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Using ð10 087� 44Þ × 106 J=ψ events collected with the BESIII detector at a center-of-mass energy offfiffiffi
s

p ¼ 3.097 GeV, the antihyperon-nucleon annihilation processes Λ̄p → Kþπþπ− þ kπ0 (k ¼ 1, 2, 3) are
studied at an incident Λ̄ momentum of approximately 1.074 GeV=c. The reactions Λ̄p → Kþπþπ−π0 and
Λ̄p → Kþπþπ−2π0 are observed for the first time, with corresponding cross sections σΛ̄p→Kþπþπ−π0 ¼
8.5þ1.2

−1.1ðstatÞ � 0.4ðsystÞ mb and σΛ̄p→Kþπþπ−2π0 ¼ 7.9þ1.9
−1.7 � 0.4 mb. No significant signal is found for

Λ̄p → Kþπþπ−3π0, and an upper limit of 7.2 mb is set at a 90% confidence level. Evidence for the
K�ð892Þþ resonance is seen in the Kþπ0 invariant mass spectrum MKþπ0 for k ¼ 1, and the corresponding
cross section for Λ̄p → K�ð892Þþπþπ− is measured to be σΛ̄p→K�ð892Þþπþπ− ¼ 12.5þ3.8

−3.4 � 1.2 mb. Owing

to the limited statistics, possible interference effects are not considered. These findings offer crucial input to
deepen our understanding of the antihyperon-nucleon interactions.
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One goal of low-energy quantum chromodynamics
(QCD) is to provide a unified and quantitative description
of hadron-hadron interactions. For the nucleon-nucleon
system, decades of precise scattering data have enabled
high-accuracy potential models and chiral effective field
theory (chiral EFT) descriptions that underpin modern
nuclear structure and reaction theory, with growing support
from lattice QCD [1–3]. Extending this understanding to
systemswith strangeness is essential for testingSU(3)-flavor
aspects of the strong interaction, constraining hypernuclear
structure and spectroscopy, and determining the equation of
stateofdensebaryonicmatter.The latter is believed toplayan
important role in the so-called hyperon puzzle of neutron
stars [4–8]. Considerable progress has been made in the
hyperon-nucleon (YN) sector through chiral EFT, SU(3)-
based potentials, and lattice QCD, together with input from
scattering, hypernuclear spectroscopy, and femtoscopymea-
surements [9–12]. In contrast, theantihyperon-nucleon (ȲN)
interaction remains poorly known, with only limited theo-
retical and experimental constraints available to date, though
related insights can be indirectly gained from studies of pp̄
annihilation to ȲY [13–17].
Extensive studies of nucleon-antinucleon interactions,

from low-energy p̄p and p̄N scattering to antiprotonic
atoms, show a strongly absorptive, short-range interaction
well described by complex optical potentials and

characterized by prolific multimeson annihilation channels
[18]. Theoretical investigations also emphasize that exper-
imental measurements of the ȲN annihilation cross sec-
tions provide unique insights that are complementary to
those obtained from YN interactions. While YN scattering
primarily probes the real part of the optical potential, the
ȲN annihilation channels offer a direct constraint on the
imaginary part, representing the absorption mechanism in
the nuclear medium [18]. These data are crucial for testing
the validity of G-parity transformation in the strangeness
sector. Furthermore, the annihilation dynamics at low
energies serve as a sensitive probe for the partial restoration
of chiral symmetry and many-body effects in dense
hadronic matter, which are essential for refining theoretical
models of hyperon-nuclear systems [18]. Although these
systems provide benchmarks for antibaryon-matter inter-
actions, direct constraints on ȲN dynamics are hindered by
the lack of effective antihyperon beams. By analogy, near
the threshold, one expects similarly strong absorption and
multimeson annihilation in the strange sector, rendering the
effective ȲN interaction highly complex in nuclear matter.
Such dynamics have implications for transport and hadro-
nization in heavy-ion collisions, strange-antibaryon sur-
vival, light antinuclei formation and breakup, and the use of
antibaryons as probes of nuclear media [12,18]. To date,
elastic scattering Λ̄p → Λ̄p is the only measured ȲN
process [19]; no inelastic or annihilation data exist.
Therefore, dedicated ȲN scattering measurements are
urgently needed to deepen our understanding of the ȲN
interaction and provide complementary insights on the YN
interaction.
Electron-positron facilities offer a unique path forward

by producing hyperon-antihyperon pairs with well-defined
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kinematics in two-body decays. At BESIII, J=ψ → ΛΛ̄
decays deliver an intense, quasimonoenergetic flux of Λ̄
hyperons with momentum 1.074 GeV=c and a spread of
�0.017 GeV=c, arising from the �11 mrad horizontal
crossing angle of the eþe− beams, providing a clean and
intensive source of antihyperons [20]. In this Letter, we
present the study of the Λ̄p → Kþπþπ− þ kπ0 reactions
with k ¼ 1, 2, 3 and search for possible intermediate
resonances in the final states using a recently developed
technique [21,22], which has been employed in recent
pioneering BESIII analyses [19,23–25]. To study the
reactions of interest, a dataset of ð10 087� 44Þ ×
106 J=ψ events [26] recorded with the BESIII detector
is used. Details of the BESIII detector, a magnetic spec-
trometer operating at the Beijing Electron-Positron Collider
(BEPCII) [27], are given in Refs. [28–32]. As the Λ̄
antihyperons traverse the beam pipe, they can interact with
the surrounding material, which is composed of 197Au, 9Be,
and a cooling oil with composition 12C∶1H ¼ 1∶2.13 (see
Fig. 1), producing multimeson final states with strangeness
S ¼ 1 that directly encode short-range ȲN dynamics and
annihilation topologies. In particular, by using the at-rest
protons (1H) in the cooling oil as targets, Λ̄p annihilation
can be directly probed. This ensures a well-defined initial
state for signal identification, whereas annihilation on
bound nucleons in heavier nuclei would be smeared by
Fermi motion.
Using a Geant4-based [33] Monte Carlo (MC) package,

simulated samples are produced, incorporating the geo-
metric description of the BESIII detector, the propagation
of particles through the detector, and the detector response.

An inclusive MC sample containing 10 × 109 generic J=ψ
decays is used to investigate potential backgrounds. The
formation of the J=ψ resonance is simulated by the MC
event generator KKMC [34], where the beam-energy spread
and initial-state radiation in the eþe− annihilation are taken
into account. The known decay modes are generated by
EvtGen [35] using branching fractions taken from the
Particle Data Group [36], while the unknown decay modes
are modeled with LUNDCHARM [37]. The signal processes
considered in this analysis are J=ψ → ΛΛ̄ with
Λ̄p → Kþπþπ− þ kπ0, with k ¼ 1, 2, 3 and
Λ̄p → K�ð892Þþπþπ−, K�ð892Þþ → Kþπ0, π0 → γγ. In
the signal simulation, the angular distribution of J=ψ →
ΛΛ̄ is generated according to the measurement in Ref. [38],
and the mass and the width of K�ð892Þþ are set to be
891.67� 0.26 MeV=c2 and 51.4� 0.8 MeV=c2 [36]. The
reactions Λ̄p → Kþπþπ− þ kπ0 are simulated with the
proton at rest, with the angular distributions of the final
state mesons following an isotropic phase-space (PHSP)
distribution. The efficiency differences among the various
data-taking periods are taken into account in the MC
simulation, and the same event selection criteria are applied
to both data and MC samples in this Letter.
To investigate the signal process, we tag the Λ hyperon

via its decay mode Λ → pπ− [single-tag (ST)], from which
we determine the four-momentum of the Λ̄ antihyperon by
missing kinematics. The signal processes are then recon-
structed from the remaining tracks and neutral showers in
the BESIII calorimeter not used in the tag selection.
Candidate events in which the Λ̄ annihilates with a proton
into Kþπþπ− þ kπ0 and the Λ decays into the tag mode are
called secondary annihilation (SA) events. The cross
section of the signal process is given by

σ ¼ M
NA ρT l

NSA

ϵsigNST

1

Bk
π0→γγ

; ð1Þ

where M ¼ 1.00794 g=mol and ρT ¼ 0.1221 g · cm−3 are
the molar mass and density of hydrogen in the cooling oil,
respectively, and NST and NSA are the ST and SA yields.
Here, ϵsig ¼ ϵSA=ϵST denotes the signal efficiency in the
presence of an STΛ hyperon, with ϵST and ϵSA denoting ST
and SA efficiencies, respectively; NA ¼ 6.02214076 ×
1023 mol−1 is Avogadro’s number [39]; and the parameter
l ¼ 0.5509 mm is the average path length of the incident Λ̄
in the beam pipe cooling oil. The latter is denoted “CD” in
Fig. 1 and can be extracted from MC simulations with
high precision. Bk

π0→γγ
is the branching fraction of the

decay π0 → γγ, raised to the kth power, where Bπ0→γγ ¼
ð98.823� 0.034Þ% [36].
Charged tracks detected in the multilayer drift chamber

(MDC) are required to be within a polar angle range of
j cos θj < 0.93, where the polar angle θ is defined with
respect to the z-axis, which is the symmetry axis of the

Au

Be

Oil

Be

Beam Pipe

FIG. 1. Schematic diagram of the beam pipe and the Λ̄
annihilation trajectory inside the target; the length units are
centimeters (cm). O is the interaction point of the eþe− collision.
The horizontal axis is the eþe− beam line, and the vertical axis
(r-axis) denotes the transverse distance from the beam line. θ is
the angle between the incident Λ̄ antihyperon and the z-axis.
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MDC. According to the MC simulation, the momenta of
the proton and pion from Λ decay are well separated: all
pions have momenta below 500 MeV=c, while protons
have momenta above 500 MeV=c. Thus, on the tag side,
the charged tracks with momenta larger than 500 MeV=c
are considered as proton candidates, and otherwise, as pion
candidates.
The π0 candidates are formed by γγ pairs, where the

photons are identified from showers in the electromagnetic
calorimeter (EMC). The deposited energy of each shower is
required to be larger than 25 MeV in the barrel region
(j cos θj < 0.80) and larger than 50 MeV in the end-cap
region (0.86 < j cos θj < 0.92), following the standard
BESIII photon selection criteria [40,41]. To suppress
electronic noise and energy deposits unrelated to the event,
the EMC time of the photon candidate relative to the event
start time is required to be within [0, 700] ns, consistent
with the BESIII standard selection [40,41]. The γγ pairs
with invariant mass in the range ½0.115; 0.150� GeV=c2 are
regarded as π0 candidates. A kinematic fit constraining the
γγ invariant mass to the nominal π0 mass [36] (1C fit) is
performed, and the updated four-momentum is used in
further analysis.
To reconstruct the tagged Λ candidates, a vertex fit is

performed using all combinations of p and π− candidates,
constraining them to a common vertex. The combinations
are required to satisfy χ2 < 200 for the vertex fit, where the
number of degrees of freedom is 1. In addition, the invariant
mass of the pπ− system is required to be within
½1.110; 1.121� GeV=c2. If there are multiple Λ candidates,
only the pπ− combination with the minimum vertex-fit χ2

is kept. The ST yield is then extracted from an unbinned
maximum-likelihood fit on the recoil-mass spectrum
against the reconstructed Λ candidate (RMΛ), which is
defined as

RMΛ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðEc.m. − Epπ−Þ2=c4 − p⃗2

pπ−=c2
q

: ð2Þ

Here, Ec.m. is the center-of-mass energy, and Epπ− and p⃗pπ−

are the energy and momentum of the tagged pπ− in the J=ψ
rest frame, respectively. In the fit, the signal is modeled
using the shape of MC samples convolved with a Gaussian
function, which accounts for the difference in the mass
resolution between data and MC simulation. The back-
ground shape is described by a third-order Chebyshev
polynomial. The fit to the RMΛ distribution is shown in
Fig. 2; the red arrows denote the signal region,
RMΛ ∈ ½1.071; 1.160� GeV=c2, and the corresponding ST
yield is determined to be NST ¼ ð7511.4� 3.6Þ × 103.
Signal processes Λ̄p → Kþπþπ− þ kπ0 are identified

from the remaining charged tracks and π0 candidates after
reconstructing the tagged Λ candidates. Particle identifi-
cation (PID) for these charged tracks combines measure-
ments of the specific ionization energy loss in the MDC

(dE=dx) and the flight time in the time-of-flight system to
form likelihoods LðhÞðh ¼ p;K; πÞ for various hadron
hypotheses h. Charged tracks with LðKÞ > LðπÞ are iden-
tified as kaons, and pions are required to satisfy
LðπÞ > LðKÞ. A vertex fit is performed on all the
Kþπþπ− combinations to obtain the vertex position of
the Λ̄p interaction. If there aremultipleKþπþπ− candidates,
only the one with the smallest χ2 is retained for further
analysis. To select the best π0 candidate for the three signal
topologies, we minimize χ21Cðπ0Þ for k ¼ 1, χ21Cðπ01Þ þ
χ21Cðπ02Þ for k ¼ 2, and χ21Cðπ01Þ þ χ21Cðπ02Þ þ χ21Cðπ03Þ for
k ¼ 3. In cases of multiple candidates, they are labeled as π0i
(i ¼ 1, 2, 3). To select candidate events with an annihilation
vertex in the beam pipe region and suppress background
from non-Λ̄p interactions, the transverse distance of the
reconstructed Kþπþπ− vertex from the beam axis (Rxy) is
required to be within [2.9, 3.6] cm. The three-momentum of
the struck proton is inferred from momentum conservation
within the reconstructed system as

p⃗p ¼ p⃗final − p⃗Λ̄; ð3Þ

with p⃗final ¼
P

i p⃗i the vector sum of the reconstructed
signal final-state momenta; the Λ̄momentum p⃗Λ̄ is taken as
opposite to that of the reconstructed Λ. For a bound proton
inside a nucleus, this inferred quantity corresponds to the
Fermi momentum. For a free hydrogen proton in the oil
layer, it is expected to vanishwithin experimental resolution.
The events from background reactions of the Λ̄ antihyperon
on the 197Au=9Be=12C nuclei should have poil (the magni-
tude of p⃗p) in hundreds of MeV=c due to the proton Fermi
momentum in the nuclei, in contrast to the very smallpoil for
the protons at rest in the signal processes. By requiring
poil < 0.05 GeV=c, annihilations with protons in these
composite nuclei are minimized, and the poil distributions
can be found in Ref. [42].
For signal events from J=ψ → ΛΛ̄, the center-of-mass

energy of an incident Λ̄ annihilating on a stationary proton
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FIG. 2. Fit to the RMΛ distribution for the ST sample. The dots
with error bars are data, the blue solid line is the total fit, and the
red long-dashed and green short-dashed lines denote the fitted
signal and background shapes.
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is effectively fixed at
ffiffiffi
s

p
≃ 2.243� 0.005 GeV, resulting

in a peak near 2.243 GeV=c2 in the invariant mass
spectrum of Kþπþπ− þ kπ0 (MKþπþπ−kπ0). A detailed study
of the inclusive J=ψ MC sample shows no peaking back-
ground in the signal region. To determine the signal yields,
unbinned maximum-likelihood fits are performed to the
MKþπþπ−kπ0 distributions, as shown in Figs. 3(a)–3(c). In the
fits, the signal is described with an MC-simulated shape
convolved with a Gaussian function, while the background
is modeled with a first-order Chebyshev polynomial. The
SA yields are determined to be Nk¼1

SA ¼ 53.2þ7.8
−7.1 ,

Nk¼2
SA ¼ 20.5þ4.9

−4.3 , and Nk¼3
SA ¼ 2.9þ2.1

−1.4 , respectively; here,
the errors are statistical only. The corresponding signal
efficiencies, estimated from the signal MC samples, are
ϵk¼1
sig ¼ 20.77%, ϵk¼2

sig ¼ 8.71%, and ϵk¼3
sig ¼ 3.19%. The

signal significances for the k ¼ 1, 2, and 3 channels are
12.9σ, 6.9σ, and 2.1σ, respectively, evaluated from the
change in the log-likelihood between fits with and without
the signal component, accounting for the associated change
in the number of degrees of freedom. The systematic
uncertainties (which will be discussed later) are incorpo-
rated into the reported significance by adopting a
conservative approach: the minimum significance observed
across the systematic variations is quoted.
In the k ¼ 1 channel, evidence for the K�ð892Þþ

resonance is observed in the Kþπ0 invariant mass spectrum
MKþπ0 , as shown in Fig. 3(d). The yield of Λ̄p →

K�ð892Þþπþπ− is determined to be NK�ð892Þþ
SA ¼ 27.3þ8.3

−7.4
from an unbinned maximum-likelihood fit, in which the
signal is described by the MC-simulated shape convolved
with a Gaussian function, and the background is modeled

with a second-order polynomial. The corresponding signal
efficiency and significance are ϵK

�þ
SA ¼ 21.77% and 3.2σ,

respectively. Due to limited statistics, the potential inter-
ference effects are neglected in the extraction of the signal
yield. Searches for other possible intermediate states [e.g.,
K�ð892Þ0] are also performed, but no statistically signifi-
cant signal is observed with the present data sample,
preventing a quantitative discussion of possible isospin
effects.
Based on Eq. (1), the cross sections of the reactions Λ̄p →

Kþπþπ− þ kπ0 (k ¼ 1, 2, 3) are determined for the first time
and found to be σΛ̄p→Kþπþπ−π0 ¼ 8.5þ1.2

−1.1 mb,
σΛ̄p→Kþπþπ−2π0 ¼ 7.9þ1.9

−1.7 mb, and σΛ̄p→Kþπþπ−3π0 ¼
3.1þ2.2

−1.5 mb at the incident Λ̄ momentum of
1.074� 0.017 GeV=c, respectively. For the subprocess
Λ̄p → K�ð892Þþπþπ−, Eq. (1) is modified by replacing
the factor Bk

π0→γγ
with Bπ0→γγ · BK�ð892Þþ→Kþπ0 , where

BK�ð892Þþ→Kþπ0 ¼ ð33.300� 0.003Þ% is the branching frac-
tion of the decay K�ð892Þþ → Kþπ0 [36], yielding
σΛ̄p→K�ð892Þþπþπ− ¼ 12.5þ3.8

−3.4 mb. Here, the uncertainties
are statistical only.
Equation (1) shows that the uncertainties related to the

ST efficiency cancel. The sources of the systematic uncer-
tainties are summarized in Table I. Each of them is
described in the following.
The uncertainties arising from the tracking and PID are

both 1.0% per pion or kaon track [43,44], and the
uncertainty due to π0 reconstruction is 1.0% per π0

[45,46]. The uncertainty associated with the ST signal
shape of the RMΛ distribution is estimated by changing the
model from the Gaussian-convolved MC shape to the bare
MC shape, and the uncertainty from the ST background
shape is evaluated by replacing the third-order Chebyshev
polynomial with a second-order one. The resulting changes
in the measured cross sections are taken as the systematic
uncertainties due to the ST signal and background shapes,
amounting to 1.3% and 1.1%, respectively, for all signal
processes. To investigate the uncertainties associated with
the Rxy and poil requirements, the selection criteria are
varied over a range of values, and the resulting impact on
the cross sections is negligible. To estimate the uncertain-
ties from the SA signal shapes of theMKþπþπ−kπ0 andMKþπ0

distributions, the model is changed from the Gaussian-
convolved MC shape to the bare MC shape. The uncer-
tainties associated with the SA background shapes for
nonresonant channels (k ¼ 1, 2, 3) are evaluated by
replacing the first-order Chebyshev polynomial with a
constant shape, and they turn out to be negligible. For
the σΛ̄p→K�ð892Þþπþπ− measurement, the background shape is
replaced by two alternatives: a third-order Chebyshev
polynomial and the MKþπ0 distribution from PHSP
Λ̄p → Kþπþπ−π0 MC. The larger of the resulting
differences in the measured cross sections with respect
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FIG. 3. Fits to the MKþπþπ−kπ0 (a)–(c) and MKþπ0 (d) distribu-
tions for the SA samples. The dots with error bars are data, the
blue solid lines are the total fits, and the red long-dashed and
green short-dashed lines denote the fitted signal and background
shapes, respectively.
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to the nominal value is taken as the corresponding
uncertainty. The systematic effect of the interaction-point
position in the MC simulation is found to be negligible by
shifting it by �0.2 cm from the nominal position. In the
MC generator, the value of the angular-distribution param-
eter α from Ref. [38] is used. To estimate its uncertainty, we
vary α by �1σ and take the largest change in the detection
efficiency as the systematic uncertainty. In the nominal
solution, the signal efficiency for the k ¼ 1 channel is
determined using a PHSP Kþπþπ−π0 MC sample. To
assess the impact of the intermediate K�ð892Þþ component
on the efficiency, we construct a mixed sample by combin-
ing PHSP Kþπþπ−π0 MC with K�ð892Þþπþπ− MC. The
ratio between these two MC samples is set according to
their measured nominal cross sections when generating the
mixed sample. The difference between the nominal effi-
ciency and that from the mixed sample, 2.1%, is assigned as
the systematic uncertainty. The limited sample sizes of the
MC samples are also considered a source of systematic
uncertainty. All systematic uncertainties are summarized in
Table I, and the total systematic uncertainty is obtained by
adding the individual components in quadrature.
Table II summarizes the measured cross sections for the

processes Λ̄p → Kþπþπ− þ kπ0 (k ¼ 1, 2, 3) and Λ̄p →
K�ð892Þþπþπ− along with the corresponding signal sig-
nificances. Since the signal significanceof theprocess Λ̄p →
Kþπþπ−3π0 is less than3σ,we alsogive theupper limit on its
cross section at a 90% confidence level (CL) using a
Bayesian method, similar to the one employed in Ref. [47].
In summary, using ð10 087� 44Þ × 106 J=ψ events

collected with the BESIII detector, we report the observa-
tion of the reactions Λ̄p → Kþπþπ− þ kπ0 with k ¼ 1, 2,
and set an upper limit on the process Λ̄p → Kþπþπ−3π0.

The Λ̄ hyperons originate from J=ψ → ΛΛ̄ decays, traverse
the beam pipe, and annihilate on the protons at rest in the
cooling oil. In addition, evidence for an intermediate
K�ð892Þþ in the k ¼ 1 channel is found in the invariant
mass spectrum MKþπ0 . The cross sections of these signal
processes are measured at pΛ̄ ≃ 1.074 GeV=c (correspond-
ing to

ffiffiffi
s

p
≃ 2.243 GeV), as shown in Table II. These

measurements provide important quantitative constraints
on the ȲN annihilation into multimeson final states; supply
valuable input for transport and hadronization modeling in
heavy-ion collisions, including strange-antibaryon survival
and light-antinuclei formation; and enable tests of SU(3)-
flavor symmetry via comparisons with existing p̄N anni-
hilation data. Moreover, these data provide direct con-
straints on the imaginary part of the optical potential and
are essential for testing the G-parity transformation in the
strangeness sector. The same approach can be pursued at
the future Super τ-Charm Facility [48] for more precise,
differential investigations of the ȲN scattering and anni-
hilation dynamics.
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TABLE I. Relative systematic uncertainties (%) of the mea-
sured cross sections. k ¼ 1, k ¼ 2, k ¼ 3, and K�ð892Þþπþπ−
denote the signal processes Λ̄p → Kþπþπ− þ kπ0 and
Λ̄p → K�ð892Þþπþπ−, respectively. The symbol “…” indicates
the systematic uncertainty from the corresponding source to be
absent or negligible.

Source k ¼ 1 k ¼ 2 k ¼ 3 K�ð892Þþπþπ−
Kaon tracking 1.0 1.0 1.0 1.0
Kaon PID 1.0 1.0 1.0 1.0
Pion tracking 2.0 2.0 2.0 2.0
Pion PID 2.0 2.0 2.0 2.0
π0 reconstruction 1.0 2.0 3.0 1.0
ST signal shape 1.3 1.3 1.3 1.3
ST background shape 1.1 1.1 1.1 1.1
SA signal shape 0.6 0.5 … 3.7
SA background shape … … … 8.1
α value 0.2 0.2 0.2 0.2
Intermediate K�ð892Þþ 2.1 … … …
MC statistics 1.0 1.6 2.6 1.1
Total 4.4 4.4 5.4 9.7

TABLE II. The measured cross sections (or upper limit at 90%
CL) in mb.

Channel Cross section (upper limit)

Λ̄p → Kþπþπ−π0 8.5þ1.2
−1.1 � 0.4

Λ̄p → Kþπþπ−2π0 7.9þ1.9
−1.7 � 0.4

Λ̄p → Kþπþπ−3π0 3.1þ2.2
−1.5 � 0.2 (< 7.2)

Λ̄p → K�ð892Þþπþπ− 12.5þ3.8
−3.4 � 1.2
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