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ABSTRACT

Single pion production by K+ mesons at a momentum of 1,96 ﬁeV/c

" is shown to l;aa.d predominantly to K*p and N*K vfina.l-sta!.tes. Study of
the dynamics of the reaction shows that the N*K final state is .pi'oduced
almost entirely via vector exchange, whereas the K*p final state seems

| to be produced p_a.rtl& via pion exchange and partly via vector exchaﬁge.
Numerical values in terms of Gottfried and Jackson's parameterization
of the spin density matrix are given for the K*p final state. Comparison
with similar analyses at energies below and above this experiment indi-
cates that a strong energy dependence of the vector meson exchange
contributes to the K*p production. We show that the form factors used

to fit the vector meson exchange contribution to these processes at

3 BeV/c do not fit the data at this energy.,
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1. INTRODUCTION °

. .

Single pion production by K+ mesons proceeds via three reactions:

'K++p-'K°+Tr++p,v . (1)
Kr4p+skT+w®4p, (2)
K"+ P -'_K+ +v1r+ + n. ’ '(3)

In this note.we.réport on our study of these reactions at an incident K+ __ "

‘momentum of 1.96 BeV/c. The results indicate that we have observed

' the phenomenon common to the inelastic channels at high energies: the

reaction is dominated by the production of quasi-two-body final states. v

We find that single pion production at this energy proceeds mainly via
K"+ p =&+ N” (1238) | (4) -
+ %
or K" +p—K (888)+p. (5)

In Reaction (1) both these final states are produced with the largest

y branching ratio for the decay of each resonance. It is thus perhaps not

vsurprising that this is the dominant reaction in single pion production.

We find that the decay distributions of the particles in channel (4) are in

agreement with vector meson exchange, and in particular with the pre-

‘dictions of a model by Stodolsky and Sakurai. 1 This we have shown

. 2 ys . -
- earlier, ” and--as has been observed in other experiments--at lower and

. - = s
higher energy. 3 In Channel (5) the K is produced predominantly with .
small momentum transfer, suggesting a.periphera.l interaction., Ana- .

. . . : " (
lyzing the final-state decay correlation in terms of the K -spin density = °

e

matrix as formiulated by Gottfried and Jackson, 4 we find on comparison

with other experiments that the vector meson exchange contribution to

the total cross section increases with energy.
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. II.  EXPERIMENTAL ANALYSIS

The experiment was carried out with the Brookhaven National

' Lé.boratoi-y 20-inch hydrogen bubble chamber in the Brookhaven-Yale

‘beam of the Alternating-G radient Synchrotron, The beam design and .

. performance have been described. 5

separated K+ beam. The pion contamination was determined to be -

All together, 20000 frames were exposed to a 1.96-BeV/c

- - 0.25%. 6 We found that by scanning the film twice we could achieve a - "

' scanning efficiency approaching 100% for the various final states. The

- events have been measured on a digitized measuring machine (Francken-

. stein) and processed with the kinematical fitting programs PANG and -

.- then again examined and was accepted if the result of the kinematical

"KICK.7 on the IBM 7090 computér. The events have two topologies:

(2) Two charged particles with an associated charged decay of a ve

- in the final state.

An attempt was made to fit the V? to the decay modes

hY

K =1t +7" and A =17+ p. ' e

No events were found that fitted the A° decay mode. - Each event was

fitting was consistent with the bubble density observed on the scan table. _

'No ambiguities were found among events of this topology.

v, (b) Two charged particles in the final state.

Events in this category can be either elastic events, which are

kinematically fitted with four constraints, or inelastic, which can be

- kinematically fitted with one constraint only. Since the one-constraint _'

fits usually glv‘e: ambiguities in the fitted events, it was necessary to

rely on bubble density criteria to distinguish among_the possible ﬁn'al-‘
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.

states.. To dp fhié, we hé.ve lilmited "ourse:lvesA‘té thqse’:ro,lls of film in
. which the bubble density and contrast made the evaluation of track .identity

_ reliable; In selecting the track identity ‘by adding ionization criteria to
_‘.vthe kinematic fitting,. it was possible to resolve the ambiguities in this
topology for 80% of the events. The .rerrilaining 20% of this sample of
events are selected on the basis of the lowest X2 value for the .kinemaﬁtic ,
fitting, These events are found to fall into the different final states in

ratios consistent with the unambiguous events. The cross sections are

- determined by normalizing to the events belonging to topology (a). These S

"~ have appeared elsewhere.
1

We used the events from Rea.ction‘ (1) with visible K;o decays to
determine the mass resolution in the experiment as well as to check the
entire analysis procedure. We fitted these' events by considering the K°
decay as having occurred atithe primary vertex, simulating the reaction

+

K++p-> T 1r'1r+p. We then calculated the invariant mass of the appropriate

nta” pair, In order to study the mass resolution for one-constraint fits the

T~ track was deleted from the fitting program for this sample of events. |
The weighted mean value of the K° mass for the four-constraint fit is
1499,0.4#0.2 MeV, and for the one-constré:int fit 498.0% 0.5 MeV. . The error
quoted in both ?ases is statistical only. The full width at half maximum
. for four-constr‘l.aint fits is 7.4 MeV, and fof one-constraint fits 21.8 MeV,

‘'The comparison of the experimental resolution for one-constraint and four-

. constraint fits is shown in Fig. 1.
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1. EXPERIMENT;A:;L RESULTS "
The‘Da.lifz plots for the fhree-ix;"e‘actions, ‘(1)v, (2), and (3), a.re.-.

: .stl'-lown in F.J'.g 2. . Reactions (1) and (25.«:é.n proceed via the resonant ﬁr;al
sta.tes K p and KN » while Reaction (3) can proceed only via K’ N

- nonresonatmg background also contrlbutes to each, An 1nspect10n of the
" Dalitz plots shows clearly that Reaétions‘; (1) and (2) are dominated by
 resonance forma’gioh. In order to examine these P’rocesses in detail we
~ shall in what folléws concentrate on Reaction (1), v8.

To separate the events into two final states we have made use of

9

a technique introduced by Eberhard and Pripstein, ° For each eveh.t in

) ofxe of the resonant bands outside the overlap region of the two resonances
we have defined a conjugate mass by reversing the direction of the par-
ticles forming the resonaﬁce in the rest s;nrstem of the resonance,.
Although this does not change the invariant mass of the resonati-rigi pair,

it does give another value for the mass .of the nonresonating pair, If the
resonance is a pure state, parity conservation gives thé mass-conjugate
state an equal probability of being formed. We can now examine the |
overlap region for possible interferences between .the. t;wo resonancés by
removing all events in the overlap region and repopulating this region

- with the ma;ss-conjugated events. By this procedure we remove 100

- events and repopulate the region with 103 events. This result indicates
that the interference between the two final states is small, and we'neglect
it. In our analysis we examine the decay distributions of the K* and N*
resc.manc.es. When we exanﬁine the K* we remove the effect of the N*'
events by .s'ubtx_“acting the conjugated 'N* events (or for N*, the effect

3

of the K by subtracting the conjugated K ).
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. We find for Reaction (1) that 29% of the final sfate corresponds to
K*p and 49% to K?Nzk. The remaining 22% of the events in this channel
~ are not associated with a specific resonance formation, and are thus
attributed to ''phase space.'" The corresponding cross sections are
respectively 1.3£0,2, 2.3£0.3, and 1.0+£0,2 mb, The cross sections
for these channels were obtained by déefining the K* and N* bands by |
840 < M.KOTT+ < 940 MeV and 1120 < Mp S 1320 MeV respectively.

(a) The final state K°N™; N*+ — prt,

This final state cannot be produced with one-pion exchange with- -

out violating parity or angular momentum conservation at the KKm vertex.

1

The simplest process involving a single -:'particle exchangé, therefore,

: must be a vector-meson exchange. Stodolsky and Sa.kuraiivhave pro-

- posed an analogy between the photoproduction of the N* .a.nd production
~of an‘ .Ngz< by a virtual p meson. - This predicts an M1 ~ P3/2 coupling.
- at the ppN* vertex. (Isoscalar exchange such as an w is forbidden

. for this charge configuration,) The distiibution W predicted by this
- model for the angle y between the normél to the production plane and |

| , . ‘ N
the direction of the decay pion in the rest frame of the N is
c2
W{(cosy) =1+ 3 cos™y.- : (6)
. The prediction for the Treiman-Yang angle . ¢ is -
W) =1+ 2 sin"¢. , (7)
_ The experimental distributions are éOmpared with the theoretical pre-

. dictions in Fig. 3. The shaded area represents the result after the

. # » . . ' .
mass-conjugated K events which are in the double resonant region

are subtractedi These anguiar distributions are in good agreement with = o

the proposed model, as has been observed in other experiments,
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Jackson and Pilkhun, 10 using the ‘Stodolsky-Sakurai model, have

calculated the N’ -production differential cross section, It is given by

o ‘ . T 2
do_ 2q' g° G2 1  FaY
= = 2 I
aQ 3 4T 4T (M + My M.+ A
| sq | (M . N® ] My
(2 2 5 [3mp?+m s al
X {(sq q' sin” 0 - ?p
My

# 1/4 [0, - Myn® + 6% 6%+ (s - Myeo)*] (8% (s +:MK0)ZT}, (8)

[\N]

- where -£— is the coupling at the meson ‘vertex,
—— is the coupling at the baryon vertex,
q is. the c. m. momentum of the K+,

! is the ¢. m. momentum of the K,

e}

s isthe square of the total energy of the c. m.,

and F(.A)2 is the form factor. N _
A good f_it to the experimental data3 at 3 BeV/c was obtained by
L 2 2,2 . g% G% .
using (8) with F(A®) = exp(-A®/t%), t = 0.72 BeV, and g— —= = 19.

We: have tested whether these same parameters will also fit our data at

1.96 BeV/c. In Fig. 4 we show the differential cross section. The dashed -

curve corresponds to the evaluation of Eq. (8) without the inclusion of a -
- form factor, i.e., F (AZ) = 4, The solid curve corresponds to (8) with -
the i)arameters used at 3 BeV/c.

It is evident from compa.ring the dashed curve with the plots of the |

. ‘ _ .
-, experimental data in Fig. 4 that some modification of the model expressed

by (8) is required. It is also apparent that the form-factor parameterization .
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used to fit the 3-BeV/c experiment does hot fit our data. A unique

) energy—indépendent form factor such as ﬁsed"hely-‘e is thus not adequé.te ‘

to fit Bofh‘ sets of dé.ta. |

i It has been pointed out11 that an a'ltern.a.t.ive or p.erh.aps additional '  : ‘; |

" modification of the simplé perip}‘1era1v model is éalled for because of the .
' presence of competing inelastic reactions. These reactions give riée to

a damping of the low partial-wavve reactiofx amplitudes. .This phenomenon
is referred to as the absorption effect. In this note we have not”attempted ‘
tovincilude these effects.

4

" (b). The final state K 'p; K & Kort,

_ b
This final state can proceed via T, p, or w exchange. The general

angular distribution for the decay product in the rest system of the reso-

nance is, in terms of density matrix elements,

W(cosa,¢) = '4??1-“ (po,d coszc.+ Pi1 sinzo.

Py 4 sinzc. cos 2¢ -N7Z Re bi 0 sin 2a cos ¢),

(9)
where the z axis is the direction of the incoming K+ meson in the rest
frame of the K*, and the x z plane is the plane of production. Integrating

over ¢ .or cosa, we obtain
3. 2 o
W(cosa) = [(1-pg, o) + (3p, o-1) cosa], | (10)
1 L 2 |
W(¢):—Z-f»[1-2pi,_1+4p1’_1 sin o). . o ,(1'1)

In order to determine the parameter Re Py 0 of the spin density matrix

we average over sin 2a cos ¢, obtaining

Re Py,0= " <sin2a cos¢> .  - e (12)

a7z
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If absorption effects are negligible there-will be no i_nferferenee between . - ‘ !
pseudoscalar and veetor exvchange, i.e. , pi’ 0= 0. Furthermore Po, 0

then me.alsures the frection of the total cross section proceeding by one-

pion ekchange Best flts to ‘the angula.r distributions are shown in Fig. 5,

The fit has been obtamed on the data from which the mass-conjugated N*
- events have been removed (shaded in the figure). From these curves we -
.obtain |

0.30+0.05 and- Py = 0.18%0,07.

Po,0 © ,-1

Furthermore, we fi’nd' Re pi’o = 0.05:&-0.02 from the average indieafed v

in Eq. (12):.' In Fig. 6 is shown the differential cross section for the

K*+ production decaying,by the KoTr+ nrr)de. Again the predomina'n‘ce of

small momenturr'r transfer indicates a peripheral type of interaction. |
Neglecting interference effects, one can write the differential cross

section as”

do do

do- - p + v , . ) . (13)
dQ dQ dQ ' , :
. where 4 ‘ _
C 2 2 .2 2.7 z]
1 3 . o
dop _ 2q' g K'tG A [A +(M MK*) ] (A +{MK+ MK*) ,
- :
ds2 3sq 4m 4w ‘!:M2 * : (M + AZ)2
K T
(14)

s is:thetotal energy in the ¢, m., squared,
q’isﬂ’le c.m. momentum of the K*,

q is the c. m. momentum of the K+,

2g* +o0p |
-5-4—“— is the K'm°K"" coupling constant = 0,75,
2
G . I‘é ]
ZIn 1S the - pt N coupling cons.tant = 15,
2 . ' :
A% is the : momentum transfer to the K,
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and

e, 2 -
R Z 2.2
ase - . 3MK>..qS 4T (MV + A )
2 A2 . :
X A4 _ [A% 4 (My - Mp#)®] [A%+ (M + M) ]
4 4 :
2 2 2. ]8°  of a®
+2sq” q* sin“ @ + | ! (15) -
4w 4T 4M '
P
fZ - Lok
T is:the KVK coupling constant,
2 2 | | o
CTv GT

i and i is the vector meson-proton coupling constants,

Comparisén of the data with the shape of the differential cross
section give.n by these forfnulé.e shows a poor fit, indicating the need for
inclusion in the calculation of either the effect of absorption in the initial
or final state ('o?: both) or of form factors. From the qroés,secfion for
Reaction (1) proceeding by Channel (5) and the value we obtained for
Poor We estimate the partial cross sections of the pseudoscalar and
vector-exchange contributions, These are respectively 0.4 % O.i mb and
0.9£0.,2 ‘mb. Here we must note théxt experimentally we know only the
integrals over the two differential cross sections and their combined shape,
but not the individual shapes. We now _aftempt fo fit the péeudoscala.r and
vector parts of the cross section by equations (14) and ('1 5) suitably
modified by form factors. In the case of the pseudoscalar part we modify
Eq.' (14) by tk}g introductior'; of a form factor IF(AZ) IZ.. Here we use the
analytic form F(a%) = (A% -ME)/(a%+a, where A2 = 0.165 (Bev)Z.

‘This form factor has been used previcusly to calculate the reaction

Sk sk
K+ +p-—+ K + N » Which proceeds mostly via one-pion exchange and has

e
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. given reasonable fits to the measured cross sections at 1.96 and 3.0
BeV/c. 12 Upoﬁ-integration of (14) with this form factor, we obtain
. a total cross section of 0.30 mb, in reasonable agreement with the
‘experimental result. In order to determine tﬁe vector nieson con-
tributiqn we have ﬁsed (15) modified by the form factor,

2 G2

F(a%) = exp (-A%/t0), where t,° = 0.49 (Be)?, S —L =12,

" and GT = 0, which, for w exchange, gave a good fit to the Kﬂ< produc-

tion at 3 BeV/c. 13 Here the integrated cross section is 0.45 mb which is
. significantly lower than the experimental value of 0.9+ 0.25 mb. The |
curves obtained for the pion-exchange and w-exchange contributions are
shown on ]\:“igo 6 also.

We c‘onclude that the vector-exc.h;mge form factor used in the
" parameterization for the 3-BéV/c data do.es not reproduce our data at
1.96 BeV/c. On the other hand, the form factor and pafameteriiation

®_k
used for the pseudoscalar exchange in the K N final state, both at

1,96 and at 3 BeV/c, are in reasonable agreement with our data here.

h
)b X
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. FIGURE CAPTIONS
Fig. 1. ‘Invariant mass distribution of the pions from Kio ~decay., For.
| .one-constraint fits, .the full widfh at half ma.ximum is 21.8 MeV.
‘For the four-constraint fits the ful width at half maximum is
7.4 MeV.
Fig. 2. Dalitz plots for the 3 body final state. The K* is defined as

o

| 840 < MKn' < 940 MeV. The N* is defiﬁed as 1126 SMPW <1320 MeV.

‘Fig. 3. Decay distributions for the N* in the rest system of the .N.*; |
Here Yy is the angle between the normal to the prdQuction plane |
and the direction of the pion in the N* rest system. The angle ¢
is the Treiman-Yang angle.  The curves,showxj. are the Stodolsky-
Sakurai predlctlons for the angles y and ¢.

Flg 4. The N dlfferentlal cross section for the channel K++p —'K°+N_*
at 1.96 BeV/c. The curves a.ré calculated by using (8) as desc’:ribed‘v
in the text with and without the forrn factor. |

Fig. 5. Decay distributions for'the Ii'.=:< in the rest system of the KJ<
The =z _axis is the direction of the incident K+; The y axis is’

- the production normal, f. The c:ﬁrves are the best fits‘of the
spin-density matrix parameters in.'(i Ob) and (11) of the text.

Fig. 6. The differential éross Sectién olf’b the K*. The curves Irepreéen:t -
the differential cross sect_iqn' for (é.) pion exchange, (b) omega |

exchange, and (c) the sum of the two contributions.
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This report was prepared as an account of Government

- A.

sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

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

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
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








