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Introduction

> AN Interaction
> Magnetic moment ofA in nuclear medium
> Results of Hyperball experiment



N\ Hypernucleus

A hypernucleus - A is bound in a nucleus. g= A2

Nucleus

§=.co heutron star?
strange hadronic matter?

AA Hypernuclei
4E H_);pernuclei s;__

“S=-1"region

Strangeness

.Wi’ﬁr.unmwwmww.w

neutron number

Baryon other than
nucleons(p/n)

—

N-N interaction = B-B interaction
“/A-N Interaction”

Deeply bound

B in anucleus =g baryon properties in the
w/o Pauli effect

The possible change of

nuclear medium
“ Magnetic moment oA’
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Basic properties of A and production

reaction

Decay
» T1,~230 ps (free space)
» NA=»pr1, nT : AN=>NN (dominant decay mode in nucleus)

Interaction

» Onemexchange forbidden (T,=0, isospin conservation)
=p-\\/eaker interaction

» U,~30 MeV vs {~50 MeV

Reaction : (K, 1T)
» Secondary beam : Intensity ~10Hz (full intensity at J-PARC)
» Beam momentum : ~1 GeV/c
» Momentum transfer
= =100MeV/ic (G):AL=0
= g =150-200 MeV/c (10-19 : AL=1, 2
» Cross section : a few 10~1Q@b/sr
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Study of A-N Interaction

Hyperon-nucleon / Hyperon-hyperon scattering impradical
—» Y-ray spectroscopy

: Theoretical calculation from
Experimental result - |
:L?avel scheme P | free space/\N interaction model
compared via G-Matrix method

4 spin-dependent interaction

»> Spin-spin
r Jr1/2 » N\-spin-dependent spin-orbit
v v A » Nucleon-spin-dependent spin-orbit
A7 v > Tensor
Core S ?Z ?/\

nucleus Hypernucleus  Jz1/2

Spin dependent interaction

» Energy spacing of hypernuclei (~a few 100 keV).
e.g. 26 keV spacing @°,0O
=» Only y-ray spectroscopywith germanium detectors (2-3keV)




Magnetic moment ofA In nuclear
medium )

. g
> W, in nucleus '

= Medium effect of baryons —>
A
Partial restoration of chiral symmetry Swelling?
Reduction of constitute quark mass ? Mass reduction ?
Swelling?
. . 4 J#+1/2
W, In nucleus is extracted from 6
. . . v A
N-spin-flip B(M1) transition w17
measurement. Core 4% T ?_AW
(Direct measurement is extremely difficult.) Hypernucleus s
. | Spin-fl
MeasureT by Doppler shift attenuation method B(pl\l/rrl) Itriansition

Established for “hypernuclear shrinkage” in 7,Li from B(EZ2)
PRL 86 ('01)1982 /



Results of Hyperball experiment
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Results of Hyperball experiment

“Li (n*,K*y) KEKE419 %Be (K,my) BNLE930(98) 108 (K- x) BNL E930(01)
(Tl+ L.\ N\ \/—\/ 3.563 0-+---- .1/24+qnﬂ
(k-,{ Parameters of 4 spin dependent interaction are deteined.
=J-R » Spin-spin force
“Tall » A-spin-dependent spin-orbit
» nucleon-spin-dependent spin-orbit
» Tensor force
Consistency check
w8 Three-body AN-2N coupling
Charge symmetry breaking in mirror hypernuclei (4,H,4\He) |5
o7 | mp SYStematic study at J-PARC
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Experimental method and
detectors

> Experimental method
> Magnetic spectrometer
> Hyperball and Hyperball2



Hypernuclear y-ray spectroscopy
experiment

Magnetic spectrometer + Hyperball

=» Huge background
* To select the bound region of hypernuclei by magniet

spectrometer is essential.

Missing mass analysis magnetic spectrometers
(identification of hypernuclear bound states )

Scatteredrt, K*

S
" y-ray measurement byGe detector array

BeamK-, 1t

- |y rays from hypernuclei : Reactionsy coincidence




Example of reactiony coincidence

Reaction : 1" + *“C =» %,C + K*

12 C level scheme

3/2 11C+A
1/2 2
12 C missing mass spectrum T 0
A T pm———=m ‘ =
. = 2" | 11 MeV
— e ; - v
| u = 1_
p-state = 2
- ' —3 3
B ——— 3 2_
)
S'State y : N ie) o | A
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1. Er (keV) 1- |2.6 MeV
20F E l
A R I B . % WE W/ Doppler shift correction s states region 2
a 0 © < S — oy 14 a
- —_ - — STk
| (ASIN §T0/15/qm) °"§ 10 12 C 1 0 MeV
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Magnetic spectrometer

Requirements for spectrometer
» Large acceptance ~100 msB=0-20 degree

=» Efficient tagging of hypernuclel and angular
selectivity

» Good momentum resolution 2-4 MeV/c (FWHM)

=»|dentification of bound states of hypernuclei (mas
resolution ~5 MeV (FWHM) )

> Particle identification

SKS@KEK

0.1%FWHM (0.72 MeV/c)
@ 720 MeV/c2.2T

Acceptance 100 msr @ 0.72GeV/c

Maximum central
momentum

Momentum resolution

1.0 GeVic@ 2.7T




Design of magnetic spectrometer

SKS system designed b{seantdsimulation for J-PARC

//// \ Mass spectrum
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Timing counter PID from Time-Of-Flight

=P T0 estimate requested time resolution

Scattered particles are measured by
drift chambers.

=P Optimize the configuration to _
maximize the acceptance NOt Only the dGSIgn Of Ge deteCtOl'

array but also magnetic spectrometer




Hyperball-J



Hyperball and Hyperballz

L~ b SN

! @ KEK, BNL

B Hyperball project

+ BGO counter
sy~2.5%

Hyperball (1998- 2002)«r ‘

Hyperball2 (2005- )
@ KEK, CYRIC

10h anniversary
2008

14 single type Ge detectors (60%) 14 smgle type Ge detectors (60%)

6 clover type Ge detector (120%)
+ BGO counter
£,~4% 16



Technicalities of hypernucleary-ray
spectroscopy

* High energy mesonic beams(and K)
— A large energy deposit (~50 MeV) by penetratingg

— High energy deposit and counting rate on Ge det.
 0.5TeV/s &50 kHz

— Transistor reset preamp with low gain 150 MeV/reset
( 30 MeV/reset for Gammaspher )

— Use of Ultra high rate amp. (ORTEC 973U) with Gl

— Sever neutron damage

— No beam duct

« Typical experiments
— ~1 month beam time
— Atick target ~20g/cn?
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Hyperball-J Ge array at JPARC

Planar arrangement

Half the array shown

Ge detectorx32

-70% relative eff.

-N-type

-Transistor reset type
(150 MeV/reset)

Total photo peak eff.

~6% for 1 MeV yray

R&D

Mechanical cooling

— Radiation damage
PWO suppression

— Fast suppressor
Waveform analysis

— Pileup and baseline
restoration

Designed by N. Chiga



Temperature dependence of neutron damage on

Ge det. resolution
FWHM/FWTM VS. Temperature
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183MeV neutron of 3.2x18n/cm? irradiated on n-type coaxial detector
E. Hull and R. H. Pehl et al., IUCF Ann. Rep. 1431993)




| Mechanical cooling of Ge detectors

 Pulse Tube refrigerator
— Fuji electric systems

* Transplantable Ge det. design

* Pulse tube mounted (Dec.,2007)
— Input power: 160 W
— Water cooling + Fan
— C/H: 57 K
— Ge crystat 71 K (Bias off 69 K)

 Resolution (needs improvement)
— LN, 2.1 keV (at ORTEC & SEIKO)
— LN, 3.0 keV(2.3 keV) at KEK
— Pulse Tube: 4.5 keV(4.0 keV)




PWO back ground suppressors

BGO Crysta| (‘[~3OO ns) too Number of photo electron
slow to be used at J-PARC |, 0KV
- PWO crystal (t~6 ns) go00 Red:-25 degree

Bule:0 degree

Small light yield of PWO ool
crystal=» Doping and cooling | s

Green:20 degree

of the crystal jzz
3005
Crystal BGO PWO o0l
Decay constant [ns] | 300 ~6 100;
0_|\|||||||||| s PR A
Radiation length (cm) | 1.12 0.89 05 10 O ber of photo eloctron
Light yield [Nal=100] | 15 ~1
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Summary

 Hypernuclear y-ray spectroscopy
— Extending the nuclear chart into strange sector

— AN Interaction as the first step to investigate B
B interaction

— Nuclear medium effect on/\

e SKS & Hyperball-J at J-PARC

— Reactiony spectroscopy

— Hyperball-J Ge array
e Planar arrangement
» Pulse Tube cooling
« PWO background suppressor
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Thank you



Backup



AN Spin-dependent interactions

» Two-body AN effective interaction
eff - Bl -
Van = Vp(r) + Vo(r) sysy + Vp(r) Liysy + W(r) LSy + Va(r) S
V A S, Sy T
p-shell: 5 radial integrals for p s, w.f.
A =V {r) umpredr, r=r s r o

Dalitz and Gal., Ann. Phys. 116 (1978) 167
Millener et al., Phys. Rev. C31(1985) 499

Millene[’s approach

Well know
from U, =-30 MeV

Level spacing: linear combination
(K-!TE-) or (Tl:+! K+) Of A; S/]’ SN1 T

“Hyperntclear
SN v |y J41/2 Fine Structure
J / / split by
YN AN spin-dependent A 'S T
A1z f/ o a i interactions 7 =N
A < 0.1 MeV
AZ core J-1/2 ~ ©

Ainos

25
(AE ~ 2 keV FWHM)



Observation of Hypernuclear Fine Structure

BNL-AGS E930

1 - 1
9Be (K', T Y) 9ABe °0 (K , T Y) 6AO
40 . I
E 43+5 keV w/ Doppler correction 2 vV
Z Ak : (spectrum revised) % {

= v
= ™l
U oo
=
; &)
D:u PRI (S TSI () A LI AP LU b ST L S0 W 1 A S AT A T S U

g 7 3 ;

Sl s e 6400 6500 6600 6700
By (kev) E, (keV)
9Be (K-, 1) 16 0 (K-, 1)
3.040—_?::—_:::::“__3/2:/ 3.067 6.18 3/_2_;::::;;:——2'-/
MeV h 5/2+ 3.024 Mev MeV | 1- 6.960 ey
E2| |E2 w1l M1
+ -
0 _‘:J ----------- 41/2’4-/ 0 0—"—1/?:::'_'_ """ i‘/OOQG
8B 9 15 o O
Akikawa et al., © ABe Ukai et al., O 16

PRL 88 (2002) 082501 PRL 93 (2004) 232501 4



Determination of the spindependent
force parameters

A,S, T: consistent
AE =-0.044 + 2.46S + 0.99T

AE =1.294+ 2.17S ,- 2.38T ot 3/2° 3/2 1-
o 02! = 3kev
3 ! 471 keV
’~T"—5/2+
. 32"
1+ ’.‘: 692 keV O+ R L 2 / 1/2+ 1/2’ 4 1
6L| . 1/2+ 8Be 150 E:. \ 4 O_ 26 keV

AE =1.44 A+ 0.05S ,- 0.27T /E =-0.38 A+ 1.38S .+ 7.85T

/ 7,Li l 9 Be l tNe

A= 0.4 MeV S,=-0.01 MeV T =0.03 MeV
PRL 86 (2000) 5963 PRL 88 (2002) 082501 PRL 93 (2004) 232501

All the spin-dependent force parameters determined.



Feedback

Nijmegen meson-exchange models

to l 4 s, S, T  (MeV)
-0.048 |-0.131 -0.264|| 0.018 |

BB Iinteraction nr 0072 | -0.175 -0.266|| 0.033 || c-matrix catc.

models

o, W, ..

g

bod

K, 2, 1, ..

NSC89 1.052 | -0.173 -0.292|| 0.036 | [ by Yamamoto
NSCO7f 0.754 | -0.140 -0.257|| 0.054

( “Quark” 0.0 -0.4 )
Strength equivalerjt to quark-model LS f@rce by Fuji wara et al.
EXp. 0.3~04) -0.01 -04 W 0.03

Hiyama et al., PRL 85 (2000) 270
Fujiwara et al. Prog.Part.Nucl.Phys.58 (2007) 439.
Origin of the AN spin-orbit force
=> Quark-gluon exchange
rather than heavy meson exchange
Should be the same for the large NN spin-orbit fore

Origin of AN tensor force
=> Meson exchange. Same as NN tensor force
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Ge detector and BGO counter

BGO  pur
Beam intensity : ~10 Hz
LN, Dewar
» Hadron beam : Beam halo (~15 cm), ~ |
many scattering particles from target — )

(target size ~10 g/cr) Ge detector g |
=High counting rate and many N d or
background ngie type detector

Ge detector BGO counter
* Counting rate : 50-100 kHz * Background suppression
» Transistor reset type preamp » Compton scattering
» Gated-integrator shaping amp » Charged patrticles
> TC decayy ray
Dead time : ~50 %
Radiation damage Overkill : ~10 %

29



3 essential requirements for mechanical
cooling of Ge det. for Hyperball -J

e Cooling power

— Ge crystal temperature
less than 85K when
biased

e Low mechanical vibration

— Minimization of
microphonics noise

e« Compact size

— Realization of the planar
arrangement of Ge
detectors

Pulse Tube Refrigerator

— Fuiji Electric systems Co. Ltd.
oW at 77K

— Input power: 160W

— Ambient temp. 25°C
Weight 8.5kg

50,000 hours maintenance free
operation
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Summary

Study of A hypernuclel

— AN Interaction

— Nuclear medium effect

Spin dependent interaction

— Small energy spacing> Ge detector : Hyperball

— Essential parameters determined by the past
experiments

Hypernuclear y-ray spectroscopy
— Particle-y coincidence

Ge detector array: Hyperball and Hyperball2
Magnetic spectrometer: SKS
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