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Radiative Pion Capture in 6Li+

Helmut W. Baer, James A, Blstirlich "
Kenneth M. Crowe, Nico de Botton,* and Jerome A. Helland
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720
and

Peter Truol§

Physik-Institut der Universitdt Ziirich
Ziirich, Switzerland

ABSTRACT

The photon spectrum from the reaction ®Li (77, y) was measured with
high resolution in the 50- to 150-MeV region by using an electron-positron
pair spectrometer. The total fraction of pions absorbed radiatively is
4.4%,6% with branching ratios to the SHe ground state of 0.31+0.04%
and to the 1.8-MeV state of 0.15+0.03% in disagreement with previous ex-
perimental results, but in qualitative agreement with theoretical pred- .
ictions. Evidence for higher excitations 1s observed in addition to

quasifree capture accompanied by neutron emission.



I. INTRODUCTION
Within the last several years it has been realized that radiative
pion capfﬁre provides a new probe of nuclear structure. Studies! on 12
and 160 have shown that the photon spectra in the 90- to 140-MeV region
exhibit a fine structure, with resonance-like peéks that can be identified
as enhanced cfansitions to known collective T = 1 (JTr =17, 27) excitation
modes of the mass-12 and -16 systems. Such transitions were predicted by
Delorme and Ericson? (1966), Anderson and Eisenberg?® (1966), and l..'iber:alll+
(1966) prior to their direct observation by Bistirlich et al.l (1966).
Calculations>?’6 based on an impulse approximation Hémiltohian; ﬁith am-
plitudes deduced from the elementary capture process T p + ny, and on
nuclear-model wave functions:which were represéntations of:the SU(4)
classification of giant resonances, have reéulted_in qualitative‘agtéei
ment with the data.! For more quantitative studies a numbef of improve-
ments must be made. First, recent pionic x~ray data indicate’ that for
“light nuclei, 4§A§16, the pion is absorbed by the nucleus>predoﬁinahtly
from fhe 2p -Bohr orbital, rather than the ls orbit as many authors
assumed. Thus, to deduce éorrect radiative branching ratios from the
_thEOretical transition matrix elements one needs pilon-capture scﬁedules.
These have just recently been published7 for 8Li and 12C. Second, the
theoretical calculations of Skupsky® (1971), Vergados and Baer9>(1972),
and Maguire and Werntz!? (1972) have shown that for 2p capture, terms in
" the effective Hamiltonian dependent on pion momentum make sizeable con-
> ,

tributions. Therefore the simple (§°Z)ei ker operator'employed in héarly
all earlier calculations is inadequate. Third, there has been the

”experimentél‘problem that, even with 2-MeV resolution at 130 MeV, the‘
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méssuremgntsl‘have not been able to isolate transifipns to individual
nuclear states which could serve as test cases. ‘Thevpresent work,‘in
méasuring‘the.ﬂ-+5Li(1+) + y+5He (0+, g.8.) transition, achieves this.
Much.of’the interest in the-abové transition éenters on the fact
that itvmight'be used to test the PCAC h&pothesis’and soft-pion limit
forvcomﬁlex‘nuclei. The approach based on these'assumptionsll (referred
to in the litérature as the elementary particle ﬁreatment of nuclei) per-
mits one to détermine the radiative m-capture rate ftdm the ls Bohr or-
bital, shown to be a matrix element of the axial-vector current, from ;he
rates of other weak and électromagnetic processes:involving the same
states or their analogs in the isobaric multiplet.: The transitipn 6L1
(1+) »> 5Hé(0+) is‘particularly well suited for this type of study since
the B-decaylz and u-capture13 rates are known and the 0+ analog in 5L1
at 3,562 MeV!2 has a well-measured y-decay width. In addition the in-
elastic électron scattering to this state has been measured by several
groups.l“ Using the experimental rates, Delorme,i_s Fulcher and'Eisen-
berg,!6 Pascual and Fujii,!” and Griffiths and Kim!® have used the
elementarf‘p#rticle aﬁproach to predict the radiative m-capture rate for
: 6L1(1+) > 6He(0+). It 18 of considerable 1nterest:to test these pred-
ictions as well as others based on nuciear-model wave functions, such as
'those‘by Vergados and‘Baer,9 and Roig and Pascual.ig- Comparison with
the theoretical-calculationa of Maguire and Werntz,lo.who use the impulse
approximation\Hahiltoﬁian but relate the nuclear matrix elements to other
measured quantities, is also of in:ergst. The only experimental value
- for the braﬁching rétio of ;his transé;ion was that‘pf Deutsch et al.l3

(1968), which was thought to be in agreement wifh theory. However, the
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more recent calculations,_when combined with the improved x-ray data, are
lower by factors of 2 to 3 from ﬁhis experimental result. Thus it seemed
important to remeasure this quantity which has beén cited as evidence for
the validity of the PCAC and. soft=pion theorem approaches.
II. EXPERIMENT |

The experiment was carried out in the stopped pion beam of the LBL
184-inch cyclotron. The experimental setup 1is shown in Fig. 1. The
incoming pions pass a beam telescope, which includes a lucite Eerenkov
detector to discriminate against eléctrons and a CH; degrader; The pions
are broughf to rest in a 7.6-cm diameter by 9-cm high cylinder of 967
enriched 6Li (ZOOg). Anticounters after thé targgt and in front of the
photon detector ensure the detection of a neutral particle in coiﬁcidence
with a stopped pion. A 180° pair~spectrometer identical to the one'de-
scribed in detail in Ref. 1, except for the wire spark chambers, was
employed to detect high-energy photons. The photons are conve;ted in 3%
radiation lengths (0.22g/cm?) of gold. The coordinates of the electron-
positron pair were measured with three wire spark chambers consisting of
four planes each. The wire spacing was 0.1 cm, and the wire angles with
the horizontal midplane of. the magnet were +12? -12? -12? and 0% The 12°
stereo view had to be used to keep the magnetostrictive readout wires out
of the high-field region. This reduces the spatial resolution for the
critical horizontal coordinate to 0.5 cm for a-givén‘spark, and limits
our energy resolution to 2 MeV FWHM at 130 MeV. The éignal of two non-
adjacent scintillator pair counters ouf of the eight pair counters across
- the magnet combleted our trigger requirements.' A PDP 15 oh-line'computer

performed the tasks of the recording the data and cénSistantly monitoring



the performance of the chambers.

~ The overall acceptance of the spectrometer and its resolution were
checked repeatedly between 6.1 runs with a 15-cm diahetef, fhin-window
1iquid hydrogen target, mounted on rails..,Figure'Za shows one of the
calibration spectra aqd Fig. 2b shows the combined acceptance of the
spectrometer, i.e., the product of solid angle, dgtéction'and conversion
efficienc& divided by 4m. This curve was calculated with a Monte Carlo
simulat;on’of the spectrometer and it includes the efficiency of the off-
1ine analySié program, which selects the 4-10% good tfiggers from thé
total_sample. The different classes of background events are described
in Ref. i; and were éasily distinguishable from the desired pairs. About
30000 triggers have been examined by eye in a direcf‘display of the cham-
ber information to eliminate possible bias of the selection programs.
Using the_ﬁesonic capture, w;p > ﬂon, we check the acceptance in the
region 55 < EY < 83 MeV; thelradiative capture, T p + yn, yields a single
line with EY = 129.4 MeV, With an accuracy of 10%Z (statistical and sys-
tematic errdré combiped in quadrature) we find that the hydrogen results
agree with the expected values 20 as shown in Table I. The number of
pioné captured in the target was determined from the number of pions
stopped as a function of degrader thickness with and witﬁout the target
material present. In this way electronic and'gedmetric inefficiendies,
including decays, could be accounted for properly wifhin an accutacy of
+4%., A small correctién (2.4%) 1s applied to account for the photons that
convert in the tatgef and the anticounter in front of ﬁhe spectrometer.

The following corrections to the number of phdtons,in the spectrum

or the number of pions captured in the target are neglected, so that our




quoted rates could be subject to an additional small systematic nor-
malization error:
a) photons pro&uced'by pions interacting in fligh; (-&4%),
b) nonradiative pion absorption in flight (+1%), .
c) pions stopping in the 7Li content of the target (4;4%),
d) phbtons produced in the reaction ‘Li (7, y) (-2.7%); the
"~ ratio of radi#tive pion capture. of 7Li to SLi is measured
to be 0.58+,0728),
| III. RESULTS
The photon spectrum is shown in Fig. 3 together with calculations
bésed on the pole model21?22 and three-body phase space (°Heyn). Thé
experimentél'spectrum exhibits three components:
a) a disérete line at 132 MeV corresponding to the ®He (g.s.)
transition,
b) a continuum component associated with quasiffee capture, i.e.,
the SHe + n (“He4n+n) channels,
c) possible resonances at higher excitations around 105, 111, and
119 MeV.
Expressed in ﬁhoton energies, we have the 6He (g.s.) (J"T = 0+,
T = 1) transition at EY = 133.95 MeV, the transition to the 1.8-MeV

state!?2 (3" = 27

, T =1 at E = 132.19 MeV, the “Hetnin threshold at
133.00 MeV, and the SHe+n threshold at 132.06 MeV. With a resolution of
-2 MeV the spectrum does not clearly show the separation of the ground

state from the first excited state and the onset of the two break-up

channels.



| A. ©He Ground State and 1.80-MeV State
Thrée differentgmetho&s were employed to extf#ct the groﬁnd-state
transition rate:

1) The hydrogen line at 129.41 MeV was shifted by 4.54 MeV and then
ﬁormglized go the upper end of thé lithium spectrum (EY > 132 MeV). Here
we assume only that contributions from other chanﬁels are small. Compar-
ison with the other two methods described below indic#te thaﬁ this assump-
tion is iﬁdeed correc;. |

2) We assumed that the quASifree capture can be described by the
single-pr?ton exéﬁange model.?l We selected A values at the nucleué
vertex suited for (*He+n)+n (A=6.56) and the SHe+n (A=7.43 MeV) chénnel.
The grouﬁd-state transition fate was found not téldepend too critically
on the choice of_this parameter milﬁﬁi"(see Table II.) and.is inlagree-
- ment with the value obtained with the first method.

3) Single as well as a two-neutron emission, when calculated with

phase space or the pole model, exhibits a-dependence on the photon energy

néar the maximum value E° given closely‘by the form

k *\/Eo - E

We fit the.spectrum above 120 MeV with this function plué two lines at
the correct energies for the 0+ and 2+ states,

There are twovobservétioﬁs which force us to cpnsider the popuiation-'
of the 1.8-MeV state. One is the fact that a sihéle level fif with one
VBreit-Wigner‘shaped reéonance folded with the resolution as obtained from
the hydrogen spectrum yields values for the leveilﬁosition of.Eo = 133.4‘ 

MeV and a width of T = 0.5 -0.7 MeV, where we éxpect I'= 0 and

Ed = 134.0. Since the energy scale was frequently checked with

i




hydrogen runs, and we find the correct energy fdr the 3He(ﬂ-, v)3H
reaction to be reported elsewhere,?3 we can exclude the possibility
of an instrumental energy shift. To exclude further possible shifts,
the fits were repeated for different subsets of data, each one with

a resolution taken froﬁ'a hydrogen run during the same runqing period.
Second, we can improve considerably the fit to the upper end of the
spectrum (a factor of 3 in xz) obtained with method 3 above if we
introduce a second line at 132.19 MeV. The results of these fits are
.summarized in Table Ila. |

In addition to the two line fits given in the table, we attempted
to verify the position of the second level by leaving ﬁhe'position-and
width of the level as a free parameter. When doing this, the fit re-
sulted in va}ues Ex = 1,6+0,1 MeV and 0<I<0,25 MeV for the position and
width, respectively. These numbers are in agréement with the known
valuesl? for the 2+ state of Ex = 1.,80+0.03 and T = 0.112£0.002 MeV.
The ground-state branching ratio obtained this.way is ldwer by 7%, the
1.8-MeV branching ratio higher by 13.5%, and tﬁe x2/degree of freedom
decreases by 15%.

The parameters of the different fitting procedures are summarized
in Table IIa and the fitted_éurves are shown in Fig. 4. In Fig. 4b the
GHq (g.s.) contribution has been subtracted from‘the data. One caﬁ see
clearly thaﬁ one must assume the population of the 2+ state if one does
not introduce an unusual behavior of the continuum at its endpoint.

B. Continuum and Possible Resonances
From Fig. 3 it can be_seen that neither phase‘space nor the one-

proton-exchange pole model?1?22 give a good description of the épectrum
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below 12% Meva There are in?ications.of some resonance—iike'structures
in the spectrum at approximaéely 120 and 110 MeV and possibly near 105
MeV. To descfibe these, we fit three Breit-Wigner resonances plus the
vpole model?! (A = 6.56 MeV) to the dafa and obtain the fit shown in Fig.
3. The cqrresponding resonance width, poéitions; and partial branching .
ratios are given in Table IIb; Evidence from otﬁer experiments regarding
higher rFsonanges in the mass-6 systemso is discuésédvin the next sectibn.
IV] DISCUSSION

In TaBle III we compare the groﬁnd-state transition rate with the
different thébretical predictions and with the only previous measurement.
As in the case of 12C (Ref. 1), a large discrepancy exisfs between the pair
spectfometer value and that obtained from the activation method. The
latter is higher by a factor of 3.3. This disagreement is unexplained,
but there are ind:{.cat:l‘.onsz.6 that neutron-induced activity in the target
may accbunt for the higher rate. Since the 1.8-MeV state is observed to
decay entirely via particle emission (;Y/P < 4 x-lo-“27)),'it cannot
contribute the SHe B -activity. The excellent agreement of our hydrogen
calibration data with the accurately measured values.gives us confidence
in our absolute normalization. Furthermore, we ﬁote that our total capture
rate, 4;410.62, 18 even higher than the older Nal value.?28 ’

The quantity we measure‘ié the branching ratio RY of ;édiative to
total capture from all atomic orbitals. This ratio is related to the
theoretical matrix elements for each pion initial state by the incoherent

sum over all Bohr orbitals

“A_(ng) o
R = 2 Y — . wng) , - S
Y nt Aa(nz) . '
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where the'quan’tities_lY (nz)_[la(nl)] are the radiative [totall capture
rates from orbital nl. The w(nl) are the probabilities'/n;atom
from orbital nl. It is generally assumed that the

rgtio radiative/total capture is independent of the principal quantum

number n and depends only on 2%. Therefore the quantity

A (1s) A (2p)
R =_Y wlns) + w(np)
Y A s) Zn: | A (2p) Zn:

is compared with experiment.

There have been seven evaluations of the gfound—state transition
rate; however, only three attempts have been made to calculate the 2p
contribution also. Griffiths and Kim,18 Fulcher and Eiéenbérg,16 and
Pascual and Fujiil” use the "elementary particle" method and their re-
sults could in principle check the more model-dependent calculations of
VVergados and Baer,9 Roig and Pascual,l'-9 and Maguire apd Werntz!0 with -
the impulse-approximation and shell-model wave fuﬁctions. The accuracy
of the eleﬁentary particle approach, however, is limited through the
quality of the input data from the other reéctions; e.g., the transition

rate for the process SLi(u , vu) 6He is known to only 20%:13

+0.33 ,
(1.60 -0,133) x 103 sec”!. The difference between the result of Fulcher

and Eisenberg16 and Griffiths and Kim!® is tracedl® to the use of the
axial form factor as determined from 8 decay and u capture, respectively.
However, the calculations differ also in other aspects, such as the

treatment of the distortion of the pionic orbit due to the strong
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interaction?® or the choige of the correction factof3°'that is introduced
into the soft-pion result.';The most detailed treétmentzwith the eleﬁen-
tary partiéle method is the one of Delorme,l® whefe all corrections have
been included;31‘and also an attempt has been made to evaluate the 2p
capture rate. The agreement between the impulse approximation and the
elementary particlé results is quite good. For the 2p-cont;ibution one
has to rely on the model—degendent calculations. The three impulse-
'_approximatioﬁ calculations?>10°19 differ in the following respect: In
the calculations of Refs. 9 and 10 the distortion of the pionic orbit is
taken into account by a multiplicative factor; in Ref. 19 the distorted
‘pion wave function is kept in the matrix element. The coefficients in
the effective Hamiltonian differ but not very much. Roig and Pascuall?
and Maguire»and Werntzl0 use a set obtained from pion-photo production
ﬁultipole'tableé of Berends et al.3? vergados and Baerd use two sets,
one due to Ref. 2 which has been shown to be in error by Maguire and
Werntz,!? the other one due to Ref. 33 which 1is close.to the ones used by
the other groups. It is therefore not surprisihg that all calcﬁlations
agree very well, if only the coefficients in the shell-model wave func-
tions (e.g., the size paramefer of the p-shell harmonic oscillator) are
chosen in such a wéy that other transition rates involving the same
levels are>we11 reproduced. Roig and Pascual vary the pérameters to fit
the rms radius of 6Li, the ft value for the SHe +'5Li+ef4v decay, the
width of the 6Li (3.56 MeVv) -+ 6Li (g.s.) + v magﬁetic dipole transitionm,
and the 6Li(u_, vu)GH_(g.é.) ﬁ capture rate. Similarly, Maguire and Wérnfz
use inelastic electrbn'scattering to the SLi (3.56 MeV).state, in additiom.

Vergados and Baer give two values: one for a size parameter to fit the

1]
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energy calculations, the other one fitting the rms r;dius. The latter
gives better agreement with our data.

From the standpoint of testing nuclear wave function, thevratio
RY(2+)/RY(O+) is of interest. In this ratio, though experimentally not
too well determined because of the lack in resolution, the errors intro-~
duced from the pionic x-ray data cancel to a large degree. The theoreti-
cal result of Vergadoézu is 0.18+0.03, in disagreement with our experi-
mental result of 0.49:0.10; Although this value depends on the'way the
background is treated, there does seem to be disagreementvwith theor&.

We can thihk of the following sources for this.

1) An enhancement of the rate for the reaction SLi(n , y)He" nn near
| the threshold. This 1s possible when the gbsorptioﬁ proceedé via the
absorption of the pion on a quasifree deuteron in the 6Li (deuteron ex-
change) and the d(m , Y)2n spectrum has the usual shape influenced by
the n-n final-state interaction.3%

2) The shell;model wave functions do not descfibe the 1.8-MeV state
too:well. Since harmonic oscillatpr wave functions were used, the fact
that thevl.S-MeV state is unbound may not be properly taken into accéunt.
One expects for the unbound state that the nucleon wave function extends
beyond the nﬁclear'surface, more than is assumed in the calculation.
Since this will place the nucleons closer on the averagé to the 7 , it is
not unreasdnable‘to expect an enhancement in the transition rate relative
to the ground state abové that given by the shell-modellcalculation.

Of the thrée resonances for which our data»gives some evidence,

there is supporting evidence for the one at Ex x 23 MeV in the mirror

nucleus ®Be., Here a T = 1"Tz = -1 (Iz = +1) resonance is observed at
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approximatelf the same energy. Measurements of 3:H‘e-,3He elastic s;attér-
1ng§5’36wand the radiative 3He capture reaction37.3Hé(5He, Y)GBe deter- |
mined L = 3, S=1, T =1 for this resonance, and it has been identified
with the 33F state predicted at n 27 MeV by Thompson gnd Taﬁglaa Observ-
ation of the Tz =0 membgr of this isobaric triad inmsLi was reported by
Ventura et al.®® To our knoﬁledge this is the first evidence found for
the Tz,='+l member in 6He.

The possible ﬁeak at EY = 118.8 MeV would correspond to an excita-
o tionzenergy,in‘thé 6He of 15.6, or 3.3 MeV about the threshold for the
break-up of the SHe into two tritons. Considerable discussions have
centered recently around the existence of a T = 1 level.in the A =6
system above the 3H-3H, 3He-3H, and 3He-3He threshold for ®He, 6Li, and
6Be, respectively. The existence of such a level was originaily put for-
ward by Fowler“? as a possible explanation of the low'solar-neutrino flux
observed by DaQis'et al.4! ’The pfoperties of this‘0+ level and evidence
.for and against its existence were lﬁter discussedlby\Fetisov and Kopy-
sov“ziand by Barker.*3 The only other evidence for a level in this
energy region iﬁ 6He comes from the reaction ’Li(p, Zé)GHe, but the
proposed spin-parfy values are J = 1~ or 2 .12 1In 611, however, in-
.elastic scatﬁering indicated a level at'15;8.MeV with J" ='0+, 1+, or
2,12 4 recent repetition of this experiment“3 with 37-, 50-, and 60-
MeV eleétrons séattered at 180° did not observe any narrow‘fransitions
in the excitation région from 9 to 18 MeV, aﬁd an uﬁpér limit of 3 eV is
placed on the Ml groﬁnd-state transition width fof_é narrow O+ stéte_near

15.2 MeV in SLi. Unfortunately we can only estimate the widch very

crudely, and the transition rate given in Table II for this level depends,
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of course, étrongly on the model used to subtract quasifree capture. It
éeems desirable, however, to estimate theoretically the possible width
and positioﬁ of the proposed level in SHe and itsvppssible rate for our
reacfion. |

A possible third level, at Ex ~ 30 MeV, canﬁot be identified with
any known states. However, the weak statistical evidence for it as well
as the problem of knowing the quasifree background-ée.g., reactions like
m + 5Li » “He* + nin+y might yield spurious resbnancés in 6.He--preclude
further comment.
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published results and for heipful.discussions. We gratefully acknowledge
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FIGURE CAPTIONS
Fig. 1. The electron-positron pair spectrometer and range-télescope
geometry. The trigger for an event waé 7l x 12 x 73 x T8 X
Te x (AxB), x (AxB),, 1 # k, k £ L.
Fig, 2, (a) Photon spectrum for T capture in Hydrogen. The distértion
of the rectangular shape of the n° spectrum is due to the
:reduction in efficiency at the low-energy end. The Panofsky
ratio deduced in this experiment is P = 1.56+0.10. |
(b) Efficienéy of pair spectrometer as.a function of pﬂoton
energy. |
Fig. 3. The ®Li (n, y) photon spectrum in fhe>50—150 MeV regions.
The instrumental line shape, shown in Fig. 2b, cauées the
peak in the spectrum to appear 2 MeV lower than the photon
energy. We therefore indicate break-up thresholds and the

position of the 2+ and O+ states shifted down by 2 MeV.

L3
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Solid line: fit to S§eCtrum between 98 and 135 MeV assuming 2
lines at Ex = 0 and 1.80 MeV, 3 ﬁreit—Wigner resonances at
Ex = 15.6, 23.2, and 29.7 MeV, and the poie model?! with

A= 6f56 MeV using relative strengths given.in Table IIb;
long-dashed-line: Pole-Model of Ref, 21 with A = 6.56;
shért—dashed-line; Pole-Model with comﬂlete kineﬁaticszz;
daéh-dot-line: SHe + n + v phase space, normalized to same
number of photons as pole model.?2

Fig. 4. (a) Upper end of SLi spectrum; solid line: single line fit

(E = 133.96) + k- {/133.02 - E ; dashed line: contribution
from the SHe g.8. in the single line fit; dqshed-dotted-line:
contribution from ®He g.s. in two-line fit (Ex = 0 and 1.80
MeV).

(b) Upper end of 6L1i spectrum witﬁ 6He-g.s. contribution sﬁb—
tracted; dashed line: Background as in (a) and single line at

Ex>= 1.80 MeV; solid line: sum of background and 1.8 MeV state.
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TABLE I‘, Total. capture rates in Hydrogen and Lithium
Target b,Target' Number of photons : - Number of Pions Branching ratio
L a) b) c) d) e) g D) g)

Nucleus Mass Nyl ‘ NYZ . Ny3 Nﬂl N“2 : RY _ RY

[g/cm?) [10%] [103] . [108] [1010]. . [1010] (%] (%]
Hé «99 2.55£.05 2.55+,05 1.12¢,08 .0405 .0264%,019 - 42,4544 v39.51.320)
(ny)
HZ- .99 1.52+.04 » 7.96+,51 3.49+,26 .0405 g .0264+,0019 66.0+6.4 60.5t.320)
(nmo) o | |
Panofsky- . 20)
ratio 1{5610.10 ' 1.53+02
6.4 2.76 9.77¢10  12.74t1.26  5.50t.68 1.66 1.258.06 4.4t.6 3.3¢.2%8)

a) Raw. number of events °

. b) Number of events corrected for ehergy_dependent'
' efficiency Ny (130) =1

c¢) Number of photbns into full :solid angle

" d) Raw number of stopping pions
" e) Pions captured in the target

f) this experiment Ny3/Nu2

- g) previous experiments
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TABLE II b)

Experimental Branching Ratios for 6L1 (Tofal Spectrum)
Energy Widﬁh Rya) ' Energy >Wid£h‘ RYb) 6He _
MeV] [MeV]. [%] [MeV ] MeV ] (%] Excitation Energy
133.96 0 .3071.635 133.96 0. .3084+.033 0.
132.16 1 .140£,205  132.16 .1 .189+,027 1s
118.80+.46%) 12.67£1.90 .238+.113  118.75:.49 . 1.67+1.97 .143:.082  15.64.5
| 11L.511.73c) 4.3313.37 .346+.,265 111.30+.74 ‘ 4.08:3.li .282+.185 23.2¢.7.
'104.92¢i.29c) 7.39#4.24' .502:.302 . 104.86x1.06 . 5.65%3.65 ;3391.202 29.7+1.3
Pole | . 2.864:.292 3.181:.312  Pole '
, , _ o
i
4,392+.584 4.462+.512 Total
1.21 1.22 | X2/Degree of Freedom
?5 75 Data pﬁin;s
;.98<EY<135 : ‘98<EY<135 ' .Energy—Region.

a) Pole-model with A = 6.56 (*He+ n + n upper cut-off)
b) Pole-model with A = 7.43 (SHe + n upper cut-off)

c) The indicated uncertainties for the parameters of the Breit-Wigner resonances do not reflect the
uncertainties of the pole model.

{‘t

£

F



TABLE IIX Comparison of experimental and theoretical capture rates to the 6He (0+) ground state and 6He (2+) first excited state
| 2 (). WO 2, (1) 2, (p) , |
).y(ls) xa s ).7(2p) XB(2_p) Xa(ls) x Tw + ;(21’) x Lw Reference
f1015gec1] [z] [ #10!5gec-1) [2] ’ (213
1.46¢,22 50,08 4.12¢,62 184,06 .31¢,07 . Roig, Pascual (1972)'?) ground state ¢/}
1.51¢.15 .51%.06 5.26%.06 .23¢.06 .34£.07 McGuire, Werntz- (1972)19) (theoretical) (1a)
*2.08 .70£.05 4.32 L9805 .39t,08 o Vergados, Baer (1972)°) ‘
1.40 : 478,03 4,44 - ,19%,08 . .30%,08 . Vergados, Baer (1972)%)
2.3t.5 78,18 .52t,14 ’ ‘ 62,11 Delorme (1970)'%) (EP)
1.86+,18 .63,08 o [.25¢.07)9 Pascual, Fujit (1970)7) (EP)
+.4 +.14 . d)

1.9_05 -64_ 08 (26498 _ Fulcher, Eisenberg (1970)'®) (EP)
1.65 56,04 - _ ' (-23¢.06]9 Griffiths, Kin (1968)!%) (2P)
o . - A\

«306+,035 . This experiment“) (experimental)
1.0t.1 Deutsch et al.’(1968)1%
227 .076%,051 1,57 ,069%.018 .07£,02 Vergados (1972)2") 1.8 MeV state (theoretical)
.151%.026 This experiment (experimental)
al .36 ' ' .18¢.03 Vergados?®) - R, (1.8)/R,(0)
. 49,10 This experiment . " .

For the total pion absorption rate and the capture schedule we use the experimental values from pionic-X-ray data

(1) = 1 . 1017 sec-! Bay 47)
2 )_«a(ls) T\PZP»la' (2.95¢,20) x 10!/ sec~* Backenstoss, Koch (eﬂ))

2,28+.76 Harris et al. (exp.) ) .
2,13 . - Krell, Ericson, (theor.)"®

Y 2P (2.285.61) x 1013 sec”! Sapp et a1.”)

' 3.4 Ericson, Eri.c’ou"8
1.06 Backenstoss"®

c) gm(ns) = ,40%09; gw(np) -] - ﬁu(né) Séyp ﬂa_l.ﬂ

d) 1ls-capture only
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Atomic Energy Commission, nor any of their employees, nor
any of their contractors, subcontractors, or their employees, makes
any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness or usefulness of any
information, apparatus, product or process disclosed, or represents
that its use would not infringe privately owned rights.
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