FERMILAB-PUB-79-112-E E-q”?r

COHERENT K. REGENERATION ON PROTONS FROM 30 TO 130 GeV/c

S

G.J. Bock,a S.H. Aronsonb
University of Wisconsin, Madison, Wisconsin 53706

and

K. Freudenreich
Laboratory for High Energy Physics, Swiss Federal Institute
of Technology, Villigen 5234, Switzerland

and

A. Gsponer,c W.R. Molzon, J. Roehrig,
V.L. Telegdi,® B. Winstein
University of Chicago, Chicago, I1linois 60637

and

H.G. Kobrak, R.E. Pitt, and R.A. Swanson
University of California at San Diego, La Jolla, California 92093

d

Precise measurements at t = 0 of the KLp - Ksp amplitude (modulus
and phase) were made at Fermilab. Over 50,000 KTr2 decays along
with normalizing Ku3 events were detected behind a 7.2-meter

long 1iquid hydrogen regenerator. The momentum dependence of
the modulus and phase are presented, and the results are com-
bined with those of ather experiments to extract the relevant

parameters of « exchange.

——
Work performed under the auspices of the U.S. Department of
Energy, and the National Science Foundation

8present Address: University of I11inois at Chicago Circle.
bPresent Address: Brookhaven National Laboratory, Upton, New York.
Cpresent Address: Swiss Federal Institute of Technology, Zurich,

dPresent Address: Stanford Linear Accelerator Center, Stanford,
California.



It is by now well known that particle - antiparticle amplitude
differences, to which only C = -1 exchanges contribute, are particularly
useful for determining the Regge structure of high-energy processes. The
study of KS regeneration is especially rewarding as it permits the direct
determination of both the magnitude and the phase of a K®, K° amplitude
difference. In an earlier paper [1], we presented the application of
these concepts to regeneration by carbon. Ye report here precise

measurements of the reaction
K +p=>Kstp . : (1)

at t = 0, i.e. of coherant KS rogenaracion by hydrnqen{zzat the highost
available KL energies. Reaction {1) involves essentially only o and o
exchange; Gilman3 first pointed out its importance for the study of the
w trajectory, by which it is expected to bhe dominated.

We first summarize a few basic notions on regeneration. The rate
of (charged) sz decays at a proper time 1 after leaving the exit face

of a regenerator is given by

3 ) X
dI, /dv = N (1/7.)B]_ | pexp[-TIETS] +n,_ expl(iam ~ 1/2TD)T]I2 {2)
Here NL is the transmitted KL flux, Bi_ is the KS + v n- branching ratio ,
T () are the KL(KS) mean lives, and am = (ML - Mc)c/+ the corresponding
mass difference. The n__ term is the (CP-nonconserving) K, amplitude,

while p is the regenerated Ks amplitude, viz.

p = inNL[f(0) - T (0)1/k ¢(£} /2 (3)



N is the number density of regenerator nuclei, f(0) and T(0) are K2, ®°
forward scattering amplitudes, hk = p, the kaon momentum, and ¢{(£) is a known
functiOn4 of £ = L/As(p), where L is the regenerator length and As(p) is
the KS decay length.

The experimental method is to detect Kﬁz's behind the regenerator
and to fit their 1 distribution (for each p-bin) to Eq. (2). While the
shape of dI__/dt alone determines p/n,_, the statistical power is greatly
increased by knowing NL‘ This is achieved by simultaneously detecting
Kus decays, with a rate given by

a1, fdv = (/) N B, e [- /7 1 (4)
(5]

where Bu3 is the Ku3 branching ratio
The apparatus has been described previously [1’6]. It is a neutral-V
spectrometer with provision for tagging Ku3 and Ke3 decays, operated in
the M4 neutral beam line at Fermi]abgal The present experiment required
a long liquid hydrogen target of 5.5 x 5.5 cm2 cross section and
727 ¢m in length. Because of the large percentage of neutrons in
the beam (n:KL = 5:1) and the relative rarity of regeneration events
[o (Kp + Kep) /op (K p) = 4 x 107 at 100 GeV/c] it was necessary to
veto unwanted events efficiently. To accomplish this without additional
material in the beam, the flask was provided with highly reflecting inner
walls and a transparent end window. The Cerenkov light produced in the
liquid by charged secondaries was viewed with a single phototube and
used as a veto.
The target was mounted in two alternate locations to accommodate
evacuated decay regions of different lengths (27 and 43 m),.insuring
good K 2 acceptances over the entire useable spectrum, i.e. from

L .
30 to 130 GeV/c. 1,61 Approximately equal time was spent running with



each configuration. A total of 7.5 x 106 triggers were recorded, and

the events were reconstructed on-liné7]between beam bursts. Coherent Kﬁz's
and Ku3'5 were selected by off-line analysis. The selection criteria for
Kﬂz's were: (a) absence of a lepton tag; (b) effective dipion mass

m_ = (mKo‘j 12)MeV/c2; {c) the square of the transverse momentum, p%,

of the dipion system with respect to the KL direction less than 200 (MeV/c)z.

The sizes of these cuts were dictated by the experimental resolution as
illustrated in Fig. 1. The selection criteria for Ku3's were one muon in
the final state and an unambiguous solutioél]for the kaon momentum.

The KTT 's so selected still contained background, primarily unsuppressed

2

K,,'s, and unvetoed Ks's jnelastically produced near p% = 0., The background

L3

magnitude depends on p$ and 1, and averages 4.5%. It was removed Dy

subtractions based on (mﬂv,pi) distributions of identified K 3 and Ke3 evenfs,
i U
and on an exponential extrapolation of p$ of the inelastic events. As a check on

the subtraction procedure, a second analysis was performed with very tight

2

mo and Py cuts to yield a pure but reduced sample of sz decays. This sample

required no background subtraction and gave results in excellent agreement with

the sample discussed above.

The final sample of 50,000 sz's was corrected for acceptance (as
determined by a Monte Carlo calculation) and fitted to dI+_/dr for the

magnitude and the phase of p, i.e. of [f(0) - T (0)1/k; in these fits, the

Trippe., et a1_5‘va1ues for To( MM, 3rG s BS ard B 3 were adopted. We found

Ly © *-
however that the “recommended” (5] value of In,_l, 2.27(2) X 1073, yields

'3[8]. This fact is illustrated in Fig. 2,

poorer fits than |n _| = 2.15(3) X 10
which shows, for several p bins, the data points and their fitted curves

for both values of |n+_[. Lower values of |[n__{ appear also to be prcferred
bylother recent datafgland were furthermore obtained by us from data

independent of those reported here.



The results of the fits are listed in Table I. They are also displayed in

Fig. 3, together with previous resu1tsF9']1]The data are consistent with

a simple p'n dependence of the modulus, and a constant phase.

We now discuss our results in terms of Regge trajectories £3,12 ].
In the notation of Ref. 12,
[f(0) - F(0))k = (f - ) /K
0 a (0) -1
=2 ﬂ'[aﬁp (tan'gra (0} + #)p o

- B?p (tan%wum(O) +i)p® 1,
where the 8's are residues, and the «{(0)'s trajectory intercepts at t = O.
Before fitting the data, we compare with the predictions based on the values

Pz 2 = 3 woog ] : =
Bkp 1.31(2) mb, o (0) = 0.575(7), and Bep = 7-91(7)mb; a (0) = 0.433(7)

L . .
derived from fits to total cross sections7’12]assuming p-universality

or Su(3)1.'3

Figure 3 shows these predictions, with their uncertainties.
The agreement is excellent.

Since the w contribution dominates {5) we fit the hydrogen regeneration
data for its parameters, fixing sz and ap(O). Two such fits are presented
in Table II. Fit A, using p parameters from the total cross-section fit
above yields w parameters in very good agreement with the total cross section
fit. The w intercept disagrees with the resu]%llum(o) = 0.39(1), derived
from regeneration by carbon, as was recently emphasized by Dih and

Ferraz de Camargo§]4}

exchange datélB]and yields an w intercept somewhat closer to the carbon

f1e
resu]t:}s'

Fit B uses p parameters derived from (v ,m°) charge

It is interesting to point out that regeneration by nuclei from Al
to Pb cannot be fitted with am(o) = 0.44, while taking o = 0.39 as an
"effective" value gives good agreementE]Yl
We are indebted to G. Thomson and D. Hedin for valuable assistance
during the data analysis stage of this experiment. It is a pleasure to
acknowledge the cfforts of the Fermilab Meson and Cormputing Denartrments,

The Physical Scicnces Laboratory, Stoughton, “'isconsin, and of T.K. Shea

and A. Alexander.
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TABLE I

n. = 2.15 x 1073 n,_ = 2.27 x 1073
Momentum |[f - Fl/k ar?(f - 7) |f - F|/k ar?(f T)
{GeV/c) {mb) {mb) deq)
35z5 0.145(15) -127(10) 0.155(16) -119(9}
45 = 5 0.111(5) -119(6) 0.115(6) -111(5)
55+ 5 0.103(3) -126{4) 0.104(3) -120(4)
65 = 5 0.094(2) -123(3) 0.093(2) -116(3)
75+ 5 0.082(2) -121(4) 0.080(2) -112(4)
86 = 5 0.081(3} -120(5) 0.079(2) ~-112(5)
95 £ 5 0.072(3) -102(6) 0.071(3) - 95(6)
105 5 0.071(4)} -116(9) 0.068(4) -106(9)
115 5 0.065(5) -102(13) 0.063(5) - 91(12)
125+ § 0.066(6) -104(15) 0.064(6) - 96{14)
TABLE I1I
XZ
Input o Parameters | Resulting w Parameters| (49 deg. of freedom)
P _ w oo
A, BKP = 1.31(2)mb, BKp = 7,34(30)mb 50.3
ap(O) = 0.575(7) uw(O) = 0.44(1)
(Refs. 12,13)
B. sﬁp = 1.74(3)mb, B?p = 8.17(34)mb 52.0
a (0) = 0.481(4) a (0) = 0.41(1)

(Refs. 15,16)




Fig. 1

Fig. 2

Fig. 3

Table 1

Table II

FIGURE CAPTIONS

(a) Mass histogram for K,p candidates.
{b) Transverse momentum distribution for Kﬂ2 candidates
with p = (65 ¢ 5) GeV/c. Dots represent Monte Carlo
predictions. Subtracted backgrounds drawn as dashed
curves. Final cuts as indicated by arrows.
Vertex distributions of acceptance-corrected K“Z's for three
p-bins. Curves indicate best fits for the indicated two
values of fn _[. Numbers in parenthesis are led.o.f.
Momentum dependence of the modulus an& argument of (f - T)/k.
Shaded bands represent predictions based on p and w trajectory

parameters derived from oy data and given in the text.

_ TABLE CAPTIONS
Determinations of the modulus and phase of [f(o) - F(o0)l/k
in 10 GeV/c p-bins. Errors in the least significant digit
are shown in parenthesis. The results are given for the two

values of |n,_| discussed in the text.

Result of fitting the hydrogen data of refs. 9, 10, and 11,
and the present experiment to Eq. (5) for the w parameters.

The input o parameters are discussed in the text.
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