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ABSTRACT

Total and differential cross sections are presented for the
reaction KLp » K(S)p from 1.3’ to 8.0 GeV/c as measured in an
exposure of the SLAC 40-inch hydrogen bubble chamber to a neu-
_ tral beam. The forward points of %—%(K%p — Kgp) together with
K'n and Kn total cross sections are used to determine the inter-

cept of the effective Regge trajectory, «(0)=0,47+0.09, and the

regeneration phase, ¢f =-43°+8°,
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We present experimentyalv results on the reaction

(s} (o) :
P — Kgp (1)

K
covering the momentum interval from 1.3 to 8.0 GeV/c. Previous investigations
of reaction (1) have been reported by Firestone et al. 1 in a hydrogen bubble
chamber experiment and by Darriulat et al. 2 in a transmission regeneration
experiment,

In the t channel, the reaction must préceed through exchange of neutral mesons
baving natural spin parity and odd charge conjugation.  The only known candidates
are the members of the vector nonet (p» Q, and qb); As pointed out by Gilman, 3
w exchange is expected to dominate over p in the forward direction and ¢ ex-
change is expected to be negligible due to the experimentally small ¢NN coupling.
The s and t behavior of the cross section and the phase of the forward amplitude
are therefore powerful tools in understanding the properties of w exchange. A
more complete analysis of these exchanges is given in the following letfer. 4

The results presented for reaction (1) are based on an analysis of 200,‘000
photographs from a total exposure of 800, 000 photographs of K(ip interactions in
the SLAC 40-inch hydrogen bubble chamber. The details of the beam and the K;‘
momentum spectrum are given elsewhere. 5 We have checked carefully for pos-
o

sible systematic uncertainties in our determination of the KL

and conclude that they are negligible compared to the statistical errors of our

momentum spectrum

data sample. The events were found in a scan of the one-prong-plus-vee topology,
measured on conventional film plane machines, and recbnstrucfed and fitted with
the TVGP-SQUAW computer programs. The sample consists of 571 eventé in the
momentum interval 1.3 to 8.0 GeV/c of which less than 1% are kinematically
ambiguous with other hypotheses. 6 Corrections i1ave been applied for scanning
inefficiencies due to K° lifetime and steeply dipping protons.
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The cross section for reé,étion (1) as a function of Ki laboratory momentum
is presented in Fig. 1 and Table I. As indicated by the solid line, the data are well
described by the empirical law, o ~ p.LIRB, with n=2.1+0.2, a value typical of many
inelastic meson exchange reactions.

The differential cross section, averaged over three momentum intervals, is
presented in Table II and illustrated in Fig. 2a. The main features are a sharp for-
ward peak with an average slope of 102 GeV_z, a distinct shoulder in the interval

2

0.3 <1< 0.7 GeVz, and a rapid fall off for t greater than 1.0 GeV"~ . The differential

-2.5
cross section is observed to fall as pL AB in the forward direction and as pLAB for
ltl 1 GeV

The intercept of do/dt at t=0 has been determined in a smooth way over the

entire energy interval by a fit to the forward data points using an empirical

function of the form:

f—ilé—’(s) s exp’l[b+ cln(s/so)] t} 2

where m, b, and ¢ are fitted parameters and 80~ 1 GeVza

In Fig. 2b the differential
cross section for the forward region is shown in small t intervals together with

the results of the fit. The values of the parameters are m=1.3+0, 3,

b=5.5+2.0 GeV 2, and ¢=2.0%1.5 Gev™2, The parameter c¢ indicates shrinkage
of the forward peak as the slope varies from 8.7 to 11.0 GeV_2 over the momentum
range from 2.0 to 8.0 GeV/c. The values obtained for (dla-/di:)t=0 as a function of

Py Ap 3T€ shown in Fig. 3 by the solid curve with the experimental corridor of
uncertainty represented by the two dashed curves. For comparison, the values
reported recently by Ref. 2 are also shown and agree well with the present
experiment. ‘

The ratio of the real to imaginary part and the phase of A(K%p — Kgp) , the

forward amplitude, are given by:

1/2 |
[ t—-O/ (& OPT] } ’ 3)

ReA
ImA




and
o= tan" L [ImA/ReA] .

The optical point is given by
do T 2
(Fopr = 5 [1mal (4)

where k is the center of mass momentum and where, from isospin invariance and
the optical theorem,

AR p ~ K3p) = §k; [O'T(K+n) -_O'T(K_n)] (5)

In Fig. 3, the values for the optical point computed from total cross section data’ 2
and multiplied by a factor of two are compared with our measured (dq:/ dt)t=0' The.
ratio of the real to imaginary part of A is near unity over the entire energy range as
summarized in Table III{

The quadrant ambiguity for ¢ may be resolved by noting first that fhe experi-
mental cross sections in Eq. (5) imply that InA< 0. In addition, Regge theory
gives the relation |

ReA/ImA = tan [-;- 7roz(0)] (6)
where a(0) is the effective trajectory intercept. For any reasonable trajectory

the intercept should be between 0 and 1, which implies ReA/ImA > 0. To satisfy
these two relations ¢ must lie in the third quadrant. The values of ¢, given in

‘Table III, are consistent with being constant from 1.3 to 8.0 GeV/c. 10 The
weighted average over this energy range is

¢ =-133°+8° .,

The values of the trajectory intercépt calculated from Eq. (6) are also pre-
sented in Table Il andgive an average value.

a@(0) =0.47+ 0,09 .

If w exchange is assumed to dominate the forward amplitude, d(O) may be identi- .
fied with the w trajectory intercept. The above value is higher than those obtained
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in previous phenomenological Regge fitsll but is consistent with a linear tra-

jectory of unit slope passing through the physical w mass. It should be noted that
the p contribﬁtion has been ignoyred‘ in determinihg the intercept because it is
expected to be less than a 20% effect. 3
The regeneration phase for hydrogen, qbf, is defined by
8y =arg{ia@p -3, ol=0+3
Thus, we fj.nd‘ for an average value
6 = -43°+ 8%,
which may be compared with the experimental result of Ref. 2 for hydrogen

12

(-420:!: 170) » and also with the results for copper (—45.,20:h 7. 3°) and for car-

bon13 (-370:1: 100) » Within the errors, the regeneration phase for hydrogen i.s;) the
.same as for heavy nuclei in agreement with recent optical model calculations. 14
In summary, we find the main features of the reaction K(Lp — Kgp in the
momentum range 1.3 to 8.0 GeV/c to be the followmg:k
1. The cross section '0', falls as (pLA\B)—.n’ withn=2.1+0,2;
2. The forward differential cross section, _(do-/dt)t=0, falls as (pLAB)_m’
with m=1.3+0,3;
3. The ratio of the real to imaginary part of the forward amplitude is
consistent with unity over the entire energy region, with an average
value of 0.82+0. 20;
4. The average values of ¢, the phase of the forward amplitude, and
¢f, the regeneration phase, are -1330i80 and -43°+ 80, respectively;
‘5. If the reaction is assumed to be dominated in the forward direction by
Reggeized w exchange, then the average value of the trajectory inter-

cept, @, (0), is 0,47+0.09,
w
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FIGURE CAPTIONS
Cross section for K%p - K(S)p versus pL AB® The solid line corresponds to
o= psz, with n=2,1+0.2.
Differential cross sections for K%p - Kgp., The data are averaged over three
momentum intervals: 1.3<p, ,<2.0 GeV/c (§); 2.0< PyapS 40 GeV/e
($); 4.0< PrapS8.0 GeV/c (4). (a) Full t region. Note the breaks in
the ordinate scale as indicated by the shaded area. (b) Small t region.
The curves result from a fit used to determine (’do-/dt)t=0 (see text).
Forward differential cross section for Kip - Kgp. The data
are summarized by- the smooth curve and the uncertainties by the dashed
curves, For comparison, we show the results of Ref. 2'(§) and the optical
points (multiplied by a factor of two) calculated from the total cross sections

of Refs. 7-9 ().




K(I)Jp - Kgp Cross Sections

Pr AR (GeV/ c) Events o (ub)
1.3-1.6 74 627 = 80
1.6 - 1.8 75 722 85
1.8 - 2.0 49 | 411%60
2.0 -2.2 57 420 + 55
2.2 -2.4 38 277 + 45
2.4-2.6 44 287 + 45
2.6 - 2.8 40 250 + 40
2.8 - 3.0 27 171+ 35
3.0 -3.4 45 146 + 22
3.4 -3.8 23 86 = 18
3.8 - 4.2 81 | 115=x21
4.2 -5.0 34 77+ 14
5.0 - 6.0 21 54 % 12
6.0 -8.0 13 | 28z 8




TABLE I

K(I)Jp — Kgp Differential Cross Sections

' Piag (GeV/c)

-t 1.3-2.0 2.0 - 4.0 4.0 - 8.0
2 , _
(GeV') Events do/ dtz Events ~do/ dtz Events do/dt
b/ Gev?) (b/GeV?) (ub/GeV?)
.05 -0 10 660 £ 210 25 368 + 75 17 177 + 43
1 -0 16 443 + 110 32 196 = 35 17 73 + 18
2 -0 8 241+ 85 || 18 | 107%25 8 35 % 12
3 -0 11 296 = 96 19 112 + 26 7 32+ 12
4 -0 10 258 + 82 18 107 + 25 .
6 16+ 7
5 -0 17 517 + 125 12 73 = 21
6 -0 11 273 + 83 20 123 + 28
10 19+ 6
7 -0 16 378 £ 95 14 89 + 24
8 -1 15 172 + 45 25 71+ 15
, 11 10.7 = 3.2
0 -1 15 215 + 55 17 47 12
2 -1 11 147 + 44 11 33+ 10
4 -1 19 332+ 76 2 1.0+ 1.0
11 16 £+ 4
6 -1 12 188 + 54




FORWARD AMPLITUDE RESULTS FOR K_%p - Kgp

TABLE 101

S A
PLAB af Jy \dtnvm ReAl | ¢ (0
v LW g X IhnA \v]
(GeV/c) | (mb/ GeVQ) (mb/ GeVz) (Degrees)
1.3-2,0 | 1.31+0.40 0°73:i:0°05b 0.89+0.36 1 -132+14 | 0.46+0.16
2,0-3.3 | 0.85+0,20 0052i0.06b 0.79£0.31 | -129+13 | 0.43x0.14
6.0 0.34+0.10 0024i0‘.07c 0.64+:0.,43 | -123+18 | 0.36+0.20
8.0 0,24+0,09 0,06:!:0.030 1.83+1.17 | -152+19 | 0.68+0.21
WEIGHTED AVERAGES 0.822+0.20 | -133% 8 0.47+0.09

~a. Momentum values chosen to correspond to available o-T(Kin) data.

b. Calculated from the cross sections of Refs. 8 -9, We have estimated

the overall systematic uncertainty in .o-T(Kin) as 2%. This estimate in-

cludes a 1% contribution for nuclear screening. Corrections for Fermi

motion are not important for this comparison because wide intervals of

momentum have been used.

¢. Calculated from the cross sections of Ref. 7.
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