE IR1 layout (top) and the upgraaiee (bottom).
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FIG. 5: Half view of old (top) and new (bottom) IR1 layout



New permanent magnet quadrupole doublets are need®der to focus the beams
to the smalle3* at the IP. The first quadrupole of the doubleD@® is horizontally
defocusing, and common to both beams in the sam®wuwa chamber: it provides a strong
separation of the beams. The following horizontdthgusing quadrupoles, QF1, are
particularly small, in order to fit separated beaipes for the two beams. The new
configuration almost cancels the problems relatethdam-beam long range interactions
(PC), because the two beams experience only orsiparcrossing inside the defocusing
guadrupole where, due to the large horizontal angsangle, they are very well separated.
Fig. 6 shows the pm quadrupoles in half IR andoégsem pipe at the IP.

FIG. 6: Close up of the IP doublet.

The CW sextupoles are installed at both ends of the IRi. the SIDDHARTA
operation their intensity is more than a factorabgér than the average required for
chromaticity correction in the ring. Four additibetectromagnetic quadrupoles have been
installed on both sides of IP1 to get the propeasghadvance between tG&V sextupoles
and the IP. The compensator solenoids, presertianotiginal KLOE setup, have been
removed since there is no solenoid in the SIDDHARBtector. However there is room to
reintroduce them for a future KLOE run. In suchase; due to the new geometrical layout
of IR1, two compensator solenoids will be necesgargach ring, requiring an upgrade of
the cryogenic transfer lines.

The second IR (IR2) where the detector FINUDA wastdlled, has also been
completely rebuilt, in order to provide full beaepsration without low3, and to be ready,
with minor modifications, for a future FINUDA rurabed on the new collision scheme. A
new beam pipe at IP2, providing complete separdi@ween the two beams, has replaced
the old one. This is geometrically symmetric to |Rhd its vacuum chamber is based on
the same design criteria. Independent beam vacinamloers are obtained by splitting the
original pipe in twohalf-moonshaped sections, providing full vertical beam safian.
The problem of the beam-beam long range interaétichis non colliding section is then
naturally solved, allowing at the same time to xelae ring optics requirements imposed
by beam separation at IP2. A view of half modifie@ is in Fig. 7.



FIG. 7: View of the modified IR2 region (half).

In order to keep the ring coupling impedance lollvpassible discontinuities have
been avoided in the new vacuum chamber design.ntinger of bellows has been also
limited to the strict necessary to compensate thestnain and mechanical misalignments;
there are four bellows per ring both in IR1 andRA.

3.2 Fast Injection kickers

New, fast kickers have been designed and built faked on a tapered strip with
rectangular vacuum chamber cross section. Thedtiefteis given by both the magnetic
and the electric fields of a TEM wave travelingtlie structure. Compared to the present
DA®NE injection kickers the new ones have a much shquilse (~12 ns instead of ~150
ns), better uniformity of the deflecting field, lewimpedance and the possibility of higher
injection rate (max 50 Hz). Moreover a smooth bgape and tapered transitions reduce
the kicker contribution to the total ring couplimppedance. All these features should
improve the maximum storable currents, collidingine stability and backgrounds hitting
the experimental detector during injection

33 New bellows
New bellows have been developed and installed ith dRd in the ring. Four new
bellows [8] are placed in each sector, connectanb pipes with circular cross section. A
RF shield is necessary to hide the chamber disuaitti to the beam. The coupling
impedance of the structure has been evaluatedragaency range from DC to 5 GHz and
comes out to be very low. Simulations in this fregey range have shown that the new
design reduces the bellows contribution to the dogpling impedance.

34 Other modifications

Few ion clearing electrodes still installed on étectron ring and no longer necessary
have been removed.

The transverse horizontal position of two wigglerghe long arcs has been moved
by -2.5 mm in both rings, in order to reduce the-finear terms in the magnetic field
predicted by simulations and affecting the beamadyigs.

Positions of the electromagnetic quadrupoles, @& ltng straight sections on both



rings, have been changed to allow the installabbrihe new injection kickers and to
provide a flexible configuration for tuning the glesadvance between them.

The new ring layout is ~10 cm shorter than theinabone, due to the removal of the
splitter magnets and the requirement to keep tiséipo of the arcs unchanged in order to
minimize the implementation work. As a consequetioe frequency of the RF cavities has
been changed by ~ 400 KHz. The variation is wethimi the tuner range of the rings RF
cavities, but imposes some modifications on the plagiRing (DR) operating conditions.
In fact its RF cavity operates on a sub-multipkxgfrency of the Main Rings one, and the
energy variation has to be corrected by changiaglipole field. The tuner range of the DR
cavity has been then adapted in order to be cobipatiith the new operating conditions.

In Table | a comparison of the main beam paraméteithe KLOE operation and the
upgraded DANE is presented.

TAB. 1. Comparison of beam parameters for KLOE and upgr&iedNE.

DA®NE KLOE DA®NE Upgrade

Nbunch 110 110
Npa/bunch 2.65*1¢ 2.65*10°
lbunch (mA) 13. 13.
€x (M) 400. 270.
gy (nm) 8 1.3
Coupling (%) 0.5 0.5
Ox (Um) 775. 265.
oy (um) 12. 3.4
o, (mm) 25. 20.
Bx (m) 15 0.26
By (mm) 18. 9.

0 (mrad) 2x16 2x26
Piwinski angle 0.36 2.5

4 FIRST RESULTSFROM THE UPGRADED DA®NE COMMISSIONING

DA®NE vacuum was closed in late November 2007. Theabipa restarted with a
detuned optics, witly slightly above 5y, above 4 an€CW sextupoles OFF, in order to
speed up beam injection, to put the diagnostic peration and to optimize the optics
model. In December first beams were stored in ithgsrand installation of the luminosity
monitors was completed. Redundancy in the lumigasieasurement is required by the
need to best quantify the luminosity gain obtaibgdidopting the new collision approach.
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The new luminosity monitor for the collider consisif two different devices: a small angle
Bhabha tile calorimeter split into 20 sectors (8grdes each) made of alternating lead and
scintillating tiles, covering a vertical acceptamestween 17.5 and 27 degrees, and a GEM
(Gas Electron Multiplier) tracker placed in fronf the tile calorimeters allowing a
redundant measurement of Bhabha events to minib@izkground. Fig. 8 shows a view of
the luminosity monitors layout.

| |
TILE CALORIMETER

FIG. 8: View of the IP region with the luminosity monitors

From January 2008 on there were continuous imprewesnon operation conditions
with beams in collision, and once a reliable maehmodel had been defined the ring
optics has been moved toward the nominal one hayitlg tunes above 5. The transverse
betatron coupling has been corrected mainly bytir@ahe permanent magnet focusing
guadrupoles in IR1. The optimum obtained has been0.5% in both rings.

At the end of January the PM quadrupoles positioarge been optimized and 2
electromagnetic quadrupoles have been added syroallgtiwith respect to the IP1 in
order to meet the phase advance requirements impogethe CW collision scheme.
Present lattice has larg@r values By = 26 cm,By = 9 mm) with respect to design values.

At the beginning of February the first collisiorstevith CW sextupoles started. Fig. 9
shows the electron (blue) and positron (red) beamssas measured by the Synchrotron
Light Monitor (SLM). The bump in the electron hai#al and vertical beam sizes
corresponds to the blow-up of the beam wherCWésextupoles in the electron ring where
switched OFF (positron rinGW sextupoles were always ON). When switching them ON
the beam conditions are restored.
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FIG. 9: Beam sizes (lue, é red) as measured by the Synchrotron Light Monitor
(SLM). The bump corresponds to 68V sextupoles switched OFF

At the same time the Bhabha counter showed a dipgthan counting rates,
corresponding to a loss of luminosity due to thecebn beam blow-up (Fig. 10). The
corresponding lifetime increase is also due tolosv-up of the beam dimensions, being
lifetimes dominated by the Tousheck effect.

FIG. 10: Bhabha rates from the EMC. Dip correspond€¥dsext. switched OFF



In order to overcome the problem of a horizontaitability in the positron beam,
limiting the maximum storable current and probathlye to e-cloud, in February solenoid
windings with ~ 45 Gauss field have been instaifedoth IRs and in some sections of the
positron ring. About 800 mA of positrons were thetared in 60 bunches arranged in 12
bunch trains.

The SIDDHARTA detector was installed in March, poimg a further luminosity
monitor with the number of Kaon pairs detected. éxergy scan has been performed in
order to set the machine energy exactly adtlresonance peak.

The convolved IP vertical beam size in collisiors eeen measured by means of a
beam-beam scan technique. A measuredf 5.6 4 is compatible with the value obtained
by using the couplingvalue (k[0.7%) as measured at the SLM, being the single vertical
beam size at the IP1 of the order qf.4

Background rates have been optimized by adjustiegbeam orbit, the collimators
position, adding lead shielding especially in th&l,| and tuning the colliding beam
positions. The total background seems to be styashghinated by the beams parameter in
the rings, and is considerably higher than durrgglast DAPNE run.

The luminosity as a function of the product of emts presents a linear behaviour, as
expected. Specific luminosity is higher than durthg past best runs, as also expected
(see Fig. 11 and 12). Maximum measured peak lurntjnass of the order of 2xEOcm
s with about 800 mA of electrons and 600 mA of posis.
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FIG. 11: Luminosity vs product of beam currents (top legpecific luminosity vs time
(top right), beam currents vs time (medium plotiebélectrons, red positrons) and tune
shifts vs bunch current (bottom plots) for a runStODDHARTA experiment.
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As a comparison, in Fig. 12 are the same plotgHerfirst KLOE IR setup (2002,
three quadrupoles in the Ioflvregion) and the second one (2005, two quadrupnlése
low-f3).
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FIG. 12: Same plots as in Fig. 11 for KLOE in 2002 (leftdan 2005 (right).

The commissioning of the upgraded ©OAE is still going on. Presently all efforts
are aimed at improving the luminosity monitor rbildy, the maximum beam currents,
and lifetimes.

5 PROJECTION TO SuperB

The first DA®NE results are very encouraging for present andgdutolliders.

The SuperBaccelerator project, which is based on the sanmeem, will greatly
profit from the experience gained at DAE.

By increasing the number of bunches higher lumiyosan be achieved, the main
limitation being then due to wall power. With a RBwer of 58 MW a luminosity up to
4x10° cm? s* can be obtainable by doubling the number of busicResulting injection
rate is then doubled with respect to the upgradanpeters.

In Table Il the mairSuperBbeam parameters are summarized for the Nominal and
Upgrade configurations.
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TAB. 2: SuperBmain parameters (Nominal and Upgrade phase)

PARAMETER

Energy (GeV)

Luminosity x 16°
Circumference (m)
Revolution frequency (MHz)
Eff. long. polarization (%)
RF frequency (MHz)
Momentum spread (x19
Momentum compaction (xI
Rf Voltage (MV)

Energy loss/turn (MeV)
Number of bunches
Particles per bunch (xiD
Beam current (A)

Beta y* (mm)

Beta x* (mm)

Emit y (pm-mrad)

Emit x (nm-mrad)

Sigma y* (microns)

Sigma x* (microns)

Bunch length (mm)

Full Crossing angle (mrad)
Wigglers (#) 20 meters each
Damping time (trans/long)(ms)
Luminosity lifetime (min)
Touschek lifetime (min)
Effective beam lifetime (min)
Injection rate pps (x16) (100%)
Tune shift y (from formula)
Tune shift x (from formula)
RF Power (MW)

Nominal
LER (e+) HER (e-)
4 7
1.0
1800 1800
0.167
0 80
476
7.9 5.6
3.2 3.8
5 8.3
1.16 1.94
1251
5.52
1.85
0.22 0.39
35 20
7 4
2.8 1.6
0.039 0.039
9.9 5.66
5
48
0 0
40/20 40/2(C
6.7
13 20
4.5 5.1
2.6 2.3
0.15
0.0043
17

0.002¢

Upgrade
LER (e+) HER (e-)
4 7
2.0
9.0 8.0
3.2 3.8
8 11.8
1.78 2.81
0.16 0.27
3.5 2
14 0.8
0.0233 0.0233
7 4
4.3
2 2
28/14 28/14
3.35
6.9 10.3
2.3 25
5.1 4.6
0.20
0.0059 0.0034
25

In Fig. 13 expectedSuperB peak and integrated luminosities are presented as

function of the years of operation.
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