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Three-body force effect in triton dipole sum rules
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We calculated the two- and three-body enhancement factors x> and «3 of the dipole sum rule of the
triton, arising, respectively, from the two- and three-body interactions. We performed consistent cal-
culations taking the same interactions for the triton wave function and for the sum rule. The magni-
tudes of x> and k3 are of the order of 0.80-0.86 and 0.03-0.04, respectively. The calculated integrated
cross section and the bremsstrahlung-weighted cross section are linearly correlated to the calculated
triton binding energy.

After much effort in few-nucleon physics, the impor- triton electric dipole photoabsorption, i.e., Thomas-
tance of the three-body force effect has been well recog- Reiche-Kuhn (TRK) sum rule [8],
nized not only for the triton binding energy [1-4], but also -
for low-energy physical quantities, such as the asymptotic _2ne
normalization constant [5] and the charge radius [4] of 20" e Cyou|1D:, [H, D) )
the triton, through linear relationships between these | }. .. ris the total Hamiltonian expressed as a sum of
quantities and the binding energy. In addition to the stat- 4. kinetic-energy operator K an,d the two- and three-
ic three-body force effect, the importance of the three- nucleon interactions ¥ and W:
body exchange mechanisms in the 3He(y,p)*H reaction ’
[6] has been pointed out together with the three-body H=K+V+W. )
final-state interaction [7]. With this background, we in-
tend to study the three-body current effect in the present Denoting the nucleon mass by M, and defining the dipole

paper. For this purpose, we have chosen the triton dipole operator D, by

photoabsorption, because its energy-integrated cross sec- 3 .

tion is free from the final-state interaction. D.=Y 1+750) r. () (3)
We calculate the integrated cross section (op) of the = 2 e

TABLE I. The results of the triton sum rules. The first column shows the interactions used for calcu-
lating the wave functions and the sum rules. TM 700 (800) means the pion cutoff mass is taken to be
700 (800) MeV for the TM three-body force.

Wave function Channel BE (MeV) oo (mbMeV) K2 K3 o—-; (mb)
AV14 5 7.45 72.4 0.818 EE 2.73
AV14 18 7.58 72.5 0.821 R 2.71
AV14 34 7.68 72.6 0.823 R 2.66
AV14+TM 700 34 8.42 75.3 0.855 0.035 2.47
AV14+TM 800 34 9.29 78.3 0.899 0.067 2.28
RSC 18 7.24 70.5 0.771 s 2.73
RSC+TM 700 18 8.21 73.8 0.819 0.034 2.46
PARIS 34 7.64 70.6 0.772 R 2.63
PARIS+TM 700 34 8.32 729 0.798 0.031 2.45
TRS 34 7.55 72.3 0.817 s 2.66
TRS+TM 700 34 8.47 75.6 0.859 0.039 2.42

44 RI1262 © 1991 The American Physical Society



RAPID COMMUNICATIONS

44 THREE-BODY FORCE EFFECT IN TRITON DIPOLE SUM RULES R1263
%:85 AAARRARRRERAREARRELE LELLLRRELE 33.0
2 | : £
E 80 r h o 2.8
© 2.6
75 j
° ° o AV 2.4
L RSC
70 | ° °
- o PARIS 2.2
x TRS
65 (e [P st s iy ] 20 Lisiiaesa, [N [
7 8 9 10 7 8 9 10
BE (MeV) BE (MeV)

FIG. 1. The relationship between oo and BE, as shown in
Table 1.

we express Eq. (1) as

_4n? e’he
0'0—-—'3——;‘46—2(14';(24-)(3), “4)
where the enhancement factors k; and x; are defined by
3 Mc?
K= (he)? (youl D, IV, D 11y (%)
and
3 Mc?
ky=-=— .
3=3 (he)? (V/JH“DZ,[W,DZI:”W:H) 6)

The results of calculations have been reported from time
to time limited to k. Th enhancement factor «3, repre-
senting the three-body force effect, is reported for the first
time in the present paper.

The commutation relations in Egs. (5) and (6) are due
to the Seigert theorem [9]:

Vj= —%[H,p] . %)

Since the two-body part of the charge density (p) is
0(g2/M?3) against O(1) for the one-body part [10], we
keep the one-body operator in p. Then, the one-, two-,
and three-body parts of the current (j) are given in terms
of the commutation relations [K,pl, [V,p], and [W,p], re-
?pectively, each of which contributes 1, x;, and x; in Eq.
4).

It has been reported earlier that the triton sum rule is
quite sensitive to its wave functions [11]." Therefore we
take care of the consistency of the calculations, i.e., the in-
teractions in H of Eq. (1) are the same as those used to
calculate the triton wave function. The consistency is in
conformity with the gauge invariance. In the calculation,
we took four realistic two-body interactions, RSC [12],
AV14 [13], PARIS [14], and TRS [15], without or with
the Tucson-Melbourne (TM) three-body force [16]. We
took) account of 18 or 34 angular momentum states (chan-
nels).

FIG. 2. The relationship between o-; and BE, as shown in
Table I.

Our results are listed in Table I. The wave functions
used were obtained in Ref. [4], which were used also in
Ref. [17]. The experimental value of oo is 29.0 +3.4
mbMeV [18], which was obtained by integrating the pho-
ton energy up to 30.0 MeV. Another estimate shows
oo= 50 mbMeV [19] by integrating up to 100 MeV. In
any case, the ambiguities are too large to be compared
with the theory. The binding energy (BE) dependence of
oo is shown in Fig. 1. oy increases along with the increase
of the calculated BE. It seems that op is correlated with
BE linearly as other physical quantities stated in the first
paragraph. The most plausible value of oo is 75.1
mbMeV corresponding to the experimental BE (8.48
MeV). The three-body force makes increases not only in
k3 but also in x, (cf. Table I). Our results are larger than
the results given by Ref. [20]. This difference may indi-
cate the importance of using a good wave function as well
as consistent calculations. From this table, we see that
k3 2=0.80-0.86 and x3==0.03-0.04 (for the two-body in-
teraction + TM 700), which show that the two-body con-
tribution to the total current is about 45% while the
three-body one is about 2%-3% in the photonuclear reac-
tions.

In addition, the bremsstrahlung-weighted cross section
[20] (o-)) is listed in Table 1. Its BE dependence is
shown in Fig. 2. o-, decreases as BE increases. In this
figure we expect the theoretical value of o- = 2.44 mb,
which is larger than the value (c—;=1.937-1.957 mb)
given in Ref. [20]. The experimental value is 2.76 £ 0.12
mb in Ref. [19], which almost agrees with our result, and
1.753£0.176 mb in Ref. [18].

In conclusion, (1) we have performed a consistent cal-
culation of the triton sum rule. (2) Each of the integrated
dipole photoabsorption cross sections and the brems-

" strahlung-weighted cross sections are linearly correlated

to the calculated binding energy. (3) We found that the
two- and three-body current contributions are about 45%
and 2%-3%, respectively, below the pion threshold ener-

gy.




RAPID COMMUNICATIONS

R1264 T-Y. SAITO, K. IKEDA, S. ISHIKAWA, AND T. SASAKAWA 44

[11 S. Ishikawa, T. Sasakawa, T. Sawada, and T. Ueda, Phys.
Rev. Lett. 53, 1877 (1984).

[2] C. R. Chen, G. L. Payne, J. L. Friar, and B. F. Gibson,
Phys. Rev. Lett. 55, 374 (1985).

[31 T. Sasakawa and S. Ishikawa, Few-Body Syst. 1, 3

(1986).

[4] S. Ishikawa and T. Sasakawa, Few-Body Syst. 1, 143
(1986).

[5] S. Ishikawa and T. Sasakawa, Phys. Rev. Lett. 56, 317
(1986).

[6] J. M. Laget, Phys. Rev. C 38, 2993 (1988); S. Ishikawa
and T. Sasakawa (unpublished).

[7] J. M. Laget, Phys. Lett. B 199, 493 (1987).

[81J. S. Levinger, Nuclear Photo-disintegration (Oxford
University, New York, 1960).

[9]1 R. J. Blin-Stoyle, in Progress in Particle and Nuclear
Physics, edited by D. Wilkinson (Pergamon, New York,
1976), Vol. 1, p. 5.

[10] H. Hyuga and M. Gari, Nucl. Phys. A 274, 333 (1976).
[11] V. S. Mathur, S. N. Mukherjee, and M. L. Rustgi, Phys.

Rev. 127, 1663 (1962).

[12] R. V. Reid, Jr., Ann. Phys. (N.Y.) 50, 411 (1968).

[13]1 R. B. Wiringa, R. A. Smith, and T. L. Ainsworth, Phys.
Rev. C 29, 1207 (1984).

[14] M. Lacombe, B. Loiseau, J. M. Richard, R. Vinh Mau, J.
Coté, P. Pires, and R. de Tourreil, Phys. Rev. C 21, 861
(1980).

[15] R. de Tourreil, B. Rouben, and D. W. L. Sprung, Nucl.
Phys. A 242, 445 (1975).

[16] S. A. Coon, M. D. Scadron, P. C. McNamee, B. R. Bar-
rett, D. W. E. Blatt, and B. H. J. McKellar, Nucl. Phys. A
317, 242 (1979); S. A. Coon and W. Glickle, Phys. Rev.
C 23,1790 (1981).

[17] T-Y. Saito, Y. Wu, S. Ishikawa, and T. Sasakawa, Phys.
Lett. B 242, 12 (1990).

[18] D. D. Faul, B. L. Berman, P. Meyer, and D. L. Olson,
Phys. Rev. C 24, 849 (1981).

[19] B. L. Berman, S. C. Fultz, and P. F. Yergin, Phys. Rev. C
10, 2221 (1974).

[20] Reeta Vyas and M. L. Rustgi, Phys. Rev. C 31, 41 (1985).



