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- DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its-use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. :
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-ABSTRACT

Polynomial expressions of ﬁucleon-nucleon_elastic— and .inelastic~

scattering cross sections are presented for enmergies up to 6.2 Bev.
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A large body:of experimental data is available on nucleon=-nucleon
scattering at varioUs,energies.l’2 This information has been used to calculate
the effective cross sections for collisions between nucleons in nuclear matter,
on the assumption that these data can be directly applied to such process inside

3

the nucleus. Forvcohvenience,in machine computation we have expressed the
experimental data in the form of power-series functions of the enefgy and the
cosine of the center-of-mass scattering angle. We present these expressions
in the‘expectation that they will be useful to others. Only nuclear scattering
is included. The contribution of‘Coﬁlcmb scattering has been subtracted.

The values of n-p scattering cross sections below 10 Mev were taken
from the compilation by Hughes and Schwartz * The values Tor nuclear p-p
scattering below 10 Mev were calculated with the aid of scatterlng theory
vNucleon-nucleon scattering data above 10 ‘Mev were taken from a review article
by Hess and from references listed there.z;

Elastic differential data for h-p collisions are given there cnly to
580 Mev. We, therefore, made the usual assumption that the n-p interaction
consists of equal contributions of states with total.isotopic spin T =0 and
T = 1. The contribution of the state with T = 1, as obtained from differential
“p-p scattering, was subﬁracted. .The resulting values for T = O were extrapolated .
to higher energies with the ald of total elastic n-p and p-p cross sections from
Hess.2 The elastic n-p diffefential cross sections at these higher energies
were taken to be the average of the T = 0 and T = 1 data, the latter from p-p -
scattering experiments. & L . .

~ The elastic dlfferentlal cross sections were expressed as power series

in cos O, the scatterlng angle in the center-of-mass system. The coefficients

of the terms in these expressions were in turn fitted by the method of least
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squares to a power series of the energy, . . In order to do this _conveniently,
the data were divided into several energy 1ntervals up to 6 2 Bev These
expressions, given in Table I to IV agree with nearly all- the experimental
values within the quoted experlmental errors.

The inelastic data were’ treated in a dlfferent fashion because of their
relative complexity. We fitted only the values of the total inelastic cross.
sections and the meson multiplicities’ by power series in. E, agaln by the method
of least squares; see. Tables V to VII. The production of four or more mesons
was considered to be negllglble at 6.2 Bev and below -

The comparlson of the expre551ons given in Table I to’ VII with the
.avallable data revealed only one dlscrepancy, a value of 35.3 mb for - the
elastic n-p cross sectlon at 175 Mev 1nstead of" approx1mately 46.2 mb from
several experlments in this’ énergy reglonr At both 150 Mev and .200 Mev ‘the
experimental and calculated Cross sections'agreedaWithln'thetexperimental
uncertainty. - R ' S

We made only a rough evaluatlon of the angular distribution of the
interaction products of 1nelastlc collisions. .For E less than 0.6 moc2 we
took do/dﬂ of the pion to be proportlonal to 1 + 3 cos G For all other in-
elastic cases this expression was used for the nucleon differential cross
section. " |

The exoress1ons in the Following tables were used to calculate effective
nucleon-nucleon collls1on cross sections in nuclear matter.3 In these tables
E is in unlts of m; e (939 Mev). ' The cross sections (o) are in millibarns and

the dlfferentlal cross sections - dc/d@ in mllllbarns per steradian.

The calculated values of the elastlc and total cross sectlons (from these
expressions) are - shown in Figs. 1 and:'2 as solid lines. The experimental values
of the elastic cross sections are shown as solid circles and those for the total
cross sections as solid squares. . Some recent data, not used -in the evaluatlon
of Tables~I to VII are also included in Figs. 1 and 2. The n-n values (open
_01rcles in Flg l) are the dlfference between n- d and n- p total cross sections.
The p-n values (open c1rcles 1n Flg ‘2) are the dlfference between p -d and p- p

total cross sections.
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Table I

Cross sections of elastic p-p collisions that are ithrOpic in the -

center-of -mass system, ¢ = Lx do/dQ

Range of E .
( e’ ) . . ) Eqpatlon for differential cross section
e o (mb/sterad)
s B ' n 1010 2
<, 2 x 10 - do/dQ = 280k - 1578 x 1o E + 3.80 x 'E . (1)
2x10 & to 0. 0150 . dg/dQ = -4.3 + 0.3776 E - 2.961 x 10 -5 B2 (2)
0.0150 to 0. 135 do/daQ = 0.63 + 0.1705 B4 1.878 x 10 3 -2 (3)
Table IT
Cross sections of anisotropic elastlc p-p colllslons,
_ o = 2x f (do/ag) sin @ @
Range of E Equation for dlfferentlal cross section
(m c ) ' , ' B . (mb/sterad) )
0.135 to. 0.600 do/d0 =a + b coso , C(h)
' ‘a =1.94%9 -.0.32T E (5)
| | b =9.1 E (6)
0.600 to 1.065 do/dQ = a + b cose (7)
' a = -20.97 + 90.52.E - 117.25 E® + 48.02 B3 (8)
, = 150.03 - 578.337E + 734.67 E° - 299.&6 E> (9)
1.065 to 6.55 do/dQ = c cosN_Q (10)
c = -29.22 + 53.99, E - 21. 765 E° + 3. 537 B> - -
| 0.19672 E* (11)
= 9,68 + 16. 89 E - 14.348 E° + 0.4469 ES (12)
(Take N = integer nearest the value of . "N"
calculated. Also take | cosH Glfor N an . odd
integer.)
> 6.55 do/an = 23.1 cos”C o (13)
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Table-IIIw

Cross .sections of elastlc n-p collls1ons that -are 1sotrop1c in the

_ center- of—mass system, o = hn dc/dQ
Raﬁge of E ' 4

. (mdc ) | 7 _.b . Eqpatlon for dlfferentlal cross sectlon (mb/sterad) ‘
< 'zfxu.:Lo',LL  4o/a® =1620 - 79.2 x 10° E + 1.89 x 1olO»E2 o (1&)

2x107 " to 0.0150  dg/dQ =-3400 E + 78.93 +0.3757.E°L - 9.977 x 107> g2
. S T 4 1.0608 x:lo’?,E'3 U (15)
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Table IV | )///~ _
, Cross sections of anlsotroplc elastic n-p colllé;ons,
| o= 2n f (do/aQ) sin 6 @0 =¥ 27T ‘ ?}LC aico»9>
Rang;-Of E , ' Equatlon for differential cross sectlon
(mc™) o (mb/steradQ
0.0150 to0 0.200.  do/dQ =t + u cos®e + v cosan, for -1.0 < cos © <0 (16)
| | ' do/dQ = p + q coshe for 0 < cos©<1.0 ' (17)
ot ;wz.lo - 0.162% E7F 4 0. ou011 E 2 _hox10 gl (18)
~u = 1.57 + 251i7.E - 5021 EZ + 41192 ES - _
| 1.162 x 1075 EM - (19)
- (when u is negative, at E —0.200, set u = 0) -
v = -41.0 E + 2978 E° - 33953 B3 + 108909 E* (20)
(when v is negative, at E —0.0150, set v = 0) '
p = -0.90 + 0.3773'l +:O.Ql8h B - 1.77 x 1(_)'-LL B3 (21)
| g = 182.9 E - 1408.8 EZ + 3066.2 ES | (22)
»O)?OO to 0.620 dc/dQ =W + X coshQ +y coslue + z cqleOG, : - (23)
: o ' L ) for -l O < cos 0 <0
dc/dn =r + é cos Q for 0 < cos 0 <1.0 - ' (24)
w = -0.50 + 18.26 E - L41.64 E° + 25.08 B3 ' (25)
x = 37.42 -.227.38 E + 512.62’E2 - 380.37.E3 (26)
y = -4.42 + 35.43 E - 78.62 E° + 59.52 B (21
z = 4.0 o o (28)
r =132+ 3.95 E - 6 71 E° / (29)
s = L.19 + 3.34 E - 44.86 E° + 62.18 g3 (30)
0.620 to 1.065  do/dQ =a + b cose - (31)
a = -20.84 + 88.88 E - 114.82 E° +u708E3 (32)
b = 149.7h - 562.82 E + 704.13 E° - 285.13 ES (33)
1.065 to 6.55 do/dn = c cosNQ ' (34)
| ¢ = -11.37 + 26.603 E - 11.6091 E° + 2.01675 E3 - '
, 0.119009 E (35)
"NY = -9.68 + 16.89 E - 4.348 E° + 0.4469 ES (36)

(Take N = integer nearest value of "N". calculated. Also
take IcosNQIfor N an odd integer.)

> 6.55 d40/dQ = 13.0 cos”8 S (37)
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__Table V.

Inelastic p-p_Cross,sections

Range of . E- ,

(m c ) . Eqpatlon for 1nelastlc cross. sectlon (mb)

< 0.35 ' o =0 | "-"' e o (38)

0.35 to 1.00 = 0. 128 + 11 992 (8- 35) + 133. 892 (E-. .35)% - 130. 305 :
‘ (E .35)2 (39)

1.00 to 2.00 o =32.97 - 3.70 E . ,: It (40)

>2.00 o = 26.0 S S S (41)

aFor both p-p and n-p inelastic collls1oné; we have taken, '

“E < 0.600 (dc/dQ)plon = (1+3 cos’ @) 0/8n , (42)
E >.0.600 (da/dQ)nucleon._ (1+3 cos 28) of8x , (43)
Table VI

_ ~ Inelastic n-p cross sections®® -

Range of E ) ' S : :

(mocz) » - Equation for inelastic cross section (mb)

<o0.35° s=0 - - (Lh)

0.35 t0.1.60 . o = 0.077 + k.57 (B-.35) + 1gk. 895 (E-.35)° -,153.955 '
| | (E- 35) +-65.561(E-.35) (45)

1.60 to 3.50 6 = 19.55 + 10.04 E - 2.344 EZ - | o (46)

> 3.50 o=

26.0 S - - ()

aS'ee'footnote to Table V.
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Table VII
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'The fraction, F, of inelastic p-p
resulting in the production of

and n-p collisions

1, 2, and 3 pionsa

Range of E

(mocz) Equation for F

<1.0 F, = F (1 pion) = 1.0 o (18)

>1.0 Fl - 0.103 + 1.424 BT - 0.527 E ¢ | (49)

1.0 to 1.6 F,=F (2 pions) = 1- F, = 0.897 - 1.k2k o 0.527 B¢ (50)
<16 F, = F (3 pions) = 0 i - (51)

> 1.6 F3 = - 0.200 +0.136 B -.0350068-E% 7 1 (52)

Fo=d -7 -F; 1 -2 , o
=1.097 - 1L.424 E ~ + 0.527 B ~ - 0.136 E + 0.0068 E"(53)

'?Based on experiments at 6.2 Bev and below.

o
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1. The values of the elastic and total p-p and n-n
cross sections. The values given by the solid line
were calculated from the expressions given in Tables

I, IT, and V. The experimental values of the elastic
p-p cross sections are shown as solid circles and those
for the total §Fp cross sections as solid squares. The

‘n-n values, indicated by open circles, are the differ-

ence between n-d and n-p total cross sections.
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2. The values of the elastic and total n-p and p-n
cross sections. The values given by the solid line
were calculated from the expressions given in .Tables
III, IV, and VI. The experimental values of the
elastic n-p cross sections are shown as solid circles
and those for the total n-p cross sections as solid
squares. The p-n values, indicated by open circles,
are the difference between p-d and p-p total cross

sections. . -,
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A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
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