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120 ground-state decay by?He emission
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An upper limit of 5 keV on the width of thé?0 ground state due t8He emission is calculated using
R-matrix formulas. This limit is much less than a recently published estimate.
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Experimental values for the total width of tHéO ground  may be used in a form similar to E(R) of Ref.[3], but it is
state are 400 250 keV[1] and 578-205 keV[2]. The de- more convenient to expregsin terms of thep+p swave
cay to 1°C + two protons can occur by one-proton sequentialphase shifts, which, in the same approximation, may be
decay through the intermediate nucletsl, or by diproton  written
(?He) emission. An experimental upper limit on tHéle

branching ratio is 7%2], suggesting that one-proton decay EF (L)
dominates. A calculated upper limit on the width due to one- 272
proton decay is, however, only 100 kd8]. Sherr and For- 6(U)=arcta Qi (U)-U/ ~ d20U). (2

tune[4] have recently estimated the width due?de decay

as about 340 keV, which would account for much of theHere I',(U) and A,(U) are given in terms of th@+p
experimental values for the total width, but is in conflict with s:wave penetration factd?,, and shift factorS,, by Egs.(6)
the experimental branching ratio. Here we &seatrix for-  and (9) of Ref.[3], and — ¢,(U) is the hard-sphere phase

mulas to calculate the width due fdde emission. shift. Thus
Sherr and Fortune’s estimate of 340 keV is based on the
two protons forming &He cluster with zero relative energy, , SiP[8(U)+ ¢og(U)]
so that the availablé?0 decay energy is 1.78 MeV, and the p(U)=c Poo(U) ' &)

spectroscopic facto§ is unity. As pointed out by Kryger
et al. [2], the effective decay energy should be much lessvhere the constard’ is chosen to make
than 1.78 MeV, because of the interaction between the pro-
tons (including the Coulomb interactigrand the available *
phase space. Als6 could be less than one. Kryget al. f
calculated the width due téHe decay to be 16 keV, which is
consistent with the upper limit on tiHe branching rati¢2]  as in Eq.(3) of Ref. [3]. Exactly the same forni3) was
taken in conjunction with the experimental valuds2] of  obtained forp in the final-state-interaction theory by Ham-
the total width, but is inconsistent with this branching ratio if burger and Camerob]. The Watson-Migdal approximation
the calculated upper limif3] on sequential decay through used by Krygeet al.[2] is obtained from Eq(3) by omitting
1N is correct. the ¢, term and using®,, calculated for zero channel ra-
Kryger et al. [2] give the formulas they use for calculat- dius. Also Krygeret al. normalizedp to 1/3, instead of 1 as
ing the Y20 width due to?He decay. As discussed in Ref. in Eq. (4), so that their estimate of the width is only 1/3 of
[3], the R-matrix formulas of Krygeret al. omit level-shift  what it would otherwise be, but this reduction does not seem
terms. Also the formula that they use for the density-of-stateso be justified.
function, which comes from final-state-interaction theory, The Coulomb function®, S, and¢ may be calculated as
uses the Watson-Migdal approximation, and in addition theifunctions of energy for given values of the channel radii
normalization of the density-of-states function is not thefor 20— 1°%C+ 2He anda, for ?He —p+p. We use the

p(U)du=1, (@
0

usual one. conventional formulaa=1.45 fm (A*+AY3), giving a,

To calculate the contribution to the width of thJéO =4.95 fm anda2: 2.90 fm. Experimenta| values of the
ground state due tSHe decay, we us®-matrix formulas  phase shifts may be used, but it is more convenient to use
similar to Egs.(10) and(11) of Ref.[3], to obtain an analytical expression. The usual effective-range approxi-

o mation is accurate only for loyp+p c.m. energiedJ <10

2 MeV. We use an effective-range formula for a potential with
2 y? f P —U) p(U)du 9 P
0 7 10l Q2p~ 1) p(U) a hard core, developed fer+ « scattering 6] and also ap-
(Qzp) = P ' plied to low-energyp+ p scattering[7]. Kermode[6] gives
1+ yf f [dSlo(E—U)/dE]E:szp(U) du his formula in the form
0
oy G'+Fcots) o c
Gt+Foots | "FBK ©

whereQ,,=1.78 MeV. The density-of-states functigifU)

r=c
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wherek is the wave numbeg is the hard-core radiug; and

G are the usual regular and irregular Coulomb functions, the - E

prime denotes differentiation with respectkin, andA andB

are expansion coefficients replacing the normal scattering

length and effective range. The left-hand side of &j.may

alternatively be expressed in terms of the Coulomb functions

P, S, and ¢ normally used inR-matrix theory, but here
evaluated at=c:

%[Pcot(5+q§)+8]=—A+B K2. (6)

This allows a representation of tiget p swave phase shift
that is sufficiently accurate fdd <100 MeV. (An effective-
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FIG. 1. Calculated widtH °(Q,,) of the 2O ground d

range expression valid to still higher energies can be obto decay t0'°C+2He, as a function of the reduced widi# for this

tained if the functiond, S, and ¢ are calculated for a po-

tential including the one-pion-exchange potential as well as

the Coulomb potentigl.The parameter values used in EQ).

arec=0.25 fm,A=—0.0045 fn' 1, andB=1.073 fm. Then
p(U) is calculated from Egs3) and (4) using 8(U) given
by Eq. (6).

In this way we obtaerO(Q2 ) as a function ofyl, the
reduced width for’0— 10C+2He breakup, as shown in Fig.
1. The small values dfO(sz) are due to the small value of
the effective penetration factdr 2PP1(Qzp—U) p(U) dU
that occurs in Eq(1), wh|ch is about 1/40 oPlO(sz)

channel. The vertical line shows an estimated upper Ilmnyﬁm

real, central WS potentialrf=1.17 fm, a;=0.72 fm, r¢
=1.30 fm) taken from fits to deuteron scattering dgg@a For

a 2 state of ’He, we obtain 6,=0.62, leading toy}
=0.63S MeV (for a 1s state of “He, 65,=0.27). Kryger
et al.[2] take a reasonable value Sfas 0.6. We take&s<1,
giving an upper Iimitylso 63 MeV. From Fig. 1, this cor-
responds td™° (Q2p) =5 keV, an upper limit on theéHe
contribution to thel20 width that is much less than the es-
timated value of Sherr and Fortuf¥] and the experimental
values[1,2] of the total width, and that is consistent with the

An upper limit ony? may be obtained by using the for- experimentalHe branching ratid2] and the calculated up-
mulas(14)—(16) of Ref.[3]. We use parameter values for a per limit on sequential decay througfiN [3].
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