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A Polp bl
N,=4 |N,=8 N,=12
G | HH EHH,| EHH, EHH,
x | = = |7s518 7677
0 | — 2961|7617 7.677
o | — 4737|7650 7.678
4 | - 6180|765 7678
6 [0.750 6.747 | 7.658
8 [2.803 6.991 | 7.659
10 |4.432 7.131| 7.660
12 |5.635 7.230 | 7.660
14 |6.152 7.278 | 7.660
16 |6.532 7.309
20 |6.973 7.345
24 |7.173 7.361
28 [7.262 7.367
36 |7.339 7.373
40 |7.353 7.375
48 |7.367 7.375
52 |7.370
60 |7.372
80 |7.374
PHH| 7375 | 7660 7.678
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The CHH Expansion

The rate of convergence of the HH expansion results to be ex-
tremely slow when the particle interaction contains large repulsion
at small distances

o——— i o A ————

The binding energies of the three- and four-nucleon systems can
be calculated with accuracy only including a large number of ex-
pansion terms (= 600 for A = 3 and = 3000 for A = 4)

Problem how to extend the calculation for

e 3N potential
e Bound states of larger (A > 4) systems

e Scattering states

Correlated HH—spin—isospin basis

?ggf ,nN(iL]aka"')=Fa(rzp7"zk7~-) gnHz’ ,nN(Zajakw-')

F,= correlation factor For A = 3.

Fo = fa(rjk)ga(rzj)ga("'zk) CHH
Fa = fa(rjk) PHH

For A=14

Fo = fal(r15)90(Tek)9a(T1k) 9o (Tum) 9o (Tym) e (Tem)

3/9



The correlation functions

e included to accelerate the convergence

e at small interparticle distance F, takes into account the cor-
relations induced by the strong repulsion of Vyy

e choice of the correlation: solution of a two—body Schroedinger
equation

The relative motion of the pair j,k in the angular-spin—isospin
state 8 = £g, S, Tp is given by

P d? 2d lg(ls+1)
z,{"M[W*’rdr ﬂ_ff_]5ﬂﬂ, Vi (r)+Agp ()} for(r) =0

The term Agg/(r) has the role to simulate the effect of the other
particles on the pair

(\ﬁﬁr(r) = Agexp(—77)dzp

Boundary condition fz(r)/r% — 1 for r — oo
~ = variational parameter
Ag determined from the boundary condition

Antisymmetrization of the w.f.

HH C .
l ) ngnz, 1) = . Z éagg‘l,{...,n]v(%]’k?"’)

3/
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M 2 |
5 [Ap(P) s+ Buel) 5+ Cogt () = E No(p)ap) =0,
p'=1 p P
E = total energy of the system. JOMERLERL
A2 INTECRST
Nyu(p) = /dQN (ple) Ay p(p) = -]_\/;,"N#,M'(p) ete.
H binding energy
=L AN

G HH PHH HH PHH

0 0.358  4.189 — 3.233

2 - 5.317 - 5.626

4 2.130  6.652 — 7.255

6 4.606  6.698 — 7.335

8 5.208 6.699 | 2.803 7.373

10 | 5.807 6.700 | 4.432 7.374
12 | 6.238 6.700 | 5.635  7.375

16 | 6.501 6.532
20 | 6.620 6.973
30 | 6.689 7.283
40 | 6.697 7.353
50 | 6.698 7.362

a—particle binding energy —» L.E. M arcvcen



LScattering states ]
Decomposition of ¥ in internal and asymptotic part.

Uiosed = Yo + @rysos

The internal part describes the system when the particles are all
close each other.

3N-1
Yo =p~ Tzuna( )¢g§§, N gg’b

“Asymptotic” part (A =3)

) 3
Broses = %;{YL(fi)[fbd(j, k)sils} . [2a(7, E)tilr

(FL( )5LL 055, + RLOSOGL(WZ))
0 0

Dri pri
e LSy quantum numbers of the incident wave

e r;, = N-d distance
o $4(j, k) X Z4(J, k) = deuteron bound state w.{.
e I’ and G regular and irregular Coulomb functions

e p = relative V — d wave number

3K
a7 Bs=FE,

e n — d case — spherical Bessel functions
e Gr(gr) = Gr(gr)(1 — e7P)2L+1; B variational parameter
® Rp1,s,, s R—matrix elements

Kohn variational principle

R33) = R3S — (Upgy|H — E|¥pss)

3/12
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Solution

d? d
%(Au,u’(p)a_IO_§+Bu,u’(p)'&;+Cu,n’(P)_E Nu,u’(P))“u’(p) = Du(P)

n — d Reactance matrix — AV14 potential

N, Go| TR33 |12 order (Vpgy | L | Yrsy) 224 order
8 4 |12RZZ| 2778 —0.003 2,775
1/2R§§ 0.821 +0.028 0.849
172R§§ 0.850 —0.001 0.849
1/2R§§ 62.07 +3.665 65.74
8 10[2RZZ| 2753  +0.002 2.755
1/2R§§ 0.857 —0.008 0.849
1/2R§§ 0.847 +0.002 0.849
1/2R§§ 65.84 +0.316 65.52
12 10 |V2R3Z| 2.746 +0.001 2,747
1/2R§§ 0.854 —0.009 0.845
12R37| 0.845 +0.000 0.845
1/2R§§ 65.88 —0.416 65.46




Comparison with FE results (Glockle et al, 1998)

FE CHH
JI Osr || Jmaz =6 O+ 0=2l+0,<40+0,<6
S22 —3.904 | —3.899 | —3905 | —3.905 |
I 60ap0] —34.81 | —35.33 | —34.81 | —34.81
n | 1.251 | 1271 1.252 1.253
S| —7529 | -7.53¢ | —7.533 | —7.533
1 |03/21| 25.06 25.04 25.05 25.05
e | 7254 | 7.252 7.255 7.255
820 —70.48 | —70.52 | —70.50 | —70.50
S| 2421 | 2.421 2.420 2.420
3V \8@/2| —4215 | —4.216 | —4216 | —4.216
n | —.3881 | —.389 | —.3873 | —.3874
e | 7785 | 7747 7801 7800
¢ | 1438 | 1429 1.438 1.438
83| 9441 | 9425 9436 9436
Sajpu| —7.191 | —7.201 | -7.195 | —7.195
37 183/21| 26.41 26.39 26.40 26.41
n | —3.809 | —3.819 | —3.806 | —3.805
e | —2.765 | —2.762 | —2.768 | —2.765
£ | —.2574 | —.2577 | —.2573 | —.2575

Py



p — d cross section and A,
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n — 3H and p — 3He Scattering

Benchmark calculations of the S-wave scattering lengths and

effective range parameters

Interaction: S-wave MT [/III potential

T J| Method a (fm) ry (fm)
0 0| CHH 14.82 6.6
| FY, Carbonell et al. | 14.72 6.7
FY, Yakolev et al. | 14.7
0 1| CHH 3.10 1.7
| FY,Carbonell et al.| 3.08 1.8
FY, Yakolev et al. 2.8
FY, Tjon - 2.65
1 0| CHH 4.10 2.0
FY, Carbonell et al. | 4.10 2.0
FY, Yakolev et al. 4.0
FY, Tjon 4.09
1 1{ CHH 3.64 1.7
FY, Carbonell et al.| 3.63 1.9
FY, Yakolev et al. 3.6
FY.Tjon 3.61

Interaction: AV14 potential; StatesT =1, L =0,J=5=0,1

Method a(J =0)|a(J =1)
CHH 4.32 3.80
FY,Carbonell et al.| 4.31 3.79

S8
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n — 3H scattering lengths versus the SH binding energy

T S e a e —
5.0 F { i
£ : ] \
= . ] : SINGLET ] & AVIg
ED ) i ab c } J’:O ] L) A\/ll‘y
2 d 3
g a.0 [ :::\'\e’\i . (,) AY3
3 [ d ]
; é FL ] o) AV RR(5¢
30 ¢ . ) AVia R (5.5
Y- L R R R T N I ]
7.0 7.5 8.0 8.5 9.0 9.5 10
B, [MeV]

Zero energy total cross section (or) and coherent scattering

length (a.)
Model or (b) a. (fm)
AV14 + Urbana VIII 1.74 3.71
AV18 + Urbana IX 1.73 3.71
Expt. 1.70+0.03¢ 3.8240.07°
3.59+0.02 ¢
3.607 £ 0.017 ¢

¢ T.W. Phillips et al. (1980)

b S. Hammerschmied et al. (1981)
¢ H.Rauch et al. (1985)

)

4 G.M. Hale et al. (1990

or = n(la(J = OP+3ja(J = DY) a, = %a(l] _ O)-I—Za(J ~1)
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p — 3He scattering at F.,, =3 MeV

Proton analysing power and Ay, at Ecm = 3 MeV

02 L

I R

O 20 40 60 80 100 120 140 160 180
O [deg]

0-2 ! T 4 T ' 1 N T 4 T ¢ i ¥ 1 4 ]

_01 2 ! . ] . I . ] L L. ! : 1 . ! N
O 20 40 60 80 100 120 140 160 180
0._ [degl




e

n — d and p — d breakup scattering |
Application of the Kohn Variational Principle above deuteron breakup
threshold.

The problem of the boundary conditions:

M d? d
) [Au,u’(p)d_p2+Bu,u'(p)a_+Cu,u’(p)'E Nu,u’(p)]uu’(p) = D#(p)

w'=1 P

for p > 80 fm, neglecting terms going to zero faster than p~2,

d2 Lu(‘Cu + 1) 9 2 Q X#,ﬂ/ h/"aﬂl
dp2 _ p2 + Q ) - P + p3 ]U’/J/(p) =0

M
,Z [P (
p=1

where F = %Q% M independent solutions:

w(H0) (p) = ) We@p

# n=012,. pP" -

(ko) — b —ixlog2Qp iQp
w = ——— (e , €

© (p) _ uz6n=0,21127--- pn ( )NONO

by choosing FL"O) (n = 0) = d,,,- The n > 0 coefficients I' are
determined by recurrence relations.

M
uu(p) = uoz=1 auow,(j“’)(p) at p=pp > 80fm

It has been numerically tested that the solutions are insensitive

to variation of py, even in the presence of Coulomb po-
tential terms.

u#( p) =¥ (e—ixbg?Qp) a OeiQp
1o

popg P

— Merkuriev’s boundary conditions



22

n — d doublet and quartet phase shifts - MT(I-III) potential

%0 mo | Y0 ‘m
97.96 0.5093|67.01 0.9933
105.47 0.4652 | 68.88 0.9788
105.51 0.4650|68.94 0.9784
105.50 0.4649|68.95 0.9782
Fuin otd |FE/C[105.48 0.4643[68.95 0.9782

1996 FE/Q | 105.50 0.4649|68.96 0.9782

OOO)»-P[\DQz

p — d elastic cross section above the deuteron breakup threshold

AVIZ+ TV
400 ; . .
pry
400 +
E,=10 MeV
200
200
0 ' 0 1

0 45 90 135 180 0 45 90 135 180
c.m. angle c.m. angle
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2%
Electro-weak reactions —> L.E.Hereacc
oen+d-—3H+~vyandp+d— 3He+ 4
e &+ 3He — ¢ ++. .. inclusive reaction
e p+3He — “He + e* + v, (hep) reaction
Nuclear Current Matrix Element (A = 3)
- %03
]03020(p7 q) - < p,agal‘] ( )l\IJB >

°q three-momentum transfer

e J,, nuclear electromagnetic or weak current operator

1
o U2% = 3He bound state wave function

e Spherical wave expansion of the p — d wave function

1
\11§,‘320=47r Y (=0,109|8S,) ¥ 5SS, LM|JJ, )Y}, (B)¥L
’ S5, 2 LMJJ,

W3 and \Ilé“ff 7z scattering wave function calculated as described
previously

e Monte Carlo evaluation of

S yLSIT Yo
Ji, = (v 2+i”|J (g2)|¥3%%)
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Photodisintegration of 3He

_ (E ,, 0p(E,) —0a(E,)
=[5 4B,

e o(E,)=inelastic v — 3He cross section

P=parallel spins

A=antiparallel spins ,
o £, =5. 495 MeV threshold energy for Enelastlc processes

%%um rule: I = 27'(1(/1 /msHe) = 496 mb.

e k = —8.364 anomalous magnetic moment of 3He

Estimation of I(5.55MeV) — H.R. Weller & E. Wulf (TUNL)
op(E,)—0c4(E,) can be estimated in terms of the matrix elements
entering the p+d — *He+ radiative capture measured at TUNL:

32 ,mpa; 1 =3/2 J=1/2
0p(E,)) ~ oa(By) = Tt SIMITP — MR 4

!

1, _J= =
SIE TP — BT

large cancellations between the various terms

Model  |1(5.55 MeV) [nb] |
c:EXperiment” —1105 :t 0219

IA —0.15
IA+MEC | —-0.35
FULL —0.44

Theoretical calculation directly fro the v — 3He reaction, including
also the (small) contribution of the quadrupoles, etc.
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