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Systematic treatment of hypernuclear data and application to the hypertriton
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A database is under construction to provide a complete collection of published basic properties of hypernuclei such asΛ binding energies,
lifetimes, or excitation energies. From these values, averages with related errors are computed in a systematic way. For each property, the
overall experimental situation is depicted in form of an ideogram showing the combined probability density function of the measurements.
The database is accessible via a dynamic website athttps://hypernuclei.kph.uni-mainz.de with an user interface offering
customizable visualizations, selections, or unit conversions. The capabilities of the database are demonstrated for the puzzling and disputed
data situation of the hypertriton.
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1. Introduction

Hypernuclear physics is an ongoing field of research that has
a rich history of more than 60 years including several eras of
diverse experimental approaches to study hypernuclear prop-
erties. However, there is no common place where experi-
mental data are collected and combined to averages in such
a systematic way as the Particle Data Group (PDG) [1] does.
This makes the given experimental information hard to ac-
cess and published averages could be incomplete or outdated.
Therefore, a hypernuclear database was developed to offer a
collection of published basic properties of hypernuclei. A
key aspect is the combination of measurements in a system-
atic manner together with a proper treatment of errors and
other challenges coming from the multifaceted experimental
approaches. At present, the focus is on lifetimes,Λ binding
energies, and excitation levels.

For easy data accessibility, the database is placed on
a website with an interactive html user interface, where
any requests are computed in real-time via JavaScript rou-
tines. The database content is stored in xml files and the
whole project is maintained in a git repository. The web-
site is hosted at the Institute for Nuclear Physics of the Jo-
hannes Gutenberg University Mainz and can be accessed at
https://hypernuclei.kph.uni-mainz.de across
multiple browser and device combinations.

2. Computation of averages

In the following, the averaging procedures will be explained.

2.1. Symmetric errors

If a set of data points is reported with purely symmetric er-
rors, the error weighted least-squares procedure is used for
the combination to an average. Every mean valueµi receives
a weight

wi =
1
σ2

i

, (1)

with σi being the quadratic sum of the statistical error (σstat)
and the systematic error (σsyst) of thei’th measurement. Nor-
malizing the weightswi to unity leads to

w′i =
wi∑
j wj

. (2)

The averagēx and its error̄σ are given by the following sums:

x̄ =
∑

i

w′iµi, (3)

σ̄ =
√∑

i

w′i 2σ2
i . (4)

2.2. Asymmetric errors

In case of data with asymmetric errors±σ → +σ+
−σ− , a proce-

dure described by R. Barlow [2] is used. A probability den-
sity function (pdf) is parameterized via an asymmetric Gaus-
sian distribution

pdf (x) =
1

σ(x)
√

2π
e−

1
2 ( x−µ

σ(x) )
2

, (5)
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whereσ(x) = σ1 + σ2(x − µ) is a linear function with
σ1 = 2σ+σ−/(σ+ + σ−) andσ2 = (σ+ − σ−)/(σ+ + σ−)
defined such thatσ(x− σ−) = σ− andσ(x + σ+) = σ+.

Similar to the symmetric case, each measurement re-
ceives a weight

wi =
σ1,i

(σ1,i + σ2,i(x̄− µi))3
, (6)

and contributes to the average via (2,3). However, in this
case the weights depend on the average itself, so that it has to
be determined in an iterative approach.

The same holds for the errors̄σ+ andσ̄− of the average.
For their determination, the log-likelihood function

ln L = −1
2

∑

i

(
(x− µi

σi(x)

)2

, (7)

is used, with which the errors can be defined by the points
where the function is reduced by12

ln L(x̄)− ln L(x̄± σ̄±) = −1
2
. (8)

For the measurements presently in the database, the itera-
tive approximation of the average and its errors was observed
to converge quickly, yielding about one order of magnitude
in accuracy per iteration, rendering the procedure applicable
for on-line processing in a dynamic website.

It was noticed that the handling of strongly asymmet-
ric errors(σ+ > 1.5σ− and vice versa) is problematic. In
such cases the functionσ(x) is very steep and hence quickly
reaches zero, leading to a pole in (5). If this pole is too close
to the average, the related measurement will receive an oddly
high or a negative weight. To prevent this from happening,
measurements with such extreme errors are treated with a
modified version of the functionσ(x) which reads

σ′(x) =





σ−, if x ≤ µ− σ−
σ+, if x ≥ µ + σ+.

σ(x), otherwise

(9)

Here, the parameterσ is varied only within the 1-σ interval.

2.3. Further data treatment

Several additional procedures were implemented.
Error scaling. Following the PDG [1], the data are han-

dled more conservatively if theχ2 value

χ2 =
∑

i

wi(µi − x̄)2, (10)

is larger than the number of degrees of freedom (ndf= num-
ber of contributing measurements – 1). Then a scaling factor,
S, is computed

S =
√

χ2/ndf . (11)

For 1 < S < 2, one or more measurements are supposed
to have underestimated errors and the error of the average is

multiplied by S. Since this leads to aχ2 value equal to its
statistically expected valueχ2 = ndf , the procedure may be
viewed as being statistically consistent and is also known as
Birge ratio algorithm when handling discrepant data [3]. For
S > 2, unknown effects are assumed to be in place and the
average cannot be determined reliably.

Shared systematics.The treatment of shared systematic
errors in the case of measurements originating from the same
experimental apparatus was adopted from the PDG [1].

Exclusion of data.Measurements which contribute to an
average with a weight of less than 2% are considered as obso-
lete and therefore excluded. The same holds for weights up to
5% if the related measurement has an unusually high contri-
bution to theχ2 value. The rationale of this procedure is that
otherwise these measurements dilute or enlarge the scaling
factor.

Missing systematic errors.Earlier binding energy mea-
surements using the emulsion technique have been assigned
an error ofσsyst = 40 keV, following an estimation by D. H.
Davis [4,5].

3. Application to the hypertriton

The lightest known hypernucleus – the bound state of a pro-
ton, a neutron and aΛ that is called the hypertriton – plays a
major role in hypernuclear physics and its measured proper-
ties are widely used as input for theoretical calculations.

The capabilities of the database are demonstrated in this
case,e.g. by combining certain data sets, such as from dif-
ferent data taking periods or experimental techniques, and by
producing a combinedpdf.

3.1. Lifetime evaluation

In recent relativistic heavy-ion collision experiments, dis-
crepant data of the hypertriton lifetime were extracted,
142+24

−21± 29 ps by the STAR collaboration [6] and242+34
−38±

17 ps by the ALICE collaboration [7]. Additional conflicting
values from this experimental method add to the confusion,
see Table I for a full account of the world data set. In ear-
lier imaging measurements a similarly wide spread of values
has been measured [8, 9], albeit with larger errors. Under-
estimated systematic errors might have contributed to create
this unsatisfactory situation, which has been dubbed the hy-
pertriton lifetime puzzle. Figure 1 shows thepdf for the full
set of available measurement as well as for selected sub-sets
to illustrate that the determination of an average is not very
robust.
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FIGURE 1. Measurements and combinedpdf for the hypertriton
lifetime. Different data sets have been selected (from top to bot-
tom), for which the averages were calculated: (1) All:223+12

−11 ps;
(2) Latest data from heavy ion collision experiments:239± 14 ps;
(3) Earlier data from heavy ion collision experiments:166+25

−23 ps;
(4) Data from imaging experiments:224+28

−25 ps.

FIGURE 2. Measurements and combinedpdf of the hypertritonΛ
binding energy.

3.2. Binding energy evaluation

A recent measurement of the hypertriton binding energy has
been reported by the STAR Collaboration [10], which is three
times larger than the previously known value from emulsion
data [11,12]. In contrast, a preliminary value shown by the
ALICE Collaboration confirms a small binding energy
value [13]. It can be inferred that systematic uncertainties
play a key role in the measurement of hypertriton properties.

Table II lists the world data set of hypertriton binding en-
ergy values and Fig. 2 shows thepdf. The data situation is
again unsatisfactory: The two new values from heavy ion col-
lision experiments do not lead to a consistent picture while
earlier extractions from these experiments did not have suf-
ficient accuracy. Earlier values from other imaging experi-
ments show a large spread.

Currently, a new experiment is being prepared at the
Mainz Microtron (MAMI) to determine the binding energy
of hypertriton by the spectroscopy of mono-energetic pions
from two-body decays of stopped hyperfragments. This tech-
nique can yield an unprecedented precision and, combined

FIGURE 3. Contour lines of thepdf folding integral for binding en-
ergy and lifetime of experimental hypertriton data compared with
two recent model predictions [18,19].
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TABLE I. World data set of measurements of the hypertriton lifetime in chronological order.

Reference Year Lifetime (ps) Weight χ2 Technique

STAR (prelim.) [20] 2021 221± 15± 19 0.21 0.01 Heavy ion coll.

ALICE (prelim.) [21] 2020 254± 15± 17 0.24 1.88 Heavy ion coll.

ALICE [22] 2019 237+33
−36 ± 17 0.08 0.13 Heavy ion coll.

ALICE [7] 2019 242+34
−38 ± 17 0.07 0.22 Heavy ion coll.

STAR [6] 2018 142+24
−21 ± 29 0.08 4.14 Heavy ion coll.

ALICE [23] 2016 181+54
−39 ± 33 0.03 0.44 Heavy ion coll.

HypHI [24] 2013 183+42
−32 ± 37 0.04 0.50 Heavy ion coll.

STAR [25] 2010 182+89
−45 ± 27 0.02 0.23 Heavy ion coll.

DUBNA1 [26] 1992 240+170
−100 — — Heavy ion coll.

G. Keyeset al. [9] 1973 246+62
−41 0.07 0.30 Bubble cham.

G. Keyeset al. [27] 1970 264+84
−52 0.05 0.67 Bubble cham.

G. Bohmet al. [8] 1970 128+35
−26 0.04 3.19 Emulsion

R.E. Phillipset al.1 [28] 1969 285+127
−105 — — Emulsion

G. Keyeset al. [29] 1968 232+45
−34 0.09 0.06 Bubble cham.

Y.W. Kanget al.1 [30] 1965 80+190
−30 — — Emulsion

R.J. Premet al.1 [31] 1964 90+220
−40 — — Emulsion

L. Fortney1 [32] 1964 63+50
−30 — — Bubble cham.

M.M. Block et al.2 [33] 1964 105+20
−18 — — Bubble cham.

Our average 2022 223+12
−11 (S = 1.03) 1.00 11.74 (ndf= 11)

1 excluded due to insignificant weight
2 excluded due to missing systematic errors

TABLE II. World data set of measurements of theΛ binding energy in hypertriton in chronological order. The emulsion data have been
assigned an additional systematic error as estimated by D. H. Davis [4,5].

Reference Year Binding energy (keV) Weight χ2 Technique

ALICE (prelim.) [13] 2021 50± 60± 100 0.14 0.98 Heavy ion coll.

STAR [10] 2020 406± 120± 110 0.07 2.19 Heavy ion coll.

M. Jurič et al. [11] 1973 130± 50± 40 0.47 0.31 Emulsion

G. Keyeset al. [27] 1970 250± 310 0.02 0.07 Bubble cham.

K. Chaudhariet al. [34] 1969 240± 120± 40 0.12 0.35 Emulsion

C. Mayeuret al. [35] 1966 320± 170± 40 0.06 0.78 Emulsion

N. Craytonet al. [36] 1962 230± 200± 40 0.05 0.10 Emulsion

Y. Prakashet al. [37] 1961 40± 170± 40 0.06 0.52 Emulsion

Our average 2022 165± 44 1.00 5.30 (ndf= 7)

By-products of lifetime measurements from heavy ion collision experiments were excluded due to insignificant weights.

with a high-luminosity7Li target, achieve a statistical and
systematic error of∼ 20 keV [14]. New spectroscopic ex-
periments using3He targets are accepted as proposals at Jef-
ferson Lab [15], J-PARC [16] and ELPH [17] which can im-
prove the overall data situation for hypertriton.

4. Concluding remarks

Modern microscopic three-body calculations make it possi-
ble to connect the hypertriton’s binding energy with its life-

time [18,19]. A relatively small binding implies a small per-
turbation to theΛ wave function inside the hypertriton, and
therefore a lifetime close to that of a freeΛ, 263.2 ± 2.0 ps.
Figure 3 shows thepdf folding integral for binding energy
and lifetime of the experimental data in comparison with
these calculations.

All figures and tables in this work can be reproduced by
using the website. The present data was retrieved on Jan-
uary 3rd, 2022. It is evident, that the database will be for
the benefit of the whole field of experimental and theoretical
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nuclear strangeness physics. Its usefulness depends in large
parts on the interaction between its users and the maintain-
ers. Therefore, data and other valuable information can be
send tohypernuclei@uni-mainz.de . More data are
constantly reviewed and included in the database. Further-
more, we appreciate comments, criticisms, and suggestions
for improvements of any kind.
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11. M. Jurić et al., A new determination of the binding-
energy values of the light hypernuclei(A ≤ 15),
Nucl. Phys. B52 (1973) 1,https://doi.org/10.1016/
0550-3213(73)90084-9 .

12. G. Bohm et al.,A determination of the binding-energy values
of light hypernuclei, Nucl. Phys. B4 (1968) 511,https:
//doi.org/10.1016/0550-3213(68)90109-0 .

13. ALICE Collaboration, P. Fecchio, “Studying hypertriton pro-
duction, lifetime, and binding in different collision systems
with ALICE.” Presented at the 19th International Conference

on Strangeness in Quark Matter (SQM 2021), 2021,https:
//indi.to/3MvSH .

14. P. Achenbach, S. Bleser, J. Pochodzalla and M. Steinen,
High-precision measurement of the hypertriton mass, PoS
(Hadron2017) 207 (2018) 1,https://doi.org/10.
22323/1.310.0207 .

15. T. Gogami et al. Proposal C12-19-002 approved by JLab
PAC49, 2021, https://www.jlab.org/physics/
PAC.

16. Y. Ma et al. Proposal P73 approved by J-PARC PAC, 2018,
https://j-parc.jp/researcher/Hadron/en/
Proposal e.html .

17. S. Nagaoet al. Proposal #2895 approved by ELPH, 2018,
https://www.lns.tohoku.ac.jp/en/users/ .

18. F. Hildenbrand and H.-W. Hammer,Lifetime of the hypertriton,
Phys. Rev. C102 (2020) 064002,https://doi.org/10.
1103/PhysRevC.102.064002 .
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