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World data of hypertriton 5,

Probability density [(MeV) ]

o

Hypernuclear database
(https://hypernuclei.kph.uni-mainz.de/)
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Hypernuclear database
https://hypernuclei.kph.uni-mainz.de/

Decay pion spectroscopy -
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A. Esser, S. Nagao et al., PRL 114 (2015) 232501.
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Decay pion speclroscopy
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S 10F é ; i i
B, =2.12+0.01 (stat.) = 0.09 (syst.) MeV 2012) & CEI Ml g : all
m sEV Ir
B, =2.157+£0.005 (stat.) = 0.077 (syst.) MeV (2014) e e B Bl
115 120 125 130 135
decay mode MAMI 2014 (SpekA, 250 um Be) F. Schulz, Doctoral thesis, J.G. Univ. of Mainz (2015)
. { MAMI 2014 (SpekA, 125 um Be) =
MAMI 2014 (SpekC, 250 um Be)
MAMI 2014 (SpekC, 125 um Be) = 4 2014 ﬁH
o MAMI 2012 (SpekC, 125 um Be) ﬁ 35
w+*He B I O | H. Tamura et al. PR C40 (1989) Q
w+2H+2H —e—H | M. Jurié et al. NP B52 (1973) =
T +2H+2H —e— ibid. N
htance } H-e— G. Bohm et al. NP B4 (1968) I=
n+He, FoH ibid. g
e E'I H} e W. Gajewski et al. NP B1 (1967) 0
7o, —o—f ibid.
e B M. Raymund et al. NC 32 (1964) 115 120 125 130 135
v v P b by .
18 2 22 24 26 Pion momentum [MeV/c]

B, (MeV) A1 Collaboration, NPA 954 (2016) 149-160
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Previous experiment of
Decay pion spectroscopy

> 4 H OHIERER
B, =2.12%+0.01 (stat.) = 0.09 (syst.) MeV (2012)

B, =2.157 £0.005 (stat.) £ 0.077 (syst.) MeV  (2014)

> RRREEICBIT D)
S\H — ‘He + 71 @ 114 MeV/c

4 H — “He+7m1 @ 133 MeV/c

We need to...
J Increase the yield of ;H

) Suppress systematic errors
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Events / (250 keV/c)

Events / (45 keV/c)
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A. Esser, S. Nagao et al., PRL 114 (2015) 232501.
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A. Esser, S. Nagao et al., PRL 114 (2015) 232501.

Previous experiment of .

~ é— 2012 K‘Hl l
Decay pion spectroscopy z =: .
§ 20 |- : :
> 4 H OHIERG R g 152— | ' J
B, =2.12+0.01 (stat.) + 0.09 (syst.) MeV (2012) g ‘Z _ Ll if .

B, =2.157 £0.005 (stat.) £ 0.077 (syst.) MeV (2014) o £
115 120 125 130 135
. — 2 S = F. Schulz, Doctoral thesis, J.G. Univ. of Mainz (2015)
> R I B mliE o
3\H — *He+n @ 114 MeV/c > o (2018 4H
4 H — “He+7m1 @ 133 MeV/c o wc | IRH
I osp |

= |
New experiment

J Increase the yield of ;H mm) The new Lithium target system

) Suppress systematic errors ™ High-precision beam energy measurement
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Decay pion spectroscopy at MAMI
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New Lithium target design

» From Beryllium to Lithium

> Less background as °Be
No hyper-helium with

g ) Kaos
similar decay pion momenta:.
S e > P @ L1 plate
SHe: 116.47 [MeV/c] | |
GH: 114.3 MeV/c) (width 0.75 mm)
> Maximized rate of hypernuclei @ %%nt%% &
Beam direction — 45 mm long motors
Spek-A - \ ; 4
’Be 27mg/cm?, ~40 uA j
‘ ~100 times thicker A | : a il
: e Ia\u (L VAN
'Li 2403 mg/cm?, ~1 uA e~ beam \
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Spectrometer momentum calibration

Spectrometer momentum calibration
Established elastic electron scattering

» Relative resolution: 2 x 1074

—_
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counts / (10 keV)

Momentum difference

181Ta target

( Pm : measured value)

= Pcalc — Pm

1045—5 0t
1035

107

10

17 /M (1 — cosb,,) —Pm

(m2<<1)

e beam energy; = systematic error of B,(1H)
+ 160 keV uncertainty =77 keV (2016)
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Momentum difference (MeV/c)

=
M om — Mioc (MeV/c?)

For low energy measurement with high accuracy

(4E/E ~ 18 keV/195 MeV)

Undulator interference method
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Analysis procedure
Kaon tagger : =
O F 757 i iy ‘
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Measuring pion momentum
—\

| B | Q) EE) BRI
e o, R 'Y 2= Al hall | @3 HOB\ #HH

Im

/

Lead wall

K*, e*, i, p

&

20265F-2H19H 2025 EHE L ELEES - EE - KIFEF



K" 1identification
» ©" and proton backgrounds are identified using S or dE/dx vs momentum correlation

» K" events are selected by relative mass difference from 7" and proton

10* 10*

102

dE/dx (MeV/cm)

0.0||||||||||||||||||||||||||||| 0 .
07 08 09 10 11 12 13 07 08 09 10 11 12 13

KAOS momentum (GeV/c) KAOS momentum (GeV/c)

20265F-2H19H 2025F EHE B EES -



K" 1identification
» m" and proton backgrounds are identified using S or dE/dx vs momentum correlation

» K* events are selected by relative mass difference from 7z~ and proton

0'8.7 0.8 0.9 10 1.1 12 13
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Result of AT 1identification

» Finally, K* events are selected under likelihood AND threshold condition for f & dE/dx
» PID purity: (K*, 77) ~ 40%, (7", 7°) ~ 20%, accidental background ~ 40%

K, 7:39.4%
7,7 18.7%
T, u: 2.9%
Acc. BG: 38.9%
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Coincidence time distribution
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Fimal momentum distribution

1
107"
» Observed peaks are uniquely identified: .
< 107
~133 MeV/c for 4,\H decay ]
1077
~114 MeV/c for ° \H decay o
35 “\H — *He + -
» p-value was evaluated every 100 keV/c % sp “aH — *He +
' i S = idental B
width scanning 40 keV/c steps s Accidental BG
» Peak significance: 4\H > 50, °\H > 30 ° 0p
£ b ulw M“ T
0: i . II || *l” § ' | H i|H ih M"{ iiﬂi i
105 110 =71 120 125 130 === 135 140
Momentum MeV/c)
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Momentum calibration: linearity

. . . Ey = Mniss — Mazc
» Elastic scattering with 12C target

. = \/(E + M2 — (? ?e/ — M2
* Covering ~16 MeV acceptance
w0
» Relative AE, within one data setis not
affected by the beam energy input E’
— Effective for linearity correction g

0 5 10 15 20
M, "Mz (MeV/c?)
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Momentum calibration: linearity

0.15 : ; :
—0.05 : : : : : : : - i —®— E,=180MeV,p_ =1648 MeV/c
E —o— E180MeV,p_ <1648 MeViec 010 vl T Ei180MEVop 1674 MeVIE |
0.10F —=— E180MeV,p_ =167.4 MeV/c | e | —— E,=180MeV,p_ <1926 MeV/c
I —— E,=180MeV,p_ =192.6 MeVic - || —o— E,S195MeV,p_ =179.0 MeVie
—o— E=195MeV,p_ =179.0 MeVic § 0.05 H —=— E,=195 MeV, p_=1950MeVie |
o -0.15 —#— E=195MeV,p_ =1950 MeVic | O C | —— E,~195MeV,p_ 2083 MeVic
é’ 550 A ESlosMeV, p S2083MeVic 3 0.00 — H —— E,2210MeV,p_=1932MeVie |
2 0. —e— E,=210MeV,p_ =1932MeVic |- = C 196,
%’* —=— E=210MeV, pm:=196.4 MeVi/c % : : E"_ziz xe:’p“‘"‘_;zf::e:/c
—i— E,=210MeV,p_=201.6 MeV/c =0.05 [ 2O MeVsp , Z20LOMeVIE .
—0.25 E" oMY o 21 e mevie | - | —— E,=210MeV,p =2216MeVic
b © ’pccm= : evic _ S = Cm‘_
—&— E=210MeV,p_ =224 MeVic 0,10 b E=210MeV.p  =2247MeVie |
-0.30 —®— E,=420MeV,p_ =387 MeVic | - : : : : :
| | | i T EANMSVp 52 MeVie _015:1|1||||
I — 0 5 10 15 20 25 30 ' -5 0 5 10 15 20 25 30
op (%) op (%)
» 6th polynomial correction function i ——
. 00005 N ' ~0.001111 + 4.556e-07
» The correction term was added o 2 S64e-05 125700
. g B 1.234e-05 + 2.283e-08
. X — : : : : :
to the momentum calculation: § omol o A esrinaos |
/ 1 1 5 B : : : : ~2.478e-07 + 1.812e~10
pm R ( +pShift) X pcentral X ( —l_ p) 00018 E 1.825¢-08 + 1.345¢-11 |
C [ : ' : ‘ —4.035¢-10 + 8.635¢-13
. . . == A A AR AR S R N R
» Final deviation: o ~ 2 keV/c S0 s oo Tas w5
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355—
Result S0
Measured peak structures S 0
S 15
SA\H — 3He + 7~ at ~114 MeV/c ENS
4 H— 4He+ 7 at~133 MeV/c ) SE-
. . : . T 115 120 125 130 x 135
First observation of 3 ,H with Li target / SpekA momentum (MeV/c) \
3G: : i i
Unbinned fitting - = 23]
> > ol
Fitting function: Landau-Gaussian + linear 2 =S 205
FWHM: ~100 keV/c S =
3 2 10f
= g
p. (G H)=113.789 £ 0.020 MeV/c 5 S 5

(Referenced p,- (*\H) from MAMI2016)

~
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3.2

B,( H)=0.523 £ 0.013 (stat.) = 0.075 (syst.) MeV S ©  Present data
(Referenced p,- (*\H) from MAMI2016) 3.0 © JPARCED7,2025 (Emulsion) -
B A ALICE, 2023, 2025 (Heavt Ion Coll.)

- e a9 - ________ v STAR,2020,2022 (Heavy Ion Coll.) |

4 H &3 HDOARE EH =207 2.81 O M. Juric, 1973 (Emulsion)
Pe (AH) = GaH) = | T overemonsa @
19.078 + 0.021 (stat.) + 0.036 (syst.) MeV/c 2 T Inner error: stat. only
% )4 L Ap =19 078 0 042 MeV/c band
R z
RPN T = L — 4 0.017MeV = 22
EE) B IE (E,LAN) <0.010 MeV "0
pr (\H) MAMI20160D = 7 — 0.073 MeV -
1.8

T oV L— & TR« BAEE T T S UURTURUN DU VA FOUNE OO P
# A7 RftiaE < 30 keV 00 01 02 03 04 05 06 07

BACAH) (MeV)

20264£2H19H 20254EFEHTE L LEEES - lHS - KEFET



DISCUSSIOII SEOEER : 2N T TOHEMB (=130 keV) L D HEIZKF72fHE !

Weighted mean = 0.264 = 0.035 o ﬁ‘é[_‘ﬁ m:j( ?_’g < 7’1 %
3 H E [ = 1 Presentdatal (Elastic scattering data) H. Le, J. Haidenbauer, U. Meifiner, A. Nogga,
A E [= ] Present data2 (iH peak calibration) PLB 801 ( 200 0) 135189
'_E:'“ A. Kasagi 2025 (Emulsion)
=3 ALICE 2023 (Heavy Ion Coll.) o ANN=AKTT DRI H 5 Al REE
E‘ J. Adam 2020 (Heavy Ion Coll.) H. Kamada, M. Kohno, K. Miyagawa,
= M. Juric 1973 (Emulsion) PRC 108 (2023) 024004
“ G. Keyes 1970 (Bubble Chamber) 3 . :
—E— K. Chaudhari 1968 (Emulsion) * FREDBGHR © nnA 23S T S TREME
— C. Mayeur 1966 (Emulsion) E. Hiyama, S. Ohnishi, B.F. Gibson,
| _ | R.G. Ammar 1962 (Emulsion) and Th,A. Rijken, PRC 89 (2014) 061302
o i oy C OFERDHI LI D TR
02 00 02 04 06 08 10 12 14 16 18 A. Perez-Obiol, D. Gazda, E. Friedman, A. Gal,
B, (MeV) PLB 811 (2020) 135916
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Summary

> IO —I R 2 HIEL T - NN
> RXRUFZ7—27 INAN—FFA4 F V] OFBITRILF—2EESICXVHEE
—MAMIIZ B} % g o HilF 706
> TATHRENS DY v 5 — b
= LIEERNZEBANAN—FSA P VDIRET v 7
= BB & 2ZCERNC X EFERIE
> fEoe
» BA(GAH)=0.523 = 0.013 (stat.) = 0.075 (syst.) MeV
= p-(*\H)—p_- C,H)=19.078 £ 0.021 (stat.) £ 0.036 (syst.) MeV/c
> 7V al =Y BN TR AETF TRV F —ERENE
—BACAH) LI R FEERZE <30 keV THIE Al HE

202652 H19H 2025 TR LB LEES - lEs - KFETF



