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Motivations

� few-nucleon systems are excellent testing grounds for

the nuclear interaction

� Two-nucleon potentials, three-nucleon potentials

� bound states

� scattering states

� comparisons to the experimental data



The Correlated HH expansion
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Modern  potentials can be put in the general form
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� the short range part!��  � is parametrized with a

certain number of parameters (typically around 40)

� !
�  � is the OPEP

� the electromagnetic potential
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The long range part of the Coulomb potential contains
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The long range part of the Magnetic Moment interaction is
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The � � � bound state

Hamiltonian �H �He

B(MeV) B(MeV)

AV18 (' � �(�) 7.618 6.917

AV18 (' � �(�� �(�) 7.624 6.925

AV18+UR (' � �(�) 8.474 7.742

AV18+UR (' � �(�� �(�) 8.479 7.750

Expt. 8.482 7.718

Interaction term )(�H)-)(�He)

Nuclear CSB 65 keV

Point Coulomb 677 keV

Full Coulomb 648 keV

Magnetic moment 17 keV

Orbit-orbit force 7 keV

&-"mass difference 14 keV

Total (theory) 751 keV

Expt. 764 keV



The � � � bound state

AV8’ potential

Method T(MeV) V(MeV) B(MeV)
�

����(fm)

FY 102.39(5) -128.33(10) 25.94(5) 1.485(3)

CRCGV 102.25 -128.13 25.90 1.482

SVM 102.35 -128.27 25.92 1.486

HH 102.44 -128.34 25.90(1) 1.483

GFMC 102.3(1.0) -128.25(1.0) 25.93(2) 1.490(5)

NCSM 103.35 -129.45 25.80(20) 1.485

EIHH 100.8(9) -126.7(9) 25.944(10) 1.486(1)

AV18 B(MeV) T(MeV) �� (%) ��(%)

CHH 24.18 97.79 0.34 13.69

HH 24.21 97.85 0.35 13.74

FY 24.23 97.80 0.35 13.78

AV18+UR B(MeV) T(MeV) �� (%) ��(%)

CHH 28.00 111.72 0.65 15.78

HH 28.45(2) 113.24 0.73 16.03

FY 28.50(5) 113.21 0.75 16.03

GFMC 28.30(4)

Expt. 28.3



N-d scattering

Asymptotic state
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Scattering state
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Some techniques used to calculated the� scattering state

� Faddeev equations in momentum or configuration space

� AGS equations

� Kohn Variational Principle

Second order estime of the' -matrix
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Kohn Variational Principle

��'��
�

��� � �
�'��

�

��� � 
	����� �� �����
�����
 �

The variation of the functional� �'���� � gives

�
��
��

��
�

�� � $���� ���$���� �� ,�
�
� �

,�
�
� �

�
�

� $���� ��������������� � �

�� �
�
�
�

��� �$�� � � $ � �� �

The first order solution of the' -matrix is obtained from

�
������

�'��
�

��� -
�����

����� � �
���

��� �

-���

��� �� ��
��� ���

��� �� �����
��� �

� ���

��� �� �	
��� ��	

��� �� ����	
��� � �



Born approximation of the' -matrix
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Scattering observables can be described through the

transition matrix
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p-d scattering

- - - - nd AV18 —– pd AV18 —– pd AV18+UR
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�� AV18 AV18+UR c

��� keV 45.2 1.2 1

� MeV 1.15 1

50.2 1.03 0.998

� MeV 1.2 1

16.9 0.53 0.995

� MeV 1.2 1

15.8 0.89 1.01
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- - - - nd AV18 —– pd AV18 —– pd AV18+UR
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Three-Body Force effects in the minimum of2
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- - - - nd AV18 —– pd AV18 —– pd AV18+UR
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- - - - nd AV18 —– pd AV18 —– pd AV18+UR
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- - - - nd AV18 —– pd AV18 —– pd AV18+UR
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N-d scattering with MM interaction

Starting from the born relation for���� � ��!�:
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N-d MM interaction

Summing the corresponding��� �  � for a nucleon far

from the deuteron or calculating the spin�
��spin� one-photon

exchange diagram:
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p-�He MM interaction

Summing the corresponding��� �  � for a nucleon far

from the�He or calculating the spin���spin�� one-photon

exchange diagram:
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Transition matrix with MM interaction

Including the spin-orbit MM terms, the transition matrix is
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n-d case
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p-d scattering

�� �1 MeV Æ M. Wood et al. (TUNL)

�� �3 MeV Æ K. Sagara et al.

—– AV18 - - - - AV18+MM —– AV18+MM(�)
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p-d scattering

�� � �� �� MeV, �� � �� MeV Æ K. Sagara et al.

�� � �� MeV Æ W. Grüebler et al.

—– AV18 - - - - AV18+MM

0 45 90 135 180
0

0.05

0.1
A

y

0 45 90 135 180
0

0.03

0.06
iT

11

0 45 90 135 180
θ

cm
 [deg]

0

0.1

0.2
A

y

0 45 90 135 180
θ

cm
 [deg]

0

0.05

0.1
iT

11

Ep=5 MeV Ed=10 MeV

Ep= 10 MeV Ed= 20 MeV



Conclusions

� Following what has been done in the NN sytem, at some

point the three-nucleon system will be used extensively

to fix the structure of the three-nucleon force at short

range

� Electromagnetic terms cannot be disregarded

� The MM interaction contributes at low energies mainly

in the vector analyzing powers

� Coulomb effects are important below 50 MeV

� However differences between n-d and p-d calculations

have been observed in'��

� At present a+� analysis using AV18+UR produces:

� � � +� � �� for 2

� +� � ��� for vector analyzing powers

� � � +� � �� for tensor analyzing powers


