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Measurement of Gamow-Teller strength for 127I as a solar neutrino detector
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Gamow-Teller transition strengths obtained in the127I( p,n)127Xe reaction studied at 94, 159, and 197 MeV
incident proton energies are presented, and used to evaluate the efficiency of127I as a solar neutrino detector.
Excitation of theJp5(3/2)1 first excited state atEx50.125 MeV in 127Xe, sensitive to7Be solar neutrinos,
is evaluated. The sum of Gamow-Teller strength up to particle emission threshold and up to 20 MeV excitation
energy are also reported. This paper also provides a new measurement of the Coulomb displacement energy
DEc , the excitation energy of the isobaric analog state, and the centroid of the Gamow-Teller resonance in
127Xe. @S0556-2813~99!02101-9#
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I. INTRODUCTION

The observed flux of neutrinos emitted by nuclear fus
reactions in the solar core are considerably less than
dicted by models of the solar interior. This discrepancy h
been observed by each of the five operating solar neut
experiments: the chlorine detector in the Homestake M
the Kamiokande and Superkamiokande detectors in Ja
and the two gallium detectors GALLEX and SAGE. Fro
analysis of the combined results it appears that the hig
energy component of the solar neutrino emission, that du
the decay of8B, is about half of that predicted, the midd
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component, that in the 1 MeV range, due to the decay
7Be, thepep reaction, and the CNO cycle, is almost com
pletely absent and the lowest component, that below
MeV due almost entirely top-p fusion, is observed at ap
proximately the predicted intensity.

The most dramatic and startling effect, the almost co
plete absence of electron neutrinos in the 1 MeV range
obtained by subtracting the8B neutrino flux determined by
the Superkamiokande detector from the observations of
Homestake chlorine detector. Clearly, this result should
verified by another detector with the same range of sens
ity. That is, we need another electron neutrino detector tha
sensitive to neutrinos in the 1 MeV range, but has a thresh
above thep-p neutrino range so that it is not overwhelmed
the large flux of these low energy neutrinos.

In 1988 Haxton@1# pointed out that127I meets the above
criteria. The nuclear reaction involved in the proce
127I (ne ,e)127Xe (t1/2536.4 d), yields127Xe, a noble-gas
product, that can be recovered with techniques similar to
recovery of 37Ar @2# produced in the reaction
37Cl(ne ,e)37Ar ( t1/2535.0 d). The technology of a radio
chemical version of an iodine solar neutrino detector clos
follows that of the chlorine detector and has been dem

,
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PRC 59 501MEASUREMENT OF GAMOW-TELLER STRENGTH FOR . . .
strated in a pilot127I detector operated at the University o
Pennsylvania@3#.

The critical issue for an iodine solar neutrino detector
the determination of the cross section as a function of ene
for the 127I(ne ,e)127Xe reaction. In order to determine th
high energy part of this cross section, Cleveland and colla
rators have placed an127I detector near the Los Alamos Me
son Physics Facility~LAMPF! proton beam stop and hav
measured the total absorption cross section form1 neutrinos
produced byp decay in the proton beam stop@4#. This neu-
trino spectrum is similar to that produced by a supernova
extends up to a neutrino energy of 53 MeV. Production o
MCi source of37Ar that will give a monoenergetic 814 keV
electron neutrinos is now beginning in Russia@3#. This
source will permit measurement of the response of an iod
detector to7Be electron neutrinos.

In his paper, Haxton@1# pointed out that for the propose
127I detector, the capture cross section for7Be neutrinos
(en50.862 MeV) should depend only on the strength of t
Gamow-Teller ~GT! transition between the ground sta
~g.s.! of 127I, Jp55/21, and the 0.125 MeV excited stat
in 127Xe, Jp53/21. The higher energy solar neutrino
from 8B can produce127Xe atoms by exciting many trans
tions to excited states below the neutron breakup thres
~particle emission threshold! at 7.223 MeV excitation energy
@5#.

Haxton @1# argues that if the GT transition to the 0.12
MeV excited state has a log(f t) greater or smaller than 5.1
@value for 37Ar(EC)37Cl], the 127I detector would have
greater or lower sensitivity to7Be neutrinos. Also, the ratio
for the capture of8B neutrinos to that of7Be neutrinos will
depend on the Fermi~F! and GT strength below the particl
emission threshold in each detector. The comparison of
resulting 127I neutrino capture data with the37Cl results
could provide better information about the flux of7Be neu-
trinos emitted by the Sun.

It has been empirically shown that data obtained fr
zero-degree (p,n) charge exchange cross sections, measu
at incident energies between 100 and 200 MeV, may be u
to deduce GT strengths in nuclei. This technique has b
used for37Cl and 71Ga nuclei@6,7#. In this paper we report a
measurement of the Gamow-Teller strength distribution fr
the 127I to excited states in127Xe as determined from
127I( p,n)127Xe reaction.

The first excited state at 0.125 MeV is the lowest state
127Xe that can be excited by a GT transition. Several ot
states below 1 MeV have been observed by Champa
et al. @8# in 127I( 3He,t)127Xe and by Lonnrothet al. @9# in a
low energy 127I( p,ng)127Xe reaction. Eleven excited state
below 1 MeV have been assigned@10# a Jp of
(3/2)1,(5/2)1, or (7/2)1 and might show GT strength from
the 127I g.s. However, only the 0.125 MeV state can be e
cited by neutrinos from the 7Be decay chain (en

5862 keV). To determine the GT strength to the 0.1
MeV state with the (p,n) reaction an energy resolution o
better than 200 keV is required, since the next possible
state is only 197 keV higher.

The first measurement of the127I( p,n) charge exchange
reaction at intermediate energy was performed by Su
baker @11# at the Indiana University Cyclotron Facilit
s
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~IUCF! utilizing the beam swinger. This author used a be
energyTp5120 MeV and a 29.8 mg/cm2 thick target made
of calcium iodine. The neutron detectors were oriented l
gitudinally, with their long direction along the neutron bea
~so-called spectroscopy mode with time compensation! and
the neutron detector station was located at 121 m from
target. The achieved energy resolution was only 320 keV
width at half maximum~FWHM!. The low excitation energy
range of the observed neutron spectrum atu lab50 ° showed
almost a featureless character, with no visible peak com
rable, for instance, to that seen in71Ge @7#. The higher exci-
tation part was dominated by the isobaric analog state~IAS!
riding on a broad GT structure, located betweenEx512 and
13 MeV. By using the energy dependence of the ratio of
intrinsic spin flip ~Gamow-Teller! ŝGT to the intrinsic non-
spin-flip ~Fermi! ŝF unit cross sections,

R25
ŝGT

ŝF

5FTp

E0
G2

, ~1!

and usingE05(5065) MeV, the author estimated the fo
lowing GT strength values. In the above equation, the u
cross section is defined as the GT~F! cross section in mb/s
per unit GT ~F! strength. In these units, the neutron dec
has a GT strength of 3. The integral fromEx50 MeV up to
the particle emission threshold was estimated to be (
60.1) unit GT and over the excitation energy, including t
lowest four excited states in127Xe that may show GT
strength, to be (0.02860.003) unit GT. The uncertainties i
the above values are only statistical. Because of the achie
resolution, they estimated the upper limit for the GT stren
for the first excited state to be half of the observed stren
or 0.014 unit GT. A nonstatistical uncertainty of620%
should be included in the above empirical values to refl
the uncertainty of 10% in the assumed value ofE0 .

The previous experiment@11# failed to provide more pre-
cise information about the distribution of the GT strength
the low excitation energy states of127Xe. In particular the
first excited state was not isolated. Therefore we decide
repeat this experiment at IUCF using an apparatus chara
ized by high resolution and high background suppression

In this paper we presentu lab50 ° results for the
127I( p,n)127Xe reaction obtained at beam energies of 9
159, and 197 MeV. In particular, evidence for the excitati
of the 0.125 MeV state in127Xe as well as values for the GT
strength observed up to the particle emission threshold
up to 20 MeV of excitation in127Xe is presented.

II. EXPERIMENTAL METHOD

To achieve a good energy resolution in a time-of-flig
measurement a long flight path and good time resolution
required. However, extending the flight path usually redu
the peak-to-background ratio in the neutron detector. To
prove the signal-to-background ratio one can use a neu
polarimeter, where a coincidence condition is required
tween two neutron detectors~polarimetry mode!. The polar-
imetry mode is very efficient in suppressing the backgrou
however, it also reduces the neutron detection efficien
which is already typically low.
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502 PRC 59M. PALARCZYK et al.
At IUCF a new neutron polarimeter, INPOL, has recen
been installed at a fixed distance of 159 m from the targ
Complete information about this polarimeter may be fou
in Ref. @12#. Briefly, INPOL consists of two front detecto
planes ~analyzer planes! and two back detector plane
~catcher planes!, separated by a charged particle veto pla
To reject charge particles coming from the target a large v
detector is placed in front of the analyzer planes. Ea
1.0 m31.0 m30.1 m plane is divided into ten individua
detector cells. Each cell operates as a separate detecto
provides position information along its length. Requiring
coincidence between the analyzer planes and the cat
planes suppresses the background from cosmic radiation
additional information is obtained from the kinematics of t
interplane scattering. When the neutron detectors opera
the spectroscopy mode, background is usually suppresse
raising the energy threshold on the detector analog out
This procedure makes the response of the neutron dete
strongly energy dependent, and final spectra require a ca
correction for this energy-dependent efficiency. In contras
the spectroscopy mode, the polarimetry mode allows
neutron energy thresholds. Another tool available in the
larimetry mode is the velocity ratio. From the time of flig
of the incoming neutron to the analyzer planes and from
conversion location in the catcher planes one can calcu
the interplane time of flight and form a ratio of measured a
expected velocities of the scattered particle. The expe
velocity is calculated using kinematics forn-p scattering.
This ratio yields unity for scattering from the H compone
of the scintillator material. Other event types with kinemat
or timing not matched ton-p scattering will yield higher or
lower values for this ratio, and thus can be discrimina
against. In this way one can eliminate slow neutrons fr
previous beam bursts~known as pulse selection fee
throughs! and suppress signals from cosmic-ray showers
other background. The cyclotron beam pulses are separ
by about 30 ns. Time-of-flight experiments require long
pulse separations. In the present case we removed se
beam pulses from the primary proton beam to achieve p
separations of about 300 ns. The unwanted pulses are
moved by a beam buncher and chopper, but they may no
completely suppressed. Slow neutrons from previous pu
and poorly suppressed pulses can increase the backgrou
the neutron detector. The velocity ratio offers an effect
way to suppress this form of background.

Data for this experiment were collected using the INPO
detector in polarimetry mode at zero degrees. Three incid
energies were selected: 94.1, 159.1, and 197.4 MeV, w
pulse selections of 1:10, 1:12, and 1:3, respectively. At b
the low and medium incident energies this allowed us
study an excitation range well above the IAS state in127Xe
state and ensured a wide time separation between pr
bursts. The lowest input proton energy was chosen to en
a good energy resolution. The lower the incident proton
ergy the greater becomes the time dispersion between ou
ing neutrons traveling to the detector with different energi
Therefore, for a given time resolution of the detection syst
the better is the achieved energy resolution. During a test
prior to the main measurement, an energy resolution ofDE
;200 keV at an incident beam energy ofTp;100 MeV
was achieved. The 159.1 MeV input energy was selec
because this collaboration has previously carried out (p,n)
experiments at this energy to measure GT transit
t.
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strengths@13#. Short runs at the highest incident energy we
collected in order to compare specific spectrum integrals
those obtained at the lower incident energies, rather tha
study low lying excited states. Therefore we will discu
experimental conditions at the lower~94.1 MeV! and me-
dium ~159.1 MeV! incident energies in greater detail.

Usually in a high resolution neutron experiment two bea
related factors are critical: the cyclotron timing and the e
ergy spread across the target. In this experiment, the
mated time spread in the beam, based on measurem
made with a fast plastic-scintillator telescope located clos
the target, was;350 ps at low beam energy and;500 ps
at medium beam energy. The intrinsic time resolution of
INPOL polarimeter determined from cosmic-ray muo
tracks is on the order of 300 ps. The beam-related fac
depend on how the cyclotron has been tuned. Using nar
energy-defining slits reduces the energy spread across
target at the expense of beam intensity. At the incident
ergy of Tp5159.1 MeV the estimated energy spread w
smaller than 150 keV. To achieve the long range time sta
ity critical for experiments with low luminosity, one mus
track small time fluctuations of the beam with respect to
cyclotron radio frequency. Both the cyclotron crew and t
experimenters invested considerable effort to achieve a g
and stable beam intensity of about 300 nA at 94.1 MeV a
about 100 nA at 159.1 MeV. The total collection time
‘‘good events’’ was ;8000 min at lower energy and
;2000 min at medium energy.

The beam stability and overall resolution were perio
cally checked by using the7Li( p,n)7Be reaction at 0 °. The
two lowest states of7Be, the ground state withJp53/22

and the first excited state withJp51/22, are separated by
0.429 MeV. The separation between the two states in spe
recorded with a thin7Li target (;20 mg/cm2) served as a
useful monitor of the overall experimental performance.

A. Achieved energy resolution

The INPOL polarimeter offers two triggers to measure t
neutron time of flight. The first is the NN~neutron-neutron!
trigger, where incoming neutrons are registered in the a
lyzer planes followed by neutron scattering into the catc
planes. The second, the NP~neutron-proton! trigger, occurs
when in the analyzer planes most of the incident neut
momentum is transferred to a proton, which is then scatte
into the catcher planes. The advantage of the second tri
is a 100% detection efficiency in the catcher planes and
nificant improvement in the measurement of the interpla
time and flight path. The latter makes the velocity cut mo
efficient. Because of the range of recoiling protons, the
trigger is useful only at the higher input energy. It also r
quires a larger efficiency correction.

Figure 1 present zero-degree spectra obtained in
7Li( p,n)7Be reaction at both lower energies. In Fig. 1 pan
~A! and~B! exhibit the achieved resolution in the NN cha
nel at incident energies of 94.1 and 159.1 MeV, respectiv
Because of the extremely low nuclear cross section for
first excited state in xenon, the energy slits were opened.
resolution at lower energy with the wider energy slits w
only 250 keV FWHM, whereas atTp5159.1 MeV with
tight slits it was 280 keV FWHM. All quoted resolution
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PRC 59 503MEASUREMENT OF GAMOW-TELLER STRENGTH FOR . . .
were determined using the7Li( p,n)7Be reaction~as dis-
played in Fig. 1!. At medium energy we were able to mak
use of the more efficient NP channel and hence could
with a lower beam current. The NN channel at this ene
was used to provide only the overall normalization. Figu
1~C! displays one of two different cuts, optimized for th
experiment in the NP channel. A resolution of about 180 k
FWHM at Tp5159.1 MeV was achieved. At the high inpu
energy~from the NP channel! the resolution was only 330
keV FWHM. More details about optimizing INPOL and it
triggers for a high resolution measurement can be found
Ref. @12#. The production spectra will always represent
sum of all ‘‘good events.’’ Therefore, one can expect t
final resolution in the127Xe spectra to be slightly worse tha
values cited above, which were obtained in single short ru

We have analyzed spectra obtained from the NP cha
at medium energy and from the NN channel at the low
ergy. At 159.1 MeV incident proton energy and assum
that the zero-degree cross section is a measure of
strength, we have obtained the GT strength up to 20 M
excitation in 127Xe. At both lower incident energies a clos
look is taken at the first excited state and we present a c
parison of both excitation spectra up to the particle emiss
threshold. It will be shown that the zero-degree differen
cross section for the first excited state follows the ene
dependence of a GT transition. The data taken at high in
energy will be used only to discuss the spectrum shape.

B. Experimental results

The final spectra are corrected for neutron detector e
ciencies and neutron absorption in the air and other mate
in the 159 m flight path. The combined corrections we
determined as a function of energy by measuring
7Li( p,n)7Be spectrum at incident proton energies of 9
104, 159, and 197 MeV. The 7Li( p,n)7Be(g.s.
10.429 MeV) reaction has been measured over a rang
energies from 80 to 800 MeV@14#. From that reference we
use the c.m. cross section of (26.060.8) mb/sr as constan

FIG. 1. Zero-degree excitation spectra for the7Li( p,n)7Be re-
action obtained at~A! Tp594.1 MeV, ~B! and ~C! at Tp

5159.1 MeV. The two states in7Be are the g.s. and first excite
state at 0.429 MeV. The resolutions obtained with a ‘‘Gaussian p
a tail’’ fit were FWHM 5 250 keV for~A! and FWHM5 280 keV
for ~B!. Both spectra in~A! and ~B! were generated using the NN
channel. Panel~C! displays spectrum obtained also atTp 5 159.1
MeV, but with the NP channel~see text!. In this case the resolution
was FWHM5 180 keV.
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over the energy range of this experiment. This calibrates
neutron detectors efficiency to a systematic error of less t
2%.

In the NN channel the normalization varied by about 20
between the lowest and the highest energy used in this
periment. The NP channel cannot be used for energies be
about 120 MeV. Thus, the 104 and 94 MeV7Li( p,n) data
do not provide a low energy calibration point in the N
channel for theTp5159.1 MeV runs. Instead, the NP cha
nel in the region of the127Xe IAS was calibrated with the
value of the differential cross section for th
12C(p,n)12N(g.s.) transition measured in the NN chann
The g.s.Q value is218.1 MeV; so the neutron energy fo
this transition is lower than the energy for neutrons in t
region of the127I( p,n) IAS transition.

The cross section uncertainties cited in this paper are
tistical. An independent study has shown@15# that uncertain-
ties in target thicknesses may contribute systematic error
to 5%.

The 127I target was prepared as a40CaI2 ~99% enriched in
40Ca) composite with a binder containing primarily12C and
1H. The target thickness was 29.5 mg/cm2. Both 40Ca and
12C have negativeQ values large enough to place the co
taminant events at lower neutron energies than the IAS
xenon. Nevertheless, at the time of the experiment data w
taken on background targets and all contaminant contr
tions have been carefully subtracted.

Data taken with12,13C and 26Mg targets helped to obtain
the exact input energy needed to determine the excita
energy of the IAS in xenon, which was previously n
known.

Double-differential cross sections from th
127I( p,n)127Xe reaction atu50 ° andTp5159.1 MeV are
displayed in Fig. 2 as a function of excitation energy up
Ex525 MeV. The spectrum is dominated by the IA
~Fermi! peak. The visible peaks in Fig. 2~or see the inset in
Fig. 8! at Ex52.6260.05 andEx53.0860.05 MeV corre-
spond to a possible group of GT states in127Xe not listed in
Ref. @10#. The IAS is riding on a broad GT resonance ce
tered aroundEx514.5 MeV. Assuming a smooth shape

s FIG. 2. Zero-degree127Xe excitation energy spectrum obtaine
at Tp5159.1 MeV. The dominant feature in the spectra is the i
baric analog transition~Fermi transition! at Ex512.68 MeV. The
spectrum is binned with 100 keV per channel.
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504 PRC 59M. PALARCZYK et al.
the GT resonance underneath the IAS and Gaussian sha
the IAS, the IAS position has been determined to
Ex(IAS)5(12.6860.05) MeV and the associated cross se
tion s IAS5(4.2960.12) mb/sr. To calculate the excitatio
energy nuclear masses from Ref.@16# were used. The fit also
yields a FWHMIAS5213 keV. The measured Coulomb di
placement energy isDEc5(14.1360.05) MeV.

Figure 3 presents a comparison of the zero-degree sp
for the 127I( p,n)127Xe reaction at 159.1 MeV~top panel! and
at 94.1 MeV~bottom panel! in the vicinity of the first excited
state. The fit to the IAS’s~not shown in the figure! yielded
FWHM 5 193 keV for Fig. 3~A! ~where a slightly different
cut has been used than in Fig. 2! and FWHM5 250 keV for
Fig. 3~B!. Because of the poor resolution in Fig. 3~B! the
signal from the first excited state is weaker. At medium inp
energy one notes not only a superior energy resolution,
also a better background suppression. This is partially
plained by different collection times and other conditions
both energies. The spectra shown in Fig. 3~A! and in Fig.
3~B! yield similar nuclear cross sections associated with
transition to the first excited state in the127I( p,n)127Xe re-

FIG. 3. Comparison of zero-degree127Xe spectra up to 1.0 MeV
excitation energy in127Xe obtained at~A! Tp5159.1 MeV using
the NP channel and at~B! Tp594.1 MeV using the NN channel
The arrows indicate expected positions for the first excited stat
0.125 MeV and other (3/2)1 and (5/2)1 GT transitions up to 900
keV excitation energy@10#. The expected excitation energy of the
states is given in MeV. In~A! the first excited state in127Xe is close
to the predicted position atEx50.125 MeV. In~B!, the excitation
of this state is still visible. At both energies, there is evidence
the excitation of the (5/2)1, 805 keV state.
of
e
-

tra

t
ut
x-
t

e

action at both incident energies. AtTp5159.1 MeV we
measures lab5(40.468.8) mb/sr and atTp594.1 MeV we
measures lab5(29.166.8) mb/sr. That these values are e
sentially the same within statistics is not surprising beca
of the slow energy dependence for GT type transitions
(p,n) reactions at proton incident energies between 100
200 MeV @17#.

Figure 4~A! presents a comparison of the zero-degree
perimental double-differential cross sections in the labo
tory for the 127I( p,n)127Xe reaction. Data at all three inpu
energies superimposed are shown up to 15 MeV excita
energy in127Xe. The position of the expected particle emi
sion threshold~PET! for this nucleus (Ex57.223 MeV) is
marked with an arrow. The dashed line displays data c
lected at low incident energy. The data obtained at med
and high energies~displayed as solid histograms! agree in
shape remarkably well. Figure 4~B! presents the data ob
tained at low and medium energies in 0–10 MeV excitat
energy. It is clear that with increasing excitation energy,
two spectra begin to differ in shape and magnitude up t
factor of 2 around 10 MeV excitation. Figures 4~C!, 4~D!,
and 4~E! show the expanded region of the IAS at the thr
incident energies:~C! at 94.1 MeV,~D! at 159.1 MeV, and
~E! at 197.4 MeV. One can see a dramatic change in the
strength between Fig. 4~D! and Fig. 4~E!, which agrees with
the well-known energy dependence for this type of transit
@13#. However, the cross section for the IAS transition in F
4~C! at 94.1 MeV is smaller than that expected based
distorted-wave impulse approximation~DWIA ! calculations
employing standard effective interactions and optical-mo
potentials. This and the difference in the overall shape of
spectrum at low energy when compared to the shape
served at both higher energies suggests that distortion ef
for this target nucleus at this energy are stronger than th
predicted by the global optical-model parameters. As m
tioned before, data were also taken for the26Mg(p,n)26Al
reaction at both lower energies. In the latter case the I
yields were consistent with the expected energy depende
The difference in the shape generated by the127I( p,n) reac-
tion at 94.1 MeV compared to both higher input energies w
be described in more detail in the next section.

III. EXTRACTION OF THE GT STRENGTH

It has been shown@13# that the zero-degree (p,n) cross
section can be parametrized as

s5ŝa~Ep ,A!F~q,v!B~a!, ~2!

whereŝa is the specific unit cross section,B(a) the matrix
element for the given transition anda5F or GT. The func-
tion F(q,v) is used to extrapolate the measured GT(F)
cross section at the empirical (q,v) values to the values a
q5v50. The functionF(q,v) is equal to unity atq5v
50. This provides a very useful proportionality betwe
(p,n) cross sections and allowed beta-decay transit
strengths,B(a). In practice, the measured cross section to
excited state representing a GT transition at the physical
mentum transferq, and energy lossv must be corrected with
the above function to values atq5v50 @13#.
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FIG. 4. ~A! Zero-degree double differential cross sections for the127I( p,n)127Xe reaction up to 15.0 MeV excitation energy for all thre
incident energies superimposed. In~A! the dashed histogram displays data obtained atTp594.1 MeV and the solid histograms represe
data obtained atTp5159.1 MeV andTp5197.4 MeV. The arrow indicates the energy location corresponding to particle emission thre
~PET!. Panel~B! represents an expanded energy range 0–10 MeV for data obtained at 159.1 MeV~solid line! and at 94.1 MeV~dashed line!.
The peaks visible between 2 and 4 MeV have excitation energies of 2.7 and 3.1 MeV. Panels~C!, ~D!, and ~E! represent the IAS region
obtained at 94.1, 159.1, and 197.4 MeV incident energies, respectively.
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Evaluations of theF(q,v) functions were done at 94.
and 159.1 MeV with microscopic DWIA calculations usin
the computer codeDW81 @18#. Three basic ingredients ar
required by the code: nucleon-nucleon interaction, nuc
structure, and distorted-wave parametrization. The f
nucleon-nucleon interaction as parametrized by Franey
Love @19# for the interaction between the incident and stru
nucleons was used. Particle-hole transitions between 2d,1g,
and 1h shell model states@20–22# were assumed to be th
major components for positive parity transitions up to t
analog state. Harmonic oscillator wave functions were
sumed for the single-particle states. Distorted waves for
cident and outgoing nucleons were calculated using
optical-model potential parameters obtained by Schwa
et al., for medium mass nuclei in the energy range 80–2
MeV @23#. The values obtained forF(q,v) at 159.1 MeV
were quite insensitive to the assumed particle-hole transi
densities, to within a few percent. However, the same w
not true at 94.1 MeV. The values forF(q,v) function for
transitions up to 10 MeV excitation energy were within 10
but deviated by as much as 50% with increasing excita
energy. The predicted strong energy dependence of
F(q,v) at low incident energy reflects the difference in t
experimental shape of the spectra as shown in Fig. 4~B!.
Therefore the calibration of the GT strength at 94.1 M
incident energy depends on the assumedF(q,v) function
and is model dependent.

To obtain the GT strength from the measured cross s
tions, allowed beta-decay information for a given transiti
in the same nucleus is used@24#. When this information is
not available, the ratio of unit GT andF cross sections pa
rametrized by Eq.~1! must be employed. In that equationE0
is an empirical constant which for even-even nuclei has b
evaluated to be (5561.7) MeV @13#. The Fermi strength for
the iodine nucleus isB(F)5(N2Z)521 units. The zero-
degree differential cross section for this transition correc
ar
e

nd

s-
-
e
dt
0

n
s

n
he

c-

n

d

by the F(q,v) function and divided byB(F) is defined as
ŝF . The unit cross sectionŝGT is obtained using in Eq.~1!

the aboveŝF andE0 values. To reflect the fact that for som
odd nuclei smaller values ofE0 have been reported@24#, a
systematic error inE05(55210.0

11.7 ) MeV is assigned. The GT
strength from the 159.1 MeV data was extracted using
above ŝGT, and the zero-degree differential cross sect
corrected with the DWIA calculatedF(q,v) function.

Figure 5 shows the predictedF(q,v) energy dependenc
at 94.1 MeV incident energy~solid line! calculated for
1g-1g particle-hole configurations. This curve is also a go
representation of the calculatedF(q,v) functions obtained
with other particle-hole configurations. The strong ener
dependence displayed at 94.1 MeV is not present in the
culations done at 159.1 MeV. As one can see in Fig

FIG. 5. Correction functionsF(q,v) obtained using DWIA cal-
culations atEx50, 5, 10, 15, 20, and 25 MeV assuming 1g-1g
particle-hole configurations atTp594.1 MeV ~solid line! and at
Tp5159.1 MeV~dashed line!.
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~dashed line!, the F(q,v) values at higher energy are clos
to unity up to about 20 MeV excitation energy. The cro
section measured at 159.1 MeV for the IAS peak has a va
of 4.29 mb/sr@F(q,v)51 at Ex5IAS], which is used to
obtain aŝF5(0.2060.01 stat) mb/sr unit F. The value fo
the corresponding GT unit cross section isŝGT5(1.71
60.05 stat20.62

10.09syst) mb/sr unit GT. This result is in goo
agreement with unit cross sections reported in Ref.@13# for
nuclei in the same mass region at 160 MeV incident ene
In Table I we list the double-differential nuclear cross se
tions measured at medium energy and the calculatedB(GT)

TABLE I. Experimental double-differential cross sections a
correspondingB(GT) values for the127I( p,n)127Xe reaction atTp

5159.1 MeV andu lab50 °. The step size is 0.5 MeV. TheB(GT)
are expressed in unit GT. All errors are statistical only.

Excitation ~MeV! mb/~sr MeV! B(GT)

0.0–0.49 0.0560.01 0.02760.004
0.5–0.99 0.0460.01 0.02160.004
1.0–1.49 0.0460.01 0.02260.004
1.5–1.99 0.0760.01 0.03760.005
2.0–2.49 0.1860.01 0.09960.008
2.5–2.99 0.3960.02 0.21760.012
3.0–3.49 0.4760.02 0.26160.013
3.5–3.99 0.5160.02 0.28560.014
4.0–4.49 0.5160.02 0.28360.014
4.5–4.99 0.5160.03 0.28160.015
5.0–5.49 0.5760.03 0.31960.016
5.5–5.99 0.7960.03 0.43760.018
6.0–6.49 0.8760.03 0.48760.019
6.5–6.99 0.9860.03 0.54760.021
7.0–7.49 1.3960.04 0.77660.026
7.5–7.99 1.7260.04 0.96060.030
8.0–8.49 2.0560.05 1.14560.033
8.5–8.99 2.1760.05 1.21960.035
9.0–9.49 2.0860.05 1.17360.034
9.5–9.99 2.1360.05 1.20660.035

10.0–10.49 2.1660.05 1.22460.035
10.5–10.99 2.2860.05 1.30260.037
11.0–11.49 2.5760.06 1.47360.041
11.5–11.99 2.7360.06 1.57860.043
12.0–12.49 3.3260.06 1.91360.050
12.5–12.99 8.1760.10 2.27360.071
13.0–13.49 4.3760.07 2.53560.062
13.5–13.99 4.7660.08 2.83560.067
14.0–14.49 5.0960.09 3.05860.074
14.5–14.99 5.0760.09 3.07660.073
15.0–15.49 5.3360.09 3.26960.077
15.5–15.99 4.8260.08 2.98660.072
16.0–16.49 4.3260.09 2.71060.073
16.5–16.99 4.0460.11 2.56160.079
17.0–17.49 3.3960.07 2.17960.061
17.5–17.99 3.1160.08 2.02860.063
18.0–18.49 2.7260.07 1.79760.057
18.5–18.99 2.5460.07 1.69960.055
19.0–19.49 2.3160.07 1.57360.056
19.5–19.99 2.1960.07 1.51160.054
s
e

y.
-

values per 0.5 MeV in the full covered range of excitati
energy. The first excited state in127Xe is estimated to have a
B(GT)5(0.023260.004 stat20.0084

10.0013syst).
In Fig. 6 we compareB(GT) values deduced from th

94.1 and 159.1 MeV data only up to 7.223 MeV, the exci
tion energy in127Xe above which particle emission occur
The solid histogram displays data at 159.1 MeV, whereas
dashed histogram displays data at low incident energy.
integral fromEx50 up to the particle emission threshold fo
medium input energy is: (3.6760.05 stat21.34

10.21syst) unit GT
and for low input energy is (5.0360.07 stat21.83

10.30syst) unit
GT. The running sum of theB(GT) strength obtained from
the data at 159.1 MeV up to 20 MeV excitation is presen
in Fig. 7. The totalB(GT) sum up to 20 MeV excitation is
(53.5460.22 stat219.47

13.32 syst) unit GT.
Iodine is an odd nucleus and as such the IAS may

excited by a mixture ofsF andsGT cross sections. The dat
obtained at all three incident energies~94.1, 159.1, and 197.4
MeV! may be used to estimate if there is any sizable adm
ture of GT (DJ51) in the excitation of the IAS. Such a
admixture becomes apparent by studying the ratio of the
to the surrounding background, which is assumed to be

FIG. 6. CalculatedB(GT) values up to 7.5 MeV excitation~par-
ticle emission threshold! in 127Xe obtained from the127I( p,n)127Xe
reaction at 94.1 MeV~dashed histogram! and at 159.1 MeV~solid
histogram! incident energies.

FIG. 7. Running sum ofB(GT) strength inferred from the
127I( p,n)127Xe reaction at 159.1 MeV.
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giant GT resonance, as a function of incident energy. In
present case, the ratio behaves in the manner expected
Ref. @13# for Fermi to GT cross section; so within error ba
we conclude that there is no more than about 5% GT stren
in the IAS peak.

IV. THEORETICAL EVALUATIONS OF B„GT…

The GT strength function inferred from the zero-degr
127I( p,n)127Xe reaction at 159.1 MeV is shown in Fig. 8 a
a histogram plot. This is the first GT strength function for t
127Xe extracted up to 20 MeV. As mentioned before, it a
sumes that the zero-degree (p,n) cross section at this bom
barding energy is dominated by theL50 component, the GT
contribution to the excitation of the IAS may be neglecte
and the IAS peak is above a smooth GT continuum of sta
Those assumptions have been successfully explored in o
cases, for instance, Ref.@25#. The obtained empirical GT
strength function is compared below to the available theo
ical predictions.

In his paper, Haxton@1# extrapolated from empirica
(p,n) results on98Mo and 71Ga to estimate the8B neutrino
absorption cross section on127I. In 1991, Engel, Pittel, and
Vogel @20# reported on a calculation using a configuratio
mixing quasiparticle Tamm-Dancoff approximation to obta
the expected event rate for the127I detector. The same au
thors reported on an improved calculation@21# which re-
sulted in a larger8B neutrino absorption cross section than
their earlier work.

Figure 8 compares ourB(GT) strength function~shown
as a histogram! to the reported calculated Gamow-Teller d
tribution in unit GT up to 20 MeV excitation~as a dashed
line!. Figure 8 shows that the calculation~dashed line! is
smaller by about 15% in magnitude and locates the pea
the broad GT resonance at a lower energy. The calculatio
shifted by almost 2 MeV from the observed maximum. Al
the strong calculated GT excitation near 2.4 MeV is not c
firmed by the present measurement.

Using the theory of finite Fermi systems, Lutotansky a

FIG. 8. B(GT) vs excitation energy in127Xe per 100 keV
shown as a histogram plot atTp5159.1 MeV. Also displayed is
the comparison of the data to two theoretical evaluations of
B(GT) strength in127Xe. The dashed line are results reported
Ref. @21# and the solid line are results from Ref.@22#. The inset
represents an expanded energy range up to 5 MeV excitation.
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Shul’gina@22# also report on calculated values for solar ne
trino cross section for the127I detector. Their results in uni
GT are presented in Fig. 8~solid line! and are compared to
the empiricalB(GT) strength function and to the resul
from Ref. @21#. Their predictions are similar to those of Re
@21#. Both calculations place the peak of the giant GT re
nance about 2 MeV below the observed value. At lower
citation the calculations appear to be in relatively go
agreement in terms of position and strength with the p
near 2.8 MeV. However, predicted excitations below th
peak in the range 1–2 MeV seem to be either missing
have a much smaller strength~see inset in Fig. 8!.

As shown in Fig. 7 the sumB(GT) up to 20 MeV exci-
tation energy in 127Xe has a value of (53.54
60.22 stat219.47

13.32 syst) unit GT, which is (85230.9
15.27syst)% of

the 3(N2Z)563. The authors in Refs.@21,22# have as-
sumed quenchings of 63% and 64%, respectively. T
summed strengths up to 20 MeV are 39.8 unit GT from R
@21# and 39.9 unit GT from Ref.@22#. Our experiment yields
53.5 unit GT.

V. SENSITIVITY OF 127I TO 7Be AND 8B NEUTRINOS

The 7Be solar neutrino capture cross section in127I may
be estimated by using Eq.~1! in Haxton’s paper@1#. In what
follows only statistical uncertainties will be used. The em
pirical valueB(GT)5(0.023460.005) for the 5/21→3/21

transition to the 0.125 MeV excited state translates into
log( f t)55.260.2. We have used values from Ref.@24# for
the constants relatingB(GT) and f t. This indicates a
neutrino capture cross section s(7Be)5(1.22
60.4)310245 cm2. This 7Be neutrino capture cross sectio
for 127I is approximately 5.1 times that for these neutrinos
37Cl where the latter cross section is obtained from
ground state to ground state decay rate of37Ar to 37Cl.

The 8B solar neutrino capture cross section in127I up to
particle emission threshold may be estimated from the e
pirical B(GT) strength function and from knowledge of th
8B neutrino spectrum. This has been done by Haxton@26#,
yielding a value of (4.360.6)310242 cm2 or about 3.9
times that for8B neutrinos on37Cl. In Table II we compare
the cross sections of127I and 37Cl detectors for7Be and8B
solar neutrinos. We use the most recent solar neutrino flu
of Bahcall, Basu, and Pinsonneault@27# to estimate (30.6
65.3) SNU ~solar neutrino unit, 1 SNU510236 interactions
per target atom per second! as the total predicted detectio
rate of solar neutrinos by127I. This detection rate can be
compared with the corresponding one for37Cl of (7.7
61.1) SNU. To the above cross sections for7Be and8B and
additional estimated contributions of 0.37 SNU and 1.
SNU from the solar neutrino continuous sources13N and
15O and 0.84 SNU from the solar neutrino discrete sou
pephave been included@27#.

e

TABLE II. Comparison of sensitivities to7Be and 8B solar
neutrinos between127I and 37Cl detectors. The total cross section
are in units of 10245 cm2.

127I 37Cl

7Be 1.2260.40 0.2460.02
8B (4.360.6)3103 (1.1160.08)3103

Ratio 8B/7Be 352561260 46256510
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The B(GT) for the first excited state in127Xe represent a
small GT strength and as such the normalization of the m
sured differential (p,n) cross section in unit GT has bee
questioned. It has been argued by Austinet al. @28# and more
recently by Haxton@29# that for weak transitions whose G
strengths represent a small fraction of the sum rule limit,
(p,n)-based results might not representb-decayB(GT) val-
ues. This possibility will be tested by the forthcoming37Ar
source neutrino calibration. The threshold for the127I to
127Xe transition,Q52789 keV, permits direct calibration
of this transition with an intense source of37Ar, 814 keV
neutrinos. As indicated before, the production of a M
source of 37Ar in the BN-600 fast neutron reactor is no
beginning in Russia@3#. The 37Ar source will be produced
via the 40Ca(n,a)37Ar reaction. The comparison of the d
rectly measured neutrino cross section with the one p
sented here from the (p,n)-determinedB(GT) will provide a
direct test of the applicability of theB(GT)-derived neutrino
cross sections.

VI. CONCLUSIONS

In this paper we present clear evidence for the excita
of the 0.125 MeV state in127Xe observed at two inciden
energies in the (p,n) reaction atu lab50 °. We have reported
the nuclear cross section and theB(GT) value for this tran-
sition. We have extracted the GT strength function for t
nucleus up to 20 MeV excitation. The integral up to partic
emission threshold yields (3.6760.05 stat21.34

10.21syst) unit GT.
This seems to be in good agreement with theB(GT) value of
C.
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e
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3.260.65 reported in Ref.@11#. The presentB(GT) for the
0.125 MeV state is higher than the value estimated in R
@11#, which is easily explained by the better energy reso
tion in these data (DE5193 keV). From our measuremen
we learned that most of the GT strength nearEx50 MeV is
located in the excitation of the first excited state in127Xe.
We have also reported for the first time the position of t
IAS peak in 127Xe as well as a value for the Coulomb di
placement energy.

We have compared the experimental GT strength func
to available calculations. The empirical peak location of t
giant GT resonance is nearEx514.5 MeV, a value about 2
MeV higher than the models predict@21,22#. However, the
overall shape of the GT resonances seems to be in fair ag
ment.

MeasuredB(GT) for 127I neutrino detector sensitivity to
the 7Be neutrinos yields a neutrino capture cross section
s(7Be)5(1.2260.4)310245 cm2. This value seems to be
in reasonable agreement with theoretical predictions, wh
range from 0.7310245 cm2 to 2.2310245 cm2.
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