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Abstract

The proposed research aims at the experimental investigation of the exclusive reaction
ed — e'ppr~ not far above threshold, as well as in A-region, and at momentum transfer
@* > 1 GeV2. In this kinematical region the reaction is known to be extremely sensitive
to short-range correlations in the deuteron. Estimates of the reaction cross section are
given, and the feasibility of the proposed research is considered. The CLAS detector at

CEBAF appears to be well suited for measurements of the ppa~ electroproduction off the
deuteron.



Introduction.

We propose a detailed experimental investigation of the ed — e'ppnr~ reaction in
the kinematical region far from the conventional quasifree region, that is, in the region
where the contribution of quasifree mechanism of 7#~-production is highly suppressed. In
particular, we propose to perform the experimental measurements :

- at Q%> 1 GeV?,

—- at AM = Mppr- — (mp + my + m,-) < 600 MeV,

— with constraints on proton momenta p, > 300 MeV/c.

The CEBAF CLAS detector fits these conditions perfectly for experimental measure-
ments of the ed — ¢’ ppn~ reaction with four charged particles in the final state.

The kinematical region for the proposed experiment is interesting from different points
of view, and its investigation will provide important information for both particle and
nuclear physics. The main motivation for this experiment is, of course, the following:
the short distances in the deuteron will contribute significantly to the cross
section with the kinematical constraints outlined above [1,2].

The main issues of the proposed experiment are :

— Exclusive measurements of the reaction ed — e'ppr™ will permit study of the ”sim-
plest” reaction mechanisms when the proton momenta are large (p > 300MeV/c)
compared to the typical momentum of a nucleon in the deuteron (p < 100 =
150MeV/c). This is due to the specific dynamical features of the pole graph, Fig. 1,a
and of the triangle graphs (with e.g. pp rescattering in the final state, Fig. 1,b). This
could allow in turn to draw conclusions about the possible contribution of more exotic
states in the deuteron (short-range correlations, 6¢ states, AA admixture in deuteron,
etc.).

— Detailed investigation of the pp final state interaction (FSI) in a wide range of Q?
and M,,,-. It will provide information about the size of the proton emission source
in this reaction, and about the dynamics of the reaction which mainly relies on the short
distances in the deuteron.

~ Detailed investigation of the pr~ invariant mass distribution will allow to study the
contribution and the dynamical features of the diagrams with A-isobar in intermediate
and final states. Valuable experimental information could be obtained for understanding
the influence of the nuclear medium on the dynamical features of A-isobar
production in nuclei.

— Detailed investigation of the ppm~ invariant mass distribution in the region close
to the threshold of 7~ -production off the deuteron will make it possible to clarify the
situation with regard to the existence of a narrow NN-decoupled dibaryon
resonance that has been proposed {3} to explain specific peculiarities observed in hadronic
reactions [4,5].

— Detailed investigation of the ppr~—system in the kinematical region close to the A-
region (AM > 200 MeV) will test theoretical predictions [6] which concern basic
and specific features of the triangle diagrams.

We also hope that these measurements will provide new, independent, and complemen-
tary information to that from the experimental investigations which are already planned
at CEBAF: experimental investigations of the deuteron disintegration at threshold, Hall



A [7], A-production off nuclei, Hall B [8], and A-A component in the deuteron, Hall B

[9].

Kinematical region and the method of extraction of the reaction
ed — e'ppm™.

In the following sections we will concentrate on the deuteron as a target. Shown in
Fig. 2 is the momentum transfer squared, @2, versus the mass difference AM = Mppr- —
(Mg+m,). In terms of these variables, the invariant mass of a system produced on a single
isolated nucleon in the deuteron increases with @ if the second nucleon stays at rest. As
an example, we show two specific ”trajectories”. The first one corresponds to the threshold
7~ -production on the deuteron, and the second to the A-production threshold. Both
curves correspond to the quasifree mechanism, where the nucleon-spectator is considered
being at rest.

The vertical line corresponds to the production of the ppr~-system on the deuteron
as a whole. The vertical trajectory in this picture corresponds to the threshold for A-
production on the deuteron as a whole, Mp,,— = My + Ma, when the relative momentum
of N and A equals zero.

As is seen from Fig. 2, for larger values of Q2 the distance between the trajectories for
quasifree production on one of the nucleons, and any vertical trajectory corresponding to
N Nw-production on the deuteron as a whole is increasing. In other words, the role of
quasifree 7~ —production gets weaker as Q? increases.

Another independent way to suppress quasifree interaction would be to cut off events
with proton momenta ~ 50 + 150 MeV/c typical for the spectator mechanism. We
suggest studying the ed — e'ppr~ reaction with constraints on proton momenta
P, > 300 MeV/c.

At small invariant masses these two ways are equivalent. However, for the values of
M- typical for quasifree trajectories the second way, the P, cut—off, is unique.

The momentum threshold for proton detection by the CLAS set up at full magnetic
field, B/By = 1, is ~ 300 MeV/c. Thus the second way to suppress the quasifree mecha-
nism is provided automatically for the CLAS detector. If necessary, this way to suppress
the quasifree contribution could be made even more severe in the off-line data analysis.

At the same time, it would also be interesting to trace the behavior of the cross section
for softer constraints on spectator’s momentum, P, > (150 — 200) MeV/c. It would be
possible due to the planned runs for the CLAS setup with a weaker magnetic field, B/B,
=1/2.

For the event selection in the region AM < 100 MeV, where the pion momentum
mostly will not be sufficient to hit all three regions of CLAS Drift Chamber and TOF
counters, see Fig. 3, we will use the missing mass method for pion identification. As a
matter of fact, all soft (P,- ~ 150 + 200 MeV/c) charged pions hit at least two or three
superlayers of the drift chambers, Fig. 3. Thus this "additional” information about the
missing particle’s trajectory will allow to perform a more accurate missing mass analysis
in the kinematical region AM < 100 MeV.



Cross sections of the reaction ed — ¢’ X, available at present.

Lower limit of the ed — €'ppm™ reaction cross section.
The expected statistics.

At present, there are no data on the exclusive reaction ed — e'ppr~ for Q2 > 0.5
GeV? and M,,,- < 3 GeV. Shown in Fig. 4,a,b,c are the experimental data on the
reaction ed — ¢’X from Ref.{10] (dots), recalculated for the initial energy Ey = 4 GeV,
and @* = 1.0 (a), 1.5 (b), and 2.0 GeV?, (c), respectively. It is assumed that in this
kinematical region (AM > 200 MeV) the ppr—-channel contributes ~ 30%.

The experimental data [10] which were used for our estimates of the cross section are
in good agreement with another independent experimental result obtained for the reaction
ep = ¢'X at Ey = 4.88 GeV, [11].

Shown in Fig. 4 is the cross section d?c/dvd@? in pb/(MeV GeV?). The solid curves
are theoretical predictions based on the pole diagram normalized to the experimental data
in the A-region. As can be seen, the AM-dependence is well described by the calculations
at AM ~ 300 — 400 MeV.

Theoretical estimates at Q? = 1-+2 GeV? and AM < 100 MeV with the Paris deuteron
wave function [12] lead to ~ 2 orders of magnitude smaller cross section d?0/dQ%dv as
compared to the estimates obtained from the extrapolation described above, and shown
in Fig. 4,a,b,c. As already pointed out, at small AM the main contribution is due to the
diagrams that do not vanish in the limit of small 4-momentum of #~~meson in the ppr—
rest frame. Numerically the main contribution is due to the contact Kroll-Ruderman
term (the so called "seagull” term) enhanced by pp final state interaction. It is known
that this contribution can be written in a gauge invariant way. Let us stress that at small
Q* the same formulae lead to the value of the cross section which agrees very favorably
with the SACLAY experimental data at Q* ~ 0.1 GeV?, and which are in agreement with
the recent theoretical calculations given in Ref.[13].

The region of Q* > 1 GeV? is known to be sensitive to the short-range (e.g. 6q)
component in the deuteron if AM is small enough. Indeed, our estimates of the 6q-
contribution show that it exceeds the contribution of the ”conventional” np—component
of the deuteron calculated with the Paris potential by two orders of magnitude at AM ~
50 MeV and Q® =1+ 2 GeV?2. These estimates are model dependent. We assumed that
in the static limit the 6q—admixture in the deuteron is of the order of 1+2%, and that the
transition formfactor in the vertex v*(6¢)s — ppr~ behaves like the elastic 6q—formfactor
of the deuteron (see, e.g. [14]). The estimated values of the cross section at AM = 2080
MeV are :

1.5 x 1072 pb/MeV-GeV? at Q2 = 1.0 GeV?,

1.7 x 107* pb/MeV-GeV? at Q? = 1.5 GeV?,

2.8 x 107° pb/MeV-GeV? at Q% = 2.0 GeV2.

As can be seen, these theoretical estimates for the possible 6¢g-state contribution to the
cross section are of the same order of magnitude as our expectations for the quasifree
contribution based on the experimental results {10,11], see Fig. 4,a,b,c.

Predictions of the pole mechanism (Fig. 1,a) for the reaction ed — e'ppr~ with the
cuts on proton momentum, F, > 300 MeV /¢, are shown by the dashed curves in Fig. 4,a-c
for different values of momentum transfer. Our estimates at small AM make it possible
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to compare the Q*-dependence of the cross section near threshold with the similar de-
pendence of the deuteron disintegration cross section measured at Saclay (see e.g. [15])
not far above np-threshold. These curves have very similar slopes, see Fig. 5.

Based on these predictions, the lower limit for the expected number of events is given
in Fig. 6 as a function of the ppr~ invariant mass for three intervals of Q% (0.75 - 1.25),
(1.25 — 1.75), and (1.75 — 2.25) GeV?, and with the AM-interval = 25 MeV. These
estimates were made for a luminosity L = 10*cm~2sec™!, acceptance 0.75, and a run
time of 400 hours.

From Fig. 6, it is seen that the expected statistical accuracy will make it possible to
perform partial wave analysis for the system ppm~ at least for AM >~ 100 MeV, and
for Q% = (0.75 - 2.5) GeV2. For AM ~ (40 — 100) MeV such an analysis is feasible for
Q% = (0.75 — 1.5) GeV2.

Reaction mechanisms below and in the A-resonance region.

The mechanism of 7~ -electroproduction off nuclei in general (and off the deuteron in
particular) in the kinematical region far from the conventional quasifree domain, and at
high 2, has not been studied experimentally or theoretically.

It’s quite natural to expect that a significant role in the process will be played by non—
conventional (exotic) components of the deuteron wave function (short-range correlations
or in other words "long tails” in Fermi distribution, admixtures of 6g states and A-A
component in the deuteron, ete).

To distinguish between different mechanisms in the future analysis of the data and to
draw conclusions about the "exotic” contribution to the cross section we should extract
the contributions of the ”simplest” graphs (see Fig. la,b). For example, below the A-
region , AM < 100 MeV, diagrams in Fig. 1,b should contribute significantly. At larger
invariant masses for the ppr~ system, AM ~ 200 — 600 MeV, the graphs with a A isobar
in the final, Fig. 7, and intermediate, Fig. 8, states could constitute the major part of the
cross section. To distinguish between different reaction mechanisms one should take into
account all specific dynamical features and criteria for the different mechanisms.

The main, "model independent”, and pronounced feature of any pole graph is that the
upper and lower vertices are practically independent. This peculiarity is strengthened with
increasing @%. For that reason, one could expect significant differences in momentum and
angular distributions of the secondaries produced due to the pole and triangle mechanisms.
Preliminary calculations made for the pole graph and triangle graph with pp-rescattering
in the final state confirm these expectations. Consider first a single event. In each event
one of the two detected protons has momentum larger than the other proton. Let it be
the "fast” proton, and the other, respectively, the "slow” proton. Fig. 9 demonstrates
how simple kinematical constraints based on the combined consideration of the ”fast”
and "slow” proton momenta, could provide in the future simple event selection tools for
the suppression of the contribution of either the pole graph, Fig. 1a, { D > -150. cut
on Fig. 9c ) or triangle graph, Fig. 1b, (D < -350 cut on Fig. 9d }. If we consider
the combination of the "fast” proton momentum and pion momentum (see Fig. 10) we
will obtain additional possibilities for the separation of the contributions of the pole and
triangle graphs. An example would be a cut such as D < -100 on Fig. 10c,d.
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The features discussed suggest a unique tool to distinguish between these diagrams,
and ultimately to investigate contributions of the short range correlations in
the deuteron. Let us note that the contribution of the triangle graph (Fig. 1b) should
dominate at small invariant masses of the ppr~—system, and should lead to the pp—
invariant mass distribution peaked at small values of M, (the well known Migdal-Watson
effect of the FSI).

There are some specific features of the triangle diagrams predicted by the standard
theory which have not yet been investigated experimentally. A distinct qualitative in-
dication of the triangle mechanism has been known for many years{6]. This is the so
called moving complex singularity: the triangle graph of Fig. 11 has a singularity of the
logarithmic type as a function of the variable W - invariant mass of n particles produced
at the right lower vertex of the triangle. Its position in the complex plane depends on the
value of the variable g — the total momentum of these n particles, see Fig. 11. Therefore
the position and width of the bump in the W-distribution must vary with ¢q. The experi-
mental observation of this predicted feature would give evidence for the dominance of the
triangle graph shown in Fig. 11. For our reaction it might unambiguously manifest itself
in the channel with the A isobar in the intermediate state at AM = 100 — 200 MeV, see
Fig. 8a. It would be highly desirable to test these predictions experimentally.

It is quite natural to expect that in the kinematical domain AM > 100 MeV =~
production is mainly due to the A isobar (Fig. 7,8) in the intermediate states. Fig. 7b
points to an interesting mechanism of the reaction. Pion rescattering on the spectator
proton increases the spectator momentum, and so this diagram contributes to our kine-
matical domain. At the same time, this 7~ p,—rescattering will result in a distortion of the
A-isobar peak. Estimates made under the assumptions that the average pion momentum
before rescattering is about 250-300 MeV /c, and rescattering takes place on the proton
spectator at rest, show that one will observe the A-isobar peak shifted down to values
of 1080 — 1130 MeV with a width in the order of 130 ~ 160 MeV, which is larger than
the vacuum width of the A-isobar. Undoubtedly, it would be quite important to test the
validity of this prediction in the experiment.

Such experimental data could contribute significantly to our understanding of the
process of A-isobar production off nuclei which is planned to be investigated at CEBAF

[8]-

Investigation of the pp and ppm~ invariant mass spectra.
Partial wave analysis.

As was pointed out, at small M,,,--masses the reaction mechanism is very sensitive
to short-range correlations in the deuteron if Q? is not small, Q% = 1 =2 GeV?2. It is also
clear that s-wave production (all the three particles are in relative s-state) dominates near
threshold. In such a situation the singlet virtual state (}S;) in the pp-subsystem plays a
crucial role. As is well known, the pp final state interaction (Fig. 1,b) becomes stronger
as the size of interaction region gets smaller. This situation is ideally realized in the
kinematical region considered here. At AM < 100 MeV the diagram with pp-rescattering
enhances any reaction mechanism of s—wave production by an order of magnitude. The
enhancement factor rises as the ppr—invariant mass approaches threshold. It would be



interesting to trace the behavior of s~wave production and the variation of the size of
the interaction region as the ppr—-invariant mass increases, and @2 varies within the
interval Q% ~ 0.75 - 2.5 GeV?. As is demonstrated in Fig. 6, such an analysis is feasible
with the expected statistics. The pp—invariant mass distributions for different reaction
mechanisms (Fig. 1,a and b) are shown in Fig. 12e and b, respectively. Shown in Fig. 12¢,d
are correlation functions, obtained by dividing the M,,—distributions in Fig. 12a,b by the
corresponding M, phase space distribution.

One of the goals of the proposed research is the investigation of the ppr~ invariant
mass spectrum in order to search for narrow structures with quantum numbers
forbidden in NN-system.

As already mentioned, the ppr~—-system produced in y*d-reaction near threshold
preferably has quantum numbers J¥ = 0-, and T = 1 or 0, the latter being forbid-
den in the NN-system by the Pauli exclusion principle. Exactly these quantum numbers
are carried by the lightest 6g—state that decouples from NN [3], this qualitative statement
being independent of any particular model parameters.

Although resonances in the dibaryon system have been predicted long ago on the basis
of QCD-inspired models, no unambiguous evidence for their existence has been found
despite a large number of dedicated experiments [17]. However, most of these searches
aimed at NN-coupled resonances, the decay of which is expected to result in large widths,
making them practically indistingunishable from non-resonant processes. For the first time
very recently a candidate for a narrow NN-decoupled resonance NN# (called d’ henceforth)
has been detected in different reactions and different experiments which specifically focus
onto the TNN system and small NN-distances. The singularity of the ppn~ mass spectrum
observed in the elementary reaction, pp — ppr—=nt [4], the resonant-like behavior of
the excitation function in low energy pionic double charge exchange (DCX), n+(A,Z) —
(A,Z+2)7~ at T ~ 50 MeV, and the peculiar shape of the DCX cross section on *He at
T ~ 100 MeV [5], can be naturally explained by the signature of the d' resonance with
a mass of My =~ 2.06 GeV (for more details see the Appendix, and Figs. 13, 14). The
very small NN7 decay width of d, I'yyr = 0.5 MeV, deduced from DCX experiments,
appears to be quite reasonable, since the energy release in the NNn—decay is small (the
d’ mass is only ~ 50 MeV above NN=-threshold), see also {18].

Though the strong decay of d' into NN is forbidden by its quantum numbers, its
formation or production relies on two closely spaced nucleons. Hence d' production (or
formation) by real or virtual « might be possible in a situation where one deals with a
spatially strongly correlated np—pair.

The most elementary reaction for d' production would be, in principle, the reaction
vd — d' — NNm where the d' can manifest itself as a Breit-Wigner pole at w, ~ 200
MeV. However, conventional charged pion photoproduction on the deuteron in this energy
range could mask any d’'-signal completely.

As already discussed, at high Q? any reaction mechanism of ppm ~—electroproduction
of the deuteron is very sensitive to short-range correlations in the deuteron, in particular
for small ppr~-invariant masses. In other words, m—electroproduction is confined to the
interaction of v* with the 6g—component in the deuteron. Thus we expect that the “signal
to background” ratio should improve drastically, if the d' is produced by virtual v* with

large Q2.



In Ref.[19] the d' — dv decay rate was estimated using d'~parameters deduced from
pionic DCX, I'(d' ~ dy) ~ 0.1 keV. It is straightforward now to estimate the cross section
of resonant pion photoproduction on the deuteron, yd — d' — ppr~ at w, ~ 200 MeV.
For I'yg ~ 0.1 keV we obtain o, ~ 1 ub, which is very small compared to the known
cross section (onr ~ 150ub) [11,20] for charged pion photoproduction at this energy. This
renders the search for the d'-signal extremely difficult.

The contribution of the 6g—component of the deuteron to the pion photoproduction is
of the order FPgq - 0. For Py, ~ 1% this contribution is comparable or even smaller than
Ores- Therefore it seems reasonable to expect that the d' contribution to charged pion
electroproduction dominates in regions of the momentum transfer where the nonresonant
pion production is mainly due to the 6g—component of the deuteron, and also spectator
mechanisms are suppressed. Estimates of such Q? as well as estimates of 6g—contribution
to the deuteron formfactors are ambiguous [14,19]. We think that at intermediate Q? (e.g.
Q? > 1 — 2GeV?) the situation might be most favorable.

'The process ed — €'d’ is described by the amplitude proportional to the transition 6q—
formfactor corresponding to d' formation by virtual ¢* on 6g~component of the deuteron.
The estimated value of the cross section for d’ electroproduction on the deuteron and the
corresponding number of events (AN) of the reaction ed — €'d’ — e'ppr~ for different
values of Q* are given in the Table 1. For comparison the number of background events
(An) estimated from Fig. 6 are also presented in Table 1. Both AN and An were estimated
under the same assumptions: the luminosity L = 10**cm=2sec™!, an acceptance of 0.75,
and a run time of 400 hours.

For more details concerning the CLAS acceptance and invariant mass resolution see
the Appendix.

Table 1
Q? d?o /dQ? AN/0.5 GeV? An/0.5 GeV?/5 MeV
GeV? pb/GeV? 1/GeV? 1/GeViMeV
1.0 0.330 1780 140
1.5 0.050 0270 1.5
2.0 0.013 0070 0.2
2.5 0.003 0018 —

From the arguments given above we expect that the competing nonresonant pion
production will not be much larger than the d’ electroproduction. There are also some
additional possibilities to significantly improve the signal to background ratio due to the
proper event selection in future analysis. It can be possible mainly due to the specific
behaviour of the pp invariant mass distribution for the d’ decay. See the Appendix for



more detail concerning two body invariant mass distributions either for the d' decay or
for the continuum.

The expected numbers of events presented in Table 1 are estimated for the already
approved run time ( 400 hours ) and only for the deuterium target. It is quite natural
to expect that we will obtain much better statistics for the analysis of future runs on
light nuclear targets such as *He. It should be pointed out that investigation of 7~
production near the threshold on light nuclei could turn out to be extremely interesting
not only as an additional opportunity to obtain better statistics but rather as a unique
chance to get a better understanding of the nature of the expected effect. If the spike
in the ppr~-invariant mass distribution will be found on the deuterium target than only
detailed investigations of the same effect on the lightest nuclei could provide a chance to
distinguish between two hypotheses — does the observed effect result from the strong final
state interaction in the ppn~ system, or are we observing d' resonance production. For
more details concerning these points see the Appendix.



Appendix
The CLAS Acceptance and Invariant Mass Resolution.

Calculations of acceptance and ppm~ invariant mass resolution for different types of
events were done by means of Monte-Carlo (MC) simulations. The SDA program for
simulation and reconstruction of different events of eX — €' X' reactions was used.

It should be pointed out that the suggested experiment focuses onto the investigation
of rather small invariant masses of the NN system. Thus during the acceptance calcu-
lations one has to make sure that none of pairs of particles can hit one and the same wire
or two neighbouring wires in the DC region. It is clear that the most "dangerous” one
is the DC region 1 — the closest to the target. Therefore during the course of the event
reconstruction only those events which were supposed to be really detected for which any
pair of particles satisfied the condition Af = 6 — 6, > 4°, where 6; and 8, — polar angles
of particle tracks. This cut reduces the expected acceptance by 30 — 40%. Note that
the problem of pattern recognition for close tracks is quite important for a number of
reactions, and in particular for those where one has to deal with small relative momenta.
of particles.

For the events with slow 7=, which is quite typical for the reaction considered (see,
e.g. track 2 in Fig.3 ), the 7 —momentum determination was done via the missing mass
analysis, i.e., only using the information about the momenta of the protons and outgoing
electron (see acceptance on Fig.15,a and resolution on Fig.16,a).

The 7~ reconstruction when the 7~ hits the DC Region 1 and the 7~ hits DC Regions
1 and 2 was done taking into consideration the information from DC. The corresponding
acceptance and invariant mass resolution are presented on Fig.15,b and Fig.16,b (7~ hits
DC Region 1) and Fig.15,c and Fig.16,¢ (7~ hits DC Regions 1 and 2). The values of the
acceptance and mass resolution for the case of the event reconstruction when all the DC
and TOF information is available are presented on Fig.15,d and Fig.16,d.

These preliminary calculations demonstrat that the accurate momentum reconstruc-
tion for soft pions which hit only two regions of the CLAS Drift Chamber is absolutely
feasable and will reach the same accuracy in the invariant mass reconstruction as for
events when the 7~ hits all DC regions and TOF counters.

Figures 15 and 16 demonstrate the acceptance and the invariant mass resolution for
different types of events. The detailed calculations show a weak Q?-dependence of the
acceptance and invariant mass resolution when Q? ranges between 1 and 3 GeV? The
invariant mass resolution shown in Fig.16 was obtained for the interval M,,,- < 2.2 GeV.

First Results from the ITEP Experiment on the Two Pion Production in pp
Collisions. Strong pp FSI. Two and Three Body Invariant Mass Distributions
in the ppr~ System.

The most elementary reaction to search for the d' resonance in hadronic collisions is
pp =+ d'nt = ppr—xt.

At ITEP the reaction pp — ppr~n™ has recently been measured at 7, = 900 MeV
using a plastic-like wall set-up. For the first time the emphasis was put onto the investi-
gation of the ppr~ and ppr* mass spectra {4].
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If the spin and parity of the ppm system are J¥ = 0, the two protons are preferably
in a relative S—wave. In that case there should be strong effects from the pp final state
interaction: essential enhancement of the number of events with a small invariant mass in
the pp subsystem. The same effect leads to a dominance of the triangle graph (Fig. 5b) in
non-resonant ppr~ electroproduction not far above threshold. Note that the FSI affects
the pm~ invariant mass spectrum as well, thus for the d' events the pp and pm™ mass
spectra must be correlated. The predicted distributions dI'/dM,, and dI'/dM,, in the
ppr~-decay of the d’ resonance are given in Fig.17. For more detail see Ref.[18]. The M,
mass spectrum allows to selectively look for the d' signal in the ppr-mass spectrum by
constraining the pp-invariant mass, My, < 2m,+ 1020 MeV. A constraint on small M,,,
corresponds to the elimination of higher partial waves between the outgoing protons.

Fig. 13a shows the distribution of events as a function of M,,~ with the constraint
My, < 2mp + 18 MeV. The solid curve corresponds to the phase space constrained by the
same M, cut-off [4].

The data in Fig. 13a signal a bump at M,,,- =~ 2.06 GeV with a width ~ 15 MeV,
which is of the order of the energy resolution of the set-up in this region of invariant
masses.

In the ppr™ mass spectrum, Fig. 13b, a similar structure is absent, and the observed
spectrum is consistent with the phase space curve constrained by the set-up and by the
My, cut-off.

The proton-proton invariant mass distribution from ITEP data is shown in Fig.18a.
The solid curve presents Monte Carlo calculations for pure phase space. Constraints due
to the experimental set-up were taken into account during simulations. The ratio of the
experimental points ( open squares on Fig.18a) to the corresponding values of pure phase
space (the so-called correlation function) is shown on Fig.18b . One can observe the strong
FSI effect at small M, values.

The proton-proton FSI affects the pr™ invariant mass spectrum as may be seen in
Iig.17b. It may also affect the ppm~ invariant mass spectrum as well. To address this
question, special Monte Carlo calculations were performed. The correction on the FSI
effect was implemented into calculations. Numerically it was implemented exactly to
satisfy experimental points on Fig.18a and b — see dashed curves on these figures. The
only purpose of such an implementation was not to study the pp FSI itself but to find
out how it could affect the ppnr~ invariant mass distribution.

The ppr~ invariant mass distributions are shown on Fig.18c for all events and on
Fig.18d for the events satisfying the M,, < 2m,+18 MeV constraint. The solid curves on
these figures are the Monte Carlo calculations for pure phase space. The ratio of the total
number of the events to those with the M,, < 2m, 418 MeV constraint in the framework
of the pure phase space reaction mechanism is not a free parameter. Since this quantity
is fixed and well-defined in the Monte Carlo calculations, one need normalize curves to
the experimental data only once. The normalization was done for the total number of all
events, Fig.18,c. IN ORDER TO DEFINITIVELY REMOVE the observed effect (exper-
imental points vs solid curve on Fig.18d) the pure phase space curve was FORCED to be
normalized to the total number of events in Fig.18d - dotted curve, and corrected to pp FSI
- dashed curve. One can conclude that pp FSI doesn’t affect the shape of the ppr~
invariant mass distribution significantly and cannot fit observed experimental results
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with reasonable ammount of accuracy even with ARTIFICIAL NORMALIZATION.
Electroproduction of the ppr— System off the 3He .

If we confine our future investigation only to a deuterium target and if we find a narrow
spike in the ppmr~ invariant mass distribution, then it would be extremely difficult to derive
unambiguous conclusions about the nature of this effect. To illustrate this, consider two
diagrams which could contribute in principle to the reaction mechanism - see Fig.19a and
Fig.19b. We suppose here that the effect was produced in the 7— interaction with a very
close pair of protons which could be considered as a single isolated individual object seen
as (pp). Clearly, to distinguish between these two hypotheses one should either to utilize
a number of model dependent assumptions and calculations, or perform detailed partial
wave analysis of the data.

A tremendous improvement in our capacity to interpret the data would result if we
were to extend our investigations to the lightest nuclei, such as 3He and *He.

If the spike is a real resonance, then the quasifree machanism (see pole graph on
Fig.20a) will provide the major part of the cross section. The cross section in this case
should be close to the same value for the deuterium target, and what seems much more
important,, we should observe a well defined and apriori predicted (flat?) Treiman-Yang
distribution. The Treiman-Yang criterion is absolutely model independent and is the
clearest direct indication of any quasi-free reaction.

If, however, the spike is provided by the strong final state interaction in the ppr~
system, then in addition to the quasi-free mechanism of Fig. 20b we should expect a
significantly larger value of the cross section compared to a deuterium target due to an-
other channel of the reaction with quasi-free 7~ production off neutron and its subsequent
rescattering on the closely correlated pair of two protons, see Fig. 20c. The Treiman-
Yang criterion should fail in this case. This would be the strongest and most unspeculative
evidence in favour of the FSI nature of the observed effect.

Alternative d' searches. The Pionic Double Charge Exchange Reaction
(DCX)

As a result of common efforts undertaken at LAMPF, TRIUMF, and PSI there now
exists a substantial base of low-energy DCX data on light and medium nuclei, which all
exhibit a very regular and smooth angular dependence at higher energies — as predicted by
various theoretical models — however, they also exhibit a peculiar and totally unexpected
energy behaviour near T, = 50 MeV [5]. This feature has been seen for both double
isobaric analog transitions (DIAT) and for ground state transitions {(GST).

As shown recently, this puzzling energy behaviour, which as of yet has not been un-
derstood within current models, finds its natural explanation by the narrow d' resonance.
Fig. 14 shows the most recent results on the DCX reaction #* °Ca =4 T 7~ obtained
at PSI. The solid curve represents theoretical predictions based on the d’ hypothesis.

The parameters of the d' for mass and width, My =~ 2.06 GeV, Tynz = 0.5 MeV,
deduced from DCX-data, characterize the d' resonance embedded in nuclear medium.

To rule out nuclear medium effects in the DCX reaction one ideally would need mea-
surements on a dineutron or diproton which are unbound. The next best choice for DCX
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would be *He and *He, where medium effects are expected to be strongly reduced or
absent. The presently available data on low energy DCX on *He, where conventional
reaction mechanisms are heavily suppressed by the Pauli exclusion principle, agree very
favorably with the predictions based on the d’-hypothesis. In the latter reaction, the d' is
expected to manifest itself as a threshold phenomenon at T, ~ 80 — 100 MeV.
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Fig. 1.

Pole (a) and triangle (b) graph with pp-rescattering.
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Graphs with A-1sobar in the intermidiate state.
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Fig. 11

The triangle graph.
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Two and Three Body Invariant Mass Distributions.

pp — ppr~n+ ITEP Data, [4].

a) Proton-proton invarinat mass distribution. Solid curve - MC calculations
for the pure Phase Space. Dashed curve - Phase Space + FS5I .
b) Proton-proton correlation function.
c) The ppr~ invariant mass distribution. Solid curve - MC calculations for

the pure Phase Space.

d) The ppr~ invariant mass distribution with the constrain on M,,. Solid
curve - MC calculations for the pure Phase Space. Dotted curve - the same
as solid, but with normalization to the total number of events in this plot.
Dashed curve - 'dotted’ 4 FSI (see dashed curve on the Fig,a)).



a)

d!

(pp)

b)

(pp)

FIG.19



FI1G.20



