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ENERGY-LOSS SPECTROMETER FOR PRECISE RADIOACTIVE ION BEAM
EXPERIMENTS IN THE VICINITY OF THE COULOMB BARRIER

V. Z. Maidikov

The energy-loss spectrometer — very effective set-up for precise nuclear reactions study based on
magnetic analysis of primary beam and charged particle nuclear reaction products have been proposed.
Based on existing magnetic analyzers, it may increase the magnetic spectrograph efficiency of about two
orders of its value in comparison with achieved up to now with no loss of its resolving power.

During the last years the main interest in radioactive ion beam (RIB) experiments has been
shifted to the intermediate and high energy region, since in these experiments RIB are produced
mainly using projectile fragmentation reactions. Thus the traditional nuclear reaction studies in the
vicinity of the Coulomb barrier are scarce as for the use of RIB.

The DRIBS project realization [1] will give rise to rather unique possibility of precise
experiments with RIB can be performed in the same manner as with accelerated beams of stable
nuclei, According to this project, the U-400 cyclotron serves as a post-accelerator of RIB produced
at the U-400M cyclotron and at the MT-25 microtron.

Possibility for precise RIB experiments close to the Coulomb barrier proposed here is based
on the available at the U-400 cyclotron switchyard experimental set-up for precise study of nuclear
reactions, namely the broad-range magnetic spectrograph MSP-144 [2] (Fig. 1.).

Fig. 1. Schematical view of the charged particle magnetic spectrograph MSP-144.

The MSP-144 spectrograph has a solid angle acceptance of about 5 msr and the momentum
acceptance of 250 % with the focal plane length of 1.5 meter. The energy dispersion of the

spectrograph is about 1 cm/%.
It is installed at the first floor of the U-400 beam switchyard. From the second floor the

cyclotron beam to the spectrograph target is transported through the beam Downing and
Commutation Set-up (DCS) [3]. The DCS consists of two 90° bending magnets, the lower one is
rotatable around the vertical beam axis to direct the beam to either spectrograph ore to other set-ups
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located on the first floor. The DCS could serve as a monochromator of accelerated beam directed
onto the spectrograph target.

Last time in the experimental practice of precise nuclear reactions study by means of
charged reaction products magnetic analysis often use the “dispersion matching” [4 — 6] between
the beam monochromator and magnetic spectrometer. Such matching permits one to increase the
overall efficiency by a few orders of magnitude remaining the main advantage of magnetic
spectrometer — very high energy resolution.

But in our case, for the reason of the ortogonality of dispersive planes of monochromator
and spectrograph the RIB passed through the DCS may be further focused onto the MSP-144
spectrograph target with beam intensity loss of about 90%. To avoid this loss it is necessary to
realize the momentum loss operation mode by means of dispersion matching between the separator
and the spectrograph. It may be realized by means of a beam rotator [7] introducing into the beam
line between the DCS and the spectrograph (Fig. 2). The beam path length of about 15 m between
the DCS and MSP-144 permits one to install in this path the needed focussing elements together
with a beam rotator. Such rotator consists of five standard quadrupole lenses so as to turn the
vertically oriented DCS dispersion plane to the horizontal plane, where the dispersion plane of the
spectrograph is situated. In this way it is possible to use practically the total RIB energy and angular
spread (even in the multiturn mode of the beam extraction from the cyclotron) for precise nuclear
reaction experiments using the magnetic spectrograph, including the differential cross-sections
measurements.

Moreover, such matching strongly eliminates (to a few orders of magnitude) the parasitic
background of scattered particles at the spectrometer focal plane and other detectors by means no
collimating using in the target vicinity.

Additional advantage of the monochromator — spectrometer matching is the arising
opportunity for the compensation of the kinematic broadening of the spectrograph spectral line by
the beam spot defocusing at the target by means of the proper beam line tuning for the better
resolution obtaining.

Fig. 2. The matching of the beam downing and commutation system with the spectrograph.

The overall resolving power of such a tandem will be better than 1000, which is determined
by the DCS resolving power (higher order calculations will make its more accurate definition). The
efficiency of this tandem depends on the matching quality of DCS and spectrograph parameters.
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The dispersion matching of DCS and MSP-144 by means of a beam rotator introducing also allows
one to increase the total spectrograph efficiency by a factor of about 100, in comparison with the
efficiency achieved up to now, in traditional experiments with accelerated beams of stable nuclei.
Moreover, the dispersion matching strongly simplifies the background problems at the spectrograph
owing to no collimation used in the vicinity of the spectrograph target.

Such monochromator-spectrometer matching is very important for the rare events in nuclear
reactions investigation, for precise ultrasensitive accelerator-based mass spectrometry (AMS) and
in experiments with radioactive nuclei beams having low intensity and rather large energy spread.

Resume

Analysis of the ion-optical parameters of existing facilities for precise nuclear reactions
experiments at the FLNR, JINR U-400 cyclotron beam switchyard shows that some improvements
can be made to perform RIB experiments at the Coulomb barrier of interactions. A change in the
position of a dozen guadrupole lenses at the cyclotron switchyard permits one to obtain parameters
of magnetic spectrometer adequate to the modern experiments. '
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CHEKTPOMETP BTPAT EHEPI'Ii JUIS IIPEIM3IMHIX EKCIIEPUMEHTIB
3 IYYKAMHI PAJIOAKTHBHUX IOHIB NOBJN3Y KYJOHIBCHBKOI'O BAP'E€PA

B. 3. MaiigixoB

3anpornoHOBAHO BapiaHT CTBOPEHHs CIIEKTPOMETpa BTPAT eHeprii A/is NpoBeJeHHs NMpelu3iifHuX
eKCIIEPUMEHTIB 3 Mydkamy pPamioakTHBHUX iOHiB MOGIM3Yy KyJIOHIBCHKOTO Bap'epa B pamkax peanizauii
mpoekry TPl (ny6HEeHCEKI My4ku pafioakTHBHHX ionis), CriekTpoMeTp BTpaT €Heprii peai3yeTbea Ha
Gasi icHylouux Ha 1uKIoTpoHi Y-400 JlaGopatopil spephux peakuili O6’eanaroro [HCTHTYTY SIePHHX
JOC/IIKEH MATHITHIX aHANI3YIOUHX MPHIAAiB: WKPOKOAIANas0HHOro MaruitHoro cnekrporpapa MCII-
144 | MarHiTiB 3HMKEHHS § KOMYTaLii MyyKa NPYCKOPIOBAYA IIAXOM BilINOBIAHOIO Y3rOMKEHHS iX i0HHO-~
onTuuHMX mapamerpis. Take Y3ro[KeHHs JO3BOISE MiIBULIMTH peanbHy e(peKTHBHICTE crniekTporpada Ha
JIBa MIOPSIKY, MOPIBHAHO 3 paHille I0CATHYTOI0, 6e3 TOTipLIeHHs HOro eHepreTHYHOI PO3iIbHOT 3AaTHOCTI.

CIEKTPOMETP IOTEPH SHEPTHH JJISI NPEIU3MOHHBIX 3KCHIEPUMEHTOB
C IYYKAMU PAJJMOAKTHUBHBIX MOHOB BBJIM3A KYJOHOBCKOI'O BAPBEPA

B. 3. Maiigukxos

TlpeioneH BAPUAHT CO3JAHMA CNEKTPOMETPA TOTEPb SHEPrUM AN MPOBEACHUS NPELH3UOHHBIX
SKCTIEPHMEHTOB C IydKaMK PaIHOAKTHBHEIX MOHOB BONIM3H KY/JOHOBCKOro Gapbepa B paMKax peainsailii
npoekra J{[TPU (ay6HeHCKHE MyuKH PaavMOaKTHBHBIX HOHOB). CHIEKTPOMETp MOTEPh SHEPTHH POATH3yeTCs
na Gase CymlecTBYOIMX Ha uukioTpode Y-400 JlaGopatopun sAAepHBIX peaKiuid O6benrHeHHOTO
MHCTUTYTAa AAEPHBIX HCCNIENOBAHHH MArHUTHBIX aHATU3UPYIOWHX npuGOpoB:  LIMPOKOAWATIA30HHOTO
marsutHoro crekrporpadga MCII-144 ¥ MarHWTOB CHKEHHS M KOMMYTalMH My4Ka YCKOPHTENA IMTyTeM
COOTBETCTRYIOLIEro COIVIACOBAHUSA MX HOHHO-ONTHYECKHX Mapamerpo. Takoe COTIacOBAHWE MO3BOJACT
TOBBICHTH peabHyl0 3G (heKTUBHOCTD CrIEKTPOrpada Ha ABa NOps/IKa, [0 CPABHEHHIO C PaHee JOCTHIHYTOH,
6e3 yXy/ILIEHHUS €I0 3HEPreTHYeCKol pasperaroLel CiocoGHOCTH.
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