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Study of K*(1780) in the Reaction K " p — K wtnat 6 GeV/c
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We observe a K™ n* state at 1786+ 8 MeV with a width 95+ 31 MeV in the reaction K™p
— K 7*n at 6 GeV/c, from an experiment carried out at the Brookhaven National Labor-

atory multiparticle spectrometer.

There have been numerous reports on K* states
decaying into K7 with masses between 1,7 and
2.0 GeV. However, there is very little agree-
ment on the mass, width, and even the number of
distinct states in this region.!”” We report in
this Letter results of a high-statistics experi-
ment on high-mass K* production, in the reac-
tion K™p =K n*n at 6 GeV/c, which shows a sin-
gle, narrow bump at 1786 MeV,

Our K* experiment has been carried out at the
Brookhaven National Laboratory (BNL) multi-
particle spectrometer (MPS) with a 50-cm-long
liquid hydrogen (LH,) target and the medium-
energy separated beam tuned to K~ at 5,94 GeV/
c.® Triggers were designed to be sensitive to
wide-angle two-prong events, so that the accep-
tance tends to favor high K~ 7*-mass events with
a maximum near 1.5 GeV., Trigger elements in-
cluded a cylindrical scintillation hodoscope (S)
and a cylindrical multiwire proportional chamber
(C), both surrounding the target, a water Ceren-
kov counter (H) on the open side of the magnet for
pion identification,® and two planar multiwire

proportional chambers (P and Q) downstream of
the target, as shown in Fig. 1. S was segmented
into three separate parts, two semicylinders R
and L and a circular disk D downstream of the
target., Similarly C was divided into two separate
readouts R and L, and P into three parts, L, C,
and R,

The trigger logic was designed to pick up two
distinct types of two-prong topologies; A SIDE
event corresponds to a 7* going to the water
Cerenkov counter and a K~ going downstream ap-
proximately parallel to the beam line, while a
DOWN event corresponds to both the 7* and the
K~ going downstream, Thus, the trigger require-
ments were, respectively,

Tsipe=BS,(Sg+SPIC TP IPCI'PRIQIH,

Toown=BS(S, +SpC [CrI'P P I P11 Q) A,
where B stands for the K~ beam signal and the
superscripts denote the required multiplicity in

each trigger proportional wire chamber, Capaci-
tive-readout spark chambers R,, R,, R;, and R,
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FIG. 1. Schematic drawing of the target region at the
upstream end of the MPS magnet. Trigger elements
S, C, P, @, and H are shown as heavy lines (the sub-
scripts denote segmentations in the readout), Off-line
track measurements were done with capacitive- and
magnetostrictive-readout spark chambers, each meas-
uring planes shown as medium-heavy lines. The spark
chambers denoted YY and XUVX are the two upstream-
end modules of a set of fourteen such modules situated
within the MPS magnet,

were used to measure wide-angle tracks going
towards the water Cerenkov counter, and mag-
netostrictive-readout MPS spark chambers were
used to measure tracks downstream of the target,
In a 220-h alternating-gradient-synchrotron
run, we have accumulated a data sample of =8
x10* events for the reaction K™p -~K"n'n at 6
GeV/c with a total K~ flux of 1,8 X10°, The visi-
ble sensitivity of our data has been calculated by
estimating the inefficiencies in the apparatus and
the processing programs, as well as the geometry
acceptance obtained by processing through our ac-
ceptance program the BNL bubble-chamber data
of K'p~K n'*n at 7.3 GeV/c.!® After applying
several cuts designed to enhance the neutron sig-
nal, such as a tight target cut, vertex- and kine-
matic-fit x? cuts, kinematic cuts!! to remove
K~ pm® events, and a peripheral cut #(p ~n) <1,0
GeV?, we have accepted for the final moment
analysis a total of 11100 SIDE events and a total
of 23030 DOWN events, The combined visible
sensitivity of our final sample is 132 events/ub,
The K~n* mass [M(K~n*)] spectrum is shown
for SIDE and DOWN events in Figs, 2(a) and 2(b),
respectively (upper solid histograms), In addi-
tion to the dominant K*(1420) bumps, statistically
significant bumps appear near 1780 MeV for both
SIDE and DOWN events, In order to demonstrate
that the bump is not due to a falloff in the accep-
tance for the high-mass region, we replot the
SIDE and DOWN events, weighting each event by
1/A(Q)), where A(Qj) is the probability for ob-

356

L LA S S S A

(a)

18000

6000

4000

EVENTS/0.02 GeV

ﬂ{g {}f 2000

-0

. Tﬁ'j 12000

10000

)
1000 I

800 18000

4 6000

600 ﬁ}

- 4000

EVENTS/0.02 Gev

400 ]

B} 4 2000

200 |-
10

1.0

1000

EVENTS/0.02 Gev

S
S

EVENTS/002 Gev?

p=y

OLO 14 18
M(m+n)Gev

1.2

04 08
t/(K>K") Gev?

FIG. 2. (a) M(K" n*) spectra for SIDE events. Histo-
gram with error bars is that corrected for geometry
acceptance. Upper solid histogram is the raw MPS
data with cuts described in the text. The lower solid
histogram is that corresponding to a further cut de~
signed to enhance nondiffractive events. (b) Same as
(a) for DOWN events. (c) M(r*n) spectrum for SIDE
events. (d) #/(K” —K") distribution for SIDE events.

serving an event with a given kinematic configura-
tion (see below for details), The resulting M(K™7*)
spectra, shown with statistical error bars in Figs.
2(a) and 2(b), exhibit clearly the enhancement at
1786 MeV, showing that the high-mass falloff is
not due to the geometry of our apparatus,

It should be emphasized that the bump for SIDE
events comes from the region cos6; =1 (6; is the
Jackson angle), which kinematically overlaps the
diffractive-dissociation region (the DD region)
for p(target) — 7*n as seen in Figs. 2(c) and 2(d).

If one selects the predominantly nondiffractive
region [defined by M(n7*) >1,56 GeV or (K —K)
>0,5 GeV?], one finds little evidence for a 1786-
MeV bump in the SIDE events; see the lower
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solid histogram in Fig, 2(a). The DOWN events,
which have a larger cosfjacceptance, continue
to exhibit structure in the 1786-MeV region even
with the nondiffractive cut, as seen in the lower
solid histogram in Fig. 2(b). We conclude, there-
fore, that there exists a genuine resonance at
1786 MeV with a strong asymmetry in the cos6;
distribution, peaking in the DD region at our en-
ergy.? We have fitted the structure with an s-
wave Breit-Wigner form over a smooth polyno-
mial background, The resulting masses and
width are 1780+ 13 and 97+ 48 MeV for SIDE
events and 1793+ 10 and 93 + 38 MeV for DOWN
events,’? The consistency of the parameters be-
tween SIDE and DOWN events indicates that the
DD background, if it interferes with the reso-
nance, is mostly imaginary relative to the Breit-
Wigner resonance phase and relatively constant
through the resonance region,

We have performed a maximum-likelihood anal-
ysis on the experimental moments combining
SIDE and DOWN events together, For the pur-
pose, both the angular distribution and the ac-
ceptance are expanded in terms of the moments,

2L +1
109 =%, (2L Do (05, 65,0

and
A S .D(QI) =Z>(2L + I)GS,D(LM)DMOL*(¢I’ 9]7 0) ’
n

where Q;=(0}, ¢;) describes the direction of the
K~ in the Jackson frame and Ag (A ,) is the SIDE
(DOWN) acceptance,® The acceptance moments
Gs(LM) and Gy(LM) have been calculated by pass-
ing the Monte Carlo—generated phase-space
events through our SIDE and DOWN acceptance
programs,' The logarithm of the extended likeli-
hood function'® to be maximized is given by

N +Np
L= SE InI(Q,*)-2[Gs(LM)+ GL(LM)H(LM),
i=y LM

where the unnormalized moments H(LM) are the
variables to be fitted, and Ng (Np) is the number
of SIDE (DOWN) events in a given mass bin.

We have used as variables in the fit those mo-
ments H(LM)with L<6 and M <2 for the mass re-
gion between 1.2 to 2.1 GeV.' The results are
shown in Fig, 3, where the unnormalized mo-
ments H(00), H(40), H(50), and H(60) are given.
Again, a clear bump at 1786 MeV emerges with
its mass and width consistent with those given
earlier., The prominent peaks at 1420 MeV for
H(20) (not shown) and H(40) but not for A(60) con-
firm once again that the K*(1420) has spin 2.
Likewise, the structure seen near 1800 MeV in
H(20) and H(40) demands that the spin for K*(1780)
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FIG. 3. Unnormalized moments H(00), H(40), H(50),
and H(80) obtained from a maximum-likelihood fit in the
M(K™7*) region between 1.2 and 2.1 GeV.

must be equal to or greater than 2. The struc-
ture seen in this region in H(60), although weak,
indicates that the spin is at least 3, as suggested
also by previous experiments.!***® A rapid rise
and a shoulder in this resonance region of the
moments H(10), H(30) (not shown), and #(50)
give additional support for a spin-3 object which
presumably interferes with the DD events., A
more complete analysis showing all the fitted mo-
ments as well as the detailed exposition of the
techniques involved will be given in a future pub-
lication.

In summary, we conclude that there exists a
K* state with mass 1786+ 8 MeV, width 95+ 31
MeV, and spin and parity 3~ (or higher) which is
produced predominantly, but not entirely, in the
diffractive-dissociation region at our energy.
Our experiment shows the best K*(1780) signal
to date in the K" 7" spectrum. The seemingly
contradictory reports of the mass and width of
this resonance in the past are, as have been not-
ed by others previously, most likely due to the
fact that it is produced with a substantial overlap
with diffractive dissociation. Because of our ex-
cellent coverage of the region cosf;=~1, this res-
onance can be seen in our data already in the raw
mass spectrum before any acceptance correc-
tions. Our data indicate that the diffractive am-
plitude, if it interferes with the K* resonance,
is relatively monotonic in the resonance region
and mostly imaginary relative to the Breit-Wig-
ner resonance wave. We estimate that the prod-
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uct of cross section by branching ratio is 18

+7 ub for K*(1780) in the final state X 7" at 6
GeV/c, where the error includes systematic un-
certainties in the normalization.
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0wwe emphasize that the acceptance has been calculat-
ed from real bubble chamber data (Ref. 3) at 7.3 GeV/c,
kinematically transforming them to simulate those at
6 GeV/c.

11t was found that some of the K~ p70 background in the
DOWN sample can be eliminated by leaving out events
with low £(p— p) and extreme backward cosf;(pn”).
These cuts have been devised to eliminate peripheral
quasi two-body final states for the state K™ pn’, where
the m° can emanate from the meson vertex or from the
baryon vertex. The same cuts have been applied to
the Monte Carlo events to correct for the resulting bias
in the K" 7*'n sample.

2The width is sensitive to the shape of the assumed
background. Quoted errors include uncertainties in the
background shape. The experimental resolution in this
mass region is estimated to be 20 MeV (rms) for SIDE
events and 12 MeV (rms) for DOWN events. (There
may be additional systematic errors of about 10 MeV.)

Bour moments H(LM), which should be real from
parity conservation, are related to the usual (Y, by
H(LM) = [4n /(2L + 112 Re (¥ ).

¥1n reality, the phase-space events have been modi-
fied according to expl — bt’ (p —n)l, where the slope b
was determined as a function of M(K n*) from the BNL
bubble chamber data (Ref. 3).

155, Orear, UCRL Report No. UCRL-8417, 1958 (un-
published).

1There are indications that for M(K™ 1) >2 GeV the
moments with L >6 are required to fit the data ade-
quately.
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The reactions #sm (180~ 1%0)!*%Sm and *’sm(*?C, “C)!®Sm have been performed as
part of a heavy-ion study of the transitional samarium region. The angular distributions
for the ground-state transitions have a typical bell shape. While the 2,* angular distribu-
tion is bell shaped in the stripping reaction, it is flat with an interference minimum in
both pickup reactions, The striking difference between the 2,* angular distributions is
not explained satisfactorily by current theories,

The even-even samarium isotopes are charac-
terized by a rapid change of the nuclear struc-
ture with neutron number ((3'Smg, is semiclosed
358

while ‘3!Sm,, is a good rotor). Energy levels and
electromagnetic moments of many of these iso-
topes have been explained (and in some cases



