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Strangeness photoproduction

Strangeness photoproduction
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FIG. 1. Feynman diagram for kaon photoproduction on the nucleon. Contributions from the

∆ are only possible in Σ production. Electromagnetic vertices are denoted by (a), (b), and (c),

hadronic vertices by (1), (2), and (3). The contact diagram (4) is required in both PS and PV

couplings in order to restore gauge invariance after introducing hadronic form factors. The Born

terms contain the N , Y , K intermediate states and the contact term.
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FIG. 2. Total cross sections for the six isospin channels of kaon photoproduction on the nucleon

calculated at tree level. The solid curve shows Set II of Table III while the dotted line shows the

older model, Set I of Table III. The new SAPHIR data [37] are denoted by the solid squares, old

data [53] are shown by the open circles. Solid circles are the data for K0Σ+ production from Ref.

[54].

24

(1) γp → K+Λ (4) γn→ K 0Λ
(2) γp → K+Σ0 (5) γn→ K 0Σ0

(3) γp → K 0Σ+ (6) γn→ K+Σ−

• involves ss̄ from sea in the nucleon: production mechanisms?

• s-channel contributions? nonstrange resonances ↔ strange hadrons

• only states with M >∼ 1.7 GeV are contributing

• missing states with considerable Γi to KY ?

• KΛ isospin filter: only N(I = 1/2) states are present

• hyperon recoil polarization via weak decay
⇒ first ’complete‘ experiment (PS: ≥ 8 obs.) on proton and neutron?
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Meson photoproduction on the neutron

Meson photoproduction on the neutron

• isospin decomposition of electromagnetic transition amplitudes
⇒ requires neutron measurements

• N(I = 1/2) states have different photocouplings to proton and neutron

• photoexcitation of certain states off the proton suppressed
⇒ Moorhouse selection rule: γNN∗ is zero for γp → [70, 48] in nonrel. QM

• stronger neutron-coupling expected for members of speculative antidecuplet

• in general sparse experimental database of observables

• full of surprises!
example: γn→ ηn
⇒ peak in σ around W = 1680 MeV

• exotics?
• S11(1535)–S11(1650) interference?
• P11(1710)?
• coupled-channel effects?

D. Werthmüller et al., Phys. Rev. Lett. 111, 232001 (2013)
D. Werthmüller et al., Phys. Rev. C 90, 015205 (2014)  [MeV]kinW
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Meson photoproduction on the neutron

Strangeness production on quasifree neutrons

Measurement in quasi-free kinematics on light nuclei, e.g., d
⇒ participant (p) - spectator (s) model

γ + d → K + Y + (s)

Issues and challenges:

• small cross sections (σtot ∼ few µb)

• weak decays of K/Y ⇒ smearing of CM angular resolution

• exclusive measurements required due to proton background
• smaller detection efficiencies
• further reduction of eff. when neutron in final state (εdet ∼ 25%)

• Fermi motion
⇒ W = (2Eγmn + m2

n)1/2 from initial state smeared
⇒ reconstruct W from final state ⇒ worse resolution

• nuclear effects: FSI, coherent contributions
⇒ comparison of quasifree proton to free proton measurement
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Model calculations

Elementary γN → KY reactions

• theoretical description more
straightforward at threshold

• no t-channel K 0 intermediate state
for K 0 production

• resonance contributions might be
small for K 0Λ

• more information about role of K1

and K∗ via K 0Λ data

• some evidence for narrow state
around 1650 MeV in KΛ production
off proton

• final-state interaction?

T. Mart, Phys. Rev. C 83 048203 (2011)

T. Mart, Phys. Rev. C 90 065202 (2014)

BRIEF REPORTS PHYSICAL REVIEW C 83, 048203 (2011)
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FIG. 1. (Color online) Contributions of the background terms and
the S11(1650) resonance to the total cross section of the γ + p →
K+ + " (a) and γ + n → K0 + " (b) channels.

of the ratio rK1Kγ given in Eq. (3) are displayed. For the sake
of visibility, we have varied this ratio by ±100% (±20%) in
the PS (PV) model. Both the cross section and the effect are
obviously larger in the PV model. We have found that this
phenomenon originates from the large K1 and K∗ couplings
in the PV model, especially in the case of K1, where the
coupling constants are around 10 times larger than those in
the PS model. Although we believe that the PS model is still
better than the PV one, as in the K+" case, an experimental
check of the K0" total cross section is still mandatory to help
to clarify this situation.

The difference between the PS and PV models also appears
in the differential cross section as shown in Fig. 3. From this
figure it is apparent that the dominant role of the K1 and K∗

exchanges in the PV model yields not only a large cross section,
but also amplifies the bump structure in the angular distribution
of the differential cross section. Therefore, experimental data
of the K0" differential cross section can shed more light on the
role of the K1 and K∗ in kaon photoproduction. From Fig. 3 we
can see that both models do not indicate a backward-peaking
cross section. This is different from the cross section estimated
by the deuteron target [2]. However, we realize that in order
to estimate this cross section the ratio rK1Kγ is varied [2]. It
is important to note here that this ratio is no longer a free

PS
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FIG. 2. (Color online) Total cross sections of the γ + n → K0 +
" channel predicted by the models using PS (left panel) and PV (right
panel) couplings. The shaded area corresponds to the variation of the
the ratio rK1Kγ in Eq. (3). The PV cross section has been renormalized
by a factor of 1/3.
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FIG. 3. (Color online) Differential cross sections of the γ + n →
K0 + " channel predicted by the models using pseudoscalar (a) and
pseudovector (b) couplings.

parameter if one starts with the elementary process, but it
is fixed by the K+#0 and K0#+ photoproduction channels,
for which more experimental data with better statistics are
available. Changing the value of rK1Kγ will obviously change
the predicted observables in the K0#+ channel. Furthermore,
we also note that the elementary amplitude used to extract the
cross section (called SLA in [2]) fits relatively older data. In
the previous work [8] we used more recent data and found that
the new electroproduction data provide a stringent constraint
to the background, especially to the K1 contribution.

The extension of the PS model to the case of electropro-
duction has been also discussed in our previous report [8].
Fortunately, experimental data are also available for the K+"
electroproduction near threshold so that all unknown longi-
tudinal/scalar couplings can be directly extracted. However,
this is not the case in the K0" electroproduction. Thus, the
required scalar photon coupling of the S11(1650) resonance
amplitude is taken from the MAID2007 model [4,10], i.e.,
Sn

1/2 = 0.010 GeV−1/2. The neutron electromagnetic form
factors are taken from the Galster parameterization [11],
whereas the hyperon form factors as well as the dependencies
of the electric and scalar multipoles on Q2 are assumed to have
the same forms as in the K+" channel [8].

Compared with other neutral SU(3) pseudoscalar mesons,
the neutral kaon has a unique property, i.e., it has an
electric or charge form factor. The difference between the
strange and ordinary quark masses creates a nonuniform
charge distribution in the K0. Consequently, although its total
charge is zero, the K0 has an electric or charge form factor.
Since the mass difference is still smaller than the mass scale
associated with confinement in quantum chromodynamics
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ELECTROMAGNETIC PRODUCTION OF K� ON THE . . . PHYSICAL REVIEW C 90, 065202 (2014)

TABLE IV. Extracted resonance parameters from fit to experimental data. βK� is the kaon branching ratio to the K� channel, φ is the
Breit–Wigner resonance parameter given in Eq. (7) of Ref. [9], whereas αN∗ and βN∗ are the parameters of the Q2 dependence of the resonance
multipoles given by Eq. (18) in Sec. V.

Resonance N (1700)D13 �(1700)D33 N (1710)P11 N (1720)P13

MR (MeV) 1716 1692 1727 1700
�R (MeV) 250 400 50 150
βK� 3.0 × 10−2 6.4 × 10−5 5.5 × 10−3 1.2 × 10−4

φ (deg) 163 63 40 360
A1/2(p) (10−3 GeV−1/2) 40 170 43 120
A3/2(p) (10−3 GeV−1/2) −6 110 120
S1/2(p) (10−3 GeV−1/2) −27 −100 26 −100
αN∗ (GeV−2) 0.00 3.86 2.98 9.93
βN∗ (GeV−2) 1.44 3.07 1.98 2.77

induced by the spectator nucleon. For the K+�− photoproduc-
tion off a deuteron, experimental data have been available from
the CLAS collaboration with photon lab energies from 1.1 GeV
(almost 50 MeV above the threshold; see Table I) up to 3.6 GeV
[57]. Although the lowest energy is very close to the upper limit
of the present analysis, the challenging task now is to remove
the effects of initial- and final-state interactions from the data.

A comparison between the calculated differential cross
section of the K+�0 channel with the prediction of Kaon-Maid
[13] and experimental data [41–43] is shown in Fig. 4. Within
the existing experimental error bars the present work also
provides a significant improvement to the result of Kaon-Maid,
especially at W = 1735 and 1745 MeV. Further improvement
can also be observed in the forward directions. Note that,
in Kaon-Maid, the problem in this kinematics originates
from the inclusion of hadronic form factors, which oversup-
press the K� cross sections at forward angles [36]. Therefore,
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FIG. 2. (Color online) Contribution of the background,
N (1710)P11, N (1720)P13, N (1700)D13, and �(1700)D33 resonance
amplitudes to the total cross section of the γ + N → K� processes
in four isospin channels.

the present study also emphasizes the need for a thorough
investigation of the effects of including hadronic form factors
on differential cross sections at forward kinematics.

Differential cross sections of the γ + p → K0 + �+ pro-
cess display an interesting result. Unlike the prediction of
Kaon-Maid, which is almost similar to the K+� case, here
the cross sections rise sharply in the backward directions and
reach the minima at θK � 90◦. The cross section enhancement
is also detected at forward angles. The result indicates a strong
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FIG. 3. (Color online) Total cross section obtained in the present
work (solid lines) compared with the results of Kaon-Maid [13]
(dashed-dotted lines) and chiral perturbation theory (CHPT) [11]
(dashed lines) as well as the available experimental data from the
SAPHIR collaboration (open circles [41] and solid triangle [51]), and
the CLAS collaboration (solid squares [42]). In the case of the K0�0

and K+�− channels (right panels), the uncertainties of the present
calculations, due to the uncertainties in the helicity photon couplings
of the resonances given in Table II, are indicated by the shaded green
areas. If these uncertainties are excluded, the result is shown by the
solid lines. Note that both the present work and Kaon-Maid do not
include the total-cross-section data shown in this figure in the fitting
database. The CHPT uses the leading coupling constants predicted
by SU(3) as the input for calculating this cross section.
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Model calculations

Study of YN and KN potentials

• FSI is the signal, not the background

• Ghent model: Regge-plus-resonance (RPR) and relativistic PWIA

• example: cross section and recoil asymmetry: γd → ΛX (semi-inclusive)

• optimal phase-space regions to study the YN potential still to be foundP. Vancraeyveld et al. / Nuclear Physics A 897 (2013) 42–53 51

Fig. 5. The semi-inclusive differential cross section (top row) and recoil asymmetry (bottom row) for 2H(γ ,Λ)KN as a
function of the hyperon momentum |p⃗Y | integrated over the θY bin marked in each panel. The results in the left (right)
panels have been calculated at Eγ = 950 (1050) MeV. The solid line shows the result using the RPR amplitude in the
RPWIA, whereas the dashed curve singles out the 2H(γ ,Λ)K+n contribution.

functions of the Paris [34] and Nijmegen [35] potentials and the relativistic Gross-IIB [36] wave
function generate very similar predictions. The cross sections based on the CD-Bonn [33] and
WJC-1 [37] potentials, on the other hand, differ up to an order of magnitude at high missing
momenta.

To date, the only published 2H(γ ,K)YN data are from the Laboratory for Nuclear Sci-
ence (LNS) at Tohoku University [38,39]. The semi-inclusive 2H(γ ,K0)YN cross sections have
been measured in two 100 MeV-wide Eγ bins close to threshold.

In Fig. 4, our RPWIA results are compared to the LNS data. The model calculations are per-
formed at the centre of the Eγ bin. As energies close to the Σ -production threshold are probed,
the cross section has a uni-modal p⃗K distribution at ⟨Eγ ⟩ = 950 MeV, whereas a second structure
arises for the ⟨Eγ ⟩ = 1050 MeV bin. The RPWIA predictions reproduce the shape of the data
and the characteristic quasi-elastic peaks of semi-inclusive kaon production. At ⟨Eγ ⟩ = 950 MeV
the strength is underpredicted by roughly a factor of two. The resonant contributions play an un-
substantial role. At ⟨Eγ ⟩ = 1050 MeV, the RPWIA reproduces the measured magnitude of the
cross sections. The reaction is dominated by the Reggeised background but the N⋆ contribu-
tions are essential to reproduce the observed shoulder at |p⃗K | ≈ 300 MeV, which corresponds to
quasi-elastic Σ production.

In Section 2, the error bars on experimental helicity amplitudes emerged as a chief source of
theoretical uncertainties. Because both K0Λ and K0Σ0 production from the neutron contribute
to 2H(γ ,K0)YN , one can expect a considerable impact. The shaded band in Fig. 4 represents
the cross sections obtained with the range of coupling constants of Table 1. At ⟨Eγ ⟩ = 950 MeV,
where the RPR predictions with the central values of the coupling constants underestimate the
data, the missing strength can be compensated by including the helicity-amplitude errors. The
errors in the quasi-elastic Λ-production peak are large compared to those for Σ production. This
can be understood if one considers the resonant content of the RPR model for Λ production. The
resonances P13(1900) and D13(1900) play a role and their photon-helicity couplings have not
been determined experimentally. This forced us to introduce sizable error bars on the ratios of
their coupling constants.

P. Vancraeyveld et al., Nucl. Phys. A 897 42 (2013)
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Exotic baryons?

Exotic baryons?

Chiral quark soliton model
⇒ antidecuplet 10 with JP = 1/2+

• nucleon-like N(1680) in η production
on neutron and Compton scattering?

• still positive results for Θ+(1540):
LEPS: γd → K+K−pn (2009)
CLAS split-off: γp → pKSKL (2012)
DIANA: K+Xe → K 0pXe’ (2014)

• γd → ΛKN can be studied by A2
• production via KN rescattering
• strangeness tagging via Λ
• less probability for artificial structures

than KK channels
• higher production rate for low Eγ

• negative result from CLAS

S. Niccolai et al., Phys. Rev. Lett. 97 032001 (2006)

The partial-wave analysis (PWA) of available KN (elastic
and charge exchange) scattering data similarly claims to ex-
clude widths above 1−2 MeV [21]. A more detailed reex-
amination of the approach in Ref. [19] provides nearly the
same result of !"+#1.5 MeV [23]. A similar method applied
to the Xenon data [6] has allowed even the tentative claim of
a lower limit !"+=0.9±0.3 MeV [22] (with additional as-
sumptions and an unknown systematic uncertainty). One
should emphasize, however, that all of these indirect treat-
ments assume the existence of a "+, which they cannot con-
firm. Moreover, they are based mainly on rather old data,
which may be shifted by the next generation of higher pre-
cision measurements. Nevertheless, we should take these re-
sults into account when discussing the "+ as given by the
present data.
Evidently, all of the above estimates for !"+ are in sharp

contrast with the width !100 MeV ascribed [15] to the
N"1710#, initially considered to be a unitary partner of the
"+ [11]. Of course, members of the same unitary multiplet
can have different widths, but in the absence of a special
reason (say, mixing with members of another multiplet) it
would be more natural for them to have comparable widths.
Additional information related to the assignment of uni-

tary partners is due to a recent experimental result [24] giv-
ing evidence for one further explicitly exotic particle $3/2

−− ,
with a mass 1862±2 MeV and width #18 MeV (i.e., less
than resolution). Such a particle had been expected to exist
as a member of the same antidecuplet containing the "+, but
its mass was predicted to be about 2070 MeV [11], essen-
tially different from the experimental value. This has posed
similar problems for the masses of other unitary partners of
the "+, nucleon like and %-like. The supposed antidecuplet
looks today as shown in Fig. 1, with % and N masses deter-
mined by the Gell-Mann–Okubo rule.
The state N"1710#, though listed in the PDG baryon sum-

mary table [15] as a three-star resonance, is not seen in a
recent analysis of pion-nucleon elastic scattering data [25].
Studies which have claimed to see this state have given
widely varying estimates of its mass and width (from
!1680 MeV to !1740 MeV for the mass and from
!90 MeV to !500 MeV for the width). Branching ratios
have also been given with large uncertainties (10–20 % for
N&, 40–90 % for N&&, and so on), apart from one which
has been presented with greater precision (6±1 % for N').
Of course the nonobservation of a broad N"1710# state in

pion-nucleon elastic analyses could be due to a very small
&N branching ratio. Standard procedures used in PWA may
also miss narrow resonances with !#30 MeV (a similar
situation below inelastic thresholds has been discussed in
Ref. [26]). Therefore, the true unitary partner of the "+ [if it
is different from N"1710# and sufficiently narrow] could
have eluded detection.
Here we reconsider the identity of N*, the nucleonlike

partner of "+, and investigate the possible existence and
properties of narrow nonstrange state(s) near 1700 MeV. We
first consider modifications of a PWA with narrow reso-
nances, and apply the results to &N elastic scattering at W
!1700 MeV (Sec. II). Section III presents a discussion of
possible properties of the N* in the soliton picture with
baryon mixing and for a small "+ width. Some expected
properties of the $3/2 are also considered. Our results are
briefly discussed and conclusions formulated in Sec. IV.

II. NARROW RESONANCES IN PARTIAL-WAVE
ANALYSES

We have emphasized earlier [26] that standard methods of
PWA are insensitive to very narrow resonances. Therefore, a
modified approach is required to search for the presence of a
narrow resonance with particular values of mass and width
[26] (see also Ref. [21]). We consider the situation in more
detail, separately for elastic and inelastic cases.

A. Elastic case

Interaction in the elastic case may transform a state a only
to a similar state a! (changing, for example, particle mo-
menta without changing particle identity). One can then
choose physical states, so as to diagonalize the S matrix,
(e.g., for the &N scattering, take states with definite values of
energy, isospin, parity, and angular momentum), and have
only diagonal transitions a→a with S matrix elements:

$a%S%a& = e2i(a. "1#

Standard methods employ some parametrization of the inter-
action phase (a, fitting these parameters to describe experi-
mental data. Instead, we will split the phase as

(a = (a
B + (R. "2#

The background part exp"2i(a
B# may be parametrized as be-

fore, while the resonance part has the canonical Breit-
Wigner form

e2i(R =
MR −W + i!R/2
MR −W − i!R/2

. "3#

If refitting "over the whole database# with some fixed values
of MR and !R provides a worse description "higher )2# than
without the resonance, then a resonance R with the corre-
sponding mass and width is unsupported. If the new descrip-
tion is better "has lower )2#, then the resonance may exist.
At first sight, we have increased the number of parameters

and, therefore, should always have a better description. This
is not necessarily so, due to the specific form used to intro-

FIG. 1. Tentative unitary antidecuplet with "+. Isotopic multi-
plet (constant values of the charge) shown by solid (dashed) lines.

ARNDT, AZIMOV, POLYAKOV, STRAKOVSKY, AND WORKMAN PHYSICAL REVIEW C 69, 035208 (2004)
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CEBAF Large Acceptance Spectrometer (CLAS) (the re-
sults of our analysis on the pK0 mode, currently underway,
will be presented in an upcoming publication). The data
were taken during spring 2004 with the Hall-B tagged-
photon beam [36] of energy between 0.8 and 3.6 GeV,
impinging on a 24-cm-long liquid-deuterium target. Two
different values for the CLAS torus magnetic field [37]
were chosen for the two halves of the experiment. The run
with a lower magnetic field had higher acceptance for
negative particles in the forward direction and has been
used for this analysis. For this part of the experiment, an
integrated luminosity of 31 pb!1 has been achieved. The
run with a higher magnetic field was taken to reproduce the
same acceptance and track resolution of the data used for
the CLAS published result in the pK"K!n channel [4] but
had very low acceptance for the !d! !nK" reaction,
giving approximately a factor of 6 less statistics than the
low-field run, and was therefore not used for the analysis
discussed in this Letter.

Since CLAS is mainly efficient for the detection of
charged particles, the !! p"! decay mode was chosen.
The final state was determined exclusively, identifying the
3 charged particles (p, "!, K") through their momenta
and times of flight measured in CLAS, reconstructing the
neutron with the missing mass technique (Fig. 2, top plot)
and the ! via the p"! invariant mass (Fig. 2, bottom plot).
Selection cuts 3# wide were placed around both the neu-
tron peak in the missing mass and the ! peak in the
invariant mass, as shown by the dotted lines in Fig. 2.
The value of # was determined by a Gaussian fit to the
experimental distributions.

The p"!nK" final state can also arise from the !d !
"!pK" channel, when the "! decays weakly into n"!. In
order to study this possible source of background, the
distribution of the missing mass of the pK" system has
been studied. As expected, the "! peak (Fig. 3, crosses)
disappears after applying the ! selection cut on the p"!

invariant mass (circles).
After selecting the !nK" events, the #" signal was

searched for in the invariant mass of the nK" system. The
result obtained is shown in the top plot in Fig. 4. Since the

nK" mass spectrum does not show any evident structure,
two kinds of kinematical cuts were subsequently imposed
based on the model of Ref. [34] in order to try to enhance a
possible #" signal over the nonresonant nK" background:
(i) ‘‘non-spectator-neutron cuts,’’ where the nonresonant
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FIG. 2. Top plot: Missing mass of !d! p"!K"X, showing a
peak at the neutron mass. The particle identification cuts for the
three charged particles and the selection cut on the ! have been
applied. Bottom plot: Invariant mass of the p"! system, show-
ing a peak at the ! mass. The particle identification cuts for the
three charged particles and the selection cut on the neutron mass
have been applied. For both plots, the vertical dotted lines
represent the 3# selection cuts (with #n # 0:009 GeV=c2 and
#! # 0:002 GeV=c2, from a Gaussian fit) applied to select the
final state.
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FIG. 3. Missing mass of pK" before (crosses) and after
(circles) applying the ! selection cut. The "! signal, visible
before applying the ! cut, is eliminated when the !nK" events
are selected.

FIG. 1. A possible reaction mechanism for the photoproduc-
tion of !#" from a deuterium nucleus.
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nK! background can be suppressed by removing the
events in which the neutron is a spectator, having momen-
tum given by the Fermi-momentum distribution in the
deuteron, and (ii) ‘‘photon-energy cuts,’’ since, according
to the model [34], the !d! !"! cross section decreases
rapidly with increasing photon energy. Several cuts on the
neutron momentum (pn) and on the photon energy (E!)
have been tried. However, also under these stringent kine-
matic conditions, no narrow peaks having statistical sig-
nificance can be observed in the mass region around
1:54 GeV=c2. An example is given in the bottom plot in
Fig. 4, where the kinematic requirements pn > 0:2 GeV=c
and E! < 1:6 GeV are applied. A parallel analysis based
upon a kinematic fitting procedure led to equivalent final
results. In this procedure, the measured momenta and
angles of p, "", and K! were adjusted, within the experi-
mental resolution, using energy and momentum conserva-
tion, while the missing neutron mass was kept fixed at its
nominal value.

Since no structures having relevant statistical signifi-
cance appear in the nK! invariant mass for any of the
kinematic cuts that have been studied, the upper limit on
the cross section has been calculated for pn > 0:2 GeV=c
and E! < 1:6 GeV. For each bin in M#nK!$, the number
of events above the background was calculated as follows:
The nK! distribution was fitted with a third-order poly-
nomial (as shown in the bottom plot in Fig. 4), and then a
second fit was performed by fixing the third-order poly-
nomial and adding a Gaussian curve having a fixed cen-

troid at the M#nK!$ bin under examination and a width
equal to 5 MeV=c2. This width corresponds to the
invariant-mass resolution of CLAS determined via
Monte Carlo simulations. Only the amplitude of the
Gaussian was left as a free parameter for the fit. The yield
above or below the curve describing the background is
therefore given by the integral of the Gaussian. The upper
limit at the 95% confidence level on the yield was calcu-
lated using the Feldman-Cousins method [38]. The accep-
tance has been computed with the aid of a Monte Carlo
simulation reproducing the response of CLAS, with three
different models used to generate the !nK! final state:
(a) a two-body (!"!) phase space, followed by the decay
"! ! nK!, with an energy-independent cross section and
a bremsstrahlung photon-energy distribution; (b) a !nK!

final state for which the kinematical variables are tuned to
match the experimental data; and (c) a two-body (!"!)
final state based upon the model of Guzey [34], followed
by the decay "! ! nK!. The integrated acceptances
obtained with models (a) and (b) are comparable and are
of the order of 0.5%. Model (c) produces most of the !’s
(i.e. ""’s) in the very forward direction, where CLAS has
no acceptance for negative particles, and thus it gives an
integrated acceptance about a factor of 5 smaller than for
models (a) and (b). Therefore, the integrated acceptance is
strongly model dependent. The !! p"" decay branch-
ing ratio (64%) was included in the calculation of the
acceptance, as well as the "! decay branching ratio for
the nK! mode, which was assumed to be 50%. The photon
flux was measured by integrating the tagged-photon rate
during the data-acquisition livetime. The tagging effi-
ciency was measured during dedicated low-flux runs, using
a lead-glass total-absorption detector [36]. The resulting
upper limit on the !d! !"! total cross section is shown,
as a function of M#nK!$, in the top plot in Fig. 5. In the
mass range between 1.52 and 1:56 GeV=c2, the upper limit
is 5 nb. Here the acceptance obtained with model (a) has
been used. Adopting model (c) to extract the total cross
section gives an upper limit about a factor of 5 larger than
the one shown in Fig. 5.

The upper limit on the !d! !"! differential cross
section as a function of the momentum transfer t, with
t % #p#! " p#!$2, has also been calculated, again for pn >
0:2 GeV=c and E! < 1:6 GeV. The data were divided
into five t bins, as shown in the lower plot in Fig. 5. For
each t bin, the upper limit on the cross section was
extracted according to the procedure described above
for the total cross section, using the acceptances given
by models (a) (triangles) and (c) (circles). The maxi-
mum value of the upper limit in the M#nK!$ %
1:52–1:56 GeV=c2 range for each t bin was then used to
get the upper limit on the differential cross section, as
shown in the bottom plot in Fig. 5. It varies between
0:5 nb=#GeV=c$2 at the highest values of "t and
30 nb=#GeV=c$2 as t approaches 0. The kinematic region
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FIG. 4. Invariant-mass distributions of the nK! system after
channel selection. Top plot: No kinematical cuts are applied.
Bottom plot: The E! < 1:6 GeV and pn > 0:2 GeV=c kinemati-
cal cuts are applied. No statistically significant structure is
visible in the mass range around 1:54 GeV=c2, indicated by
the arrows. The third-order polynomial fit used for the upper
limit estimate is shown.
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A2 setup in Mainz

A2 setup in Mainz

• energy-tagged bremsstrahlung photons
from 1.6 GeV MAMI electron beam

• ∼ 4π calorimeter system (CB + TAPS)

• charged particle vetos / basic tracking

• available neutron targets:
• liquid deuterium (unpol.)
• deuterated butanol (pol.)
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K+ detection with the Crystal Ball

K+ detection with the Crystal Ball

• detect K+ decay inside
NaI crystals

• separate impact and
decay sub-clusters

• strong background
removal through
unique signature

• extract kinetic energy,
decay energy and
impact position

• good agreement with
simulated distribution

• extracted K+ lifetime
close to τK+ ∼ 12 ns

T.C. Jude et al., Phys. Lett. B 735 112 (2014)
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Event selection

Reaction identification

Reaction Kaon decay Hyperon decay Detected

γn→ K 0Λ K 0
S → π0π0 Λ→ pπ− 4γpπ−

γn→ K 0Σ0 K 0
S → π0π0 Σ0 → Λγ → pπ−γ 5γpπ−

γn→ K+Σ− K+ → µ+νµ Σ− → nπ− K+nπ−

γd → ΛK+n K+ → µ+νµ Λ→ pπ− K+pπ−

γd → ΛK 0p K 0
S → π0π0 Λ→ pπ− 4γpπ−

Decay Γi/Γ

K 0
S → π0π0 30.69%

K+ → µ+νµ 63.55%
Λ→ pπ− 63.9%
Σ0 → Λγ ∼100%
Σ− → nπ− ∼100%
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Event selection

Particle identification

• neutral/charged
discrimination using
PID and Vetos

• TOF and PSA (BaF2)
in TAPS forward wall

• ∆E -E for CB (PID)
and TAPS (veto)
⇒ p and π+/−

candidates

• K+ via decay
sub-cluster detection

• K 0 via best solution
from kinematic fit of
K 0 → π0π0 → 4γ
hypothesis
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Analysis cuts

Analysis cuts and corrections

• π− cluster size (energy resolution)

• TOF in TAPS (proton/neutron)

• pπ− invariant mass (Λ)

• γγ invariant mass (π0)

• π0π0 invariant mass (K 0)

• K -Y coplanarity

• γd → KYX missing mass (proton)

Yet to be done:

• energy corrections for K+, π−, p

• optimize efficiency of K+ detection

• etc.
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γn → KY

Very preliminary results for γn→ K 0Y
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• clear Λ and K 0 signal

• clear Σ0 signal via
decay photon

• still some background
to be reduced
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γn → KY

Very preliminary results for γn→ K 0Y
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• Λ candidate: 4γpπ− final state

• Σ0 candidate: 5γpπ− final state + cut on decay photon energy

• combined extraction of γn→ K 0Λ and γn→ K 0Σ0 signals
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γn → KY

Very preliminary results for γn→ K+Σ−
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• reasonable agreement between data and MC

• more background studies needed

Dominik Werthmüller Strangeness photoproduction on quasifree neutrons NSTAR 2015, May 2015, Osaka



Introduction and motivation Experimental setup Analysis Very preliminary results Summary and outlook

Pentaquark search in γd → ΛKN

Pentaquark search in γd → ΛK+n

• analyze two potential
Θ+ → KN decays:

γd → ΛK+n
γd → ΛK 0p

• use calculated or detected
decay nucleon

• perform blind analysis
⇒ m(KN) masked from
1490 to 1570 MeV

• optimize cuts and
corrections using visible
region and other
distributions

• unblind m(KN) only in
final analysis
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Pentaquark search in γd → ΛKN

Pentaquark search in γd → ΛK 0p
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Summary and outlook

Strangeness photoproduction using a deuteron target

• various physics motivations, especially at threshold
• sparse experimental database for γn→ KY reactions
• reduced complexity in theoretical description of elementary reactions
• YN/KN potential studies through FSI
• production of exotics via KN rescattering?
• hypernuclear physics

• preliminary results of existing data look promising

Outlook:

• continue and finalize analysis of existing data: is there a peak?

• new high flux and high resolution photon tagger for A2

• optimize trigger for strangeness events

• new experiments?
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