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Date:
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List all combinations of anticipated targets and beamn conditions required to execute the experiment.
(This list will form the primary basis for the Radiation Safety Assesment Decument (RSAD) calculations that
must be performed for each experiment.)
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The beam energies, E, _ _, available are: Epeam =NXE . whereN=1,2,3,4,0r5. For1995, E ; ..=800MeV,i.e, available Eppamare
800, 1600, 2400, 3200, and 4000 MeV, Starting in 1996, in an evolutionary way (and not necessarily in the order given) the following
additional values of E|nac Will become available: E|inac = 400, 500, 600, 700, 900, 1000, 1100, and 1200 MeV. The sequence and
timing of the available resultant energies, Eg..,: Will be determined by physics priorities and technical capabilities,
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At low values of momentum transfer t, exclusive photoproduction of vector Mesons
occurs mainly through the coupling of the photon to an intermediate vector meson which
diffractively scatters from the target. This corresponds to the Vector Meson Dominance
Model (VDM) and the cross section depends only on the size of the meson and the target.
At high t. hard processes are expected to take over and the production is thus more
sensitive to quark and gluon exchange mechanisms.

Production of p and mesons proceeds mainly through valence quark
fearrangement mechanisms and exhibits a s-7 behavior at large t. On the contrary,
production of ® mesons proceeds mainly through two gluon exchange: to the extent that ¢
meson is a pure s ¥ state, quark exchange is OZ]I suppressed if the strangeness conten( of
the nucleon is small. Such a two gluon exchange predicts a dip in the t dependence of the
Cross section near t = -2.3 GeV2. It arises from the interference of two amplitudes. [n the
tirst, both gluons couple to a single strange quark; in the second, one gluon couples to the
quark s and the other to the antiquark 5. These amplitudes provide us with a mode] {!] of
the hard part of the Pomeron. and match smoothly the full Pomeron exchange amplitude
around t =1 GeV2, If indeed ¢ production on the proton is dominated by two gluon
exchange, it will be a unique way to study quark correlations and, more particularly,
hidden color components in nuclei,

The proposed experiment will provide, for the first time, an accurate determination of
the t dependence of the cross section for exclusive photoproduction of P,® and ¢ mesons
on the proton and 3He up to values of t around 5 Gev2. Sparce data exist in this range for
p and w production. They have however been obtained with an untagged bremsstrahlung

photon beam, and no complete identification of the final state has been achieved. No datg

processes dominate and ¢ production is much suppressed compared to P and @ production.
The comparison between the light quark sector and the strange sector will provides us with
a deeper understanding of the corresponding mechanisms. The polarization of the outgoing
vector meson will also be determined by the analysis of the angular distributions of their
decay products (see attached note). For instance, the polarization of the ¢ . as measured by

analyzing the angular distribution of the kaons. may give interesting information on the



possible strange content of the proton. Finally, data for the reactions. yp—KA and K*X at
high t will be recorded in the same energy range.

This experiment will make use of the tagged photon beam in Hall B and of CLAS to
detect the recoiling proton and the p. and ¢ by their decay channels n+r wtn-n0 and
K+K- respectively. CLAS will be operated at its highest field to get the best reconstructed
meson mass resolution, and we will trigger on two positive charged particles, outbending.
Pion-kaon separation is achieved using ToF information and kinematic correlations. The
good tagger resolution always allows a clean background rejection, at least around 4 GeV.

While the experiment can be run at the CEBAF nominal energy of 4 GeV, it will
greatly benefit from any tncrease of energy. First, the theoretical description of hard
processes becomes more valid as the energy increases. Also, the study of the variation of
the cross sections with energy is certainly worthwhilell]l: the cross section of quark
interchange mechanisms varies as 77 | while the cross section of two gluon exchange
processes is almost constant. However, i/ K separation by time of flight becomes less
definitive at photon energies above 4 GeV, according to the expected CLAS performance .
Here only kinematical constraints will remain to clearly identify each channel. While this is
fine for channels where all the particles are charged, this does not allow one to get rid of
channels where any particles are neutral (see Fig. 16 in the proposal).'The channel
identification will depend on the actual level of this neutral background in a kinematical
regime where very little is known. Therefore it will be wise to split the data taking part of
the run into two periods: a short one as early as possible, and a longer one. The first period
will be used to define the beam conditions in the second run, not only after checking n/ K

. separation, but also after mastering the backgrounds in this almost virgin domain.

Meanwhile, we are making good progress on our various contributions to the
preparation of this experiment. Construction of the focal-plane detector array for the Photon
Tagger at GWU has been completed, the frame has already been delivered to hall B and the
detectors are ready to be shipped. The cryogenic-liquid target system being built at Saclay
has been tested with #He at 2.4 °K, and will be ready to be shipped to CEBAF next spring.
The large angle shower-counter being built at Genoa and Frascati is undergoing tests now:
the first module will be shipped in the spring and the second before the end of 1996.
Detailed simulations of electromagnetic and neutral backgrounds in photoreaction
experiments performed with an extended cryogenic target are underway. Also. the
theoretical framework underlying the analysis of this experiment has been put on a firmer
basisl2l. Finally. we have investigated the feasibility and the expected accuracy of the
determination of the density matrix of the produced vector meson, via its decay
distribution. This is reported in the attached note.



NdTE ON THE ANGULAR DISTRIBUTION OF THE DECAY
MESONS

In our proposal we have shown that the photoproduction of vector mesons at large
momentum transfer t on the nucleon represents an original and relatively straightforward
method to study and disentangle two giuon and quark exchange mechanisms A different
behaviour of the cross section at high energy and high momentum transfer is expected: the
differential cross section of the ¥P—0p channel, where the two gluon exchange mechanism
dominates, should exhibit a characteristic node, while the cross section of the YP—=p/m p
reaction, where the quark fearrangement process play a significant role, should exhibit i
more flat pattern and an s-7 scaling behaviour [2] However, more complex processes could
interfere with these dominant mech‘anisms and affect their momentum dependence. To
achteve a deeper understanding of hard mechanisms a complementary method already
mentioned in our proposal can be used: the analysis of the decay angular distribution of the
photoproduced meson . In this note . We investigate its feasibility and the expected
uncertainties.

The angular distribution of the decay products, W(8,9), can be written in terms of the
density matrix elements P, of the vector meson. For the case of unpolarized photons only

three elements are presents[2]:
W(6,¢)= 4—}(%3:‘;; 9+ —_l,—(3cosl 8- l),o00 -2 Rep,sin26cosp - p,_ sin 39c052¢)

where p,, represents the transition from transverse photons to longitudinal mesons and P
. P, are the interference between helicity and non helicity flip amplitudes. In the case of
s-channel helicity conservation (SCHC) , py,, p,, and Py, vanish identicaily in the
helicity frame and the angular distribution assumes a simple sin’ @ behaviour.

SCHC holds in the Vector Meson Dominance (VMD) model which fairly well describes
the diffractive process at low momentum transfer as measured in different experimentsl3],



Even though no data exist at high t, SCHC is predicted to continue to hold in two gluon
exchange. SCHC , however, will not apply in the case of a quafk reérrangement scenarto.
This latter process 1s inhibited in ¢ meson production but dominates in the pU.o channels at
* least for photon energies lower than 8 GeV. This is clearly shown in fig. | where the p"
photoproduction cross section on the protont4 is reported as a function of the photon energy
at -t =3-4 (GeV/c)2. The continuous curve describing the data scales as s-7. the behavior
predicted by quark exchange model, and becomes of the same order as the two gluon
exchange contribution (continuous curve) at Ey= 8 GeV.
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Fig. I: the differential cross section for the yw— pOp channel ar -t ~ 3-4(GeVrc)2 as g
function of the photon energy: the dashed curve is the -7 behaviour predicted by the quark
exchange mechanism while the two ghion exchange contribution is the energy- independent

CONNNous curve., e

In the yp— ppQ/w? channel, the experimental determination of the three Po. Py and p,
matrix elements far from the diffractive peak may allow ué, therefofe, to determine the
onset of the quark fearrangement mechanism and to disentangle this process from the
exchange of the two gluons . In the yp—o p channel, a possible strange component in the
nucleon could result in g direct knock-out of strange-antistrange pairs which violate
SCHC, leading to a non vanishing p,, and 2

From the experimental point of view only a few experiments on photoproduction of
vector meson were able to extract these matrix element from the measured datal5]. These
experiments were performed at photon energies Ey = 4 GeVv with the bubble-chamber

technique and , due to the low counting statistics, only values at momentum transfer lower
than | GeVZ were accesible. For the pY channe at Ey=4.7 GeV SCHC is observed for -t



< 0.4 GeV2 while a smail violation s present for 0.4<-t<0 8 ( Py = 0.28 = 0.054)

. indicating the possible onset of the hard.processes for these values of momentum transfer.

In our proposal we demonstrated that for -t upto4 GeV2 we can unambiguously

identify the vector mesons ¢.p% and @ in the presence of the phase-space background at
least for photon energies lower than 4 GeV.
Using this result, in the present analysis, we have evaluated the expected statistical
uncertainties in extracting the density matrix elements,p,  p,, and P, from the decay
angular distribution of the vector meson. The integration of W(6.¢) over ¢ provides
information on the sensitivity of the angular distribution to variations in p,:
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Fig.2: ajthe angular distribution of the pion from the pPdecay in the helicity frame as
expected in the kinematical conditions described in the text: crosses and open circles
respectively correspond to SCHC { Poo =0} and non-zero helicity -flip (pop=0.2); b) same
for the ¢ decav: here the dashed curves indicate the sensitivity on the Poo coefficient { py, =
0. +01).

The statistical uncertainties correpond to the following conditions:

photon energy bin : 3.5<Ey<3.6 GeV (Eg=4 GeV, Etag= 310 3.6 GeV)

photon flux: 2 108 photons/s in the bin

detection efficiency: 30%

momentum transfer and cross section : -t = | .6+ 0.15 GeV2 do/dt = 60 nb/Ge V2

target: liquid hydrogen (px = 0.7 gr/cm?)

running period: 400 hrs (already granted to 93-031)

In fig. 2a) we plot the results both when p; is equal to zero (SCHC) or py,=0.2 (small
violation in SCHC) for the pY channel. The case for produced ¢ mesons is depicted in fig



2b). Although the cross section ts reduced (do/dt = 2 nb/GeV?2 att=-1.6 GeV2), the
counting rate is still sufficient to precisely determine Py, as can readily be seen in the plot
where the dashed curves correspond to to p, = 0.+ 0.1

In order to investigate the sensitivity of our measurement on Pi_,- the same W(g, @} angular

distribution can be integrated with respect to the polar angle 8 to obtain:

1
p)=[W(b.0)do = 5 (1=2p, cos2¢)

*(p—ep”p. Evy=35 GeV
1=2540.5 GeV©

Fig.3: The expé ,': " % .. X ey ‘ L-dec’ay in the i#f the heliciry
frame  at the indiogg : Fevaluation is performéd. for SCHC
( crosses) and non-zerd § Lo Hficient {open circles,p;_;=-0.05). The dashed curves

correspond to p;_;=-0. 05+ 0.01 W

Due to the cos2¢ azimuthal dependence, the events can be binned into two intervals in Q:
O<eo<r and r< @<2r. We can then integrate over these two intervals which wil]
allow a cross check of our results, and provide a handle on our systematics. To determine
our sensitivity on the measurement of the p,_ coefficient, in fig.3 we report the angular
distribution of the pion from the po decay at-1=2540.5 for two vaiues of p, :0.0 and
-0.05£0.01. The corresponding stistical uncertainties are limited and aliow the
determination of the Pi-, coefficient with high precision.

The analysis of the whole W(8,9) anguiar distribution represents, however, the most
efficient method to simultaneously determine the values of the three Py, P, and
P\, paramelters,

-
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Fig 4: the angular distribution in the polra 8 and azimuthal @ angles of the pion from the pO
decav evaluated using the experimental values of values three parameters Poo, Proand p;_,

as mmeasured in ref. 5

As an example, in fig. 4 the angular disrtibution of the pion from pO decay is presented , the
curve being evaluated using the experimental values of Poo, Pwand p|_; as measured in
the momentum transfer range 0.4<-t<0.8 (GeV/c)2 [5]

The non-zero value of the parameters (pgp=0.2, p,=0.05, P1-1==0.03) is still sufficient
for a sizable departure from the ¢-independent distribution expected with SCHC. Clearly
both the counting statistics of the measurement and the shape of the angular distribution wil]
determine the size of the binning in 6,0 : the effect of this optimization in the determination of
the errors in the three parameters pog, prgand p_ is stiil underway.
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