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A measurement of the coherent regeneration amplitude in carbon inthe energy range
30—-130 GeV is presented. The results are consistent with the dominance of this process
by w exchange, and a precise value of the intercept of the w trajectory is obtained: «,(0)

=0.390+0.014.

Cabibbo' suggested many years ago that coher-
ent (£=0) regeneration of Kg’s by I =0 nuclei
could be interpreted in terms of the exchange of
a single Regge trajectory, the w; he predicted
the phase of the regeneration amplitude from the
then approximately known intercept «,(0) of that
trajectory. The present work is a precise deter-
mination of the coherent regeneration amplitude
in carbon at kaon energies (30-130 GeV) where
the Regge formalism should work well, We find
that the description of this process in terms of
single trajectory exchange works remarkably
well, and, assuming that description to be cor-
rect, obtain a precise value for «,(0). Both
phase and magnitude of the amplitude are meas-
ured, providing a check of the Regge formalism
not possible in other types of experiments.

When a K; beam interacts with a target (length
L; N scatterers per unit volume) the K; ampli-
tude regenerated in the forward direction is giv-
en by |Kg)=plK,), where

p=inNL[ 1 (0)~7(0)] /k. (1
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Here f(0) and 7 (0) are the K°, K° forward scatter-
ing amplitudes, and % is the kaon wave number.?
On general grounds, one expects (f -f)/k to van-
ish at infinite energy,® while Regge theory makes
specific predictions for its approach to zero.
First, the w trajectory (C=-1,I=0) should be
the dominant contribution to f—f.* The analytic
form® of the w Regge amplitude implies for 1 (0)

- 7(0) two facts: (i) power-law momentum de-
pendence of the modulus,

| £(0)=F(0)| /% =C(0)PK°‘w(°"1~PK'"; (2a)
(ii) constant phase, determined by the exponent #,

argl f(0)-7(0)]

=—3mla,0)+1]==31(2-n). (2b)

Thus the simultaneous determination of | f—f|/k
and arg(f-f) constitutes a unique check of the
predicted momentum-dependence-phase relation-
ship of Regge amplitudes.

In the present work, regeneration is detected
via K°~n*n" (K,,) decays following a carbon tar-
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get in a K; beam. Because K¢ and K; both decay into 77", these decay amplitudes interfere, giving
an intensity versus proper time 7 downstream of the target,

L. ()< Ny [|p*exp(= T's7) +2| pl|n, . | exp(= s 7/2) cos(amt + @) +|n., .}, ’ (3)

where N, is the incident K; flux, T'g is the K
decay rate, 7n,. is the CP-nonconservation pa-
rameter, Am =(m, —mg)c®/n, ¢=arg(p/n,.),
and the dependence of Eq. (3) on I'; (< T') has
been neglected.

By measuring I,. over a sufficiently long decay
region,®” one can determine | p| and argp given
|n,.| and argn,.. We have also monitored the
flux N, via K, —muy (sz) decays recorded simul-
taneously. This information further constrains
the fits for the regeneration parameters.

The experiment was performed at Fermilab in
the M4 neutral beam, using the wire-spark-cham-
ber spectrometer shown in Fig. 1. This spec-
trometer is essentially a longitudinally stretched
version of the one used by some of us earlier at
Argonne National Laboratory,® ! and will be de-
scribed in detail in a separate publication.

The 7.25-mrad neutral beam consists of K,’s
and neutrons, roughly in the ratio 1:5, with a
typical intensity of ~10°K,’s per 10'® protons on
target. The detected K; spectrum peaked at ~70
GeV/c.

To make efficient use of the broad range of
available K; momenta, we collected data with two
different decay-length regions, 26 and 48 m. The
reconstructed neutral V events (~80% of all trig-
gers) were cut to isolate K, and K, decays oc-
curring in the evacuated decay pipe. Figure 2(a)

FIG. 1. The spectrometer. The regenerator, sweep-
ing magnet, and veto counter C1 are at the lower left.
F1 and F2 are multiwire proportional chambers; C2—
C5 are counter hodoscopes; SC is a shower counter.
The wire spark chambers are downstream of P1 and C2
and upstream of P2 and C3. The decay volume is evac-
uated.

shows the effective 7-7 mass of the K, sample.
Additional cuts and subtractions, used to obtain
the proper-time distribution of the K, sample
and the total number of K ,; events as functions of
kaon momentum, are described below.

K. ,.—The small background, seen in Fig. 2(a),
is assumed to consist mainly of unsuppressed
K,, decays. This background was estimated by
fitting it to a linear combination of observed and
identified K, ; and K, events (not Monte Carlo).
The goodness of these fits supports our assump-
tion that the background is mainly K, decays.'?

K, ;—In general, two momentum solutions, P,
and P_, are obtained for K, events: P, =P(1
+vV5P?), where P, and 6P? are functions of kine-
matical quantities. To obtain a sample of K,
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FIG. 2. (a) The m-7 invariant mass distribution for
K, triggers. The histogram represents the 48-m data
and the dots are the Monte Carlo results. The back-
ground is discussed in the text. (b) The 6P? distribu-
tion of the 26-m K, data. The vertical lines indicate
the region of unambiguous momentum events used in
the analysis.
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TABLE 1. |f—f|/k and arg(f—f) in 10-GeV/c momen- T K +C =K +C (£0) r T
tum bins. For the values of am, Ty, n,_, and K3 5k V\.\‘\ L s 4
branching ratio used, see Ref. 8. g v Ref. I3
[t (©)-F(0)| el e
Momentum ‘f"‘le /k arg(f—-f) k %\\ « Present Experirnenl
(GeV/c) (mb) (deg) 2r (o % H\H\
..
35+5 1.589+ 0.092 —-130.2+10.2 I p(0s21£003) "]
45+5 1.411+0.020 —123.6+ 4.2 -~
555 1.195+0.013 —125.4+ 3.4 05 1 1 1 1 1
65+5 1.131+0.012 -130.3+ 3.6 S 10 20 50 100 R,Gev/c
75+5 1.025+0.013 —-125.1+ 3.7 L T T T
85+ 5 0.998+ 0.041 -124.0+ 5.6 -|oo—°'9§;<g’;;‘°” .
95+5 0.880+0.018 -123.56+ 5.7 - -% (2-0621) + .
105+5 0,853+ 0,023 -112.1+ 6.8 J20k / 1
11545 0.726+0.029 ~117.3+11.7 T S e A S S
125+ 5 0.731+ 0,041 —126.4+21.2 # + ]

events of “unambiguous” momentum, we selected
events (20% of the total sample) for which P, and
P_ differ by less than 20%, and used their aver-
age as the momentum P, Figure 2(b) shows the
6P? distribution of all K,s's. The final data sam-
ple contained 57000 K, events and 41000 unam-
biguous K ,; events.
The acceptances, €(P,,7), for K, and K ,; de-
cays were calculated by Monte Carlo methods,
taking into account multiple scattering and meas-
urement error, 7-u decays in flight, K, diffrac-
tion scattering in the regenerator, and pattern-
recognition inefficiency in the analysis program.
This last effect was handled by filtering all Monte
Carlo events with the analysis program used on
the real data, As can be seen in Fig. 2, the sim-
ulated resolution agrees quite well with the data.
Fits of the distribution I, _(7)e(P,, 7) to the data
in momentum bin P, were done both with and with-
out the constraint imposed by the K, ; events.
The two sets of results were consistent, provid-
ing a check on our understanding of K,; and K,
acceptances. The final results were obtained
with K| ;-constrained fits and are presented in
Table I.
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FIG. 8. |f—F|/k and arg(f—7) vs F, for all carbon
data. The arg(f —f) data of Ref. 15 is plotted for clari-
ty as a single point, given in Ref, 15, The solid line is
the best fit to P,™". The dashed line is the phase pre-
dicted by the measured exponentz.

Figure 3 shows |f—f| /k vs P,, extracted from
measurements of | p| in carbon.'® ® Both our da-
ta alone and all data taken together are well fit-
ted by a power law P, "  yielding the results in
Table II. Figure 3 also shows arg(f—f) vs P,.
The results are clearly consistent with the pre-
dicted constant phase, strongly supporting the
hypothesis of w-exchange dominance. The values
of @,(0) derived from the average phase are also
shown in Table II. Using our data alone to fit for
the parameter «(0)'7 gives

«,(0)=0.,390£0.014 4)

This result may be compared with other meas-
urements of the intercept of the w trajectory:
(i) An extrapolation to M? =0 of the line connect-
ing the w meson and its 3~ recurrence® gives
@,(0)=0.43+0.02, (ii) The momentum dependence

TABLE II. Determinations of ¢(0) from carbon regeneration data.
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Quantity

This experiment
(30-130 GeV/c)

All data
(4—130 GeV/c)

@(0) from » and
Eq. (2a)

0,(0) from measured
phase and Eq. (2b)

0.393+0.020

0.389+0.018

0.379+0.003

0.410+0,015
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of K*D total cross-section difference (also domi-
nated by w exchange) gives™ «,(0)=0.41+0.03.
We are indebted to the Fermilab staff, in par-
ticular P. Koehler and U. Patel, for the efficient
operation of the M4 beam line. We thank A, Alex-
ander, A. Beretvas, T. Morgan, T. A. Nunamak-
er, R. Norton, and T. K. Shea (Univ. of Chicago),
K. Mattison and R. Pepping (Univ. of Wisconsin),
and A. L. Read (Fermilab) for contributions to
the early phases of this work and for continued
technical support. Finally, we are grateful to
P. G, O. Freund, V. Barger, F. Halzen, and
W. R. Frazer for illuminating discussions.
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As the result of a recently reported experiment, a search has been made for deuterons
from the reaction *He+°He— & +d +e* +v, Two independent experiments were done at E .
=15 and 25 MeV, In both cases, upper limits were obtained which are about a factor of
20 below the previously measured cross section (3.4 nb/MeV sr).

In a recent Letter,! Slobodrian, Pigeon, and
Irshad (SPI) reported a cross section of 3.4 nb/
MeV sr for the reaction *He +°He~"He+d+e* + 1.
Such a cross section is too large by about a factor
of 108 %2 to be a conventional weak-interaction
process but might explain the low flux of high-en-
ergy solar neutrinos observed in experiments by

Davis et al.® That a small increase in the p +p
cross section would indeed explain the absence of
high-energy solar neutrinos was shown by New-
man and Fowler,? who also argued that a cross
section of 3.4 nb/MeV sr was completely incom-
patible with current models of solar structure
and with the experimental literature on g-decay
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