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The accelerator complex of the Joint Institute for Nuclear Research (JINR) in Dubna
becomes now a unique place to provide 3-12 GeV/c polarized deuteron beams with high
intensity and good polarization. It is possible to obtain quasi-monoenergetic neutron and
proton beams too using a break-up of accelerated deuterons. A new ‘generation of experi-
ments can be carried out at this accelerator complex [1].

To get full benefif of this opportunity, the experiments with polarized beams must be
performed in conjunction with polarized proton or deuteron targets. To produce in a shortest
possible time a working combination of a polarized beam and polarized target, it was agreed
to use, after reconstruction, the Saclay-Argonne frozen spin proton polarized target which
was built for and used initially in an experiment at FERMILAB (USA) {2].

For the purposes of the physics program in Dubna the target has been reassembled and
upgraded adding the missing parts. A new quality was given to the target assembly during
this reconstruction - a transportability from one experimental area to another. This is a
”movable” polarized target (MPT) concept. It means that all the major parts of the target
assembly disposed closely to the beam line (target cell inside a 3He / *He dilution refrigerator,
magnets, power supplies, service liquid helium dewars, He pumps etc.) are mounted on two
separate decks (Fig.1) which can be moved as blocks in and out of the beam, and also
between various accelerators. These decks may be translated on high precision rails fixed on
a main frame. During the experiment, the working target may be moved in or out of the
beamline within some minutes without interference with the polarizing or frozen spin mode
in process. Between experiments, transportation to another area does not need disassembly
of the equipped decks. The dimensions of the decks with their equipments correspond to
dimensions of a standard sea container.

Larger of two decks contains the He / *He dilution refrigerator with a horizontal axis
mounted on a 1.5 tons concrete cube, a 30 | service helium dewar of the refrigerator, a 1000
1 supply helium dewar and a *He pumping system. The pumping system consisting of one
Geraer compressorenwerk {RPW3600) 3600 1/s roots pump and two Leybold pumps (WS-
1000 and WS-250) with pumping speeds 1000 1/s and 250 1/s is mounted on a compact stage
and placed onto the deck using pneumatic dampers for vibration isolation, similar to [3]. The
pumping system is connected to the dilution refrigerator through about 1.5 m piece of 200
mm diameter stainless steel tube with bellows inserts. A quality of the vibration isolation
is demonstrated by the fact that it was possible to work in a frozen polarization mode at a
working temperature < 50 mK without any additional thermal load to the refrigerator, and
small phonic noise on the NMR coils.

A polarising superconducting solenoid, its 300 1 service helium dewar and power supply
are mounted on a smaller deck. For easier operation and for good access to the physics
detectors, the equipment, that is not mounted on the decks, is placed outside of the radiation
controlled area.

A remote control of the entire operation of the MPT was achieved from the control
room installed inside the trailer. It contains an operating vacuum, *He and “He systems,
an interlock system, a microwave system, and a NMR system. A new powerful two-arm
cleaning system for *He was built containing liquid nitrogen cooled charcoal traps and warm
silicagel traps.



Fig. 1. Photograph of the movable polarized target

The microwave system intended for proton polarization build-up consists of a microwave
source, a waveguide, and a power supply. A diffraction  radiation generator with 4 mm
wavelength was used as the microwave source. Its main characteristics are:

- frequency range: 70-78 GHz,

- output power: no less than 5 W,

- relative frequency instability: no more than 1075,

- FWHM of a radiation line: no more than 0.5 MHz.

The waveguide consists of warm and cold parts. The warm part contains a directed
brancher intended to measure the frequency, an electronic attenuator, and a wavemode
transformer. The microwave power comes to the refrigerator in HO1 mode. The cold part
of the waveguide inside the refrigerator was left unchanged. 1,2-propanediol with a param-
agnetic Cr(5) impurity having a spin concentration of 1.5 x 1020 ¢m~3 was used as a target
material [4]. A load of 140 cm® of propanediol beads in a plastic container having 200 mm
length and 30 mm diameter was placed inside the dilution refrigerator.

The target polarization measurements were carried out using a computer controlled NMR
system. Maximum values of proton polarization obtained were 80% and 85% for positive
and negative polarizations, respectively. Difference of microwave frequencies corresponding



to polarization maxima was measured to be 310 MHz. A duration of one continuous run
at a-given sign of target polarization was about 12 hours. Polarization degradation during
this period was insignificant since the nuclear spin relaxation time in a frozen mode (at a
temperature 50 mk and magnetic field 2.5 T) is over 1000 hours.

First experiiment using MPT and polarized neatron beam of JINR accelerator complex
has been done in February 1995, The difference in the transimission cross sections of polarized
neutrons through the polarized proton target when heam and target polarization directions
are parallel or antiparallel has been measured.  All the work on target reconstruction. its
transfer 1o the beam line and the first experiment have taken approximately 8 months.

For further experiments transverse polarization of protons (and deuterons) is needed. A
set of holding coils for achieving transverse polarization. as well as a new polarizing solenoid.
are being built.
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IpunnMaerca noanucka Ha npenpuHTEH, cooBMwIEHUS O6wenuneHHOr0 MHCTHTYTA
ANCPHBIX MCCenoBanuid M «Kpatkue coobuenus OUSIH».
YCTaHOB/IeHa Clleflylowas CTOMMOCTb NMOAMMCKH Ha 12 MECALEB Ha HM3JaHui
OHSIH, Bmiouas mepechUIKy, N0 OTAEMbHBIM TeMATHYECKUM KaTEropHaM:

Hunexc Tematuka Llena noanucku
] Ha rog
1. DkcnepuMeHTanbHas (PH3HKA BHICOKHX HEpPrHii 22600 p.
2. TeopeTHyecKkas thu3MKa BHICOKHX 9HEprHi 59200 p.
3. DkcnepHMeHTaIbHAY HEATPOHHAK tusnka 7800 p.
4. Teoperuyeckas U3MKa HHAIKHX 3HEpruit 23400 p.
5. Marematuxa 14800 p.
6. SinepHas CIEKTPOCKOMNHS M PagioXuMus 12000 p.
7. PU3HKA TAKENBIX HOHOB 2200 p.
8. KpHorenuka 1400 p.
9. Yckopurenu 12200 p.
10. AsroMarusauus o6paborku 9KCNEPHMEHTANBHBIX JaHHBIX 12200 p.
11. BoluHCNuTenbHAS MaTEMAaTHKa M TeXHHKA 14300 p.
12. XuMus 1200 p.
13. TexuuKa ¢usuyeckoro aKcCnepuMeHTa 21300 p.
14. HccnenoBatus TBepablX Tedl M XHAKOCTEH SOAEPHBIMH METOHAMM 7200 p.
15. DkcnepuMenTaibHas DUIMKA SAEPHBIX peakumii
NPH HH3KHMX BHEpPrHsAX 2600 p.
16. NosumeTpHs U H3MKa 3aLHTHI 2200 p.
17. TeopHs KOHAEHCHPOBAHHOIO COCTOSNHMS 12200 p.
18. Hcronb3oBanue pesynstatos
M METOOB (hYHOAMEHTANBHBHIX (M3UYECKUX HCCIieIOBAHMIL
B CMEXHBIX 06JIaCTAX HayKH M TEXHHKH 1800 p.
19. Buocusuka 1800 p.
«Kparkue coobuienns OHSIH» (5—6 srimyckos) 15000 p.

ITognucka MoxeT 6biTh 0hopMiIeHa ¢ MoGOro Mecsla roaa.

OpraHH3auMaM ® JHUAM, 3aMHTEPECOBAHHBIM B IOJY4EHHH H3aHMi OHSIH,
CreayeT NepeBecTH (MM OTNPAaBHTh IO [OYTE) HEOBXOTUMYIO CYMMY HA pacyeTHHIi
cuer 000608905 HybGuenckoro ¢mmnana MMKB, r.lybna MockoBckoit o6Gnacty,
n/una. 141980 M®O 211844, yka3as: «3a nommucky ua nsnanus OHSIH»,

Bo usbexanne HenopasymeHHi HEOGXOMUMO YBEXOMHTD M3IATENbCKHI OTHET O
Npou3BeneHHOH ofUlaTe M BepHYTh «KapTouKy noanucymKa», OTMETHB B Heil HoMepa
W Ha3BaHMA TEMAaTHYECKHMX KaTeropHi, Ha KoTophie o(OpMISETCs MONNHCKA, MO
agpecy:

141980 r. ly6na Mockosckoii o6i1.
yn.Xonno Kioph, 6
-‘OMAH, usparensckuit otnen



baxanos H.A. n ap. E8-96-33
[Mepensuxuas NMoJIAPUIOBAHHAS MHLUEHD U1 IKCIIEPHMENTOB
110 CIIHHOBO# (PU3HKE TIPH BHICOKHX 3HEPIrHAX

MepeiarxHas NONNPU3OBANHA MHLIEHb HMeeT oObem 140 ea? (winna obpa3ua
20 oM u auamerp 3 oM). MMonspusylowsi Marnnr Ob1 venbiTan go nons 6,5 T,
O[HOPOLHOCTD [0/15 HE XYXe 2x107. Bpems penakcali B 3aMOPOXEHHOIT Moze
(temneparypa S0 MK u nose 2,5 T) upessimaio 1000 uwacos. Makcumaibnbie
3HAYEHHS NOISPH3aUMH 11pOTOHa cocTartsn 80 n 85% wid 1ON0KHTEIBUBIX K
OTPHLATENIBHBIX 3HAYEHHIH COOTBETCTBEHHO.

PaGora Beinosinena B JlaGoparopun suepiibix npotiiem OUAH.

Mpenpunt OGbeMHHEHHOIO HHCTHTYTA SLICPHBIX Heenegosaniii. QyGna, 1996

Bazhanov N.A. et al. E8-96-33
The Movable Polarized Target
for High Energy Spin Physics Experiments

A movable polarized target has a volume 140 em?® (20 cm long and 3 ¢m
diameter). Polarizing magnet was tested to 6.5 T, homogeneity is better than
2x107. The nuclear spin relaxation time in a frozen mode (at a temperature 50 mK
and magnetic field 2.5 T) is over 1000 hours. Maximum values of proton polarization
obtained were 80 and 85% for positive and negative polarization, respectively.

The investigation has been performed at the Laboratory ot Nuclear Problems,
JINR.
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