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ABSTRACT

The diffractive dissociation of a 200 GeV/c _7_ beam into
KgKgﬂ+ﬂ-ﬂ" has been observed. The diffractive KEK21*n™n~ cross
section is 1.59:0.78 ub. The ratic of the diffractive
KOKgW+W'ﬂ“ cross section to the diffractive K Kgﬂ‘ cross section
is 0.40%0.13 which is in good agreement with a diffractive frag-
mentation model prediction £ 0.36. There 1is evidence for

&multaneous production of L = and X' in the diffractive
OkQr*n~r~ sample. The K"*"K¥r~* mass distribution shows an
enhancement near 1.95 GeV.
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Although diffractive dissociation has been widely observed

in high energy hadroproduction experimentsl'2'3,

relatively lit-
tle information is available on the flavor dependence of this
process. We present here the latest, highest energy results on
the diffractive dissociation of a 200 GeV/c 1w beam into
KgKgﬂ+ﬂ-ﬂ-.

In the diffractive fragmentation model4 the secondary par-
ticles are considered to be fragments of either the beam
particle or the target particle and can be divided into: a)
forward particles coming from the fragmentation of the beam par-
ticle; and b} backward particles coming from the fragmentation
of the target particle. This tendency to go separately into the

forward and backward hemispheres in the center-of-mass system

increases with increasing beam energy.

Our experiment was designed to detect the forward outgoing
particles from a high energy (200 GeV/c) m beam. The experi-
ment‘triggered on events with two neutral strange particles
accompanied by a limited number, n (£ 5), of charged primaries.
Good acceptance in mass and momentum transfer was achieved with
a large aperture superconducting dipole spectrometer magnet.
This provided a unique opportunity to study the diffractive
fragmentation of a T beam into KgKg(n”J-- The KgKgﬂ- system
has been reported previously5

In this paper we present results for the diffractive pro-

cess
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The data for this analysis are derived from cxperiment ES580
using the Multiparticle Spectrometer at Fermi National Accelera-
tor Laboratory. Details of the experiment and our method of
selecting KgKg(nﬂ)_ events have been given previouslyS. A
KgKgﬂ+n_ﬂ_ sample of 2767 events was obtained by requiring the
total wvisible energy < 220 GeV and the distance of closest

approach of each track to the primary vertex to be less than

four o,
For the present study we make one additional cut: XF ~ 0
{for cach outgoing particle), where XF = EPEM / \Vs. This cut

serves to separate the beam from the target fragmentation
region. After this cut there remains a sample of 2734 KOKg
events with one positive primary track and two negative primary
tracks passing through the spectrometer. The sum of the A and A
contaminations in this sample is estimated to be 2%. To isolate
gxgn+ﬂ_n' data, we plot the

recciling mass squared (MM2) as the unshaded histogram of Fig.

the diffractive component in our K

1(a), assuming a nucleon target. The low mass peak centered at
1 GeV2 is interpreted as the recoiling nucleon system. We will
take as our diffractive sample for subscquent calculations the

392 events with MM2 - 16 Gev2.

The geometrical acceptance was calculated for these dif-

fractive events by producing for each observed event 100
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identical events rotated about the beam-axis. Each particle was
traced through the aperture of the magnet and tracking chambers
while avoiding a beam veto counter. The mecan geometrical effi-
ciency for events with MMZ less than 16 GeV? is 87.4%. This
acceptance is reduced to 18.5% when both Kg's are required to

decay within the 2.14 m long decay volume beginning 0.73 m down-

stream from the center of the target.

In the analysis of exclusive reactions considerable effort
is made to eliminate or correct for the non-diffractive back-

ground. The shaded histogram in Fig. 1 (a) shows the recoiling

mass sqguared distribution cf the KgKgn+n+ﬂ' system. As exXpect-

ed, we do not see the low mass pcak in this figure since the nct
+ <charge of this final state could not be produced diffractive-
ly. Since this final state of two neutral Kg's and three g's

has the same number of particles as the Kgxg

use this data as an estimate of the non-diffractive background

in the KgKgn+ﬂ-n- channel. Smoothing this shaded histogram and

normalizing it to the unshaded histogram of Fig. 1{a) between

2 and 200 Gevz, we obtain the solid curve shown in the

+ = -
7 n n State we

B0 GeV

figure; subtracting, we obtain Fig. 1(b).

2

In Fig. 1l(b) we observe a second peak near 22 GeV and

postulate that this peak comes from diffractive events with an

unseen no. In order to investigate this second peak we assume

2 0

that the effect on the MM® distribution caused by removing a ¢
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from KgKgn+n-n-n0 is similar to removing the ¥ from KgKgﬂ+ﬂ'“'.
0

We therefore use the Kng"

out the only a7, recalculate the missing mass squared of the

+H_ﬂ‘ events with MM 2 ¢ 16 GeVz, throw

remaining Kgxgn_n_ and plot it in Fig. 1l(c). A mass peak near

22 GeV2 is obtained, and thus it can be inferred that
KgKgﬂ+W—ﬂ-ﬂo diffractive events are in our KgKg“+ﬁ_ﬁ— sample.
In support of this idea we also looked at the missing mass
squared of KgKgn—n_ from Kgng-n- events and observed a similar

enhancement arocund 22 GeVz, presumably from a missing n+-

We now determine the number of KgKgﬂ+ﬂ—ﬂ- diffractive

events and then determine the cross section. Normalizing the
histogram in Fig. 1(c) between 20 GeVZ? and 200 GeV2 to the his-
togram in Fig. 1(b) and then subtracting, we obtain the result
shown in Fig. 1(d). A prominent low mass peak results whose
FWHM is consistent with the calculated spectrometer MM2 resolu-

tion of 11.2 GeV2 {FWHM}. In this figure there are 24% events

2

with MM*® < 16 GeV2 which are assumed to be primarily single dif-

fractive events plus some double diffractive events and 119

2

events with 16.0 GeV”® <« MM? < 60 Gev? which are predominantly

double diffractive events. The double diffraction, which has a

1/MM2 behaviors, is estimated to be ~1/3 of the total MM2

2 ¢ 16 GeV? to minimize the back-

signalT. We take our cut at MM
ground from inelastic non-diffractive processes amounting to
2643%, while double diffraction is 1.1%#0.5% and Kgxgﬂ+ﬁ‘ﬂ”n° is

10.8%1.7% of the 392 surviving events. Removing
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these backgrounds, 245%24 Kgng+ﬂ_w- single diffractive events
remain. To check our result, we use the same methed as in our

KgKgTr" diffractive paper>® to £it the MM2 distribution for
0,0

KgKgn+n_w_ events, and 230%15 KSKS"+“-"- single diffractive

events are obtained. Comparing the geometrical acceptances and

decay efficiencies for KgKgn+n_n- events and KgKgﬂ- events® we
obtain a sensitivity of 240#80 events/yb. The cross section for
0,0 +

single diffractive KSKSw w w , after correcting for the unseen

decay modes of the K0 is then 1.59%0.78 pb. The ratio of the

Sl
. . 0,0 + - - . . . 0 -
diffractive KSKS“ T W cross section to the diffractive KSKSn
cross section is 0.40%0.13, in good agreement with the

value 0.36 expected in the diffractive fragmentation picture4

assuming for the asymptotic topological c¢ross sections ¢ =
C/NTOTZ, where C is a constant and NTOT is the multiplicity for

charged plus neutral particles.

In Fig. 2, we plot the variable t', where ¢t'= tmin-t r t

is the square of the four-momentum transfer from the beam to the

0,0 +

SKS“ T system, and tmin is the minimum momentum transfer

K
allowed kinematically. The slope of the dN/dt' distribution at
large t' values is about that for elastic scattering on a single
nucleon, while +the slope for small t' values is about that
expected for coherent elastic scattering on the entire carbon
nucleus. Since our scintillator target contains 50% protons and
50% carbon nuclei, we would expect two different slopes for
small t' wvalues, one for coherent carbon target events and
another for single nucleon target events. Our t' resolution (o~

2

0.043 GeV” at low t') is such that coherent production from the
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carbon nuclei in our target would appear when t' < 0.04 Gevz,
while production from protons and neutrons in our target would

appear at higher t' wvalues.
Fitting Fig. 2 by the sum of three expcnentials,

i - 1 - ] -
dN/dt' = A;Bjexp(-Byt') + A Boexp(-B,t') + A B.exp(-B,t')

yields Al = 78.5%%.4, A2 = 1l67+16, and A3 = 147%18
. _ +8.4 _
events for the amplitudes and Bl = 69'0—16.4’32
+0.8

5.4_0 6’ and B_ = 1.16 Gev™2 {fixed) for the slopes. The valuce

3

of the slope parameter B_ is obtained in fitting the t' distri-

3
bution for events with MM 2 .16 GeVZ2, The wvalue of slope

paramecter B1 is consistent with the wvalues found in other carbon

target experimentss'g. This coherent carbon effect was not seen
in the previous Kgxgn- diffractive sample becauvse of a trigger
biass; this trigger bias is not operative here due to the addi-

tional <charges in the final state. The slope parameter B, in
this KK3n sample is smaller than the wvalue 9.6+1.9 obtained in
the KKn data from this experiments. This difference is in
qualitative agreement with other experiments which show a

. . . . . 10
decrease in slope with increasing final state mass

We now discuss the mass spectrum of the diffractive signal.

The KgKg mass distribution is shown in Fig. 3(a). Peaks are

*
visible in the regions of the S , f/Az, and possibly the £

*
mesons. The S 1is more prominent in the X_ < 0.25 region while

F
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f/A2 and f' are more prominent in the XF > 0.5 region as shown

in Figs. 3(b) and 3(c) respectively.

The mass distribution of Kgn_ combinations is shown in Figq.
4 (a) with four entries per event. A very prominent K*'(BQO) sig-
nal is seen, and some enhancement in the K*’(1430) region 1is
seen. We determine the resonance production cross sections by

fitting the Kgn- mass spectrum using an incoherent sum of two

. . *o
Breit-Wigner resonance (BW) terms: {one for K (894), F and

BW1'

the other for K*-(1430), Fsz); and a background (BG) term,

dosam = Foo(m [1.0 + ag Fpu (m) + a,Fp (m)] (1)

where the a, and a, are parameters to be determined.

The Breit-Wigner function we use is

mmRF(m)
F_..(m) {(2)
BW (m2— m;)z . mifz(m)
with
_ 20 +1
F'(m) = Tp(a/qg) p(m}) /p (my) (3)
and

1

ptm) = (af + q?)” (@)
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In the above expressions, mR is the resonance mass, r is its
width, q is the momentum of one of the decay products in the

resonance rest frame, dg is the g value at m = m and 1 is the

RJ

relative angular momentum. The mass and width are held to their

nominal valuesll. To describe the background, we use the formu-

la
c
Fpg(m = ajim - m )"exp (-dm - emz) (5)
where as, C, d, and e are parameters and mt is the threshold
mass for Kn . TIn Fig.4(a) the solid curve is a fit using equa-

tion (1) and the dashed curve is from equation (5}. 1In this fit

* -
there are a total of 130*20 K (83%0) --> Kgn combinations and
o -
45%13 ' (1430) --> K91~ combinations with a x°/NDF of 1.79. In

*
order to obtain the correct number of K (890)'s in the 245

+ - - . . o
event Kgxgn m 1 single diffractive sample, we do a similar

fit to the Kgn_ mass plot for 2342 KgKgﬂ+ﬁ-ﬂ— events with MM2 >

*
16 GeV2, and find that there are 398B:60 K (890)'s and 90il8

* o * .
K (1430)'s. Assuming the same percentage of K (890) in the

background events with MMZ < 16 GeVz, we subtract 25%6 Dback-

. o
ground K (890) events from the total and obtain 105321 K (890)

events corresponding to 42t10% of the single diffractive signal.

+ .
The mass distribution o¢f the Kgﬂ combinations from

0.0 + - - . 2 . . ,
KKgm 7 7 events with MM~ less than 16 GeV2 is shown in Fig.

* 4
4(b). A very prominent K (890) signal is seen, as well as a
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small enhgncement in the K*+(1430) region. We estimate the

amount of K T in the same way as above and obtain 63:13

K*+(890)'s and 15%9 K*+(1430)'s with a XZ/NDF = 1.14. When 13%3

K*+(890)'s not produced by single diffractive interactions are

subtracted, the remaining 50114 K*+(890)'s represent 20t6% of
0,0 +

the single diffractive KgKgm T ™ events.

Figure 5 is the M(Kgﬁ+) vs. M(Kgn") scatter plot with four
entries per event. We note an accumulation of events in the K*+
and K~ bands (0.8225 < M(Kan'~ ) < 0.9575 GeV) and an addition-
al accumulation in the overlap region due to the double
resonance final state K '(890)K ~(890)7 . In order to subtract
the Dbackground from this overlap region we construct eight
neighboring boxes; the contents of these nine boxes and the
mass values of their boundaries are shown in Table I. Each of

the nine regions has the same area {0.135 x 0.135 Gevz) and 1is

separated by 0.0225 GeV from its neighbors. Figure 6 shows the

0,0 + - ) *y ke i
KgKgm 7 mass obtained from: {a) the central K K regioen, (c)
the corner KgKgn+u- background regions, and (b) the remaining

|- -
non-diagonal K + Kgn t regions.

We assume that the K*+Kgn— plus ng+K*- signal, K*B, is
distributed according to a single Breit-Wigner resonance shape
of fixed width and mass and integrated over the appropriate lim-
its for each region:; that the K K"~ signal is distributed

according to the product of two Breit-Wigner forms
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appropriately integrated for each region; and that the uncorre-
+ - .
lated Kgn‘Kgn- background, BB, is distributed uniformly. 1In

extracting the signals we are led to the matrix equation

/Mid\ [0.7773  0.2939  o0.1111 k'k"
Non | = | 0.2087  0.6272  0.4444 KB (6)
Cor ! \ 0.0140  0.0789  0.4444 BB

i

where Mid is the middle region with 84 entries, Cor is the
corner regions totalling 127 entries, and Non is the remaining
non-diagonal regions totalling 184 entries. The inverse matrix,

M'l, solves this equation and gives the result:

K'k* = 35:17 events,
K*B = 92136 events, and
BB = 268130 events

for the signals in the nine regions of Table I. As Table I con-
tains only 76% of the K*+(890)K*—(890) signal, there are a total
of 46%22 such events corresponding to 1216% of the diffractive
Kgggn+n'f"data. In order to obtain the fraction of single dif-
fractive events with double K"production, we subtract 3.2%2.8

2

events under the assumption that the 2.2+1.9% of events with MM

* *
> 16 GeV 2 which exhibit a K +(890)!( (890) signal also represents

the background in the diffractive sample. We are thereby led to
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*_ -
a single diffractive K*+(890)K {890)1 signal of 43+22 events

which is 18+9% of the single diffractive sample.

Figure 7(a) shows the K*+(890)K*"(890) mass distribution
with errors obtained by combining the data from the nine regions

according to the inverse matrix m-1, Figure 7(b) shows the

Aper 0 _—+
K K
g7
fashion; a possible enhancement is seen at a mass of 1.95 GeV.

mass distribution with errors obtained in a similar

The data are plotted in 80 MeV bins because of the limited
statistics; the mass resolution is typically 35 MeV.

In figure 8, we plot the KgKgn+ﬂ'ﬂ mass for those events

with MM? < 16 Gev2, The shaded histogram consists of those
events which in addition have a ng+ and Kgn' combination in the
center box of Table I and which contains the largest K*+{890)
K*'(SQO) sample. Within the limited statistics neither histo-

gram shows significant structure.

As there is no need to restrict the Kgn+" masses to the
regions of Table I, we show in figure 9 the Kgxgﬁ+n‘ mass for

all combinations which satisfy a K*(BQO) mass cut from 0.8225 to
0.9575 GeV. A background subtraction has been performed using
combinations with a K¢ mass from 0.665 to 0.800 GeV or 0.980 to
1.115 GeV. The peak at 1.95 GeV is even more prominent than in
Fig. 7(b). By combining histograms 7(a) and 7(b) one would

*
obtain a K (Kv inclusive) mass distribution similar to that of
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Fig. 9 but with lower statistics since the Ky masses would be
restricted to the mass regions in Table I.

In summary, we observe the diffractive dissociation of g ~
into Kgng+n'w'. The diffractive KgKgn+n'n' system exhibits
resonant state particles like K*+'(890}, f/Az, and £°'. The
ratio of the diffractive KgKgn+n'n— cross section to the dif-
fractive KgKgn' cross section is 0.4010.13 which is in
good agreement with 0.36 expected in the diffractive frag-

mentation picture. Finally, we observe 43%22 events with

correlated resonance production in the diffractive process

- * 4 *_ -
TN ~---> K (890) K (890) = N'

| - -
where the X * {890) decays to Kg and a T . We also observe an

0

+‘Ksn_+ system at a mass of 1.95 GeV.

*
enhancement in the K
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Table I
KZ 7~ Mass (GeV) ‘
1.1150
23 45 32
0.9800
0.9575
Kz‘ﬂ+
47 84 46 Mass
(GeV)
0.8225
0.8000
35 46 37
0.6650

Table Captions

Number of entries in Kgn+ vs. Kgu' scatter plot in the

Kgn mass intervals 0.6650 - 0.8000 GeV, 0.8225

-

0-9575 GGV; and 009800 - 1.1150 GeV-
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Figure Captions

Fig.l: a) Missing mass squared for all K nn final state

OKg“+
events. The shaded histogram corresponds to missing
mass squared for all KgKgn+ﬂ+n' final state events used
as an estimate of non-diffractive background. The curve
is an estimate of non-diffractive background obtained
from the shaded histogram.

gxgn+ﬂ‘ﬂ" final state

events after the background curve in Fig. 1(a) has been

b) Missing mass squared for all K
subtracted.

c) Missing mass squared for the KgKgn_n- subsystem for
0.0

KSKSn+n_n_ events with missing mass squared less than
}6 GeV 2 These events are an estimate of the background
from KOKOqn+n=n=n0.
S 8
a c J 0.0 + - - .
) Missing mass squared for all KSKS“ T W final state
events after the shaded histogram of Fig. 1(c) has been

normalized to Fig. 1(b) and subtracted. This 1is our

estimate of +the diffractive component with all back-

grounds subtracted.
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Fig.2: The distribution of t' to the Kgxgn+n‘n" final state for
events with MM2< 16 GeVz. The fitted curve is explained
in the text.

Fig.3: a) The KgKg effective mass distribution for events with
MMZ < 16 Gev?,

b) the KgKg effective mass distribution with X, < 0.25
for events with MM2 < 16 GeVz,
¢} the KgKg effective mass distribution with XF > 0.5
for events with MMZ < 16 GeV?Z.

0
5

< 16 GeV?2,

Fig.4: a) The K_m effective mass distribution for events with

MM 2

b) The Kgﬂ+ effective mass distribution for events with
MM2 < 16 Gev?Z.

Fig.5: M(Kgn+) vs. M(Kgn—) scatter plot for events with MM2 <

16 Gev?.
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Fig.6: a) KgKgn+n_ effective mass distribution for events in

the central region of Table I (84 entries}.

b) KgKgn+v- effective mass distribution for events in
the non-diagonal K*+—ng-+ regions of Table I (184
entries).
c) KgKgﬁ+ﬂ— effective mass distribution for events in
the corner {background) regions of Table I (127
entries).

* o -
Fig.7: a) Background subtracted K +(890)K (890) effective mass

distribution (net of 35 entries).

* -
b} Background subtracted K + (890)Kgn * effective mass
distribution (net of 92 entries).
. 0.0 + - =~ . . . . .
Fig.8: KKgm m = effective mass distribution for events with
mM2 < le GeVz. The shaded histogram corresponds to each

entry in the central region of Table I.

+ +

Fig.9: Background subtracted K '(Kgﬂ- inclusive) effective

mass distribution for events with MM2 < 16 GeVz.
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Figure 1
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Figure 3
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