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***Tsovector Excitations
&
Isospin Symmetry

The ideas of “Isospin” and “Isospin Symmetry”
are important in IV excitations

that include T operator.
(e.g., IV-E1(GDR), Gamow Teller)




Giant Resonance (GMR) by M. Itoh
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IV Giant Monopole Resonance (IVGMR)
by P. Adrich




Nucleon & Coin

= Coin

back front

= Nucleon

proton neutron
similar mass .
nearly the same interaction

T,=1/2 T e 1sospin T=1/2

Size of Isospin T and its z-component T,

Isospin “T” has a similar (vector) structure to “J” !

T, T,
" T=0
=1 T=1 T=2_ T=3
0 P
Isospin in Tz=+1 Isospin in Tz=0
nuclei nuclei
If T,=+1 (or -1) IfT,=0

27=1,2,3, ... =27T=0,1,2 ...




Quantum Mechanics: Isospin

‘ ‘ =-12+(-12)=-1>T=1
=> only IV !

proton  proton

‘ ‘ T=-12 + 12=0 ->T=0,1
= [S+1V

proton neutron

‘ ‘ T=+12 +12=1 > T=1
=> only [V !

neutron neutron

Symmetry Natures of
Strong and EM Interactions

Strong interaction: between
proton-proton, proton-neutron, neutron-neutron

IV int. IV + IS int. IV int.
(pp-aligned) (p, n mixed) (nn-aligned)

Coulomb interaction: between
proton-proton, proton-neutron, neutron-neutron

Yes No No

Properties of EM int. has nothing to do with Isospin !
= EM int. distorts Quantum Number “Isospin.”




Isospin in simple terms

. Mirror Nuclei have
in their structure
Wi the same structure

the same? 5 in terms of Strong int..!
Mg, i
Hint:
Strong (Nuclear)

interaction is
responsible for
the main part of

Nuclear structure

O
O

**Fermi & Gamow-Teller
Excitations

**Simplest nuclear excitations

that include T operator.

**Especially, GT includes both Tt and ¢
that are unique in nuclei.




Vibration Modes in Nuclei (Schematic)

Electric Mode (AS=0)

Magnetic Mode (AS=1)

IS(AT=0)

IV(AT=1)

IS (AT=0)

IV (AT=1)

AN N N\
L-O :} \/> <\/)

Gamow-
Teller mode

(07)

Fermi & GT transitions have AL=0 character

—therefore simple (no change in the radial w.f.)

AL=0 transitions are favored in 3 and y decays

***B and y cannot carry large L

Fermi and GT transitions (weak processes) play

important roles in the Universe ! (Astrophysics)

0(0°) (Relative Units)

(p. n) spectra for Fe and Ni Is

S
Stre(p.n)’*Co

————

otopes

IAS

a1

8]

J EEPE—

IAS | SN (p.r

10

P PR B

1)64CLL_f

|

20

Excitation Energy (MeV)




Comparison of (p, n) and (*He,t) O° spectra
3Ni(p, n)>%Cu

§ EP =160 MeVJ. Rapaport et al.
@) 58Ni(3He, t)SSCu NPA (‘83)
E =140 MeV/u

Y. Fujita et al.,
EPJ A 13 (°02) 411.
H. Fujita et al.,
PRC 75 (°07) 034310

_ states

4 6 8 10 12 14

g Excitation Energy (MeV)

**Properties of GT transitions

Caused by the OT operator : a simple operator !

1) |[i> and |f> states should have similar spatial shapes.
- there is no space-type operator -

2) O operator: states with j. and j_ configurations are
connected. (ex.j. =1, and j.=f;),)

3) T operatpr: isospin quantum number T plays an
important role. (isospin selection rule)

=>GT transitions in each nucleus are UNIQUE !
(reflecting nuclear structure of each nucleus)




250

°Be(3He,1)°B spectrum (III)

YRR TR [N O TR A T N Y

200

Counts

150+

g.s. 3/2,T=1/2

'=0.54 keV

i, “Be(’He t)’B

E=140 MeV/u

=3/2 [

I'=0.40 keV

_14.6553/2,T

I’
2.361 5/2°,T=1/2

100+

50

500 1000 1500 2000 2500 3000
g.s. decays into p+2a. Channel

14.7 MeV T=3/2 state is very weak!
Strength ratio of g.s. & 14.7 MeV 3/2- states: 140:1

Shell Structure and Cluster Structure

Excited state: SM-like

;

ster-like

9C
T =%y

proton: ps, closed

z
neutron: p,, clo

suggestion by
Y. Kanada-En’yo

B
TSl




***Isospin Symmetry

an important idea to see the connection of
decays and excitations caused
by Strong, EM and Weak interactions !

There are many cases that the “operators” are the same
in transitions caused by “strong,” “EM” and “weak” int.

slight
asymmetry
- due to the
T= 1/ 2 Coulomb
Isospin b force
Symmetry

ermi

Wy oy |l Sy

Koelner Dom
in Germany
(157m high)




Nucleus & Coin

= Coin

= Nuclei

27 27 . _ )
13AlLy 4Sij;  T=UR2N+(12)2Z

T,=1/2 =-1/2 isospin T=1/2, 3/2, ...

z

Isospin of a Nucleus

T, = (12N + (-1/2)Z

*z-component: conserved

The size of a vector should be larger
A 7 than its z-component!
N T=or>|T,]

ex. 7A1 (Z=13, N=14) : T,=+1/2, T=1/2, 3/2, ...
278i (Z=14, N=13) : T,=-1/2, T=1/2, 3/2, ...

**only Z and N numbers are reversed !

Isospin Analogous Structure is expected !

10



Analogous Structures, Transitions in T=1/2 System
Real Energy Space Isospin Symmetry Space
N (p.n)-type
(p.n)-type
y-decay
g.s. /
— /// — A Y-decay ////f Y-decay
/ <QEC gS.yy % N A / g.S.
Y-decay Tz=+1/2 Tz=-1/2
(Z,N+1) (Z+1,N)
9S vy (stable)
Tz=+1/2 Tz=-1/2 -
(Z,N+1) (Z+1,N) Coulomb Interaction !
(stable)

T =1/2 Mirror Nuclei : Structures
T
(p.n)-type
I Vor -
(e€')
M1 y-decay v-d ecay
M1 M1
A
Bc;—decay
vy T+0OT \ vV
(Z,N+1) Vt+Vor (Z+1,N)
TZz=+1/2 T,=-1/2
15 15
7N8 807

11



N

T=1/2, 3/2 Isospin Symmetry for A=15 Nuclei

L83 22.9
oz L] 23.9 (Te3s2)
a— 282 0000 | 2156
9.3946
e
EEO Tt
583 142
4.66 3s2-
2.220 527
3,103 e
] EEEs
0740 scet[Meen _ _ £r
[11i.o1] v o e . YA DYE: g (1.3 (52
ISC 1!12"2 - [io.80] (7 )
15C e
-1.47
6 9 5 9ISF6 7
7 1557 3032ttt
g\ |e3239 3s2-
\ (52988
790 \ 52702 sz
-
B (03]
was vz,

71§1V8wz 81§b7

T =1/2 Mirror Nuclei : Structures & Transitions

L T
(p!n)_type
I Vor -
(ee')
M y-decay v-d ecay
M1 M1
A
Br-decay
LA A = \A A
(Z,N+1) Vi+Vor (Z+1,N)
To=+1/2 T,=-1/2
27 27 2
13Al 14 13

12



T=1/2 & 3/2 Symmetry

M1 tra. GT tra.
Vot Vot
C2=2/3 C2=1/3
(d,ZHC) i
g.S. : | g.s
= ’ 3 !
9.5.T=3/2 g%,&& vCHe,t)
C2=1/3 || C2=2/3
T=1/2
0 ‘ ls—_decay )
(Z-1.N+2)

Z.N+1)
(< Al)

(Z+1N)  (Z+2.N-1)
(<7 Si) (<'P)

T=3/2

**Higher T Symmetry

13



Byodoin-temple,
Uiji, Kyoto
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Nuclei & Coin

Coin

Nuclei

T=1 T=0 T,=-1 1isospin T=1 triplet

Transitions in real & isospin space (T=1)

Symmetry Transitions  from T=1 Nuclei Symmetry Transitions ~ from T=1 Nuclei
Tz=+1 —_ TZ=0 < Tz='1 Tz=+1 —> TZ=0 - TZ=-1
(in real energy space) (in isospin symmetry space®)

1t 1
(p,n)-type g*-decay
Vot ot
0 + Vi 0 + s IAS . 0 +
V}“_A/m
58 Ni 58 cu 58 zn
T,=+1 T,=0 T,=-1
58 5 58 58
(stable) 28N130 *%CUyg *°50Zyg
. 26 *after the 2yrectioh df 26 :
58 Ni M i i 3nemy 145112
Tp=+1

15



Analogous Transitions in A=26 Nuclei

1+

1+

T=1

N

T,=+1> 0 <-1
symmetry

16



T,=42>+1 -1&-2
symmetry

17



T=1/2
Isospin
Symmetry

Koelner Dom
in Germany
(157m high)

T=1/2 Mirror Nuclei : Structures & Transitions

AN —
(p!n)_type
I Vor =
(ee')
M y-decay v-d ecay
M1 M1
A
(1He,t Bc;ft-decay
LA A \A A

g
(Z,N+1) Vi+Vor (Z+1,N)
T,=+1/2 T,=-1/2

27 27 Q
13AlLy 149113

18



Symmetry in A=27 System

Experiments
TaSi TSin” Al
2 -~
q—>0 Ki 7 7. %
[ a0 Ry E(GD] NCRe)S | 3 B deeny
27 27 <
3t 298 + 288 N |
- L 7 4
L s
Good proportionality
g. . between both/B(GT)s ! i
> .
13y 145113 2o 00 u
T=1/2 T=-1/2 N ' ' -
2 2 BIGT)g BGT);

Byodoin-temple
3k - T

19



Nuclei & Coin

= Coin

back front

’ = Nuclei
L) o Symmetry in

26 26 :
2) transitions
T=+1 T,=-1 1sospin T=1 triplet

T=1 symmetry : Structures & Transitions

T,=+1 — T,=0 <— T =1

(in isospin symmetry space*)

T_=+1 Tz=0 Tz=-1

26Mg 26A1 26Si
Z=12,N=14 7Z=13,N=13  Z=14,N=12

20
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26Mg(p, n)2°Al & 2Mg(He,1)26Al spectra

R. Madey et al.,
PRC 35 (“87) 2001

Emwcitatiocorm E rm e rcy, E . ChAd =D
o
§ 6000—- :ET;H;’”ZBAI i Y. Fujita et al., h
- eV/u, 6=0 PRC 67 (03) 064312 |
4000+ |

Prominent statds fare GT states and the IAS !

2000 -
0600 2000 2400 2800 3200 Chg..grg
B(GT) values from Symmetry Fueien
Transitions (A=26 %, ¥ Koo
o b=y 5 R o
2 c, -dccay N b
B(GT) B(GT) Mg Hes) Al 3 | 1? (ecay |
0.106(4) 1+ 3.724 T J EEERRRRRRRRR
3.
0.117(4) + Iy
0.112(4) + — 2k
0.527(15) 1 -
1.081(29) /1+ |
C e JAS
o* 0: i L i
26M9 26 Ll EEEEEEEREN
T,=+1 T,=0 | 03 00 03 |
Y. Fujita et al., PRC 67 (‘03) 064312 B(GT)PF B(GT)ﬁ
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**CE reaction and 3-decay:
complementary tools

Counts

Comparison of (p, n) and (*He,t) O° spectra

3Ni(p, n)>3Cu
Ep =160 MeV

S8Ni3He )38

J. Rapaport et al.
NPA (‘83)

u
CE-reactions gives Viu

i Y. Fujita et al.,
only relative B(GT) values! EiFSEIRETIE
H. Fujita et al.,
PRC 75 (*07) 034310

Absolute values from
cay are needed!

I Ime
1 Ell. 1}

Q_—de

it

ey NN

0 2 4 6 8 10 12 14
Excitation Energy (MeV)
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B-decay & Nuclear Reaction

1 2
*[-decay GT tra. rate = . =@% B(GT)

1/2

B(GT) : reduced GT transition strength
oc (matrix element)?

*Nuclear (CE) reaction rate (cross-section)
= reaction mechanism

X operator

X structure

=(matrix element)?

A simple reaction mechanism should be achieved !
-» we have to go to high incoming energy

B-decay & Nuclear Reaction
1

*f-decay GT tra. rate = . =% B(GT)

Study of Weak Response of Nuclei il
by means of

1/2

Strong Interaction ! )
using P-decay as a reference
=P | =(matrix element)?

X structure

A simple reaction mechanism should be achieved !
-» we have to go to high incoming energy

23



Simulation of B-decay spectrum A
&5000 e e W8 8 . 8
S 4000, ) PCrCHe,)>Mn | 1 '
O | a9 E=140 MeV/nucleon 08 &
9 -
3000- S 6=0" L S
, Q, =8.152MeV 06 5
2000 & o4 &
1000 h F0.2 B
0 ] e | — J\ ﬁ\ )\JL\J{ 0
0 1 2 3 4
E in° Mn (MeV)
5000+t — B
2 000l B- decay 50Fe > 50Mn
IS T2 o *expected spectrum i
o < =] Sl
& 3000] 7 = N assyﬁmlng isospin symmetry
2 ] 2 O i QEC=8.152 MeV
2 2000- 3 o .
Q 1 o ™ t
£ 1000 i
(en | L
0 i T A A i — T T T T
0 1 2 3 4 0 5 6
EX in " "Mn (MeV)

RCNP Ring Cyclotron




Beam line WS-course at RCNP

Acceptance Monitor

muww

"}‘1"} -

BM7
Active Slit System P
arget and Faraday Cup 'Bﬂﬁ

P ¥
BLP2 gt Slit System

Grand Ralden ¥ il
“@ WS Beam Line

Dispersion Matching Techniques
w5 Ml

= BMZ2
BLP1 Q\

T. Wakasa et al., NIM A482 (°02) 79.

Slit System
for Achromatic Beam

Ring Cyclotron jg= @&
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SBNi(p.n)

E,=160MeV, O-deg., IUCF
J.Rapaport et al.,
Nucl.Phys. A410 (1983) 371.

IUCF

AE=—400keV
’
L ]
& Sl 4 H
reNP 4 - ]

« 1000 3 - 3 '

E sopNi(PHe, 1) Cu Y-Fujita et al.
o 800 \ E(He)=450 MeV,0=0 Ii: F‘ﬁgl- L<tt. BB 65
WS 00 ! | N (1994 ) 29

e l : .'!.; i 1 AN
] | ! | i A M WA | i
200 | n A 4 |.:; u | b S il LN
o .Y L - nA ‘ VL = .
[+] &) (5] he 1 12 14
Roine 1s not mdde ih:on¢ dayt-
WS:_ 700 I"I"'*" CEb— _: — .; ........ . H.F "tq,eta'-
& soo [ \ 4 . “EniCHe. 0 £ L3 byiterd
g soo | v Cle 1 YOMsV/u, O-degy PhD thesis
1 ' 2001 RCNP
:Zz [ AE=35keV ~ Fujita etal.
B L | Euro. Hlal- J. A
I . 13 (2oo02) 411
e 810 OV T | NP T o= = % mev)
e - 4 s 8 10

26Mg(p, n)?°Al & 2°Mg(3He,t)%¢Al spectra

| e ruoc S2e A R. Madey et al.,
S CP . .
=o | \ - e A ey PRC 35 (‘87) 2001
15 —
10
=

(=] = 1o 15 =20
Emxcitaticonmn Ermercy . E . ChAe=™~D
26mgepct-0BKG

8000 ' : : : :
1 === |;

] 26Mg(PHe, t)2°Al v Fui 1 i
6000 E=140 MeV/u, 0=0° - Tuita etal, i
- b = PRC 67 (‘03) 064312 |

2000+ | f
0_ -

1600 2000 2400 2800 3200 3%?3

Counts
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Counts

26Mg(3He,t) spectra

26mgspc0-08.KG
1500, T=1 Mg (He.t) Al
g Em=1lro MeV/u, 6=0°
~Information onj

10004
i eExcitation Er;q

rgy T=2
*Transition

i
H

500+

i e
E, in °Al (MeV)

***Selection Rules***

Selection rules: associated with good Q-numbers

27



Counts

°Be(3He,1)°B spectrum (IT)

250||I_Ii1||.||I|IkJIkJIl!!ulc\;llllljttt
] 3 9 —_—
N H | °Be(He t)°B &
2001 v 3/ ~ I E=140 MeViu ~e
I = No
N 1l oM<
1501 & g o e
| af) 3 © &
o - X
100- | g | '
J ([ i o | 1 |
50+ ! Lo L L
£ : WWW“
0' . T T T T T T
500 1000 1500 2000 2500 3000 3500 4000

g.s. decays into p+2a. N Channel
Isospin selection rule prohibits

proton decay of T=3/2 state!

Isospin Selection Rule : in p-decay of °B

p + SBe* 9B>X<
X, %
L lp—lh
W : S
p n p n
T,:-12 +0 = -1/2
T : 1/2 &0 (lowlying) = 1/2
T : 1/2 1 (higher Ex) = 1/2 & 3/2
*T=1 state in ®Be is
only above
E,=16.6 MeV

28



°Be(3He,1)°B spectrum (III)

250 PR T T Y i ..I lg- M I3k 1 é a3 1 s -(\; 1
2 o U i °Be("He )’B &
3 2001 73 ~ I E=140 MeViu o -
d =" p no L.
150_ ::E | o 87
o | <t
1001 | | g ‘_I I -
J [l t\i | 1 !
50+ M I 1
L ¥ e el
500 1000 1500 2000 2500 3000 3500 4000
g.s. decays into p+2o Channel
14.655 MeV T=3/2 state is very weak!
Shell Structure and Cluster Structure
Excited state: SM-like
9Li / °oC
=0 T,=3/2

neutron: p,, clo

ster-like

B
TSl

proton: ps, closed

suggestion by
Y. Kanada-En’yo
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B-decay and

PN
3 > |
(3He,t) results 2] SBeCHen) B
0.4
C. Scholl et al,
PRC 84, 014308 (2011) 021
0 : Il . ]
Q 4 8 12 16
i E, in °B[MeV]
B)
5 °c(p)’B
[=a]
e - -
L.Buchmann et al., 2 22
PRC 63 (2001) 034303. oo
U.C.Bergmann et al., N R I | B
Nucl. Phys. A 692 (2001) 427. 0 + s lﬁEx in 9B [MeV]
Summary

Isospin quantum number: connects mass A nuclei
-unique in nuclei-

Selection rules: associated with good Q-numbers

High Resolution: brings something new!
-one order difference makes the quality different-
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