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We propose to enhance the kaon identification capabilities of the GLUEX detector by constructing
an FDIRC (Focusing Detection of Internally Reflected Cherenkov) detector utilizing the decom-
missioned BaBar DIRC components. The GLUEX FDIRC would significantly enhance the GLUEX
physics program by allowing one to search for and study hybrid mesons decaying into kaon final
states. Such systematic studies of kaon final states are essential for inferring the quark flavor con-
tent of hybrid and conventional mesons. The GLUEX FDIRC would reuse one-third of the synthetic
fused silica bars that were utilized in the BaBar DIRC. A new focussing photon camera, read out
with large area photodetectors, would be developed. We propose operating the enhanced GLUEX
detector in Hall D for a total of 220 days at an average intensity of 5 x 107 «/s, a program that was

conditionally approved by PAC309.

I. PREAMBLE

In 2012, the GLUEX Collaboration submitted a pro-
posal to PAC39 titled “A study of meson and baryon de-

cays to strange final states with GLUEX in Hall D” [1].
The proposal requested 220 days of data taking with the
GLUEX detector operating at an intensity of 5 x 107 /s
on target. A necessary component of the broad physics
program put forth in this proposal was an upgrade to the



GLUEX particle identification (PID) capability. At the
time of the proposal, a design for an upgraded PID sys-
tem had not been finalized. The PAC granted conditional
approval stating in its summary document:

GlueX is the flagship experiment in Hall D;
the theoretical motivation for the proposed
extension of running is very sound. However,
the success of the experiment depends cru-
cially on the final design of the kaon identifi-
cation system. The PAC39 therefore recom-
mends C2 conditional approval, contingent
upon the final design of the particle ID sys-
tem.

In 2013, the GLUEX Collaboration returned to PAC40
with a proposal [2] demonstrating that some states with
hidden and open strangeness were accessible with the
baseline GLUEX design, provided that the statistical pre-
cision of the data sample was sufficient. PAC40 approved
an additional 200 days of running at 5 x 107 /s on tar-
get with an “A” scientific rating for this program. The
PAC40 report noted:

The PAC was impressed by the level of so-
phistication of the GlueX software and anal-
ysis which is essential for the achievement of a
significant kaon and hyperon program even in
the absence of dedicated hardware. Still the
complete mapping of the spectrum of conven-
tional and exotic hadrons will ultimately re-
quire the implementation of dedicated parti-
cle ID in the forward direction, extending the
kaon identification capability to 10 GeV/c.
The PAC therefore encourages the collabora-
tion to move forward with the design of such
system and aim at an early installation, if at
all possible.

The 10 GeV/c momentum cutoff cited by the PAC was
motivated by preliminary designs for a dual-radiator
RICH discussed in our previous proposals rather than
any specific physics requirement. Concurrently with our
preparation for PAC40, it became apparent that there
was an opportunity to utilize components of the BaBar
DIRC detector'. In fall of 2013, a team of five members
of the GLUEX Collaboration visited SLAC to understand
the condition of the DIRC components and details about
their utilization. The conclusion of this visit was that
there are no insurmountable technical challenges in utiliz-
ing the BaBar DIRC; the opportunity presents a unique
and cost-effective solution to upgrade the PID capability
of GLUEX, providing a significant enhancement in our
kaon identification capability.

1 At the time of our original proposal the BaBar DIRC was to be
used in SuperB, a next-generation B-factory experiment. The
cancellation of SuperB in late 2012 made the DIRC components
available for reuse.

In December 2013, members of the collaboration sub-
mitted a detailed conceptual design for utilizing the
DIRC to SLAC for consideration. As this was precisely
the request of PAC39, a final design of the particle ID
system, we present this design in the document that fol-
lows. The physics case remains largely the same from
that presented in our PAC39 proposal [1] and is repeated
in part here for completeness.

II. INTRODUCTION AND MOTIVATION

The GlueX experiment, currently under construction
and scheduled to start running in Hall D at Jefferson
Lab in 2015, will provide the data necessary to construct
quantitative tests of non-perturbative QCD by studying
the spectrum of light-quark mesons. The primary goal
of the GlueX experiment is to search for and study the
spectrum of so-called hybrid mesons that are formed by
exciting the gluonic field that couples the quarks. QCD-
based calculations predict the existence of hybrid meson
states, including several that have exotic quantum num-
bers that cannot be formed from a simple quark/anti-
quark pair. To achieve its goal, GlueX must system-
atically study all possible decay modes of conventional
and hybrid mesons, including those with kaons. The ad-
dition of a Cherenkov-based particle identification sys-
tem utilizing the BaBar DIRC (Detection of Internally
Reflected Cherenkov) components will dramatically in-
crease the number of potential hybrid decay modes that
GlueX can access and will reduce the experimental back-
grounds from misidentified particles in each mode. This
enhanced capability will be crucial in order for the GlueX
experiment to realize its full discovery potential.

In this section we motivate the GLUEX experiment and
discuss the importance of kaon identification in the con-
text of the GLUEX physics program. The subsequent
section discusses the baseline GLUEX design and run
plan. Both of these sections are largely reproduced from
Refs. [1, 2], documents that were developed jointly by the
GLUEX Collaboration.

A. The GlueX experiment

A long-standing goal of hadron physics has been to un-
derstand how the quark and gluonic degrees of freedom
that are present in the fundamental QCD Lagrangian
manifest themselves in the spectrum of hadrons. Of par-
ticular interest is how the gluon-gluon interactions might
give rise to physical states with gluonic excitations. One
class of such states is the hybrid meson, which can be
naively thought of as a quark anti-quark pair coupled to a
valence gluon (¢gg). Recent lattice QCD calculations [3]
predict a rich spectrum of hybrid mesons. A subset of
these hybrids has an exotic experimental signature: an-
gular momentum (J), parity (P), and charge conjugation
(C) that cannot be created from just a quark-antiquark



pair. The primary goal of the GLUEX experiment in
Hall D is to search for and study these mesons.

Our understanding of how gluonic excitations manifest
themselves within QCD is maturing thanks to recent re-
sults from lattice QCD. This numerical approach to QCD
considers the theory on a finite, discrete grid of points in
a manner that would become exact if the lattice spacing
were taken to zero and the spatial extent of the calcu-
lation, i.e., the “box size,” was made large. In practice,
rather fine spacings and large boxes are used so that the
systematic effect of this approximation should be small.
The main limitation of these calculations at present is the
poor scaling of the numerical algorithms with decreasing
quark mass. In practice most contemporary calculations
use a range of artificially heavy light quarks and attempt
to observe a trend as the light quark mass is reduced to-
ward the physical value. Trial calculations at the physical
quark mass have begun, and regular usage is anticipated
within a few years.

The spectrum of eigenstates of QCD can be extracted
from correlation functions of the type (0|Of (t)(’)j (0)|0),
where the O are composite QCD operators capable of
interpolating a meson or baryon state from the vacuum.
The time-evolution of the Euclidean correlator indicates
the mass spectrum (e~"»%) and information about quark-
gluon substructure can be inferred from matrix-elements
(n|OT7)0). In a series of recent papers [4-7], the Hadron
Spectrum Collaboration has explored the spectrum of
mesons and baryons using a large basis of composite QCD
interpolating fields, extracting a spectrum of states of de-
termined J¥(©) | including states of high internal excita-
tion.

As shown in Fig. 1, these calculations show a clear and
detailed spectrum of exotic JI¢ mesons, with a lightest
177 state lying a few hundred MeV below a 07~ and
two 27~ states. Through analysis of the matrix elements
(n]O10) for a range of different quark-gluon construc-
tions, O, we can infer [3] that although the bulk of the
non-exotic JF¢ spectrum has the expected systematics
of a ¢g bound state system, some states are only interpo-
lated strongly by operators featuring non-trivial gluonic
constructions. One may interpret these states as non-
exotic hybrid mesons, and by combining them with the
spectrum of exotics, it is possible to isolate the light-
est hybrid supermultiplet of (0,1,2)~% and 17~ states
at a mass roughly 1.3 GeV heavier than the p meson.
The form of the operator that has the strongest over-
lap onto these states has an S-wave ¢g pair in a color
octet configuration and an exotic gluonic field in a color
octet with J;gc“’ = 177, a chromomagnetic configura-
tion. The heavier (0,2)"~ states, along with some pos-
itive parity non-exotic states, appear to correspond to a
P-wave coupling of the ¢g pair to the same chromomag-
netic gluonic excitation.

A similar calculation for isoscalar states uses both
uti + dd and s5 constructions and is able to extract both
the spectrum of states and also their hidden flavor mix-
ing. (See Fig. 1.) The basic experimental pattern of sig-

nificant mixing in the 0~ and 17" channels and small
mixing elsewhere is reproduced, and for the first time, we
are able to say something about the degree of mixing for
exotic-JP¢ states. In order to probe this mixing experi-
mentally, it is essential to be able to reconstruct decays
to both strange and non-strange final state hadrons.

B. The importance of kaon identification

The primary goal of the GLUEX experiment is to con-
duct a definitive mapping of states in the light meson
sector, with an emphasis on searching for exotic mesons.
Ideally, we would like to produce the experimental ana-
logue of the lattice QCD spectrum pictured in Fig. 1,
enabling a direct test of our understanding of gluonic
excitations in QCD. In order to achieve this, one must
be able to reconstruct strange final states, as observing
decay patterns of mesons has been one of the primary
mechanisms of inferring quark flavor content. An ex-
ample of this can be seen by examining the two light-
est isoscalar 27T mesons in the lattice QCD calcula-
tion in Fig. 1. The two states have nearly pure flavors,
with only a small (11°) mixing in the ¢/ and s5 basis.
A natural experimental assignment for these two states
are the f2(1270) and the f5(1525). An experimental
study of the branching ratios shows that B(f2(1270) —
KK)/B(f2(1270) — =#w) ~ 0.05 and B(f5(1525) —
7)) /B(f5(1525) — KK) ~ 0.009 [8], which support the
prediction of an f,(1270) (f5(1525)) with a dominant £/
(s§) component. By studying both strange and non-
strange decay modes of mesons, GLUEX hopes to pro-
vide similarly valuable experimental data to aid in the
interpretation of the hybrid spectrum.

1. FEzotic s§ states

While most experimental efforts to date have focused
on the lightest isovector exotic meson, the JF¢ = 1=+
71(1600), lattice QCD clearly predicts a rich spectrum of
both isovector and isoscalar exotics, the latter of which
may have mixed ¢/ and s5 flavor content. A compilation
of the “ground state” exotic hybrids is listed in Table I,
along with theoretical estimates for masses, widths, and
key decay modes. It is expected that initial searches with
the baseline GLUEX hardware will target primarily the
m, state. Searches for the 71, hg, and bs may be sta-
tistically challenging, depending on the masses of these
states and the production cross sections. With increased
statistics and kaon identification, the search scope can be
broadened to include these heavier exotic states in addi-
tion to the s3 states: 7}, hy, and h5. The n] and hf
are particularly interesting because some models predict
these states to be relatively narrow, and that they should
decay through well-established kaon resonances.

Observations of various 7 states have been reported
in the literature for over fifteen years, with some anal-
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FIG. 1. A compilation of recent lattice QCD computations for both the isoscalar and isovector light mesons from Ref. [3],
including ¢¢ (|¢€) = (Ju) + |dd))/+/2) and ss mixing angles (indicated in degrees). The dynamical computation is carried out
with two flavors of quarks, light (¢) and strange (s). The s quark mass parameter is tuned to match physical s5 masses, while
the light quark mass parameters are heavier, giving a pion mass of 396 MeV. The black brackets with upward ellipses represent
regions of the spectrum where present techniques make it difficult to extract additional states. The dotted boxes indicate states
that are interpreted as the lightest hybrid multiplet — the extraction of clear 0~ states in this region is difficult in practice.

yses based on millions of events [9]. However, it is safe
to say that there exists a fair amount of skepticism re-
garding the assertion that unambiguous experimental ev-
idence exists for exotic hybrid mesons. If the scope of
exotic searches with GLUEX is narrowed to only include
the lightest isovector m; state, the ability for GLUEX to
comprehensively address the question of the existence of
gluonic excitations in QCD is greatly diminished. On the
other hand, clear identification of all exotic members of
the lightest hybrid multiplet, the three exotic Wit’o states
and the exotic n; and n}, which can only be done by
systematically studying a large number of strange and
non-strange decay modes, would provide unambiguous
experimental confirmation of exotic mesons. A study of
decays to kaon final states could demonstrate that the 7,
candidate is dominantly ¢¢ while the 1} candidate is s3,
as predicted by initial lattice QCD calculations. Such
a discovery would represent a substantial improvement
in the experimental understanding of exotics. In addi-
tion, further identification of members of the 07~ and
27~ nonets as well as measuring the mass splittings with
the 11~ states will validate the lattice QCD inspired phe-
nomenological picture of these states as P-wave couplings
of a gluonic field with a color-octet gg system.

2. Non-exotic s§ mesons

As discussed above, one expects the lowest-mass hy-
brid multiplet to contain (0,1,2)~T states and a 17~
state that all have about the same mass and correspond
to an S-wave ¢q pair coupling to the gluonic field in a
P-wave. For each JPC we expect an isovector triplet
and a pair of isoscalar states in the spectrum. Of the
four sets of JFC values for the lightest hybrids, only the
1=t is exotic. The other hybrid states will appear as
supernumerary states in the spectrum of conventional
mesons. The ability to clearly identify these states de-
pends on having a thorough and complete understand-
ing of the meson spectrum. Like searching for exotics, a
complete mapping of the spectrum of non-exotic mesons
requires the ability to systematically study many strange
and non-strange final states. Other experiments, such as
BESIIT or COMPASS, are carefully studying this with
very high statistics data samples and have outstanding
capability to cleanly study any possible final state. While
the production mechanism of GLUEX is complementary
to that of charmonium decay or pion beam production
and is thought to enhance hybrid production, it is essen-
tial that the detector capability and statistical precision
of the data set be competitive with other contemporary



TABLE I. A compilation of exotic quantum number hybrid approximate masses, widths, and decay predictions. Masses are
estimated from dynamical LQCD calculations with M, = 396 MeV/c® [3]. The PSS (Page, Swanson and Szczepaniak) and
IKP (Isgur, Kokoski and Paton) model widths are from Ref. [22], with the IKP calculation based on the model in Ref. [23].
The total widths have a mass dependence, and Ref. [22] uses somewhat different mass values than suggested by the most recent
lattice calculations [3]. Those final states marked with a dagger () are ideal for experimental exploration because there are
relatively few stable particles in the final state or moderately narrow intermediate resonances that may reduce combinatoric
background. (We consider 7, ', and w to be stable final state particles.)

Approximate J¥¢ Total Width (MeV)

Relevant Decays

Final States

Mass (MeV) PSS IKP
T 1900 1=+t 80—170 120 birt, prt, fint, aim, n'nt wrrt, 3xt, 5w, n3xt, n'nt
m 2100 1=F 60—160 110 arm, fin', 7(1300)7 Ar, A, myrrt
m 2300 17+t 100-220 170  K;(1400)KT, K (1270) K, K*K! KKnr!, KKn', KKw'
bo 2400 0t~ 250—-430 670 7(1300)7, hym Az
ho 2400 0T~ 60— 260 90 bim', ham, K(1460)K wrnt, n3m, KKnn
A 2500 07~ 260—490 430 K(1460)K, K1(1270)K*, hin KKnrt, n3r
b 2500 2T~ 10 250 asrl, aym, ham Az, gt
ha 2500 2+— 10 170 bint, prt wrnt, 3xt
h’ 2600 2t~ 10-20 80  Ki(1400)K', K;(1270)K', K5 KT KKrnt, KKt

experiments in order to maximize the collective experi-
mental knowledge of the meson spectrum.

Given the numerous discoveries of unexpected, appar-
ently non-qq states in the charmonium spectrum, a state
that has attracted a lot of attention in the ss spectrum
is the Y'(2175), which is assumed to be an s§ vector me-
son (177). The Y (2175) (also denoted as ¢(2170)) has
been observed to decay to mm¢ and has been produced in
both J/v decays [10] and ete™ collisions [11, 12]. The
state is a proposed analogue of the Y (4260) in charmo-
nium, a state that is also about 1.2 GeV heavier than the
ground state triplet (J/v) and has a similar decay mode:
Y (4260) — wwJ/v¢ [13-16]. The Y (4260) has no obvi-
ous interpretation in the charmonium spectrum and has
been speculated to be a hybrid meson [17-20], which, by
loose analogy, leads to the implication that the Y (2175)
might also be a hybrid candidate. It should be noted that
the spectrum of 17~ s5 mesons is not as well-defined ex-
perimentally as the c¢ system; therefore, it is not clear
that the Y (2175) is a supernumerary state. However,
GLUEX is ideally suited to study this system. We know
that vector mesons are copiously produced in photopro-
duction; therefore, with the ability to identify kaons, a
precision study of the 17~ s5 spectrum can be conducted
with GLUEX. Some have predicted [21] that the potential
hybrid nature of the Y (2175) can be explored by study-
ing ratios of branching fractions into various kaonic final
states. In addition, should GLUEX be able to conclude
that the Y (2175) is in fact a supernumerary vector me-
son, then a search can be made for the exotic 1=+ s5
member of the multiplet (1), evidence of which would
provide a definitive interpretation of the Y (2175) and
likely have implications on how one interprets charmo-
nium data.

III. EXPECTED FDIRC PERFORMANCE
A. Strangeness reactions of interest

As described in section I1B, to fully explore the spec-
trum of hybrid mesons, a systematic study of many
hadronic final states is necessary, including those with
kaons. The hybrid mesons with exotic quantum-number
states that decay to kaons include the nj, hy, the hi,
which are all expected to couple to the K K7r final state,
while both the n;] and the h} are expected to couple to
the K K final state. To study the GLUEX sensitivity to
these two final states, we have modeled two decay chains.
For the K K7 state, we assume one of the kaons is a Kg,
which leads to a secondary vertex and the Ktn~ ntn™
final state:

77(2300) - K*Kg
- (KTn ™) (rt7r7)
— Kta ntr. (1)

For the K Knm state we assume no secondary vertex:

h5(2600) — K K~
— (K*(892)n M) K~
— KYK nnt. (2)
In addition to the exotic hybrid channels, there is an
interest in non-exotic ss mesons. In order to study the
sensitivity to conventional s5 states, we consider an exci-

tation of the normal ¢ meson, the known ¢3(1850), which
decays to KK

$3(1850) — KTK ™. (3)

The detection efficiency of this state will be typical of
¢-like states decaying to the same final state. Finally, as



noted in Section IIB, the Y (2175) state is viewed as a
potential candidate for a non-exotic hybrid and has been
reported in the decay mode

Y (2175) — ¢0(980)
— (KYK™)(nt77). (4)

While this is the same K K7w state noted in reaction 2
above, the intermediate resonances make the kinematics
of the final state particles different from the exotic decay
channel noted above. Therefore, we simulate it explic-
itly. The final-state kaons from the reactions 1 - 4 will
populate the GLUEX detector differently, with different
overlap of the region where the time-of-flight system can
provide good K /7 separation.

The remainder of this section describes a study of the
sensitivity of the baseline GLUEX detector to these re-
actions of interest involving kaons (Sec. III A 1), and the
expected increase in sensitivity with the proposed FDIRC
detector in GLUEX (Sec. IIT A 3). The studies were per-
formed using a larger scale PYTHIA simulation of vp colli-
sions processed through a complete GEANT model of the
baseline GLUEX detector and fully reconstructed with
the GLUEX analysis software. Signal samples were ob-
tained from PYTHIA events with the generated reaction
topology, and the remainder of the inclusive photopro-
duction reactions were used as the background sample.
Since many of the cross sections of interest are unknown
we use PYTHIA to predict the size of signal topologies of
interest.

1. Performance of the baseline GLUEX detector

The baseline GLUEX detector does not contain any
single detector element that is capable of providing dis-
crimination of kaons from pions over the full-momentum
range of interest for many key reactions. However, the
hermetic GLUEX detector is capable of exclusively recon-
structing all particles in the final state. In the case where
the recoil nucleon is a proton that is detectable by the
tracking chamber, this exclusive reconstruction becomes
a particularly powerful tool for particle identification be-
cause conservation of four-momentum can be checked,
via a kinematic fit, for various mass hypotheses for the
final state particles. Many other detector quantities also
give an indication of the particle mass, as assumptions
about particle mass (pion or kaon) affect interpretation
of raw detector information.

An incomplete list of potentially discriminating quan-
tities include:

e The confidence level (CL) from kinematic fitting
that the event is consistent with the desired final
state.

e The CL(s) from kinematic fitting that the event is
consistent with some other final states.

e The goodness of fit (x?) of the primary vertex fit.

e The goodness of fit (y?) of each individual track fit.

e The CL from the time-of-flight detector that a track
is consistent with the particle mass.

e The CL from the energy loss (dE/dz) that a track
is consistent with the particle type.

e The change in the goodness of fit (Ax?) when a
track is removed from the primary vertex fit.

e Isolation tests for tracks and the detected showers
in the calorimeter system.

e The goodness of fit (x?) of possible secondary ver-
tex fits.

e Flight-distance significance for particles such as Kg
and A that lead to secondary vertices.

e The change in goodness of fit (Ax?) when the decay
products of a particle that produces a secondary
vertex are removed from the primary vertex fit.

The exact way that these are utilized depends on the
particular analysis, but it is generally better to try to
utilize as many of these as possible in a collective man-
ner, rather than simply placing strict criteria on any one
of them. This means that we take advantage of cor-
relations between variables in addition to the variables
themselves. One method of assembling multiple corre-
lated measurements into a single discrimination variable,
which has been used in this study, is a boosted decision
tree (BDT) [26]. Traditionally, analyses have classified
candidates using a set of variables, such as a kinematic
fit confidence level, charged-particle time of flight, en-
ergy loss (dE/dz), etc., where cuts are placed on each
of the input variables to enhance the signal. In a BDT
analysis, however, cuts on individual variables are not
used; instead, a single classifier is formed by combining
the information from all of the input variables.

A BDT is a multivariate classifier which is trained on a
sample of known signal and background events to select
signal events while maximizing a given figure of merit.
The event selection performance is validated using an in-
dependent data sample, called a validation sample, that
was not used in the training. If the performance is found
to be similar when using the training (where it is maxi-
mally biased) and validation (where it is unbiased) sam-
ples, then the BDT performance is predictable. Practi-
cally, the output of the BDT is a single number for each
event that tends towards one for signal-like events but
tends towards negative one for background-like events.
Placing a requirement on the minimum value of this clas-
sifier, which incorporates all independent information in-
put to the BDT, allows one to enhance the signal purity
of a sample. For a pedagogical description of BDTSs, see
Ref. [27]. The BDT algorithms used are contained within
ROOT in the TMVA package [28].

Here we only consider the case where the recoil proton
is reconstructed. A missing recoil nucleon reduces the



number of constraints in the kinematic fit, and, conse-
quently, dramatically diminishes the capability of the fit
to discriminate pions from kaons. One can build a BDT
for the reaction of interest, and look at the efficiency of
selecting true signal events as a function of the sample
purity. These studies do not include the efficiency of re-
constructing the tracks in the detector, but start at the
point where a candidate event containing five charged
tracks has been found. In all cases we set the require-
ment on the BDT classifier in order to obtain a fixed
final sample purity. For example, a purity of 90% im-
plies a background at the 10% level. Any exotic signal
in the spectrum would likely need to be larger than this
background to be robust. Therefore, with increased pu-
rity we have increased sensitivity to smaller signals, but
also lower efficiency. In Table II we present the signal
selection efficiencies (post reconstruction) for our four re-
actions of interest for the baseline GLUEX detector and
including a FDIRC detector in GLUEX (more in Sec-
tion IITA 3). As noted earlier, these assume that the
tracks have been reconstructed and do not include that
efficiency. With the baseline GLUEX detector, higher sig-
nal purities of 95% to 99%, which may be necessary to
search for more rare final states, result in the signal effi-
ciency dropping dramatically. This exposes the limit of
what can be done with the baseline GLUEX hardware.

2. Limitations of existing kaon identification algorithms

It is important to point out that the use of kinematic
constraints to achieve kaon identification, without dedi-
cated hardware, has limitations. By requiring that the
recoil proton be reconstructed, we are unable to study
charge exchange processes that have a recoil neutron. In
addition, this requirement results in a loss of efficiency
of 30%-50% for proton recoil topologies and biases the
event selection to those that have high momentum trans-
fer, which may make it challenging to conduct studies of
the production mechanism. Our studies indicate that it
will be difficult to attain very high purity samples with a
multivariate analysis alone. In channels with large cross
sections, the GLUEX sensitivity will not be limited by
acceptance or efficiency, but by the ability to suppress
and parameterize backgrounds in the amplitude analysis;
thus, we need high statistics and high purity. Finally, it
is worth noting that our estimates of the kaon selection
efficiency using kinematic constraints depends strongly
on our ability to model the performance of the detector.
Although we have constructed a complete simulation, the
experience of the collaboration with comparable detector
systems indicates that the simulated performance is often
better than the actual performance in unforeseen ways.

8. Performance with FDIRC detector in GLUEX

As described in the Technical Design Report [29],
the single track particle identification of the FDIRC in
GLUEX is expected to provide 30 K /7 separation up to
momentum of ~ 4 GeV/e. This provides vital, indepen-
dent information to the multivariate analysis that has a
very high discrimination power. The FDIRC informa-
tion is included in the BDT by converting the measured
Cherenkov angle into a probability for each particle mass
hypothesis (7, K, and p). We define a x? for each particle
mass hypothesis as

2
exrp Teco
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o 5)

Xi =

where 077 is the expected Cherenkov angle for mass hy-
pothesis using the measured track momentum from the
drift chambers, 677 is the “reconstructed” Cherenkov
angle, and oy, is the Cherenkov angle resolution.

As we do not yet have a full FDIRC reconstruction
algorithm, we use Eq. 5 as a proxy for the FDIRC per-
formance. We use oy, = 2.5 mrad for all tracks (this is
an upper bound on the expected resolution; see Technical
Design Report [29] for more details). The track momen-
tum resolution is included in 7. The “reconstructed”
Cherenkov angle is obtained by generating a random
number from a Gaussian distribution whose mean is the
expected Cherenkov and width is og,,. A confidence level
for each particle mass hypothesis (7, K, p) is computed
from Eqn. 5. These three values for each track are in-
cluded in the BDT training, and the performance is eval-
uated in the same way as the baseline GLUEX detector
and shown in Table II. We note that, depending on the
choice of readout, the FDIRC may provide an improve-
ment in time-of-flight measurements for charged parti-
cles over our baseline design. Further study is needed to
quantify this improvement; therefore, we neglect it in the
studies presented below.

At 95% purity, the signal efficiencies are typically
about twice as high including the FDIRC into GLUEX.
Reaching 99% purity is not possible for several of these
channels without the FDIRC. It is important to stress
here that the purity levels are defined as correctly iden-
tified final state candidates divided by all candidates.
In the case that exotic contributions to some channel
are at the percent level, extracting such signals will re-
quire reaching 99% purity, which helps ensure that the
backgrounds are smaller than the small signal of inter-
est. Without the FDIRC, this will not be possible for
many channels of interest. Finally, as noted above, the
baseline numbers are dependent on the reliability of the
simulation. For example, the discrimination power of the
kinematic fit confidence level will decrease drastically if
the GLUEX detector resolution is worse than expected.
The simulation of the FDIRC performance is based only
on the Cherenkov-angle resolution. The value of 2.5 mrad



TABLE II. Efficiencies for identifying several final states in GLUEX excluding reconstruction of the final state tracks.

¢3(1850) — KT K~ Y (2175) — ¢ £5(980)

n1(2300) - K*Kg h5(2600) — K;F K~

Purity Baseline FDIRC Baseline FDIRC
0.90 0.36 0.48 0.33 0.49
0.95 0.18 0.33 0.16 0.34
0.99 0.00 0.05 0.00 0.08

Baseline FDIRC Baseline FDIRC
0.67 0.74 0.46 0.65
0.61 0.68 0.20 0.55
0.18 0.38 0.03 0.28

is expected to be achievable; thus, the real-world perfor-

mance enhancement obtained by adding the FDIRC is
likely to be even greater than what is shown in Table II.
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