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Semiexclusive pionic double charge exchange otHe
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The semiexclusive reactiofHe(w ", 7 pp)pp has been studied at pion kinetic energies of 105 MeV and
115 MeV. Signatures from the production of the hypothetieslIN resonancel’ have been searched for in the
invariant massM ,, spectra. No hint for a dominard’ production, as anticipated from double charge
exchange excitation functions on nuclei, has been found. The data are satisfactorily described by sequential

single charge exchange.
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I. MOTIVATION function of the forward angle cross section in pionic double
charge exchangé)CX) on nuclei[4]. For a wide range of
Hadronic matter consists of two types of multiquark sys-nuclei, from ’Li to *Nb, a dramatic peak of the cross sec-

tems,qq andqqq. No well-established candidates for other tion at low energies, arount,=50 MeV, has been found
“exotic” combinations, in particular confined six-quark sys- [4,5]. While there are attempts to describe this effect within

tems (dibaryons, are known[1], although there have been the scope of conventional reaction mechanid®g], the
numerous claimgsee Ref[2] for a review. Since the H data are well described by the assumption of the formation of
particle was predicted by Jaff8] some 20 years ago, a large the so-called d’ dibaryon. With a d’ mass of m
number of dibaryon calculations with QCD-inspired models=2.06 GeV, the narrow width df ,yy=0.5 MeV for decay
have been carried out. Most experimental searches have fto the #NN channel, and the quantum numbergl®)
cused on dibaryons with possible decays to the nucleon=even(0), all measured DCX transitions can be repro-
nucleon (NN) or the nucleon-deltaNA) system, where a duced reasonably well, both in their energy and their angular
very large decay width can be expected, which makes thesgependence. The small number of parameters in dhe
states difficult to detect. model needed for a good description of DCX data on a wide
A narrow NN decoupled dibaryon has been suggested asariety of nuclei is very appealing. On the other hand, con-
the explanation of the peculiar behavior of the excitationventional calculations incorporating subtle medium effects
may eventually provide a satisfactory explanation of the
data. In fact, qualitative agreement has been achieved for a
*Present address: Jefferson Lab, 12000 Jefferson Avenue, Newgubset of the measured data within the framework of a con-
port News, VA 23606. ventional calculation without the need fordd [7]. For a
"Electronic address: mathie@uregina.ca clear proof of the existence of th¥, it is necessary to find
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its signature in systems where medium effects are minimal ot 1 e S i
absent. y

Possible production of thd’ in vacuum has been sug- (mm) |
gested to occur in proton-proton collisions, in particular in J
the reactiopp—d’ 7w —ppw" 7~ [8]. In this case, thel’ 500 —
signature is a peak at the mass of the dibaryon in the invari- 1
ant mass spectrum of theps7~ system in the final state. T
Indeed, the WASA/PROMICE collaboration at the CELSIUS i
synchrotron has investigated this reaction and reported a 2— |
o enhancementdepending on the treatment of the back- ]
ground in the region of 2.06 GeY®], which they interpreted _
as possible evidence for th. For verification, this mea- .
surement has been repeated and extended to another ener 8
by the same group. The analysis of these data has been fir>00 —
ished recently. At the level of@ statistical significance, no
signal of thed” was found[10].

When pursuing the search for tkié in DCX, one has to | |
use light target nuclei such as the helium isotopes to mini- L L O L A I L S
mize medium effects. DCX on these nuclei does not lead to
discrete final states but to a continuum of unbound identical F|G. 1. A typical DCX event in which two protons were de-
nucleons. Signatures for thi# in the inclusive total DCX tected in plane with the outgoing ™. The pion beam enters from
cross section on helium isotopes have been predicted ke left and is detected in the inner two chambers only. The gas
Clementet al. [11]. Production of thed’ should lead to a target occupies the entire inner volume of WC1. The rectangles
significant enhancement of the cross section just above theehind the CFTs indicate energy losses in A&l andAE2 scin-

d’ threshold. An experiment performed with the CHAOS fillators.

detector at TRIUMF has reported results for inclusive total

DCX cross sections offHe [12]. The measured excitation close to thresholfi11]. Thed’ hypothesis predicts a signifi-
function is consistent with the prediction from tHé model,  cant peak in the invariant mass distributions.

although the conclusions are weakened by the strong model In this paper we give a description of the experimec.
dependence of the description of the conventional DCXI), data analysis techniquéSec. lll), discussion of the re-
background. sults including model prediction&Sec. I\V), and finally our

Here we present the results from an alternative search faronclusiongSec. \j.
thed’ in DCX on “*He. If the DCX proceeds via an inter-
mediate state that includes the formation of tHe i.e., 7™
“He—d'pp— = pppp the 7  and two of the protons in
the final state come from th&' decay. Thus thel’ should The search was conducted using the CHAOS spectrom-
show up as a peak aty, in the invariant mass spectrum of eter[13] in the M11 channel at TRIUMF. The spectrometer
the three detected particles, independent of the bombardingbnsists of low mass, cylindrical tracking chambers and par-
energy. This method of testing th#' hypothesis is less ticle identification counters immersed in a vertical magnetic
model dependent than the more usual approaches, whidleld provided by a cylindrical dipole magnet. Radially out-
compare data to calculations with and without additicthal wards from the center are two proportional vertex wire
parameters. Such approaches lead invariably to better dehambergWC1,WC2, a drift chambe(WC3 [14]), and, in
scriptions with the additional degrees of freedom providedhe tail of the magnetic field, a vector drift chamiggvC4).
by thed’ parameters, but do not really provide firm evidenceSurrounding the WC4 detector are two layers of plastic scin-
for thed’. In this experiment, the presence of a peak in thetillation counters AE1 andAE2) and an outer layer of lead-

7 pp invariant mass spectrum at the predictédmass in- glass Cerenkov counters, arranged in 18 separate blocks.
dependent of bombarding energy would constitute model inThese counters form the first-level CHAOS fast trigf5]
dependent proof of the existence of ttie (CFT) and provide pion and proton particle identification

The invariant mass distributiorM ;- ) for the reaction  during the off-line analysis. The distance from the center of
“He(w",m pp)pp was measured for incident pion energiesthe detector to the CFT’s is about 70 cm. A schematic dia-
of 105 MeV and 115 MeV, respectively 25 and 35 MeV gram is shown in Fig. 1. Charged particles were accepted
above thed’ production threshold. The energies were choserover 360° in the scattering plariexcept for 18° wide holes
as the best trade-off betweén distinguishing thed’ peak in the regions of the incoming and outgoing bgarand
from the conventional DCX distribution ani) gaining a  within =7° out of plane. Sincer* fluxes of~1 MHz were
large enoughd’ contribution over the nonresonant DCX employed in this experiment, in the regions of the incoming
background. The former is not possible near threshold wherand outgoing beam the low rate capability drift chambers
the conventional background has a very narrow phase-spa®®C3 and WC4 were deadened and the corresponding CFT
distribution. The latter criterion is only satisfied sufficiently blocks removed. Information on the out-of-plane track coor-

Il. EXPERIMENT
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dinates was obtained from inclined cathode pickup strips iriracks had only two wire chamber hits to reconstruct the
chambers WC1 and WC2. In this experiment additional piontrajectory and were therefore momentum analyzed using the
proton particle identification was achieved by analyzing thereaction vertex as a third point. The reaction vertex was de-
pulse heights from these strips. termined from the intersection of the incoming track and

As the protons from the DCX reaction have low energiesthe other outgoing tracks. When more than one outgoing
and would not emerge from a liquid cryogenic targefHe  track was available, an average vertex position was con-
gas target at standard temperature and pressure was usedsthucted. This average used a heavier weight for the tracks
constant flow of He gas filled the space within WC1. Thismost perpendicular to the incoming beam. The typical vertex
defined a cylindrical target volume of radius 11 cm andresolution in the scattering plane was 2.5 mar) (
height 10 cm. The gas volume was separated from the cham- Due to the loose first- and second-level trigger require-
ber walls by a 25:m aluminized Mylar foil followed by a ments, the vast majority of recorded events were due to noise
0.5-cm-thick nitrogen flushing volume and sealed on top andh the wire chamber electronics. Off-line track sorting, kine-
underneath by aluminum plates attached to the frame of thmatic cuts, and particle identification reduced the dataset to
wire chamber. The helium gas outflow was monitored forabout 1000 events. The majority of the remaining back-
oxygen contamination to detect leaks and to verify the purityground was due to DCX reactions in the walls of the target
of the target gas. (the inner wire chambgrand back scattering of beam par-

A sophisticated multilevel trigger was used to filter theticles from a wire chamber wall, producing the illusion of a
event stream. The first-level trigger was determined by théCX event. Once these background events were removed,
signal from an in-beam scintillation counte®8X) located at 157 and 64 DCX events were found at 115 and 105 MeV,
the beam entrance of the spectrometed &l; signal from  respectively. A typical DCX event in CHAOS is shown in
any one or more CFT blocks as well as a negated signal frorfig. 1.
a veto countefV) at the beam exitS1-AE1;- V. This rela- In order to form a more accurafd ., invariant mass,
tively loose(singles trigger required only the pion to reach Corrections were made to account for the energy loss of par-
the outer detectors but included events where higher-enerdifles as they traversed the detector material. These correc-
protons(also reached the CFTs. tions were calculated using the'p elastic scattering data.

The second-level triggel16] employed hit information The momentum calculated for the pion and proton tracks was
from the inner wire chamber8NVC1, WC2, and(for most compared with the “true” momentum at the interaction ver-
calculationy WC3) to evaluate the momentum, scattering t€X as calculated from the known incident momentum, pion
angle, and polarity of the outgoing tracks. Since many of thescattering angle, and two-body kinematics. This procedure
low-energy protons produced in DCX stopped before penshowed that the momenta of particles traversing all four wire
etrating WC3, the second-level trigger was programmed t¢hambers were determined to within 5%p{p). However,
require a trip|e coincidence by demanding a negative po|arit§'{ was found that this technique led to inaccurate results for
outgoing track(searching for theT_) and at least two non- IOW-energy tracks that Stopped before WCA4. Instead, differ-

adjacent additional hits in each of the chambers WC1 an@nt relationships between the vertex and measured momenta
WC2 within a certain anguiar rangeearching for the two Wwere determined for tracks that reached Only WC3 and for

protons. tracks that only reached WC2. The"p elastic scattering
In addition to the DCX data af ,=105 and 115 MeV, data were also used for this analysis. In the latter case, the

somew*p elastic scattering data using an argon/isobutangnomenta considered were so low that the distance that the
gas target were acquired to assist in calculating the particlearticle traveled within the target was also taken into ac-

energy losses and the efficiencies of the various detectors.count. This was not necessary for the other casggp for
these short tracks was about 7%.

The invariant mass distributions were calculated accord-

lIl. ANALYSIS ing to the definition

In all, about 200 million events were recorded at 115 N 2 N
MeV, and about 100 million events at 105 MeV. Particle M2=(2 E-) _(2 |5-)
identification for tracks reaching the trigger counters was = = !
performed by comparing the track momentum with the pulse
height from theAE1 scintillators. This provided reliable dis- For theM ., distribution, the summation includes the scat-
crimination between pions and protorns 99%). tered pion and two detected protons, andNby,, it includes

Identifying the low-energy tracks that stopped beforejust two protons. Using energy-momentum conservation, the
reaching theAE1l counters (42% of proton tracks found missing energy E.s9 and momentum R,,sJ associated
was achieved by using the digitized pulse heights from thevith the two protons not detected in the event can also be
cathode strips in the inner two-wire chambers. Using regionsalculated. This allows a second determinatie call this
defined in a scatterplot of pulse height versus the particlehe “reverse invariant mas$’of Mif,”p using
momentum, a proton identification efficiency of 94% was
achieved. Positive particle identification required an unam- (Mig’p)Z:(EerEmiss)z—(|377+ Prnis >
biguous signal from both inner wire chambers.

Approximately 17% of proton tracks found did not have  More details on the data analysis are available in Ref.
enough energy to arrive at the third wire chamber. Thesgl7].

2
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p nism. Ourd’ Monte Carlo model incorporated FSI effects
e P following the approach in Ref8], which biased thel’ pro-
P 7 tons to states of low relative momentum.
4 p n” Both models were used as event generators irGHmNT
He [27] detector simulation package. The resulting kinematic
n fad observables incorporate the CHAOS acceptance and resolu-
tion and can be directly compared to those extracted from the

+ p experimental data. The resulting invariant mass resolution
T was 8 MeV.

FIG. 2. Graph of DCX process proceeding via SSCX.
B. Results
IV. RESULTS AND DISCUSSION The top two histograms in Fig. 4 show the results for the

invariant mass spectra calculated from the momenta of the
detectedr™ and two protons, as well as the predictions from

Two models were considered for our simulations. Thethe two-model simulations. The normalization was obtained
conventional model is based on sequential single charge exsing a least-squares fit. For the mechanism, shown as the
change(SSCX; Fig. 2, of which there are several theoretical solid double line, a peak at the invariant mass of dieis
implementationg18—-23. In our version, an on-shell Monte expected. However, since there are four protons in the final
Carlo model[12] was used. Random Fermi momenta ex-state, the peak is accompanied by a combinatorial back-
tracted from existing'He(e, e’ p) data were initially assigned ground resulting from detecting one or two of the protons
to the four nucleons |n4He The neutrons were then in- that are not from theld’. Nonresonant DCX, modeled as
volved in two consecutive two-body SCX reactions, SSCX as described above, produces a continuous distribu-
n(7",7%)p andn(=° 7 ")p, resulting in a final state of a tion of the invariant mass, shown by the solid single line.
m~ and four protons. The SCX reactions were weighted acThe dotted line shows curves for five-body phase space. The
cording to the experimental cross sections #dd SCX ex-  data points are shown with statistical error bars only, which
tracted from the SM95 solution of the SAID databf28). It are those used for small signals and tabulated in R&].

A. Models

was assumed that all the energy required to break uﬁfﬂﬁe To extract the relative contributions of the SSCX and the
nucleus was lost in the first st¢fp2] and that all the inter- d’ mechanisms necessary to describe the data, the invariant
mediate particles were on shell. mass spectra were fit with the curves from the simulation. In

The graph for the resonant DCX process, i.e., withdhe this fit, the relative contribution of the SSCX and were
in the intermediate state, is shown in Fig. 3. Calculationgeft as free parameters. The curves were corrected for the
were performed in order to predict the fraction of DCX re- slightly different detector acceptances appropriate for the
actions occurring through the resonant charj8¢land ap-  two mechanisms. From this least-squares fit, the fraction of
plied to “He [11]. Thed’ contribution was expected to ac- events attributed to each mechanism was found. Results of
count for about 50% of the total DCX cross section at ourthe fits are summarized in Table 1.
energies, using the on-shell SSCX model, and about 90% For the 115-MeVM -pp data, nod’ contribution was re-
using the Gibbs-Rebka modg1,24 as the background pro- quired in the best fit, but d’ fraction of 0.34 was allowed at
cess. To predict spectra of observablesj’aMonte Carlo  90% confidence level. The 105-MeV data required a
model was used. In this calculation the formation of a resodibaryon contribution of 0.04 in the best fit. However, at this
nance with a mass of 2.06 GeV and a width of 0.5 MeV fromenergy theM ,,, data could hardly distinguish between the
the incoming pion and the two neutrons was assumed. Phaggodels at 90% confidence level. In both cases, the reduced
space was used for the distribution of tié and the two 2 for the SSCX mechanism was significantly better than for
remaining protons. Since the maximum kinetic energy of thahe d’ mechanism.
d’ decay protons is only 20 MeV, final-state interacti&sl) The distribution ofM5% is shown in the middle histo-
effects[25,26] are expected to influence the decay mechayrams in Fig. 4. Again, the SSCX model adequately explains
the data at both energies. It is advantageous to use the re-
p verse invariant mass distribution for the 105-MeV data be-

cause the peak of the backgroufmbnventional process is
/ P further away from thel’ peak. A tighter limit may be placed

p _ ond’ production: ad” contribution of 0.01 was required in
“He p L the best fit, and up to 0.39 allowed at the 90% confidence
I p limit. Also here, the better description of the data by the
o 4 SSCX model compared to th# model leads to a signifi-
P cantly better reduceg?.
+ The invariant mass of the two observed protons is also

shown(bottom spectra in Fig.)4providing a measure of the
FIG. 3. Graph of DCX process proceeding via dilemecha-  FSI of thed’ decay, which would cause the decay protons to
nism. tend to a small relative momentum and result in a peak at
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FIG. 4. The invariant mass of the observed pion and two protons is shown in the top histograms, the “reverse” invariant mass in the
middle histograms, and the invariant mass of the two protons in the bottom histograms. The histograms on the 8T ar@f6rMeV and
those on the right are foF .=105 MeV. The lines show simulation results from the dibaryon mechafdsmuble solid ling, the conven-
tional (SSCX mechanisnisingle solid ling, and five-body phase spagotted ling. Error bars are statistical only and have been calculated
according to Ref[28].

low invariant mass. At both energies the SSCX mechanisnderived from the initiad’ analysis of DCX dat#4]. A more
performs significantly better than the dibaryon mechanism.recent analysis of high-quality DCX data for<A<93

The d' does not make a significant contribution in the yields a significantly higher valus] I's~10—-20 MeV with
best fit in any of the graphs. The SSCX with FSI modell's=15 MeV for A=7, the closest neighbor of the He cases.
adequately describes all the data with the exception of th@he consequences of an increased spreading width would be
proton-proton invariant mass histogram B;=115 MeV,  severe. It would lead to a reduction by up to a factor of 40 of
but here thed’ does not improve the situation. the predictedd’ cross sections. In addition, the increased

Recently it has been questioned whether diepredic-  total d’ width of I'~T'¢~15 MeV would be substantially
tions in Ref[11] have been grossly overestimated due to thdarger than the experimental resolution®M ,,,~8 MeV.
underestimation of the collision dampitjN—NNN [29].  Thed’ peak in the spectrum would be washed out, dimin-
The latter process is taken into account in tHemodel by a  ishing the shape differences betweeh and conventional
spreading widthl'g where the valud’s=5 MeV had been spectra.
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TABLE I. Results of dibaryon search showing the calculated reducedalues for the fits of
the data to the two competing models, as well asdtheontribution for the combination of the two
models, which produces the lowegt value, and thed’ contribution upper limit at the 90%
confidence level. These values are tabulated for the three different observables: the invariant mass
M ;pp. the “reverse” invariant mas#l ., (rev), and the invariant mass of the two protois,, .

115 MeV 105 MeV
Reducedy? d’ fraction Reduced? d’ fraction
SsSCX d’ Best fit  90% C.L. SSCX d’ Best fit  90% C.L.
Moo 0.7 5.0 0.00 0.34 0.8 1.6 0.04 0.92
Moo (rev) 1.2 3.9 0.12 0.42 0.9 3.4 0.01 0.39
Mop 2.2 5.2 0.00 0.00 0.6 3.0 0.00 0.53
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