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• Motivation

• Thomas Jefferson Laboratory 
• The CEBAF Large Acceptance Spectrometer (CLAS)

• Recent results – published and in progress 
• The published results on Λp scattering
• Current status of Σp , Λd scattering analyses
• Polarisation observables in FSI – a new window on YN interactions?
• KLF@JLAB – a next generation tagged hyperon beam facility

• Summary and Outlook



Why study the Hyperon Nucleon Interaction?

• An improved understanding Y-N interaction 
potentials would impact a range of fields:

• Better constraints on composition of neutron stars

• Better understanding of hypernuclear structure and 

hyperon matter

• A more unified picture of the SU(3) baryon-baryon 

interaction  - challenging theories of the strong interaction
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Neutron stars
• Compact supernova remnants                                              

Radius ~10km                                                                                             
Surface velocity up to ~1/4c

• Composition debated
• Terrestrial constraints -> hadron/nuclear 

4
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The paucity of L-p data 
10 51. Plots of Cross Sections and Related Quantities

Figure 51.6: Total and elastic cross sections for pp and pp collisions as a function of laboratory
beam momentum and total center-of-mass energy. ‡el is computed using the nuclear part of the
elastic scattering amplitude [126]. Corresponding computer-readable data files may be found at
http://pdg.lbl.gov/current/xsect/. (Courtesy of the COMPAS group, NRC KI – IHEP, Protvino,
August 2019.)

6th December, 2019 11:48am

15 51. Plots of Cross Sections and Related Quantities

Figure 51.11: Total and elastic cross sections for »p, total cross section for À≠p, and total
hadronic cross sections for “d, “p, and ““ collisions as a function of laboratory beam momentum
and the total center-of-mass energy. Corresponding computer-readable data files may be found at
http://pdg.lbl.gov/current/xsect/. (Courtesy of the COMPAS group, NRC KI – IHEP, Protvino,
August 2019.)

6th December, 2019 11:48am

pp scattering
Λp scattering

Plots from PDG 2018

Total of <1300 observed Λp à Λ p

FIGURE 2. The existing data for the process pp→ pp, from Ref. [2].

The present world data sample for the process Λp → Λp consists of thirteen publications.[8, 9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20] Table 1 summarizes the existing world data set for this process. There have been a total

TABLE 1. The existing data for the process Λp→ Λp.

Reference Λ source Detector pΛ NΛp→Λp

Crawford et al. [8] π−p→ ΛK0 LH2 BC 0.5–1.0 4
Alexander et al. (1961) [9] π−p→ ΛK0 LH2 BC 0.4–1.0 14
Groves [10] K−N → Λπ Propane BC 0.3–1.5 26
Beillière et al. [11] K−N → Λπ Freon BC 0.5–1.2 86
Piekenbrock and Oppenheimer [12] K−A→ ΛX Heavy Liquid BC 0.15–0.4 11
Sechi-Zorn et al. (1964) [13] K−p→ ΛX LH2 BC 0.12–0.4 75

Vishnevksiĭ et al. [14] nA→ ΛX Propane BC 0.9–4.7 12
Bassano et al. [15] K−p→ ΛX LH2 BC 1.0–5.0 68
Alexander et al. (1968) [16] K−p→ ΛX LH2 BC 0.1–0.3 378
Sechi-Zorn et al. (1968) [17] K−p→ ΛX LH2 BC 0.1–0.3 224
Kadyk et al. [18] K−Pt→ ΛX LH2 BC 0.3–1.5 175
Anderson et al. [19] pPt→ ΛX LH2 BC 1.0–17.0 109
Mount et al. [20] pCu→ ΛX LH2 BC 0.5–24.0 71

of less than 1300 observed Λp → Λp events. All of the experiments used bubble chambers, which limited the rate at
which data could be taken. In all of the previous measurements, the incident Λ is created inside a bubble chamber via
some other process (the “Λ source” column in Table 1; the Λ then interacts with a proton within the bubble chamber
to produce the Λp→ Λp event.

DATA-MINING PLAN

A similar approach to this process could be successful today. While the detectors in common usage today do not allow
the complete visualization of events afforded by the bubble chambers used in the older experiments, they have the

Free-space scattering data complementary to L-Hypernuclear studies 
where medium mod/many-body effects convoluted with basic L-N

a(1S0) = �0.7��2.6 fm

a(3S1) = �1.7��2.15 fm
<latexit sha1_base64="jcfVggXyExLUfzE15wVL9O+ntJE="></latexit>



• Hyperons are predicted to appear in the core 
of NS at ρ ~ 2 – 3 ρ0

• Hyperons soften the EoS à Reduction on 
maximum NS mass

• Observation of NS with MG>2Ms is 
incompatible with such soft EoS
à Hyperon Puzzle

• Better experimental constraint on the Y-N (and 
in-medium behaviour) is crucial .. 
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potential, where the resulting maximum neutron star mass turned out to be below 1M�
(red line in Figure 5).
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Figure 4. Neutron star matter compositions (left panel) and corresponding EOSs (right panel) as a
function of the baryonic density, for the AFDMC calculations proposed (adapt from Ref. [215]). See
text for details.
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Figure 5. Mass-radius relations according to the AFDMC calculations proposed in Ref. [215]. The
observed pulsars PSR J0348+0432 [103] and PSR J0740+6620 [104] which are represented by yellow
and purple bands respectively indicate the uncertainty on the measurement. See text for details.

In Ref. [215] was reported a Monte Carlo calculation of neutron matter with nonva-
nishing concentrations of L-hyperons including neutron-neutron (nn), neutron-neutron-
neutron (nnn), neutron-L (nL) and neutron-neutron-L (nnL) interactions. Specifically
in order to describe the nn and the nnn interactions the authors employed the AV6’ and
the UIX potentials. Concerning the nL interaction, the authors used a phenomenological
potential fitted to the available NL scattering data, while they considered a purely central
repulsive nnL force of the same form of the one present in the UIX interaction. The authors
of Ref. [215] proposed two parametrizations (hereafter I and II) for the nnL force. Such
parametrizations were developed in Ref. [149] with the aim of reproducing the separation
energies of several single-L hypernuclei. The resulting EOSs obtained using the setting
described above are reported in the right panel of Fig. 4. The green line refers to the pure
neutron matter system while the red and blue dashed curves correspond to the EOSs
obtained employing the nL potential alone and the full nL+nnL (I) interaction respectively.
The onset of the L hyperon is shown in the left panel of the same figure for both the
calculations. Blue lines in the left panel of Fig. 4 refer to the case where the full nL+nnL
(I) interaction was adopted. Using parametrization II (black dots in the right panel of
Fig. 4) the authors found that the effect of the hyperonic three-body force is so large that
L-hyperons do not appear in neutron matter up to a density corresponding to the central
one of a two solar mass neutron star. According to such calculation, this rather simplified
version of the hyperon puzzle is solved by the fact that hyperons are not formed in the core
of neutron stars due to the very strong repulsive effect of three-baryon forces. According to
parametrization I (blue line in Fig. 5), hyperons appear around 2 n0 giving rise to a very
soft EOS and to a quite low maximum mass of the order ⇠ 1.34M�, not consistent with
observations. A similar result was also obtained using of the sole nL potential where the
resulting maximum neutron star mass turned out to be below 1 M� (red line in Fig. 5).

Some years later in Ref. [216] was performed a new calculation in the framework
of non-relativistic BHF approach using realistic NN, NNN interactions derived in chiral
effective field theory (cEFT), supplemented by NL and NNL interactions. Specifically, for
the two-body NN interaction was used the local chiral potential presented in Ref. [217] at
next-to-next-to-next-to-leading order (N3LO) of ChEFT which includes the D(1232) isobar
in the intermediate states of the NN scattering. Regarding the NNN force, the authors
made use of the potential derived in Ref. [218] at the next-to-next-to-leading-order (N2LO)
in the local version reported in Ref. [219,220]. I note that this NNN force takes into account
also of the possibility of the D-excitation at the Np vertex. The low energy constants of

Figure 5. Mass-radius relations according to the AFDMC calculations proposed (adapt from
Ref. [215]). The observed pulsars PSR J0348+0432 [103] and PSR J0740+6620 citecro19, which are
represented by yellow and purple bands, respectively, indicate the uncertainty on the measurement.
See text for details.

Some years later in Ref. [216], they performed a new calculation in the framework of
non-relativistic BHF approaches using realistic NN and NNN interactions derived in chiral
effective field theory (cEFT), supplemented by NL and NNL interactions. Specifically, the
two-body NN interaction was used for the local chiral potential presented in Ref. [217] at
the next-to-next-to-next-to-leading order (N3LO) of ChEFT, which includes the D(1232)
isobar in the intermediate states of the NN scattering. Regarding the NNN force, the
authors made use of the potential derived in Ref. [210] at the next-to-next-to-leading-order
(N2LO) in the local version reported in Ref. [218,219]. Note that this NNN force takes into
account the possibility of the D-excitation at the Np vertex. The low energy constants
of the NNN interaction were fixed as discussed in Ref. [219], where it was shown that a
good description of nuclear matter can be achieved using that setting. These interactions

The hyperon puzzle



• Hyperon Puzzle: Possible solutions

YY and YN forces
YNN and YYN three body forces

• Experimental data are crucial to place constraints 

• Y-N interaction in free space -> bedrock for exploring 
higher order effects in medium

• Motivates our current study study using secondary 
hyperon beams (seeded by gamma beams) 

D. Lonardoni, Phys. Rev. Lett. 114, 092301 (2015)
J. Haidenbauer et al., Eur. Phys. J. A 53, 121 (2017)
I. Vidana, Proc. R. Soc. A 474, 20180145 (2018) 

Some Proposed solutions of the hyperon puzzle



CLAS6@JLAB

6-GeV era : 1995-2012

• C.W. electron beam

• Polarized Source: Pe ~ 86%

• Beam energies up to E0 = 6 GeV 

• Beam Current up to 200 μA 



Hall-B at Jefferson Lab

8� < ✓ < 140�

� ⇠ 1.7⇡

�✓ ⇠ 1 mrad

�� ⇠ 4 mrad
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Fig. 1. Overall geometry of tagging system. Important details referenced in the text include the shape of the magnet pole, the
straight-ahead photon path through the magnet yoke, and the relative locations of the hodoscope E- and ¹-planes. Also shows `typicalaelectron trajectories labeled according to the fraction of the incident energy that was transferred to the photon.

PACS: 29.30.Kv; 29.40.Mc; 29.70.Fm

Keywords: CLAS; Photon tagger; Photon beam; Scintillator hodoscope; Time-based logic

1. Introduction

We report the design, construction, and commis-sioning of the photon-tagging system now in use inHall B at the Thomas Je!erson National Acceler-ator Facility (JLab) for the investigation of real-photon-induced reactions. The tagger was initiallydesigned to be used in conjunction with theCEBAF (Continuous Electron Beam AcceleratorFacility) Large Acceptance Spectrometer (CLAS)[1], and has subsequently also been used in twoadditional experiments which do not make use ofCLAS. While the descriptions in this paper makefrequent reference to correlations of tagger in-formation with the CLAS detector, it is intendedthat the reader understand that all such discussionshave equivalent application to any otherdownstream detector system for photon-inducedinteractions.
The bremsstrahlung tagging technique for directmeasurement of incident photon energy in photo-nuclear interactions is well established [2}4]. The

JLab system is the "rst photon tagger in the multi-GeV energy range to combine high resolution(&10!"E
#
) with a broad tagging range (20}95%of E

#
).

2. Background and general description

The geometry of our system is sketched in Fig. 1,with additional, more detailed views in Figs. 2 and3. Electrons from the CEBAF accelerator strikea thin target (the `radiatora) just upstream froma magnetic spectrometer (the `taggera). The systemis based upon the electron bremsstrahlung reactionin which an electron of incident energy E
#

is `decel-erateda (scattered) by the electromagnetic "eld ofa nucleus, and in the process emits an energeticphoton (gamma ray). The energy transferred to thenucleus is negligibly small, so the reaction obeys theenergy conservation relation

E!"E
#
!E

!

264 D.I. Sober et al. / Nuclear Instruments and Methods in Physics Research A 440 (2000) 263}284

�

e0�

Photon tagger CLAS6 spectrometer

• Hyperon analysis uses “g12” data set

• Photon energies 1.2 - 5.4 GeV

• Cryogenic liquid H/D targets - 40cm long 4cm diameter



Λp Elastic Scattering
https://doi.org/10.1103/PhysRevLett.127.272303
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FIG. 1: Pictorial representation of the reaction inside the
liquid-hydrogen target. A two-part reaction occurs where the
incident ⇤ is created at vertex (1), followed by scattering with
a proton at rest in the target at vertex (2), before the ⇤ decays
at vertex (3).

on the photon and final-state particles, vertex tracing,
fiducial region selection, and event trigger e�ciency cor-
rections. The electron beam was bunched into buckets
2-ns apart, which produced the bremsstrahlung photons
also in 2-ns bunches. The final-state particles were fil-
tered using the drift chamber (DC) and time-of-flight
scintillator (TOF) for particle identification. Particle
tracks that did not trace back to the target volume were
removed. Fiducial cuts were applied, which filtered out
data outside the active region of the DC. A Monte Carlo
(MC) simulation was done to model the CLAS detector
in order to measure the reaction acceptance (discussed
below). The simulated events went through the same
analysis as the data and included an additional trigger
e�ciency correction. An intensive study of the trigger
was done [14] and is accounted for in the simulation.

The reaction specific analysis required the reaction
�p ! K+⇤ to be isolated. The scattering ⇤0 was identi-
fied from the combined momenta of its decay products,
p⇡� + pp. These four-momenta produced a mass spec-
trum, shown in Fig. 2a. The peak at 1.115 GeV/c2 cor-
responds to the scattered ⇤0. The peak was fit to a Gaus-
sian function, shown by the dashed line. The data were
selected at ±3� for further analysis (see Fig. 2b). From
the scattered ⇤0 and the other detected proton, the K+

can be identified through the missing four-momentum:

pX = p� + ptgt � (p⇤0 + pp0 � ptgt), (2)

where pX is the four-momentum of the missing mass dis-
tribution, p⇤0 is for the recoil ⇤, pp0 is for the recoil pro-
ton, and ptgt is for target proton. There are two ptgt
terms above, which come from the two target protons at
vertex 1 and 2 in Fig. 1. This four-momentum gives the
missing mass (MM) spectrum shown in Fig. 2b. There is
a prominent peak at the mass of the K+, 493.7 MeV/c2,
which isolates the first vertex of the two-step process
leading to the ⇤p ! ⇤0p0 elastic scattering. The peak
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FIG. 2: Mass spectrum of the detected proton and ⇡� from
the decayed ⇤0 (top) and the missing mass spectrum of the
initial vertex (bottom). The missing mass spectrum (bottom)
was plotted after the cut was made around the ⇤0 mass (top).
The total fit, peak plus background, is shown by the solid line.
The peak only, a Gaussian, is shown by the dashed line. The
vertical lines frame the data that pass through to the final
analysis.

at the K+ mass was fit to a Gaussian function and a
selection was made at ±3�. The background that exists
to the right of the K+ mass is due to additional particles
produced in the reaction process. For example, some
events may include extra particles such as ⇡0 decay of
higher-mass ⇤⇤ resonances, which were not detected by
CLAS. Those events show up at higher missing mass.

Additional analysis was also required to remove back-
ground from the pp ! pp elastic scattering reaction. This
reaction can happen when the ⇤ decays, followed by an
elastic scattering of the decay proton. This leads to the
same final state that can be misidentified as ⇤p ! ⇤0p0

events. Kinematic calculations were used to remove these
events. Figure 3 shows the missing mass distribution of
the presumed incident ⇤ on the x-axis and that of the
presumed proton on the y-axis, where X is the missing
particle. There are prominent bands at the mass of the
⇤ (vertical band) and the mass of the proton (horizontal
band). At the intersection of these bands there is signifi-
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Λp Elastic Scattering
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● Liquid Hydrogen Target

● p, p’, π- detected

● Λp scatter elastically
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• Cross section determination challenging 

• Need careful account of detector 
acceptance, efficiency

(see paper for details) .-.-.- Haidenbauer, U.-G. Meißner, Phys. Rev. C 72, 044005 (2005)
--.--.  Rijken, Stoks, Yamamoto, Phys. Rev. C 59, 21 (1999).

NLO chiral EFT(Haidenbauer Eur. Phys. J. A 56, 91 (2020))



Λp Elastic Scattering - background removal

• Background contribution
p(Λ)p à pp

• Can be isolated in CLAS 

• Difficult for previous bubble 
chamber data (systematic at 
higher momenta?)

analysis. From the scattered Λ0 and the other detected
proton, the Kþ can be identified through the missing four
momentum pX:

pX ¼ pγ þ ptgt − ðpΛ0 þ pp0 − ptgtÞ; ð2Þ

where pΛ0 is for the recoil Λ, pp0 is for the recoil proton,
and ptgt is for target proton. There are two ptgt terms above,
which come from the two target protons at vertex (1) and
(2) in Fig. 1. This four momentum gives the missing mass
(MM) spectrum shown in Fig. 2(b) which shows only
events for the exclusive reaction γp → KþΛ, whereas
Fig. 2(a) shows inclusive Λ production. There is a peak
at the mass of the Kþ, which isolates the first vertex of the
two-step process leading to the Λp → Λ0p0 elastic scatter-
ing. The peak at the Kþ mass was fit to a Gaussian function
and a selection was made at %3σ. The background under
the Kþ peak comes from a variety of sources, similar to the
background under the Λ peak shown above. For example,
some events may include extra particles which were not
detected by CLAS, such as pions that hit the magnet coils.
Those events do not form a peak at the Kþ mass.
Additional analysis was also required to remove back-

ground from the pp → pp elastic scattering reaction. This
reaction can happen when the Λ decays, followed by an
elastic scattering of the decay proton. This leads to the same
final state that can be misidentified as Λp → Λ0p0 events.
Kinematic calculations were used to remove these events.
Figure 3 shows the missing mass distribution of the
presumed incident Λ on the x axis and that of the presumed
proton on the y axis, where X is the missing particle. There
are prominent bands at the mass of theΛ (vertical band) and
the mass of the proton (horizontal band). At the intersection
of these bands there is significant overlap. This region
represents pp elastic scattering events that must be
removed. The band to the right of the overlap is due to
background from other reactions, such as γp → πþπ−p

followed by pp → pp elastic scattering. Data above the
dashed line are rejected, reducing the background along
with removing the pp elastic events. The same cut is
applied to the MC events, so the detector acceptance
compensates for any good events cut from the top of the
Λ distribution.
The pp scattering events were used as a cross check to

verify this analysis. Since many of these events were
detected, it was possible to also measure the pp elastic
scattering cross section, which is well known. This method
yielded consistent results with the world data for pp
scattering.
With the initial reaction γp → KþΛ identified, the

incident Λ could now be isolated using the missing four
momentum:

pX ¼ pΛ0 þ pp0 − ptgt; ð3Þ

where pX is for the missing particle, pΛ0 is for the scattered
Λ0, pp0 is for the recoil proton, and ptgt is for the target
proton. The missing mass spectrum of Fig. 4(a) shows a
prominent peak at the mass of the Λ, 1.115 GeV=c2. This
distribution is plotted using events that pass the above
selections of both the scattered Λ0 and the Kþ peaks, after
subtraction of the background as explained below.
The energy dependence of the cross section was deter-

mined by binning the missing mass spectrum as a function
of the incident Λ momentum. An example bin is shown in
Fig. 4(b). As part of the analysis, the sideband subtraction
technique was used to extract the yield. This was done by
selecting the data to either side of the Λ0 peak in Fig. 2(a),
such that the cut has the same width as that about the peak.
The sideband region should have no scattered Λ events, so
all the data resulting from sidebands were treated as
background and subtracted from the final data. The side-
band subtraction provided a first-order estimate of the
background and provided a better signal-to-noise ratio to
extract a yield of the Λ peak. With this method, most of the
background was removed from Fig. 4(b), leaving only
signal events. The remaining background in Fig. 4(b) was
fit to both a flat line and a second order polynomial. The flat
background was taken as the nominal fit, while the
polynomial acted as a check of the systematic uncertainty
in the fit. The signal peak at the mass of the Λ was fit to a
Gaussian function. The yield was then extracted from the
peak fit, integrating the Gaussian in the %3σ interval.
To get the acceptance of the detector, a simulation must

be done that models the CLAS detector. A custom event
generator was used to produce Λp elastic scattering events
using existing KþΛ cross sections in order to model a
realistic angular dependence [17].
The angular dependence was modeled using the

Mandlestam t parameter. We treat the constant that multi-
plies t in our simulation as a model parameter. By
comparing the t dependence of the simulation to the data,
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FIG. 3. Missing mass scatter plot of the secondary vertex
Xptgt → Λp0 (x axis) and Xptgt → pp0 (y axis) where X is the
missing particle.
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Systematic check – pp scattering

Systematic uncertainties - order 10%

Additional points at higher energies -- TBD



Work in progress - Σp Elastic Scattering

Overlap with recent 
JPARC, extend 
momentum range

n

Σ-

15

Zachariou - York

Phys. Rev. C 104, 045204 15



Work in progress: Λd elastic scattering

Tsumeo,  Ilieva, Zachariou - USC/York

• ~4k events:

• pΛ > 0.7 GeV/c

• cos(θ): -0.6 - 0.9

4

Reaction
K+

Λ Λ’

p’

π-

p

● Liquid Hydrogen Target

● p, p’, π- detected

● Λp scatter elastically

Target

d



Polarisation observables in Hyperon Photoproduction

d�

d⌦
=�0{1� Plin⌃ cos 2�+ ↵ cos ✓x(�PlinOx sin 2�� PcircCx)

� ↵ cos ✓y(�Py + PlinT cos 2�)� ↵ cos ✓z(PlinOz sin 2�+ PcircCz)}

Linearly polarized beam
Circularly polarized beam

Λ Recoil Polarisation
Self-analysing (α=0.75)



Polarisation Observables Λn
• Rescattering of hyperons in FSI ->  powerful info

• YN potentials (NSC97F and NSC89) both give correct 
BE (e.g hypertriton) -> but degeneracy broken in 
polarisation observables!

K. Miyagawa et al., Phys. Rev. C 74, 034002 (2006)
Determination of scattering lengths PRC 95, 034001



Polarisation Observables Λn

d�

d⌦
=�0{1� Plin⌃ cos 2�+ ↵ cos ✓x(�PlinOx sin 2�� PcircCx)

� ↵ cos ✓y(�Py + PlinT cos 2�)� ↵ cos ✓z(PlinOz sin 2�+ PcircCz)}
Zachariou - York



Polarisation Observables Σp

𝑝

𝐾! Σ"

Results extrapolated to zero missing-momentum 
-> BSA from K, S agree ✓

Large dilutions of BSA at higher missing 
momenta due to FSI

Relative dilutions  - constraint on the various FSI 
contributions (including YN recattering)

ML trained on model predictions - deconvolute
Zachariou - York



Σp scattering - ratios

• Ratio broadly uniform around 2.5-2.75

• Analysis at early stage

Zachariou, Hadjigvadriel - York

Ra
tio

 S
+

p 
/ S

-
p 

PRELIM
INARY



KLF – A next generation hyperon facility

• K-Long facility – Online '26
• Hall D of Jefferson Lab
• CPS >6 OOM in g-luminosity
• 3 OOM higher hyperon rate 
• Larger targets
• Access X-N

Bashkanov Part B2 MuSt  
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KLF 
The KL-Facility, KLF, was approved for construction in August 2020 with the first JLab funding starting 

in FY2022 (Oct. 2021) and expected end of construction in 2025. The facility will be constructed in Hall-D 
(JLab) utilising the existing high-resolution spectrometer, GlueX to detect the decay products of the strange 
particles produced. 

The general concept of KLF is relatively simple. In the first step a high-intensity (5𝜇A) electron beam with 
64ns bunch spacing will hit a compact photon source (CPS, 10%RL amorphous radiator, surrounded by 100t 

of shielding, mainly tungsten based). As a result, a 
high intensity, high energy photon beam will be 
produced and delivered to the Beryllium target (40 
cm long Be cylinder surrounded by 6t of shielding, 
Pb/W -based). Photoreaction in the target result in 
an intense neutral Kaon beam. This is delivered to 
a cryogenic production target, located 24 meters 
downstream from the Be-target in the heart of the 
GlueX spectrometer. Halfway between the Be-
target and the cryogenic target a Flux Monitor will 
be located with the main aim to determine the 
energy and position dependence of kaon flux. It 
will utilise 𝐾𝐿 in-flight decay into 3 pions. 

The adaptation of the JLAB infrastructure to 
achieve KLF is modest considering the science 
impact. The adaptation of the beamline and 
cryogenic target systems will be performed by the 

laboratory staff. The Be target will be built by a consortium of US universities led by the GWU group. The 
Compact Photon Source will be in-kind contribution by the other US universities with lead institution FSU. 
The CPS and Be-target solutions are established, and engineering challenges from the high thermal and neutron 
fluxes addressed. These components are a major investment in the science, with large costs due to the 
significant quantities of tungsten shielding required for operation. The Flux Monitor is in many respects more 
technologically challenging, but with much smaller costs involved. The flux monitor will be the UK/EU 
contribution to KLF, with the lead institution UoY, (PI - M.Bashkaov). 

KLF Flux Monitor 
The Flux Monitor is a key component of the KLF facility it is essential to determine the spatial and 

momentum distribution of the kaon beam flux. On the way from the Be-target, some of the kaons decay in 
flight and their decay products can be measured by the Flux Monitor. Out of the 3 main 𝐾𝐿 decay channels, 
the 𝐾𝑙 → 𝜋+𝜋−𝜋0 provides highest tagging accuracy, due to similarity of masses of all decay components. 

Out of 3 pions, two charged particles will be 
measured in the FM. Their decay vertex will be 
reconstructed by a tracking system (similar to the 
modules employed in the PANDA@FAIR 
tracker). The Time of Flight information between 
Be-Target and the decay vertex will be utilised to 
extract the kaon momentum distribution. The 
Time-of-Flight within the FM (between the 
forward cap and the endcap) together with 
momentum information from the tilting of the 
tracks in a solenoidal magnetic field will be used 
to suppress backgrounds and for particle 

identification. Due to the azimuthal symmetry of the FM, it can also be used to study CP-violation in 𝐾𝐿 decays. 
The FM in conjunction with GlueX pair spectrometer magnet will also be used to measure extremely rare 𝐾𝐿 
beta-decay (𝐵𝑅~10−9) to constrain physics beyond the standard model. 

A schematic of the flux monitor can be seen in Figure 2. More details and the simulation studies can be 
found in the KLF FM note  (2). 

 
Figure 1KL-Facility 

 

 
Figure 2 The Flux Monitor blow up view 

 



Summary and outlook

• Ongoing programmes at JLAB are revealing the YN interaction with 
a new level of detail

• KLF presents a step change in the quality and intensity of tagged 
hyperon beams at Jefferson Lab
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I know Muster Mark 
got 3 quarks – but 

what flavour?

Muster Mark got 3  
quarks – one strange 

and two light !!

The team at USC, Ohio, CSU and York leading the works presented here



Thanks for listening !


