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K'n CHARGE EXCHANGE AT 12 ceV/%
A. Firestone, G. Goldhaber, A. leata, D. Llssauer, and G. H. Trllllng

Department of Physics and Lawrence Radlatlon Laboratory
University of California, Berkeley, California 94720

- duly 27, 1970

ABSTRACT
We have measured the differentlal crossAsectlon for the charge
exchange reactlon K n - K P at 12 GeV/c We flnd.that_ln this
reaction (l) the forward amplitude is essentially real, (2) the
dlfferentlal cross section equals that for the K p - ;Th charge
exchange . reactlon, and (3) the dlfferentlal cross sectlon agrees'
well w1th the predlctlons of the Regge pole model of Rarlta and
Schwarzschlld. We have complled data on the cross section for .the
K n charge ‘exchange reactlon as a functlon of 1n01dent momentnm,
and compared it w1th the cross section for the charge exchange
reaction Kp ~» K°A™. We £ind that beyond threshold effects
" these two7reactions have the'same cross section.h
The charge exchange reaction K n - K js) affords the opportunity to study
in detail the problems of p- A exchange degenerecy, and the validity of the
Regge pole approzlmatlon to scatter;ng amplitudes. Whlle this reaction has
been studiedheXtensively up to 5.5 GeV/c,l_ this is the first experiment to
report on K n charge exchange at a much higher momentum. |
The SLAC 82-inch bubble chamber was exposed to an rf-separated 12 GeV/e
K+ meson beamsV.Beam momentum resolution to within A@/p =* 0.2% is achieved
by using the.known correlation between beam momentum and transverse position

. ) } } v
in the bubble chamber.; Through the use of a gas Cerenkov counter, pion
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contamination iﬁ ﬁhe beam is redﬁced essentially to zero{v‘On.the average 8 k'
mesons were incident in the chember per’pulse.e The bubble chamber was filled
with deuterium, but there was a hydrogen contamlnatlon of k.5%. Approxnmately
SOO 000 exposures were taken, of which about 50% have been analyzed to date.

The f;lm»has_been scanned for events of the one—prong plus vee and two-,
prong plus vee7:a-g‘ topologies.' The scannlng eff1c1en01es have
been determlned by an independent rescan on a fraction of the film to be 87% |
for each topology“for a single scan. The events were measured on the LRL
Flying-Spot Diéitizer and were reconstructed and kineﬁaﬁically;fitted in the

program SIOUX. ;For those events with invisible spectators (one-prong plus vee),

the spectator was assigned a momentum of zero with errors Apx =4Apy = % 30'MeV/c,

and Apz = £ &O'MeV/c. All events of eachltopology whiéh~fit the seven-constraint
multi-vertex fitv K+d —f Kopp; KO - n+n-, with chi sqﬁafe:probability'greater
than 0.1% were'aceepted as this hypothesis. However,. for the events with two
visible prongs plus a vee, the spectator is frequently a very short track, and
therefore dlfflcult to measure accurately. Although_thevmomentum is adequately
determined froﬁfrange, the angles may be mismeasured for tracks of less than a
few millimetere’ie length. For this reason a five-eonstfaint multi—vertex‘fit,
for the two-p:eng plus vee events with short recoil, in which the angles of the
short recoil efe left free, is also performed. Eveets'which fit this special
five-constraint hypothesis, but not the seven-constraint hypothesis, are also
accepted. There'are five such events eut of a total of 77 events in the complete
semple.

For the feactien. Kda - K°pp, 52% of the events have two visible protons
and 48% only'one v1s1ble proton in the bubble chamber. In this final state it
is assumed that the slower proton in the laboratory system is the spectator and

the faster proton is the recolling particle. If this choice is made, the slower
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proton has an observed momentum disfribution in agreemént with that expected
from the Hulthén”wave function for momenta less than 300:MeV/c. For the events

with p

spect < 3OQ MeV/c, the angular distribution of the spectator in the

laboratory systém is isbtropiq. For 9 events in the saﬁple (12% of the T7
events) both pfdtbné have momenta, greater than 300 MeV/é;jeven though the frac-
tion expected'witﬁ‘ pépectv>.3oo Mév/c from the Hulthén'wave function is only
1-2%. This diffefence is generélly attributed to double'scattering in the
deuteron; howévéf;:theSe'9 events ﬁavg been‘included-infgﬁe data sample.

Fach eveﬁf ﬁaé been weighted accordihg tolthe pr§§ability,that a X° of the
observed momeﬂfum:énd production angle decays within the chosen fiducial volume.
The cross séctiqﬂihas been determined by normalization‘to_the well-known K+d
total cross sééfi@n at 12 GéV/c,5 and has been correctgd Tor the following
effects: (l)'thé'topological dependence of scanning efficiencies, (2) measure-
ment efficienéiéé; (3) hydrogen contaminatién in the bﬁbblé chamber, (4) k°
escape probabiliﬁy, and (5) Kg and neutral Ki decays.v:Thé cross section for
the reaction K+a - Kopp is 38.7xh.k pb at 12 GeV/c. The corresponding.éross
section for ﬁhe reaction K'n - K°p is calculated to be 4L .5%5.1 pub, where
corrections for the suppressions dﬁe to the Pauli principie in the final state
have been made. The calculation of these corrections.is.described'beléw.

Figure la shows the measured distribution do/dt:vévt for the reacﬁion
K+d - Kopp. ‘Figure 1b shows the diStribution'dG/dt;vsbf for the charge exchange
reaction K+h‘—>‘KOp, calculated from the data in Fig. la by the following method.
The differentiélﬂéross section for the reaction K+d - Kopp is related to that
for the charge exchange reaction K+n - Kop by an expression which depends on
the deuteron fbrm factor and on the spin-flip and spin—nonflipvcroés sections.

Specifically;'
' PREE | cEx o |eEx
+
%%(K a — x%p) = [1 - s(t)] 22| + [1 - -% $(t)] g—% s (1)
o nonflip spin flip
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in which'S(t)'isﬁthe deuteron form factor. For the'Hulthén wave function

-14J-% T
R - R

g, tan

s(s) - —2Ble = B[4 n'l% +
(B - 0" J-% <
in which the Vaiues a = 45.6 MeV and p = 7@ have béenlused. This expression
ignores final;éfété interaction and double-scaftering effects. The t-dependence
of the deuteroh fofm factor is approximately 8S(t) ~ éxp(At), where A = 22 (GeVﬁﬁ-e.
From Eq. (lyVit is clear that in order to apply thé~deuteron correction
properly one musﬁ:know the relative size of the séin-flip and spin-nonflip cross
sections. This ratio is in genéral unknbwn except in the forﬁard direction,
where the spin;fiip cross section must vanish. TIn the ?fesent calculation ﬁe
have assumed thé spin-flip term is small, and it has been neglected. This deu-
teron correctiéhfis significant only in fhe'region .t,< 0.1 (GeV/c)g. A least
sguares fit tozthe data of Fig. 1b for a funétion of ﬁhe,form do/dt = AeBt,
yields values of - A = 218+18 pb/(GeV/c)2 and B = 5.0i0;ﬁ (GeV/c)_g. The chi
square for this'fit is 3.9 for 5 degrees of freedom. -
Figure lE a1so shows the predictions of models by Rﬁfita ahd Schwarzschild6

and by Hartleyve‘t_al.7

The ﬁodel of Rarita and Schwarzschild uses p, AE’ and
p! trajeqtorieé) whose parameters have been determined by_a fit to a vériety of
reactions including K+n charge exchange at the single_moﬁentum of 2.3 GeV/c.
The curve generated for 12 GeV/c is not a fit, but is' a prediction using the
identical parameters found at low eﬁergy. The agreement is reasonably good.
The prediction of Hartley et al. is based on a cut-plus-pole model, but this
model predicts too large a cross section for K+n charge exchange at 12 GeV/c.
In an earlier K+d experiment at 2.3 GeV/c, Butterworth et a.l.l observed
that the K+n charge exchange amplitude was dominated by its real part. This
has been confifﬁed at 3 GeV/c by Goldschmidt-Clermont et al.2 and also follows
3

from the work of Cline et al. In order to determine the relative strengths
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of the real and imaginary parts of the K n charge exchange amplitude, the forward
scattering intensity obtained in this experiment is compared'with the forward
intensity expected from the 1mag1nary part of the: amplitude u31ng the optlcal
theoren. Spe01fically, the optical theorem and 1sotop1c spin conservation
predict for the contrlbutlon of the 1mag1nary part of: the scattering amplitude
to the forward dlfferentlal cross section:

ao o SR S SRR, S ‘

Er Rl W= [0yt (K'P) - tot(K n) 3

The current‘best values for the cross sections_atii?»GeV/c are5:

+ N
0ot (K P) = 17.320.1 mb o "

K'n) = 17.6£0.4 mb .

and tot(

The optical théoreﬁ thus prediets for K'n charge exchange at 12 GeV/e:

as CEX . 2 N
122 (Im 1) = 4.6%8.2 pb/(cev/c)" . (5)
: t=0 : o

In this experiment,'however, the extrapoiated forward‘acattering crOSs section
is 218+18 ub/(GeV/c)g. Thus the observed forward inteﬁsity is much iarger than
that predictedgby the optical theorem, which indicates that the amplitqde'is
dominated by its real part, in agreemeht with the low'energy data. In fact,

the Y N total cross section data are consistent with no 1mag1nary part at all,
and, coupled w1th the charge exchange data, 1ndlcate an upper limlt of 6% on
the ratio IIm f(O /Re (0 )I?.' The calculation of the extrapolated forward
Cross section for the reaction K n - K P depends on the assumption of no
spin~-flip amplitude. While this is correct in the forward direction, it may
not be strictly correct in a neighborhood about the forward direction. Never-
theless the calculation of this upper limit to the iﬁaéinary part of the forward

amplitude is not sensitive to large spin-flip terms.
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R + L
The vanishing‘of the imaginary part of the K n charge'exchange amplitude.
in the forward dlrectlon is supportlng evidence for the strong exchange degen-

eragcy of the p and A2 traJectorles. As pointed out by Cline et al.3

a powerful
test of p-A2 exchange degeneracy }s the equglity of the_differential cross
sections: | |

St ) - ) . (6)
Although a combiicated conspiracy between residues and‘frajectory parameters
could result(im am-accidental equality of the K+n and K—p chargé exchamge differ-
ential cross sécﬁibns at some values of s and t, this‘Could not be maintained
over a wide rénée;of s and t values. .Cline-ét al. hav¢ shmwﬁ the equality td
bé valid for _|tl'< 1 (GeV/c)2 at a value of s corresponding to‘5.5 CeV/c ]
incident momemtmm; and Fig. 2 shows'fhe reéults'atle GeV/c.8 The agréement
between K+ andin.chargevexchange'data at 12 GeV/c is'vefy impressive.

Figure 3d:éhows the cross Section fof the reaction ’K+d —9'Kopp as a fumc—
tion of incidenfvmomentum 7 Above 1 GeV/c incident momentum the data can be
fit to a functlon of the form o(p) = B where p is the incident momentum.
The fit parameters are A = 7.3_0.2 mb ana n = 2;10#0505 with a X2 = 2.k

- for six data pminfs. For compaiison,'Fig. 3b shows the cross section for the

reaction K p - Koéf+ 10 which reaction also involves Charge exchange and wvhich
_1s also domlnated’by o) ahd A2 exchanges. This cross section has also been fit
to a function;of'the form o(p) = Ap_rl for p = l 96 GeV/c. The fit parameters

are A ='7.0i0.2‘mb énd n = 2.00£0.05 with a X‘.='ll.2 for 12 data points.

Not only do bothvéross sections approximately obey a p_g dependence, but both reactioms
have about thé ééme croés section. Furthermore the shape of do/dt for both

processes is ﬁﬁe same within experimenta} errors.ll This agreement is remarkable

in view of the fact that although the exchanges and the meson vertex are identical

for the two reactions, the baryon vertex is different. . In the SU3 classification



B -7- o ' UCRIL~19880

echeme, the nucleone are members of an octet while the A .1s a member of a
~decuplet. Apparently the coupling at a (pnp) or (pnA ) vertex is approx1mately
equal to that‘at~ap(pA p) or (pA <A2) vertex.
On the'ofheffhand, results on the cross section‘for'the reaction Kp -
_Eacf, as complledvby lai and.Louie,le indicate that from 3vtol5 GeV/c incident
momentum thls cross sectlon 1s only about half that. for the reaction K p = K A
This is partlcularly surprlslng in view of the equallty of the K n and K p charge
exchange dlffErentlal cross sections at 5 GeV/c. |
In conclu81on, our study of K n charge exchange at 12 GeV/c indicates:
(1) agreement w1th the model of Rarita and Schwarzschlld, (2) equality of K'n
and K p charge exchange dlfferentlal cross sections, and (3) essentially real
forward amplltudes for K n charge exchange.r .

We gratefully acknowledge the help of the Stanford Linear Accelerator
Center accelerator operation group and in partlcular we: thank J. Murray, R.
Gearhart, R. Watt and the staff of the 82-inch bubble ‘chamber for help with

the exposure.. - we acknowledge the valuable support glven by our scannlng and

programming staff, ‘especially E. R. Burns.
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| o | FIGURE CAPTIONS B
Fig. 1. (a) diic/‘.dt;f vs t for the reaction KX d -9‘ Kopp._f ’(_b), do/dt vs t for
the reaction ‘K’+n - Kop. ‘The smooth curves are the predictions of models
by Ha.rtley 'eﬁ_ a._l. and by Rarita and Schwa.rz_schild , and the result of a fit
to a funct:ipn of the form do/dt = AePt.
Fig. 2. do/dt“..vs_"{: for the 'cha.rge"l excﬁange i‘eactiqns Ko - Kob and K p — Kn.
Fig. 3. Cross s‘eétion Vs 1ncident mbmehtum for the reacfions (a) K+_d - K pp

and (b) K'p = k%A,
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