Photoproduction of the Very Strangest Baryons on the Proton
target in CLAS12

A. Afanasev, W.J. Briscoe, H. Haberzettl, I.I. Strakovsky”, and R.L. Workman
The George Washington University, Washington, DC 20052, USA

M.J. Amaryan and G. Gavalian
Old Dominion University, Norfolk, Virginia 23529, USA

Ya.l. Azimov

Petersburg Nuclear Physics Institute, Gatchina, Russia 188300

M. Battaglieri and R. De Vita
INFN, Sezione di Genova, 16146 Genova, Italy

V.N. Baturin, V. Kubarovsky, E. Pasyuk®, S. Stepanyan, D.P. Weygand, and V. Ziegler*
Thomas Jefferson National Accelerator Facility, Newport News, VA 23606, USA

J. Bono and L. Guo*,**
Florida International University, Miami, FL 33199, USA

M. Dugger”
Arizona State University, Tempe, Arizona 85287-1504, USA

J. Goetz® and B.M.K. Nefkens
University of California at Los Angeles, Los Angeles, CA 90095, USA

D. Glazier and D.P. Watts*
Edinburgh University, Edinburgh EH9 3JZ, United Kingdom

D.G. Ireland and K. Livingston
University of Glasgow, Glasgow G12 8QQ, United Kingdom

F.J. Klein
Catholic University of America, Washington, DC 20064, USA



A. Kubarovsky
Rensselaer Polytechnic Institute, Troy, New York 12180-3590, USA

K. Nakayama
University of Georgia, Athens, GA 30602, USA

Yongseok Oh

Kyungpook National University, Daegu 702-701, Republic of Korea

J.W. Price
California State University, Dominguez Hills, Carson, CA 90747, USA

W. Roberts
Florida State University, Tallahassee, FL 32306, USA

C. Salgado
Norfolk State University, Norfolk, VA 23504, USA

V. Shklyar
Giessen University, D-35392 Giessen, Germany

(The Very Strange Collaboration)

*

** - Contact person, * - Spokesperson

(Dated: March 30, 2012)



Abstract

2
o,\‘\’

rfdst half a century after the prediction and discovery of the Q~ baryon, many properties
/~

of the § :O,) and —3 hyperon resonances remain unknown. In particular, recent theoretical
established by experiments
predictions sug&t there are many more Cascade states than have been seen. The CLAS detector,

part of JLAB’s 6 C%)/ program, has provided a unique lens into photo-production of the lowest
mass Cascade states g%esholdh Pgwever the energy and luminosity reachednv&;ggsﬁor?esalffﬁggﬁr‘gt%o
study the heavier E*’s or the . With the increase(j(\?nergy and better charged-kaon identification
promised with CLAS12, we prop% to study the production mechanisms of § = —2, -3 baryons
andit is challenging to understand

with high precision and statistics in ei?gluswe photo-nuclear reactib@gprocesses which can produce

the large
The productlon mechanism of these sté‘@as is of particular interest: thqchange of strangeness

. oing The current data to constrain such studies is sparse
number._is om the initial state to the ﬁﬁal state baryon, Jt\here 1S no current precision mea- '

surement of the differential cross section for the O~ and there is no polarization measurement of

the cascades in photoproduction. The spin-parity of the few relatively well-established cascade

states, such asthEe‘(l690) and Z(1820), may be confirmed via the double moments analysis technique

using the combined decay angular distributions. The improved CLAS12 detector acceptance for

the few-particle final states, which is necessary for the detection of these baryons, makes it possible
obtain experimental data which gives sensitive information on

to aceess-their production mechanisms.

The proposed experiment would be run in parallel with the approved CLAS12 meson spec-
troscopy experiment using the forward tagger currently under construction. This experiment is
expected to yield the statistics necessary to perform the cross section measurements for the Q~
baryon. In addition, the proposed experiment is expected to yield high statistics for Cascade
baryons, corresponding to the world’s largest sample for the Z ground state in photoproduction

and allowing the possibility of discoveries of new excited E-states, and the determination of their

quantum numbers.
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Histgﬁ%ally, baryons with multiple strange quarks have played an important role in the
developmento;@é the quark model and our understanding of the universe. The prediction
and discovery 0?'%:1%e Q" baryon certainly was one of the great triumph f the quark model.
However, half a Cegﬁ%y later, there have-been little new information about the Q and =
baryons. In fact, only g\)ﬁo Q states and six = states are considered to be well-established,
with at least three stars ra 58 in the PDG [1]. This dismal STEE largely due to the
difficulty of producing these bar?@;‘;which typically have very small cross sections, and the
gradual decommissioning of existing ®aon and hyperon beam facilities. However, due to the
intrinsic s5 content of the photon bearr%o'g has become clear that photon beam facilities,
such as CLAS (and CLAS12 and GlueX in %e future), could also produce these § = -2, -3
baryons with sufficient statistics in order to discover new states, determine their quantum
numbers, as well as providing information about their production mechanisms by performing
measurements of differential cross sections as well as polarization observables.

It is important to note that what makes these baryons so difficult to produce is also prob-
ably the main reason that it is so interesting to understand their production mechanisms.
In the case of Q7, in order to produce them in photoproduction in a proton target, it is
necessary to produce three s§ pairs from the vacuum. Such a large change of the baryon
strangeness from the initial state (S = 0) to final state (S = —3) makes it particular inter-
esting to study its production mechanism. Similarly, for the Z baryons in photoproduction
(AS = —=2), it remains unclear whether they are produced through the decay of intermediate
S = —1 hyperons.

Although both E and Q baryons are typically much more difficult to produce, they are,
however, usually much narrowe?r%nb Tould be necgssigrthc%"?gég%? ;.s%%exg}gﬂeed states, Atey
are typically 5 — 10 times atJdeast narrower than their § = 0,—1 counterparts. As for Q
excited states, although much is unknown about them, it is natural to expect that they will
exhibit similar feature to the Z sectors.

With the expected improved acceptance of CLAS12 for multiple-particle final states, and
an order of magnitude higher luy than CLAS, and several GeV higher beam energies,
it is very possible that many aspects of the Q and E physics can be probed at CLAS12 us-

ing the quasi-real photon beams with the forward tagger. In addiction to the cross section
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Iﬁb;surments for the ground state Q™ and E baryons, CLAS12 is expected to provide suffi-
01ent szatlstlcs to perform polarization measurement&or the E~ baryon, which is important
to underg\@yd its production mechanism. Due to the large acceptance for multiple-particle
final state reafo%ns it could also become feasible to determine or confirm the spin-parity of
multiple excited Casgades because the whole decay chain could be reconstructed. In addition,
the experimental Veraij;gtion of the excited cascade decoupling from the Ex channel could

/w
provide fresh information‘a%(;:t why the cascade resonances are so narrow, and a series of

measurements on the mass-sp ytgng of Z* could deepen our understanding of the u/d quark

mass difference. ‘V/)
2
7

II. PHYSICS MOTIVATION 'OO/))
A. Search for the Q-states in Photoproduction

A distinctive feature of the photoproduction o{étrange@ baryons (Q) is the fact that it

represents the largest strangeness transfer possible, AS = 3. In terms g Q photoproduction,
our first—goals are two-telded:
we have 2 primary goals

are currently completely undetermined

e Cross section measurements for yp — Q" K*K*K° which is-still-anknews,

the reaction for
e Study of & mechanism ofthe Q- photoproduction which should be quite specific, since

it is the first baryon with constituents none of which could come from the target

proton.

Of course, if the proposed experiment succeeds, it would be natural to search for other
excited Q states. In fact, only the Q7(2250) states is rated with at three stars in PDG, while
both ©(2380)~ and Q(2470)~ both have not been firmly established (Table 1).

The main limiting factors in any Q experiment of this kind are ’li)lilehjggotoproduction Cross
section (i.e., rates) and the background, neither of which are-knew=.

Despite the fact that its prediction and eventual discovery was one of the brightest high-
lights in hadron physics, not much is known about Q™ properties and mechanism of the Q~

production. Here are some basic facts:

e In 1962, Gell-Mann and Neaeman predicted a new baryon, Q~, with S = -3, JF =
3/2*, and the mass about 1670 MeV [2].

5



(7

Q/}/‘ State |PDG rating|Width (MeV)|J?
Q/P@ o *okok ok 3+

S 2

%, 3

7] O Q(2250)" Ak 55+18 | %

) 3

o8 Q(2380)" ok 26+23 | &

, QQ470)~|  * 72+33 |

Of ?

X’B]l% Well Established Cascade Resoances [1].

O
e The Q(1670)” observation 11917,;964 at BNL triumphantly confirmed the hypothesis of

SU(3)r. The unambiguous dlscégs(nery in both production and decay was reported in
Ref. [3]. They scan > 100k buble’ Q;gmber pictures with 5—-10 K~ per picture and

found a single and unique Q™ -event.

e The quantum numbers follow from the assignment of the particle to the baryon de-

cuplet. Ref. [4] ruled out J = 1/2 and find consistency with J = 3/2. The spin of
the Q-hyperon has been recently determined (though with some assumptions) by the
BaBar Collaboration at SLAC [5]. They found from decay angular distributions of
E. - QK and Q) — Q K" that J = 3/2; this depends on the spins of the EX and
Qg being J = 1/2, their supposed values. The parity of the Q(1670) stays totaliy

remains unmeasured experimentally

e Cross sections of Q(1670)” production have been measured using kaon beams. The

ANL experiment measured the K~p — QX cross section at 6.5 GeV/c as o, = 1.4 +
0.6 ub [6]. The experiment SLAC-E-135 forward differential cross section for K~ p —
QX at 11 GeV/c [7]. Experiment SLAC-BC-073 sought Q-photoproduction in the
yp — QX reaction at 20 GeV, and provided only an upper limit of o, < 17 nb [8].

Although there have been no experimental data on the photoproduction of Q~, other than

the upper limit set by the SLAC experiment [8], various theoretical models by Roberts,

Afanasev, and Shklyar have provided predictions of cross sections of Q~ photproduction,

typicall around 0.3 nb. (These predictions will be discussed in detail in later sections.)

Therefore, we believe CLAS12 has aﬁ historical and unique opportunity to produce long-

awvaited new data on Q-resonances.
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%~ missing cascade states
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According fco@,{ghe constituent quark models, there should be a cascade state for each
corresponding N* éhg A* resonances. In fact, Isgur and Capstick predicted a total of 44
cascade states below ?@,Ge\/ using a relativistic quark model with chromodynamics [9)].
Compared with these predl@mgns, the state of experimental data of cascade states is dismal.
Overall, only 6 cascade states '{?O&he PDG are listed with three or four stars [1], while only
three of them have their quanturz »mélmbers J? considered determined (Table 2). This is
largely due to the difficulty to produc&egscade resonances with two strange quarks, and

gradual unavailability of kaon beam famhtl?é.

State |[PDG rating|Width (MeV)| J?
E(1320)|  *wE 1
E(1530)  HHHE 9.5 3
Z(1690) ok <30 17
=(1820) A 24 3"
E(1950)|  *** 60 ?
2(2030)| 20 5

TABLE II: Well Established Cascade Resoances][1].

In the past two decades, there have been no new cascade states discovered. The only new
information comes from the measurement of Z°(1690) — Z~ 7" by the W89 Collaboration,
while Z(1690) has only been observed to decay largely to A/ZK~ [13]. This result had two
implication Lfg us. The first is that although the statistics of the Zx events used in the analysis
was very high, they suffer from high combinatoric background from the inclusive reaction of
>7(C,Cu) —» E n+. This problem could be avoided at CLAS12, due to the fact that these
states can be produced and observed via exclusive reactions such as yp - K*K*K~A or
yp — K*K*7~Z°. The second implication is that CLAS12, as opposed to the earlier results,

could also simultaneously measure the different decay modes of excited cascade resonances.

their

It is generally believed that the excited cascade states areim gemeral much narrower than its-



% proposed as being being

g )and Y* counterparts, and this is petentially due to the decay of 2 — Ex is suppressed.
Ther(fpre the experimental verificatiOff 8F°8%elted cascades decay decouplef from Ex can
provide \f@éz useful information in terms of the properties of the cascade spectrum, and in
particular thécmémusually narrow widths, and-CLAS12 could be a perfect venue to measure

the branching ratw;) of the existing cascade resonances, even if no new states are discovered.
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FIG. 1: Invariant mass distribution of the =~z combinations in the reaction of £~ (C,Cu) —
E-m+ [13]. a)The E°(1530) and Z°(1680) mass region; b) The Z°(1690) mass region only; c)the

=%(1690) mass region after background subtraction.

Although cascade cross section are typically one to two ordefDof magnitude lower than
hyperons, due to the necessity to produce another strange quark from the vacuum, the fact

that the cascades are typically narrow makes it easier to identify the states if produced.



Q/}/‘ State |BR(— AK)|BR(— ZK)|BR(— En)

L@f =(1530) 100%

O/) E(1690) seen seen seen

O,(\ Z(1820)| large small small

E(1950) seen seen? seen

Q- |2(2030)|  20% 80% | small

TABLE II: Brgnching ratio of excited cascade resonances [1].
O/(\
‘V/)O
Furthermore, recent CLAS data haveofé}qown that the cascade resonances, such as E(1320)

_ . 7 for photon energies _
and Z(1530), can be produced copiously 1-2 GeV above threshold using a real photon

beam h;"rw?lgi]gh luminosity. M’r\{\f}g’ﬁ;it must be noted that the comparison of cascade cross
sections and those of hyperons are not necessarily fair and could be potentially misleading.
Most hyperon cross sections exhibit tramatic decrease a few GeV away from threshold, while
the cascade cross sections would not necessariglg have the same behavior, depending on the
production mechanisms [10, 11]. The cross section of = (1320) in the exclusive reaction
of yp — K+K+E‘(1320}’\'\{%%?gggrevﬁfdftf’om nb level around E, = 3 GeV to around 10 nb at
4 GeV [10]. Phenomenological models that hypothesize intermediate hyperons as the parent
particle of E, also do not predict the drop off of cross sections at higher energies [24].
Although recently published CLAS results consist of data using mostly photon energies
below 4 GeV, a recent CLAS experiment (E05-017, also called g12 in this document [43]),
have collected even higher statisticf[of cascade data, with beam energies up to 5.4 GeV,
making it possible to study other excited cascade resonances. This CLAS experiment has
canwe an estimated luminosity of 28 pb~' for E, > 4.4 GeV, using a 40 cm long hydrogen target.

comment on the

fa‘;tor_incr?gse Among the states listed in Table 3, there is recent evidence to suggest that E(1690) is
In iuminosi

here?? a JP — % aeeaea—<S—

—make assumptions about the J” of A} as well, making %?ﬁdependent measurement mrach

very desirable The Z(1690) has mostly been seen in YK decay, while the only notable sighting
of 2(1690) — Ex with significant statistics was reported by [13]. This is a state that is

of particular interest, as there already exist CLAS 6 GeV data with photon energies far

enough from the threshold, making it possible to study Z(1690) via both decay channels;

- . ) .. . . . . 7'in . . . —_
and possibt H rehing , provide e/%(perlmental verification of the Ex
This could make possible a determination of the branching ratios,
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s@ppre851on of % decays. The proposed experiment at CLAS12 will greatly improve the

statlgﬁg:s that is necessary for the J¥ determination, which np_:fj&) reconstrucg %Le whole

decay ch@@)

As a sami%%%%é(, the reaction yp — K*K*n~(2°) has been analyzed recently using the
g12 data set. The?)}hree charged particles in the final state are identified by CLAS, while

the Z° is reconstructeéy/usmg the missing mass technique. Although only 10% of the whole

arisin

data set has been analyzed/é(ir this purpose the quality of the data is very encouraging.
The Z° signal is clearly visibl %ove aeeﬁs‘&&at background, fﬂ_od@%gmﬂr tr\ﬁ eveﬂts with pions

misidentified as kaons. We expecﬁf.% finalize various offline corrections, such as momentum

. . (® .
corrections, beam energy corrections i llowing se r, before we move on to analyze

The dataset
the whole data set. But it is clc. alreaﬂ@gthe largest data—set ever collected for cascade

it corresponds

photoproduction. With at least two thousand Z°r events detected, @&Q a factor

of seven increase compared with previous results [10], a number of

. . measurements to This increase allows
previously unfea&blga\(;am_a@w be performed.

SET

—

First of all, we expect most of the Z% events to be coming from the Z7(1530) decay.

A possible background reaction is yp — KtK*Z° although no known data is available.

If out of the two thousand events, only 20% Tﬁrﬁ%m the decay of excited cascades, that-

this samplejt will still be significantly higher than any previous photoproduction data in this energy
range. If these states are present in this data set, that it i&?ﬁ%ﬁ ke likely that they can be
identified due to the expected narrow widths. YRR MR ial cross section of B Z(1530) would
certainly become feasible, which was not possible in the previous CLAS results due to much

lower statistics at £, > 4 GeV. Such a study could provide important information about the

production mechanisms of excited cascades, as opposed to ground states.

2. Mass splitting of E doublets

Another unique feature of cascade physics is the possibility to perform the measurement

of the mass splitting for multiple cascade doublets. In order to access the fundamental
accurately determine

parameters of QCD such as quark masses, it is essential to perform the mass splitting of

multiple baryon isospin multiplets. The average of the baryon ground state isospin multiplet

(N,Z,A,E, %, and Z,) mass differences yields a value of m, — mg = +2.8 £ 0.3 MeV /c? [45].

However, the E ground state doublet mass splitting is the most intriguing one. The global

10
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FIG. 2: The missing mass spectrum of the K*K*n~ system off of a proton target, from the g12
experiment. The included photon energy range here is 3.3 GeV to 5.4 GeV [43]. Only 10% of the
data have been analyzed and shown here. Various offline corrections, such as momentum correc-
tions, beam energy corrections, have not been finalized for this experiment, and the parameters of

the signal is expected to improve significantly.

average of the mass difference between the Z° and = doublet is 6.48+0.24 MeV /c? according
to the PDG [1], significantly higher than that of the other baryon ground state multiplets.
Recent QCD lattice calculation yield a result of 5.68 + 0.24 MeV /c? [46], while a calcula-
tion based on radiative correction to the quark model gives a result of 6.10 MeV/c* [47].
Experimentally, however, it is important to point out that only one measurement of the Z°
mass, by the NA48 Collaboration, has more than 50 events [48]. It seems plausible that
this lone high statistics measurement of the Z° mass could be too low. In fact, recent CLAS
measurement of the mass splitting of the ground state (27, Z%) doublet is 5.4+ 1.8MeV /2 [10],
which is lower than the global average. Nevertheless, the CLAS results did suffer from the
lower statisBlé@@B'¢ke Z° events, and could not make a definite statement on the E ground
state doublet mass splitting.

CLAS12 would be well suited to perform multiple mass splitting measurements for a

series of E* doublets, further enhancing our knowledge of the u,d quark mass difference.

11



*

T%}s is largely due to the narrowness of the Z* resonances, the improved acceptance and
luml?{cﬁlty of CLAS12 ﬁra‘ﬁ CLAS, and of course, the higher beam energy. These kind of
multiple %];)asurements of mass splitting of different baryon multiplets would not have been
possible in o%];f% sectors such as N* and Y* resonances, due to their typical larger widths

and the assomated%mcertamtles

C. Cascade Polarlzaﬁ%
'/()

Hyperon polarization has genér%ted much interest in the hadron physics community. Re-
cently CLAS have produced several %erestmg results on the polarization of hyperons. In
photoproduction data, Bardford et al. hav@oshown that the A is 100% polarized with a circu-
larly polarized photon beam [14] (Fig. 3, while the induced polarization of A in the reaction
of yp — K*A is shown to change signs as a function of the K* center-of-mass angels [15]
(Fig. 4). Similarly, due to the self-analyzing nature of the Z(1320) weak decay, the polar-
ization can be measured in various photo-nucleon reactions, with or without target/beam
polarization. Such observables are important for the understanding of the production mech-
anism of cascade resonances in general. Furthermore, compared with the case of A(uds),
whose polarization is likely from the strange quark, with a small contribution from the (ud)
diquark. the polarization mechanism of Z((u/d)ss), however, might be totally different. The
cascade polarization is more likely from the valence quark (u/d) instead of the (ss) diquark.
If this is true, then the recoil polarization of Z should be negligible in photoproduction data
without beam/target polarization, opposed to the sizable recoil polarization observed for
A. It is also possible to use the polarization of the Z(1320) in photoproduction on a polar-
izaed nucleon target to study the different contributions of valence quarks to the nucleon
polarization, which would be complimentary to the results using electron scattering.

Because of parity conservation in the production of E~ in the reaction of yp —
K*K*E7(1320), if there is no beam or target polarization, the only direction the E~ can
be polarized is along the direction of the normal to the production plane, defined by the tar-
get, beam, and the outgoing E~ (Fig. 5). For a weak decaying particle such as the E7(1320),
the polarization can be measured via its decaying angular distribution, which takes the form
of

1(0) = A(1 — aPcos(0)) (1)

12
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FIG. 3: The magnitude of the A hyperg?d})olarization Rp = 4/P%+ C2 + C? is shown to be consistent
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FIG. 4: The Induced A polarization P, is shown to change signs as a function of cos6™ [15]

For the £7(1320), the value of @ is -0.456, and P denotes the polaon. The polarization

P can be also determined by
2Nt -N-
aNt+ N~

with N* denoting events in the forward direction, and N~ in the backward direction.

P= (2)

If there is beam or target polarization, then presumably some of the initial polarization
can be transferred to the E7(1320), and a measurement of the in-plane polarization of the
E7(1320) can become a very useful tool to probe the production mechanism of E baryons.
For example, recent photoproduciotn data of A in the reaction of yp — K*A has shown that

the polarization of a circularly polarized photon beam is almost exclusively transferred to

13
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FIG. 5: Ilustration of the E= — An~ decay f#% the polarization measurement in the reaction of
vp — K*K*Z7(1320). The production plane is defined by the beam, target, and the outgoing Z~.
The 7~ angle in measure in the Z~ rest frame, with the z-axis for the polarization measurement

defined by the normal to the production plane.

the hyperon [14]. If the production mechanism for E is similar to that of the A, then it is
not inconceivable that some of the beam polarization is transferred to the E. On the other
hand, in a conventional di-quark picture of baryon resonances, the polarization mechanisms
of the A and E could be fundamentally different as discussed earlier. If if is true that most
of the E polarization is from the valence quark contribution, then the difference between
an unpolarized photon beam or otherwise, should be very small, provided that there is no
target polarization.

The proposed program will the measurement of induced Z~ polarization, and the beam
polarization transfer, since the quasi-real photon polarization could be determined on an
event-by-event basis. The comparison between A and Z~ polarizations can be made, and the
production mechanism can be further explored. As shown in Fig. 6, extrem@f'&i'élea-ls signals gt for
2~ — An~ can be identified, due to the fact that there are two narrow resonances providing
kinematic constraints. If fact, such an unique feature is one of the main reason to focus on
this channel, as it simplifies the analysis of the decay angular distributions greatly and makes
the extraction of polarization variables much less susceptible to background contamination.

As a sanity check, we used the decay angular distributions of these extremly clean sample5
first exploratory look ?

14
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FIG. 6: Top: The missing mass spectra of the K*K*n~ system off of a proton target. Events
corresponding to the Z~ signal on the right are selected; Bottom: The missing mass spectra of the
K*K™ system off of a proton target. Events corresponding to the A signal on the left are selected.
The data was collected by the gl1 [44] experiment, and the photon beam is unpolarized. The

included photon energy range here is mostly from 3.0 GeV to 3.8 GeV.

of 2= — Azn™ events, and the preliminary Z7(1320) polarization measurement, as a function
of photon energie$ which are shown in Fig. 7. Adthensh the results are consistent with zero
polarization, which is close to our expectation due to the fact there is no beam polarization.
This result is already notably different from the induced polarization of A measured recently

by CLAS [15]. However, it is also possible that our preliminary results are due to integrating

15



other kinematic variables, such as the 2~ angle in the center-of-mass (CM) frame.
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FIG. 7: Top: The integrated decay angular distribution of the £~ decay. 6" is the angle between the
7~ momentum and the normal to the production plane. The shaded histogram is from simulation
that is based on the differential cross sections results reported in Ref. [10]. The included photon
energy range here is mostly from 3.0 GeV to 3.8 GeV; Bottom: Preliminary results of the calculated
polarization out of the production plane is consistent with zero within uncertainty . Errors are
statistical only. An estimated systematic uncertainty of 10% is not shown. The data was collected

by the g11 [44] experiment, and the photon beam is unpolarized.
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K*K*n~ system off of a proton target. Events

corresponding to the E™ signal on the right are selected; Bottom: The missing mass spectra of the

K*K" system off of a proton target. Events corresponding to the A signal on the left are selected.

The included photon energy range here is 3.3 GeV to 5.4 GeV. Only 10% of the data have been

analyzed and shown here. These events are not required to have originated from within the target

due to the weak decay of E~. The data was collected by the g12 experiment, and the photon beam

is circularly polarized, with maximum polarization around 70% .
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analyzer, and the normal to the production plane defining the z-axis. The shaded events correspond
to the side band events shown on the left; Bottom right: Side band subtracted of the decay angular

distributions using the two histograms on the top.
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IPI;A CROSS SECTION ESTIMATION FOR THE Q PHOTOPRODUCTION ON

TH]?/BROTON
*5}

In each (@:gua measurements mentioned above, only a small Q™ data sample was ob-
tained, and the €L 43roduct10n mechanism was not well understood. Mechanism of the Q-
photoproduction sh?@}d be quite specific, since it is the first baryon with constituents none
of which could come frglﬁ the target proton.

In the next few parag ’éls we attempt to estimate the cross section for Q-

photoproduction on a nucleon us’lﬁﬁ a variety of models.

OO,
%,
A. Vector-Meson Dominance Mod%

Afanasev considers Q-production on a proton target. The photoproduction amplitude in

the Vector-Meson Dominance (VMD) approximation may be written

fap = Q Xlvwup = e/ £,)f©°p = QX) + (e/ fu) flwp = QX) + (e f) f(¢p = QX), (3)

where the photon-vector meson couplings f,,4 can be obtained from the measured partial
decay widths of vector mesons I'(p, w, » — e*e”) [1]. In the following, we make an assumption
that the leading contribution to Q-production is due to the intrinsic strangeness component
of the photon. In the constituent quark model, the ¢-meson is primarily an ss-pair, providing

strange quarks in the incident photon beam. Therefore,

fop = Q X)lpmup ~ (e/ fp)f(dp — Q7 X). (4)

Then, the photoproduction cross section is

fop = Q Xlpup ~ (@/ay)o(gp — QX). (5)

Here, a is a fine structure constant, while the value o = qu /4n = 14.3+0.5 is obtained from
the partial width I'(¢ — e*e”) = (1.27£0.04) keV [1]. Using an additive quark model, we
further relate cross sections of ¢pp —» Q™ X, K p —» Q™ X, and K*p — Q™ X processes by

fop > Q@ X)=[c(Kp—>QX)+75(K'p—> QX)]/2. (6)

Experimental data exist only for the K"p — QX process [7]. Using these data, we are

able to estimate the photoproduction cross sections at the matching momenta, assuming
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FIG. 10: Quark diagrams for the Q-photoproduction in the VMD approach of Afanasev.

the production mechanism shown in Fig. 10. We consider the numbers obtained in this
model to be upper limits. Based on this model, we estimate that, for the 11-GeV photon
beam, we can anticipate Q-baryon inclusive photoproduction cross section at the level of
o; = 0.5—-1 nb. Let us translate this inclusive cross section into an exclusive prediction. We
estimate the exclusive cross section for yp —» QKKK at 0,=0.4- 0.5 nb. This follows from

two independent arguments:

e Using Ref. [7] for K"p — Z7X cross section and ¢"VMD, we get o, ~40 nb for the
inclusive yp — E7X. CLAS Collaboration gives o, ~15 nb for the exclusive yp —
EKK at photon our previous VMD-based estimate (1 nb) by a factor of 2.5, we get

the exclusive cross section of yp - QKKK as o, ~0.4 nb.

——

e Inclusive cross sections for K'p —» E"X and K™p — QX at 11 GeV/c appear to be
in the approximate ratio 30:1 [7]. Let us assume the cross sections for yp — E"KK
and yp — Q KKK are in the same ratio. The former is measured at CLAS to be
o; ~15 nb [10], then the exclusive Q cross section is a factor of 30 less, which is

o, ~0.5 nb. Note that VMD was not used here explicitly.
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FIG. 11: Diagrams used in the calculation of the cross section for yN — KKKQ, in the phenomeno-

logical Lagrangian approach of Roberts.

B. Effective Lagrangian Model-1

The second prediction for the cross section for yN — K*K*K°Q~ is obtained by Roberts
in a simple model based on a phenomenological Lagrangian. The model uses the diagrams
shown in Fig. 11, where all permutations of external legs are included. This means that
there are 24 diagrams like the first one, and another 18 like the second. The ground state
nucleon, A, ¥ and Z and two excited E with J¥ = 1/2* (masses of 1.91 and 2.14 GeV,
respectively, taken from a quark model calculation [40]) are included in the calculation. The
mesons are assumed to couple to the spin-1/2 baryons through a pseudoscalar coupling.
Some of the required coupling constants are taken from a preliminary fit to CLAS data
on photoproduction of the E baryon. The couplings of the excited Es to the ground state
hyperons are obtained by assuming total widths of 50 MeV and branching fractions of 30%
into each of the AK and XK channels. The results from this estimate are shown in Fig. 14.
The dash-dotted curve is obtained with pair of signs for the couplings of the two E resonances
included in the calculation. The short dashed curve is obtained when the sign of one of those
couplings is flipped with the magnitude unchanged. One can expect that inclusion of other
contributions may further enahnce the total cross-section for production of the Q~, but total

cross sections are expected to be of the order of one to a few nanobarns, at most.

C. Effective Lagrangian Model-2

The third approach by Shklyar for the calculation of the Q-photoproduction cross section
(Fig. 12, which is similar to Fig. 11). The resonance production of § = —3 baryons can be

*

represented by a sequence of transitions yp — A* —» E* — Q7 where kaons are emitted

at each step. There are three additional diagrams obtained by permutations of final kaon
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momenta in the diagram depicted in Fig. 12: (¢, «<— ¢3), (¢2 «<— ¢3), and (¢2 — g3,
g — q1, and g1 — q2).

Here, we assume that the reaction goes through the excitation of the two heavy resonances
A*(3000) and E*(2370). The PDG Listings [1] indicate several heavy A*- and Z*-states with
masses close to 3 GeV. Most of their properties are unknown. Therefore, we will treat
A*(3000) resonance with J” = 1/2% as a “generic" one assuming that it corresponds to
overall possible contributions from both A*- and X*-hyperons. The model parameters are
chosen as follows: ma-zo00) = 3 GeV, I(A*(3000)) = 200 MeV, Br(A*(3000)—K*(892)N) =
20 %, and Br(A*(3000) — KE*(2370)) = 10 %. The E*(2370) state is rated by two stars
in the PDG Listings and has about 10 % branching decay ratio to KQ~ and 20 % decay
fraction to the “generic" K*(892)A and K*(892)X final state. The spin and parity of 2*(2370)
are also unknown and calculations are also done assuming J” = 1/2%. The total width of
[,(E*(2370)) = 80 MeV which is taken from PDG [1]. The interaction Lagrangian is chosen

as

L = gozk | Q0iysE” ()| K(x) (7)
+ gnzk [EVWiys A ()| K(x)

+ 8AkN [N(X)O-WA(*)(X)] K(*),UV(x)

€ 8Kk
+ 22

4mK

+h.c.,

€urpr K () FP7 () K (%)

where isospin indices are omitted. The coupling constants are calculated from the corre-
sponding decay branching ratios. The KE*A* and KZE*Q vertices are dressed by the form

factor
4

Fi) = —2 (8)
M= AT (g —ma

where ¢, is a momentum of the propagating baryon in the s-channel and my is a mass of the

resonance. The formfactor used at the r—channel vertex has the form

-
A} + mi.

Fl‘(qz) = )
A} + (t+m2.)?

(9)

where t = (g, — k)? for the diagram depicted in Fig. 12. The cutoff parameter is chosen to
be Ay, = A; = 1.5 GeV.
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For the case ofa _ . .
Having resonance productlon mechamsnr{,);the exclusive yp — K*K°K*Q~ cross section is

estimated to be about 0.5 nb at E, = 11 GeV. This is a conservative estimat%ﬂ—&nd inclusion
of additional channels would lead to a larger total cross section. The measurementg of tie

invariant mass distributions can provide an important information on the Q- production

process. The invariant mass distribution dﬁ/[df calculated in the case at hand is shown in
q3-PQ
Fig. 13. Here the notation M, = (g3 + pa)® is adopted, where g3 is a kaon momentum.

Due to symmetrization the chargelkaons can be emitted at any vertex which corresponds to

the different kinematical situations. The interplay between contributions where the charge d
kaons are emitted at A"Z*K and Z"Q"K vertices leads to the broad structure in the M, ,,=
2.272.6 GeV invariant mass region with the d&ép around E*(2370) resonance mass. The
second peak at 2.9 GeV is due to the A*(3000) excitation. Hence, the invariant mass dis-

tribution could shed light on the details of the Q™ production mechanism and distinguish

between resonance and resonance contributions.

D. Summary

Overall, Fig. 14 shows the cross section estimation as obtained for the Q™ photoproduction
on the proton. Near the threshold, the cross section is small, as expected, but quickly grows
into the nanobarns range (or tens of nanobarns, depending on the coupling constants). A

safe estimate
cross section of a few nanobarns in the energy range of interest seems to be a safe bet. The

critical feature is that all four estimations are consistent with each other. The numbers

are an indication of what one can expect. Clearly, shroutdirt—believe th (effective
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FIG. 13: Invariant mass distribution for the resonance production mechanism shown in Fig. 12.

may not be applicable
Lagrangian approach) very far from threshold, as the cross sections continue to rise but we

have no idea how strongly energy dependent to make those.

One can estimate [16] that the photoproduction rate for yp — Q~X is simply /7 times
the measured hadroproduction rate at ANL [6], which agreedl with the above estimations.
The angular distribution of the inclusive and exclusive events may provide a clue for the Q~
production mechanism. For example, whether production of Q(sss) is enhanced at small ¢

or small u [16].

In this approach \
. Brodsky’ agstimations addressed $6 one approach topQ(sss)X [16]. i sonsider

is congidere
g — s§ the origin of one of the s-quarks. This produces the minimum number of final-state

quarks. The other two strange quarks can be made either by gluon splitting g — s§ or by

the double intrinsic strangeness |uudssss > Fock state of the proton. Thegluonic intermediate

are expected to

states shotitd be minimized [17]. The gs§ vertex produces one of the needed strange quarks.

The intrinsic strangeness mechanism does not need explicit gluons. One can create the

:I;:dsse;it;tc;n strange quark pairs within the hadron wave function via QCD Coulomb exchange. This
ke . _ . . . . .

f;anng:re me eglves the |luudssss > Fock state amplitude. This process is maximally efficient at threshold.

sentenceg

The analogous |uudccc > double intrinsic charm Fock state can account for the extraordinary
N — J/yJ/yX events seen by the NA3 Collaboration [18] as has been discussed in Ref. [19].
All of the double J/¢ events are made at high xg(total) > 0.4.

Additionally, Shklyar estimated the yp — QQp cross section production. Unfortunately,
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FIG. 14: Total exclusive cross section for the Q-photoproduction. Blue filled circles show the
conservative phenomenological translation of the hadronic cross sections into the photoproduction
ones. Dash-dotted (short dashed) curve show phenomenological Lagrangian-1 calculations (see text
for details). The dotted curve presents the Q-production using a different Lagrangian-2 approach.

The red arrow indicates the threshold which is W = 3.16 GeV (E, = 4.85 GeV).

the estimated total production cross section is too small — picobarns or smaller. It would

be hard to use this channel for any reliable analysis.

E. QN and EN Elastic Scattering

The fact that all ground-state hyperons decay weakly allows one to consider the possibility
that they can interact with a second proton in the target. This secondary interaction takes
place via the strong interaction, and therefore may occur often enough to observe with
the CLAS detector. SU(3)r symmetry dictates that the cross section for hyperon-nucleon
scattering should be comparable to that of NN scattering; a simple model [36] gives the

relation

o(E7p) + o(pp) = 20(Ap)
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(7
(g
W&)ch makes it possible to estimate the event rates we can expect in an experiment with
CLA‘%’p

A det%gd study of the interaction of the E hyperons with the nucleon may help to
illuminate SIf(G&F symmetry breaking in the baryon-baryon interaction. A particular pro-
cess, & p — AA *%ay point to the existence of the H dibaryon, which has not yet been

observed,[38, 39] or aﬁpw the first direct measurement of the parity of the ground-state

E.[35] “
The existing data on hy%ooonucleon scattering is sparse for § > 1, consisting primarily
of a few events seen in high- enel@y bubble-chamber experiments done in the 1970s.[26—
29] Recently, a new measurement at 1&381" energies was attempted using a scintillating fiber
target.[25] Out of more than six thousand % events seen in the p(K~, K*)E™ process, a single
candidate event for the elastic scattering process 2~ p — E~ p remained, leading to an upper

limit of 28 mb. Quality data on E™p scattering would help to constrain theoretical models

for this pracess and help to illuminate the nature of the hyperon-nucleon interaction.[30-34]

IV. CROSS SECTION ESTIMATION FOR THE = PHOTOPRODUCTION ON
THE PROTON

There are several theoretical attemts to calculate excited E states using effective La-
grangian approach.

.. Winston, Helmut&Kanzo ...

V. EXPERIMENT WITH CLAS12 FOR THE Q- AND E-BARYONS

A. Very Strange Photoproduction Experiment

The Q™ has never been observed in photoproduction experiments due mainly to its very
small production cross section. Excited Cascade states also have cross sections of the order
of a nb. It is clear, therefore, that any experiment wishing to measure these reactions must
combine high luminosity with a large particle acceptance and a beam energy extending well

above threshold. Such a scenario will be realised with the CLAS12 detector system after
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the JLAB upgrade, making photoproduction measurements feasible for the first time.
To estimate the number of Q™ and cascades produced we take the nominal CLAS12

257!, We consider 3 possibilities for the production photon in the energy

luminosity of 10*?cm
range 5—11 GeV; (a) a real bremsstrahlung photon from the e~ beam in the liquid hydrogen
target, (b) a quasi-real photon tagged in the forward tagger (FT), and (c¢) an untagged
quasi-real photon, i.e. the low angle scattered e~ not in the FT acceptance. Cases (a) and
(c) will be experimentally indistinguishable.

The flux of real bremsstrahlung photons has been estimated using two methods; first

through evaluating Eq. (27.28) in the PDG book, giving the number of photons per electron,

ny

d 4 kmax 4 (kmax - kmm) krznax - krznin
=—|=In - +
Xo |3 Konin

3E 2E?

with d = Lp=5 cm x 0.0708 gem™. X, = 63 is estimated from two different PDG Egs,
(27.22) and (27.24). So for ke, = 11 GeV and ki, = 5 GeV, ny, =0.0040. The second method
used a GEANT4 simulation of 11 GeV e~ incident on a 5 cm of liquid hydrogen. The number
of photons leaving the target per e~ was found to be 0.0048, in reasonable agreement with
the calculation. Production estimates for this case will use the lower calculated figure of
0.0040. To calculate the photon luminosity we take L, = L, X "—27 =2x102cm?s™!, where the
factor 2 on the denominator accounts for an effective target length, half the length of the
target cell.

The flux of tagged and untagged quasi-real photons has been calculated via the RAD-
GEN1.0 programme [41], which accounts for internal radiative corrections to the cross sec-
tion. For both cases the scattered electron energy is integrated from 0.5 to 6 GeV. While for
the tagged case the scattered angle is integrated from 2.5 to 4.5°. The resulting luminosities
are Lyuqe = 8.7 x 103 em?s™! for tagged and Ly, = 3.2 X 10¥cm?s™! for untagged.

We therefore expect that most baryons will be produced by untagged quasi-real photons
with a further 63% from untagged bremsstrahlung and 27% from tagged quasi-real photons.
Baryons from the two former mechanisms will have to be fully reconstructed with any
associated particles to fully determine the reaction. On the other hand, with tagged quasi-
real photons, it is possible to measure incomplete final states and use the missing mass
to determine the reaction. Using such a method can substantially increase the reaction

acceptance.
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B. Mesurements of Q™ production

The primary goal of the Q™ programme is to measure the photoproduction cross section
which is sensitive to the production mechanism. We start with a high luminosity beam
and low cross section reaction and so to investigate the feasability of such measurements we
have analysed the products from this reaction, having being passed through the CLAS12
parameterized Monte Carlo simulation FASTMC.

C. DMeasuring the Q~ final state

The relevent production and decay chain for Q™ production is,

yp — K'KTK'Q~
K° —» ntn~ (BR =34%)
Q — KA (BR=68%)
— 1 2%n1°A) (BR = 24%)

A — pn~ (BR = 64%)

To fully measure the final state requires detection of 7 particles; 2K*, #*, 7~ from K°
decay, K~ from Q™ decay and the proton and n~ from the A decay. If the production photon
is tagged then in principle it is possible to identify the Q~ events through measuring the 3
associated kaons (with the 77z~ for the K°), this is then sufficent to fully reconstruct the
production reaction. Further measurement of the Q~, K~ or 77, allows reconstruction of the
Q™ decay and provides a means of background rejection.

In addition to the standard FASTMC reconstruction an additional constraint has been
placed on the vertex position of the measured particles. Many of the intermediate particles
can travel significant distances in the detector before decaying and so some particles may be
created outside of the vertex detector. It is assumed for this analysis that such particles will
not be reconstructed. This is erring on the side of caution as in reality such particles can be
reconstructed, all be it with degraded momentum resolution. A particle was considered to be
detected inside the vertex detector if its vertex distance from the centre of the target was less
than 5 cm transverse and 19c¢m longitudinal. Such a constraint results in the reconstruction

loss of 10% K=, 23% K° and 50% of A particles. These losses are accounted for in the event
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rate estimates in Table 4.

It was found that the 7~ from the A decay suffered from particularly poor acceptance,
due to it having low momentum, forward angle and an inward bend. This subsequently
leads to a poor acceptance for the detection of all 7 particles in the final state.

We consider four different final state topologies; (i) Detect 2K*, 7*, 77, (ii) as (i) plus K-,
and cut on reconstructed mass of A, (iii) as (i) plus 7~ and cut on reconstructed mass of Z°,
and (iv) detect all 7 final state particles from K-A decay. The production acceptances are
shown in Figure 15 as a function of beam energy.

The additional kinematic and vertex cuts placed during the analysis were: (i) for K°
detection the 7" and 7~ were required to have the same vertex and reconstruct the mass of
the K° within 4o, (20 MeV); (ii) for the case of a missing A, the missing mass had to be
within 407, (120 MeV) of the A mass; the K~ vertex position had to be greater than 2 mm
from the K* vertex, and (iii) For the missing Z° a 30~ cut was placed on the missing mass

and the 7~ vertex had to be greater than 2 mm from the K* vertex.

D. Event rates for Q- photoproduction

We can now calculate the expected event rates for these four possible measurements.
We assume a photoproduction cross section of 0.3 nb, from Fig. 14, a tagged luminosity of
8.7 x 10> em?s™!, and untagged 5.2 x 10*2cm?s~!. Table 4 shows the detection efficiencies,
production rates and measured events per hour for the CLAS12 detector, operating at half
toroidal field strength, with an electron beam luminosity of 10%cm?s™!.

The highest possible event rate will come from detecting the 3 associated kaons, an
electron in the Forward Tagger and reconstructing the Q~. In 119 days of beamtime, this
would provide 10k Q~ integrated over all energies and angles.

Estimates of background processes, outlined in Sec.V E, are very high for this 3K topology
(approximately 1:10, signal to background). In this case detecting part of the Q™ decay in
addition appears to be the more appealing method. We can measure either the K~ or the 7~
from decays to AK~ and E%~ respectively. The latter has a more uniform acceptance over
all beam energies, whereas the former has a higher overall efficiency as shown in Fig. 15.

We estimate, in 119 days, we will obtain 1.4K and 1.1K events for the additional K~ and
n~. This would provide around 100 events per 250 MeV photon beam energy bin.
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FIG. 15: The acceptance for phase space Q™ detection as a function of photon beam energy. Top

left recquires detection of 2K*, n*,n~; top right, an additional K~; bottom left, an additional 7~

from Q~ decay to 2% ; and bottom right detection of all 7 charged particles in Q™ to K™A channel.

Detected  |Det. Eff. (%)|Vertex Eff.|Prod. Rate (1/h)|Measured Events (1/h)
K*K*K° 5.0 7 94 3.6
K*K*K°K~ 0.75 70 94 0.5
K*K*K'n(2°) 0.65 70 94 0.4
All 7 0.02 35 561 0.04

TABLE IV: Event rate estimates for 4 different scenarios. Measured events is the product of the

detection efficiency, vertex efficiency and produciton rate.

Detecting the full final state will lead to only around 100 events in total but will provide

a useful systematic check of the acceptances.
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E. Background

In principle, measuring a final state with a relatively low cross section and large multiplic-
ity in the final state is a daunting task as large backgrounds from other physics processes can
overwhelm the signal of interest. However, Q™ photoproduction has a number of signatures
which can help reduce the hadronic background; it is produced in association with 3 kaons,
it has a decay vertex detached from the production vertex and there is a further detached
vertex and strange particles after its decay. To estimate the backgrounds contributing the
the various final states an event generator based on Pythia was used [42]. The hadronic
background produced was then normalised to the expected cross section for Q™ photopro-
duction of 3 nb. As the number of hadronic events produced over 100 days is of the order
10! the resulting histograms from 2 x 10% simulated events had to be scaled up significantly.

The results for when just the 3 kaons are detected are shown in Fig. 16. We see a
considerable background is expected in this case and integrating over the peak region the
signal to background ratio is around 1:10. It may be possible to significantly reduce this
background by investigating other detected particles, but this has not been attempted at
this stage.

If we now require a K~ in coincidence the situation is improved. First cutting on the
missing mass around the A reduces the signal to background ratio to around 1:2. In addition,
if a cut on the vertex difference of the K~ and K* of greater than 2 mm is apllied (expected
resolution is around 0.5 mm) then zero background events survive, giving a super clean
signal, see Fig. 17 left plot. A similar situation is found for the decay detecting an additional
7~ from the decay to E%7, although in this case it appears the final background may not

be zero, it is however expected to be lower than the signal.

F. Determination of the Spin-Parity of the Excited Cascades

However, the limitation of beam energy makes the sighting of missing cascade resonances
at higher mass less likely. Even if we do observe some of these higher states, it is unlikely
that there will be enough statistics and the spin parity measurement could be performed.

In order to determine Spin and Parity of an excited cascade, a very useful tool, so called

double moment analysis (DMA) can be deployed [21, 23]. If only the reaction of £~ —
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FIG. 17: The expected event distrbution for Q= photoproduction, blue, Pythia background, red,
and Pythia background with a vertex cut, green. Note, in the left plot the vertex cut removes all

Pythia background and so its entries are zero.

A(%)+7r‘(0‘) is reconstructed, then due to the Minami ambiguity, there could be two solutions
of J*P. In order to solve the problem, one needs to detect the decay of the daughter hyperon
as well, for example, A — pn~. If there are sufficient statistics, then the double moments can
be analyzed to determine the J” assignment of the parent cascade. The double moments,

typically noted by H(ImLM), is defined by:

H(ImLM) = £D%,,, (61, $1)D,,4(6, $2) (10)
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with the 6, ¢, being the decay angles of E*, and 6,, ¢, being the decay angles of A. The
DMA technique takes advantage of the fact there is linear dependence between different

double moments, given by

1 2J+1
H(11LM) = P(-1)"2——— H0LM 11
( ) = P(=1) TS (10LM) (11)

This linear dependence gives simple, and multiple tests for J assignment, for multiple
combinations of any odd L < 2J and M < L, therefore providing reliable measurement of the
quantum numbers of the excited cascades. In fact, this is how the J? of the Z(1820) state
was determined, needing only 50 signal events [21]. In order to perform such analysis, it is

*—

necessary to reconstruct the whole decay chain of E*, such as 2~ — An™, A — pn~.

The typical efficiency for detecting the proton from the A decay is around 50% at CLAS,
and expected to be similar at CLAS12. Taking into account that A decays to pa~ only
64% of the time, the number of excited cascade events, which can have the decay chain
reconstructed, will shrink by a factor of three, when compared the requirement for identifying
them from invariant mass spectra such as AK, which does not need to reconstruct the decay
of A. The implication is that, in order to measure the J* of excited cascades, one need to
conduct the experiment at as high energies as possible, in order to reach the region where
the cross section is sizable, to compensate the inefficiency of detecting multiple final state
particles.

Our conservative estimate, using the projected CLAS12 luminosity, would require roughly
3 months beam time using a quasi-real photon beam, to confirm the spin-parity assignment
of Z(1820)) with at least an order of magnitude more than any previous data. This estimate
was made with the assumption that at E, above 6 GeV, the Z(1820) cross section would

be comparable with of Z(1530) near 4 GeV [10]. Data on other higher mass states would

almost certainly amount to discoveries.

G. MC for the Direct Tracking Reconstruction
H. Forward Tagger

In this section we outline the forward tagger (FT) equipment which will characterise and

identify quasi-real photons via measurement of electrons scattered at small-angles. The F'T
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FIG. 18: Top: Invariant mass spectrum of AK?, in the inclusive Z — Be reaction [21]; Bottom: The

H(11LM) moment vs the H(10LM) moment for the Z(1820) signal region

will provide electron detection for the region 2.5° < 6, < 4.5° outside of the acceptance
region of the CLAS12 detector. The FT comprises a calorimeter (FT-CAL), to identify the
scattered electron, measure the electromagnetic shower energy and provide a fast trigger
signal. A tracker (FT-Trck), will provide accurate measurement of the scattering angles (6,
and ¢, ) and a scintillation hodoscope (FT-Hodo) will provide high efficiency e/y separation.

A dedicated trigger system will provide a fast signal to identify a timing coincidence with
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signals from CLAS12.

The three components of the FT will be placed between the High Threshold Cerenkov
Counter (HTCC) and the torus support, at about 190 cm downstream of the target (nominal)
position. Figure 19 shows a CAD drawing of the FT elements integrated in CLAS12.

I. The calorimeter: FT-CAL

The geometrical size of the calorimeter is determined by the need for coverage in close
proximity to the beam line (2.5° corresponds to ~ 8 cm) and the limited space available in
this region (at most ~ 40 cm along the beam axis). This requires a compact calorimeter with
a small radiation length. The size of each calorimeter pixel should be comparable with the
characteristic transverse size of the electromagnetic shower or Moliere radius to contain the
signal induced by incident electrons to few pixels, thus minimizing pixel rates and pile-up.
FT-Cal will be based on homogeneous PbWOQOycrystals, arranged in an array of 408 crystals
of size 15x15x200 mm?®. In recent years materials such as PbWQO, have been extensively
studied and shown to be very resistant to radiation damage, which can be significant in this
forward angle region close to the beamline. The PbWO, has a very fast scintillation decay
time (6.5 ns), a very small radiation length (0.9 cm) and small Moliere radius (2.1 cm).
With this design an energy resolution of (2%/ VE(GeV) & 1%) is expected. The electron
energy resolution is a crucial factor to determine precisely the photon energy and ensure
the exclusivity of the measured reaction via missing mass techniques. However, since we
are interested in low energy electrons and high energy photons, the energy resolution on the

latter will be significantly better than the resolution on the electron.

J. The scintillation hodoscope: FT-Hodo

The primary aim of the hodoscope for the forward tagger is to discriminate between
photons and electrons that produce an electromagnetic shower in the calorimeter. The scin-
tillation hodoscope, placed in front of the calorimeter, will be made of 2 layers of Eljen

2 silicon photomultipliers

EJ-204 plastic scintillator tiles read-out by Hamamtsu 3x3 mm
(S10362-11-100C) via ~4 wavelength shifting fibers per hodoscope tile. Each hodoscope

plane will be segmented into around 120 elements, most of which have a pixel size corre-
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FIG. 19: CAD drawing showing the integration of the FT in CLAS12. The FT is located in the
free space between the HTCC and the first DC layer. The calorimeter (FT-CAL) shown in blue
is located at about 190 cm from the interaction point, shown by the green cross, and is enclosed
in a Rohacell case to provide thermal insulation. FT-HODO (green) and first tracker layer of
FT-TRAC (red) are located in front of the calorimeter. A tungsten cone in black shield the FT

from Mgller electrons and electromagnetic background created by the beam.
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sponding to 4 calorimeter crystals. The inner ring comprises tiles having dimension of a
single calorimeter crystal. The double layer design of FT-Hodo reduces to less than 1% hits
from the splashback of charged particles from the calorimeter from incident photons, which
otherwise could result in particle misidentfication due to the false firing hodoscope elements.
The hodoscope layers comprise 7 mm and 15 mm thick scintillator tiles, with the latter layer
designed to give sub nanosecond timing resolution for the particle. The requirement of a
coincident hit between the layers will also reduce contributions of false events from SiPMT
noise. The wavelength shifting fibres will be fusion spliced to optical fibre having ~ 15 m
attenuation length. The fibres will connect to the SIPMTs away from CLAS12 in a radiation

safe region.

K. FT-TRAC

The role of the tracker is to provide a reconstruction of the track of charged particles,
essentially electrons, with polar angles between 2.5° and 4.5°. In these forward angle regions
the background count rate can be several hundreds of kHz/mm? requiring a highly segmented
high rate tracking system. FT-Trck will comprise two double layers of Micromegas detectors
located in the space between the calorimeter and the High Threshold Cherenkov Counter
(HTCC). The detectors will be annular-shaped with inner and outer radii of 65 mm and
160 mm respectively. The use of two micromegas layers is a compromise to achieve an
efficient background rejection and track reconstruction with a low material budget. These
two layers are each composed of two single Micromegas with perpendicular strips, enabling
the (X,Y) coordinates of a track to be determined. The pitch is 500 um, which leads to
a spatial resolution better than 500/ V12 = 144 um . Angular resolutions for electrons of
~ 1.7% and 2.8° in 6 and ¢ are expected.

The FT readout will follow the scheme adopted for the Micromegas based central tracker
detectors. The frontend electronics will provide pre-amplification and shaping of the detector
signals, pipeline buffering during the trigger generation process, digitization and compression
of selected event data. This is then delivered to the backend electronics which will pack the
data and interface with the CLAS12 event building system. The readout comprises about

5K electronics channels which can handle hit rates of up to 100 kHz per channel.
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‘9}4. Present Status of the FT Project
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Y 7
Ti@ard Tagger system is being designed and built by a collaboration of several
institutions/) ﬁ%uding, the Italian National Institute for Nuclear Physics (INFN), the French

Commissariat a ﬁpergie Atomique (CEA), the University of Edinburgh, the James Madison
University, the N or%ﬂ;:?State University, the University of Ohio, and Jefferson Lab. Funds for
the construction of the (}QT\—Cal will be provided by INFN, while funds for the construction of
the FT-Hodo and FT-Trk wé#g 5equested via an MRI that was submitted to NSF in January
2012. Additional financial contriytions will be provided by Jefferson Lab, the University
of Edinburgh and by the Europeanf)@%r)nmission via the FP7-HP3 project.

The conceptual design of the detectgoﬂl?)as been fully developed and R&D on the differ-
ent components has been in progress for more than two years with the aim of finalizing
the detector technical design and start the construction phase within 2012. To validate
the proposed design of the FT-Cal and FT-Hodo, prototypes were built and installed in
Hall B for a test with electron beam in December 2011. The FT-Cal prototype consisted
of a 3x3 matrix of PbWO crystals, read-out with 10x10 mm? LAAPDs by Hamamatsu.
The mechanical structure to support and thermally stabilize the crystals as well as the
front-end electronics was based on the layout developed for the full FT-Cal. The hodoscope
prototypes consisted of plastic scintillator tiles of various sizes and thickness, connected
to different numbers of WLS fibers for the light collection. The fiber were coupled to the
Hamamatsu 3x3 mm? SIPM that was selected for this detector system. The SIPM signal
was amplified with a preamplifier prototype and readout with the same front-end electronics
used for the calorimeter prototype. The FT-HODO prototype was installed in front of the
FT-Cal prototype to intercept the trajectories of electrons hitting the central crystal of the
calorimeter matrix. The test data are presently being analyzed but initial results showed
that the observed signals from both prototypes are consistent with the expectations. Pre-
liminary estimate of the FT-Cal prototype energy response indicated a resolution below 3%
can be achieved for electron energy of ~ 1.2 GeV. Further tests of improved FT-Cal and
FT-Hodo prototypes are planned at the LNF Beam Test Facility [49] in May 2012. These
new measurements will allow to determine energy and time resolution and test calibration
procedures for both systems. R&D on the FT-Trk is in progress at CEA-Saclay in con-
junction with the development of the Micromegas tracker for the CLAS12 Central Detector.
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The layout and structure of these detectors are very similar and will allow to exploit the
experience gained in the development of the central detector tracker to define the layout
of the FT tracker. First test on micromegas prototypes were completed showing that the
mechanical characteristics are within specifications and that the measured gain and response

to cosmic rays are consistent with expectations.

M. Triggers

——

To positively identify the ground-state 27(1320), at a minimum both K*’s need to be
detected. This gives us the state determination through missing mass. The same holds for
higher mass Cascade states as well, though in practice a third detected particle can be used

for background reduction. Consider the following reaction:

Y p N E*— K+ K+
— A K™
S pw. (12)

The E* can be identified by the missing mass off K*K* or by the invariant mass of the p
K~ n™ final states. This is the general nature of AS = 2 reactions. For the Q™ state, any

analysis will require at least three detected particles. The ground state reaction looks like:

vp— Q K"K K’
— A K™
>Spa, (13)

where the K° typically goes to two pions. Here, the minimum final-state detection of the
Q™ can be done with the invariant mass of p K= n~. Therefore, this proposal’s trigger is
included the exotic-meson proposal’s two-track trigger[20] and can run parasitically in this

respect.

VI. BEAM TIME REQUEST AND EXPECTED RESULTS

Overall, it looks that it is feasible to measure the yp — Q" K*K*K" cross section with
CLAS12 without and with FT facility. While FT facility is critical for both cross section

and polarization measurements for the yp - E"K*K*.
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VII.

SUMMARY
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