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SUMMARY 

The (ff!,4He) elastic di~~erential cross-sections have been 

measured at (97 ~ 6) MeV kinetic energy o~ pions. The exper~ental 

apparatus consists o~ two helium filled streamer chambers: the first one 

at atmospheric pressure in a bending magnet to measure the momenta o~ 

the incident pions, and the second one at 4 atm,surrounded by an hodosco-

pe of scintillation counters (covering a solid angle of about 1.4 sr), 

is the target and detector. The trigger ~or the streamer chambers 

is given by the coincidence between the counters defining the pion 

beam and any one counter of the hodoscope. Fig.1 represents the 

diagram of the experimental set up and Fig.2 shows a photograph of 

a typical event. The contamination of muons and electrons in the pion 

beam is measured wita a lucite Cerenkov counter. Time-of-flight techni-

que is used to select the pions. About 50000 photographs have been 

taken with about 1250 events of elastic scattering in the 25~ -& ~ 165° rc-

angular region. Figs 3 and 4 show the elastic differential cross-

-sections for the ( fC,4He) and ( 'ft+,4He) reactions, respectively. 

The dashed lines represent the result of the phase shift analysis 

taking into account the S,P,D wave contributions.The values of the 6 

parameters are iD Table I. Our results are compared with those obtai-

ned by other authors (5,6) and Figs 5 and 6 show the energy beha-

~~- 4 viour of the elastic scattering cross-sections for the (Yt , He) and 

( n:+, 4ne) reac tiona. Figs 7 and 8 represent the energy behaviour 

of the phase shifts. 
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BeeneHHe 

B rrocnenHee epeMH eoapoc HHTepec K pacceHHHID rrHoHoB c aHeprHeM 

IIOpHnKa .[leCHTKOB H COTeH Mae Ha nerKHX H.[lpax, 3To CBH3aHO, C O.[lHOM CTO

pOHhl, CO CTpeMneHHeM rronyqHTb neTaJibHhle CBeneHHH 0 B38HMO.[leMCTBHH 

MeaoHoB c nerKHMH HnpaMH rrpH Manhrx aHeprHHX. B aToM cnyqae paaeneaeT

CSJ TeopeTHqecKHM MeTon aHanHaa 1 1 • 2/. C npyroM cTopoHhi, Ha6nroneHHe 

yrrpyroro rr-H e pacceHHHH MO:>KHo Hcrron&aoeaTh, KaK aTo rrpenno:>KHn Xo<PwTan

Tep/3/, .[lJIH H3BneqeHHH CBeneHHH 06 aneKTpOMarHHTHOM <jlopM¢aKTope IIHO

Ha /4,5,6/ x/. 

K HacToHweMy BpeMeHn Ha6nronaroTCH HeKoTophre pacxo:>KneHHH B peaynh

TaTax pa6oT, IIOCBHweHHh!X H3MepeHHID <jlopM!jlaKTopa IIHOHa, Heo6XO.[lHMhl AO

ITOJIHHTenbHh!e 8KCIIepHMeHTb! 1 CB060.[lHbie OT CHCTeMaTHqeCKHX OWH60K, 

B Jla6opaTopHH HAepHhiX rrpo6neM OHHH paapa6oTaHa MeToAHKa renne-

Bh!X CTpHMepHh!X KaMep Bh!COKOrO AaBneHHH 1 coqeTaiDlliHX B ce6e CBOHCTBa 

neTeKTopa n raaoBoH MHrneHn, rrpnronHaH AJIH a<jJ<jJeKTHBHoro rrpoeeneHHH TaKoro 

Tnrra orrhiTOB. B naHHOH pa6oTe conep:>KaTCH peayn&TaThi rrepBOH cepnn HaMe

qeHHoro UHKna H3MepeHHH nH<jJ<jJepeHUHBJibHb!X ceqeHHH yrrpyroro pacceHHHH 

IIHOHOB Ha renHH, rronyqeHHh!e II pH 8HeprHH IIHOHOB - }00 M 8B, 

x/ 0Tnen&Hhre HccneAoBaHHH a aToM HarrpaeneHnH17•81 HMenuc& H no 

aToro rrpenno:>KeHHH. 
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DocTaHOBKa OllbiT8 

Ha pHCo 1 ITOKa3aHO pacrrono*eHHe arrrrapaTypbl ITpH ITOCTaHOBKe 8KCITe

pHMeHTa Ha CHHXpOUHKnOTpoHe na6opaTOpHH srnepHbiX rrpo6neM 0l1Hl1 o 0CHOB

Hasr cTpHMepHasr KaMepa nHaMeTpoM 50 eM, aarronasreMaSI renHeM rrpH naB

neHHH 4 aTM, 6bJna OKPY*eHa KOnbUeBbiM I'OJlOCKOITOM H3 CUHHTHnnsrUHOHHblX 

c'IeT'IHKOB /9/ o fonocKorr 3axBaTbiBan TenecHbii':i yron -1,4 cTepan. H rrepe

KpbrBan nHarra3oH yrnoB OT 25 no 170° o C'IeT'IHKH ronocKorra pa3MemanHcb 

BHyTpH o6onO'IKH KaMepbl, H paccesrHHbie Me30Hbl ITpOXO)lHnH CTeHKy KaMepbl 

TonmHHoil: .-v0,4 r/cM2o B MarHHTe MC-4-2 pacrronaranacb npyrasr KaMepa, 

HarronaeHHasr renHeM rrpH aTMoc¢epHoM naBneHHH, rrpenHa3Ha'IeHHasr nnsr H3-

MepeHHsr HMrrynhca 'IBCTHU B ny'IKeo 06e KaMepbi pa6oTanH B crreuHanhHOM, 

pa3pa6oTaHHOM HaMH pe*HMe, o6ecrre'IHB8JOll!eM Bb!COKYIO HpKOCTh CBe'IeHHH 

cnenoB 1 10 1
0 ilnsr aarronHeHHSI KaMepbi Hcrronh30Bancsr renHil: oco6ofi 'IHCTOTbi 

c rrpHMecsrMH npyrHx ra30B ( N 2 , H2 ) , He npeBbiiDBJOIDHMH 0,0 1%, a nnsr 

CT86HnH38UHH pa3p5IJl8 B KaMepy BBOJlHnHCb ITpHMeCH yrneBOJlOpOJlOB H C C:l4 , 

TaK*e He rrpeBbill!aJOmHe 0,01%0 BKnan B nonaoe 'IHcno "aBean" oT srnep 

rrpHMeceil: He rrpeBbrlllan 0,5%o 

CuHHTHnnHUHOHHbie C'IeT'IHKH CI + c6 COCTaBnsrnH TeneCKOIT nnsr ¢opMH-

poBaHHH rryqKa H rrpenBapHTenhHOI'O OT6opa C06b!THil:, a TaK*e JlnSI MOHHTOpH

pOB8HH5I ITOTOKa 'IaCTHU 1 rrpomenmHX qepea KaMepy o M OHHTOpHblH C'IeT 

ocymecTBnsrncsr TOnhKO B To BpeMsr, Korna KaMepa He 6bma 3a6noKHpoBaHao 

3arrycK KaMepbl - MHll!eHH rrpOHCXOJlHn ITpH COBITa)leHHH CHI'Hana C TeneCKOITB 

C CHI'HBnOM OT OLlHOI'O H3 C'IeT'IHKOB I'OJlOCKOrra ( C I 1 C 2 , C J , C 4 1 C 5 

C6 1 C ron.) 1 KOTOpbii':i ITOSIBnsreTCSI B HneanhHOM cny'Iae rrpH perHCTp8UHH 

OJlHHM H3 ronocKOITH'IeCKHX C'IeT'IHKOB ITHOHa, pacCeHHHOI'O B I'83e KaMephlo 

KaMepa SKCITOHHpOBanaCh B HHTeHCHBHbiX Me30HHbiX rry'IKBX OT MIOOHHO

I'O TpaKT8o CpeJlH5I5I HHTeHCHBHOCTb rry'IKa MeaOHOB 1 BBOLlHMb!X B KaMepy, 

COCT8Bnsrna - 104 ITHOHOB B CeKyHLlYo 

CpeJlH5I5I sHeprHH ITHOHOB B I'a3e KaMepbl COCTaBnsrna 97 M 8B C paa6-

poCOM ::!:... 6 MsBo 3HeprHsr orrpenensrnach H3 KpHBbiX rrornomeHHsr, a TaK*e 

no H3MepeHHHM HMrrynhca B KaMepe c MarHHTHbiM rroneMo ilnsr orrpeneneHHSI 

cocTaBa rry'IKa HcrronhaoBancsr qepeHKOBCKHfi c'IeT'IHK rronHoro rrornomeHHSI, 
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PRe. ]. CxeMa paenOlJO)f{8HRSI annapaTypbl H8 MIOOHHOM Tp8KT8o 

PRe. 2. ~oTorpa~HH cnyqaH ynpyroro pacceHHHH naoaa aa Hnpe renaH. 
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paCllOllO)I{eHHbiJ:i 38 KaMepoJ:i. 0H l103BOll51ll HenpepbiBHO KOHTponHpOB8Tb 

COCT8B lly'iK8. ilnSJ yMeHblileHHSI llpHMeCH perJcTpHpyeMbiX MIOOHOB H sneKT

pOHOB HCI10llb30B8ll8Cb BpeMSI-rrponeTH8SI ceneKUHSI H8 C'i8T'iHK8X C I H C J 

paCCTOSIHHe Me)I(JlY KOTOpbiMH COCT8Bn5In0 4 Mo 3<fl<fleKTHBHOCTb K8)1{JlOrO H3 

c'ieT'iHKOB ronocKorra rrepHOilH'ieCKH rrpoBepSinacb B rry'iKe rrHOHOB H rronnep

)I{HBanaob aa ypoBae 100%. 

OnHa sanycK rrpHxonHncSI rrpHMepao aa 103 rrpoxonSJmHx qacTHu. qHcno 

llHOHOB B K8Mepe COCT8Bll51ll0 -70 -:- 80% B p83llH'iHbiX SKCI103HUHSIX OT 

nonaoro noToKa 'iaCTHU (nocne 'o6orameHHSI' ny'iKa rrHoaaMH c noMOUibiO 

BpeMSI-llponeTHOrO Cl10C06a) • B HCXOilHOM llY'iKe llpHM8Cb MIOOHOB H SlleKTpO

HOB COCT8BllSill8- 50%. 

ITpocMoTp H H3MepeHHSJ 

B aecKOllbKHX sKcrro3HUHSIX 6bino nonyqeao - 40.000 ¢oTorpa¢HJ:i aa oT

pHuaTenhHbiX nHoHax H - 10.000 ¢oTorpa¢HJ:i aa nonO)I{HTenbHbiX rrHoaax. B 

pesynbTaTe 6bmo nonyqeao oKono 1250 cnyqaeB yrrpyroro pacceSIHHSI 11- He • 

( B cpenHeM onao co6biTHe yrrpyroro pacceSIHHSI npHxonHnocb aa 40 KanpoB). 

Ha pHc. 2 rroKasaa THITH'iHhiH cnyqaJ:i yrrpyroro pacceSIHHSI rrHoHa aa SIIlpe renHSI. 

B npouecce npocMoTpa oT6HpanHCb nnSI H3MepeaHA Bee nByXny'ieBbie 

3Be31lbl - 6e3 SIBHOrO HapyweHHSI COXp8H8HHSI HMllYllbCa. 3<fl<fleKTHBHOCTb llBy

KpaTHOrO rrpOCMOTpa COCTaBHna ~ 99%. Yf3MepSinHCb yrllbl pacceSIHHSI l1HOH8 H 

SIJlpa OTJl8'iH (cnen SIJlpa OTJl8'iH BCerna OTllH'iaeTCSI llO llllOTHOCTH llO'iepHe

HHSI oT cnena pacceSiaaoro rrHoaa), a rrpH yrnax pacceSIHHSI rrHoaa ~80° H3-

MepSinCSI TaK)I{e npo6er Sinpa oTna'iH. BnaronapSJ ynpasneHHIO OT ronocKona 

3aperHCTpHpOB8HHbie B KaMepe C06biTHSI ·pacnonaranHCb B rrnOCKOCTSIX, 

6nH3KHX K ropH30HT8llbHOJ:i, rny6HHHbiJ:i yron pacceSiaHoro nyqa ae rrpeBhiUian 

20°. 

0T6op yrrpyrHX C06biTHJ:i llpOBOilHllCSI 110 COOTB8TCTBHIO H3MepeHHbiX yr-

llOB H llpo6enOB a- 'i8CTHU paC'i8THbiM. 
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PesynbTaTbi 

HsMepeHHhie yrnoBbie pacrrpeJJ.eneHIHI 6hmH HcrrpaBneHbi c yqeToM 

reoMeTpHH ycTBHOBKH. fnaBHyiD ponb Hrpan yqeT IIpOTg*eHHOCTH MHllieHH-

KaMepbi. 

fing 6onblli9H H8A9*HOCTH pesynhTaTOB BbiilengnaCb C8M851 a$$eKTHBHag 

UeHTpanbH851 30H8 KaMephi, rne B TO *e BpeM51 BenH'!HHhl reoMeT pH'!eCKHX 

IIOIIpaBOK He CHnbHO 38BHC51T OT yrna. B KOHe'!HOM C'!eTe B OKOH'I8TenbHhle 

pesynbTaTbi Boruno 800 cnyqaeB yrrpyroro pacce51HH51 1T --:_He H oKono 200 

cnyqaeB 17+ He • 

Ha pHc. 3 H 4 rroKasaHbi JJ.H$$epeauHanbHbie ceqeaHg yrrpyroro 

pacce51HH51 77- He H 77+ He cooTBeTCTBeHHO. DyHKTHpoM Ha pHc. 3 H 4 

aaaeceHbi TeopeTH'!ecKHe KpHBbie, 51Bn51IDlliHecg pesynbTaToM $a3oBoro aaanH-

3a rro aTHM rrpenBapHTenbHbiM JJ.BHHhiM. DpH aToM aaanHse ceqeaHe 6panocb 

B $opMe: 

da 
dO 

I f N ( () ) + f c ( () ) / 2 
, rJJ.e 

f C( ()) - KynOHOBCK851 8MIInHTyJJ.a pacce51HH51, f N ( ()) - 51JJ.epaag aMIInHTyJJ.a 

pacce51HH51. AMrrnHTYilhi 6binH B351Tbi B o6bl'IHOM BHJJ.e /Ill. B paccMoTpeaHe 

IIpHHHM8nHCb TpH KOM rrneKCHb!9 $a3bl yrrpyroro pacce51HH511 Y'IHTb!BanHCb S 

P D - BonHhi. 

Pe3ynhT8Tbi $a3oBoro aaanH3a rrpHBeJJ.eHbi B Ta6nHue , B KoTopoif yKa-

38Hbl 51JJ.epHbie 4Ja30Bbie CJJ.BHrH () f , KOTOpbie COOTBeTCTByiDT $a38M Tfc 

H3 pa60Tbl /12/. <f>asOBbiH aaanH3 IIpOH3BOJJ.HnC51 IIO MeTOJJ.Y /13/. 

06cy*AeHHe pe3ynbT8TOB 

Ha pHc. 5 H 6 rroKasaHhi aaepreTH'IeCKHe saBHCHMOCTH rronaoro 

ceqeHH51 yrrpyroro pacce51HH51 B HHTepBane yrnoB 25° < () < 165° JJ.mr 17 -He 

H 17 + He - pacce51HH51 cooTBeTCTBeaao. Pe3ynhTaTbi JJ.BHHoif pa6oThi H Bcex 

6 
/5,6,8/ 

pa oT 6hinH rrepeC'IHTaHhi aa yKasaHHhiif yrnoBoif HHTepBan. BHJJ.Ho, 
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Reo2 
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Ta6nHna 

3[-

-8.74±2.50 

5.04±3.43 

20.05±0.52 

8.35±5.02 

6.38±0.99 

0.1 ±2l14 

20.95 

8 

1(+ 

-8.69±5.47 

4.12±9.42 

1l73t1.00 

6.32±10.30 

5.74±1.86 

0.1 ±45.33 

10.47 
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