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Eararyp~S! IO.W. H np. PI - 12143 

l13MepeHHe non5!pH38UHH H rrapaMerpa D B ynpyrHX n- p -
cronKHOBeHHSIX rrpH aHeprH~ 600 MaB 

C noMOillbiO pacceHH~SI ny'!Ka HeiirpoHOB co cpenHefl 3HeprHeii 600 MaB 
H8 IlpOTOHHOH IIOn5!p~30B8HHOH MHIII8HH BbliiOnHeHbl H3M8p8HH5! IIOn5!pH38ll~H 

P np ~ rrapaMerpa Dnp B ynpyroM n- p "ilacceSIHHH rrpH 3HeprHH 6 00 M3B. 
napaMerp D np. H3MepeHHb!H anSI llBYX yrnoB pacce51HH5! 130° ~ 160° ( c.u.M.) 
oKa3anc51 cooraercraeHHo paBHbiM: -0,25:!:_0,09; -0,36:!:_0,16. nonHp~3aUH5! 
Pnp•onpeaeneHH85!!ln5! yrnoa pacceSIHHH 98, 125,130 H 160° (c.u.M.), coc­
raanHer: -0,390:!:_0,016; -0,212:!:_0,040; -0,;d49:t_0,005; -0,076:!:_0,008 ,cooraercraeH­

Ho. 

Pa6ora BblnonHeHa B fla6oparop~H S!AepHbiX npo6neM OHHVI. 

Coo61lleHHe 06bellHH8HHOPO HHCT.HTyTa 511l8pHb!X HCCnetlOB8HHH. lly6Ha 1979 

Bagaturia Yu. et al. Pl - 12143 

The Measurement of Polarization and D Parameter 
in Elastic n-p -Scattering at 600 MeV 

By scattering of a neutron beam with 600 MeV average 
energy on a proton polarized target the measurements of P 0 pola­
rization and D np parameter in the elastic n·-p -scattering at P 

600 MeV have been performed. The D np parameter measured for 
the 130° and 160° scatterin~ angles (c.m.) turned out to be equal 
to: -0.25 ± 0. 0; -0.16 ± 0.16, respectively. The P np polarization 
determined for 98, 125, 130 , 160° scattering angles (c.m.) equals: 
-0.390±0.016; -0.212±0.040; -0.249±0.005; -0.076 ± 0.008, respecti­
vely. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06'66/lBHeHHbl/l llHCTBTyT JIJlepHblJC HCC06/lOBBHilil /Jy6HB 

3KcnepaMeHT no H3MepeHHID ~enonspalanaa B ynpyroM 
n- p -pacceRHHH 6bln BblnonHeH B COOTBeTCTBHH C nporpaM­
MOB nonuoro onbiTa B NN -paccesHHH 111 , cnnauapoBaHHOB 
ua ocHoBaHHH 4la3oBoro auana3a ~aHHbiX no NN-pac­
cesHBJO, npoBe~euuoro pauee B ,IJ,y6ue 121. ,IJ,ns H3Mepeuas 
napaMeTpa Dnp npoBe~eH 3KcnepHMeHT no ~BOBHOMY pac­
cesHBID C HCnOHL30BaHBeM nonspB30BaHHOB npOTOHHOB MBWe­
HH /IIIIM/ H HeBTpOHHOro HenonspB30BaHHOro ny'IKa CO 
cpe~ueil 3Hepraeil 600 M3B.HcnonL30BaHBe IIIIM no3Bonano 
3aMeTHO npO~BHHYTLCS B o6naCTL yrnOB pacceSHHS, 6nB3KBX 
K 180° /c.n.M./, r~e B3Mepeuae D np npe~cTaBnsno Haa-
6onLWHB HHTepec. H3Mepeuae napaMeTpa Dnp npH pac­
cesHBB B nepe~uroro nonyc4lepy npoBe~eHo pauee B 3Kcnepa­
MeHTe no TpOBHOMY paccesHHID 13/. 

,IJ,ns onpe~eneHBS D np H3MepsnocL yrnoBoe pacnpe-
~eneuae npoTOHOB oT~aqa 12 (02 ,¢ 2 ), BblneTaromax B3 
IIIIM B pelynLTaTe ynpyrax n--p -cTonKHOBeHHB nocne 
noBTopuoro paccesHHS ax ua auanB3aTopax B3 yrnepo~a. 
3Ha'leHHe D np onpe~ensnocL B3 nony'leHHbiX 3KcnepHMeH­
TanLHbiX ~aHHbiX MeTO~OM MaKCBMyMa npaB~On0~06HS. 4»yHK­
nHS npaB~ono~o6as 6panacL B BB~e: 

N 
L= ln ll [1+-

n= 1 

Pnp + DPT 
--------

l+P PT np 

~ ~(kB) ~ 
.pc (0

2 
)rk

1
(1+Pnp .pc (02 ))tk.z1•/l/ 

-> -• (KB) 
r~e P np , P np - nonspa3aUBR B ynpyroM B KBa3HynpyroM 
n- P -p~!.CCeSHHB, COOTBeTCTBeHHO, PT - nonspB3aUBB MBWe­

HH, p c (e 2) - nonspB3aUBB B ynpyrOM pC -pacceBHBB, 
kl H k

2 
- OTHOCHTenLHble Beca KBa3Bynpyroro pacceSHBR 
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H ~OHa cnyqaHHhlX COBna~eHHH COOTBeTCTBeHHO, N • qucno 
laperucTpuposaHuhlx cnyqaes BToporo /auanuJHPYIOIQero/ 
pacceJIHHJI, e2 H ¢ 2 - nonJipHhlH u aJHMyTanbHhlH yrnhl 
BToporo pacceJIHHJI. 

O~HOBpeMeHHO c H3MepeuHeM D np B :nccnepuMeHTe 
onpe~enJinacb nonJipHJa~HJI B ynpyroM n-p -pacceJIHHH. ,lJ,nJI 
3Toro HlMepJinacb t 1 -acHMMeTpHJI B pacceJIHHH ueiiTpouos 
ua IITIM 

N+- N 
f 1 ~ ----------

N" , N- -2~T /2/ 
+ 

r~e N - uopMuposauuoe ua MOHHTop qucno cnyqaes pac-
CeJIHHJI npu COOTBeTCTBYIOIQeM 3HaKe llOnJipH3a~HH, !\ T • (' 
qucno cnyqaes ua 6eJso~opo~HOM 3KBHBaneuTe llllM. 

1. 3KCIIEPHMEHTAJihHA.JI YCTAHOBKA 

3KcnepuMeHTanbHaJI ycTauosKa noKaJaua ua puc. 1. 
ll e p s o e p a c c e JI u u e. llyqoK ueiTpouos na~an ua npo­
TOHHYIO nonJipH30BaHHYIO MHWeHb. llpOTOHhl OT~aqu, BhlneTaiO· 
ll{He B peJynbTaTe ynpyrHX np "CTOnKHOBeHHH, perHCTpH· 
posanucb ua qeTMpex yrnax pacceJIHHJI TenecKonaMH T 1- T4, 
cocTOJIIQHMH Hl Tpex cqeTquKoB. Ynpyro pacceJIHHhle ueiiT­
POHhl - ueiTPOHHhl.MH cqeTquKaMu HC1-HC4, BKniOqeuHhlMH 
ua cosna~euue c T 1- T4, cooTBeTcTseuuo. Cpe~uue Juaqe­
HHJI yrnOB pacceJIHHJI, 3HeprHH HeHTpOHOB H npOCTpaHCTBeH· 
Hoe paJpeweuue ~eTeKTopos, uai~euuoe pacqeTHhlM nyTeM -
MeTo~oM MouTe-Kapno, npuse~eHhl B 111a6A. 1. qucnocnyqaes 
ynpyroro paccesuus, JaperucTpuposauuoe ~eTeKTopaMu npu 
paJHbiX 3HaKax nonspula~uu MHweuu, onpe~ensno aJHMy-
TanbHYIO aCHMMeTpHIO f B nepBOM pacceJIHHH H ~asano 

v 1 p 
B03MO)I(HOCTb uauTH nonJipHJa~HIO np ~ns qeTblpex yrnos 
paccesuus. 

B T 0 p 0 e p a C C e Jl H He. llpOTOHbl OT~aqu, BblneTaiOIQHe 
H3 IITIM no~ yrnaMH 9° H 22° /na6. CHCTeMbl/, pacceusanucb 
ua auanuJaTopax Hl yrnepo~a, noMeiQeHHbiX B onTuqecKue 
HCKpOBble KaMepbl 11K 1 H HK 2 • KaMephl lanycKanucb Tpur­
repoM T · HC. TpeKH B HCKPOBbiX KaMe pax ~oTorpa~uposa­
nHCb B ~BYX npoeK~HJIX Ha CTaH~apTHYIO 35-MunnuMeTpOBYIO 
nneuKy. 

4 

tAC1 
'nVIIOK 

Puc. 1. 

Bcs uu$opMa~uJI OT ~eTeKTopos qepe3 KpeiT KAMAK 
nepe~asanacb B 3BM HP-2116. 

He 8 T p o u u hl i n y q o K. B 3KCnepuMeHTe 6Mn ucnonb­
Josau nyqoK ueiTpouos cuuxpo~uKnoTpoua Jla6opaTopuu s~ep­
HhlX npo6neM OIUIH 141• HeiTpOHhl o6pa3yiOTCJI npu 6oM6ap­
~uposKe npoTouaMH c 3Hepruei 680 M3B suyTpeuuei 6epun­
nuesoi Muweuu. 3uepreTuqecKHH cneKTP o6na~aeT ~BYMJI 
MaKCHMyMaMH - npu 3Hepruu 275 u 615 M3B. llyqoK $opMu­
pyeTCJI KonnuMaTopoM B Ja~HTHOH cTeue. PaJMep nyqKa 
B MHWeHH - ¢ 35 MM. Y CTaHOBKa 6hlna HaCTpOeHa Ha BhlCOKO • 
3HepreTuqeCKYIO qaCTb cneKTpa na~aiOIQHX HeHTpOHOB TaKHM 
o6pa3oM, qTo cpe~HJIJI 3Heprus cocTasnsna 600 M3B. 
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Ta6AU!Ia 1 

N~ Ka- -
9 Hana 0 C.U.M. fl. eo fl.¢ En /I.E 

123,6 0,7 3,1 609,2 30,3 

2 159,7 1 '1 3,1 597,0 44,0 

3 129,8 1,4 3,1 596,2 41 '1 

4 97,4 1,4 3,1 580,0 58,4 

IIonJipB30BaHHaJI npoTOHHaJI MBWeHb ;S/. 

MaTepHan MBWeHB - KpucTann LMN pa3MepaMB 20x20x 
30 MM 3 • MuweHb pa6oTaeT npu TeMnepaType 1 K, .D;OCTH­
raeMoi nyTeM OTKaqKu napoB 4He. Co.D;ep*aHue BO.D;opo.D;a 
B MBWeHB COCTaBJIJieT 3~ no BeCy. Cpe.D;HJIJI nonJipB3a~BJI 
- oKono 60~. 0Ha onpe.D;enJieTcJI no H3MepeHBJIM curHana 
JIMP MeTO.D;OM Q ·MeTpa C *eCTKOH aBTOnO.D;CTpOHKOH pe3o­
HaHCHOH qacTOTbl B CO CTp060CKonuqecKBM BHTerpaTOpOM /61. 

0THOCHTeJibHaJI TOqHOCTb onpe.D;eJieHBJI nOJIJipB3a~BB MBWeHB 
COCTaBJIJieT 5~. 

H3MEPEHHJI 

H3MepeHBJI npoBO.D;BJIHCb B nJITB ceaHcax npo.D;o~uTenb­
HOCTbiO 100-120 'I Ka:>K.D;bli. Ha6op .D;aHHbiX ocy~ecTBJIJIJICJI 
KOpOTKBMB 3KCn03B~BJIMB no 10 MUH., B TeqeHBe KOTOpbiX 
.D;aHHble .D;eTeKTopoB Ha:KannuBanucb B cqeTquKax KC-002, 
nocne qero nepe.D;aBanucb B 3BM HP-2116 C. PerucTpBpoBa­
nucb noKa3aHBJI BCeX .D;eTeKTOpOB, MOHHTOpOB nyqKa, nong­
pB3a~BJI MBWeHB, KOHCTaHTbi·XapaKTepBCTBKB B3MepeHBJI, 
HOM epa Ka.D;pOB Ha flloTonneHKe. B npoMe*YTKaX Me*.D;Y Bbi~O­
.D;aMB nyqKa B3 YCKOpBTeJIJI C nOMO~biO perBCTpa~BB nepuo­
.D;BqeCKBX CBrHaJIOB CBeTO.D;BO.D;OB, pa3MeweHHbiX Ha BCeX 
<1»3Y ycTaHOBKB, 3BM KOHTpOJIBpOBana CTa6BJibHOCTb pa60Tbl 
BCeX .D;eTeKTOpOB. 

IIporpaMMHoe o6ecneqeHue 3KcnepBMeHTa Ha JIBHBB, Kpo­
Me 3anBCB BCeX .D;aHHbiX, n03BOJIJIJIO nonyqaTb KOHTpOJibHYIO 
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pacneqaTKy OT.D;enbHbiX peKop.D;oB, aBTOMaTuqecKyiO .D;BarHoc­
TBKY HeucnpaBHOH fllyHK~BB 3JieKTpOHHOH norBKB BCeX cqeTHbiX 
KaHanoB I c noMOWbiO curHanoB oT cBeTO.D;BO.D;OB/, BbiBO.D; 
rucTorpaMM Ha .D;Bcnnei unu rpafllonocTpouTenb - CALCOMP, 
aBTOMaTuqecKoe .D;eJieHBe BHfllopMa~BB Ha OT.D;eJibHble 6JIOKB, 
COOTBeTCTBYIO~Be B3MepeHBJIM B onpe.D;eJieHHbiX YCJIOBBJIX, 
B aBTOMaTuqeCKOe ycpe.D;HeHBe .D;aHHbiX B 3aKOHqeHHOM 6JIOKe 
npu B3MeHeHBB xapaKTepBCTBK B3MepeHBJI. IIpu ycpe.D;HeHBB 
OCy~eCTBJIJIJiaCb npoBepKa CTaTBCTBqecKOH COBMeCTBMOCTB 
.D;aHHbiX B 6noKe. 

H3MeHeHue 3HaKa nonJipB3a~BB MBWeHB npoB3BO.D;Bnocb 
Ka*.D;ble 6-8 '1. TexHonoruqecKui nepepbiB B pa6oTe IITIM, 
He06XO.D;BMbiH .D;JIJI B3MeHeHBJI 3HaKa nonJipB3a~BB, BCnOJib30· 
sancJI .D;JIJI B3MepeHBJI flloHa cnyqaiHbiX coBna.D;eHui. H3Mepe­
HBe flloHa OT CJIO*HbiX JI.D;ep, CO.D;ep*aUUIXCJI B Be~eCTBe 
IIIIM, npoBO.D;Bnocb Ha HenonJipB30BaHHoi MBWeHB u 6e3Bo­
.D;opo.D;HOM 3KBBBaneHTe IITIM B OT.D;eJibHOM 3KcnepuMeHTe. 

3. OiiPAiiOTKA JfA.HHMX 

Bcero 6b1JIO nonyqeHO COOTBeTCTBeHHO 500 B 300 TbiC. 
flloTorpafllui .D;JIJI yrnoB pacceJIHBJJ.' 8 1 =22" B 9° /na6.cucT ./. 
llpOCMOTp B B3MepeHBe flloTorpafllui C BCKpOBbiX KaMep npOB3-
BO.D;BJIBCb Ha nonyaBTOMaTaX, B3rOTOBJieHHbiX B Jla6opaTOpBB 
paHee n I. ToqHoCTb B3MepeHBJI npoeK~Bi yrna BToporo pac­
ceJIHBJI E) 2 COCTaBJIJIJia ± 0,9°. 3TO .D;aBaJIO OWB6Ky npB 
BoccTaHoBneHBB npocTpaHCTBeHHbiX yrnoB AE> <> = ± 1 o u A¢ 

2
= 

=± 3". B pe3ynbTaTe npocMoTpa flloTorpafllui .D;nB .D;BYX 3HaKOB 
nonJipB3a~BB MBWeHB 6biJIO OT06paHO B BHTepBane 4 °::_: E) 

2 
'S_ 30°; 

21· 10 3 cnyqaeB BToporo /aHaJIB3BPYIO~ero/ pacceJIHBJI .D;JIJI 
81 =2ZJ B 11·10 3 - .D;nJI 8 1 =9 °. 

C ~enbJO onpe.D;eneHBJI napaMeTpa nonyqeHHoe yrnoBoe 
pacnpe.D;eneHBe npoToHOB nocne BToporo pacceJIHBJI o6pa6a­
Tb1Banocb MeTO.D;OM MaKCBMyMa npaB.D;OnO.D;06BJI .D;ByMJI cno­
co6aMB. B nepBOM cnyqae BepoJITHOCTb pacceJIHBJI Hayron 
8 2 , "¢ 3anucb1Banacb B BB.D;e /1/ c .D;o6aBneHBeM qneHa 
{3 ·sinE>, KOTOpbiH yqBTbiBaJI JIO*HYIO aCBMMeTpBIO npB 

pacceJIHBB Ha yron ¢
2 

= ±90°. IIpe.D;nonaranocb TaK*e, qTo 
B COOTBeTCTBBB C pe3yJibTaTaMB pa60Tbl 18/ napaMeTpbl nOJIJI• 
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pu3allHH B KBaJuynpyroM u ynpyroM n-p -pacce.IIHHH paBHhi 
-~(KB) --> 
Pnp = P np . Bo BTOPOM cnyqae tPYHKllH.II npaa~ono~o6u.11 
3anHCblBaJiaCh B BH~e: 

N -• --> 
L = ln TI ( 1 + P 2 P c ) • 

nco 1 
/3/ 

--> 
3~ech P 2 - rron.Rpu3allH.II rrpoToHa oT ~aqu: 

... -> 

P + DP 
p = g • ---~-----'!__ + g p-> (KB) 

2 H _, --. c np ' 
1 + P · PT np 

r~e /4/ 

1 k 1 

gH 
1 +kl+k2 

H g c 
1+kl+k2 

neconb1e KoJqxpuuueHTbi. Onpe~en.lleMoU: nenuquuoU: B 3TOM 
cnyqae 6b1na non.llpH3allH.II npoToHa OT~aqu P0 • Cnyqau pac · 
Ce.IIHH.II C pa3HhlMH 3HaKaMH IIOJI.IIpH3allHH MHuleHH o6pa6aThl" 
BaJIHCb OT~eJibHO. HcKOMhlH napaMeTp D np uaxo~unc.11 
H3 Bblpa)l(eHH.II 

(+) (-) (+) (-) 2 (+) ( .. ) 
(P2-P2 )(1-PnppT )(1+PnppT )+gHPnp(PT+PT) 

D --------------------------------------· 
(+) (-) (-) (+) 

g (PT (1+P PT )+PT (1- P · PT )] + np np /5/ 

r~e ~;) H p ~-) - 3Ha1.feHHB nOJIBpH3allHH npOTOHa OT~al.fH 
npH pa3HblX HanpaBJieHHBX nOJIBpH3allHH MHWeHH p<_;-)H p~-~ 
Ha~o JaMeTHTh, l.fTO npu BTopoM cnoco6e o6pa6oTKH ~aHHhlX 

(KB) HeT He06XO~HMOCTH 3HaTh 3Ha1.feHHe p np , T.K. 3Ta BeJIHl.fH-
Ha npu onpe~eneHHH Dnp HCKJIJOqaeTCB. 

3uaqeuus nonspuJauuu B pC-paccesHHH /aHaJIH3Hpyro-
IJlaB cnoco6HOCTh/ npH 3TOM 6blJIH B3BTbl H3 pa60Tbl Al/" 

IlpH Bhll.fHCJieHHH MaKCHMyMa tPYHKllHH npaB~On0~06H.II 
HCnOJib30BaJIHCb cpe~HeB3BeWeHHble no MOHHTOpy nyqKa 3Ha­
qeHHB nOJIBpH3allHH MHWeHH PT. 06a cnoco6a o6pa60TKH 
B npe~enax owu6oK ~anu coana~aiOlllHe pe3yJibTaTb1. 

8 

IlonspuJauus B ynpyroM np - paccesuuu onpe~emmacb 
aCHMMeTpHe:ii, H3MepeHHOH B nepBOM pacCeBHHH 

N+- N-
f = 

1 
------

N+ + N-- MT 

Ecnu yqecTh, 'ITO a6conroTHh1e Juaqeuus nonspuJauuu MHWeHu 
npu pa3Hh1X 3HaKax nonspuJauuu ue coana~anu, nonyqaeM 
~g onpe~eJieHHB nOJIBpH3allHH B ynpyroM np - pacceBHHH 
cne~yrolJlee Bbipa)l(eHue: 

4 --> 

p. n = 
2f1 

--=-r+:y-----------=T~r--------- · 
p T Cl- f 1) + p T (1 + f 1 ) 

/6/ 

~~:) 
-· - ( t) n - HOpMaJib K nJIOCKOCTH JieBoro pacCeBHHB, P T H 

p T - cpe~HeB3BeWeHHble no MOHHTOpy 3Ha1.feHHJI nOJIBpH-
3allHH MHWeHH. 

4. PE3YJibTATbl 

3uaqeuus D u P npuae~eHhl B ma611. 2 u ua puc. 2, 3, np 
Ha KOTOpbiX ~JIB cpaBHeHHB noKa3aHbl TaK)I(e 3Ha1.feHHB p 
u D, nonyl.feHHhle pauee B JKcnepuMeHTax npu 6JIH3KHx 
JHeprusx. K co)l(aneuuro, ace pauee H3BeCTHhle ~aHHhle 
OTHOCHTeJibHO 3Ha1.feHHH D npH 6JIH3KHX 3HeprHBX 612 H 
630 M3B OTHOCBTCB K pacceBHHIO B nepe~HIOIO noJiyctlJepy, 

EP na 6. eo fl.e c.U.IVI. 
en: cT. 

37 97,4 1,4 

25 123,6 0,7 

22 129,8 1,4 

9 159,6 1,1 

Ta611u11a 2 

Pnp fl.P 

-0,390 0,016 

-0,212 0,040 

-0,249 0,005 

-0,076 0,008 

Dnp 

-0,25 

-0,36 

fl.D np 

0,09 

0,16 
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( 
A21 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0 I I I I I I I \ 'A ;uC:; If' I 
20 40 60 00 100 120\ -- c7-

\ , 
t, II \ 

~- 612 fttleV rnoHmu u •· [~] \ 

~- 635 MeV /lNAefl06 u dp [ 10} V 

-0.2 

-0.4 

-0.6 t- 610 MeV tlaHHQR paloma 

A1 
0.8 

Puc.2. 

H npJIMOe cpaBHeHHe Haii.IJ.eHHbiX 3Ha'leHHii D c pe3ynLTaTa­

MH paHee BblnonHeHHbiX 3KcnepuMeHTOB HeBo3MO)I(HO. Ha 

puc. 2 o6pamaeT Ha ce6JI BHHMaHHe pe3KaH 3aBHCHMOCTb D 
oT yrna pacceJIHBJI a6nH3H 130° /c.u.M./. 

3Ha'leHHJI nonJipH3aUHH anonHe Y.IJ.OBneTaopHTenbHOcorna­

cyJOTCJI c )l.aHHbiMH, nony'leHHbiMH paHee B pa6oTax Ha nong­

pH30BaHHOM npOTOHHOM DY'IKe C HCDOllb30BaHHeM )l,eHTpOHa 

B Ka'leCTBe HeiiTpOHHOB MHWeHH. Cne)l.yeT OTMeTHTb, 'ITO 

TO'IHOCTb pe3YllbTaTa npH HCDOllb30BaHHH llflM B H3MepeHHH 

nonJipH3aUHH 3aMeTHO DOBbiWaeTCJI. 

10 

Pnp 

Puc.3. 

Q-600 MeVChetY)etal {11) 
.f- 605 MeV KatapuHo6 u ap. [ f 2] 

·- 605HeV liluJeHblcafl u iJp. {fJ} 
.+.-&3SMeV Jl)Keneno6 u iJp.(fOJ 

+- 610 MeV iJaHHafl pa6oma 

c.u.M. 

B 3aKnJO'IeHHe aBTOpbl 6naro.IJ.apJIT B .ll.)l,)l(enenoaa H 

JI.H.nanH)l.yCa 3a DO)l.)l.ep)I(KY 3KCnepHMeHTa. 
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