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As a consequence tifiis request anew injector for
Abstract the ALPI booster habeen proposed dhe beginning of
The construction of a positive ion injector for the1996. The injector PIAVE Positive lon Accelerator for
linac ALPI, namedPIAVE, at Laboratori Nazionali di Very-lowEnergy ) is meant for increasing the maasge
Legnaro was funded in 1996. The beam parameters of thithe facility up toleadion. PIAVE will use thebeams
injector, consisting of two Superconducting Radio generated by thECR lon Source Alicglaced on &igh
Frequency Quadrupoles (SRFQ) and eight superconductingltage platform operated at 350 kV [2].
Quarter Wave Resonators (QWR) for arequivalent Figure 1describesthe performance ofthe tandem-
voltage of about 8 MV (&* beam), are fixed. The ALPI complex and compares it with the foreseen
building is ready, infrastructuresxdbeam transport lines capability of PIAVE in terms of specifienergy of the
are being ordered.The superconductingRFQ’s are in the beam versus the mass number. The vaidisatednear
prototyping phase. Thgeneralstatus of the project is the curves are the beam currents on the targedaiticle-
reported inthis paper, including cryostand cryogenics, nA, including a realistic transmissiaoefficient in ALPI
bunching systems,diagnostic devices and electronic of 50%. It clearlyshows the possibility ofeaching the

control systems. heaviest masses keeping the energy of the beam above the
Energy Coulomb barrierandwith beam currents on targetore
e than adequate for nuclear physics experiments.
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located inside three cryostats: one containing the two
SRFQ and two, similar to the ALPI ones, containing four
QWR’s each.

The accelerator is connected tine ECR source,
1 SCOPE OF PIAVE placed onthe high voltage platform, on orside and to
ALPI on the othesside by natching lines containing the
bunching systems tperform the longitudinal matching
of the beam. The beadynamicsanalysis of thewhole
system is completed [3] and the various component of the
matching lines are in different phases of construction.

Figure 2 shows the layout of the machine, including
ntthe ECR high voltage platform.

The high voltage platform housing the EGRBurce
is placed on &oncretebaseandits output beam line and
acceleratingcolumn is displaced, both vertically and
horizontally, with respect of PIAVE. The resulting
transport linedeflectsthe beam of 180guiding it on a
line some 5 meters beloand some 2neters to thdeft

Figure: 1 Performances ofthe Legnaro accelerator
complex including theforeseen upgradingyiven by
PIAVE.

Presently thd_egnaro acceleratotomplex consists
in a XTU tandem followed bythe superconducting linear
booster ALPI. Itdeliversion beams to thexperimental
rooms with beam intensities on the targeffenf particle-
nA, masses ranging from protons to masses obitier
of 100 amu ¥Br) andenergies well above thEoulomb
barrier as it is shown in figure 1 [1]. The main constrai
for the existing facility is thepresence othe stripping
section inside théandemthat limits theperformance of
the accelerator complex towards the heamiasses, up to
200 amu, and the beam intensities. On the dthad the
nuclear physicistsare interested tdhe very heavy ion
beams with energies around the interaction barrier.
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Figure: 2 The Lgout of PIAVE

of the ECR output one, following the beam direction. Allmeang3=0.035 for the nominal uranium beanemioned
the magnetic elements of the line were ordered. above. This beam velocity is too low for the injection

The beam analysis iperformed by amagnetic into ALPI low [ resonators. Therefore a section
spectrometer otthe high voltage platformTherefore the containing eight QWR’s with an optimuify of 0.047 is
magnetic elements of the line are meant only for tHereseenfor PIAVE. These cavitiesare sinilar to the
transverse matching of the beam into the SRFRD® to ALPI ones and the first example is nowunder
create the required beam waist at the buncher location. construction following the production procedufixed for

The beam dynamics studies @terminedhe need the ALPI resonators [9].
for a very efficient bunching system with a Idknsverse The matching line between PIAVE and ALPI
emittance increase. The result of that is a quite innovatiwentains two quadrupole triplets, an achromati, 9ade
design of a triple harmonic buncher [#glizedwith two of two bending nagnets with aguadrupolesinglet using
independent cavities as it is shown in figure 3. The twihe standard ALPI ‘L-Bends’, as well as two room
cavities operate at 40-120 MHz and 80 MHz respectivelytemperature bunchers [3].

The buncher, combining the absence of grids and the
use of three harmonics, has a bunchingfficiency of 3 DIAGNOSTICS
~68% and it requires a rf power of less than 100 W which ~ To operatehe machine eight diagnostic boxes are
allows the use of a room teeraturesystem without foreseen inthe two beam transport lines. The boxes are
severecooling problems. The cavitieare powered by equipped with the Beam Profile Monitors and longitudinal
three independentsolid state amplifierscontrolled by Phase spacediagnostics. Current monitors for the
standardALPI rf controllers. The operation of the first transmission controbre located inseveral boxes.The
cavity at 40 and 120 MHz is possihiieie tothe different main issue for this BPM's is the beam intensities
field distribution of the two modes with a careful —expected from the ECR. We would like to use as much as
displacement of the tuners, the couplers and the pick-upf0ssible ourexperiencewith ALPI wherethe BPM'’s are

In the beam velocityrange 0.00%p<0.035 the harpsmade ofwires 20um thick [10]. These BPM'’s
acceleration is performed bywo SRFQ resonators have severe problems with the beam intenséigs beam
operating at80 MHz and made ofniobium sheets power foreseerfor PIAVE, as it hasbeen already
electron-beamwelded [5]. The accelerating structure of experiencedwith the tandembeamsbefore the charge
~2.5 meters long is split into twdifferent resonators analysis. The possible solution is to use stifissead of
housed in the same cryostat. This choice is dictated by thées for the harps. Alternative solutions, suctressdual
limitation in the maximum storable energy inside a cavit@as detectors and rotating wires, will be considered.

compatible with the rf phase locking [6]. Efﬁm
The novelty of the project, withespect ofsimilar - ﬂ-

facility already operating in other laboratories, is the
presence ofthe superconductingRFQ [7]. The beam
dynamics specifications, the bunching of the beahich
is madebeforethe RFQ with a triplefrequency buncher
describedabove,andthe particularcareput in the design
of the cavity both for randvibration control reasons are
the main peculiarities of the SRFQ design. The complete
design of the SRFQ resonators is almioggshedand the
first stainless steel prototype is in its final construction
stage [8].

The accelerating structure is changpadssingfrom
the SRFQ to the QWR, following the indications of the Figure: 3 Schematic of the PIAVE triple harmonic buncher
beam dynamics studies at an energy5@8 keV/u, that
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A transverse emittance measurit@x is under The SRFQ2 stainless steel prototype is in its
construction for the commissioning of the lognergy assembly stagand is expected to b&nished by the
beam transport linand, afterwards, othe SRFQ and middle of 1997. The niobium pieces for the resonator has
QWR'’s acceleratorsections. Theapparatus is able to been acquired.

measure beam spots of 60 namd maximum divergence The triple harmonic buncher has been designed and it
of 240 mradwith an angular resolution of girad. The will be ready for testing by the end of may 1997.
emittance measurements box when itplaced at the The test cryostat for the SRFQ resonators, with the

output of the SRFQ section amdbreover aftethe QWR internal screenandreservoirsmade intitanium, isunder
section requires a dissipation of thermal power of the ordeonstruction.The cryogenic plant for PIAVE has to deliver

of hundreds Watts. 130 W at 4.5 K and 600 W at 80 K. The cooling power at
80 K will be provided by liquid nitrogen. A new
4 RF AND CONTROL refrigerating system for theliquid helium has been

The resonator controller is an evolution of the ALPfoNsidered to avoid the overloading of the ALPI system.
QWR's controller. Itoperates in self-excitetbop mode In the framework of the PIAVE project ascaled
and locks the cavity phase by adding to the signaing Model of a SRFQ working at 160 MHz in dummavity
the amplifier with areactivecomponent in response to ah@s been made for the first attempt of magneto-sputtering
phase error detectioft1,12]. Improvementshave been deposition of thin films. The preliminary results are
brought to theelectronic board to reduce the phase- encouragmg_poth concerning the uniformity of deposition
amplitude cross-talk and to make maasuratethe search 2nd the stability of the plasma.
of the resonancepeak. Inorder to broaderthe SRFQ
bandwidth to a range of10 Hz, asolid statepower REFERENCES
amplifier delivering 1 kW CW in class AB will be used. [1] 'SStatUS %f '?LP' S?ndt R@tedb Déeve:é)prtnents tOf |

The new injector control system is an extension of P;’g’fggg{‘ng‘f 'Q? theruf«;' relﬁt’ernltionél L?nreueﬂa Aﬁc_ ab
the ALPI system and it is based on VMEatesconnected Conf., Geneva 1996

i i [2] ‘Commissioning of the ECR source Alice’, by M.
via Ethernet to UNIXworkstation (DEC Alpha) for the Cavenagoand G.Bisoffi. NIM A328(193) p.362-265,

operator interfaceSome changes have beemade to and ‘Selection of charge from th&CR Alice without
increase the performance; in particular the old Gidards forming a Waist’, by M. Cavenago, NIM,
(68030) have been substituted by new cemsippedwith A328(1993),266-269

. ' lete simulati f the h ion li PIAVE’
the PowerPC processor running at 200 MHz clock. Theg’é] A?%?;g; %ﬁém,\lj'aé%%?miaﬁ tﬁ;’;‘gg g’rgcgggings by

boards provide afull support for the FastEthernet [4] ‘The triple harmonic buncher for thRIAVE project’, by

(100 Mbit/s) and this can be anoption for a further ﬁhrfuagcgggg”':-lgggrpav to be published in the LNL
system upgrade. The VME CPhbards operate under the 51 ‘SuperconductingRFQ cavities of the new heavy ion
real time OS Tornado (by Wind River Inc.). injector at Legnaro’, by G. Bisoffi et al., Proceedings of
the “Seventh Workshop on RFSuperconductivity”,
Paris, October 1995.
5 STATUS OF THE PROJECT [6] ‘Status of the SuperconductinBFQ project for the
The project, which started officially in July 1996, is 'F-,‘?gg‘:ég"':'ges""ofpé’;ﬂ‘ée Igggﬁg%%rs’ (bBy aféégﬁggt at,
now In Its construction Stage f0r many Components. [7] ‘Design of a Superconductin@FQ resonator” by l.

The ECR source iplaced inits final position onto Ellaen-Zvi et alf, Parsticle accetallera'toést%5f(19I?|1) 177I

; ‘Prototype of a Superconductin or Heavy lon
th_e high voltage platform and has been tested SL_jcceSSfLm/ Injector Linac’, by G. Bisoffi et al., these Proceedings.
with noble gas beams in May 1996. The resolution of thg) ‘Experience with the bulk niobium loW resonators at
ion analysis proved to be satisfactory enabling to LNL’, by A. Facco et al., Proceedings of the 7th
distinguish'*>Xe from***Xe and to detect a 10 V ripple in International Conference on Heavy lomAcceleration
the ion source voltage. The high voltagewersupply is E%ghrflggg’(ﬁa%%t;e{[)a;‘_ﬁ'lmsu' andMeth. in Phys.
ready to be installedndtested tothe nominal voltage of [10] ‘The beam diagnostic system AfPI Post-Accelerator’,
350 kV. The electrical power needed bythe ECR by M. Bellato et al., Proc. of the 3rd EPAC 1992 Berlin.
equipment is provided onto the platform via an insulating*] [;I'Ohoestg?%tgéluIgndbyelllethé%@chsi e?falﬁ%%frfﬁsﬂ?.ug%g

transformerwith a total power of 135 kVA at 380 V Meth. A245 (1986)1.
which hasbeen already orderedFor generaluse with [12]‘Status of theALPI control System’, by G. Bassato et
metals, a rf induction oven was budnd anoven was ‘a_llHePg)ghEcliE g;gt%?nnf'ofotheatr.r,{lml_e_l_?,&,égg1b)y28él’
tested up to 1956100°C. The beam after thaccelerating Bassato et al, Proc. of the 3rd EPAC, Berlin 1992.
column is foreseen for the beginning of 1998.

The magnetic elements of the transport lilese
been already ordered and are expected to be delivered by the
end of 1997. By that time all the ancillasystems,such

as vacuum and diagnostics, will be ready for mounting.
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