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Search for the H-Dibaryon in SHe(K~, K*)Hn
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A high-sensitivity search for the strangene$s= —2 H dibaryon (uuddss) was conducted at
the Brookhaven Alternating Gradient Synchrotron (AGS) using the reactlda(K ,K")Hn at
Px- = 1.8 GeV/c. The sensitivity was independent &f lifetime and decay modes. No evidence
for H production was observed. In a mass range extending from dibty 380 MeV/c? below
the AA threshold of2.231 GeV/c?, the resulting upper limits on thél-production cross section
are in the range 00.058 to 0.021 wb/sr, approximately 1 order of magnitude below a theoretical
calculation. [S0031-9007(97)03048-2]

PACS numbers: 14.20.Pt, 25.80.Nv

While QCD is the presently accepted theory of theto strong decay into all baryon-baryon channels (the low-
strong interaction, its applications in the nonperturbativeest beingA A in theS = —2 sector). This was first noted
regime are clearly limited. One striking example of thisby Jaffe [1], who predicted thiGiuddss) state withJ? =
is the difficulty in calculating the hadronic mass spec-0",7 = 0, called theH particle, to have a mass some
trum from fundamental principles of the theory. These80 MeV/c? below the AA threshold of2.231 GeV/c?
difficulties have led to many QCD-inspired models such(60 MeV/c? below the MIT bag-model prediction for
as the MIT bag model or quark potential models. Apartthe AA massma, = 2.210 GeV/c?). Since Jaffe’s bag-
from the spectroscopy of standdigl;q, gg ) hadrons, the model prediction, many other calculations of tHemass
search for nonstandard hadrons has long been viewaging many different models have appeared [2]. These
as fundamentally important. These nonstandard hadrorgive a very wide range of predicteH masses, from
(“exotics”) contain more than the minimal number of much more deeply bound than in Jaffe’s prediction to un-
quarks, and their properties derive from quark configurabound relative to theA A threshold. AlthoughH-mass
tions rather than from being “hadronic molecules,” like calculations are model dependent, #iedoesnor appear

the deuteron. to be an artifact of the bag model. Increased binding
Within the spectrum of six-quark (or dibaryon) states,comes from the color-magnetic interaction, which gives
the strangenes$ = —2 sector plays a special role. In- the strongest attraction for the most symmetric color-spin

deed, among light candidate dibaryons, only a six-quarkepresentation, corresponding to the most antisymmetric
system containin@uuddss) quarks can exist in aBU(3)-  SU(3)-flavor singlet representation. The significance of
flavor singlet, a configuration which takes maximum ad-this symmetric color-spin representation and quark com-
vantage of the color-magnetic attraction. It is possiblebination is inherent in QCD, hence tliEappears in many
that such a six-quark system might fxable with respect different models.
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Independent of calculational details, one expects thatigger was achieved via four aerogéérenkov detectors
an object with the quantum numbers of tlie is the (ICL1,IC2: n = 1.03, active areal0 cm X 5 cm, typical
most likely candidate for a stable six-quark bag stateefficiency 0f99%; FC: n = 1.04, 25 cm X 25 cm, 98%;
The theoretical uncertainties in the mass and lifetime oBC: n = 1.04, 126 cm X 189 cm,98%). A higher index
the H are substantial, and its existence or nonexistencaerogel Cerenkov detector (FCOn = 1.12, 13 cm X
clearly has to be settled by experiment. AnidHasearch 15 cm) was used for positive kaon registration and simul-
experiment needs to satisfy the following criteria: goodtaneous proton rejection. A high-resolution time-of-flight
sensitivity over as wide a range i mass as possible, no system, consisting of four vertical scintillators (13:cm
dependence on the (unknown) lifetime or the decay modesigh, 2.5 cm wide) upstream of the target and forty
of the H, and the possibility of a direct comparison with horizontal scintillator bars (BT2 m wide, 8.5 cm high;
theory in order to gauge the experimental sensitivity. intrinsic time resolutiono = 110 ps) located ~8 m

Experiment E836 was designed to satisfy as many oflownstream of the target, was also used for particle
these criteria as possible. It was performed in 1994 aidentification [7]. The relatively large number of outgo-
the Brookhaven Alternating Gradient Synchrotron (AGS)ing protons surviving the first-level trigger was further
D6 line using a separated high-intensityy GeV/c K~ reduced by a second-level trigger which combined tra-
beam [3] (averag&k ~ /=~ ratio of 1.3 and, on average, jectory information from the drift chambers in th*

1.4 X 10% K~ per spill; totalK ~ flux, 3.0 X 10'") and a  spectrometer with the time of flight. Particle masses were
20 cm long liquid 3He target to search for the reaction determined from momentum and time of flight. The setup
3He(K~,K")Hn. Effectively the two protons ifHe s described in more detail in Ref. [8].

are converted into a#/ by the (K—,K™) reaction with As pointed out by Aerts and Dover [4], a relatively
the neutron assumed to be a spectator. This reaction deeply boundd will manifest itself as a well-separated,
particularly appealing sincéHe is a light nucleus with narrow peak in th& © momentum spectrum above the re-
a well-known wave function and two detailed theoreticalgion of quasifreeZ ~ production(K~ *He — K12~ pn).
calculations exist [4,5]. Although previous experiments,Therefore, our main thrust was a search for such a struc-
in particular KEK experiment E224 [6], have searched forture beyond the end point of the quasifree region. Ex-
the H in (K, K ™) reactions, E836 is the only experiment cellent particle identification, especially/K separation,
for which there exists a theoretical calculation which iswas necessary because both incoming (via =  p —
directly applicable and thus allows, for the first time, a>~K*) and outgoingr™ (via K~ p — X~ # ") can pro-
direct comparison between experiment and theory. duce events beyond th&~ quasifree end point, which,

For each event, th& ~ was momentum analyzed in if misidentified, appear aék —,K™") events. Therefore,
the final stage of the beam line, and ti€ was detected the responses of our time-of-flight system and of the
at small forward angles in a large-aperture dipole speccCerenkov detectors were monitored in great detail. For
trometer (see Fig. 1). Particle identification for incominginstance, during the off-line analysis a timing alignment
and outgoing particles, i.e., separation of pions, kaons, angsing secondary kaons was performed detector-to-detector
protons, was accomplished using several complementagnd run-to-run. Also, the efficiencies of terenkov de-
techniques. On-liner-K separation for the first-level tectors forz, K, and p were measured as a function of
momentum in dedicated runs. Combining these efficien-
cies with thek * spectrometer solid angli&#Q) =~ 0.04 sr
and a correction foK ™ decays results in an overall ac-
BC BP ceptance which remains flat down#ol.92 GeV/c?. Be-

speotrometer K+ low about1.92 GeV/c¢?, a correction is applied for the
* vetoing of valid events through the possibility of un-
intentional detection of kaons by the pion veto coun-

FD3 ters, FC and BC, and the acceptance drops by about
20% at 1.85 GeV/c?. The absolute yield was deduced
by comparing the observed quasifree yield (corrected for
geometric acceptanc&* decays, andCerenkov detec-

BDI BD2 tor efficiencies) with the quasifreE~ production cross
section for which we usefi6 ub/sr. This value results
from a fit of measured cross sections of tfle ,K*)
reaction on nuclear targets at an incidedt momen-

FIG. 1. Side view of the E836 detector setup (not to scaletum of 1.65 GeV/c (angle averaged betweenh7° and

ID1-target distance~1 m, target-BT distance=8 m). ID1- 43 ) 19] The same reference gives a cross section of

3, FD1-3, and BD1-2 are drift chambers for tracking and —— .
momentum measurement. IT, FP, BP, and BT are plasti@P0ut37 pb/st for free Z- production off the proton

scintillator hodoscopes for triggering and timing. 1C1—2, FCo,and our resulting yield is consistent with this value. The
FC, and BC are aerogélerenkov detectors. tail of the quasifreeE~ production distribution limits the

BT

1.4 Tesla
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sensitivity of this experiment for a lightly bound/,  was calculated under the assumption that the neutron is a
i.e., nearAA threshold. This tail is influenced by the spectator and thus by taking the target mass taQg —
momentum resolution of th&™ spectrometer, which m,, i.e., the pp pair in *He minus the binding energy
was measured using fréE~ production off hydrogen of 3He. This procedure was verified by reproducing the
from p(K~,K")E~ (C and CH, targets), resulting in calculation of Ref. [4] with a Monte Carlo simulation.
a missing-mass resolution 6 MeV/c> (FWHM). The  Figure 3 shows an expanded view of the missing-mass
position of the freeE~ production peak was used for the range (equivalent toH-mass range) over which this
calibration of the missing-mass spectrum (see Stotzer iBxperiment was sensitive # production. Also shown is
Ref. [8]). an example of the expected peak fé+particle formation
The most important criteria imposed on the data duringassumedmny = 2.130 GeV/c?) in the model of Aerts
off-line analysis consisted of a cleanly reconstructed tracland Dover [4], with our experimental missing-mass reso-
through both the final stage of the beam line and&khe  lution, geometric acceptanc&,” decays, andCerenkov
spectrometer, cuts on reconstructed kaon ma@ssgnkov  detector efficiencies folded in. One input into the Aerts
counter pulse height cuts to reject pions and protons, andand Dover calculation is a parametrization of the fege
fiducial volume cut on théHe target vessel. This last cut production cross sections for tie p — KT Z~ reaction
was determined using target-empty data. The resultings a function ofK~™ momentum. Their parametrization
measured secondary momentum spectrum of the outgoirgives a cross section of abod® ub/sr for free 2~
K™ contains 6183 events and is shown in Fig. 2 (top)production px- of 1.65 GeV/c, angle averaged between
It is dominated by the above-mentioned quasifi&  0° and 18°) off the proton, whereas the value from
production. H production would result in a peak at higher Ref. [9] is about37 ub/sr. This leads, in the original
momentum than this quasifree peak. No clear signal foAerts and Dover calculation, to a cross section for
H production is seen. The few remaining backgroundoroduction which is too high by a factor of aboliB5.
events may be misidentified pions or protons. The bottonThe H-production cross section by Aerts and Dover
of Fig. 2 shows the same events as a function of missingvas calculated for & * angle of0°, whereas our data
mass assuming & —, K ") reaction. This missing mass represent an angle average o2eto 14°.
Since no evidence for th# was seen, we proceeded
to obtain upper limits onH production from the data
Teniies e of Fig. 3. The spectrum was analyzed fran85 up to
2.25 GeV/c? assuming a Poisson distributé&tisignal on
top of a Poisson distributed background, using the method
described in [10]. The width and shape of tHesignal
were derived from the Aerts and Dover calculation folded
with our experimental resolution. Since we have ao
priori knowledge of the shape of the background, we
assume it, for simplicity, to be flat, with a magnitude
equal to the average of the observed number of counts
per bin in the region from.85 to 2.20 GeV/c? excluding
,| the H peak. The mean of the background under the
' H peak is given by the average number of counts per

Counts/0.005 GeV/c
=
T

-
=
T

W

1 " 1
0.8 1 1.2 1.4 1.6 .
Secondary Momentum (GeV/c)

No E
- F
L S o
g , > 25 F
310% 0 F
& F 8 F
g g 2r
° (=] E
o g 15 —
3 o N
O 10 [
51
1 r /! \\
-..1.“..H.|.".H.”l”."“”"....|....|....|.. . o bl llen Lo M LA AL RO
15 2 21 22 >3 24 25 26 185 19 195 2 205 21 215 22 225
Missing mass (GeV/c?) Missing mass (GeV/c?)

FIG. 2. Measured secondary momentum spectrum of thé&lG. 3. Expanded view of the missing-mass range with an
outgoing K* (top) and corresponding missing-mass spectrumexample of an expecteH peak (assumedy; = 2.130 GeV/
(bottom). See text for explanation of the mass scale. c?) in the model of Aerts and Dover (dashed line).
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bin summed over the bins covered by tiie signal. 5 08

For eachH mass the probability was then calculated, S 05 a

as a function of the number df-particle events, that § C

the measured spectrum could result from such a peak 5 04 ¢

and background. The resulting 90% C.L. upper limits o3 b

are shown in Fig. 4 as a function df mass, again :

corrected as described above. For comparison, Fig. 4 02 F N
also shows the theoretically predict&dproduction cross o1 b l
section in the Aerts and Dover [4] model (dotted line), E

P N R

in which the short-range correlations in théle wave

function are neglected. In addition, the dashed line shows
the Aerts and Dover calculation, lowered by a factor of
1.35, as described above. Our experimental results shouldlG. 4. 90% C.L. upper limit on/ production (solid line)

; ; o ; i tinncompared with the original Aerts and Dover prediction (dotted
be Compareq with th|§ modified theoretical pr(_adlctlon”ne) and the modified prediction described in the text (dashed
only. In their calculation, Aerts and Dover derive the line). The arrows indicate theVN position and theAA
amplitude forK ~p — K" E~ using a parametrization of threshold.

experimental, that is, on-shell cross sections. This method
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