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Outline

• KL beamline

• KL beam characteristics

• MC simulation of different reactions



Figure 15: Schematic view of Hall D beamline on the way e → γ → KL. Electrons are hitting the
tungsten radiator, then photons are hitting the Be target, and, finally, neutral kaons are hitting the
LH2/LD2 cryotarget. Main components are CPS, Be target, with beam plug, sweeping magnet,
and pair spectrometer. See text for an explanation.

Our calculations have been performed for Jefferson Lab Hall D setup geometry. Primary KL-
production target has been placed in Hall D collimator cave. For the target material, we selected
beryllium as for thick targets KL-yield roughly proportional to the radiation length and density,
which gives beryllium as the best candidate. Beam plug and sweeping magnet are placed right
after the target. For our calculations, we took a simple beam plug: 15 cm thick piece of lead.
Sweeping magnet is cleaning up charged component and has a field integral 2 Tesla·meter, which
is enough to remove all charged background coming out of the beam plug. Vacuum beam pipe has
7 cm diameter and preventing neutron rescattering in air. Where are two collimators: one placed
before the wall between collimator cave and experimental hall, another - in front of the Hall D
detector. Distance between primary Be target and LH2/LD2 target (located inside Hall D detector)
has been taken 16 m in our calculations, it can be increased upto 20 m.

12.1.1 Compact Photon Source: Conceptual Design

An intense high energy gamma source is a prerequisite for the production of theKL beams needed
for the new proposed experiments at Hall D [147]. Here we describe a new approach to designing
such photon sources. A possible practical implementation adjusted to the parameters and limita-
tions of the available infrastructure is discussed. The vertical cut of the Compact Photon Source

31

Beamline

• Conceptually all components are !
feasible to install, some already in place 

• No major issues related to gamma, muon !
and neutron backgrounds according !

to detailed simulations all are tolerable
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Figure 19: KL and neutron momentum spectra. Left plot: MC calculations using JLab package
DINREG [156]. The rate of KL (green filled squares) and neutrons (black open diamonds) on
LH2/LD2 cryogenic target of Hall D as a function of their event MC generators with 104 KL/s.
Right plot: Experimental data from SLAC measurements at 16 GeV/c electrons from Ref. [66].
The rate ofKL (black filled squareds) and neutrons (red filled circles).

After passing through 30% R.L. tungsten beam plug and swiping out charged background
component, we will have some residual γ background and neutrons produced by EM show-
ers. Momentum spectrum of residual γs shown on Fig. 20 (left). It decreases exponentially
with increasing energy of photons. For the rates, we obtained ∼ 105 s−1 for γs with energy
above 50 MeV and ∼ 103 s−1 for γs with energy above 500 MeV. Overall, gamma flux for
the KLF experiment is tolerable.

2. Muon Background
Following to Keller [157], our Geant4 [158] simulations included Bethe-Heitler muon back-
ground from the Be-production target and photon dump, both background into the detector
and muon dose rate outside Hall D. Obviously, most of the muons are produced in the pho-
ton dump. Our calculations show that muons will be swiped out of the KL beam line thus
they are not our background. But since their high penetration ability, it might be important
for purposes of the shielding. We taken into account only the Bethe-Heitler muon produc-
tion process. Muons from pion decays and other productionmechanisms will increase total
muon yield only slightly. They were not included in our model. Number of produced muon
in the Be target and lead beam plug is about the same, lead originating muons have much
softer momentum spectrum. Estimated number of produced muons is ∼ 6 × 106 s−1. Their
momentum spectrum is shown on Fig. 20(right).
To summarize: Half of muons have momenta higher than 2 GeV/c, ∼ 10% of muons have
momenta higher than 6 GeV/c, and∼ 1% of muons with momenta above 10 GeV/c. Overall,
the muon flux for the KLF experiment is tolerable.
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KL Beam Profile

SLACProposed at GlueX
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Figure 36: Reconstructed differential cross sections for various values of W for 100 days of run-
ning.

Figure 37: The total cross-section for KLp → π+Λ reaction as a function of beam momen-
tum [173] (left) and the cos θ dependent cross-sections for various beam momentum ranges.

mass (left) and missing mass (right). As it shown in the simulation, we obtained the 5 MeV of
invariant mass resolution and 150 MeV of missing mass resolution. We estimate the expected total
number of pi+Λ events as final state particle within topology of 1π+, 1π−, and 1 proton. In 100
days beam time with 3 × 104 KL/s on the liquid hydrogen target, we expect to detect around
24M KLp → π+Λ events for W < 3 GeV. Such an unprecedent statisitics will improve the our
knowledge on these states through partial wave analysis.
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Figure 35: Differential cross section plots for KLp → pKS as a function of W . The blue curves
are the result of a parametrization of the cross section in terms of Legendre polynomials. The
measured points are from [172].
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Old Data from SLAC Proposed measurement

KLp ! KSp



Figure 40: The Λ invariant mass versus missing mass of π+X (left) and the θπ+ angle distribution
versus Λ invariant mass (right).

comparison with the SLAC data. As we see the proposed measurement will provide an unprecedent
statistical accuracy to determine the cross section for wide range ofKL momentum.

Figure 41: The total cross section unceratinty estimation (only statistical error) for KLp → π+Λ
reaction as a function of K0 beam momentum in comparison with SLAC data [173]. The exper-
imental unceratinty have tick marks at the end of error bars. The box shape error bars in the MC
points are increased by factor of 10.
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proposed in 100 days

KLp ! ⇡+⇤



KLp → K+Ξ0 with existing data taken from [175] for the three different topologies (column 1:
onlyK+ reconstructed, column 2: K+Λ reconstructed, and column 3: K+Ξ0 reconstructed).

]2W [GeV/c
1.8 2 2.2 2.4 2.6 2.8 3 3.2

b]
µ [

σ

0

20

40

60

80

100

120

140

X+K→pLK

]2W [GeV/c
1.8 2 2.2 2.4 2.6 2.8 3 3.2

b]
µ [

σ

0

20

40

60

80

100

120

140

XΛ+K→pLK

]2W [GeV/c
1.8 2 2.2 2.4 2.6 2.8 3 3.2

b]
µ [

σ

0

20

40

60

80

100

120

140

0Ξ+K→pLK

+K
c.mθcos

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

b/
sr

]
µ [

Ω
/d

σd

0

5

10

15

20

25

30

2X  W=2.02 GeV/c+K→pLK

+K
c.mθcos

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

b/
sr

]
µ [

Ω
/d

σd

0

5

10

15

20

25

30

2X  W=2.02 GeV/cΛ+K→pLK

+K
c.mθcos

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

b/
sr

]
µ [

Ω
/d

σd

0

5

10

15

20

25

30

2  W=2.02 GeV/c
0Ξ+K→pLK

Figure 43: Total and differential cross section statistical uncertainty estimates (blue points) for the
three topologies (column 1: onlyK+ reconstructed, column 2: K+Λ reconstructed, and column 3:
K+Ξ0 reconstructed) in comparison with data taken from Ref. [175] (red points).

This statistics also allows us to precisely determine the cascade induced polarisation utilising the
fact that the cascade is self-analysing with an analysing power of −0.406 [1]. Figure 44 shows
the statistical uncertainty estimates of the induced polarisation of the cascade by simple fits to the
acceptance-corrected yields of the pion angular distribution in the Ξ0 rest frame.
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Figure 44: Estimates of the statistical uncertainties of the induced polarisation of the cascade as a
function of W (one-fold differential) and cos θK+ (two-fold diferential).
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KLp ! K+X

blue points: 100 days of running

SLAC
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Figure 45: The total cross section forKLp → K+n reaction as a function ofKL momentum from
Ref. [177] (left) and expected W resolution, σW/W , depending on time-of-flight accuracy (right)
for 300 ps (black), 150 ps (green), 100 ps (red), and 50 ps (blue), respectively.

any improvement in reaction reconstruction in this case.

In 100 days of beamtime with 3 × 104 KL/s on the target, we expect to detect around 200M
KLp → K+n events. A typical example of the expected statistics in comparison to previous data
can be seen in Fig. 46(left). The highest flux is expected around W = 3 GeV, where we had to
increase statistical errors by a factor of 10 to make them visible, see Fig. 46(right).
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Figure 46: The cross section uncertainty estimates (statistics only) for KLp → K+n reaction for
the W = 2 GeV (left) in comparisson with data from Ref. [177] and W = 3 GeV (right). The
errorbars for the right plot are increased by factor of 10 to make them visible.

There are three major sources of background: np → K+nn, np → π+nn, and KLp → K+Ξ.
Neutron flux drops exponentially with energy (see Sec. 12.1.5.3 for details) and generally the high
energy neutron flux is small, but non vanishing. If neutrons and KLs have the same velocity they
cannot be separated by time of flight. Neutron-induced reactions have high cross sections, which
is why it is necessary to consider them as a possible source of background. Fortunately, neutron-
induced kaon production contributes at the low level of 10−3, which, with missing-mass cuts,
can be reduced below 10−4. Some of the pions from np → π+nn reaction can be misidentified

56

KLp ! K+n

blue points: 100 days of running



KLp ! K±⇡⌥p

and dispersion relations [137, 139, 140], in many cases using the former to constrain polynomial
ambiguities of the latter.

Figure 13: I=1/2 Kπ scattering P-wave phase shift together with experimental results from
LASS [130] and Estabrooks et al. [129]. The opening of the first inelastic πK∗ channel is in-
dicated by dashed vertical line. The grey band represents the fit results from Boito et al. [145].

The study of πK scattering provides a possibility not only to study scalar and vector K∗ states,
including S-wave κ(800) state (see [141, 142]), which is not yet well established, but it is also
necessary to get precise vector and scalar πK form factors as an input for extraction of Cabibbo-
Kobayashi-Maskawa (CKM) matrix element Vus from τ → Kπν decay. πK scattering amplitudes
with high precision are needed to study CP violation from Dalitz plot analyses of both open charm
D-mesons [143] and charmless decay of B-mesons [144] intoKππ final state.

In Fig. 13, we present the phase of the form factor F+(s) with experimental results of LASS
Estabrooks [129, 130] together with the fit of Boito et al. to τ decay data [145].

As one can see first of all experimental data obtained at SLAC have very poor statistics above
1.2 GeV and secondly do not span to higher energies which are even more important for B-meson
decays. Moreover direct comparison of chargedK±π∓ with τ assumes isospin invariance as in the
τ decay one has Ksπ± final state depending on the sign of τ lepton.

Similrarly, as one can see from the following Figure 14, I = 1/2 and I = 3/2 S-wave, and I = 3/2
P-wave phase shifts are very poorly measured and need more experimental data.

Significantly more intensive beam flux of proposed KL beam will provide high statistics data on
both charged Kπ as well as with final state neutral kaon in reactions:

• KLp → K±π∓p (simultaneousely measurable withKL beam).

• KLp → Ksπ+n on a proton target for the first time.

• KLn → Ksπ−p on a deuteron target (for the first time).
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Figure 14: Left panel: I = 1/2 S-wave phase shift (curves and data in the upper half of the figure)
and the I = 3/2 S-wave phase shift (curves and data in the lower half). Experimental data are from
SLAC experiments as in previous figure. The curves are obtained from central, upper and lower
values of parameters in the Roy-Steiner solutions ellipse [146]. Right panel: Same as in previous
figure for I = 3/2. Data points are from Estabrooks et al. [129].

In summary: Experimental data obtained in the proposed experiment with KL beam at JLab will
provide valuable data to search for yet not well understood and possibly incomplete scalar, vector
and tensor resonances in strange sector through a phase-shift analysis of πK and ηK scattering
amplitudes.

12 Proposed Measurements

We propose to use the KL Facility with the GlueX spectrometer, in JLab Hall D, to perform preci-
sion measurements ofKLp → KY from liquid hydrogen and deuterium cryotarget (LH2/LD2) in
the resonance region, W = 1490 – 4000 MeV and c.m. cos θ from −0.95 to 0.95. It will operate
at a neutral kaon flux of 3 × 104 KL/s. The ability of GlueX to measure over wide ranges in
θ and φ with good coverage for both charged and neutral particles, together with the KL energy
information from the KL Facility, provide an ideal environment for these measurements.

12.1 KL Beam in Hall D

A schematic view of the Hall D beamline for KLF is presented in Fig. 15. At the first stage, E =
12 GeV electrons produced at CEBAF will scatter in a radiator at CPS, generating intensive beam
of bremsstrahlung photons (we will not need in the Hall D Broadband Tagging Hodoscope). At
the second stage, bremsstrahlung photons, created by electrons at a distance about 75 m upstream,
hit the Be target, located in the cave, and produce neutral kaons along with neutrons and charged
particles. Finally,KLs will reach the LH2/LD2 cryotarget within GlueX settings.
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Simulation is in progress 



Expected Statistics in 100 days of Running on LH2

with similar intensities as proposedKL beam at JLab. If these proposals are approved, experimen-
tal data from J-PARC will be complementary to proposed measurements.

Below in Table 1, we present expected statistics in 100 days of running with LH2 target with
GlueX setup at JLab.

Table 1: Expected statistics for different reactions withLH2 and belowW = 3GeV during 100 days
of the beam time.

Reaction Statistics
(events)

KLp → KSp 8M
KLp → π+Λ 24M

KLp → K+Ξ0 4M
KLp → K+n 200M
KLp → KπX ??M

There are no data on the "neutron" target and for this reason, it is hard to make a realistic estimation
of statistics specifically that there is so dramatical difference between model predictions. Assuming
similar statistics as on proton target the full program will be completed running 100 days with LH2

and 100 days with LD2 targets.

14 Cover Letter for KLF Proposal Submission to PAC45

This Proposal follows the Letter of Intent LoI12–15–001, Physics Opportunities with Secondary
KL beam at JLab presented to PAC43 in 2015. The Issues and Recommendations included in the
PAC43 Final Report document read as follow:

Issues: It is not clear what this experiment can do that the J-PARC charged kaon program cannot
do substantially better. An experimental concern is the transverse size of the KLF beam that must
impinge on a 2-3 cm target. Backgrounds from neutrons and KLF outside the target acceptance
may be important in event rates and signal to background rejection.

Recommendation: Any proposal would require full simulations of the beam line and detector to
determine the effect of backgrounds from neutrons and kaons outside the target acceptance. But it
is not clear to the committee if this experiment would in any way be competitive with J-PARC or
a potential Fermilab or CERN program in this energy range. The superiority of a neutral beam
and/or the GlueX detector for these measurements would need to be demonstrated before a future
proposal would be considered favorably.

The KLF Collaboration believes that this proposal addressed all the concerns following the recom-
mendations expressed by the PAC43:

1. Q1: It is not clear what this experiment can do that the J-PARC charged kaon program can-
not do substantially better.
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under study

!
  Our main goals are:!
-to establish KL facility!
-to measure cross sections and self polarization !
 using LH2 and LD2!
-to do PWA and determine resonance parameters (including !
    looking for missed hyperons)!



Outlook
• Proposal is almost ready to be submitted !

to the GlueX Collaboration

• Simulation of K-pi final state is in progress

• Final editing of the proposal after we get !
comments from collaboration

• May 22, submission to PAC45


