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Abstract Gammasphere running has occupied 52% ofstieduled
Cyclotron time.
The new transport system from tH&8-Inch In order to neet theneeds otthese experiments, a

Cyclotron to the Gammaspherdacility is described. new beamline wasonstructedwith improved vacuum,
Included arediscussions of the ECR sources, operatiorheam diagnostics, and optics systems, shown in Fig. 1.
beam diagnostics, mechanical constructiovacuum

system and beam optics. 2 OPERATION

1 INTRODUCTION The ECR [1]and AECR-U [2] sources supply
heavyion beams to the Cyclotron. The EC&urce
The 88-Inch Cyclotron atLawrence Berkeley started regulaoperation in 1985. It is a 2-stageurce
National Laboratory is the present home of Gammasphergth the main stage operating at 6.4 GHz. cdnh use
a powerful gamma ragurayfor studying the structure of either of two types of ovens, with temperatures up to 700
nuclei. Gammasphere has been operating as a natiodalg. C and 2000 deg. C to providesolid material feed
facility since April of 1993, running 104 major radially into the plasma. The AECR-Wourcehas a
experimentsand over 12,000 hours since then. Thesingle stageperatecoriginally at 14 GHz. It hadbeen
majority of Gammasphere experiments rundiie have upgraded by increasing the magnetic fielding multiple
usedcompound nucleus reactions at energiet above frequencies of 14 and 1GHz and using an aluminum
the Coulombbarrier €5 MeV/u) to make specific nuclei vacuum chamber. With the AECR-U the Cyclotron can
of interest for nuclear structure studies, especially nucleow supply beams to Gammasphere up to mass 200 at 5
that have been found opredicted toexhibit very large MeV/u. Both high and low temperatureovens are
deformations at high spinsalled superdeformeflvith an  available for the source, with 12dial insertion positions.
axis ratio of 2:1) ohyperdeformedqwith an axis ratio of The source-cyclotrorsystem is efficient enough to run

3:1). Inorder to make these nuclei, bea_ms wedium 5 isotopes such a24cr and 76Ge from naturalfeed
mass are generally usedand often rare isotopes are material. 365 is enriched to 2.5% arf¥Ca to 39%. The

required. Modest intensitiege needed, othe order of< .
5 pnA at the target. Other Gammasphere experime erall b.eamjehverysystem toGammaspherbashad a
; % uptime.

have used transfereactions to make nucleiar from Durina beam develoomenisin mole 200
stability and study their structure. Here much heavier g+ 9 bea € .e opmenis .g a sampie
beams are needed at higher energies. To datbethéest MeV Ar®™ beam, the optics were refineahd a Mcrosoft

beam run for these experiments has bél-‘ﬁ?Dy. Excel GENTUNE predictive spreadsheet for
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Figure: 1 Mechanical layout of beamline.
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A fast responsé&aradaycup is normallyplaced in
the downstreamend of Cave 4. It wasdesigned and
constructed bycyclotron staff. It uses a 50 ohm line at
the beam stoptaperingdown to a 50o0hm cable at the
back of the cup, whichcarries the signal through a
vacuum seal. The signal then goes througtast
amplifier (HP 8447F), to a low loss Heliax cable to bring
the signal to a sampling oscilloscope (Tektronix TDS
820) in the Control Room. In the control room the
various cyclotron parameters can be tuned riarrow
phase width when desired, while watching the beam pulse
40N the scope. Two retractable slits inside the cyclotron at
a beam radius of 5-15 inches are useful to defindéiaen
phase width. Each slit has two blades with separate drives
for gap widthandradiusposition. Using these slits the
phase could beeduced tol-2 nanoseconds FWHM for
Gammasphere type beams of 5-6 Me\Mithere cyclotron
frequencies are 15-16 MHz.

In order toprovide atest of the beam pulsgidth
independent othe fastFaradaycup, and to beable to
measure lower-intensity beams , a smalblungeable
scintillator/photo-tube assembly was installed jpsbr
to the fastFaradaycup in the Cave 4C beam line. This
scintillator measuredhe timing of the beam relative to
the RF. Since it detects individual beam particles it
normally needs a beam attenuator upstream. The width of
the beam pulse wasomparable tahat measured by the

Figure: 2 Beam spot on phosphor at focus in Cave

guadrupoles andending magnets wascreated for all
reasonable combinations of ion speaesenergy. This
supplanted the older QuickBasic MASTER program.

Five ZnS phosphorsprovide first level optic
diagnostics, with beam levels typicalyound 100 epA.
Six magnet-suppresseétaraday cups are available for
checking transmission, and 11 combinationgdjtistable
slits or plungeable collimators can be usedi¢fine beam
spot size and to reduce halo on target.

Once the Cyclotron tune iscompleted and the
GENTUNE values are loaded, the remaingmgics tuning
is very quick, typically around five minutes from
Cyclotron exit until the beam is in Gammasphere.
Focusing is not usuallgione onthe phosphorspeam
spot shape and positicare compared on go/nogo basis fast Faraday cup.
against benchmarks. Optimizing the tune on target is A BaF gamma raydetectorhas alsobeen used
done typically by reducing the beam on a collimator at ﬂ%utsude the beam pipe at the same locatiomeasure
target, relative to the beam on a Faraday cup aernbeof P€am p“.'s‘? shape by detecting gammas from a beam stop.
the line. Fulfilling eventhe most complexequirements 't 9ave similar results to the above methods.
typically take less than 20 minutes. The transjianmn
the cyclotron along the 50 m beamline to ttaget
reaches 50%transmission withcareful tuning. The
predicted beam size on the target is 3 mm diametais
has beerverified experimentally. The beam sizan be
increased bydefocusingthe beam with the triplejust . .
beforeGammasphere. The beam spot on a phosphor“g? were first aligned, then bolted to the floor for an

the last focus before Gammasphere in Cave 4 is shownS@thquake —safeinstallation. ~ Existing quadrupole
Fig. 2. The rectangularbox is 4 cm x 4 cm. The installations remaircounter weighted to prevemipping

phosphor is mounted at 45 deg. to the befrction. during an earthquake. Extensive reinforcement of the
Normally, a .75 cm collimator iplunged here tadefine G@mmasphere cavehielding wasdone for earthquake

the spot size, transmitting most of the beam whilgrotection.
removing most of the halo.

The beam pulse widtban bereduced to1-2 ns 12 Vacuum System
FWHM by using cyclotron internal beam collimators and
a Fast Faraday Cup described in the next section.

4 MECHANICAL SYSTEMS
1.1 Earthquake Safety

Quadrupole magnets which weadded tothe beam

The vacuum system uses stainless steel beam pipe,
aluminum beam boxeand turbo and cryopumps. The
stainless steel beam pipe sections making up the 50 m
3 BEAM DIAGNOSTICS long beamlinewere electropolishecand UHV cleaned for
improved vacuum. The aluminum vacuum pumping
stations and diagnostic boxegre UHV cleanedfor high
vacuum service. Fluorocarbon rubberusedfor both

Phosphors, Faraday cups, fixed diameter beam
collimatorsandguillotines (beamstops)can be mounted

to standardizedplunging drives. Theyare in-house . qd . Is ted ) i
designedunits which are controlled from the control Static and dynamic seals teduceoutgassing. Beamline

room. Color coding of the external support bracket helggelation valvesare inteROCkﬁd onups;r%?dman_d dowg
to identify which type of internaldevice is in use. streaml bprehslsurel':l,‘. 'I;j_eyhave pOSlltI ication an
Adjustable slits are electric motor driven with linear ~control both locally and in the Control Room.

potentiometer position sensing and are controlled from the  Roughing the beam line iaccomplished by a
control room. system of locally controlled vacuumpumping stations

utilizing turbomolecular pumps, with pumpirgpeeds of
300-500 I/s for nitrogen, backed with rotary vgnenps.
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For the final vacuum the turbopumps continue to pump The requirement ofkeeping the last collimators
the beamlineand asystem of cryopumps isdded, each awayfrom the target is met by having thebehind the
with a pumpingspeed of1500 I/s for nitrogen. Each Cave 4C wall in the upstream cave, Cave 4. They are
pump is locally controlled and is connected to the plungeable from the Control Room. They consist of 3
beamline through an interlocked gate valve ifmlation plates withdifferenthole sizes for forming an object for
during servicing. The cryopumps are regenerated by a dhe quadtriplet in Cave 4C. Selection of the haddize
pump or LN trapped rotary vane pump. Pumpdown timegives control over the beam spot size on targ&tother

from atmosphere to operating pressure is mfiutes. Set of collimators idurther upstream,nearthe previous
Bayard-Alpert ionization gauges positionednidway quad . These are 4 independent jaws, controllable from the
between pumping stations give indication of the beamlirfeontrol Room, which contradivergence othe beam on

pressures of 1 x 1 to 1 x 107 torr after aday of target by controlling beam size at the position in the
pumping previous cave where the beam is large.

Beamlines are vented to atmospheric pressaieg . The (;ies%r;hpf th? tbear_n line ht%s saUsfﬂIdthe |
cy itogen whh ispped fom the main Lty tank _[eGfementsandine solulon s now the one routnel
vaporizer/economizer system, providing 7.9 I/s (1000 CYsing the LATTICEcode, a user friendiywersion of
ft./hr.) of dry nitrogen at 3.1x 1® pascals (45 psi) TRANSPORT written by J. Staples of LBNL.
throughout the experimental areas.Venting to dry

nitrogen hasmproved the pumpdowspeed andhe final 5 &7
pressure.
5 BEAM OPTICS X ETA
(CM>1 X0
The new optics was designed to meet the following
requirements of beam on target: 0! 0
1. Beamemittance on target isninimum: no
energy spread contribution.
2. Beamspot size on target is as small as 3 mmy
diameter for some experiments. N3
3. Maximum beam divergence is adjustable.
4. Transmission from iosource to target should
be maximum, to make possible runs with low 3g 10 =0 2 20 =Y
source intensity (rare isotopes or high mass). ZM>
5. Beam collimators producing background

radiation should be kemtway from the target, Figure: 3 Beam optics layout.

preferably in an upstream cave.
The resulting solution is shown in Fig. 3. The 6 ACKNOWLEDGEMENTS
half beam envelopesre shown for the "x" or horizontal .
direction inthe top half of the plotand for the "y" or ~ The authors wish to thank the Cyclotron
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the beam pipe radius for tlstandard 4inch diameterpipe
and the quadrupoles. Eta(x) is the dispersiohpdp ray.
To meet the condition of minimunemittance at
the target, thé\p ray should cross the axis at ttaeget
and betravelling along the axis.
additionalquadsinglet, and adoublet, between M41 and
M42. These quads keep thp ray to small amplitude and
give the desiredtrajectory along the axigfter the last
dispersive element, M43. A central ray with a
momentum displacementAp/p of .075% is shown

diverging from the axis, slightly in MS and more in M41

and M42. Thid\p ray represents the beamnergyspread,
which adds tothe horizontal size of the beam. duad
triplet is used inCave 4C to givegood control over the
beam spot shape on target. The tripleplacedclose to

madeimportant contributions to the beam pulegdth
measurement. This work waspported bythe Director,
Office of Energy Research, Division of Nuclear Physics of
the Office of High Energyand Nuclear Physics of the

The solution uses ak).S. Department of Energynder Contract DE- ACO3-

76SF00098.
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the target to get the demagnification for a small spot size.

For Gammasphereptics, this brought the totalumber
of elements to 12quadrupoles, four largebending
magnets, and ten small steering magnets.
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