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ABSTRACT

1"neFragment Mass Analyzer(F_v_0at the ATLAS ac_eratorhas been
operationalforaboutone year. Duringthatperioda number of testrunsand
experimentshavebeencarriedc_it.The testrunshaveverifiedthattheionopticsof
theFMA areessentiallyas calculated.A brieffacilitydescriptionisfollowedby
reomtexperimentalresults.

1.Introduction

The FMA1,2 is an 8.2-meter long triple-focussing recoil mass spectrcxneter
installedattheATLAS heavy-ionacceleratoratArgonne NationalLal:x3ratc_.
FigureIshowsaschematicdiagramoftheFMA. The FMA separatesreaction

productsfromtheprimaryheavy-ionbeam and dispersesthem by M/q atthe
focalplane When theFMA ispositionedat0°,theprimarybeam isstoppedon
theanodeofthefirstelectricdipol_andthetwo electricdipol_plusthebending

magnetconstitutean energy-dispersionlessmass spec_.rometerforthe"eaction
products.The two magneticquadrupoledoubletsprovidegec_etricfocussing
and controlof M/q di_on atthefocalplane The FMA has an energy
acceptanceof+_20%,an M/q acceptanceof+4%,amaximum solidangleof8msr,
variablemass dispersion,and anM/q resolutionof>300:I.TheFMA canbe
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Rg. 1. _Cc.hematicdiagram oftheFragment Mass Analyzer

positionedatanglesbetween-5°and +45°,aswellasatdistancesfrom.thetarget
variablefrom 10-100an inorderto aocommodatelargedetectorarraysatthe

target.Figure2showsaphotographoftheFMA.

[_g.2. Photographofthe FMA_ The primary beam isincidentfrom thelowerleft.
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2.l_perimentalEquipment

A number of different experimental systems are available for use with the
FMA. Seine of these have been constructed by University users.

A 38-cre-diameter sliding-seal scattering chamber is available for use at the
targ_ position. It has provision for a target ladder as well as a rotating target
wheel used under high beam current o:ltditions. There are two independently
controlled rings for mounting detectors, and one side of the chamber has a
30.5 cm by 30.5 cm opening to a_ozlate an extension for housing large gas
detectors. Ali variable parameters are equipped with stepping motors,
cx3ntroiled manually or by computer. With this scattering chamber in place, the
normal distance between the target and the entrance quadrupole is 30 can.
Vacuum is provided by a 1500 1/ s cryq:namp attached to the side of the chamber.

For prompt gamma-ray experiments, an array of ten Compton-suppressed
Ge detectors can be placed around the FMA target position. With the full
o:xnplement of 10 detectors, the distance between the target and the FMA is
35.6 cre. For these experiments the 38-cm scattering chamber is replaced by a
12.1-crn diameter target chamber containing a Si detector beam monitor, a target
ladder driven by a stepping motor, and a device to insert thin carbcn foils behind
the target. These foils are used to reset the charge state of the reaction products
following the emission of de-excitation gamma rays.

A 16-segment neutron detector array is available for use at the FMA target
position, nc_'_lly used in conjunction with the Ccrnpton-suppresseci Ge
detectors. It _pies the region between the small target chamber and the
entrance to the FMA, so that neutrons evaporated in the fccward direction can be
detected. In coincidence measurements the neutron array can be used to provide
additional infc_nation on the Z of the rec_ls. The detectors utilize pulse shape
to discriminate between neutrons and gamma rays at neutron energies abc_e I to
2 MeV, and time-of-flight for lower energies.

At the focal plane a 15-cm horizontal by 5-crn vertical parallel-plate
avalanche counter (PPAC) is used to measure x- and y-position, tim_ and energy
loss. The PPAC has entrance and exit windows of total thickness 280 _g/crna,
and uses iso_tane gas at a pressure of 3 Torr. Behind it can beplaced other
detectors such as Si or Bragg oarve detectors, or the recoils can be allowed to
pr_ into other detector systems. A moving tape collector is available for
studies of beta activities. A facility to study nuclear moments is under
construction behind the FM/K lt consists of an array of tilted foils for polarizing
the recoils, and a magnet for beta-NMR measurements. Currently under design
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isan implantation-decaydetectionsystembasedon a double-sidedSistrip
detectorwithatotalof48x48pixel_

3.Some ExperimentalResults

3.I Yr_ L__'in /5/Yb

Recoilionshave transittimesthroughthe FM in the range0.5-2I_
providinganidealop_nity tostudythedecaysofmicrosecondisomersatthe
focalplane3 The 96Ru+ 255 MeV SSNireactionwas usedtoproducefusion
productsnearmass 151which,afterpassingthroughthePPAC,werestoppedon
a catcherfoilplaced10 _n behindthefocalplane.Delayedgamma-rec_land
gamma-gamma coincidencesfrom thestoppedrecoilswere measuredbetween
thePPAC and threegamma detectors.Besidestransitionsresultingfrom the
decayoftheknown N = 82isomers2.6p.sIS0Er,0.46l_sISITmand34l_sIs2yb,two
yrastisomerswithhalf-livesof20+_I p.sand 2.6+ 0.7llswere_ed inIsIyb.
Figure3 shows thecleanseparationoftransitionsfeedingand de-e_citingthe
2.6l_sisc_ner,obtainedby sortingthemass-selectedgamma-gamma c_ncidence
eventsusingappropriatetimingconditions.Furtherwork on theseisomersis
planned,inparticulartheobservationofconversionelectronsusinga Sidetector.
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Rg. 3. Gammaraysobservedat the F]V_ focal plane from thedecaycf
high-spinisomersin151yb.
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The firstgamma-rayspectr_c studiesusingthearrayoftenCompton-
suppressedGe detectorsarc_ndtheFMA targetpc_tionhavebeen conducted.
The reactionsISSGd+ 32S(160and190MeV) and 16°Gd + 36S(157MeV) wereused

toproduceIs1-183Hgand 190-192Hg.The FMA transmissionsobtainedintheseruns
were5-10%,with2chargestatesonthefocalplane

Inthecaseofthe32S+ ISSGdreaction,oompetitionbetweenthe4n and p3n
evaporationchannelscaused183Autobepresentinthemass183spectrumwhen a
charge-stateresettingfoilwas used When thefoilwas removed,therelative
intensityof183Audr_ considerably,asisshown inFigure4. Thisisdue to
thepresenceinthe IssAugamma-ray cascadeof one ormore transitionswith
energies<200keV havinga conversioncoefficientof0.4or greater.Sincethe

internalconversionprocessisquitevident,itresultsinthelossoftheemitted
electronplus4-5outershellelectronsfrom subsequentAugertransitions.This
hastheeffectofraisingthechargestateoftheAu ionsby 5-6units,thusreducing
theirtransmissiontothefc_lplanesincetheFMA was setup totransmitonly
two adjacentchargestates.
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I_ig.4.Promptgamma raysfrom157MeV 32S+ I'55GdincoinddenoewithA=- 183ic_s.
a)Witharesetfoilplaced2cm behindthetarget,b)No resetfoilusect

Intherecoil-gatedgamma spectra,transitionsofenergies378.1,418.1,445.7,
and513.2keV were assignedtoISSHgand377.8,417.5,445.0,5:13.4were assigned
to181Hg.Analysisofy -y-andreeoil-y-y dataisinprogress.Many transitions
werealsoseenin182Hg.

.I
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Thedataforthe36S+ 160Gdreaction

demonstratethesensitivityoftheFMA ANL-P-20,928
for weak channels. Figure 5 shows how 3500-(a)_ _ "1
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a) Mass projection shcshring the lc_ yield _ _"z 200

_o_ " g =.,,,-Iof mass189.b) A portion of thetota] y - 8

projection of therecoil-y-y matrix. __] _ _, o ,-:.100l II
recoil coincidence are present, and the 5o

position of the strongest transition m o ___, ___,,
189Hg at 403 keV is identified, c} A 2_0 _nr_ .-- 600 700
portion of the mass 189-gated

y -projection of the recoil- y -y matrix.

3.3 Alp_ _y _fN_Crow-L_'a'mtPt I_c.p_,"

Early in the e.£rnmissioning phase of the FMA an experiment was performed
to study the decay of short-lived neutron-defident platinum a -emitting isotopes
produc_l by bc_barding l_Sm by _2S. The Pt recoils traversed the FMA, passed
through the PPAC at the fc_al plane and were implanted into a Si(Au) detector
placed about 10 cna behind the PPAC Alpha decay events in the Si detector were
counted both during bc_bardment and beam-c_f intervals. An electrostatic
sweeper was used to prevent the beam fr_xn entering the ATLAS accelerator
during the beam-off period
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Two different bcmlbarding energies were used: 164 MeV to favor the
productiorl of 172ptand 173Pt,and 200MeV tofavortheproductionof170ptand
171pt.Thehalf-livesof173ptand 172ptwere determinedtobe290(60)and 110(20)

ms, in agreementwith literaturevalues4,S.Figure6 shows a spectrum
accumulatedduringthebeam-offperiodforthe164MeV run. Not onlyarethe
alphasfrom 171,172,173ptpresentinthespectrum,butalsothealphasfrom their
decaydaughtersasweil.Futureexperimentswillcontinuethiswork andextend
ittootheralphaemittersinthismassregion.
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Rg. 6. Alpha-partidespectrumofrecoilsimplantedintoaSi(Au)detectorbehind

the FMA focalplane,accumulatedduringthebeam-offinterval."

4. Operational Propertiesof the FMAand Future Hans

The primary beam transmission of the FMA is defined as the intensity of
primarybeam particles measuredon thefocal-planedetectordivided by the
primarybeam intensityatthetarget.Thetransmissionhasbeenmeasuredusing
aSSNibeam on anumber oftargetswithmassesbetween27and 197.Thevalues
rangedfrom 10-6intheformercaseto10-11forthelatter.Low primaryl:_,.am
transmissionsareobtainedbyusinglightbeamsandheavytargets.
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The recoil transmission of the FMA is defined as the number of rccc_ls

reaching the focal plane divided by the number of reccxls produced at the target,
and is highly dependent on a number of variables. First is the FMA's geomeilic
acceptance,typically5 mst. The transmissionalsodepends on the reaction

kinematicsand the targetthickness,because thc_ determinethe angular-,
energy-, and charge-state distribution for recoils emerging from the target.
Finally, the transmission depends on the M/q of the recoil ccxnpared to the
central M/q The transmission of a particular recoil species is measured by
observing, in singles and in coincidence with recoils at the focal plane, a particular
gamma transition at the target position. The highest transmission measured so
far is from a SaNi on 64Ni experiment. Here a transmission of 24% was measured
for the 2p2n evaporation product 118Xe Figure 7 shows the M/q _rum
obtained during that measurement, showing two charge states for M = 118 on the
focal plane
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t,_g 7. M/q spectrum at the FMAfocal plane from the58_i + MIM reaction at 215 MeV.

The mass resolution of the FMA is determined by the beam spot size on

target and the angular and energy distributions of the rec_ls. A circular beam
spot size of about 1-mm diameter is used at the FMA target. The highest mass
resolution obtained so far with the FMA, 525:1, is shown in Figure 7. In other

experiments where the reaction kinematics have been less favorable, mass
resolutions of about 3513:1have been obtained.
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The FMA has been tested with readic_s utilizing Izoth conventional and
inverse kinematics. Inverse kinematics has the advantage of high transmission
due to forward focussing of the recoils, and high recoil energies which aids in Z-
identification, lt has the disadvantage of worse primary beam attenuation and
large gamma-ray D_pler shifts in at the target.

At present, development work is pr_.eeding on new configurations of
detectors for the focal plane, induding highly segmented Si detectors for
implantatic_ studies and a gas-ionization chamber for Z identification.
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