6 Simulations for the KtA and K1tX° Final States

6.1 K*Y Event Generator}

The ep — ¢’K*Y event generators are based on model cross sectioy calenlations: The
models for the KA [12] and f6/the K~ O‘L channels describe K'Y electroproduction in
the framework of a Regge—Blus—%sonance%gbp ach. The resonance contributions in the s-
channel are described with the help of 1}%4 effective-Lagrangian approach and the background
part of the amplitude is modeled in terms of t-channel Regge-trajectory exchang
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Figure 24: Integrated cross section for K*A (left) and K*™X° (right) from CLAS measure-
ments as a function of Q* at W = 2.05 GeV [62, 64]. The cross sections at Q2 = 0.65 GeV?
are measured at a beam energy of 2.567 GeV and the cross sections at Q2 = 1.8 GeV? and

. 2.6 GeV? are measured at a beam energy of 5.5 GeV. All other @Q? points correspond to a
beam energy of 4.056 GeV. The RPR model calculations [12, 58] are shown for £,=2.567 GeV
(upper curve) and E,=5.5 GeV (lower curve).

A comparison of the fully integrated model cross section with experimental CLAS data

is shown in Fig. 24. The cross sections are presented as a function of Q? for a given W bin
ottt W = 2.05 GeV. The differential cross sections for representative bins of Q2 and W are
shown in Figs. 25 and 26. The model reproduces the experimental data for 0.65 GeV?2 <

@ < 1.5 GeV?, while it considerably underestimates the cross section for Q2 > 1.5 GeV2.

This underestimation is ecially notable?{in the K JE)O channel for high Q? and low W.

. i . ¢ PUropace . : .
This discrepancy is not & serious concern sl g,eﬂ nematic wegwerof interest is at low Q2.
However, we do have to relﬁ%ﬁ%%del tor t FOsY sectionVas there are no experimental

data available below Q?=0.65 GeV? with-whichte eompare. We can see in Figs. 25 and
26 that the model reproduces well the general features of the sharp cross section growth at
large cos Ok for @Q? > 1.5 GeV? and W > 2.0 GeV. The data inclg.ged ithigs. 25 and 26 are

fromthe CLAS méashEoments fronélaPzgf. L6.2, 64]. The R@WﬁPR& model fou YA
vetsion shownrineludodHiort are Joibwn- 28 the RPR- 012; EW‘* Vfor the KA firabstate

and the RPR-2007 variont for the K+3° final stat® % detailed comparisons of thege

models b6 the availabl¥ data fro m‘ or the differential cross sections, separated structure
functions, and induced and transferred polarizations are given in Refs. [60, 61, 62, 63, 64].
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Figure 25: Differential cross sections for the KA channel as a function of cos g from CLAS
measurements in various @* and W bins for two beam energies (E,=2.57 GeV and 4.06 GeV)

[62, 64] compared to the RPR el predictions (RPR-201E#44F 1) [12].
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Figure 26: Differential cross sections for for K% channel as a function of cos 8 from CLAS
measurements in various @? and W bins for two beam energies (£,=2.57 GeV and 5.5 GeV).

(62, 64] compared to the RPR’%%J(?ieI predictions (RPR=2007 #ariant) [58].
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6.2 Acceptances for ep — KA & é/ &364([‘3&@”
In(%28 we compare the angnular distributions/of ad.]la |
Wi él{fa W
6 GeV orus clrrents of @'} ot | g ‘
qualitatively the same be‘Heﬁ@ as for the pr™7~ final statef @endmg electrons

generated in a W' i ] from K+ A threshold at 1.6 GeV to 3.5 GeV and scattering angles
0. > 2° are detect‘élgzl%ém starting at about 5° with the acceptance opening up toward

larger scattering angles. The twis pattern seen in the accepted p and K™ plots is due
t(gcth.eazm&thal ion of charged tracks in the strong central solenoid field that generates
=M ‘kick” @azimut at depends on the production angle and article momentum. ¥It

i1 sh?uld be not,ed that the p 1{‘Dles are not traversing the sectors in s‘pc;ésttern as the plotted
w%ég e

quantltles are t productlon vertex. 'The pattern for the 7~ is different as they

5 " ‘“ have on average much lower momenta and their migration in ¢ is larger and more diffu

For KY productlon off hydrogen, the recoil protons are kmemaﬁcally Tlimited to polar
angles of < 65°. Figure 28 shows the acceptances for outbending electrons for which the
polar angle gap between the FT and the CLAS12 Forward Detector calorimeters is strongly
reduced and the azimuthal response is more uniform. As a result, the event acceptance for
this configuration is almost a factor of two larger than for the inbending field configuration. lnsevf
We also note that for both configurations there exists a polar-angle band at ¢ ~ here
the acceptance is depleted due to the partially blind transition region between Tﬁ%ﬁé%ard

and Central Detector systems.
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6.3 Run Cpnditions :

We are mnt% search for #he hybrid states at low Q% and the accessible range of
depends on the beam energy and torus current. Another issue that affects the selection of
the best run conditiofl}( is that we need good particle momentum resolution to be able to
separate the KA and K*X° electroproduction channels and the best resolution is achieved
with larger torus currents. The KA and K™X° channel separation is based on agig cuts on
the reconstructed ¢/ K" missing mass. For this purpose the final state K+ must be detected.
Thus, we have to use f}f# topologies where the ﬁia_fstatc_a electron, the K+, and at leasm
of the other hadrons (p or 7~) are detected.!The detection of the dgesgy p or 7~ from the
A deca is_’_-u_ired in order to measure the induced and trans@g%&%{ations of the

easurements of these hyperon polarization component®from CULAS data are

given in Refs. [59, 60].

The run condition studies were performed with the CLAS12 FASTMC program. Table 2
summarizes the minimum Q? coverage for the XY final states at F,=6.6 GeV and 8.8 GeV
for different torus field settings and polarities. As already mentioned in Section 4.3, the
optimal running conditions correspond to4 data collection with4 large negative torus currenp

@msy the maximal KA and K*X° separation is achieved and the gap in the Q2 coverage
between the F'T' and the CLAS12 Forward Detector calorimeters is the smallest. Studies of
the reconst uctgd e’ KT mis ing mass combining the data for the X *A and K+Y° channels
for diﬁere%‘%ﬁégfyl&% are shown i *@‘M’ﬁ} Clearly the data

collection at the highest possible torus field settings, corresponding to the best charged
particle momentum resolution, is optimal for separation of the K'Y reaction channels.

Ey, GeV | Tor. current, A | Q% , GeV?
6.6 41500 0.05

6.6 —1500 0.05

6.6 +3700 0.05

6.6 —-3375 0.05

8.8 41500 0.1

8.8 —1500 0.1

8.8 +3700 0.1

8.8 —3375 0.1

Table 2: Minimal achievable Q% (Q2,,) for different torus currents and polarities at

E,=6.6 GeV and 8.8 GeV for the KTA and K1X° final states.
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%nt Rates for// % Seg 72‘51‘), 3

The expected total number of KY electroproduction events in the reaction ep — ¢’ K1Y
can be written as:

N=C-t- /deedQedQK, (1)

where
o L =A%§ 10% cm™2s7! is the expected CLAS12 operating luminosity

e { is the expected run time, and
—dEe 4.4 is the cross section from Eq.(21) yVL /tf)féwluk }(

The integration in Eq.(1) is performed over the entire kinematic space and the event rate R

is defined as %

The integration in Eq.{1) can be done numerically. We use the same model cross sections
for d?c/dY as was used in the event generator (see Section 6.1). The minimum achievable
value of Q% in CLAS12,is, determined by the forward hole ere h h h_epergy, electrons
cannaot be detected. For %eam energies Q2 is greater than Sﬁk}e\/ SO W%i] can integrate
in Eq"%l) given that Q? > 0.01 GeV?2. The calculated event rates R, and Rso are presented
in Table 3. 0.5

-

¢ ‘
Table 3: Estimated production rates for events with Q2 > 0.01 GeV?2.

To account for the acceptance of CLAS12, a detailed simulation is needed. As we need to
generate events in the entire kinematic space with Q? > 0.08 GeV?, the ratio of reconstructed

to generated events gives the averaged acceptance. Multiplying the event rates £ ot %

by that ratio, we obtain the event rates that account for the CLAS12 acceptance. An
ep — ¢ KTA — ¢ KTpr~ event is considered to be reconstructed if the electron and at least
two hadrons have been detected. A trigger condition requiring at least two charged hadrons
and an electron would select our channels of interest.

The acce tkﬁ‘d event rate calculations are presented in Tab# 4 for different torus currents/

#Ud polarities for £,=6.6 GeV and 8.8 GeV, taking into account the branching ratio for the A
decay into pr~ (64%). A rough estimate suggests that the K'Y exclusive channel contribution
is about 1% with respect to the two and three pion events, which are expected to dominate
the events that have an electron and at least two charged hadrons in the final state. The
maximal total event rate is therefore expected to be =~ 25 kHz for the trigger condition
described above. | This-estimate is compatible with the following considerations: suppose
that the maximal-inclusive-évent raté is 20 kHz, which is limited by the data acquisition.
Then under the rough assumptlon that the K+ A event rate is-about 1% with respect to-the
inclusive event rate, we can estimate the K+ A-ovent rateto be a 128 Hz Thisumber is
in a reasonable agreement with-the previously obtairied value-6f 144 Hz.
(
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Eieam, GeV | Torus Current A | Ry, Hz
6.6 +1500 144

6.6 -1500 | 154
6.6 #2950~ | 87

6.6 2050 /| 72 . \
STt gg,;t@ Al
8.8 1500 | 108 ’
8.8 42950 | 67 69(/% éé (ff{ZL
8.8 (2950 7| 52

OLCC’(/ @4

Table 4: Estimated event rates for the ep — e/ KTA — ' Ktpr~ channellwhe” \fm electron
and two hadrons are required to be detected.

6.5 Expected K'Y Total Event Rates

At the very forward electron scattering angles, electron rates will be very high and may exceed
the capabilities of the data acquisition system. Therefore additional constraints are needed
to define an optimal trigger configuration to enrich the sample with final state topologies that
might be expected for the hybrid baryon candidates and to reduce the total acquisition rate.
For our initial running program, we therefore consider a trigger for the hadronic final states
with at least two charged mes. This will cover final statesu‘ A — Ktpn=, prte—,
pd — pKTK~, and pi — prtr—n. For realistic rate estimates, projections of the hadronic
coupling strengths of the hybrid baryons are needed, which are currently not available. In
addition, a single charged hadron trigger will be incorporated with a pre-scaling factor for
the F'T, which in parallel will collect events with a single charged hadron in the final state,
ie. 7r+n prd, K+A, and KA, among others.

The noﬂnal operating lum1n051ty of CLAS12 is expected to be £ = ¥ 10% cm™2sec” ! _ 6.6l
This corresponds to a production rate of 70 Hz (for K*A) and about 50 Hz (for K +20)$ﬁ‘y 6= o
a 30 day run at the nominal luminosity, the total number of KA events is estimated to be
1.8x 10® and the number of K*+%° events to be@x 10%. The lowest event rate is expected 36 ?GA
for high @2 and high W. For the kinematics with46west statistics, e. g. 2.0 <Q?<25GeV?,
and 2.675 < W < 2.700 GeV, a total number of 2.0 x 10° K+A events and 1.1 x 10° KJ"EG' W 44

events is expected. L€ <howiy U”l — T
While these rates seerref;o vbé;/y large, ﬁhoul ‘be kept in mlnd that {/‘;%e sngég aa/s OF t%gpc‘c'é

héfrt;id/baryons that we want to detect and qua/ tlfy may be tne or two orders of magnltude ﬁ
s er than the signal from’ ordlnary baryon states and- Wlll hkely not sunply be séen as a 3-8
TSP

peak in the pxmtatlon ’spectrum 1t Tather as a broad r /egl‘on 1n/144cw71ere specific quantum

f( numbe/s/;ml/z 5 and JZ = P tor J L %+, must-be identified zap,d-*t‘he electromagnetic

w ¢

cou~p1/ Ings mdst be measm‘ed Versus "Thlfsr}afn'ge achiéved in ,a/ﬁértla ave pnatysis that
t, s

1nc1udes other channels in a multichannel uch ag the Bonn-Gatchina of Jii Lleh7GWU NN g g
approaches. Other techniques may also be employed| m high statistics is thus essential, &FV’%
and the transverse and longitudinal photon polarization that is inherent in electron scattering ¥ g.?\r\
will provide amplitude interference that could be expected to enhance the resonant signal. ~2 fé
N
S %l,
SR
o~
s
N
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