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Three-body force and A(1232)

Phenomenological
three-body force
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Delta can be generated by
1t exchange and play important

Delta(1232) Spins=3/2, Isospin T=3/2 roles in 3-body force.

We introduce A in two-body force as the origin of three-body force.
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Treatment of the delta state

We add the delta degrees of freedom in two-body interaction.
N N N A A A
(EX.) T T ‘ T ‘
N N N A A A
NN channel NA channel AA channel

Many-body force processes can FL7 I b b A A
be treated by the two-body = A A A

correlations with delta.
(EX.)

Two-body NN interaction with delta degrees of freedom - AV28 pote ntial

We study the three-body system with delta degrees of freedom.
Effect of three-body force ? Tensor force from delta ?



AV28 potential

R.B. Wiringa et al, PRC 29, 1207(1984) AV14 & AV28

AV14—->bare NN interaction, 14 operators term
AV28—->bare two-body interaction with A degree of freedom
NN,NA,AA channel , 28 operators term

Structure of A part potential

NA. AA without transition V:VS+ VI+Vn (B |.I II
N<>A transition V:V7t () l' " I'

V +V, The short- and intermediate range phenomenological part : same NN potential
V_ Pion exchange part : Yukawa & Tensor type function

Coupling constant (2 1 /41)=4(f2 \/47), (2 4,/41)=0.04(f2 \\/4T)

Brown and Weise, PRC(22)279 (1975)

Reproduce the deuteron properties and NN scattering phase-shifts
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AV28 potential

R.B. Wiringa et al, PRC 29, 1207(1984) AV14 & AV28

AV14—->bare NN interaction, 14 operators term
AV28—->two-body interaction with A degree of freedom
NN,NA,AA channel , 28 operators term

Structure of A part potential

NA. AA without transition V:VS+ VI+Vn

N<&>A transition V:V7t 400
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Effect of A In deuteron

30 Deuteron 1° AV14 AV28
_ 20.9+3.1 kinetic | | L*S 0.4 0.8
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10 F 8.8 Central Puww [3S:] % 93.9 93.3
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Effect of A In deuteron
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E[MeV]
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Deuteron 1° AV14 AV28
20.9+3.1 inetic | |L"S 0.4 0.8
19.1 L +Mass |2 3.1 36
(L-S) -4.0 -4.1
3 0
58 Central| | P [S:] % 93.9 93.3
Pun [°D4] 6.1 6.2
-1.9
_ ............. Energy PAA [351] 0_04
-2.2 2.2 Paa [3D1] 0.02
Pan [7D1] 0.42
-25.4(NN .
...... 5() Wave function
-35.3 \IINN — ‘SSI> + |3D1>
Tensorl Uan =1’S1) + [’Dy) + "Dy +|'G))
: ' 3 7
AV14(w/o A) AV28(with A) Tensor couplings between 3S,(NN) and D, (AA)

provide larger attractions. 7



Effect of A In deuteron
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20.9+3.1 Kinetic

191 +Mass
8.8
Central
-1.9 ,
————— Energy
2.2 -2.2
-18.8
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-35.3
Tensor

AV14(w/o A) AV28(with A)
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____________________________________________________

Central force components '

AV14 = —1.9 MeV (attractive)

AV28 =

8.8 MeV (repulsive)

____________________________________________________
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Effect of A in ‘E channel (T=1)
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| with AV28

-14.1

R=2.0 fm

13.2+4.6

5.3

18.3+6.3 Kinetic

+Mass

9.0

K
.
o
0
K
K
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o

-18.2

R=1.7 fm

Energy

R=1.4 fm

Wave function

Uny = |'Sp)

Uan = ['So) + [° Do)
VU na = |?Dy)
Hamiltonian

with radius constraint

H=H + AR?

Tensor <S(NN)| V| D(NA)>
-24.8 <S(NN)|V;|D(AA)>

]




Previous work for triton including A

Two groups have studied 3H including delta degree of freedom by Faddeev caluclation.

1.Hannover Group (A. Deltuva etal PRC68,024005,(2003))

NN-+NA model space with Bonn potential > (E;=- 8.2 MeV)
AA states are not taken into account !!

2. Los Alamos Group (A.Picklesminer et al [1]~[5] )

NN+NA+AA model space with AV28 potential - (Eg=- 7.3MeV, E;(exp)=-8.4 MeV)
Model space restriction ? They truncated L=4 (G-wave) contributions in AA state.

Deuteron wave function
‘IINN — |351> ‘|‘ |3D1>
Uan =PS1)+ P D)+ |"Dy) + "G1) < 0.0a%

(Ws|S12|Pg) =0
Transitions between D-wave(NN) and G-wave (AA) are not negligible Il (¥'p|S12|Wg) # 0

NO G-wave Ez= —1.6 MeV, Tensor= —28 MeV
- Full E; = —2.2 MeV, Tensor= —35 MeV

__________________________________________________________________________

[1]PRC44,1359(‘91),[2]PRC45,547(‘92),[3]PRC45,2045(‘92),[4]PRC,2624(‘92),[5]PRL,68(‘92) 10



Triton including A degrees of freedom

*H wave function Wy — Wonn + Fruan + Pann
WYian = lIJNAZN -+ lIJNA?,N =+ \PNAl
YN = \IJAlAZN + ', AN T \PA3A1N C

We take into account all nucleon can excite the delta state.

Valiational calculation with Stocathtic Variational Method(SVM )

Few Body System 42(2008 )33 Y.Suzuki, et al

Most important configurations for tensor correlation (TOSM concept)

—

‘IJNNN — LIJS + \I—’D Myo, Toki, Ikeda PTP 121 (2009) 511
K.H., Myo, Toki, Ikeda PTP 127 (2011) 1109
- Yy =¥ +¥;

Yoy =% +¥ + Y,

—
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Result °*H with AV14 & AV28

SH Jr=1/2 7%
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Result °*H with AV14 & AV28

SH Jr=1/2 7%
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Summary & Outlook

1.

As the origin of many-body force, we introduced the delta degrees of freedom
in two-body interaction .

We used the two-body interaction AV28 including delta.

The transition between nucleon and delta provide large tensor correlations in
deuteron and triton.

In the triton result, the tensor component extremely large and the changes of
hamiltonian components are similar to the deuteron results.

We will develop the treatment of the delta state in the frameworks of
TOFM=TOSM = EBHF.
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Tensor Optimized Few-body Model for s-shell

TOFM wf.  |T) =

U)s + |¥)p

U — ZCA[?,[JSPME spm]JX;fﬂspin

Jacobi coordinate x;,X, For “He Total J=0, S-wave (L=0,5=0), D-wave(L=2,5=2)

Basis function correlated gaussian basis with the global vector

space ]. N N L N Few Body System 42(2008 )33 Y.Suzuki, et al
ro = exp(—ﬁxAx) x| “ Y (%)
N—1 N -1
Correlated gaussian XAX = Z Aini FX global vector UX = z : u, X,
] i—1

Variational calculation with the Stochastic Variational Method (SVM)

*All parameter of basis function are decided to obtain the energy minimum.

*The amplitude are decided by diagonalization.




Effect of A In deuteron

We would like to discuss the effect of delta in deuteron.

Deuteron J*=1", T=0 (No NA channel)

Wave function U =Wy + Pan

‘IINN — |351> ‘|‘ |J_D1>
Wan =*S1) + PDy) + "Dy + |'Gy)

Hamiltonian

A% (m, +m,)
a 2 VfZ +V12

H=(m +m, —2m ) + 2m.m, ;




Effect of A in two-body system

Effects of large tensor force by the transition between N and A

3E channel (T=O)W
N

T
N A A
N N A
1E Channel (T:l)h‘ ............... | <LIJNN I\/T | LIJNA> —_~ _8Mev
T 8
N N N A

NA states (T=1 channel ) also generate large tensor correlations.
—> These transitions play important roles in three-body system.
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Effect of three-body force by A

We analyze the by the A excitation.

We separate all the A excitation processes into 2-body & 3-body force contributions.

(¥ |ZVU’ |W) = (2body) + (3body)

/2 body processes 4 3-body processes

________________________________________________________________

The last one nucleon does not | | " All nucleon contrlbutes to the A excitations.
take part in the interaction. | “orrrrrrrmrmrmrmmmmmmmmmmmmmmemmmss s '

______________________________________________

AN —2N coupling E. Hiyama et al, PRC65, 011301(R) o



Feshbach projection operator method

Projection operator P and Q Normalization P +Q =1

Wave function with delta

PV =CW¥
U =CUy+ DU, N Nucleon states

QY = DV, Delta states

Schroedinger equation HY = EV

PHPY + PVQVY = EPY HYC +GD = EC
QVPY + QHQY = EQU — H®D +G'C = ED

We eliminate the D using the second equation and obtain,

(H" -GH? -E)"'G"-E)C=0

We can obtain the effective potential. Véff =V — G(HQ — E)_lGT
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Separation 2 and 3 body force with PQ method

PU =CUy
QU = DU,

Projection operator P and Q

(H' —GH? -E)'G'-E)C =0

G=(PVIQ)  G'=(QV|P) 1 2 3
Two-body forces are constructed by 1-2 pair interaction
or-ca-prd,-re—a |

G = (PVia|@) Gl = (QVie|P) Hp=(QIHi2|Q) | ,

Three-body forces are constructed by 1-2 and other pairs interaction

(H" = Gio(HE — B)'Gl, — B) C =0
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I )LAICEHK T )L A

‘I’NN — '351> ‘|‘ |3D1>

- ‘I’&& —_ |381> + |3D1> + |?,E:;}1_1IH + |TG1>
’ff'GOOMeV NNOS, M54 T ILadD, =<

TV ILADKEL

IV ADITHINERNCFHET DL
<7DAA |V7r812|38NN> ~ (fﬂIZ\IA [47z)Mg ~ 4.0
<3DAA |V7r812|SSNN> ~ (fmz\m l4x)Mg ~ 0.7

(°Das [V, S1,°S ) ~ (F A0 /47)M ~ 0.1
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#EE _10dd Fr <)L -

J=1 Radius 1.70 fm
Energy [MeV] 25.6
Kinetic 23.25(NN=23.16)
Central 2.76(NN=2.79)
Tensor -0.92
T
I
(L=s)2 | e
Puw [*P1] % 99.93
P, [tP,] 0.005
P, [°P,] 0.032
P, [°F4] 0.029

10 F¥> 1)L L=odd, S=even, T=0

Uy = |1P1}
Uan = |'"P)+ PP+ °F)

FITIAEDTUVILAIK,
(ZEAEBMDIEN,

3E(EPGF) TRERLT=&DIZ,
AE(E[3/2 X 3/2]=3DIKEEIZ
HEOMTE, 202D IREE(E.
IFENTTLY,
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#E28 _30dd Fr )L -

30F > JL L=odd, S=odd, T=1

J=0

Radius 1.70 fm

NAZEL

Energy [MeV]

20.1

20.4

Kinetic 23.18(NN=22.99) 23.19 (NN=23.07)
Central 1.27(NN=1.31) | 1.34 (NN=1.32)

Tensor -6.87(NN=-5.41) -6.26(NN=-5.31)
L=S 1.12 1.06

L2 -0.07 -0.07

(L=S)? 0.82 0.77

Pun [3Po] % 99.85 99.94

P,y PPl 0.0004 0.0009

P, [7Fol 0.06 0.05

Pua [PPo] 0.08 | @ -

NN®D3P,MEF T ILADTF,
[ZE<TVIL D KREZL

1=1,2D4KRREIZIX.

T IL D& H%E
F LIS
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FERIZCHZD=ARITDOHE
FiR-2kh FEE-2KH+31KH

d +nucleon
elastic scattering
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G
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K. Sekiguchi Few-body System (2012) 26



