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Introduction
- What are hypernuclel ?-



Nuclear physics with strange quarks
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Strangeness

3D nuclear chart
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Properties of A

Mass: 1116 MeV (the lightest hyperon)

uds

- S=—1

— Spin & parity: 1=1/2*

— Isospin: T=0

Lifetime:

— 1,=263ps (free space), 100~200ps (in nucleus)
Weak decay mode

A—p+m (Q=38MeV)
A—n+1’ (Q=41MeV)
An—n+n (Q=176MeV)
Ap—p+n (Q=176MeV)

Mesonic

Non-mesonic

(only in nucleus)




Production of A hypernucleus
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O. Hashimoto, H. Tamura / Progress in Particle and Nuclear Physics 57 (2006) 564—653



A Hypernuclear chart
(2010)
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Hyperball

~ the world first Ge det. array

for hypernuclear y-ray spectroscopy™

———ny m
w3 *\» \

*Technique pioneered by H.
Tamura in 1998

14 co-axial N-type Ge detectors
*BGO background suppressors
«2.5% total photo peak efficiency
at 1 MeV

Hyperball 1998~2004
BNL and KEK



Introduction
- the physics -



A as a nuclear probe: shell structure
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Magic number : Spin-orbit force
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Nuclear matter incompressibility
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y-ray spectroscopy of hypernuclel
~the AN Interaction~



Nuclear force

Unified understanding
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Phys. Rev. Lett. 99, 022001 (2007)



Two-body effective AN interaction
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y-ray spectroscopy of hypernuclel
~the experimental methods~



Hypernuclear y-ray spectroscopy
ultra high counting rate and back ground

.Beam species: &, K Ge detector

> secondary_hadron beam Single counting rate :
>Beam halo: ~15 cm
.Beam intensity : ~108 Hz(107) S0kHz ~100kHz
.Target thickness: ~10 g/cm? (250kHz)
>Scattering particles from target
> Compton scattering (~300keV) Energy deposit rate:
> 700 decay 0.5TeV/s(2.5TeV/s)
> N> n+m0
» K> m-m°

> T°>vry
» High energy charged particle

(~50Mev) A t_arget
> Neutron scattering used in E566
> Neutron edge (CH,), 18.6g/cm?




E566 experimental setup

Lucite Cherenkov

12C( T +, K+) 12AC \ Aerogel Cherenkov
+

TOF counters SKS
11
AB+Hp l

Drift chambers

Hyperball2

Drift chambers =
\ CH2 target

BH2(timing counter)

Drift chambers

BH1(timingcounter) Q7 Q8 D2
Gas Chere nkuv\
~

pal™

1.05 GeV/e
- 3x10°/spill
BEAM =¢eGC ® (TOF : BH1& BH2)

K'=Tof ® LC® AC1® AC2

20



Hyperball 2

*KEK 12 GeV PS K6 beam line
«October, 2005
2C(7r+, K*) 12,C/ A 1B+p
* p.=1.05GeV/c
Target: (CH,),18.6g/cm?
*Trigger: n*K*= BEAM @ K~
e|ntensity:

o 3x10%spill

o 2x10%2(total %)
*Reaction spectrometers: K6/SKS
e y-ray detector: Hyperball2

—

Hyperball2 at KEK 2005
E566: last experiment at KEK PS
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Assignment of y in 12, C
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Assignment of y in 1, B

3 v rays coincident
with the p, region
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Thick target

— Cannot use an enriched target -> limited number of
targets

— So far only DSAM to measure lifetimes
v-Y coincidence not yet a standard

Experimental determination of spin and parity from
y-ray transitions yet to be performed

Use of PMTs for ACS in fringing fields of a magnet

— Heavy shielding required

Reaction-y coincidence
— event by event reconstruction of reaction kinematics
— reaction point and recoil velocity information




J-PARC and Hyperball-J
~the E13 experiment~



Japan Proton Accelerator Research Complex
(J-PARC)
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J-PARC E13 experimental setup | SKS spectrometer

(K-, ) reaction @ px = 1.5 GeV/c

SksMinus

Beam line spectrometer




1l
b a1 y

Sl n

QueeYanngs
DRnons

-




v -ray hypernuclear spectroscopy

@ at J-PARC : E13

___________________________________________

| Hyperball

- (O Hyperball-J (E13)



The Ge array: Hyperball-J

Total budget ~3M USD
Designed started in 2005
Graduate students as a main work force




Hyperball-J Ge array

A Compact arrangement Half the array shown
A Ge detector x32 (full set)

A Total photo peak eff. ~6% for 1-MeV 7
ray

A High modularity

A Adjustable geometry

A Remotely controlled

A Radiation hardness

A Fast background suppression

A Pile up separation and baseline restration

Planar arrangement




HBJ detector unit

*N-type

*Relative eff. 60%

*Transistor reset type
150MeV/reset
20~50mV/MeV

*Pulse Tube Cooling
crystal temp. :~70K
Radiation hardness

*Temperature monitored on line
Bias shutdown
Gain correction

Pulse-tube cooler




Ge det. 1nit: nerfarmance

~ Gesensor % |
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Stirling 10000 3 1keV/ .
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81000\‘MJ |
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i

Control display (for a single detector)

Bias unit
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Background events
In hypernuclear y-ray spectroscopy

Energy<lMeV
e Compton scatter

Energy >10MeV

e 7 9%decay
N> n+ 0
K-—>m-mo
9> 7ry

 High energy charged
particle




Compton & background suppression

by PWO crystals
Conventional BGO counters Crystal BGO PWO
. Effecti | 75 76
PWO(PbWO,) counters ective atomic
number
Typical pulse shape for 661 keV Density [g/cm? ] 7.23 8.28
’; __________________ EEEEREY Decay constant [ns] 300 ~6
S- (p-e) | Radiation length 1.12 0.86
(a)PWO Light yield [Nal=100] | 15 il
400 g
) Ime (ns) Never used for low energy nuclear vy
E ' {‘”"%hé&@h’ . . .
S (1pe) To increase light yield
(b)BGO E Doping
E Cooling

0 500 1000 1500
Time (ns)



Results of measurements

Average waveform

= € C
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Height and width of a signal 20°C-6.0
changes with temperature. 0°C->11.5
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Counts

PWO suppression performance

Measurement at -20 deg. Simulation
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>100 keV 0.19 0.33 >100 keV 0.26 0.51
>500 keV 0.31 0.49 >500 keV 0.35 0.59
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sd-shell hyprenuclei
~25A|\/|g ~



21:20 Possible sd-shell A hypernuclei
via y-ray spectroscopy with
(K-, ) & (n*,K*) reactions

[ even-even

ya O\. mirror

. Most abundant isotogjes (target)
D ~10% abundance
. proton decay
. neutron decay




Bound states of sd-shell nuclel and hypernuclei

30

» Co-existence of shell (mean field) |
and cluster-like structures i
* More valence nucleons
higher level densities
(especially odd-odd)
o Collective (rotational) excitation

Binding energy (MeV)
= & 8

w

*p , states also bound S

208 -I f ‘
108 . A Single-Particle States

. Emulsion
., (Km)
. (mK)

* Shell model

e Cluster model

 Self-consistent calculations
‘RMF
eHatree-Fcok+BCS

«AMD

. L
0.05 0.10

213
A

D. J. Millener et al.,

0.15

0.

20

Phys. Rev. C, 38 2700 (1988)
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y-ray spectroscopy of %, Mg

* Well deformed & even-even core hypernuclel

— low and simple (regular) energy level

— direct observation of core polarization effect of A
* Nuclear density saturation at the g.s. with little change in size, but a
shape can change in (B3,y) plane
« A few 100 keV change
« Observation of spin averaged 2,*, 2,*, 0,*— (B,y)
e Observation of 4,*

* p,-bound-states particle stable (Bp=11693keV Bn=16532 keV)

— Observation of p , splitting in the sd-shell
 Hyperball-J with LaBr, Csl detectors (?)

e Use of a natural target
— possibility of increasing the number of accessible hypernuclei
— atest case for heavier hypernucley beyond sd-shell




*4Mg level scheme
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