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AnnoTaunmasa -

1. Ipusenens Bce axcnepnmemanbﬂme RaHHbI® o PP -psanMonefcraux an

= 660 MaB., Bkiloian peaynb'ra'ru namepeﬂnﬁ ﬂncbd:epex—mnanbﬂoro cedeHHs ynpyroro pac-—'

cesnns, nonapnaaunu.‘napame'rpos Tpom-xoro pacceanus D , R m A -, xoacbcbunnem-oa
. cmHOBO# Koppenauun Cp, u. C,., » @ TaxXe NONHBIX cedeHmii pp ~BaauMonehicTens u
- "peakun

o+ T 0
pp»m pn , ~pp >w.d; PP > wlpp.

l'IponaBeneu cbaaonbm BHBJ'IHS pp —paccem—msx npu 657 MsB Haifmeﬂo, 4yTO axcnepn—
* MEeHTaNbHBle IaHHble MOLYT 6bITb CTaTHCTHIECKH HaneXHO NpencTaBlleHbl cnenyxomm«: Ha6o-
pOM peanpHEIX dacTel cpaaonux c:uam-oa 8¢( s o) = =320 + 55; & (."Po ) = =587 + 84 ;-

1 P,) = =341 +43; 5(P,) = 193 + 34 ; 5('D,) = 87 + 49; 8CF)==50+ 1,3;

-t

5,(3Fa) =20 +19; 85(C°F,) =18+ 07; 8(CG,)=67 + 14; 8(H,) =04t 077

. napaMeTpoB- CMelunBaHus €,=-36 % 28; €,=~ 54 + 14

: 3
/p rpanycax/ H yCpelHeHHHX mo j K03 HUNEHTOB moraomeHus r( P

o2.2) = 0,936+ 0,022;

e, ,) = 0678 £ 0037; £(°F, ) = 0,795 + 0,020.

Peanbﬂme qacTi HaﬁﬂeHHbe d)aSOBbIX COBHrOB MOTrYyT 6LITh HJ’I&BHO CBHSaHbI (o] COOTBeTCTByIO"
IIUMHU KDPHBBIMH, NpelCcTaBAAIIUMH aHepreTm{ecxyro 3aBUCHUMOCTH cbaa Pp ~paccedHuda

IpE MEHBIIUX IHEpPrHudax.

~Abstract . .

All the experimental data on pp — interaction at about 660 MeV are given. Included are the results of measure =~

ments of the differential elastxc scattering cross sections, polarization, triple scattering parameters D, -R, and 4 ,
spin correlation coefficients CKP and C_. , and of the total pp interaction cross sections and the total cross

+
sections for the reactions pp. ~» 1'7+pn s PP -~ w d, pp » 7° pp .

The ‘pp scattering phase analysis has been performed at 657 MeV
It has been found that the experimental data may be described sta tistically safely by the following set of the real

parts of the phase shifts : § (S ) = -—320 + 55 ; 8( P ) = — 587 + 84; 8(P-I) == 341 + 43;

]

8(’1’2) = 193 + 34 8( 'p )_ 8.7 +.49; 5( F ) -850 + L3; 5(’FJ) =20 + 19 ,

n

3 , .
5¢( F4) = 1.8 iz 0.7 ; 3( G,)= 6.7 . 1.4 5 8¢( Hc) 0.4 + 0.7 , of the mixing parameters :

€,= ~3.6 + 2.8. €, == 5.4 + L4 (in degrees ), and of the absorption coefficients averaged over j :

J

1 3 :
r("P 0.1, 2 )= 0936 + 0.022; r( Dz) - 0678 + 007 £ FJ,J) = 0,795 + 0.020. The |feal parts of the

' foynd phase shifts may be smoothly connected with the corresponding curves showing the energy dependence of the

pp scattering phase shifts at lower energies.
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The accompllshment at Dubna of the ma]or part of the programme of the mvestlgatron of Pp. -lnteractlon near

. 660 MeV allowed to perform a phase shrft analysls of the p-p -scatterlng above the threshold. of pion

-4
productlon/1 / . The most essentral dlfference between the solution found 1n/ 3/ manxfested itself i in the predlctlon -
of the angular dependence of the trrple scatterrng parameter A Recently the measurements of the parameter A

in the angular region of 54° — 1260/5/ have been completed It tumed out that the expenmental values agreed best -

V_w1th the angular dependence computed by the phase shrfts “found” 1n/3/ *, New data on the parameter "A e

allow to rnvestlgate further the phase shrft solutlon obtained i 1n/ 3/ In thls article we present the results of the phase
shift analysrs of all avallable data on p-p -scatternng which are gwen in Tahle L. The phase shift analysls was
attributed to the- energy of 657 MeV at w}uch the differential’ scattering cross section was measured. It was supposed

. that the other observables relatively slower depend on the energy in the interval between 608 and 660 MeV s

Accordlng to the resonance model of pion productlon in nucleon-nucleon colllslons/ 8/ it was supposed that plon
roduction takes pla ) 3 . ’p !
p tion ta es pl ace in P 2, I;.s states. The productron of prons in °B and in 'F . states was

v descrrbed by means of absorptlon coefficients averaged over j which were introduced in" . The ratio of the cross

sectlons o(n (pn) ) and o(n+(pn) ) - correspondingto 'S -state and P -state pion production in the

reactlon ppant pn was chosen so that to glve the statistically best phase shift description of ull observables. This

wasattamedat o(n (pn) )/a(n pn)v 0,24

The scattenng matrix  M(6) was parametrrzed in terms of bar phase shifts. The parameters R , A and

c /19,20/ . The

: were taken into account with relativistic correcuons Coulomb interaction was treated .

RP

". nonrelativisti cally.

/3/

The most probable solution of’ ™ was taken as the starting point of the computation. The real parts of ISO -

“%p . ,1p ., SF ‘,and 1G  phase shifts, as well as the absorption coefficients r(’l: ey r(’Dz) and
4 21,2

- 0,1,2 2 2,9,4

r(’F ) were determined phenomenologically; the mixing parameter ¢, was put equal to zero; the phase shifts

with E>4 were computed in the one-pion-exchange approximation - (i? =0.08, m=m(r°) ). . The fur

- ther specification of this solution consisted in successive inclusion into the analysis of the mixing parameters €,

, SH,

5 ! ’H - phase shifts. As it is seen from Table 2, such an augmen-

and €, ~and the real parts of the ’H‘

* -tation of the number of the parameters varied does not lead to any essentlal change i in the real j parts of the ’So ’

- -, % , %P and lDz phase shifts and the absorption coefficients.
, 4 2 : .

 From the values of X2/ %2 for different versions of computation it is seen that in an analysis of the~considered
_experimental data on p-p- -scattering at 660 MeV all waves with j< 4 should be accounted phenomenologically.

In order to check the stability of the obtained solution, the absorption coefficients of the ’I: , ’l-'; , ’I; v

IDQ s ’Fz R ’Fs states were varied separately. In this case the real parts of the phase shifts and the absorp-

"tion coefficients were changed within their error limits. Therefore, at this stage of the analysis it seems unnecessary

to introduce a greater number of parameters in order to describe the absorption in the P st i 3p2 as well
0 .

; E s . .
.. asinthe 'F F.  states separately.

2 3

Thus, the availahle data on the elastic p-p -scattering near 660 MeV may be statistically safely described by’

1 3 1 3 1 Ly 9 h hift d mixin rameters ¢ and ¢ if
15, I::),t,z‘ D, v F, 4, G, .» *H, phases ifts and m ; g para 2 ‘
pion production is admitted to take place only in resonance transitions from ’l: L2 , lDz , ’F2 s states.

L] /8/

. / !
The most probable solution of/', is analogous to that found in



Table 1

. Data used in the phase shift analysis. The energy at which the quantities were measured are .

" indicated below the corresponding.oBsgrvables

660MeV

. lobserv- | oc.m. | : Obsexrv— | cem. i “ ‘ :
S b sl V) A e et W
‘ degr. . degro : .
o(), mby/sted . B 18.9 + 1.1 [(6) D 54 0.99 4+ 0.25 [(9)
660Mev | 10° | 120+ 0.7 | [ 63%MeV | 45 0.69 4 0.20 |
' | -1 '8.67 + 0.53 907 |  0.93 + 0.17 [(20)
20 7.75 + 0.48 108 | 0.28 + 0.16 |(9)
= 25. 6,56 + 0.40 | {126 0.57 + 0.20 I
657MeV | 30 5.58 + 0.15 [(7). R 54 - | 0.450 + 0.084|(11) |
f 40 4,78 + 0.26 635Mev | 72 | 0.493 + 0.077]|
50 3.99 £ 0.20 : 90 0.264 + 0.070
" 60 3.41 £ 0.13 108 0.325 + 0.056
70 2,94 +.0.12 126 | 0.489 + 0.121
80 |  2.20 £ 0.05 4 54 | 0.477 + 0.091| (5)
90 2,07 + 0,03 | eosMev | 72 0.464 + 0.094|
p' | 11.6 | =0.022 + 0.095](8) | 90 0.195 + 0.061
635MeV | 16.2 | 0.197 + 0.046| - 108 | -0.083 + 0.085
N 20.8 | 0.276 + 0.039 : 126 | -0.201 + 0.139 |
27.6 | 0,384 + 0.049 Cyr 90 | 0.22 +'0.18 | (12)
27.6 | ~0.402 £ 0,033 660 Mev | - o
34.4 | 0.400 + 0.030 . : :
41.2 | 0.424 + 0.029 " Can | 54 0.57 '+ 0.14  [(13)
47.9'| 0.378 x 0.027 oamer | Tl 3 E0E |
545 | 0357 + 0.023 o mb : R
-61.0 0.307 + 0.021 660MeV 414 + 0.6 (14)
67.5 | 04279 + 0,027 - | ,
73.8 | 0,195 + 0.028 65iiet | 10.9 ¢ 1.1 |(25)
80.1 | 0.167 + 0.026| o(n"d), mb | 1.
86.3 | 0.084 + 0,040| 65TMeT 3z 02 1G8)
90.3 | ~0.016 % 0.025 o(°pp), mb 3.2 £ 0.7 |17




Table

2

- Values of the real parts of phase shifts (in dcgrees) and absorptlon coefficients for

dxfferent numbe“s of parameters varied. OPEC values S

~ " are bracketed .

, I 2 3 4 5 6
e 42.9° |~ 40,7 | 35.4 | 30.5 29.7 28.1
8(‘5) “29.7:‘_‘302 ’ “29.9t3 .4- ' '—33.51‘_401 "3200:‘_'505 —32-1"t6-1 "‘31-%6 2
8(""1’) ; _5502'_t708 "5305'_"_806 “62-81‘7 4 —5807_":8.4 "'58031'.804 _"'56.9'_5‘_806
8(312 ).‘ : "'37-5t301 i "380]:':304 "'36 06-4_'2 o7 ';'3401'!:403_- "'35.0‘&404 -34i7t4°3
(’I;) i 1801'_!_".100 18.61102 : 16081'.104 19-&304 19001'.3.3 1900-":3.3 '
(2 B , 0 > 2¢~3tla7 - l.9tl.8 - 3.6:'_-2.8 hoed 3.8‘!:2.8 - 3-91'209
8D, ) 12.342%1 | 1l.4+2.3 | 10.0+204 | 8.7+4.9 | 8.0+652 | 8.516.2
"5(31-‘ ) - 3°8tlo6 - 4. 4+1 6 |- 5.%106 - 500t103 —504'_t 1.5~ 602-_';'1.7
6(’;‘3) 0.1'_!:102 0 5+1 3 1061‘105 2.%1-9 ’208t206 " ‘_207&206
5CF) 174066 |  1i74046 | ~1e3+046 | 18407 | 1.8+0.7 .| 1.640.7
(4‘7 ("2 oéll) ' ("2 0811) ("2 0811) -. 5.4-_!_'1.4 "5 .Gil 03 .'"5-4'_!'.104 .
8(164) 7091—007 709:@:097 892t067 1 6-7'_‘_'1.4 600’_!_'2‘00 603i200
loew) (1.291) (1.291) | 0.1#0.6 [ ~ 0:4+0.7 | 0.3:0.7 0.6+0.8
‘ 8(’]]5) (—20670) (—20670) (—2 670) (—2 670) —108'_|_'103 —200i103
5(*H,) (0.621) (0.621) ‘(o 621) (0. 621) (0.621) | - 1.0£0.4
P )| 0-947% - 0.937+ 0,929+ | .0.936+ | 0.936+ | 0.945+
£ oLz 0,020 0.022 - 0.0247 0.022" | 0.022° ‘0,023
(D ) 0.671+ 0:672+ 0.686+ | 0.678+ | 0.675+ | 0.679+
ol 0.037" 0.037 0.036 0.037 0.037 0.038
(°F ) 0,785+ 0.792+ 0.797+ 0.795+ | 0.796+ 0.787+
E 2"' 00021— 00022 ) 0-022 00020 . 0;021 09022 )
x?/ 2| 1.16 © 1.13 1.01 0.90 | 0.90 ' 0.88.




- i '
F2 5  states tumed out to be even greater than in the P - states.

.The absorptlon in 'peripheric’ 2, 1,2

) " The angular distribution of the observables computed from the spec1f1ed set of the phase ‘shifts and absorptlon

o coefficients, which are presented in column 4 of Table 2, are given in Fig. 1 and 2 together with the eon'espondmg

experimental -values.

- Ttis charactenstlc of the real parts of the phase shifts of the spemfled set that, as it is shown in Flg. , they o
may be connected by smooth curves with the correspondmg phase shlfts whlch have been found at lower v
energies /21- 25/ It seems that these smooth curves reflect to a certain extent the gross behav1our of the‘S 1
and ‘D" phase shlfts between 310 and 660 MeV. If it is so, they point to the fact that within this energy mterval
the same ‘states play an essential role in p-p ~-interaction and the propertles of this interaction do not change sub-
stantially, since both singlet 151 , 1D2 o ’G and tnplet ’}g , ’Px , 3P2 phase shlfts do not :
change their signs. It is noteworthy that both at 660 MeV and 310 MeV the ‘ 3P2 phase shifts are positive what is

- ‘charactenstlc of LS -forces.

o The beha\nour of the 150‘ phase shift, monotonically decreasmg with energy, deserved special attentlon. Itis

B strlklng that up to 660 MeV the form. of the energy dependence of *: 8 ( IS ) may be satisfactorily predicted, using -

\ ‘ the parameters ‘A, B and T - of the effective range expansxon k ctg[S(‘S )+kT1=A+Br3k 4 O(k¢).
found by Noyes/26/ The value of 8 ( S ) computed in this way is =34.5° at 660 MeV This may mean that up

" to0 660 MeV the behaviour of 5! 5 ) may be qualitatively represented on the basis of a potential model of the

nucleon havmg a hard repulsive core.
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Fig 3

Energy dependence of the pbase shifts of the pp -scattering. § (22,25), * -(25);
I .- the present paper, The solid curves are drawn vxsuaIIy. Below 345 MeV they fit with the

. 'YL AM-solution’ 2% .



