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A H H 0 T a U H H 

no pe3ynbT8T8M Ha6moaeHHA KynOHOBCKOA HHTepcpepeHUHH B ,UHqi<jlepeHUH8nbHOM ceqeHHH 

ynpy~O~O pacc e HHHH npOTOHOB npOTOH8MH B HHTe paane 9Hep~HA }50-660 ~9B onpeaenHeTCH aeA

CTBHTenbH8H qaCTb 6eccnHHOBOA 8MnnHTY.Uhl p-p-paCCEi HHHH anepea. nonyqeHHbie pe3yn·bT8Tbl 

COnOCTaBnHIOTCH C H8A.UeHHhlMH H3 cpa30BO~O 8H8nH38 H .UHCnepcHOHHbiX COOTHOUleHHA. 

REAL PART OF ELASTIC p-p FORWARD SCATTERING AMPLITUDE 

L.S.Azhgirei, S.B.Nurushev 

Abstract 

The real part of the spinless forward p-p scattering amplitude is detennined by observing the Coulomb 

interference in the differential elastic p-p scattering in the energy range of 150-660 MeV. The results obtained 

are compared with those found from the phase shift analysis and dispersion relations. 
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MsMepeHHSl napaMeTp08 ynpyroro p-p-paccesrHHSl 8 o5naCTH Manhrx • yrno8, r.ae cHnbHO 

eK83bi8SeTCSl 8JlHSlHHe KYJlOH08CKOft HHTepcpepeHUHH, .US<OT 803MO:>KHOCTb npSlMOI'O onpe.aeneHHSl 

HeiCOTOpbi.X AMITIIHTY .U M8TpHUhl p-p-pacce SIHHSI no .a 0°. 3Ta 803MO:>KHOCTb o5cy:>K.aanac b pa-

) / 4 ,2/ 
H&e -B 

B HSCTOSli.Ueft pa5oTe •OllHCSHb! pesynbTSTbl onpe.aeneHHSI peaJlbHOft 'iSCT!f He 3 8 8HCSII.UeA 

0 
d~ CHHHS SMITJlH TY.Uhl p-p-pacce SIHHSl llO.U 0 8 o5naCTH 8HeprHft 150-660 ~88, C 8TOA uenbro 

1Sbl11H HCITOllb3088Hbl 8KCnepHMeHTaJlbHhie .USHHbre llO .UHcpcpe.peHUHaJlbHOMY ceqeHHID p-p-pacceg-

·. 

HHSl uPP((J) npH 8HeprHsrx 147 ~8/31 , 380 ~8/4 •51 , 435 ~8/61 , 460 ~8817-91 , 590 ~8i7 •10~ 
660 ~8817 • 9 • 111 

~aTpHUY HYKJlOH-HYKJlOHHOI'O pacceSIHHSI, HH88pH8HTHyro OTHOCHTe JlbHO npOCTpaHCT8eHHOI'O 

OTpa:>KeHHSl 1 05pameHHSl 8peMeHH, B npe.anono:>KeHHH sapSI.U080ft Hesa8HCHMOCTH SI.U e pHbiX CHJl 

MO:>KHO sanHCSTb 8 8H.Ue (eM., HanpHMep/ 
121

) 

B cnyqae npoToH-npoTOHHoro pacceSIHHSl Heo5xo.aHMO y'iHThi88Tb TSK:>Ke H KynoH08CKoe 83SHMo

.aeAcT8He. ~aTpHuy ynpyroro p-p-pacc e SIHHSI npH HanH'iHH KynoH08CKoro 8SSHMo.aeAcT8HSI sanH-

W8M 8 8H.Ue: 

(2) 

r.ae M ((})- MaTpHua SI.aepHor o pacceSIHHSI, HMeromaSI 8H.U (I), a M c((J)- MaTpHua KynoH08CKoro 

N x) xx) 
paCC8SIHHSI • AHTHCHMM8TpH308aHHaSI KYJlOH 0 8CKaSI MaTpHUa 8 HepenSITH8HCTCKOM n pH5JlH:>K8HHH 

.aaeTCSI 8brpa:>KeHH8M 

r.ae 

3.aecb TJ = e 2/lrv 

I (0) 
c 

3 + a, · a 2 

4 

1J exp [- i TJ fn sin 2 f] . 
2 k sin 2f 

V - CKOpOCTb B na5opaTOpHOA CHCTeMe K O Op.UHHaT, ~k 

(3) 

(4) 

H (} - HMITYJlbO 

H yron pacce SIHHSI 8 CHCTeMe .ueHTpa MaCe. npH8e.USI MaTpHUY Me((}) K 8H.UY (1), nony'iHM: 

/ Ac(O)= lc(O?-Ylfc(rr -(}), Cc(O)=O, 

B c( e) = E c( e) = F c ( (J) = - lh I c ( rr - e ) . 
.[lng MaJlb!X YI'Jl08 paCC8SIHHSI (} MO:>KHO saiTHCaTb 

x) 
~aTpHua M (0) co.aep:>KHT H e KoTo phrA 8Kna.a oT KynoH08C K oro 8SaHMo.aeAcT8HSI. 

(5) 

N 
Ms-sa 8Toro 8 HaA.aeHHhiX sHa'ieHHSIX A R(O) co.aep:>KHTCSI Heonpe.aeneHHOCTb, 8enH'iHHa KOTopoA, 

cornacHo oueHKe, npH 660 ~88 He npe8hrwaeT 10%. 

xx) o 
npH 660 ~88 ITO.U yrnOM (} = 5 penSITH8HCTCKaSI aMITllHTY .a a KYllOH085KOI'O pacc e SIHHSI 

0TllH'ia8TCSI ITO BellH'iHH8 OT HepenSITH8HCTCKOA npHM8pHO Ha 1%, llO.U yrnOM 10 - llpHMe pHO 

Ha 3%, HO C Y88JlH'i8HH8M yrna (} CaM 8KJla.U KYllOHOBCKOI'O pacc e SIHHSI 8 C 8 'i 8 HH8 CHllbHO 

na.aaeT. \ 

3 



!j 

\10 

~ 
# 

..... ,. 

., 

/ .. . 

·-

V~, ·" • 
!'" ~ 

.~ 

- 0cTanbHbie KynOHOBCKHe aMIInHTY.Ubl B STOll: , o6naCTH
1 

yrnoB 6y.nyT Manbi H HMH MO:lKHO rrpeHe-

6pe'lb, Tor.na .n~:~cpcpepeHuHanbHOe ce'leHHe ynpyroro paccesiHHH HerronHpH30BaHHoro rry'IKa MO:>KHO 

3aiiHCaTb B BH.Qe: 

• + ' 
u(O)~ lf.ISpM M = uc(O) + 2Rell(OiA(0)+ uN({}). 

)"' 

(6) 

3.necb U ~(J) H U ({}) - .UHcpcpepeHUHanbHbie Ce'leHHH COOTBeTCTBeHHO KynOHOBCKOro H H.UepHOrO 
0 N 

pacceSIHHA, _ a •meH 2 Ref J'( (})A({}) rrpe.ncTa8nHeT co6ol HHTepcpepeHUHIO Me:>K.ny HHMH. B o6-

nacTH ManbiX y_rnOB, r.ne BKna.n KynOHOBC.KOll: HHTepcpepeHUHH HBnHeTCH cyweCTBeHHbiM 1 aMIInH-

Ty.ny A({}) c TO'IHOCTbiO .no 'lneHoa nopH.nKa 

Holt ee 3Ha'leHHIO rro.n HyneM A(O) • 

~' MO:lKHO C'IHTaTb IIOCTOHHHOll: B9J'IH'IHHOll:, paa-

nnSI C9'19HHH · p-p-pacceSIHHH Crrpaae.nmfBO cne.nyJOWee COOTHOW9HHe, BbiTeKaJOWee H3 o6-

/{3/ 
weA TeopHH yrnoBbiX pacrrpe.neneHHll: H.nepHbiX peaKUHll: 

fm.,. :~f 
UN({}) = :£ a

2
f COS (} 

f=o (7) 

Pa36HBaH aMrrnHTy.ny A (OJ Ha ee peanbHYJO AR(O) H MHHMYJO A 1 (0) 'laCTH 1 3aiiHWeM Bbipa

:>KeJIH.e ( 6) B BH.Ue: 

(8) 

u ({}) '!' ] 2 + 11 Az ( 0) 
f 

(} A (0) (} mu :Jf 
sin(T/fnsin 2

_)- 1/ R cos(T/fnsin 2-)+ :£a fCQS (}, 

2 k sin 
2 f k sin 

2 ~ 2 ksin'll 2 ' t=o 2 

2 

~HHMaH 'laCTb aMrrnHTY.Ubl A1 (0) orrpe.nenSI:eTCH ITO OIITH'I9CKOll: TeopeMe 1:13 IIOnHoro Ce'leHHH 

pacceHHHH u 
1 

AI (O)"' ~!!t 
4rr- (9) 

PeanbHYIO 'laCTb aMIInHTY .Ubi A R(O) BMeCTe C KOScpcpHUH9HTaMH a :Jf MO:lKHO Hali:TH 1:13 ypaaHe

HIHI (8) MeTO.UOM HaHMeHbWHX KBa.npaTOB, 3Ta rrpoue.nypa 6bma BbiiiOnHeHa .nnH SKCIIepHMeH-

TanbHbiX 3Ha'!9HHll: U ((}) II pH yKa3aHHbiX Bb!W9 SHeprHHX 1 r.ne HMeiOTCH H3M9p9HHH B o6naCTH 
pp . 

ManbiX yrnOB, 8 rrpouecce Bbi'IHCneHHll: OT6paCbiBanHC b SKCIIepHMeHTanbHbie TO'IKH, llaiOWHe B 

BenH'IHHY CyMMbl KBa.z;xpaTH'IHb!X <lTKnOH9HHll: x 2 = i (l,/1:1, ) 2 
1=1 

' axna.n x 2 > 9. Pac'leTbi 
I 

.nnH K8:>KllOll: SHeprHH rrpoao.nHnHcb rrpH pa3nH'!HbiX 3Ha'!eHHSIX f m•z' Pe3ynbTaTbi pac'!eTOB 

rrpencTaaneHbi B Ta6n~:~ue. TaM :>Ke rrpHaeneHbi 3Ha'!eHHH v 2 = x'!(n-m) 1 rne n - ' q~:~cno aKcne-

pHMeHTanbHbiX TO'IeK 1 a m - 'IHcno orrpenenReMbiX rrapaMeTpoa. 

npH Bbl'IHCneHHH AR(O) cnenyeT orpaHH'IHTbCH TeM 3Ha'!eHHeM emu I rrocne KOToporo 

IIpeKpawaeTCH 6biCTpOe_ y6biBaHHe BenH'IHHbl V :1 • npH :9HeprHHX 14 7 ~SB 1 435 ~:9B 1 460 ~:9B 

MO:lKHO OCTaHOBHTbCH Ha 3Ha'I9HHH fma:o: ~2, IIpH 380 ~:9B 1 560 ~:9B H 660 ~:9B - Ha 3Ha'leHHH 

f mu = 3 • TaKoll: BbieS.op e 'mu orrpe.nenSieTCH, KOHe'IHO, He coo6pa:>KeHHSIMH 0 '!Hcne scpcpeKTHBHO 

y.'laCTBYIOWHX B pacceSIHHH rrapuHanbHb!X BOnH, a TO'IHOCTbiO o6pa6aTbiBaeMbiX :9KCIIepHMeHT~Inb-

Hb!X naHHbiX. Yae[IH'IeHHe e ""'" Ha e.QHHHUY BO BCeX cny'laSI:x MeHSieT A R (0) IIpi:IMepHO B 

rrpe.nenax ee OWH6KH, 

nony'leHHbie TaKHM o6pa30M 3Ha'I9HHH AR (0) B C,U.M. BMeCTe. C OWH6KaMH HX OIIpe.nene

HHH IIOKa3aHbl !{a pHCYHKe B 3aBHCHMOCTH OT KHH9TH'I9CKOll: :9HeprHH rra.naJOwero IIpOTOHa B na6o

paTOpHOll: CHCTe Me KOOpllHHaT. TaM :>Ke HaHeC e Hbl 3Ha'leHHH 1 Bbi'IHCneHHbie 113 cpa30BbiX C.UBHrOB, 

. /14,15/ 
rrony'leHHbiX Ka3apHHOBbiM H CHnHHbiM ' rrpH 147 ~:9B/ jlO ~:9BI 310 ~:9B. npH aHeprHH 

J50 ~3B HaHeceH6 TaK:>Ke 3Ha'leHHe, rrony'leHHoe KpoMepo M 
1 • 
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E , MaB : l,.. IA,/oJ, ro-I 3c:u: 
l 
! j 

I ... 
1 o, 348,±0. 009 J. 

!47 ! 2 I 1 0, 369,±0, 0!2 
1 o,37I.±o, oi6 I 3 

! 

I 
2 1 

1 380 
' O, !96,±0, OIO 

3 o, 271,±0, OI2 

l 4 0,256,±0,0I5 
I 
' a 0,230,±0,030 ! 

4 435 I o, 27 2.±0, 037 3 

I 2 -0,39 .tO, II 460 I 
3 1-0,45 ,±0,16 l l 

i 

1 560 
I 2 1-o, 56.± o, I9 

3 1-0,41.± 0,22 
I 

I 4 -0,46.± 0,23 

l 2 -0, 435,±0, 070 

l 660 3 -0,234,±0,08I 

I 4 -o, I46.±0, 09 r 

. 
J>e3y JI:&ratJ:i orrpe,B;eJieHHH AR (tJ). 

ro--~~ cJI.~ -au, - ~" .( = 0 . .f=I £=2 e = 3 ,e ... 4 V."'=-1!--
O, 40'5,±0, OC!l 0,!28,±0,0!2 . 0 6! . ' 
0,420,±0,0()g -0,022,±0,055 o, TI,±0,06 0,26 . ... 
o, 4!9,±0, oro -0, OI ,±O,_I3 o, !2,±0,34 O,OO.;t0,24 • 0,28 

' 

0,373,±0,002 -0,005.tO,OI4 O,II,±0,02 ' 2,2 .. 
0,372,±0,002 O,I44,±0, 007 -0,35,±0,II 0,34,±0, 08 I, 2 
0,373.±0,002 -0, 049,±0, 069 o, 74,±0,34 •I,54,±0,56 I,0,±0,3 0, 63 

0,356.t0f0II .. o,oi .±0,06 o,I3.±0,o7 ' I,3 
0,350,±0, OI2 0,28.± O,I6 -0,66,±0,42 0,56,±0,30 I, 2 

o, 342 .±0, 0(]7 O,I6.± 0,05 ·O,I6.£0~W I, I ... 
.. 

o, 343,±0, 007 O,IO.± O,I2 0,05,±0,40 o, !9,±0,34 I,2 . 

0,307,±0,008 o, I3.± o, 09 0,!2,±0,!3 
' 

0,48 . 
0,305:.±0,008 0,32.±0, I8 -o, 52.±0,55 0,55,±0,46 0,29 
o, 304.±0, 009 o, 40,±0,3! -I, 2 .±!,9 I,8 ,±3,8 -0,8,±2,2 0,33 

0,205,±0,0p3 0,46,±0,05 o, 05,±0, 08 4,! 
\~ 

o, 203,±0, 000 0,86,±0,!0 -I, 67,±0,36 !,55,±0,32 I,-3 
0,205,±0,003 0,60,±0,!6 O, 34.±It 00 -2,5 .±!,9 2,4,±I,I 0,77 -

:tl 

./- ,._ '..~ -~- ~.,. ,:r, \. t- J.c' 

J ~ ~- ~!~ ~-~ ::.~~:\; ; ~-; ~(~ -~~.•:1/2~ .. "" 
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KaK SH.llHO H3 pHCYHKa, aMnnHTy.aa AR(O) npoxo.aHT qepe3 Hym. npH ::meprHH oKono 
I /16/ 450 Mas H npH 6onbWHX aHeprHHX cTaHosHTCH oTpHuaTenbH.oll. PaHee 6btno ycTaHosneHo , 

'ITO aHanorH'IHYID 38SHCHMOCTb HMeeT ycpe.aHeHH8H no H30TOnH'IeCKOMy CnHHy HyKnOHOB 8MnnH-

Ty .a a 
1 0 

%AR+~AR AR 

r.ae HH.lleKCbl 1 H 0 OTHOCHTCH K H30TOnH'IeCKOMY CnHHy CHCTeMbl .llSYX· HyKnOHOB. npH 660 Mss 
-13 /16/ - -13 

A~(or:::- (0,23±_0,08) · 10 eM. V1cnonb3yH nonyqeHHoe s aHa'leHHe A R .. (-0,36±_0,04 )·tO eM, 

0 ( ) -13 ' 
H8XO.llHM AR '" -0,74±_0,29 •10 CM, nonyqeHHSH T8KHM nyTeM HHcpOpMSUHH MO:>KeT 6b!Tb no-

ne3HOJ1 npH npose.aeHHH cosMeCTHoro cpaaosoro aHanHaa .aaHHbiX no p-p- H n -p-paccesHHSJM. .• 

/17/ 
B pa6oTe BapaweHKosa H3 .lliiCnepcHOHHbiX cooTHoweHHll 6bmo Hall.aeHo, 'ITO npH 

-13 
660 Mas peanbHSSI '18CTb 6eccnHHosol1 aMnnHTY.llhi AR(O) .. 0,7• 10 eM, 'ITO He cornacyeTcH 

• /17/ 
c nonyqeHHbiM HaMH 3Ha'leHHeM. Hy:>KHO OTMeTHTb, 'ITO s pa6oTe npH Sbi'IHcneHHH aHepre-

TH'IecKoll 38SHCHMOCTH peanbHOJ1 '18CTH 8MnnHTY.llbl HOpMHpOSKa npOH3SO.llHnaeb no .ll8HHbiM, no-
/18/ . 

nyqeHHbiM npH aHeprHH 3 Baa • TaKHM o6paaoM, OTMe'leHHoe SbiWe pacxo:>K.aeHHe MO:>KeT 

6b!Tb o6ycnosneHO nH60 3H8'1HTenbHb!M SKn8.llOM B 8MnnHTY.llY pacceHHHH 'lneHOS1 CO,llep:>KalUHX 

HHTerpanhi no HeHa6niD,ll8eMOlt o6naCTH aHeprHH, nH60 He,llOCT8TO'IHOll: TO'IHOCTbiD aKcnepHMeH

TanbHb!X .aaHHbiX npH 3 BaB, 

3Ha'leHHH A R (O) 6bmH sbi'IHcneHbi TaK:>Ke no !Pa3oshiM c.asHraM p-p-pacceSIHHSI npH 
/19 20/ /19/ -13 

660 Mas ' • Ha6opy cpaaoshiX c.asHros, nonyqeRHbMy s , cooTseTCTBY:eT Aj0)-Q,11•10 eM. 

PaCXO:>K,lleHHe C senH'IHHOft, HaALLeHHOft S HaCTOSJlUeA pa6oTe, no-sH,llHMOMy, Bbl3BaHO TeM, 'ITO 
/19/ 

S He Y'IHTblSancSI SKna.a O.llHOMe30HHOft .llHarpaMMbl S aMnnHTY.llY pacCeHHHSJ; KaK noKa-

3b!S8eT paC'IeT, y'leT aT/0;~/ BKna.aa CylUeCTBeHHO SnHSieT Ha senH'IH~;3 A R(O) • nepBOMy Ha6o-

py cpaaOSb!X C.llSHrOS H3 COOTBeTCTsyeT AR(O) = ( -0,36±_0,12 )•10 CM. 3To 3Ha'leHHe Sb!-

'IHCneHO no yTO'IHeHHhiM cpaaoshiM c.asHraM, nonyqeHHhlM 3ynbKapHeeSbiM H CunHHhiM npH aHa-
2 

'leHHH KOHCTaHTbl CBH3H TT -Me3oH-HyKnOHHOrO S38HMO.lleftC1'BHH f =0,08. 

As Tophi 6naro.aapHbi B.C.BapaweHKosy , 11. 1-1./lanH.aycy, M.r. fv).erue~SIKosy, Vi.H.CHnHHY 

aa noneaHble o6cy:>K.aeHHH. 
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KHHeTH'IeCKOA SHeprHH H81!eT8IOWero npOTCIHil E 
- Bbi'IHCneHo no ¢a30BhiM casHraM, n ony'IHH

I 14, 15/ 
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/20/ 

/19/ ~ 
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