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A\ hypernucleus as a Lambda bound multi-body system

Hypernuclear Chart (S=-1, up to p-shell) Precise Measurement of A\ Binding Energy

A Mass determination by Study of NN and BB interaction
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R : H Light hypernuclei that can be applied for precise calculations are
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n . .
A ; Possible to approach changes of nuclear structure and deformation
__________ Neutron Number (N)

using A\ as a probe
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NOTE: B, from hypernuclei database [https://hypernuclei.kph.uni-mainz.de/]
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Walter H. Barkas, Nuclear
Research Emulsions (1973)
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Determination of Lambda binding energy

Emulsion Accuracy =50 ~ several 100 keV

Resolution = several MeV
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Hypertriton (Z=1, n=1, L=1 system)

Lightest system with nucleons and Lambda
P = 172+ \

reo NN

°
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Lambda binding energy
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BI\ — 130150(Stat.) kev - - Hypertriton B, (MeV) ' '
[M. Juric et al., NPB52(1973)1.]
Loosely bound system
1\) Lambda halo nucleus

Mesonic Weak Decay (MWD) dominant
Similar lifetime to free-Lambda (263.4 ps) 77

108
L

PAVPEYEYALS JLab Hypernuclear Collaboration Meeting 2025 p4




Hypertriton Puzzle
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Related topics

Existence of other A=3 system Key information of AN CSB effect

seNe gl i e A W)

Larger difference

3/\H T=0 \19_ ________ Q) than pp & nn

C 0 _ . ] .
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- E12-17-003 BA(Z pn) = 80.4 MeV (keV) _ [PLB744(2015)352]  [FBsyst.672(2021)105]
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%0 50 0 50 100 150
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» Necessity of systematic studies
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Decay Pion Spectroscopy

Hypernuclear Mass Spectroscopy with
FWHM ~ 100 keV

e‘\

e beam o Kt —
| Ceg vy [ 5 B Stat. Error < 10 keV
,‘D’Héﬁjﬂ] T Systematic ~ 10 keV
N -
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- 3o ¥
0 0 T — L 4§ » Measurement of mono. decay pion
K, &\, ¢ D& from hypernuclei stopped in the target

Hyper-Fragment ~ ~100 MeVjc

) emitting pion in two-body deca
Monochromatic 9P y y

(e.g.4,H — 4He + m")
Hyp. ID from known (or expected) B,

N\
A7\ _ A 2 2 2 2
M(AZ) - \XM( (Z+1)) @4_ \/Mﬂr @ » Tagging K* for background suppression from

non-strangeness production
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Possible hypernuclel & Decay pion momenta (up to A=16)

Hypernucle1 | Decay mode | p.- (MeV/c) comments
“H ‘He + 1~ 114.37 1114
“H ‘He + 1~ 133.03
: i) ‘g\H\, et r= A Impossible 2-body decay
Decay pion from a hypernucleus has specific ,%III; ;ﬁ e 19395-2267 Impossible 2-body decay
e+ . .
momentum He STLi+ 7~ 108.48 °Li target
. ;\Li “Be=rm= = No B, data, above Sp
Daughter nucleus mass is well known usually /}PLI? %iw‘_ }(l)gﬁ)
. - {\hl 7(‘«6 + Tr— fa¥~ ;\n :
Possible hypernuclei (hyperfragments) depend e | s | ey | mpossible2-body decay
on the target nucleus SLi | fBewr | 12420
Be B+n 97.19 No ®B(g.s) decay 9
L Be + - 121.31 Be target
°Be B+ 96.98
LT °C+n~ 96.82
~N gLi 0Be + 7~ - No B, data
Example, 4\H — 4He + 1 - VBe 1B + 7~ 104.41
I0g 10C 4 7~ 100.49
1B UC + 7~ 86.54
M(3Z) :\/M(A LIV ok +\/M,§+p§ bp 204 - 115.87 12C target
12C N+ 1 91.48 2 |
M(a)  =3727.3794118(11) MeV/c? be ine | oy | O e decay
M(TT) = 139.57039(18) MeV/c? FC YN+ 101.20
‘N 40 + 1~ - No B, data
M@\H) = 3922.56(4) MeV/c? SN 150 4 7 98.40 160
oN 160 + 7~ 106.23 target
% p(T) = 133.03(6) MevV/c ) i PO B 9
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4 H peak in DPS (MAMI)

2012 Run sE pp = 13292£002MeV | 4 — “He + m- 2014 Run s = b = 13287110008 Mev TH— *He + 1~
© 30 40 &
S 0.15 MeV [FWHM] ®E
2 _F e —>|— L N0E 0.06 MeV [FWHM]
8 205 > 25 —>|—
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S E I 15 ¢
> 10 ~
Yk @ 10]
°E T 5
105 110 115 120 12 130 135 140 145 150 Ll 115 120 125 130 135
Pion momentum in SpekC (MeV/c) Pion Momentum (MeV/c)
Hypernuclear production with °Be target N =
n+'He ZA ———-0—— H. Tamura et al. PR C40 (1989)
TWO-bOdy decay peak from 4/\H g;ﬁmﬁn —o—H M. Jurié et al. NP B52 (1973)
Excellent peak resolution thanks to el ) i G. Bohm et al. NP B4 (1968)
. . . n:ﬁHﬁH W. Gajewski I. NP B1 (1967
high-resolution spectrometer & thin target SO Ittt S
gijl',j;” }|—o—q 2 M. Raymund et al. NC 32 (1964)
MAMI 2014 (SpekA, 250 um Be)
B, (MAMI 2012) = 2.12 £ 0.01 £ 0.09 (MeV) v MAMI 2014 (SpekA, 125 um Be)
[PRL 114 (2015) 232501.] fathe { H MAMI 2014 (SpekC, 250 um Be)
MAMI 2014 (SpekC, 125 um Be)
B, (MAMI 2014) = 2.157 £ 0.005 £+ 0.077 (MeV) g MAMI 2012 (SpekC, 125 um Be)
[NPA 954 (2016) 149.] RO oo T
B, (MeV) (Stat Error only)
A
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from "s-" to "p-" "sd-

A Mass determination by
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-
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Hypernuclear project at Jefferson Lab Hall-C
| e

6Li °Be, ”B(e,e'K*)GAHe, 9/|Lil ”ABe E12-24-004
Study of charge symmetry breaking in p-shell hypernuclei

27Al(e,e'K+)27,|Mg E12-24-011

Study of a triaxially deformed nucleus using a Lambda particle as a probe

40, 48Cq(e,e'K*)%0 48 K E12-15-008 / E12-24-013

An isospin dependence study of the AN interaction through the high precision
spectroscopy of A-hypernuclei with electron beam

208pb (e, e'K+ )208A Tl E12-20-013 / E12-24-003

Studying A interactions in nuclear matter with the °®Pb(e,e'K*)?%,Tl reaction

s-, p-shell hypernuclei with Decay Pion Spectroscopy |E12-15-008A / E12-20-013A

High-resolution spectroscopy of light hypernucleiwith the decay pion spectroscopy

IRV o
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New Experiment at Jefferson Lab.

\\ (e,e'K*) Program
| "€, K*" coincidence with HES & HKS

New separation magnets (PCS) for better S/N

g.s & ex B, up to A=6 ~ 208

] with <100 keV accuracy

Decay Pion Program
"1, K*" coincidence with Enge & HKS

Parallel Experiment with

"CS:/\‘ ~//~ i

3 O © (HES ® HKS ) @ (Enge ® HKS )
arget
(CH,, Li, Be, B, C, Al, Ca, Pb) Enge g.s B, of s-, p-, (sd-) shell
L (Decay pion with ~10 keV accuracy
e beam Spectrometer)

~

(2.24 GeV) |
N
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Characteristics of DPS at JLab

DPS @MAMI

DPS @JLab

Target

Li / Be
(39 mg/cm? for Be)

Li/Be/B/C/Al/Ca/Pb
(100 ~ 150 mg/cm?)

[ﬁ} Various hypernuclei

Beam Energy / Current

1.5 GeV / (20 pA for Be)

2.24 GeV / 50 pA

I#} Effective N\ production

If:} Better yield

Beamtime ~ 2 weeks ~ 1 year
K* Tag Efficiency ~20% ~80% ]
T angle 90~120 deg 150 deg

> Better PID, S/N

TT_ mom. resolution

<1X103 (FWHM)

2X10-3 (FWHM)

mom. coverage

110 ~ 135 MeV/c

70 ~ 150 MeV/c

El.J‘> Covered Entire region

"K*, ™" time resolution
2025/5/16

2000 ps

JLab Hypernuclear Collaboration Meeting 2025

< 200 ps

Lifetime measurement
p.13



Plon Spectrometer Enge

1x1 mm Sci-Fi

"Hardware" spectrometer Enge
Particle momentum from Focal Plane position
60 keV / mm Dispersion
FP Position detector (Scinti+SiPM) in vacuum
Full Mom. coverage from decay pions (70 ~150 MeV/c)

 Drift Chamber (spare HKS DC) for reconstruction to the
target
« Timing & Trigger detector

« afew 10 kHz single rate
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Plon Spectrometer Enge

Figure 38-A: Type PM Disk
A5504 _— Retaining Ring
Radioactive Source
0.438" (11.1 mm) Diameter x ——
0.125"” (3.18 mm) Deep Recess

1x1 mm Sci-Fi

0.25” (6.35 mm) l‘—'—'j‘ 7 /Holu.,

—-—‘ 0.25" ’-—

(6.35mm)

1" Diameter (25.4 mm)

Calibration with a-sources
« Mixed nuclides (33°Th, #TAm, 244Cm) [Eckert & Ziegler]

(T:;e « Calibration without beams (~10 keV systematic)
______________ - a0, AM 1 hour
= 700; 244Cm
% 600 op = 0%
p/ Q (MeV/c) =

241Am 101.1479 (11) S |

244Cm 104.0515 (4) g o Epmh il

230Th 93.491 (15) (% /%// / /7%/(/////////%

105 110 115 120 125
Momentum (MeV/c)

130
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Expected Spectrum

Expected on °Li target Monte-Carlo simulation by
350 [ = - v' Spec. Resolution
- 6p=7 keV/c (stat.) *H— *He+n v Hyperfragment yield
- % 7 v' T branching ratio
) 300 -z " v' Background from QF
S s —5 026 Mevic v"Accidental Background
250 Ho . I : -
= s g \6’0‘0(\ Simplest spectrum
C|° ® .00 e node Rdad b
2 oo asgipidiesi | ) Clear peak from 4H, 3,
..._O_; 50 :— 7~ momentum (MeV/c) FWHM = 260 keV/C
- L
% - 3 — 3He +m- Low QF .background
5 10— | Low accidental
O - |
ST | 6B, = several keV (stat.)

% 95 100 105 110 115 125 130 135 140 N“#\H) @MAMI = 40 cnt / 2 weeks
7~ momentum (MeV/c) N, H) @JLab = 600 cnt/ 1 weeks
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Expected Spectrum

Expected on °Be target
P 9 Additional peaks

400 — ;
= 3,H, 4.H : Reference peak
— 350 |5 = 7, He
._S — % 100 | .
> 300~ 2 w Isospin partner of A=7 system
= 50 S w Charge Symmetry Breaking on p-shell
S 8., 8 Li
;200 | *p | A
o ~ 2y bl dela gl . =
- - 92 114 -I 20 122 124 v 8Be + T
; 150 — 7~ momentum (MeV/c)
= - gH CSB on A=8 system
S 100 — 6
O -
S o Bk A
50 [PHfAR Evidence of super heavy hydrogen
0 oy oo o A Lo o b L i
90 125 130 135 140

n- momentum (MeV/c)
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Expected Spectrum

Expected on '2C target
P 9 Clouded spectrum, but separable

160 — 12g , 12¢(0") + 1 3, H, 4\H : Reference peak
) 140:— . 1 12 B : Directly produced hyp.
% 120 - . mu\a“\on Large cross-section, branching ratio
S - S\ 2-peaks from different daughter
8 100 — — Spin-Parity assignment
S 80 N 12 > 12¢(27) + 1 1011 Be, 1011 B
~ - AB :
» 60 — 6 Isospin partner hyp.
"g' - AH Good for p-shell CSB study
40 -
8 J 8L | l ‘ 9I\Be
] HH |} | Many °B+1t" decay in emulsion
kb il it (L MM 8 Lj
105 110 11 125 130 135 140 A
7~ momentum (MeV/c) Famous ®Be+m" decay channel
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Lifetime measurement (by product)
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200 |-

Counts

2000

HKS (JLab)

Cherenkov + 1.2 cuts

[ ] oFF
[] on

P [

TR

Proton

1.2 GeV/c

05 0

05 1

1.5

m? [GeV/c?)?

160

140

120

100
~0.1 GeV/c

80

60

Enge %
(Decay pion 2ol
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7~ momentum (MeV/c)

+
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15 120 125

K* time = Generate time
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—_ IIII|

it~ time = Decay time



Lambda hypernuclei as a multi-body system with strangeness
High-resolution spectroscopy available thanks to narrow width of hypernuclear state
Investigation of AN interaction nuclear medium / (hyper)nuclear structure possible
More precise discussion on going thanks to recent progress of both experiment and calculation

High-resolution spectroscopy of electro-produced hypernuclei
Decay Pion Spectroscopy
Novel technique for B, measurement from Decay Pion momentum measurement
Excellent resolution (FWHM ~ 100 keV) and precision (6B, ~ 10 keV)
Measurement of hypernuclear ground-state started at MAMI, Germany
Improving hyp. yield ~30 times thanks to better beam intensity & PID etc.

Expecting decay pions from several s-, p-, (sd-) shell hypernuclei

Re-determination of Hypernuclear g.s. A binding energies
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