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ABOUT HYPERTRITON [;D’\H ]

* Simplest known hypernucleus with one A baryon

* A loosely bound, order of 100 keV

— Expected f’\H lifetime close to free A

However:

[]

Many experiments with lifetimes shorter than expected
— Hard to explain by theory
Contradictory data for binding energy?

— Hypertriton lifetime puzzle
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HYPERTRITON LIFETIME -
Why to collect and treat hypernuclear data?

Theoretical predictions
== PRC 57 (1998) 1595 Nuo. Cim. 46 (1966) 786

) I —— J.Phys. G18 (1992) 339-357 - - PLB 791 (2019) 48-53
History of almost 60 years T Py, Gt 1662) 33657
PR 136 (1964) B1803 i

. leferept exp. approaches L0 (196815
(Emulsion, Bubble Ch., Heavy lon) PR 180 (109) 1307
* Asymmetric errors NPB 16 (1970) 46

PRD 1 (1970) 66

* Missing systematics before 2010 NP 67 (1973) 269

Science 328 (2010) 58

* Large progress in last years

NFA913 (2013) 170 — A lifetime - PDG value

 Conflicts within the data? T T *T1 | Zruano wora svrnge

PRC 97 (2018) 054909

PLB 797 (2019) 134905

Consistent way to collect and S D
combine data needed SH etime (9

=
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Chart of Hypernuclides - Under Construction -
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" » Non-strange core: 3H
6 AC . -mass: Mmgg = 2808.920 MeV/c?
- mean life time: 71=5.609e+8s
5 lﬂB llB IZB . .
@ & a - ground state spin: 3
4 ABe || iBe || 7Be . * Hyperon Content: A
-mass: mgs = 1115.683 MeV/c?
3 HIRERTRAT . - mean life time: 7= 263.1ps
: 1
-spin: 3
2 e e ] e [fbe
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T P Chart Legend - available measurements
N 1 2 3 4 5 6 T
— o I - less than 6 values
< - less than 20 values

>
Hyperon Content: (=] [ - at least 20 values

~ Ground State: Binding Energy our value: 2.169 + 0.042 MeV (error scaled by 1.44)
~ Ground State: Lifetime our value: 209 * }) ps
~~ Ground State: Spin Parity our value: 0"

~ Mesonic Two-Body Decays

~~ Fragmentation Thresholds

~~ Energy Levels

‘BacktoKPH‘ S%G -

Current status of the database interface - to be published at hypernuclei.kph.uni-mainz.de

‘ About this Page ‘ ‘ Export Data ‘ ‘ Recommendations ‘ Legal Notice




CONTENT OF THE DATABASE

— planned

Energy

Lol Branching

Ratios

Binding Energies

MENYES

[]
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Further Information about:
* Author

* Year

Collaboration

Significance, etc.

Exp. Method, etc.

Reference

...and more!




AVERAGING PROCEDURES - Error Weighted Mean

Set of N measurements:

*  Weight for itr measurement:

* Weights normalized to 1:

* Total mean:

O * Total variance:

] 28.07.21

Simple, but:

Ve

Works only

errors

.

for symmetric

J/

The resulting error
is always smaller
than the smallest
contributing error

\
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AVERAGING PROCEDURES - Asymmetric Errors “

* Parametrise pdf via asymmetric Gaussian curve

* With a linear function

*  Weights given by
—— depend on mean

— iterative
Method by: R. Barlow: "Asymmetric Statistical Errors™ First application in hypernuclear physics:
(2004) https://arxiv.org/abs/physics/0406120v1 C. Rappold PLB728, 543 (2014)
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FURTHER DATA TREATMENT

EXCLUDE MEASUREMENTS

By low weight or
low weight to Chi® ratio

ERROR SCALING

For resulting average
if Chi® too large

=
28.07.21
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TREAT SHARED SYSTEMATICS

Within values from
the same experiment

ADD MISSING ERRORS

Collect and apply
suggestions by experts




- Reported errors small

- Two tendencies in prob. curve

A1, 2016 (Decay Pion Spec.)
A1, 2016 (Decay Pion Spec.)

H. Tamura, 1989 (Pion Spec.)

M. Juric, 1973 (Emulsion)
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G. Bohm, 1968 (Emulsion) )% 2 SUM: 1 25
W. Gajewski, 1967 (Emulsion)
DoF: N-1=6
N. Crayton, 1962 (Emulsion)
hypemnuclei.kph.uni-mainz.de, 25.7.2021 Sca | | ng : 5 = 1 44

2.5
—> 29keV - 42keV

*H binding energy [MeV]
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SYSTEMATIC ERROR FOR HISTORICAL BINDING n U ]
ENERGIES

SU[[CIOENAENEN O, = 40keV

Hypertriton binding energy:

new STAR value more than
3 times larger than Juric's

our value: 0.185 + 0.047 MeV +40 keV

——e——— STAR, 2020 (Heavy lon Coll.)

* Dominated by Juric's value

B, = 130 = 50keV = + 64 keV

* Change of ~8% in average:
B, = 171 = 40keV = 185 + 47 keV

— How accurate is old data? 05
f\H binding energy [MeV]

M. Juric, 1973 (Emulsion)
G. Keyes, 1970 (Bubble Ch.)
K. Chaudhari, 1968 (Emulsion)

C. Mayeur, 1966 (Emulsion)
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N. Crayton, 1962 (Emulsion)

Y. Prakash, 1961 (Emulsion)
hypemuclei.kph.uni-mainz.de, 20.7.2021
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RESULTS - HYPERTRITON LIFETIME
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our value: 224

*lps free A

STAR, 2021 (Heavy lon Caoall.)
ALICE, 2020 (Heavy lon Coll.)
ALICE, 2019 (Heavy lon Coll.)
ALICE, 2019 (Heavy lon Coll.)
STAR, 2018 (Heavy lon Coall.)
ALICE, 2016 (Heavy lon Coll.)
HypHI, 2013 (Heavy lon Coll.)
STAR, 2010 (Heavy lon Coll.)
G. Keyes, 1973 (Bubble Ch.)
G. Keyes, 1970 (Bubble Ch.)
G. Bohm, 1970 (Emulsion)
Keyes, 1968 (Bubble Gh), .,

300 400

3H lifetime T [ps]

]

* Error scaling of 1.03
— Data almost consistent

* Downward trend not confirmed
by recent experiments

* Even free A lifetime seems
possible

Hypertriton Lifetime

puzzle solved?
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SITUATION FOR HYDROGEN-4-LAMBDA

* No scaling needed

our value: 209 * 12 ps

* Lifetime and binding energy fit
together

STAR, 2021 (Heavy lon Call.)

...but:

HypHI, 2013 (Heavy lon Coll.)

H. Outa, 1992 (Pion Spec.)

New measurement by E73: 180 £ 7 ps

S. Avramenko, 1992
(Heavy lon Coll.)
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(systematic error not published yet)

. . ) N. Crayton, 1962 (Emulsion)
— Again a lifetime lower than

expected? 200 300
“H lifetime T [ps]
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HYPERTRITON SUMMARY - ]

* Tendency to lower lifetimes still not excluded
* STAR binding enerqgy has to be cross checked

* New precise experiments on lifetime and
binding enerqgy planned:
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hypernuclei.kph.uni-mainz.de, 19.7.2021
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A binding energy [MeV]
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Chart of Hypernuclides - Under Construction -
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Hyd
? R [ [ | |veroser i etme FEER]
=G » Non-strange core: 2H
6 AC | AC . -mass: mgag = 1875.613 MeV/c?
- mean life time: stable 0012
10, 13 12, . +13
5 . AB || AB || AB + Hyperon Content: A 010l our value: 224 13 ps free A I
-mass: mgs = 1115.683 MeV/c* = — STAR, 2021 (Heavy lon Coll.)
4 - mean life ime: 1= 263.1ps G 0,008 ALICE. 2020 (Heavy lon Call) |
. 1 = — ALICE, 2019 (Heavy lon Coll.)
3 -spin: 5 oy ALICE, 2019 (Heavy lon Caoll.)
.ﬂé 0.006f +—+—"H STAR, 2018 (Heavy lon Coll.) |
= —] ALICE, 2016 (Heavy lon Coll.)
2 3 - HypHI, 2013 (Heavy lon Coll )
g 0.004 — STAR, 2010 (Heavy lon Coll) |
& — G. Keyes, 1973 (Bubble Ch.)
1 0.0024 = G. Keyes, 1970 (Bubble Ch.) L
G. Bohm, 1970 (Emulsion)
T P Chart Legend - available measurements i . Keyes, 1968 (Bubble Ch.) .
N 1 2 3 4 5 6 7 o : . Coyes, 1968 (Bubblo Ch) .,
— o ¥ - less than 6 values 100 200 300 400 500 600
< > - less than 20 values H lifetime T [ps] -
n rercll Content. an] B1d=1 (N £ sugma - 8 least 20 valyes
3 G ] r
A ~—t e ~ll
~~ Ground State: Binding Energy our value: 0.185 + 0.047 MeV
~ Ground State: Lifetime our value: 224 "} ps (error scaled by 1.03)
Lifetime [ps] Weight =111 First Author Year Method Comment More...
232 + 29 (stat.) + 37 (syst.) 0.07 0.03 Y. Leung 2021 Heavy lon Coll. preliminary
254 + 15 (stat.) + 17 (syst.) 0.28 175 F. Mazzaschi 2020 Heavy lon Coll. preliminary
237 733 (stat.) £ 17 (syst.) 0.09 0.11 S. Trogolo 2019 Heavy lon Coll. -
242 "3 (stat.) £ 17 (syst.) 0.09 0.19 S. Acharya 2019 Heavy lon Coll. matter and antimatter
142 "2 (stat.) + 29 (syst.) 0.09 424 L. Adamczyk 2018 Heavy lon Coll. Combination of differe...
123728 (stat.) £ 31 (syst.) 0 0 L. Adamczyk 2018 Heavy lon Coll. Combination of differe...
193 " 2 (stat.) + 85 (syst.) 0 0 L. Adamczyk 2018 Heavy lon Coll. Combination of differe. ..
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AVERAGING PROCEDURES 0 .
- Asymmetric Errors

* Given by

* Thenthe RBIEIANIEYME interval is equivalent to 3 common JRed interval,

L — both cover a probability of 68.27 %
B 28.07.21 16



AVERAGING PROCEDURES
- Asymmetric Errors

28.07.21
]

* Accuracy of 107> can be achieved in about 5 iterations

—— depends on mean

17




ASYMMETRIC ERRORS - Error Interval

 Solution via iterations with initial values

28.07.21

Errors with accuracy 1073 already found after 3 iterations

—> Application in online calculator possible!
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SHARED SYSTEMATIC ERRORS D

Set of measurements with same systematic error
* resulting error can't be smaller than e

|— Not guaranteed by the averaging procedures!

=> modified systematic error:

. This procedure has the advantage that, with the modified systematic errors [...],
each measurement may be treated as independent and averaged in the usual way
with other data.” - PDG

[]
B 28.07.21 19



SHARED SYSTEMATICS - Example

WEIGHTED AVERAGE B oB
2.095 + 0.043 MeV (MeV) (MeV)

M. Juri€ et al. NPB 52 (1973) 02 0.064 045
MAMI 2012 (SpekC, 125 um Be) L8 0.087 0.24
0.074  0.09

0.074  0.11
MAMI 2014 (SpekA, 250 um Be) - : 0.081 0.06

MAMI 2014 (SpekC, 125 pm Be) A L 0.081 0.05

- MAMI 2014 (SpekC, 250 um Be) 1.00

MAMI 2014 (SpekA, 125 um Be)

1.8 2 2.2 24 2.6 P. Achenbach, AIP Conference Proceedings 2130, 030007
B, (MeV) (2019) https://doi.org/10.1063/1.5118397

* error treatment avoids overestimation of MAMI's influence:

— weights distributed almost 1:1 instead of 1:5

0 * no underestimation of resulting error

B 28.07.21 20



Recalibration of historical Data?

Particle masses changed over decades particle masses:
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* Deviation of 0.02 % in A mass
— 220 keV in total!
* Influence on weakly bound nuclei?
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* Correction by P. Liu et al." on

hypertriton binding energy:
* 150 keV — 270 keV

1960 1970 1980 1990 2000
Year

— Find agreement for consistent correction PDG values
O

28.07.21 ': Chinese Physics C Vol. 37, No. 1 (2019) 010201 21
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