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ANALYZING POWER IN dtC _,. pX AND dtC _,. pp(d)X 
REACTIONS FOR FAST PROTONS SCATTERED 
AT LARGE ANGLES 

G.G.Beznogikh, V.A.Budilov, A.Filipkowski, A.Golembewski, 
B.Khurelbaatar, A.P.Laricheva, V.V.Mialkowski, V.A.Nikitin, 
P.V.Nomokonov, A.V.Pavlyuk, I.A.Rufanov, M.Traikova, 
N.K.Zhidkov 

Measurements of the vector analyzing power, AY, for dte -+ pX reac­
tion at deuteron energies 1.2, 1.6, 2.0 and 4.2 GeV and for dte -+ pp{d)X 
reaction at 1.6 GeV are reported . The protons we1e detected at a large ang­
le in kinematic region forbidden for sea ttering on free protons Inclusive 
data are in good agreement with the previous pte-+ pX measurements. So­
me simple scaling for AY is demonstrated. The strong correlation between 
A value and the energy of forward protons (deuterons) was found for 
dfe-+ pp(d)X reaction. It seems possible to separate the contributions 
of two different mechanisms of fast proton produ.ction at large .angles . 

The investigation has been performed at the Particle Physics Laboratory, 
JINR. 

AHaJIH3Hpyroi.UaR cnoco6HOCTb dtC-+ pX H dtC-+ pp(d )X 
peaKUHH Ami 6LicTpLix npoToHoB, pacceHHHbix 
Ha 6oJiblliHe yrJibi · 

f .f.EeJHOrHX HAp. 

llOKJI3AbiB310TCH pe3yJibT3Tbl HJMepeHHH aHaJIH3HpYIOIUeH CIIOC06HO· 
crH, AY, AJIH peaKUHH d te -+ pX rrpH JHeprHH ,n;eurpoHHoro rr}"!Ka 1 ,2; 
1 ,6; 2,0 H 4,2 fJB H AJIH peaKUHH dte-+ pp(d)X rrpH JHeprHH ,n;eurpoH­
Horo II}"!Ka 1,6 fJB. llporoHbi ,n;ereKTHpoBanHcb rro,n; 6onhlliHMH yrna­
MH, B o6nacrH,KHHeMaTH'!eCKH JarrpemeHHOH AJ1H CBOOO,n;HOrO rrpoTOH· 
IIpOTOHHOrO pacCeHHHH. lfuKJIIOJHBHble AaHHbie H3XO,ll;HTCH B XOpOIIIeM 
cornaCHH C A3HHbiMH, IIOJI}"'eHHbiMH paHee AJ1H peaKUHH pte -+ pX. llJIH 
aHanH3Hpy!OIUeH CIIOC06HOCTH rrpo,n;eMOHCTpHpOBaH rrpoCTOH CKeHnHHr. 
llJIH peaKUHH d te -+ pp( d)X 06HapylKeHa CHJibHaH KOppenHUHH Me)!(Ay 
aHaJIH3Hpy!OIUeH CIIOC06HOCTbiO H JHeprHeu IIpoTOHOB (p;eurpOHOB), 
HCrrymeHHbiX B rrepeAHIOIO nonyc«J>epy rroA ManhiMH yrnaMH. ITo.rrfqeH­
Hbte AaHHbte ,n;eMoHcrpHpyror BOJMOlKHOCTb paJ,n;eneHHH BKna,n;oB ABYX 
paJnH'IHbiX MexaHHJMOB o6pa30BaHHH rrporoHOB rrop; 6on&lliHMH yrna­
MH B p;eurpoH-HAepHbiX B33HMOAeHCTBHHX. 

Pa6ora BbiiiOnHeHa B Jla6oparopHH CBepxBbiCOKHX JHeprHii 011Jil1. 
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This paper describes the measurements of the vector analyzing po­
wer A in reactions dtC-+ pX and dtC-+ pp(d)X in kinematic region 
forbidden for scattering on free protons. 

The problem of energetic proton production in backward directions 
in proton-nucleus collisions has been discussed for several years. There 
are many models based on different assumptions about the reaction me­
chanisms successfully used to explain the inclusive cross section da­
ta11- 6 1 . Two types of experiments are expected to clarify this situa­
tion: analyzing power measurements and two-particle correlation measu­
rements. 

The present inclusive measurements of AY in reactions induced by 
vector polarized deuterons complete the previous results obtained for 
the reactions with polarized protons at energies in the range of 0.3-
0.8GeVI7-tot. • 

The measurements of AY for backward proton scattering from Be 
and C with 303 MeV polarized protons17 1 have shown that AY is small 
and negative. Only for the narrow region near the kinematic limit AY 
value is large and negative, and approaches the predictions of Single 
Scattering Model (SSM) 11 1 1 . The measurements of A at higher ener­
gies ( 500 MeV .and 800 MeV) 1 8 - 1 0 1 contradict the SSM predictions. 
For backward angles AY is small, too. But at 60° -90° near the kinema­
tical limit, AY value is large and positive, whereas SSM predicts large ne­
gative values. 

Our inclusive data can be useful for understanding the dependen­
ce of A on the projectile energy. We also present the measurements 
of AY for dtC-+ pp(d)X reaction at 800 MeV/nucleon . The tw~-par­
ticle correlation measurement with a polarized beam can be helpful 
to determine the relative role of various mechanisms in fast proton 
production. We suppose that in the fast proton production at a large 
angle only one of deuteron's nucleon interacts violently. The other nuc­
leon plays a spectator role and it goes forward as a stripping. Interac­
tions of the spectator nucleon inside the nucleus can increase some 
"background" but cannot change general features of the scattering 
mechanism. 

In inclusive studies we have used the vector polarized deuteron 
beam of the Dubna synchrophasotron11 2 1 at the energies of 0.6, 0.8, 
1.0 and 2.1 Ge V /nucleon and the intensity up to 0.5x l09 deuterons 
per cycle. The vector polarization of the beam was reversed up and 
down every cycle. The typical values of the vector p olarization were 
+0.35 and -0.35, respectively. The internal target of t hin (2 microme­
ters) polyethylene foil was used. The beam polarization was controlled 
with measuring of dtp elastic scattering asymmetry . For this purpose 
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recoil protons were detected by two telescopes of semiconductor detec­
tors at the angles of +82° and -82° . 

The windows in the accelerator chamber at 75°, 102° and 120° 
were used to place three identical telescopes each covering the space ang­
le of 2.5 msr. Every telescope consisted of two plastic scintillators 
(7 mm thick) and two Nal(TL) crystals (80 and 150 mm thick). To ex­
tend the upper limit of measurable proton energy up to 600 MeV, some 
absorbers were inserted between the plastic scintillators. 

The measured AY values are shown in Figs.1 and 2. At deuteron 
energy of 800 MeV /nucleon our data are in good agreement with t he 
pt C -> pX measurements at 800 MeV 1 9 1 . At the backward angles the 
values of A are small. At 75° common trend of data is obvious for all 

y 
projectile energies. The low energy protons are mainly recoils of the 
quasi-free scattering of the beam particles on the nucleus protons. The 
value of A for them is negative. At higher proton energies A changes 
its sign and becomes positive and large. Y 

If to present all data on A obtained at 75° as a functio of cumu­
lative number Q one can see that they follow the same Q-dependence 
at all projectile energies. (see Fig.3). 

The Q equals the mass of the target where the proton s mild scat­
ter elastically to be detected at the corresponding angle and can be cal­
culated by the formula: 
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Q = (Eo · E - P0 · P · cos8- M~)/((E0 ._E) · MP), 

where E0 and P0 are energy and momentum of the projectile, E, p, 8 are 
energy, momentum and angle of the detected proton. This scaling may 
both: either reflect kinematics of internucleus scattering or just be the 
result of closeness to the kinematical limit. 

The study of pA-+ pp(d)X reaction where the fast proton at alar­
ge angle is detected in coincidence with forward protons (deuterons), is 
more informative for investigation of cumulative proton production me-
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• target 

Fig.4. The setup of the correlation experiment. !;;'J- NaJ{TL) crystals; 

0 - plastic scintilla tors; 1'!:3- obsorbers. 

The conclusion of that experiment11 5 1 is the following: the main 
contribution to backward energetic proton production appears to be gi­
ven by the proton scattering on correlated nucleon clusters. 

We have performed measurements of AY for dtC ~ pp(d)X reaction 
at deuteron energy 800 MeV/nucleon. The setup used for this experi­
ment is shown in Fig.4. 

The protons at 75° and 90° with the energy region of 340-500 MeV 
were detected in coincidence with the forward protons (deuterons) at 
±18° ~ 8 ~ ±72° and -5° ~ 1/> ~ +5°. The scintillator telescopes at 75° 
and 90° were the same as for the inclusive measurements. Eighteen scin­
tillator telescopes were placed at the forward angles. Each of t hem con­
sisted of the AE plastic scintillator of 20 mm thick and the E-plastic scin­
tillator of 130 mm thick. The event trigger signal was generated by any 
particle passing through both the plastic scintillators and the absorber 
placed between them in any of the telescopes fixed at 75° or 90°. This 
trigger signal opened the gates for all ADC and gave start for all TDC. 
Thus, the amplitude and the time of flight were measured for every of 
the 44 scintillators. The typical beam intensity was 5x107 particles per 
beam and the beam repetition was 8 s. The duration of each beam was 
about 350 ms. The thickness of the target was 5 g/cm2

• The polarization 
of the deuteron beam was the same as for the inclusive measurements. 
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Table. The AY values for dtC--> pp(d)X reaction 

75° 27° - 39° Ay% 

Protons 360-500 MeV Protons 40-220 MeV 
Deuterons 50-250 MeV 
Protons, E > 220 MeV 

+31.5±7.8 
+37.3±15.9 

-6.3±10.9 

90° 27° - 39° 

Protons 340-480 MeV Protons 40-220 MeV 
Deuterons 50-250 MeV 
Protons, E > 220 MeV 

+26.7±12.7 
+33.3±23.1 
-24.4±15.9 

The protons in thick NaJ(Tl) trigger telescopes were separated per­
fectly well from the pions and background. Due to the poor statistics we 
divided all the data in six groups, presented in the Table and shown 
in Fig.5. All the particles passing through the forward telescopes too fast 
to be identified in ~ExE or in txE plots, were considered the protons 
with energy higher than 220 MeV. The admixture of pions can be neglec­
ted for these rough measurements. Due to momentum conservation the 
90% of all the particles in forward scintillators were registered in four 
counters which were close to the beam on the side opposite to the trig­
ger particle. We have not included the data from the two forward coun­
ters nearest to the beam (one from both the sides) because of the big 
background and the big admixture of accidental coincidences. 

60 .------------, 

40 

20 
tl !I 

~ 

i 0 

I t I 
j -20 

-40 

-60~--~~----~--~ 

75° 90° 
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protons give the negative value of AY, that agrees with the SSM predic­
tions. The coincidence with the slow forward protons or deuterons gives 
large and positive value of AY. It seems that in this kinematical region it 
is easy to separate the contributions of SSM mechanism and another one, 
cluster or quasi coherent mechanism, not only kinematically as it was 
done in reference 15 but taking into account the AY. 
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OE>OJ10tJE4llblE 3<D<DEKTbll1 CE4EHl1fl OEPA30BAHHH 
HEHTPOI-IOllE<DHUHTHblX l130TOnOB Ac, Ra H Fr 
B PEAKIHU1 197 Au+ 20 Ne 

A.H.AHupees, ll.ll.EoruaHoB, A.B.EpeMltll, A.n.Ka6alfeHKO, 
O.H.Manbtwes, f{).A.MyJbi'-IKa, E.H.nycrhiJibHHK, 
r.M.Tep-AKOnbHH, B.l1.4enurHH 

C l!CnomJoBaHHCM KHHeMalWiecKoro ceuapaTOpa BAC'l1Jll1CA 
IIJMepeHhl ce'-leiii!H o6pa3oBaHHH HJoronoB Ac, Ra H Fr B peai<U.HII 
1 9 7 Au + 2 0 Nc B UHanaJoHe JHeprHH BOJ6yiKACIHIII KOMnayHU-R.Upa 
OT 40 f.\0 J20 ~IJB . 3KCHepHMeHTaJibHble ,UaH!Ible npoaHaJIH3HpOI.Ia­
llbl HJ OCHOBC CTaTHCTH'-IeCI<OH MO,UeJIH pacuaua BOJ6yiKUefiHblX 
H,Uep. PaccMorpeHo BliHHHHe paJml'-lllblX npe.unonoiKeHHH o napa­
Merpax 6apbepOB ,UeJieiiHH HCCJie,UOBaiiHbiX H,Uep Ha peJyHbTaTbl 

paC'-IeTa. 
Pa6ora Bbl_nomleHa B Jla6oparop1m HHepHbiX pcaKU.HH OMHM. 

Shell Effects and Cross Sectiuns of Formatiun 
of Neutron-Deficient Isotopes of Ac, Ra and Fr 
in 19 7 Au+ 20 Ne Reactiun 

A .N .Andreev et a!. 

The cross sections of Ac, Ra and Fr isotope formation in the 
1 9 7 Au + 2 0 Ne reaction have been measured by means of the 
V ASS! LISSA kinematic separator in the range of compound nuc­
lei excitation energies from 40 McV to 120 MeV. The experimental 
data 1ave been analysed on the basis of the statistical model of exci­
ted nuclei decay. The influence of different assumptions of parame­
ters of investigated nuclei fission barriers on the calculations results 

was considered. 
The investigation has been perfom1ed at the Laburatory 

of Nuclear Reactions, J INR. 

BBeneHHe 

B nocJie}lHee BpeM!I B03pOC HI!Iepec K HCCJie,UOBaHHHM pa3JIH'IIIb1X 
KaHaiiOB pacna.ua B036yiK,UeHHbiX COCTaBHbiX H,Uep C Z :::= 83- 95, T.K. B JTOH 
o6naCTH H,Ue p neiiHTCIIbllhiH KaHaJI craHOBHTCH ,UOMHIIHpy!OIUHM, H ,UaiKe He-
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60J1bWHC l!JMCHCHHH ero napaMCTpOB npHBOAHT K CYil.ICCTBCHHOMy H3MCHCHHIO 

scpOHTHOCTeii pacnanos no npymM KOHKYP"PYJOIIlHM KaHanaM. EonbwaH 

ynancHHOCTh HccnenycMbiX Hnep OT JlHHHH (3-cTa6H!lbHOCTH H 6hiCTpo e YMCHb­

wemte )1(!1AKOKancHbHOro 6apbepa nencHHH c pocTOM Z nenaroT 3Kc nepHMCH­

TaJlbHhiC peJynhTaThi B noii o6naCTH Hnep KpHTWIHbiMH K napaMcTp aM Mone­

JlH, onpCACJlHIOil.IHM 3aBHCHMOCTb 6apbcpa OT Z H <t>aKTOpa HCHTpOHHOro ne<t>H­

IlHTa. KpoMe TOro, T.K. paci.JeTHbic aenH'IHHhi o6onoi.Jcl.JHhiX norrpaBoK nnH Hy­

K!lHAOB c I.JHcnoM HciiTpoHoa, 6rrH3KHM K Mami.JecKoMy 'IHcny N = 126, oKa­

JhiBaJOTCH B 3TOH o6naCTH npaKTH'ICCKH paBHbiMH paC'ICTHblM BCJIH'IHHaM )I(H,ll;­

KOKaTICJlbHbiX 6apbCpOB, IIOHBJIHCTCH XOpOllia.ll BOJMO)I(HOCTb HCCJICAOBaTb 

BJIHJIHHC 060J10'1Cl.JHbiX 3<P<l>eKTOB Ha xapaKTCpHCTHKH pacrrana COCTaBHOrO .IIA­

pa 11 napaMcTpbl ACJlHTCJibHOrO KaHana . flcpBaJI flOIIbiTKa 3KCIICpHMCHTaiTbHOrO 

HCCJlC)l;OBaHH.II 3TOrO BOnpoca CBH3aHa C aHaiTH30M ACJlHMOCTH HCHTpOHOAC<l>H­

IlHTHbiX COCTaB!IbiX JIACp Th C MaCCOBblMH 'IHCJiaMH B AHaiia30HC 21 2Q~220, 

nony'ICHHbiX B peaKUHIIX C HOHaMH 
40 

Ar H 
48

Ca 11 '21 . .IJ.nH 3THX H30TOIIOB 

OOOJlOI.JC'IHbiC nonpaBKH K MaCCC H,ll;pa B OCHOBHOM COCTOHHHH COCTaBJlHJOT 

flO BCJ111'111HC ~ 4- 5 M3B H 6!1113KH K BCITH'IHHC )I(H,ll;KOKaiiCJibHOrO 6apbcpa. 

OnHaKo AITJI rrpaBH!lbHoro aocnpoHJBCACHHH 3KCrrepHMCHTarrhHbiX BC!lH'IHH 

CCI.JCHHH pcaKilHH C HCrrapeHHCM 4 HCHTpOHOB B paCI.JCTaX rrpHWJlOCb HCITOJlb· 

30BaTb TOJlbKO )I(H,ll;KOKaiTCJlbHYJO COCTaBJlHIOlllYIO 6apbepa ACJlCHHH . ABTOpa­

MH 6biJ1 C)l;CJlaH BbiBOA 06 aHOMaiTbHO 6hiCTpOM OCJ1a6rrcHHH BJlHHHif.ll o60J10-

l.JCI.JHbiX 3<l><l>eKTOB rrpH YBCJlH'ICHHH 3HCprHH B036y)I(Jl:CHHH H HX ITOITHOM HC­

l.JC3HOBCHHH rrpH 3HeprHHX soJ6y)I(Jl:cHHH 10- 15 M3B12-
41

• 

Cymecrsyer eme ogua rrpo6neMa s noii o6rracTH Hgep, CBH3aHHaH 

c pe3KHM yMeHblliCHHCM ce'lcHHH (xn)-peaKilHH rrpH rrepexoge OT u eilrpouo­

ne<l>HilHTHbiX cocrasHhiX HACP (Ac -:- Th) K auarrorH'IHhiM HIJ;paM 

(U- Np)
15

-
7 1. Ecrru C'IHTaTb, 'ITO o6orro'IC'IHbie 3<l><l>eKTbi ue BJIHJI JOT Ha ae­

JIHI.JHHbi ceqcuHil peaKuuil c HcrrapcHHcM ueiirpouoa AJl.H HJororros ( A c - Th), 
TO )l;JIJI C)'J;HH006pa3HOrO OITHCaHH.II CC'ICHHH HCrrapHTCJibHblX pcaKilHH HC06XO­

IJ;HMO npCIJ;flOJIO)I(HTb, l.JTO )1(!1AKOKaiiCJibHaH COCTaBJIHJOI.lla.H 6apbcpOB )'J;CJICHHJI 

rrpu nepexoge K HJOTonaM (U- Np) cKa'IKoo6pa3HO yMcHbrnaerc.ll u a 30-35% 
ITO CpaBHCHHJO C paC'ICTOM. 

HacToHmaH pa6ora JIBITJICTCH rrpogOJI)I(CHHCM uarnHx HccnegosaHHii 3THX 

JQlQlCKTOB, Hal.JaTbiX TpH roga uaJag
15 

'
6 1. B ueii rrpHBOAHTCH peJymr aThi 3KC­

rrepHMCHTa!lhHoro H3yqCHHH CC'ICHHH o6pa30BaHH.II pa3JIH'IHbiX HCrrapHTCJlbHbiX 

rrpOAYKTOB AJIJI COCTaBHOro HIJ;pa 
2 1 7 

Ac B lliHpOKOH o6naCTH 3Hcpruii B036y)I(­

ACHHJI, a TaK)I(C pc3yJ1bTaTbl cpaBHCHHfi rrony'ICHHbiX AaHHbiX C p aC'ICTaMH 

no CTaTHCTH'ICCKOH MO,ll;CJlH )'J;CB036y)I(Jl:cHHH COCTaBHbiX H,ll;cp. 

3KCTICpHMCHTaJlhHaJI MCTO)'J;HKa 

06rryi.JcHHJI rrpoBOAH!lHCh Ha UHK!lOTpoHe Y -400 JUIP 011HI1. B 3KCrrcpH­

MCHTax HCTIOJib30BaJIHCb BbiBCIJ;CHHbiC fiYl.JKH HOHOB 
2 0

Ne C 3HeprHHMH 120, 
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140 H 190 M38. fuMeHeHHe JHeprHH OOM6ap,11.HpYJ01.1lHX HOHOB C tuarOM 

3 - 6 MJB n pOBO,IJ.HJIOCb ~ IIOMOI.l.lbiO aniOMHHHeBblX H THTaHOBblX nornOTHTe­

neii. 3HeprHH ny'!Ka nocne npoxo)I(,IJ.eHHH nornOTHTeneii HJMepHnacb nosepx­

HOCTHo-6apbepHbiM nonynpOBO,IJ.HHKOBblM ,IJ.eTeKTOpoM no JHeprHH HOHOB, 

pacceHHHblX Ha TOHKOH (200 MKr/cM
2

) 30110TOH !f>omre Ha yron 30°. KanH6-

pOBKa ,IJ.eTeK TOpa H JJleKTpOHHOrO TpaKTa ocymeCTBnllnaCb C nOMOI.l.lbiO CTaH­

,ll.apTHOfO HCTO'IHHKa 
2 2 6 Ra H KanH6pOBO'IHbiX OMH'IeCKHX ,IJ.eJ1HTeneH. J.1HTeH­

CHBHOCTb n yqKa Ha lf>HJH'IeCKOH MHtueHH ,IJ.HaMeTpoM 12 MM COCTaB11HJ1a 

(3 - 6) •1011 
'!aCT ./c, JHepreTH'IeCKHH pa36poc 6oM6ap,11.HpYJOI.l.IHX HOHOB 

nocne npoXO)I(,IJ.eHHH nornoTHTeneii He npeBbituan 1,0 - 1 ,5 % HJMepHeMoii 

3HeprHH. B 3KcnepHMeHTax HcnonbJosanacb MHtueHb H3 19 7 Au T0111.1.1HHOH 

415 MKr / CM 2 
• MHtueHb 6hma HJroTosneHa MeTO,IJ.OM saKyyMHoro HanbmeHHH 

Ha aniOMHHHeByiO lf>onhry T0111.1.1HHOH 1,35 Mr/cM
2

• CocTaB H O.U.HOpo.U.HOCTh 

MHilleHH n o ITnOI.l.la,IJ.H KOHTp011HpOBaJ1HCb MeTO,IJ.OM peHJreHO!f>J1100pecueHTHO­

ro aHanHJa. TO'IHOCTb B onpe.u.eneHHH T0111.1.1HHbl MHilleHH 6blna He X~e 10%. 

OT.u.en eHHe npo.u.yKTOB peaKIIHH nonHoro cnHHHHH OT nyqKa H npo.uyK­

TOB peaKIIHH nepe.u.a'l ocymecTBnHnaCb c noMOI.l.lbiO KHHeMaTH'!ecKoro cena­

paTopa B A CJ.1DJ.1CA 18 ' 9 1, B KOTopoM npoHCXO,IJ.HT paJ.u.eneHHe npo.uyKTOB 

peaKIIHH n o JJ1eKTpH'IeCKOH )l(eCTKOCTH. neTeKTHpyiOUiaH CHCTeMa, pacnOJlO­

)I(eHHaH B lf>oKanbHOH ITnOCKOCTH cenapaTOpa, COCTOHna H3 ,IJ.BYX tuHpOKOanep­

JYpHbiX B peMHnponeTHblX ,IJ.eJeKTOpOB ,IJ.HaMeTpoM 82 MM, H3fOTOBJ1eHHbiX 

Ha OCHOBe MHKpOKaHanbHbiX nnaCTHH H nonynpoBO,IJ.HHKOBOrO ,IJ.eTeKTOpa 06-

l.l.leH fi1101Ua,IJ.b10 35 CM
2 

, H3fOTOBneHHOrO MeTO,IJ.OM fiJlaHapHOH TeXHOJlOfHH 

H pa3}J.eneHHoro Ha soceMb HeJaBHCHMbiX nonoc. 061.1.1HH BH,IJ. cenapaTOpa 

H ,IJ.eTeKTHpYJOI.l.lero MO,IJ.y11ll npHBe,IJ.eHbl Ha pHC. 1. fipH OXJ1a)I(,IJ.eHHH ,IJ.eTeKTOpa 

.u.o TeM_nep arypbi -10:c 3HepreTH'!ecKoe pa3peweHHe ,IJ.Jlll Ka)I(,IJ.oii nonocbi 6bi­

no He xy)l(e 25 KJB ,IJ.J1ll a-nHHHH B ,IJ.HanaJoHe 6 - 9 M3B. 3neKTpoHHaH arrnapa­

rypa IT03BOJ1HJ1a rrony'laTb ,11.1111 Ka)I(,IJ.OfO }J.eTeKTOpa ,IJ.aHHbie 06 3HeprHHX H Bpe-

BEAM 

QUADRUPOLE 
TARGETWHEEL TRIPLET 

Au - FOIL 
C-FOIL 

RUTHERFORD 
SCATIERING 

ELECfROSTATIC 
DEFLECTORS 

ABSORBER DETECfOR 

\ SYSTEM 

CONCRETE 
WALL 2 m 

PHc.l 061.1.1lffi BHA cenapaTopa BACIUUICA H .o;eTeKTHPYJOI.l.lerO MOAYJUI . 
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MCHH npOJICTa HACp OTA3'1H, BpCMCHH HX ITpHXOA<I B J],CTCKIOp, :mepnm H Bpe­

MCHH a-pacnli)J,a H}'KJIHAOB, HMIUlaHTHpOBaHHbiX B ACTCKTOp . flonpofiHOC OJIH­

Ca~IHC ncreKrHpyiDmero MOAYJIH H JJieKrpoHHOH annaparypbi naHo B pa6o­

rax /I 0 ,II 1. 3cpcpeKTHBHOCTb cenapau;HH AJIH (x,n)- H (p,Xn)-peaKUHH H3MCpH­

JI3Cb HCJIOCpCACTBCHHO B Kll)I<AOM 3KCnepHMCHTC B KOHTpOJibHOH p eaKUHH 

ecTW + 2 0 Ne. JlnH 3TOH UCJIH JIOCJIC MHWCHH ycraHaBJIHBaJICH aJIIOMH!iHCBbiH 

C60pHHK TOJIIl.IHHOH 1,8 Mf/CM2
, KOIOpblH JIOCJIC 10-15-MHH}'THOfO ofirrytJeHHH 

nepeHOCHJICH 6e3 HapyrneHHH BaKyyMa K JIOJiyrrpOBOAHHKOBOMy ACTCKTOpy, 

paCJIOJIQ)KCI!HOMY B MHWCHHOH KaMepe Ha paCCTOHHHH 20 CM OT MHWCHH. 3a­

TCM B Hl!ICpBane BpCMCHH ~ 15 MHH rrpoBOAHJIOCb H3MCpCHHC KpHBOH pacrrana 

HMJIJiaHrHposauuoii o c6opHHK aKTHBHOCTH. AHarrorH'lHOe HJMepeHHe rrposo­

AH!lOCb H AJIH aKntBHOCTH, HMIUlaHTHpOBaHHOH B ACTCKTHpyiOil.ICC ycrp OHCTBO 

nocrre cenaparopa. CpaBHCHHe 3THX naHHbiX rroJsorrHrro orrpenerrHTb 3cpqlCK· 

THBHOCTb cenapaUHH C TO'lHOCTbiO ± 25%. JlnH MHWCHH TOJllliHHOH 

400 MKr/cM2 3cpcpCKTHBHOCTb cenapau;HH B pa3JIH4HbiX OJlbiT3X COCTaBJIHJia 

or 2 no 3%. 3cpcpeKTHBHOCTb cerrapaUHH AJIH (a, xn)-peaKUHH onpen enHnacb 

ucnocpencrseHHO 8 peaKI{Hif Au + 2 0 Ne rrpH JHeprHHx 6oM6apAHPYIOiliHX HO· 

HOB 117, 125 H 130 ~138. JlnH 3TOfO IlpOBOAHJIHCb H3MepeHHH OTHOWCHHH 

a-aKTHBHocreii Ac H Fr AJIH HAep, HMJIJiaHrMpooaHHbiX B c6opHHK rro crre MH· 

IIICHH (AO cenaparopa), H HACp, HMflJlaHIHp08aHHbiX B ACTCKTHPYIOiliCC YCT· 

poiicrso ccnaparopa. liJMepeHHoe raKHM o6pa30M 3Ha4eHHe OTHOWCHHH 3cp­

cpeKTHBHocreii AJIH (xn)- H (a, xn)-peaKu;HH cocrasHJio 6,1 ±0,6, 'ITO B rrpene­

Jiax oum6oK cosnanaer c pactJernoii senH'lHHOH 8±2, HCJIOJib3osasmeiicH Ha­

MH B npCAbiAYIUHX pa6orax. 

l1neuTHcpHKaUHH HYKJIHAOB nposonHnacb no JHeprHHM a-rrepexonos, 

nepHOAaM rrorrypacnana H cpyuKUHHM B036y)I(ACHHJI HafiJIIOAaCMblX aKTHBHO­

CTCH. llpH pactJeraX 3HeprHH B036y)I(ACHHH COCTaBHOfO JIApa 3HCprHH nytJKa 

c<mranaCb paBHOH 3HCpfHH Ha BbiXOAC H3 MHUICHH. llorepH B MHWCHH H JIOrJ.­

JlO)I(KC Y4HTbiBaJIHCb no ra6rrHUaM 11 2 1 . .IlnH pacqera BCJIHlfHHbl Q-peaK UHH HC· 

norrhJOBarrHCb ra6rrHll,bi Mace 11 3 1. 

PeJyrrbrarw JKcrrepMMeHTOB 

llaH6onee rronpo6Ho xapaKrepHCTHKH a-pacnana HeiirpouonecpHUHTHbiX 

uJoronoo Ac c MaccoBbiMH tJHcrraMH 209 ~ A ~ 215 6blJIH H3}"1CHbi B pa6o­

re /I 4 I C IIpHMCHCHHCM MCTOAHKH "gas-jet". Heo6XOAHMO OTMCTHTb, 'ITO 

8 noii pa6ore raK)I(C 6LIJ1H ACTaJibHO H3MepeHhl BbiXOAbi HJororroo Ac, Ra H Fr 
o peaKUHHX 209 Bi + 12 C, 203

'
205 Tl + 16 0 H 

197 
Au + 20

Ne, rrpHBOAHiliHX 

K o6p330BaHHIO KOMII3YHA-HACp Ac C MaCCOBbiMH 'IHCJI3MH 221, 21 9 H 217. 

Mo)I(HO npcnrrorraraTb, 'ITO romKo ueonpenerreHHOCTh c HJMepeHHeM 3cpcpeK­

TIIBHOCTH f330BOfO C06HpaHHH HC Jl03BOJIHJI3 aBTOpaM pafiOTbl OJip CACJIHTb 

a6COJ110TIIbiC 31!a4CHHJI Ce•ICHHH AJIH pa3JIH'filbiX KaHaJIOB pcaKUHH. llorrytJeH· 
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HbiC H3MH )l3HHbiC H )l3HHble pa60Tbi 1141 HaXO)lliTCH B XOpOlllCM COf113CHH 

KaK no XapaKTCpHCTHKaM a-pacna)lOB H30TOnOB Ac, T3K H no OTHOCHTCJlbHOMY 

H3MCHCHHIO BbiXO)lOB HYK11H)l0B C H3MCHCHHCM 3HCpfHH B036}')K)lCHHH COCTaB­

HOfO HJJ.pa. 8 HalllHX 3KCnepHMCHTaX Mbl H361110)la11H T011bKO O)lHH HOBbiH a-H3-

11Y'I3TC11b c 3Hepmeii Ea == (7740±20) KJB H nepHOJlOM nonypacna)la T
1 12 == 

== (50± 25) M C, O)lH03H3'1H3H H)J.CHTH<l>HK3u;HH KOTOporo Bbl3biB3CT 3aTpyJlHC­

HHH. MaKCHMYM BbiXo)la Jl11H )laHHoH a -aKTHBHOCTH Ha6nJO)laeTCH npH JHep­

rHHX NeB HHTepsane 160-170 M3B, 'ITO Ha 10-15 M3B 6onbrne JHeprHH Ne, 

COOTBCTCTBYIO!UCH M3KCHMYMY BbiXO)la 
209 

Ac (Ea == (7590±20) K38,T112 == 
== (80±30) M C). Ce'!CHHe o6p330BaHI-UI B M3KCHMyMe BblXO)la .ll)IH HOBOfO H3-

11Y'I3TC11H COCr3B11HCT (75±25) H6 H YMCHblll3CTCH )lO (15± 15) H6 npH JHep­

nm ny'!Ka 18 2 M3B. l1cXOJlH H3 CHCTeMaTHKH JHeprHH a-pacnaJJ.OB .ll)IH H30TO­

nos Ac H nonmt<eHI-UI MaKCHMyMa <l>YHKUHH BOJ6y)I(JlCHHH B03MO)I(Ha npeJl­

BapHTC11bHaH H)J.CHTH<l>HK3UHH )laHHOH 3KTHBHOCTH KaK a-pacna)l H30MCpHOf0 

COCTOHHI-UI B HJJ.pe 
208 m Ac, aHa110fH'IHO TOMY, KaK 3TO Ha61110)l3CTCH .ll)IH H)l­

pa 
2 06 mfr. K C0)1(311CHHIO, OTCYTCTBHC KOOpJlHHaTHOH 'JYBCTBHTC11bHOCTH y CH­

CTCMbl perHCTpaUHH H 0011blllHe ce'!eHHH o6pa3oBaHHH H30TOnoB 
109 Ra 

H 
2 0 5 Fr He n03B011H11H HaM BOCn011b30B3TbCH )l11H H)lCHTH<l>HK3UHH JTOH 

aKTHBHOCTH M CTO)lOM a.a KOppe11HUHH. 

3Ha'!eHHH ce'!eHHH .ll)IH (xn)-, (p, xn} H (a, xn}peaKUHH, nony'leHHbie 

B HaillHX JKc nepHMCHTax, npHBe)leHbi B Ta6n.1 H 2. CTaTHCTH'IeCKaH ornH6Ka 

.ll)IH 6011blllHIICTB3 H3MepeHHH (c a;;,;.. 10 MK6) He npeBbllll3CT 10% H TO'IHOCTb 

nony'ICHHbiX 3H3'1CHHH CC'ICHHH Onpe)lCJlHCTCH TO'IHOCTb!O H3MCpCHHH 3<P<PeK­

THBHOCTH cen apaUHH, TOniu;HHbl H O)lHOpOJlHOCTH MHlllCHH, TOK3 ny'IK3. KOHT­

p011b, npOBC)lCHHbiH no BOCnpOH3BO)lHMOCTH pe3y11bTaTOB B OT)lCJlbHbiX H3MC­

peHHHX, Il0K 33311, 'ITO 'rO'lHOCTb .ll)IH OTHOCHTC11bHOf0 BbiXO)la HYK11H)J.OB CO­

CT3B11HCT ± 20%. To'!HOCTb H3Mepe-

HHH a6c01110THbiX 3H3'1CHHH CC'ICHHH 

OUCHHB3CTCJI HaMH K3K ±50%. 

Ha p Hc.2 npHBe)leHbi 3Ha'!e­

Hl-UI nonHbiX CC'ICHHH .ll)IJI (xn}, 

(p, xn)- H (a, xn)-KaHanos peaKUHH 

B 33BHCHMOCTH OT 3HeprHH 60M6ap­

JlHpy!OulHX HOHOB. 06pamaeT Ha ce-

6JI BHHMaHHC 6biCTpOe lla,ll.CHHC CC'IC­

HHH (xn)-KaHana H OTHOCHTCJlbHOC 

llOCTOJIHCTBO CC'ICHHH K3H3110B C Bbi-

XO)lOM 3apJI)I(CHHbiX '!aCTHU. YsenH-

PHc.2. nonHbie (cyMM8pHble) ceqe­

HHII wur ( x n)-, (p, xn)- H (a, xn)­

KaHanos pe&KI..IHH Au + 2 0
Ne. 

16 

(j 
jJ.b 

2 

1 o• 

2 

I Q3 

2 

1 Q2 

1 Ql L 

2 I 

1 QO 

80 

0 axn 

~"4 
~ ~n 

• \n 
• • 

100 120 140 160 180 200 
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Ta6;mua 1. <l>yHKLUHI soJ6y)l(,ll.emm .n,mr (xn)-, (p, xn)- H (a, xn)-
KaHanoB AJJR: peaKUHH Au + 2 0 Ne 

----- - - - -------- - - -----
E* 

' 
MJB 

36,5 
40 
42 
44 
50 
51,5 
56,5 
59,5 
61,5 
63 
66 
67,5 
72 
75,5 
91 

E*, 
M3B 

CeqeHHe, MK6 

3n 4- 5n 6- 7n p, 4- 5n a, 3n a, 4- 5n 

45 80 
120 400 
140 1070 645 
145 1880 1660 ;;,. 500 

2520 190 2210 4650 
2300 225 2750 4630 
1430 80 440 700 4630 
1030 170 550 6100 
760 240 700 5740 
540 240 670 5760 
300 240 690 5420 
340 220 700 6100 
40 190 780 4?40 
38 60 330 2140 
3 10 80 1100 

·------- -----

Ta6nm.t;a 2. <DYHKUHH B036y)!(.n,eHHR: AJJR: (xn)-, (p, xn)- li (a, xn)­
KaHaJJOB AJJR: peaKUHii Au+ 2 0 Ne 

Ce'leHHe, MK6 

8- 9n p, 6- 7n p, 8-:9n a, 6- 7n a, 8- 9n 
----- -----
66 
67,5 
72 
75,5 
91 2,6 
100,5 1,1 
111 0,5 
123 0,1 

35 
200 
260 
420 10 
220 40 
84 51 
30 30 

180 
480 

1100 
1210 
1950 
1120 
680 290 

160 
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'ICHHblC 3Ha'ICHHH OWH60K )l)lH (a, xn)-KaHana IIpH 60nbWHX JHCprHHX CBH3a­

Hbl C HCOIIpCJJ;CnCHHOCTblO B }"'CTC BKna}J;a (2p, xn)-KaHanOB B o6pa30BaHHH 

H30TOIIOB 
2 06

-
2 09 fr. ,llononHHTCnbHO MO)I(HO OTMCTHTb, 'ITO npH JHeprHHX 

B036}')KJJ;CHHH 113-123 MJB B 3KCnepHMCHTanbHblX CIICKTpax pe3KO B03paCTa· 

lOT HHTCHCHBHOCTH rrepeXO}J;OB, CBH3aHHblX C a-pacna]J;OM H30TOIIOB 
2 04

-
2 06 

Rn. 

EcnH C'IH r aTh, 'ITO HX o6pa30BaHHe o6ycnoBneHo HcnapHTen&HhiM KaHanoM 

THIIa (a, p , Xn), TO BKna}J; :noro KaHana B IIOJIHOC CC'ICHHC IIpH 3HeprHH B03· 

6y)I(]J,eHHH 123 M3B 6yJJ;eT COCTaBnHTb 2,0 - 3,5 M6. 

TO'IC'IHOH JIHHHCH Ha pHC.2 IIOKa3aHbl 3Ha'ICHHH IIOJJHOrO CC'ICHHH HCIIapH­

TCJibHbiX KaHanOB, paCC'IHTaHHblC npH IIOMOIUH HCII0Jib3YCMOH HaMH MOJJ;H<i>H­

U.HpOBaHHOH rrporpaMMhi ALICE 
11 51 . TipHBe}J;eHH&Ie naHHbie rron}"'eH&I B pe­

JyJJ&TaTe CyMMHpOBaHHH BKJJa}J;OB BCCX HCIIapHTCnbHbiX KaHanOB, IIpHBO}J;H· 

IUHX K .II)J.paM C 85 ~ Z ~ 89. TaK KaK IIOnHOC CC'ICHHC HCIIapHTCJJbHbiX peaK­

IJ.HH B HaW CM cnyqae B OCHOBHOM OIIpeJJ;enHeTCH KaHanaMH C HCnapeHHCM a-'la­

CTHU., TO OHO TaK)((C cna6o MCHHCTCH B HCCnC]J;OBaHHOM HaMH }J;HaiiaJOHC JHCp­

rHH B036 y)I(]J,eHHH COCTaBHOrO HJJ;pa. PacXO)I(]J,CHHC a6COJJIOTHbiX 3Ha'ICHHH pac­

'ICTHOrO H 3KCIICpHMCHTanbHOrO 3Ha'ICHHH CC'ICHHH (npH6nH3HTCnbHO Ha <t>aK­

TOp 2) M O)((CT 6hiTb YMCHblliCHO, CCJJH }"'CCTb B paC'ICTax XOpOWO H3BCCTHOC 

yMeH&W CHHe npHBeJJ;eHHhiX a-wHpHH )l)lH HyKJJHJJ;OB c 124 ~ N ~ 127 . 

0 6 cy)((}J;CHHC pe3yn&TaTOB 

A HanH3 3KcnepHMCHTan&HhiX naHHhiX o ce'!eHHHX (xn)-, (p, xn)- H (a,xn)­

KaHanoB peaKIJ.HH 6h1II BbliTOJJHCH Ha OCHOBC CTaTHCTH'ICCKOrO paCCMOTpCHHH 

npou.ecca neBoJ6y)I(}J;eHHH o6pa3yiOIUHXCH cocTaBHhiX nnep. Pac'!eTbi npoBOJJ;H­

nHc& c noMOIUbiO MoJJ;H<l>HU.HpoBaHHoii rrporpaMMhi ALICE. llnn onHcaHHH 

IIJJOTHOCTH ypOBHCH HCIIOJib30BanHCb COOTHOWCHHH MO}J;CJIH <t>epMH-ra3a C <Pc­

HOMCHOJJOrH'ICCKHM }"'CTOM 060JJO'IC'IHbiX 3<P<PeKTOB B napaMCTpe IIJIOTHOCTCH 

ypOBHCl i 11 5 I: 

av(E) = av {1 + ' [1-exp (-0,054E)] AWv/EI, (I) 

rne E - JHeprHH B036y)I(]J,eHHH nnpa. llnn KaHanoB HcrrapeHHH 'laCT»U av - na­

paMeTp IIJJOTHOCTH ypOBHCH C aCHMIITOTH'ICCKHM 3Ha'ICHHCM a V = 

= A/1 0, AW v<A, Z) - o6ono'le'IHaH nonpaBKa K Macce nnpa, oopaJyiOmerocn 

H3 HCXO}J;HOrO IIOCne HCIIapeHHH 'laCTHUbl COpTa V (HCHTpOHa, IIpOTOHa HJIH a-'!a­

CTHUbl ) . B KaHane neneHHH af =a v = A/1 0. 
Ti peJJ;IIOnaranOCb, 'ITO 6ap&ep }J;CJICHHH, BCJIH'IHHY KOTOporo He06XO}J;HMO 

Bbl'IHTaTb H3 3HeprHH B036y)I(]J,eHHH HJJ;pa, HMCCT BH}J; 

Br (Q) = C B{ps (Q) + AWexp(z, A), (2) 
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f)l,C Bfps (Q) - 6apbep ACTICHIHI B MOACTIH Bp3IU310IUCHCfl 3apH)KCH OH Kall­

JHI1161, C - cso60AHbiii napaMeTp, Awexp(z, A) - o6ono'le'lHaH n o npaBKa 

K 6apbepy neneHHn cocTaBHoro nnpa, panHan pa3HOCTH )KH,!l.KOKan enbHoro 

II JKCI1CpHMCHT3JlbHOfO 3H3'1CHHH M3CCbl fl,!l.pa B OCHOBHOM COCTOfiHHH . 

CetJeHHe o6pa3oBaHHn cocTanHoro HApa pacc'lHTbiBanocb no <Po pMyne: 

Q t<p 2Q + 1 
:E 

Q..-{\ 1 + exp [ 27T (VB - E ) I h Wn ] '""" Q c .u.M. Jl 

(3) 

f,[l.C VB Q - BbiCOTa 6apbepa B33HMO,!l.CHCTBHn, W Q - KpHBH3Ha 3TOfO 6apbepa 

ATIH Q-ii sonHbi. llapaMeTpbi nOTeHI.J;Hana H cnoco6 Bbi6opa QK o6cy)K,[l.anHcb 

H3MH paHee
11 71 . 0CHOBHOH UCJ1bl0 paC'ICTOB B HaCTOfllUCH pa6ciTe RB HnOCb Oll­

TiiMaJlbHOC OllliC3HHe 3H3'1CHiiH Ce'ICHHH B M3KCHMyMax <i>YlfKUiiH B0 36Y*AC­

Hiill. 8 JTOM cny'lae OKa3biB3eTCfl, 'ITO 6onee 90% OT BeJlH'IIiHbl Bbi'IHCTi eHHOfO 

noncpC'IHOfO Ce'ICHHH peaKilliH B M3KCHMyMe ¢yHKUiiH B036y)K,[l.eHHfl ,[l.OCTHra­

CTCH np!i 3H3'1CHHHX Q, 3H3'1HTeJ1bHO MeHbWHX, 'ICM BeTIH'IHHa QKp ,[l.Jlfl liCCne­

gyeMbiX peaKUHH. llOJTOMY Bbl6op MO,!l.enH ,!l.nR QKP He HMCJl npHHUHnHanbHO­

ro 3Ha'leHHH. Pac'leT cetJeHHii npeKpamancn, ecnH BKnan nocnenYJOIUeii nap­

uuanbHoii BOJ1Hbl COCT3BJ1HJ1 MeHbWe 1% OT BCJlli'IHHbl CC'ICHHfl . ObUIO BbiUOJl­

HCIIO J].Ba BapHaHT3 paC'IeTOB: 1) B 'IHCTO )1(\i,[l.KOKanenbHOM npH6n H,KeHHH 

AW 
11 

= Awexp = 0 " 2) c y'ICTOM Awexp H AW 
11 

B npennono)KeHHH, 'ITO 3TH 

BeJlli'IHHbl He 33BHCHT OT 3HeprHH B036y)K,[l.eHHn , llpH JTOM napaMCTp llJlOTHO­

CTH ypOBHeii B KaCKa,[l.e HCnapeHHn '13CTiiU a
11 

(E) fiBJlfiCTCfl <i>YHKUHeii JHeprHH 

(CM . <PopMyny (1)). )lnH K3)K,[l.Of0 H3 napHaHTOB CB060,[l.HbiM napaMeTpOM 

pactJeTa HBJlHJlCH TOJ1bKO napaMeTp 

C . 0THoweHHe napaMeTpoB nnoTHO­

CTH ypOBHeii B ,[l.CJlHTeJlbHOM H HCUa­

pHTeJlbHOM KaHanax B paC'IeTaX C'IHTa­

JIOCb IlOCTOHHHbiM H paBHbiM 1 ,0. 
Ha pHc.3 npHBeL~eHo cpanHeHHe 

pe3yHbT3TOB pactJeTa C 3KCI1CpHMeH-

Puc.3 . CpaaHeHue H3MepeHHbiX H pac­

tteTHbiX 3HatteHHH CetteHHH B M8KCH­

MYM8X BbiXOA8 (xn)-pe8KUHHj 

Au+ 22 Ne-(.4.) ; Au+ 20 Ne-(•) . 

TottettHaR nHHHII - pe3ynhT&Tbi pactte­

Ta C ytteTOM o6onottettHbiX 3cpcpeKTOB 

(cM .TeKCT) . CnnoumaR nHHHR- pe-

3ynhT&Tbi paetteTa npH OTCYTCTBHH 

o6onottettHbiX 3cpcpeKTOB . 

1 Q5 

cr 1 04 

~b il 1 Ql 

I 02 

1 Ql 

• 1 oo 

1 Q-1 

1 Q-2 

116118120122124 126128 

Neutron Numb r 

19 



2 

0' 103 

J.l.b 

2 

1 o• 

2 

1 OJ 

pxn 

••• 
.. / 

I 
axn 

.. f. 
/· 
• 

11 6 11 8 1 20 1 22 1 24 1 26 

Neutron Number 

PHc.4. CpaBHeHHe H3MepeHHbiX 

H pac'leTHbiX 3HB'IeHHH Ce<leHHH 

B MBKCHMYMBX Bb!XO.D;a B peaK­

llHH Au + 20 Ne)J.1111 (p,xn)·KaHa­

na (sepXHHH pHCyHOK) H (a,xn)· 

KaHana (HHlKHHH pHCYHOK). 

TanbHblMH AaHHbiMH JJ;nJI Xn-Ka­

Hana. 3aBHCHMOCTb npeJJ;CTaBJICHa 

KaK <l>Y"KUHH or '!Hcna Heiirpo­

HOB B KOHe'IHOM npOAYKTe HCna­

pHrenbHOrO KaCKaJJ;a. Kpy')I(KaMH 

H rpeyrOJibHHKaMH HJ06pa')l(eHbl 

JKCnepHMCHTanbHbiC JHa'leHHII 

Ce'leHHH B MaKCHMyMaX <l>YHK­

UHH BOJ6y')I()J;eHHJI peaKUHH 

Au + 20 Ne H Au + 22 Ne 151 

COOTBCTCTBCHHO. CnnoUJHbiMH 

nHHHHMH noKaJaHbi peJynbrarbi 

paC'ICTOB, nonyqeHHbiC B npCA­

nono:>KCHHH nonHoro orcyrcrBHII 

OfiOnO'IC'IHbiX J<t><t>eKTOB CO JHa­

'ICHHCM C = l ,0 npH ')I(J.!AKOKanenbHOM 6apbepe JJ;eneHHH (BapHaHT 1). To'le'I­

HOH nHHHeii noKaJaHbi peJymrarbi pac'leroB c yqeroM o6ono'le'IHbiX nonpa­

BOK (BapHaHT 2). Ilp.H JTOM JHa'ICHHC KOJ<!><!>HUHCHTa npH ')I(J.IJJ;KOKanenbHOM 

6apbepe 6panocb paBHbiM C = 0,7, KaK :no cneAyer HJ aHanHJa AaHHbiX no ce­

'ICHHHM o6paJoBaHHII HeiirpoHoAe<!>HUHTHbiX HJoronoB ypaHa c MaccoBbiMH 

'IHCnaMH 223 .;;;;; A .;;;;; 226, nonyqeHHbiX B (xn)-peaKII;HHX c HOHaMH 2 0 
'
2 2 Ne 

H 48 Ca 15 - 7 1 , Aflll KOTOpbiX o6ono'le'IHbie nonpaBKH AWexp = 0. IlpH :HOM 

BapHaHTC HHTepnperaUHH JJ;aHHbiX Her CKa'IK006paJHOro yMeHbUJCHHII ')I(H)J;KO­

KanenbHOrO 6apbepa JJ;eneHHJI npH nepexoJJ;e or Ac K U, H, cneAOBarenbHO, 

yMeHbUJeHHe JHa'ICHHH )I(J.!AKOKanenbHbiX 6apbepos no cpaBHeHHIO c pac'le­

TOM1161 MO')I(CT OKaJaTbCJI xapaKrepHbiM Aflll BCeH o6naCTH HCHTpOHOAe<!>H­

UHTHbiX HAep B paiioHe Th - U, 'ITO npeAcraBnHercH AOCraro'IHo peanHCTH'I- · 

HbiM. AHanorH'!Hoe cpaBHeHHe peJynbraroB pac'lera H JKCnepHMCHTa AnH ce­

'leHHH (p, xn)- H (a, xn)-KaHanoB peaKUHH Au + 2 0 Ne npHBeAeHo Ha pHc.4 . 

113 pHCYHKOB 3 H 4 BHAHO, 'ITO o6a BapHaHra pac'leroB yAoBnersopHrenbHO 

onHCbiBaiOT JKCnepHMCHTaJibHble peJyJibTaTbl. 

lh HJBecrHbiX HaM AaHHbiX o ce'leHHJIX o6paJOBaHHH HJoronos Ac, ony6-

nHKOBaHHbiX paHee, HaHfiOflbUJHH HHrepeC C TO'IKH 3peHHJI npOBOAHMOrO aHa­

flHJa npeAcrasnHIOT AaHHbie o ce'!eHHH o6paJOBaHHH HJorona 2 1 7 Ac (N = 128) 
B peaKUHH 208 Pbe 4 N, 5n) 1181

. Asropbi Jroii pa6orbi HJMepHnH <l>YHKUHIO 
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PHc.4. CpaaHeHHe H3MepeHHbiX 

H pactteTHblX 3HB'IeHHH CetteHHH 

B MBKCHMyMBX BbiXO,Il;B B peaK­

UHH Au+ 20 Ne ,ll;.JHI (p, xn)-KBHa­

na (aepXHHH pHCyHOK) H (a,xn)­

KBHana (HH)I(J{HH pHCYHOK). 

TanbHbiMH AaHHbiMH J],Jill Xn-Ka­

Hana. 3anHCHMOCTb npep;cTanneHa 

K3K tPYlfKUHll OT trncna HeHTpO­

HOB B KOHe'IHOM npOAYKTe HCna­

pHTenbHOrO K3CKap;a. Kpy)f(KaMH 

H TpeyromHHK3MH H306pa:>KeHbl 

3KCnepHMeHTanbHbJe 3H3'1eHHll 

Ce'!eHHH B M3KCHMYM3X tPYHK­

UHH B036y:>KAeHHll peaKUHH 
Au + 20 Ne H Au + 22 Ne 15 I 

COOTBeTCTBeHHO. CnnoUJHbJMH 

nHHHliMH nOK333Hbl pe3ynbTaTbl 
1 22 1 24 1 26 Number pac'leTon, nonyqeHHbJe n npcp;-

nono:>KeHHH nonHoro OTCYTCTBHll 

060nO'Ie'!HblX 3Q>Q>eKTOB CO 3H3-

0KanenbHOM 6apbepe p;eneHHH (napHaHT 1). To'le'I-

3YTibT3Tbl pac'!eTOB c yqeTOM o6ono'letrnbJX nonpa­

OM 3Ha'leHHe KOJtPtPHUHeHTa npH :>KHAKOKanenbHOM 

C = 0,7, KaK JTO cnep;yeT H3 aHanH3a p;aHHbJX no ce­

:rpoHop;eQ>HUHTHbJX H30TOnOB ypaHa C M3CCOBbiMH 

, nony'leHHblX B (xn)-peaKUHliX C HOH3MH 20
•
22 Ne 

.rx o6ono'!e'IHbJe nonpanKH AWexp = 0. IlpH JTOM 

].3HHbiX HeT CK3'1K006paJHOrO yMeHbUJeHHll :>KH)J.KO­

:HHH npH nepexop;e OT Ac K U, H, cnep;onaTenbHO, 

MKOKanenbHbJX 6apbepon no cpanHeHHID c pac'le­

H xapaKTepHbJM Jl)IH nceif o6JJaCTH HenTpoHop;eQ>H­

h - U, 'ITO npeACT3BnliCTCll AOCT3TOIIHO peanHCTH'I­

CHHe pe3yTibT3TOB p3C'ICT3 H 3KCnepHMeHTa J],JIH ce­

K3H3TIOB peaKUHH Au + 2 0 Ne npHnep;eHo Ha pHc.4. 

10, 'ITO o6a napHaHTa paC'ICTOB yp;onneTBOpHTenbHO 

.TibHble pe3ynbT3Tbl. 

;aHHbiX o ce'leHHHX o6pa3onaHHll H30Tonon Ac, ony6-

:>mwHn HHTepec C TO'IKH 3peHHH npOBOAHMOrO aHa­

,Je o ce'leHHH o6pa3onaHHH H30Tona 2 1 7 Ac (N = 128) 

) 118 1 A -n . BTOpbl 3TOH pa60Tbl H3MepHnH tPYHKUHJO 

B036y:>KACHHll H nony'IHJJH 3H3'1eHHH Ce'!eHHll B M3KCHMyMe BbiXOA3 ( 11 0± 

±20) M6. Pac leT p;aeT 3Ha'leHHll CC'ICHHH B M3KCHMyMe BbiXO)J.3 )J.Till napHaHTa 

C :>KJ.!AKOKallenbHbiM 6apbepOM H B3pHaHTa C o6ono'le'IHOH nonpaBKOH 160 

H 6? M6 COOTBCTCTBeHHO. T.e. B npe.o.enax Q>aKTOpa 1,5 3TOT 3KCnepHMeHTanb­

HbiH pe3ynbTaT TaK:>Ke cornacyeTCll c o6oHMH napHaHTaMH pac'!eTa. 

IlpHBCA HHbiH 3HanH3 nOKaJbiB3eT, 'ITO HeCMOTpll Ha HCJ10Tib30BaHHe 3KC· 

nepHMeHTanbHbJX AaHHbiX o ce'!eHHliX o6pa3onaHHll HAep n urnpoKOM AJ.~ana-

30He MacconJ.JX trncen 207 ~ A ~ 217 H 3Ha'IHTenbHbJH AHana3oH H3MeHeHHH 

CC'ICHHH (::: 10 6
) · He yp;aeTCll Cp;enaTb OAH03Ha'IHbiH BbJ6op napaMeTpOB J],JJH 

onHcaHHH .o.e OJ6y:>KAeHHH cocTaBHbJX H.o.ep n non o6nacTH N " Z. BbiBOA 

0 6biCTpOM HC'Ie3HOBeHHH 060TIO'IetrnbiX nonpaBOK C pOCTOM 3HeprHH B036y:>K­

)J.eHHll, C)J.ena HHbiH B pa60T3X/3 '41 , HBnHeTCll, Ha HaW B3rnli)J., BO MHOrOM 

cneACTBHeM anpHOpHoro npep;nono:>KeHHH, 'ITO :>KH,IJ.KOKanenbHall COCTaBTIHJQ­

lU3ll 6apbepa p;eneHHH npaBHTibHO OnHCbJBaeTCH COBpeMeHHbiMH MOp;enliMH. 

IJony'leHHbJe B nocne)J.Hee BpeMll 3KCnepHMeHTanbHble pe3ynhTaTbl, H31IpHMep, 

A3HHbie o cc•reHHliX o6paJonaHHll HenTpoHop;eQ>HUHTHbJX H30Tonon U, Np 

H ·Pu, .o.enaJOT 31'0 npe.o.nono:>KeHHe cnopHbJM. HaKOHeu, B03MO:>KHbJM napHaH­

TOM 06'bHCHf HHll HC'IC3HOBeHHH o6onO'IC'IHbiX 3Q>Q>eKTOB, a TaK:>Ke 6biCTporo 

YMCHbUJCHHH 6apbepOB )J.eneHHH, nony'leHHbiX Ha OCHOBe 3HanH33 3KCnepHMeH­

TanbHbiX AaHHbiX, npH nepexo.o.e OT Ac- Th K U - Pu MO:>KeT liBnliTbCll Henon­

HaH a)J.CKBal HOCTb TeopeTH'IeCKOH MO,IJ.enH peanbHOMY npoueccy CnHliHHH 

H pacnap;a B036y)f()J.eHHOH COCT3BHOH CHCTeMbl npH HCCne)J.OBaHHH XOpOUJO .o.e­

TilllUHXCll H.O.Cp. 

Mbl nr aHHpyeM npop;on:>KHTb H3yqeHHe ce'!eHHH KaHanon HcnapHTenb­

HbJX peaKUHlt B 3TOH o6naCTH liAep H, B nepBYJO O'lepe)J.b, nponeCTH HX J],Jill 

peaKUHH, npnno.o.HmHx K o6paJOBaHHJO HenTpOHo.o.eQ>HUHTHbJX H30Tonon npo­

TaKTHHHll. 

AnTOp.ol 6naro.o.apHbl npoQ>eccopy IO.U.OraHeCHHy 3a no.o..o.ep:>KKY pa6o­

Tbl, HH:>KeHepaM A.H.Ky3Heuony H E .H.BopoHKony 3a J;~OMOlUb n Hanap;Ke anna­

parypbl H rpy nne UHKnoTpoHa Y 400 3a o6ecne'leHHe o6ny'leHHn. 
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NEW CROSS-SECTION METHOD FOR INVESTIGATION 
OF HEAVY ION IRRADIATION EFFECTS 

A.Bermudes, V.N.Chernikov*, A.Yu.Didyk, V.A.Skuratov, 
A.S.Sokhatsky 

A new method of sample preparation of metals irradiated with heavy 
ions which has been developed in the Laboratory of Nuclear Reactions 

of J INR is described. It permits the study of the depth distribution of 
radiation damage not worse than the traditional cross-section techn ique. 
However it is a simpler method with a very high yield of sped'llens 
suitable for TEM-investigation. An example of using this method i pre­
~cnted. 

The investigation has been performed at the Laboratory of Nuclear 
Reactions. JINR. 

HoaaH MeTOJJ.HKa "Cross-Section" JJ.mi Hccne,IJ,o~aHHH 
B03,IJ,eHCTBHH TH:>KenhiX HOHOB 

A.I>epMyJJ.ec HAp. 

fipHBe}J.eHO OUHCaHHe MeTOJIHKH npenapHpOBaHHJI MCTaJTnHlJeCKHX 
06pa3UOB, ofiny'ICHHbiX THlKCJlbiMH HOHaMH. 0Ha 1103BOJ1HeT HJylJaTb npO­
CtpaHCTBeHHOe pacnpeJJ.eneHHC paJJ.HaUHOHHbiX J].eQJeKTOB He xylKe, lJeM 
TpaJJ.HUHOHHbiH MCTOJ]. '\:ross-section". fipH JTOM OHa JHalJHTeJJbHO IIpO­
Ule 11 o6eCI1ClJHBaer OlJeHb BbiCOKHH BbiXOJ]. np11TO)lHblX J].Jl.ll fi3M-ucate­
JJ.OBaJIHH o6pa3UOB. fipeJJ.CiaBJICH npHMep npaKIH'ICCKOfO HCI10Jlb30Ba­
HH.II MCIOJJ.HKH. 

Pa6ora BbmonHeHa B J1a6oparopHH HAepHbiX peaKUHil OIUH1. 

Introduction 

Transmission electron microscopy (TEM) is at present the main 
instrument for direct analysis of radiation changes in various materials. 
It is known that the cross-section technique is the most informative me­
thod in TEM-studies of metals irradiated with heavy ions. However, its 
application has been limited by tedious preparation of the samples, des­
cribed elsewhere'•- 3 1 . Thus, a prolonged electroplating is required to 

*Institute of Physi~al Ch«>mistry , Moseow. USSR. 
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obtain the necessary deposit thickness of about 1.5 mm . Later a method 
which introduces no damage must be used to slice these specimens per­
pendicular to the original irradiated surface and to cut off 3 mm diame­
ter discs from these slices. The thinning of discs is also carried out per­
pendicular to the direction of irradiation and electroplating. Therefore, 
it is necessary to assure a good boundary between the original and the 
deposited layer, which is difficult at large thicknesses of the deposition. 

An original method for creating an "artificial" damage profile on the 
plane parallel to the sample surface has been proposed by Reutov and 
Vagin (iy is briefly described in ref. 14 1 ). Charged particles pass through 
a mask of a special form, and as a result, their energy changes along the 
surface. However this technique cannot be used directly for ion energies 
less than 3-5 MeV/a.m.u. 

This report d~als with a new method of sample preparation for ra­
diation damage depth distribution investigations in metals, irradiated 
with energetic heavy ions. 

Experiment and Results 

As usual in electron microscopy, samples with 3 mm diameter and 
thickness of 50-300 j.tm have been prepared. The preparation technique 
includes the following operations. A periodic microrelief characterized 
by depressions with well defined geometrical parameters is created on 
the sample surface (see figure 1). 

Following the heat treatment the sample is irradiated with heavy 
ions with projective range RP <h, where h is the depression depth. After the 
irradiation, the front surface is electroplated with the same material. 

24 
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The thickness of the deposited layer is no 1 

in practice 30+60 J.Lm. The final operation it 
ning to the plane of observation in a mi• 
R < x < h from the initial surface. Notice 
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wing simple expression: x = xjtan(a). 
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Thus, the presented method offers a 
energetic dependence of heavy ion irradiati· 
ned above traditional cross-section techniql 
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cessary operations deal with standard micrc 
This method provides a very high (practica: 

suitable for TEM. 
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Fig.2 . TEM micrograph of copper and dam; 

ions irradiation through 10 J.lm AI foil . 



The thickness of the deposited layer is no more than (5-6 )·h and equals 
in practice 30+60 pm. The final operation includes two-side sample thin­
ning to the plane of observation in a microscope located at a depth 
R < x < h from the initial surface. Notice that if a is not equal to 90° 
ttfe real spatial damage profile coordinates are obtained using the follo­
wing simple expression: x = x/tan(a). 

No structural defects introduced during preparation were found of 
the unirradiated materials at the control experiments. 

Thus, the presented method offers a possibility of studying the 
energetic dependence of heavy ion irradiation effects as good as mentio­
ned above traditional cross-section technique. It is significantly simpler 
and does not require complicated and unreliable operations. All the ne­
cessary operations deal with standard microscope three millimeter discs. 
This method provides a very high (practically 100%) yield of specimens 
suitable for TEM. 

11~ 
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Fig.2. TEM micrograph of copper and damage profile for 46.3 MeV Ar 

ions irradiation through 10 j.lm AI foil. 
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Fig.3. TEM micrograph of the depth area near the end of the ion range . 

An example of an application of the method is given below. The 
material used in this study was 99.99% copper previously annealled in 
a vacuum of 10- 3 Pa at 700°C for 1 hour. The irradiation was perfor­
med to dose 101 8 ion-m- 2 with 46.3 MeV Ar ions through a 10 J..lm AI 
foil at room temperature at the IC-100 cyclotron. The aluminium shiPI­
ding was done to obtain a suitable range of Ar ions in copper. 

A TEM micrigraph of the irradiated copper is presented in figure 2. 
Also, the damage profile calculated by using the TRIM code is given in 
the same depth scale. It can be seen that the defects induced by irradia­
tion extend to a calculated depth of about 2 micrometers. Similar results 
were obtained in some earlier works using the cross-section techni­
que 12 ' 5 1 • The discrepancy between the observed and calculated damage 
profiles is usually explained by stopping power errors. 

Figure 3 shows an example of a TEM micrograph of the region near 
the end of the ion range. According to Narajan 12 1 , the dislocations seen 
in this region are generated due to a stress build-up as a result of the vo­
lume change. 

At present, the technique described above is being used to investi­
gate the structure of metals irradiated with about 1 MeV/a.m .u. heavy 
ions. This programme is based on the IC-100 cyclotron experimental 
facility. 
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MMKpOKaHanbHbie nnacTMHbi KaK Jl,eTeKTOp 3ap1n 

nMoHOB M npoTOHOB c MMnymcoM 800 MJB/c 

<l>.<I>.BanMeB 11 Ap. 

flpMBO]J,HTC.Il HalJaflbHbie pe3yflbTaTbl MCCflellOI 
peri1CTpaUltM BbiCOKOJHepreTM'IeCKMX 3apH:>KCHHl 

C60pKOH 113 llBYX M11KpOKaHaflbHbiX nnaCT11H (~ 
flMlJMHa COCTaBJlHCT (80± 10) % 11 MO:>KeT 6b1Tb yr 
TaK:>Ke HOBafl KOOp]J,HHaTHafl CI1CTeMa CbeMa 
BKlliOlJaJOUlaH nnocKyJO nMHI1JO Jauep:>KKI1 Henoc: 

pemcTpHpyJOlllero aHoAa MKn s KOM611Hawm c 
IOTCH npe]J,no:>KeHHH 110 C03Jl,aHI110 sepW11HHOf0 A 

sKnJO'IaJOlllero see AOCTOMHCTsa MKn. 
Pa6oTa BblllOrtHeHa s J1a6opaTOp11M BbiCO 

1. Introduction 

Microchannel plates (MCPs) are widely us 
of various sorts of radiations (see, f.e.
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MICROCHANNEL PLATES AS A DETECTOR 
FOR 800 MeV/c CHARGED PIONS AND PROTONS 

F.F.Valiev1
, G.A.Feofilov 1

, A.P.Tsvinev, A.A.Baldin2
, 

Yu.K.Gavrilov2 

The initial results of the first measurements of the efficiency of the 
registration of high energy charged pions and protons by a tand m of 
microchannel plates (MC'Ps) are reported to be not less than (80±1 0)%. 
A new application of the delay line as a direct readout MC'P's anode in 
combination with strips is discussed. The proposals for a new typ of a 
vertex detector that includGs all MC'P advantages are made. 

The investigation has been performed at the Laboratory of High 
Energies. J INR. 

MHKpOKaHaJibHbie nnacrHHbi KaK JJ,ereKrop JapH)f(CHHbiX 

nwoHOB w nporoHoB c HMnyn&coM 800 MJB/c 

<l>.<l>.BanHeB H JJ.p . 

OpHBOJJ,HTCH Ha'laJibHbie peJynhraTbi HccnenosaHHit J<f><f>eKTHBHOCTH 
perHCTpaUHH BblCOKOJHepreTJ.IlJCCKHX 33pH)f(eHHbiX IlHOHOB H npOTOHOB 

c6opKOH HJ J.lBYX MHKpOK3H3JlbHbiX nnaCTJ.IH (MKO), nony'leHHaH Be­
JllilJHHa COCT3BJIHeT (80± 10) % H MO)f(CT fibiTb YJIY'IWCH3. 06cy)f()..laeTCH 
T3K)f(e HOBaH KOOpJJ,HHaTHaH CHCTCMa Cl>eMa HH<f>OpMal.(HH C MKn, 
BKJIIOlJ310WaH IlJlOCKYIO JIHHHIO JaJ.lep)f(KH Henocpe)lCTBCHHO B KalJCCTBe 
pemcrpHpy10wero aHoJJ,a MKn B KOM6HHaUHH co crpHnaMH. 8bQBHra­
IOTCH npeJJ,JIO)f(eHHH no C03JJ,3HJ.IIO BepWHHHOfO )leTeKTOpa HOBOf !Hila, 

BKJIIO'!a10wero see nocroHHcrsa MKn. 
Pa6ora BblllOriHeHa s J1a6oparopHH BbiCOKHX JHeprHit OHHH. 

1. Introduction 

Microchannel plates (MCPs) are widely used now for the detection 
of various sorts of radiations (see, f.e . 11 - 6 1 ) due to their well-known 
properties: 

1 LC'ningrad Stat(' University. 
2 Institute for Nuclear Research , Acad . Sci. USSR. 
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-high counting rates 
- low self noise 
-good performance in the magnetic field 
-high radiation resistivity 
- small amount of matter introduced to the way of the particle 
-possibility of an application in various position sensitive detectors. 
However, the detection of the moderately relativistic particles by 

the microchannel plates was not studied yet. 
Thus the main purpose of this work was to show the principal possi­

bility of using the MCP as a detector of high energy particles. Besides we 
are making the proposals for a new type of position-sensitive detector 
that can provide precisely both time signal and two space coordinates of 
the track mteracting the MCP's surface. 

2. Detec t or description 

We used standard MCPs that had the diameter of 34 mm, thickness 
of 400 p m and the channels density of 106 l/cm2

• The plates were made of 
Si02 PbO with the density of 3.89 g/cm 3

• Channels are 10 pm in diame­
ter and have the wall thickness of 2 pm. The bias angle of the channel 
axis with respect to the front surface normal is 10°. 

Two MCPs mounted in a shevron setup 12 1 with an interplate dis­
tance of 0.5 mm were placed into a small vacuum chamber together with 
the coqrdinate sensitive readout anode (see fig.1). Chamber has provided 
3·10- 5 mm Hg and had two thin Al (1 mm) front and rear windows. 

The MCPs were operated by a high voltage ~1000 Veach. We also 
used a small accelerating potential between the plates and between the 
second plate and the readout anode (~100 V). The high voltage adjust­
ment was done to obtain the characteristic saturation effect13

' 
4 1 for 

the MCP's pulse spectrum (see fig.2). 
We used two types of readout anodes: i) 0.8 mm strips and 

ii) a combination of a delay line and strips. In contrast to 15 1 we used 
a flat delay line directly as a readout anode. Those two systems of rea­
dout anodes were used for two sorts of measurements: i) for the effi­
ciency measurements, ii) for the test coordinate resolution measurements 
of a new coordinate sensitive anode. 

The MCP output pulses after charge sensitive preamplifiers were 
sent to the fast amplifiers (or to the analog filter amplifier and ADC). 
We used standard CAMAC electronics for constant fraction discrimina­
tion, coincidences, TAC and ADC with KK009 crate controller and IBM­
compatible PRA VETZ. 
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3. The efficiency of MCPs for the detection 
of high e nergy pions and protons 

The measurements have been performed at the Laboratory of High 
Energies, JINR. 

The layout of the experiment for the MCPs efficiency measure­
ments is shown schematically in fig.l. 

Two MCPs placed into a small vacuum chamber were sandwiched 
between two plastic scintillators (see fig.1). The whole setup was expo­
sed to the pion and proton beams that had the intensity of up to 106 1/s. 

The efficiency was derived as a ratio of T AC's line intensity to the 
whole number of two plastic coincidence (i.e., the ratio of TAC to CC 
counts) with the account of the geometry of the setup. During the effi­
ciency measurements all strips were used together with a single preamp­
lifier. 

It is a known fact that the so-called geometrical efficiency of MCPs 
for the strongly interacting particles cannot be higher than 70% . This is 
due to the s rface dead region of the walls edges for those particles. 

As to the high energy particle passing through the plate and cross­
ing several channels the electron avalanche may start at any place of 
track's intersection with the cylinder surface of any crossed channel. 
Thus in our case we can expect the increase of the efficiency compared 
to that of strongly interacting particles due to the mentioned argument. 

The effective thickness seen by a minimum ionizing particle (MIP) 
passing through one MCP described above is -90 J.lm, that leads 171 to 
a mean value of ionization losses estimated for Si of 34 keV, which may 
result in -104 pairs produced along the track in a single MCP. It's clear 
that only the fraction of channel surface created electrons may work. 
The same argumentation may be valid for &electrons also. Nevertheless 
an MCP seems to be a good target-converter for MIPs, playing additional­
ly the role of electron multiplier. The only thing remains to be done­
it is not to lose the weak electron signal corresp~nding to the deep re­
gions of MCP, e.i. one has to make an extra amplification by using 
a second MCP (or to use the MCP with higher gain). 

Results of the efficiency measurements together with the MCP self­
noise are shown in the Table. The measurements were done for two thre­
shold levels in the MCP's CFD (they are marked by arrows in fig.2). The 
results of the table are averaged on two series of measurements done 
with pure proton beam and with a 50/50 mixture of pions and protons 
having 800 MeV/c. It was justified by the absence (within the limits of 
accuracy of the present experiment) of any significant amplitude spectra 
dependence on the type of the detected particles. 
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Fig. l . General layout of the experiment with the MCP detector. MCP­
·a tandem of microchannel plates; -Rl- R5- high voltage divider; C­

strips ; Ml, M2- plastic scintillators; PM- photomultiplier ; PA- pre­
amplifier; CSPA- charge sensitive PA; AF A- analog filt<:r amplifier; 
CFD - constant fraction discriminator; CC- coincidences scheme; 
TAC- time to amplitude converter; ADC - analog-digital converter; 
(delays and counters are not shown). 

The dependence of the efficiency on the CFD threshold is 
quite obvious from fig.2. Thus we can conclude that i) the saturation 
MCP's effect is not exhausted and it is possible to increase the bump 
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N 

1000 CHANNEL 

Fig.2. Amplitude spectrum of signals from MCP detector obtained 

for BOO MeV /c pions. Arrows correspond to the threshold levels in M'cp 

strip channel (1- channel No.70, 2- ch .No.520). 

Table. The efficiency of the MCP's tandem for the detection of 
800 MeV /c pions and protons 

CFD threshold Efficiency, MCP's self- oise, 
(ADC channel No) % em- 2 s- 1 

520 45±5 0.390±0.004 
70 80±10 0.684±0.007 

intensity (fig.2) by more careful high voltage tuning, because the expo­
nential soft part of the MCP's amplitude spectrum corresponds to the 
useful events (not to the electronics background), ii) addit ional CFD 
threshold adjustment may be done without the deterioration of 
signal/noise ratio. The last argument is based on the close sunilarity of 
the MCP self-noise amplitude spectrum to that of detected particles. 

31 

• 



N 

0 

Fig.2. Amplitude spectrum of signals from MCP .detector o ta~ned 

for 800 MeV /c pions. Arrows correspond to the threshold levels in MCP 

strip channel (1- channel No.70, 2- ch.No.520). 

Table. The efficiency of the MCP's tandem for the detection of 
800 MeV /c pions and protons 

CFD threshold 
(ADC channel No) 

Efficiency, 
% 

MCP's self-noise, 
em- 2 s- 1 

520 
70 

45±5 
80±10 

0.390±0.004 
0.684±0.007 

intensity (fig.2) by more careful high voltage tuning, because the expo­
nential soft part of the MCP's amplitude spectrum corresponds to the 
useful events (not to the electronics background), ii) additional CFD 
threshold adjustment may be done without the deterioration of 
signal/noise ratio. The last argument is based on the close similarity of 
the MCP self-noise amplitude spectrum to that of detected particles. 
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The accuracy of the efficiency measurements in the run was deter­
mined by the accuracy of geometry overlap estimation for MCPs and 
plastic scintillators. 

4. Proposals for a new type vertex detector 

The concept is to use MCPs for the detection of high energy partic­
les playing a double role of a very effective target-converter and electron 
multiplier. This provides i) the possibility of using lesser amounts of mat­
ter and to minimize a multiple scattering as compared to silicon strip de­
tectors, ii) placing the detector close to the target in the vacuum beam 
pipe, iii) using all other benefits of MCP as a detector (f.e. good behavior 
in high magnetic fields 18 1 ). 

The best vertex detectors can provide up to 2 J.Lm spatial resolution 
but at the price of a great number of strips or pixels together with sophis­
ticated electrons used for the signals readout (see, f.e. 1 1 0

' 
1 1 1 ). More es­

sential is the fact that the usually applied method of charge dissection 
for two dimensional readout (see, f.e. 11 0 1 ) is good for precise coordina­
te measurements but it takes additional time and is not suitable for fast 
triggering application. 

For a number of physical studies planned for the investigations19 1 

at the universal 4rr-spectrometer AMPIR a vertex detector is needed ca­
pable to provide both timing and at least one coordinate measurements 
directly, so it could be used in the first trigger. 

The first promi~ing results obtained for the efficiency of MCPs for 
the detection of high energy pions and protons and the advantage of 
using an independent coordinate sensitive readout anode allow us to pro­
pose a new readout unit based on a combination of a flat delay line and 
usual set of strips situated inside. Figure 3 shows the example of a possib­
le setup. 

This proposal combines the following advantages: i) the usual set 
of strips provides the precise time signal and one coordinate measure­
ment in a usual way, this information may be sufficient for the first trig­
ger, ii) the use of a flat continuous delay line directly as a readout anode 
gives a possibility of considerable simplification of the second coordinate 
measurements. 

We have tested the described coordinate sensitive unit for Z-coor­
dinate resolution using a Po2 1 0 a-source and a special mask. We used 
a flat 30 mm x 100 mm delay line (r = 300 ns) made of 50 }J.m wire. 
Longitudinal strips of 0.8 mm x 100 mm were situated inside the delay 
line. We used the same electronics as in the previous run (fig.1). 
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The measurements of a spatial resolution along Z-axis were done 
with the mask that shadowed the center of the plate. In oder to diminish 
the spatial uncertainty connected with mask and detector misalignment 
and with the finite a-source dimensions we have placed the thin (100 J..Lm) 
mask directly on the MCP's surface. Besides we used the induced start 
signals from only one strip. Thus we evaluate this uncertainty to be less 
than 10 J..lm and the whole spatial accurdcy is derived mainly by the time 
measurements resolution. 

Figure 4 shows the results of spatial resolution measurements done 
with two values of time resolution obtained in a different runs. We did 
not make any exhaustive efforts with the standard equipment used in 
this test (f.e., self-rise time for the charge sensitive preamplifiers was 
20 ns). Thus the obtained results (az = 150 J..lm and 500 J..l m - fig.4a,b) 
are the illustration of the idea. The inhomogeneity of the time spectrum 
in the vicinity of the mask and the background below the mas (see fig.4) 
may be connected with some additional surface electron noise produced 
by the mask and by electrons from the mask edge knocked by a-particles. 

5. Conclusions 

The first measurements of the efficiency of the registrat ion of high 
energy charged pions and protons by a tandem of microchannel plates 
gave the result of (80±10)% that allows us to make the proposals for 
a new type of a vertex detector that includes MCP advantage as a detec­
tor and is capable of precise time and two space coordinates determina­
tion. 

The authors are thankful to V.V.Krasnov, O.OPatarakin and 
L.B.Golovanov for their support of the work, to M. V.Aprelev for the 
preamplifiers and to all the JINR colleagues who helped us i this work. 
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PACTH)KKA ITY4KA (ME)JJIEHHbll1: BbiBO.U) B <DA30TPOHE 011HI1 
METO.UOM <DA30BOfO CMElllEHI1H 

n .M .OHI-IUleHKO, H. f.lllaKYH, IT . T .IIIJUIIJUIHHHKOB 

BnepBbie )J)lll paCTSI)I(KH f!Y'!Ka B <Pa3orpoHe HCfiOnh30BaH Me­
TOJJ. $a30BOrO CMemeHHSI. IlonyqeHHbiH pe3ynbTaT CTHMynHpyer 
flpOJJ.Ofl)l(eHHe HCCne)J.OBaHHH. 

Pa6ora BhmonHeHa B fla6oparopHH MepHbiX npo6neM 011HI1 . 

Beam Stretching in the JINR Phasotron by Phase Displacement 

L.M.Onishchenko , N.G.Shakun, P.T.Shishlyannikov 

This is a first time when phase displacement is used for the 
beam stretching in a phasotron . The experimental results encourage 
the continuation of investigations. 

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

B cpa3orpoHe 011HI1 111 ycKopeHHbiH nyqoK HMeer HMf!YnhCHYIO crpyK­
rypy - HMf!YflbCbl TOKa )J)THTeflbHOCTbiO 30+40 MKC cneJ].ywT C HHTepBa­
flOM 4 MC. 

lln11 ynyqweHM BpeMeHHOH crpyKrypbi ny'IKa Hcnonh3yercH raK Ha3bi­
saeMaH pacTSI)I(Ka nyqKa 3a cqer JJ.OYCKopeHHll c noMOll.lhiO C-JneKr poJJ.a 12 1 . 

.UoycKopeHHe nyqKa ocymecrsnHercH cHHxpouHKnorpoHHhiM cnoco6oM 
- ocraHOBneHHhiH f!Y'IOK 3aXBaThiBaercH B cenaparpHcy C-JneKrpoJJ.a H 
Me)J)leHHo ycKopHeTCH JJ.O BhiBOJJ.Horo paJJ.eyca. 3a cqer noro yJJ.aercH pacu­
HYTh f!Y'IOK BO BpeMeHH Ha 85% nepHOJ].a, T.e. J].O 3,2 MC (H3 4 MC). BpeMeHHall 
nporpaMMa 'laCTOThi HanpH)I(eHHH Ha C-JneKTpoJJ.e noKaJaHa Ha pHc. l , a 3aBH­
CHMOCTb HHTeHCHBHOCTH paCTHHYTOrO fiY"Ka OT BpeMeHH - Ha pHC.2. IlpH 
3TOM 3cpcpeKTHBHOCTb 3aXBaTa ily'IKa; T.e. OTHOUleHHC HHTCHCHBHOCTH paCTJI· 
HYTOro nyqKa K HHTeHCHBHOCTH HepacrHHyroro, cocrasnHer -75%. YBenH'!e­
HHH 3cpcpeKTHBHOCTH MO)I(HO 6bmO 6hi )J;06HTbCJI 3a C'leT yBenH'!eHH ll aMflnH­
TYJJ.bl HanpH)I(eHHH Ha C-3neKrpoJJ.e, OJJ.HaKo MOll.IHOCTb B.'l. reHeparopa He 
no3BonHer 3Toro CJJ.enaTb. K roMy )l(e norpe6osanocb 6hi 3Ha'!HrenbHoe 
ee yBenH'IeHHe, r.K. nnomaJJ.b cenaparpHChi nponopuHoHanbHa KBa)J.parHOMY 
KOpHIO H3 aMflnHTYJJ.bl Haflpli)I(CHHSI . 

MexaHH3M cpa30BOrO CMCll.ICHHH/3/ MO)I(CT B 3TOM OTHOIIICHHH npeJJ.­
CTaBflliTb co6oif Hef!nOXYIO anbTepHaTHBY 06bi'IHOMY MCTO)J;y CHHX OllHKflO· 
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fj 
df 

-dt 
Kf4 W~ 

14560 30 

540+20 

520+10 

MKCeK, •.• t 1 I I I I 

14500 ooso 0850 1650 2450 3250 

PHc. 2. PacnmyrbiH ny•mK 

- sepxHHH ny'l, '18CTOTII8fl 

nporpaMM8 - HIDI<HHH 11Y'J. 

PemHM cHHxpoQHKnorpoH­

Horo .D.OYCKOpeHHH. 

PHc. 1. 3aBHCHMOCTb '!a­

CTOTbi (f) H ee npOH3· 

BO.D.HOH df/dt Ha C-311eK­

rpo.o.e or speMeHH. Pe-

mHM CHHXpoQHK110TpOH­

HOrO .o.oycKopeHHH. 

TpOHHOfO AOYCKOpeHIDI 141• CyTb MeTO)J.a COCTOHT B CJie)J.}'!OlUeM. Ilpe)J.CTa­

BHM ce6e HaKOnJieHHbiH ny'-IOK, '-!aCTHII,bl KOTOporo paBHOMepHO pacnpe)J.e­

JieHbl no <flaJaM B HHTepsane 21T (pHc.3a). IlpeAcTaBHM Tenepb, '-ITO '-!acToTa 

HanpH)f(eHHH Ha C-JJieKTpoAe Me)J.JieHHo HJMeHHeTCH TaK, '-ITO paBHOBeCHaH 

JHeprHH nep eMemaeTCH B CTopoHy MeHbWHX JHa'-!eHHii. Ilocne Toro KaK 
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E 

PHc . 4. 3asHCHMOCTb ~.~acTo- ~ 

Tbl (f) H ee npOH3BOAHOH , 

df/dt Ha C -3neKTpoAe OT 

speMeHH. Pe)!(HM Q>a3oaoro 

CMe~eHHR . 

f df 
dt 

Kr~ Mr~ 
ceK 

14560 

540 20 

520 10 . 

PHc. 3. 11nmoCTp UHR K pe­

)!(HMY <f>a30BOro CMe~eHHR. 

1 - o6naCTb YCTOWIHBOCTHj 

2 - nyqoK Ha Q>a3osoii nnoc­

KOCTHj OE- CMe~eHHe nyqKa 

Ha 3HeprHH, Bbi3BaHHOe npo­

XO)!(AeHHeM cenap8TJ>HCbl. 

MKCeK, ... t 
14500~~~~~-~~~~~~ 

0050 0850 1650 2450 3250 

..4 PHc. 

~ - BepXHHH nyq 1.18CTOTHaR 

5. PacTRHYThiH ny1.1oK 

nporpaMMa - HH)!(HHH ny1.1. 

Pe)!(HM Q>a30Boro CMe~eHHR . 
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cenapaTpHCa npoH.u,eT "CKB03b ny'IOK", CpC,IJ,lHIH 3HCprHH '!aCTHU )J.OJDKHa 

YBCJIH'IHB3TbCH (pHc.35) , nOCKOJlbKY cenapaTpHca K3K fib! BbiTCCHHCT HX 

B CTOpOHY 50nbllfiiX 3HCprHH. l1CXO)J.H H3 TCOpCMbl fl»yBHnJIH 3TO CMCUICHHC 

5yJJ.eT paBHo S/2rr, rJJ.e S- nnoma.u;h, oxBaTbiBaeMaH cenapaTpHcoii. 

KOJIH'ICCTBCHHbiC OUCHKH 3cpcpCKTHBHOCTH 3TOfO cnocofia TpefiymT 

'IHcneHHbiX pactJeToB. O.u.HaKo, c yt~eroM Toro, 'ITO peanHJaUHH MexaHHJMa 

cpa30BOf0 CMCUICHHH HC TpefiyeT npaKTH'ICCKH HH'ICfO, KpOMe nepeCTpOHKH 

tJaCTOTHoii n porpaMMbi C-JneKTpo.u.a, 5bmo npH3HaHo uenecoo5pa3HbiM npo­

secTH JKCnepHMCHTanbHOe HCCJIC)J.OBaHHe. 

4acTOTHaH nporpaMMa nepsoro JKCnepHMCHTa no paCTH)f(Ke nyt~Ka 

MCTO)J.OM cpa30BOfO CMCUlCHHH nOKa3aHa Ha pHC.4, a HHTCHCHBHOCTb paCTH· 

»yToro nyt~Ka - Ha pHc.S. 

. 0Ka3anOCb, 'ITO HHTCHCHBHOCTb paCTHHYTOfO nyqKa {2 MKA) BO BCH· 

KOM cnyqae HC MCHbWC TOH, KOTOpaH fibina npH "ofibi'IHOH" paCTH)f(KC 

( 1,8 MKA). B TO )ICC speMH o5Hapy)f(Hnacb ee MCHbWaH KpHTH'IHOCTb K yMeHb· 

weHHW aMimHJYJJ.bi HanpH)f(CHHH Ha C-JneKrpo.u.e. 

llpeJJ.nonaraercH B )J.amHeiiweM nposecrH 5onee rmaTenbHOe HccneJJ.o­

BaHHe JToro pe)f(HMa pacTH)f(KH. 0JJ.HaKo y)f(e cciit~ac pacrHHYThiH raKHM o5-

pa30M nyqoK MO)f(CT fibiTb HCnOJib30B3H B cpH3H'ICCKHX HCCJIC)J.OBaHHHX. 
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