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A method is given for calculations of the fractional parentage coefficients (FPC) for
separation of six 1p-shell nucleons with the space symmetry [42] or [411]. It is shown that
the FPC’s {p”|p"¢, p® [42]> and {p"|p"-%, p® [411]) may be written as a product of the weight
factor, orbital and isospin-spin coefficients. The compact foimulas which express the six-
-nucleon FPC’s thiough two and four-nucleon ones are presented. The orbital coefficients,
together with the weight factors, are calculated and tabulated.

PACS numbers: 21.60.-n, 21.60.Cs

1. Introduction

In the last years the experiments in which transfer of six nucleons exists have been
reported in several papers (sce for example Refs. [1-6]).

In the DWBA description of multinucleon transfer reaciions one of the essential
components which enter into the formula for the differential cross section are the multi-
nucleon spectroscopic amplitudes [7-9].

The theory of m-nucleon (m < 4) spectroscopic amplitudes for 1p-shell (4 < 16)
nuclei has been developed in many papers (see for example Refs. [8, 10-13]).
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Recently Smirnov and Tchuvilsky [14] (see also Ref. [15]) have developed a theory
of m-nucleon (m > 4) spectroscopic amplitudes for lp-shell nuclei. The application of
this theory in the calculations of multinucleon spectroscopic amplitudes requires the
knowledge of the multinucleon fractional parentage coefficients (FPC).

In the direct multinucleon transfer reactions one assumes that the multinucleon clus-
ters are transferred in the ground and/or low-lying excited states. The ground and low-
-lying states of the most probable six-nucleon clusters i.c. °Li and SHe correspond to the
shell model configuration (1s)*(1p)2. They are described completely by the Young diagrams
[42] and [411]. Therefore in the present work the six-nucleon FPC’s for this symmetry
were calculated.

In general m-nucleon (m = 2) FPC’s can be expressed in terms of the FPC’s for the
separation of less than m nucleons. This method has been applied in computations of two,
three and four-nucleon FPC’s for p" configuration [16-18]. Recently Chlebowska et al.
[19] have calculated five-nucleon FPC’s {p"|p" ™5, p5 [41])> with the aid of one and four-
-nucleon FPC’s.

In Sect. 2 the formulas are derived for calculations of the orbital and isospin-spin
FPC'S (p"""6, p® [42]> and <p"|p"~¢, p® [411]> with the aid of two and four-nucleon
orbital and isospin-spin FPC’s.

The application of these FPC’s in calculations of six-nucleon spectroscopic amplitudes
for 1p-shell nuclei will be considered in detail in the next work (Part 2) of the present
paper.

2. Theory

The totally antisymmetric shell-model state of n particles can be expressed in terms
of the totally antisymmetric staies of m nucleons vector-coupled to the parent states (totally
antisymmetric) of the remaining n—m nucleons. The coefficients of this expansion are
called the fractional parentage coefficients (FPC) [20, 21}.

The six-nucleon FPC’s belonging to the p" configuration can be calculated with the
aid of four and two-nucleon FPC’s by using the following formula [22]

<Pn[f]°‘LT51P"[f1]“1L1 T,8,, P6[f2]“2L2T252>

= Z ) (p"[f‘]ocLTSIp"_Z[f']ot'L',T'S', Pz[fo]“oLoToSo>
uT)II:og:o%o
apoLooT00S00

SIS0l Lfool
X <P"_2[f']°"L’T/S'iP"_6[f1]°‘1L1T1S1, P*[fo01%00LooTo0S00>
x {p°[ 2102 L2 T28510*[ fo01%00LooTo0S00s P*[folooLoToSoY »
x U(LyLooLLg; LL,)U(S:S¢6SS0; S'S)U(T T TTy; T'Ty), €))

where [f], [i}, [f2], [f’), [/} and [ fy0] are the Young diagrams describing the irreducible
representations of the permutation groups S”, S,_s, Ss, S,-2, 5, and S;, respectively.
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T, T, To, T', To, To0, S, S1, 82, 8", 80,800, L, Ly, Ly, L', Ly and Ly, are the isospin,
spin and orbital angular momenta of n,n—6,6,n—2,2 and 4 p-shell nucleons, respec-
tively. The symbols o, a;, a,, o', ap and a5, stand for the sets of additional quantum
numbers required for complete labelling of the nuclear states considered. U represents
the angular momentum recoupling coefficient [23].

Because the representation [f] is contained once in the outer product [f;]x[f.], i.e.
in the transformation

AIx[f2] = X ar il f],

coefficients a;, is equal to unity, theorefore the FPC {p"[f1oaLTS|p" "[filoyL,T1S;,
P o) L, T,S, ) can be expressed as a product of the weight factor, orbital and isospin-spin
FPC’s [22] i.e.

<P"[f]°‘LTSIP"_m[f1]“1L1 T,Sy, p"[f2]e L, TS5

n 1 n 2 ’ n n—m m
= \/ LT ¢ f QL p" [ fidew Ly, pMLfo oL

Ry

x {(ts)'LfJeTS|(ts)" [ 1]y TySy, p [foloaToS,), 2

where mp g, Brs,y and n;p are the dimensions of the corresponding representations. In
the case of p" configuration this condition is fulfilled when the outer product is equal to
[fi]x [42)or [ f,1x [411] [24, 25]. Thus the total FPC (p"([p" "¢, p°[ £,1), in which we assume
that [f,] = [42] or [411], may be factorized according to formula (2). The orbital FPC’s
P aLip" L fi)es Ly, polf2)eal,y and the isospin-spin FPC’s {(ts)"[f1eTS|(ts)"°[f1]
o, T1 Sy, (85)°] f2]2, TS5 can be calculated separately.

For practical compuiations of these coefficients we have derived the appropriate
formulas starting from the following cquation [21, 22, 19]

ALY F), ¢ p"LfJaLlp" °LfiJay Ly, p°Lfolo Loy
= <P"_6[f1] ("’)’11L1s l’é[fz] (FasL,; LM[p"[f] (raLM>3, 3

where (r) = (ryry_y ... F) = (Faly—y oo Fpess1s F' ) (t) = (ry_6 'y—6—1 ... ry) and () are
the standard Yamanouchi symbols for the representations of the groups S,, §,-6 and Se,
respectively. The factor {(r)|[f>]1(F), (+')> comes from the sct of the transformation coef-
ficients for the transition from the basis functions of the standard Young-Yamanouchi
representation of S, to those of the representation of S, ¢ % Se.

The wave function spreading out the representation [f ] of S, can be expressed in terms
of two-nucleon FPC’s, i.e.,

P I@alM) = )y LT (rods B> <P'LfJeLip" *[f oLy p*[foltoLod

o’ L’'aoLol f0] (ro)

X !P"_Z[fl] (F)o'L, Pz[fo] (ro)ooLo; LMD, “)
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where [f'] is determincd by (#'). Similarly the wave function p” " 2[f'] (F)2’L'M') can be
expressed in terms of four-nucleon FPC’s, i.c.,

PTG LM = > <F) o0l (roo)s (r')>

a1 LyopoLool fool (roo)

X (Pn_Z[f,]“'E§P"“6[f1]“1L1a P4[f30]°‘00L00>

x|p" L] (P Ly, P4[foo] (Fo0)%00Loo; LM"). (5)
Inserting Eq. (5) into Eq. (4) we obtain
p"[f1 (LM = > ML 0] (ro)s (F)> K(F)I [ foo] (ro0), (')

a'L'apLoxy LicooLoo
[fol (ro) [fool (roo)

X (p"[f]aLlp"_z[f']:z'L', Pz[f(}]“oLo> <Pn_z[f,J“’L'{Pn—G[fl]“xLu P4[f00]“00[‘00>
x !P"_6[fx] (r)e Ly, P4[J 00] (roo)%ooLoo{L} : Pz[fo] (ro)aoLo; LM . (6)
Because in our considerations the six separated nucleons are described by the Young diag-
ram [f,] = [42] (or [411]) it is sufficient to take the Yamanouchi symbol (F) = (221111)
(or (321111)) as the one from the set of nine (ten) corresponding to this diagram. Then
the wave function of the six separated nucleons can be expressed as follows
[ 2] (Aa, LMy = Z <P6[f2]&2£2'sp4[4}&oozoea Pz[fo]&oEQ

20Lo00Loo
X 1P4[4]&00E00: Pz[fo]&oio; L,My), ™

where [ fo] is determined by (7).
Making use of the U-recoupling coefficients of angular momenta and taking into
account the equation (7) we have

1Pr6[f1] (ra, Ly, Pé[fzj ('-')&21—;23 LM)
= Z <P6[f2]azizip4[4]aooioo, Pz[.fo]&oto>

20 LoxooLoo
X %P"_6[f1] (ra;L;: P4[4]°_‘oozoo, Pz[foﬁoio{iz}; LM>
= Z U(L,LooLL,; L'Ly) <P6[f2]aztzlp4[4]&ooioo, Pz[fo]&oio>

L'aooLooaoLo
X IPn_6[f1] ("a, Ly, P4{4]&00E00{E}3 PZ[‘ITO]&OEO; LM5. ®

Inserting expressions (6) and (8) into the equation (3) we obtain the following formula
for the orbital FPC’s

<Pn[f]°‘Lan_6[f1]°‘1L1, P6[f2]°‘2L2>
= {MILLTE), ¢ KOS ] (ro), G KFDI4D, ()
X Z U(L;LooLLy; L'L,) <P"[f]°‘L|P"_2[f,]°"LIs pz[f0]a0L0>

apLloooLooa’ L’

X (P"_Z[f’]“'ﬂlpnuﬁ[fﬂohl‘u P4[4]°‘00Loo> <P6[f2]°‘2L2|P4[4]“ooLoo, Pz[fo}“oL())- ®
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The isospin-spin coefficients can be derived in a way similar to that for the orbital
ones and are expressed by the formula

sy LF1aTS| (1)~ Lfi]os TS 1o (1)°L fo]oe TS 1)
= LDILFI O, FHHEOIL] Gl () <EOIEL ¢y
x :;S ,T,S,U(TITOOTT(,;T,'TZ)U(SISOOSSO;S'SZ)
x ((ts)'[FIaTSI(ts)" [ f ' T'S", (15)*[ foloto ToSo»
x ((ts)" 2L 1o TS (ts)" ™[ fyJe TS, (85)* [41%00 TooSo0?
x {(t5)°[ fo 1ot 1285 1(t5)*[41t00 TooSo0s (1)°[ foloo To S0 (10)

where [f] are the diagrams adjoint to [f] ones.

The coefficients {(r)f211(F), (r')>~K() [ f] (ro), (F)> K(F)![4), (r')) in Eq. (9) as well
as the similar ones in Eq. (10) can be calculated from the orthonormality conditions of
the orbital and isospin-spin FPC’s. In our case these coefficienis are equal to unity for the
similar reasons as it was pointed out by Chlebowska et al. [19].

From the tables given by Elliott et al. [16] and Rotter [18] one can find that the follow-
ing relations hold

<(t5)"—z[fl]“IT'S'!(lS)MG[J?l]%T151a (’5)4[‘1]“00T00500> = (- 1)";2
and

<(35)6{i2}°‘2T252§(13)4[E}°‘00Toosom (15)2 [fo}% ToSo» = 1.

Therefore the formula (10) can be simplified considerably. The six-nucleon isospin-spin
FPC’s can be expressed directly by means of two nucleon ones, i.e.

sy L 1T SI(ts) ™ L fiJen TuS 1, (15)°[ o] TS,
= (=) () [ f 1T SiCts)" ™ 2[F 1y Ty Sy, (15)° [ foJoa ToS:s (11)

where [7o] = [2] for [F,] = [42], [fo] = [T1] for [f,] = [411] and [f’] result from the
condition [£] C [F'1x[fo] and [F'] C [F1]x 4]

We have calculated all orbital six-nucleon FPC’s with the space symmetry [42] and
[411] according to the formula (9). The two and four-nucleon orbital FPC’s required in
these calculations were taken from the tables published by Elliott et al. [16] and Rotter [18].
The isospin-spin six-nucleon FPC’s can be obtained directly from tables of Elliott et al.
[16] via Eq. (11).

The calculated orbital coefficients and weight factors are listed in Table I'.

The autors would like to thank dr. B. Kamys for helpful discussions.

! The calculated six-nucleon orbital coefficients {p”|p", p*>, <p®|p?,p®>, <p°1p> p*>, <P*°Ip* 141, p®>
and {p'!|p5 [41], p®> differ from corresponding 1-5 nucleon ones [20, 16, 26, 18, 19] only by the phase
factor. But for completeness they are also included in Table I.
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