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Measurement of Gamow-Teller strength for 127l as a solar neutrino detector
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Gamow-Teller transition strengths obtained in #38(p,n)*?"Xe reaction studied at 94, 159, and 197 MeV
incident proton energies are presented, and used to evaluate the efficietfdyasfa solar neutrino detector.
Excitation of thel™=(3/2)" first excited state dE,=0.125 MeV in'?’Xe, sensitive to’Be 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
AE_, the excitation energy of the isobaric analog state, and the centroid of the Gamow-Teller resonance in
127Xe. [S0556-28189)02101-9

PACS numbeps): 26.65+t, 25.40.Kv, 24.10.Eq

[. INTRODUCTION component, that in the 1 MeV range, due to the decay of
'Be, thepep reaction, and the CNO cycle, is almost com-
The observed flux of neutrinos emitted by nuclear fusionpletely absent and the lowest component, that below 0.5
reactions in the solar core are considerably less than prd/eV due almost entirely tg-p fusion, is observed at ap-
dicted by models of the solar interior. This discrepancy ha@roximately the predicted intensity.

been observed by each of the five operating solar neutring, '€ Most dramatic and startling effect, the almost com-
. ; . . . plete absence of electron neutrinos in the 1 MeV range, is
experiments: the chlorine detector in the Homestake Mine

i . ) obtained by subtracting thBB neutrino flux determined by
the Kamiokande and Superkamiokande detectors in Japage gyperkamiokande detector from the observations of the

and the two gallium detectors GALLEX and SAGE. From yomestake chlorine detector. Clearly, this result should be

analysis of the combined results it appears that the highesjerified by another detector with the same range of sensitiv-

energy component of the solar neutrino emission, that due tigy. That is, we need another electron neutrino detector that is

the decay of®B, is about half of that predicted, the middle sensitive to neutrinos in the 1 MeV range, but has a threshold
above thep-p neutrino range so that it is not overwhelmed by
the large flux of these low energy neutrinos.

*Permanent address: Henryk Niewodnicgdn Institute of In 1988 Haxtor{1] pointed out that'?/ meets the above
Nuclear Physics, 31-342 Krako Poland. criteria. The nuclear reaction involved in the process,

"Permanent address: University of the Western Cape, Bellville*?’l (ve,e)*?"Xe (71,=36.4 d), yields'*’Xe, a noble-gas
South Africa. product, that can be recovered with techniques similar to the

*Present address: Motorola Inc., Arlington Heights, IL 60004. recovery of 3Ar [2] produced in the reaction

Spresent address: IIT Research Institute, Annapolis, MD 21401. 3'Cl(v,,e)*’Ar (r1,=35.0 d). The technology of a radio-

Ipresent address: MIT/Lincoln Laboratory, Lexington, MA chemical version of an iodine solar neutrino detector closely
02173. follows that of the chlorine detector and has been demon-
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strated in a pilot*?”l detector operated at the University of (IUCF) utilizing the beam swinger. This author used a beam
Pennsylvanid3]. energy_Tp=_12(_) MeV and a 29.8 mg/chthick target made
The critical issue for an iodine solar neutrino detector isOf calcium iodine. The neutron detectors were oriented lon-
the determination of the cross section as a function of energgitudinally, with their long direction along the neutron beam
for the 127(v,,e)12’Xe reaction. In order to determine the so-called spectroscopy r_node with time compensatard
high energy part of this cross section, Cleveland and collabg® Néutron detector station was located at 121 m from the
rators have placed atf’l detector near the Los Alamos Me- target. The achieved energy resolution was only 320 keV full
son Physics FacilityLAMPF) proton beam stop and have width at half maximum(FWHM). The low excitation energy

: . . range of the observed neutron spectrun#®gi=0 ° showed
measured the total absorption cross sectionuférneutrinos . el
X . almost a featureless character, with no visible peak compa-
produced byr decay in the proton beam stp#]. This neu-

. < cirnil n duced b rable, for instance, to that seen {fGe[7]. The higher exci-
trino spectrum s similar to that produced by a supernova ang o bart was dominated by the isobaric analog sia(s)

exte_nds up to 3g;neutrino energy of 53 MeV. Prc_)duction of &iding on a broad GT structure, located betwds- 12 and
MCi source of *‘Ar that will give a monoenergetic 814 keV 13 pjev. By using the energy dependence of the ratio of the

electron .neutrln(.)s is now beginning in Rus$il Th'?‘ ._intrinsic spin flip (Gamow-Telley &GT to the intrinsic non-
source will permit measurement of the response of an iodine

detector to’Be electron neutrinos. spin-flip (Ferm) o unit cross sections,
In his paper, Haxtofil] pointed out that for the proposed -
121 detector, the capture cross section ftBe neutrinos r2= 76T _
(e,=0.862 MeV) should depend only on the strength of the oF
Gamow-Teller (GT) transition between the ground state
(g.s) of ?1,  J7=5/2", and the 0.125 MeV excited state and usingE,=(50=5) MeV, the author estimated the fol-
in '2’Xe, J7=3/2". The higher energy solar neutrinos lowing GT strength values. In the above equation, the unit
from 8B can produce*?’Xe atoms by exciting many transi- cross section is defined as the GF) cross section in mb/sr
tions to excited states below the neutron breakup threshol@er unit GT (F) strength. In these units, the neutron decay
(particle emission threshol@t 7.223 MeV excitation energy has a GT strength of 3. The integral frdfg=0 MeV up to
[5]. the particle emission threshold was estimated to be (3.2
Haxton [1] argues that if the GT transition to the 0.125 +0.1) unit GT and over the excitation energy, including the
MeV excited state has a loff) greater or smaller than 5.10 |owest four excited states if?’Xe that may show GT
[value for 3’Ar(EC)®'Cl], the **I detector would have strength, to be (0.0280.003) unit GT. The uncertainties in
greater or lower sensitivity t6Be neutrinos. Also, the ratio the above values are only statistical. Because of the achieved
for the capture ofB neutrinos to that of Be neutrinos will  resolution, they estimated the upper limit for the GT strength
depend on the FerntF) and GT strength below the particle for the first excited state to be half of the observed strength
emission threshold in each detector. The comparison of thgr 0.014 unit GT. A nonstatistical uncertainty of 20%
resulting *?/l neutrino capture data with thé’Cl results  should be included in the above empirical values to reflect
could provide better information about the flux B8e neu-  the uncertainty of 10% in the assumed valueEgt
trinos emitted by the Sun. The previous experimenfil 1] failed to provide more pre-
It has been empirically shown that data obtained fromgise information about the distribution of the GT strength in
zero-degree(f,n) charge exchange cross sections, measurethe low excitation energy states éf’Xe. In particular the
at incident energies between 100 and 200 MeV, may be useitst excited state was not isolated. Therefore we decided to
to deduce GT strengths in nuclei. This technique has beefepeat this experiment at IUCF using an apparatus character-

used for®’Cl and ""Ga nuclei[6,7]. In this paper we report a jzed by high resolution and high background suppression.
measurement of the Gamow-Teller strength distribution from |n this paper we presen®,,=0° results for the

the 21 to excited states in'?"Xe as determined from 127|(p,n)127)(e reaction obtained at beam energies of 94,
127(p,n)*#’Xe reaction. 159, and 197 MeV. In particular, evidence for the excitation
The first excited state at 0.125 MeV is the lowest state inof the 0.125 MeV state if?’Xe as well as values for the GT
127Xe that can be excited by a GT transition. Several othegtrength observed up to the particle emission threshold and

states below 1 MeV have been observed by Champagngp to 20 MeV of excitation in*?"Xe is presented.
et al.[8] in *21(®He,t)*?"Xe and by Lonnrottet al.[9] in a
low energy *?I(p,ny)*?"Xe reaction. Eleven excited states
below 1 MeV have been assignefl0] a J™ of
(3/2)*,(5/2)*, or (7/2)" and might show GT strength from  To achieve a good energy resolution in a time-of-flight
the *#] g.s. However, only the 0.125 MeV state can be ex-measurement a long flight path and good time resolution are
cited by neutrinos from the’Be decay chain €, required. However, extending the flight path usually reduces
=862 keV). To determine the GT strength to the 0.125the peak-to-background ratio in the neutron detector. To im-
MeV state with the p,n) reaction an energy resolution of prove the signal-to-background ratio one can use a neutron
better than 200 keV is required, since the next possible Gpolarimeter, where a coincidence condition is required be-
state is only 197 keV higher. tween two neutron detectofpolarimetry modg The polar-
The first measurement of th¥’l(p,n) charge exchange imetry mode is very efficient in suppressing the background:;
reaction at intermediate energy was performed by Sugamowever, it also reduces the neutron detection efficiency,
baker [11] at the Indiana University Cyclotron Facility which is already typically low.
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II. EXPERIMENTAL METHOD
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At IUCF a new neutron polarimeter, INPOL, has recently strengthg13]. Short runs at the highest incident energy were
been installed at a fixed distance of 159 m from the targetcollected in order to compare specific spectrum integrals to
Complete information about this polarimeter may be foundthose obtained at the lower incident energies, rather than to
in Ref. [12]. Briefly, INPOL consists of two front detector study low lying excited states. Therefore we will discuss
planes (analyzer plangsand two back detector planes experimental conditions at the low¢d4.1 Me\) and me-
(catcher plangs separated by a charged particle veto planegium (159.1 Me\) incident energies in greater detail.

To reject charge particles coming from the target a large veto ysyally in a high resolution neutron experiment two beam

detector is placed in front of the analyzer planes. Eachejated factors are critical: the cyclotron timing and the en-

1.0 mx1.0 mx0.1 m plane is divided into ten individual &gy spread across the target. In this experiment, the esti-

dete_ctor cells_._Ea(_:h cell operates as a separate det_e<_:t0r ted time spread in the beam, based on measurements

Ecr)ci)r\gi:ig:nggsIttmlgtr\;vlergr?rﬁ?a“%mslOzr:agr Itslalr?gsgtgn dRiﬂg'anzgc?]made with a fast plastic-scintillator telescope located close to
y P target, was-350 ps at low beam energy and500 ps

planes suppresses the background from cosmic radiation a medium beam enerav. The intrinsic time resoluti fth
additional information is obtained from the kinematics of the2" Medium beam energy. 1he sic time resofution ot the
INPOL polarimeter determined from cosmic-ray muon

interplane scattering. When the neutron detectors operate _
the spectroscopy mode, background is usually suppressed gfacks is on the order of 300 ps. The beam—relat_ed factors
lepend on how the cyclotron has been tuned. Using narrow

raising the energy threshold on the detector analog outpu o \
This procedure makes the response of the neutron detect§Pergy-defining slits reduces the energy spread across the

strongly energy dependent, and final spectra require a careft@rget at the expense of beam intensity. At the incident en-
correction for this energy-dependent efficiency. In contrast t€rgy of T,=159.1 MeV the estimated energy spread was
the spectroscopy mode, the polarimetry mode allows lowsmaller than 150 keV. To achieve the long range time stabil-
neutron energy thresholds. Another tool available in the poity critical for experiments with low luminosity, one must
larimetry mode is the velocity ratio. From the time of flight track small time fluctuations of the beam with respect to the
of the incoming neutron to the analyzer planes and from theyclotron radio frequency. Both the cyclotron crew and the
conversion location in the catcher planes one can calculatexperimenters invested considerable effort to achieve a good
the interplane time of flight and form a ratio of measured andand stable beam intensity of about 300 nA at 94.1 MeV and
expected velocities of the scattered particle. The expecteglhout 100 nA at 159.1 MeV. The total collection time of
velocity is calculated using kinematics forp scattering. “good events” was ~8000 min at lower energy and
This ratio yields unity for scattering from the H component.—2000 min at medium energy.

of the scintillator material. Other event types with kinematics  The peam stability and overall resolution were periodi-
or timing not matched tm-p scattering will yield higher or cally checked by using th&Li( p,n)’Be reaction at 0 °. The
lower values for this ratio, and thus can be discriminated, " |owest states of Be. the éround state with™=3/2"
against. In this way one can eliminate slow neutrons fromand the first excited sta,te with™=1/2", are separated by

previous beam burstgknown as pulse selection feed . ;
. P .429 MeV. The separation between the two states in spectra
throughg and suppress signals from cosmic-ray showers angacorded with a thir'Li target (~20 mglcn?) served as a

other background. The cyclotron beam pulses are separat . .
by about 30 ns. Time-of-flight experiments require |0ngeruseful monitor of the overall experimental performance.

pulse separations. In the present case we removed several
beam pulses from the primary proton beam to achieve pulse
separations of about 300 ns. The unwanted pulses are re-
moved by a beam buncher and chopper, but they may not be The INPOL polarimeter offers two triggers to measure the
completely suppressed. Slow neutrons from previous pulseseutron time of flight. The first is the NKheutron-neutron
and poorly suppressed pulses can increase the backgroundtagger, where incoming neutrons are registered in the ana-
the neutron detector. The velocity ratio offers an effectivelyzer planes followed by neutron scattering into the catcher
way to suppress this form of background. planes. The second, the NReutron-protoj trigger, occurs
Data for this experiment were collected using the INPOLwhen in the analyzer planes most of the incident neutron
detector in polarimetry mode at zero degrees. Three incidemhomentum is transferred to a proton, which is then scattered
energies were selected: 94.1, 159.1, and 197.4 MeV, witinto the catcher planes. The advantage of the second trigger
pulse selections of 1:10, 1:12, and 1:3, respectively. At bothis a 100% detection efficiency in the catcher planes and sig-
the low and medium incident energies this allowed us tonificant improvement in the measurement of the interplane
study an excitation range well above the IAS statédfKe  time and flight path. The latter makes the velocity cut more
state and ensured a wide time separation between protafficient. Because of the range of recoiling protons, the NP
bursts. The lowest input proton energy was chosen to ensutégger is useful only at the higher input energy. It also re-
a good energy resolution. The lower the incident proton enguires a larger efficiency correction.
ergy the greater becomes the time dispersion between outgo- Figure 1 present zero-degree spectra obtained in the
ing neutrons traveling to the detector with different energies.’Li( p,n) 'Be reaction at both lower energies. In Fig. 1 panels
Therefore, for a given time resolution of the detection system{A) and(B) exhibit the achieved resolution in the NN chan-
the better is the achieved energy resolution. During a test runel at incident energies of 94.1 and 159.1 MeV, respectively.
prior to the main measurement, an energy resolutioABf Because of the extremely low nuclear cross section for the
~200 keV at an incident beam energy ©f~100 MeV first excited state in xenon, the energy slits were opened. The
was achieved. The 159.1 MeV input energy was selectetesolution at lower energy with the wider energy slits was
because this collaboration has previously carried guhY  only 250 keV FWHM, whereas al,=159.1 MeV with
experiments at this energy to measure GT transitiortight slits it was 280 keV FWHM. All quoted resolutions

A. Achieved energy resolution
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FIG. 1. Zero-degree excitation spectra for td( p,n)’Be re-
action obtained at(A) T,=94.1 MeV, (B) and (C) at T,
=159.1 MeV. The two states ifBe are the g.s. and first excited
state at 0.429 MeV. The resolutions obtained with a “Gaussian plus FIG. 2. Zero-degreé?’Xe excitation energy spectrum obtained
a tail” fit were FWHM = 250 keV for(A) and FWHM= 280 keV ~ atT,=159.1 MeV. The dominant feature in the spectra is the iso-
for (B). Both spectra in(A) and(B) were generated using the NN baric analog transitiofFermi transition at E,=12.68 MeV. The
channel. Pang(C) displays spectrum obtained alsoTgf = 159.1 spectrum is binned with 100 keV per channel.

MeV, but with the NP channdbkee text In this case the resolution
was FWHM = 180 keV.

over the energy range of this experiment. This calibrates our

. . . . . neutron detectors efficiency to a systematic error of less than
were determined using théLi( p,n)’Be reaction(as dis- 204 y y

played in Fig. ]. At F"_edi”m energy we were able to make the NN channel the normalization varied by about 20%
use of the more efficient NP channel and hence could ruR

hal b t The NN ch | at thi tween the lowest and the highest energy used in this ex-
with a lower beam current. The channet at this energyperiment. The NP channel cannot be used for energies below

was used to provide only the overall normalization. Figure :
1(C) displays one of two different cuts, optimized for this about 120 MeV. Thus, the 104 and 94 Me\i(p,n) data

. . k 0 not provide a low energy calibration point in the NP
experiment in the NP channel. A resolution of about 180 ke\/d _ 3
FWHM atT,=159.1 MeV was achieved. At the high input channel for thel,=159.1 MeV runs. Instead, the NP chan

: nel in the region of the'?’Xe IAS was calibrated with the
energy(from the NP channglthe resolution was only 330 value of the differential cross section for the

keV FWHM. More details about optimizing INPOL and its 12C(p,n)2N(g.s.) transition measured in the NN channel.

triggers for a high resolution measurement can be found iq'he 9.5.Q value is—18.1 MeV: so the neutron energy for
Ref. [12]. Tpe productlon”spectra willalways represent 8ihis transition is lower than the energy for neutrons in the
sum of all “good events.” Therefore, one can expect the "~ 127 "

region of the=<‘I(p,n) IAS transition.

final resolution in the'*Xe spectra to be slightly worse than The cross section uncertainties cited in this paper are sta-

values cited above, which were obtained in single short runstilstical. An independent study has shofiiis] that uncertain-

We have analyzed spectra obtained from the NP chann%es in target thicknesses may contribute systematic errors up
at medium energy and from the NN channel at the low en; 59

ergy. At 159.1 MeV incident proton energy and assuming The

o= 127 target was prepared as*3Cal, (99% enriched in
that the zero-degree cross section is a measure of GIOCa) composite with a binder containing primarMC and

strength, we have obtained the GT strength up to 20 MeVlH_ The target thickness was 29.5 mgfcrBoth “°Ca and

excitation in12’Xe. At both lower incident energies a closer 12C have negative) values large enough to place the con-
look is taken at the first excited state and we present a com)- 9 9 9 P

parison of both excitation spectra up to the particle emissio Xaer;::)nnan[ilee\yeer?gselS;SIO\;V,[etrhgiﬁrggfiﬂzrgfse:iﬁgnth deatlgvsve:?e
threshold. It will be shown that the zero-degree differential ' ' P

cross section for the first excited state follows the energ t_aken on background targets and all contaminant contribu-
ons have been carefully subtracted.

dependence of a GT transition. The data taken at high inp t Data taken with'213C and Mg targets helped to obtain

energy will be used only to discuss the spectrum shape. the exact input energy needed to determine the excitation
energy of the IAS in xenon, which was previously not
known.

The final spectra are corrected for neutron detector effi- Double-differential cross  sections  from  the
ciencies and neutron absorption in the air and other material?/i(p,n)*?’Xe reaction at9=0° andT,=159.1 MeV are
in the 159 m flight path. The combined corrections weredisplayed in Fig. 2 as a function of excitation energy up to
determined as a function of energy by measuring thée,=25 MeV. The spectrum is dominated by the IAS
Li(p,n)’Be spectrum at incident proton energies of 94,(Fermi peak. The visible peaks in Fig.(@r see the inset in
104, 159, and 197 MeV. The ‘Li(p,n)’Be(g.s. Fig. 8 at E,=2.62+-0.05 andE,=3.08+-0.05 MeV corre-
+0.429 MeV) reaction has been measured over a range apond to a possible group of GT states'fiXe not listed in
energies from 80 to 800 MeY14]. From that reference we Ref.[10]. The IAS is riding on a broad GT resonance cen-
use the c.m. cross section of (26.0.8) mb/sr as constant tered aroundE,=14.5 MeV. Assuming a smooth shape of

B. Experimental results
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action at both incident energies. At,=159.1 MeV we
measurer,,= (40.4+8.8) ub/sr and all ;=94.1 MeV we
measurer = (29.1+ 6.8) wb/sr. That these values are es-
sentially the same within statistics is not surprising because
of the slow energy dependence for GT type transitions in
] (p,n) reactions at proton incident energies between 100 and
200 MeV[17].
; Figure 4A) presents a comparison of the zero-degree ex-
0.005 F perimental double-differential cross sections in the labora-
g tory for the *27(p,n)?"Xe reaction. Data at all three input
L H T L . _| IIIIIII energies superimposed are shown up to 15 MeV excitation
0'000_1.0 0.5 0.0 0.5 1.0 energy in'?’Xe. The position of the expected particle emis-
E. (MeV) sion threshold PET) for this nucleus E,=7.223 MeV) is
X marked with an arrow. The dashed line displays data col-
lected at low incident energy. The data obtained at medium
and high energiegdisplayed as solid histogramagree in
shape remarkably well. Figure(B) presents the data ob-
tained at low and medium energies in 0—10 MeV excitation
energy. It is clear that with increasing excitation energy, the
two spectra begin to differ in shape and magnitude up to a
factor of 2 around 10 MeV excitation. Figure$CG}, 4(D),
and 4E) show the expanded region of the IAS at the three
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 IAS
strength between Fig.(B) and Fig. 4E), which agrees with
0.000 1 the well-known energy depen_dence for this type pf tra_nsit?on
10 —05 0.0 0.5 1.0 [13]. However, the cross section for the IAS transition in Fig.
E. (MeV) 4(C) at 94.1 MeV is smaller than that expected based on
* distorted-wave impulse approximatigpWIA) calculations
FIG. 3. Comparison of zero-degré&Xe spectra up to 1.0 MeV  employing standard effective interactions and optical-model
excitation energy in'?’Xe obtained a(A) T,=159.1 MeV using potentials. This and the difference in the overall shape of the
the NP channel and 4B) T,=94.1 MeV using the NN channel. spectrum at low energy when compared to the shape ob-
The arrows indicate expected positions for the first excited state aferved at both higher energies suggests that distortion effects
0.125 MeV and other (3/2) and (5/2)° GT transitions up to 900  for this target nucleus at this energy are stronger than those
keV excitation energy10]. The expected excitation energy of these predicted by the global optical-model parameters. As men-
states is given in MeV. IfA) the first excited state iffXe is close  tigned before, data were also taken for tH1g(p,n)2°Al
to the predicted position &,=0.125 MeV. In(B), the excitation  raaction at both lower energies. In the latter case the IAS
?r: this gttatt_e IS ‘:'tt': V'Sél/’le' g(t)Sb?(thVente;gles, there is evidence fory;o 145 were consistent with the expected energy dependence.
e excitation of the (5/2), eV state. The difference in the shape generated by ¥ p,n) reac-
tion at 94.1 MeV compared to both higher input energies will
the GT resonance underneath the IAS and Gaussian shapel® described in more detail in the next section.
the IAS, the IAS position has been determined to be

0.015 F

<0.125
0.322
0.376

<—— 0.805

0.010 F

0.015

T
<—0.125
%
< 0.
< 051
<—— 0587

d?c /(dQ dE) [mb/(sr 50keV)]

<—— 0.805
Y PRI PR T

0.010 L

0.005 E

E,(IAS)=(12.68-0.05) MeV and the associated cross sec- IIl. EXTRACTION OF THE GT STRENGTH
tion oas=(4.29+0.12) mb/sr. To calculate the excitation
energy nuclear masses from Ritf6] were used. The fitalso It has been showil3] that the zero-degreep(n) cross

yields a FWHM,s=213 keV. The measured Coulomb dis- S€ction can be parametrized as
placement energy iAE.=(14.13+0.05) MeV.

Figure 3 presents a comparison of the zero-degree spectra o=0,(E,, AF(q,0)B(a), )
for the ?I(p,n)*?"Xe reaction at 159.1 MeVtop panel and “oP
at 94.1 MeV(bottom panelin the vicinity of the first excited ~
state. The fit to the IAS’§not shown in the figureyielded = Whereao, is the specific unit cross sectioB(«) the matrix
FWHM = 193 keV for Fig. 3A) (where a slightly different element for the given transition and=F or GT. The func-
cut has been used than in Fig.ghd FWHM= 250 keV for  tion F(g,w) is used to extrapolate the measured B)(
Fig. 3(B). Because of the poor resolution in Fig(B3 the  cross section at the empiricad(w) values to the values at
signal from the first excited state is weaker. At medium inputq=w=0. The functionF(q,w) is equal to unity ailg=w
energy one notes not only a superior energy resolution, but 0. This provides a very useful proportionality between
also a better background suppression. This is partially ex¢p,n) cross sections and allowed beta-decay transition
plained by different collection times and other conditions atstrengthsB(«). In practice, the measured cross section to an
both energies. The spectra shown in FigABand in Fig. excited state representing a GT transition at the physical mo-
3(B) yield similar nuclear cross sections associated with thenentum transfeg, and energy los& must be corrected with
transition to the first excited state in tHé1(p,n)*?"Xe re-  the above function to values gt= w=0 [13].
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FIG. 4. (A) Zero-degree double differential cross sections forfi p,n)*?"Xe reaction up to 15.0 MeV excitation energy for all three
incident energies superimposed. (k) the dashed histogram displays data obtaine@iat94.1 MeV and the solid histograms represent
data obtained af,=159.1 MeV andl,=197.4 MeV. The arrow indicates the energy location corresponding to particle emission threshold
(PET). Panel(B) represents an expanded energy range 0—10 MeV for data obtained at 159 (sddVine) and at 94.1 Me\(dashed ling
The peaks visible between 2 and 4 MeV have excitation energies of 2.7 and 3.1 MeV. @&né3), and (E) represent the IAS region
obtained at 94.1, 159.1, and 197.4 MeV incident energies, respectively.

Evaluations of the=(q,w) functions were done at 94.1 by theF(q,w) function and divided byB(F) is defined as
and 159.1 MeV with minOSCOpiC DWIA calculations USing (}F . The unit cross SeCtiOﬁ‘GT is obtained using in Ec(]_)

the computer codewsi [18]. Three basic ingredients are the abovers andE, values. To reflect the fact that for some

required by the code: nucleon-nucleon interaction, nuclea{)dd nuclei smaller values d, have been reportef®4], a
structure, and distorted-wave parametrization. The fre stematic error ifE _(55“'72) MeV is assigned Thé GT
(Vi —10. .

nucleon-nucleon interaction as parametrized by Franey an i
Love[19] for the interaction betwpeen the inciden% and st?/uckS rengtp from the 159.1 MeV data Was ex.tracted using _the
nucleons was used. Particle-hole transitions betwetad above o¢r, .and the zero-degree differential cross section
and 1h shell model statef20—27 were assumed to be the corrected with the DWIA calculateB(q, ) function.
major components for positive parity transitions up to the Figure 5 shows the predictét(q,») energy dependence
analog state. Harmonic oscillator wave functions were as@t 94.1 MeV incident energysolid line) calculated for
sumed for the single-particle states. Distorted waves for in}9-19 particle-hole configurations. This curve is also a good
cident and outgoing nucleons were calculated using th&epresentation of the calculatét(q,w) functions obtained
optical-model potential parameters obtained by Schwand¥ith other particle-hole configurations. The strong energy
et al, for medium mass nuclei in the energy range 80—20diependence displayed at 94.1 MeV is not present in the cal-
MeV [23]. The values obtained fdf(q,w) at 159.1 MeV culations done at 159.1 MeV. As one can see in Fig. 5
were quite insensitive to the assumed particle-hole transition
densities, to within a few percent. However, the same was 2.5
not true at 94.1 MeV. The values fé1(q,w) function for E
transitions up to 10 MeV excitation energy were within 10% 20
but deviated by as much as 50% with increasing excitation :
energy. The predicted strong energy dependence of the
F(q,w) at low incident energy reflects the difference in the
experimental shape of the spectra as shown in HB).4
Therefore the calibration of the GT strength at 94.1 MeV
incident energy depends on the assunk€d,») function E
and is model dependent. 05
To obtain the GT strength from the measured cross sec- g
tions, allowed beta-decay information for a given transition : E
in the same nucleus is uséa4]. When this information is 0 5 10 15 20'
not available, the ratio of unit GT arfd cross sections pa- E (MeV)
rametrized by Eq(1) must be employed. In that equatiéi *
is an empirical constant which for even-even nuclei has been F|G. 5. Correction function§(q,w) obtained using DWIA cal-
evaluated to be (551.7) MeV[13]. The Fermi strength for culations atE,=0, 5, 10, 15, 20, and 25 MeV assuming-1g
the iodine nucleus i8(F)=(N—2Z)=21 units. The zero- particle-hole configurations af,=94.1 MeV (solid line) and at
degree differential cross section for this transition corrected,=159.1 MeV(dashed ling

F(q.@)
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TABLE I. Experimental double-differential cross sections and
corresponding3(GT) values for the'?/I(p,n)**’Xe reaction afT,
=159.1 MeV andf;,=0 °. The step size is 0.5 MeV. THYGT)
are expressed in unit GT. All errors are statistical only.

Excitation (MeV) mb/(sr MeV) B(GT)
0.0-0.49 0.0%0.01 0.027-0.004
0.5-0.99 0.040.01 0.021-0.004
1.0-1.49 0.040.01 0.022-0.004
1.5-1.99 0.020.01 0.0370.005
2.0-2.49 0.180.01 0.099-0.008
2.5-2.99 0.39:0.02 0.217-0.012
3.0-3.49 0.4%0.02 0.2610.013
3.5-3.99 0.5%+0.02 0.285-0.014
4.0-4.49 0.5%0.02 0.283-0.014
4.5-4.99 0.5%0.03 0.2810.015
5.0-5.49 0.5%0.03 0.3190.016
5.5-5.99 0.790.03 0.4370.018
6.0-6.49 0.8%20.03 0.4870.019
6.5-6.99 0.980.03 0.547-0.021
7.0-7.49 1.320.04 0.776:0.026
7.5-7.99 1.720.04 0.960@-0.030
8.0-8.49 2.0%0.05 1.145-0.033
8.5-8.99 2.170.05 1.2190.035
9.0-9.49 2.0&0.05 1.1730.034
9.5-9.99 2.130.05 1.206:0.035

10.0-10.49 2.160.05 1.224-0.035
10.5-10.99 2.280.05 1.302-0.037
11.0-11.49 2.5F70.06 1.4730.041
11.5-11.99 2.730.06 1.57&0.043
12.0-12.49 3.320.06 1.9130.050
12.5-12.99 8.170.10 2.27%0.071
13.0-13.49 4.320.07 2.5350.062
13.5-13.99 4.760.08 2.8350.067
14.0-14.49 5.080.09 3.0580.074
14.5-14.99 5.020.09 3.076:0.073
15.0-15.49 5.330.09 3.26%-0.077
15.5-15.99 4.820.08 2.986-0.072
16.0-16.49 4.320.09 2.7160.073
16.5-16.99 4.040.11 2.5610.079
17.0-17.49 3.380.07 2.17%0.061
17.5-17.99 3.110.08 2.0280.063
18.0-18.49 2.720.07 1.7970.057
18.5-18.99 2.540.07 1.6990.055
19.0-19.49 2.310.07 1.573%0.056
19.5-19.99 2.180.07 1.511%*0.054

(dashed ling the F(q,w) values at higher energy are close
to unity up to about 20 MeV excitation energy. The cross
section measured at 159.1 MeV for the IAS peak has a valu

of 4.29 mb/sr{F(q,w)=1 at E,=1AS], which is used to
obtain acg=(0.20=0.01 stat) mb/sr unit F. The value for
the corresponding GT unit cross section dgr=(1.71
+0.05 staf 5 2%yst) mb/sr unit GT. This result is in good

agreement with unit cross sections reported in RE3] for
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FIG. 6. Calculated(GT) values up to 7.5 MeV excitatiofpar-
ticle emission thresho)dn '>"Xe obtained from thé?I(p,n)**"Xe
reaction at 94.1 Me\(dashed histograjrand at 159.1 Me\solid
histogram incident energies.

values per 0.5 MeV in the full covered range of excitation
energy. The first excited state #A'Xe is estimated to have a
B(GT)=(0.0232+0.004 stat ) os5yst).

In Fig. 6 we compareB(GT) values deduced from the
94.1 and 159.1 MeV data only up to 7.223 MeV, the excita-
tion energy in'?’Xe above which particle emission occurs.
The solid histogram displays data at 159.1 MeV, whereas the
dashed histogram displays data at low incident energy. The
integral fromE,=0 up to the particle emission threshold for
medium input energy is: (3.670.05 stat {-3/syst) unit GT
and for low input energy is (5.080.07 stat 3%syst) unit
GT. The running sum of th8(GT) strength obtained from
the data at 159.1 MeV up to 20 MeV excitation is presented
in Fig. 7. The totalB(GT) sum up to 20 MeV excitation is
(53.54+0.22 stat 3558yst) unit GT.

lodine is an odd nucleus and as such the IAS may be
excited by a mixture o and gy cross sections. The data
obtained at all three incident energi€gl.1, 159.1, and 197.4
MeV) may be used to estimate if there is any sizable admix-
ture of GT (AJ=1) in the excitation of the IAS. Such an
admixture becomes apparent by studying the ratio of the IAS
to the surrounding background, which is assumed to be the

80 ¢

3(N=2)=63
60 F T
40 F

20

B(GTY sum/ (500 keV)

nuclei in the same mass region at 160 MeV incident energy.

In Table | we list the double-differential nuclear cross sec-
tions measured at medium energy and the calculB{&aIT)

FIG. 7. Running sum ofB(GT) strength
127(p,n)1?"Xe reaction at 159.1 MeV.

from the

inferred
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TABLE Il. Comparison of sensitivities tdBe and 8B solar
neutrinos betweer?’l and ¥’Cl detectors. The total cross sections
are in units of 10° cn?.

08
E’ 127| 37C|
8 Be 1.22+0.40 0.24-0.02
< 04 58 (43+0.6)x10°  (1.11+0.08)x 10°
1) Ratio ®B/Be 3525+ 1260 4625510
28]
0.2 .
Shul'gina[22] also report on calculated values for solar neu-
trino cross section for thé?’l detector. Their results in unit
00 E GT are presented in Fig. olid line) and are compared to

the empirical B(GT) strength function and to the results
from Ref.[21]. Their predictions are similar to those of Ref.
[21]. Both calculations place the peak of the giant GT reso-

FIG. 8. B(GT) vs excitation energy in?’Xe per 100 kev  nhance about 2 MeV below the observed value. At lower ex-
shown as a histogram plot &,=159.1 MeV. Also displayed is Citation the calculations appear to be in relatively good
the comparison of the data to two theoretical evaluations of thé@greement in terms of position and strength with the peak
B(GT) strength in'?’Xe. The dashed line are results reported innear 2.8 MeV. However, predicted excitations below that
Ref. [21] and the solid line are results from RéR2]. The inset peak in the range 1-2 MeV seem to be either missing or
represents an expanded energy range up to 5 MeV excitation. have a much smaller strengtbee inset in Fig. B

As shown in Fig. 7 the surB(GT) up to 20 MeV exci-

giant GT resonance, as a function of incident energy. In théation energy in '?’Xe has a value of (53.54
present case, the ratio behaves in the manner expected from0.22 stat 3o5-syst) unit GT, which is (8552&yst)% of
Ref.[13] for Fermi to GT cross section; so within error bars the 3(N—2Z)=63. The authors in Refd.21,22 have as-
we conclude that there is no more than about 5% GT strengtbumed quenchings of 63% and 64%, respectively. The
in the IAS peak. summed strengths up to 20 MeV are 39.8 unit GT from Ref.
[21] and 39.9 unit GT from Ref.22]. Our experiment yields
53.5 unit GT.

IV. THEORETICAL EVALUATIONS OF B(GT)

The GT strength function inferred from the zero-degree V. SENSITIVITY OF *?I TO "Be AND °B NEUTRINOS

"#i(p,n)**’Xe reaction at 159.1 MeV is shown in Fig. 8 as 6 7ge solar neutrino capture cross section'fi may

a histogram plot. This is the first GT strength function for the o astimated by using E(L) in Haxton’s papef1]. In what
'2Xe extracted up to 20 MeV. As mentioned before, it as-fojiows only statistical uncertainties will be used. The em-
sumes that the zero-degreg,f) cross section at this bom- pjrical value B(GT)=(0.0234+0.005) for the 5/2—3/2"
barding energy is dominated by the=0 component, the GT transition to the 0.125 MeV excited state translates into a
contribution to the excitation of the IAS may be neglected,og(ft)=5.2+0.2. We have used values from RE24] for

and the IAS peak is above a smooth GT continuum of stateshe constants relatingd(GT) and ft. This indicates a
Those assumptions have been successfully explored in othaeutrino  capture  cross  section o('Be)=(1.22
cases, for instance, Reff25]. The obtained empirical GT +0.4)x 10 *® cn?. This "Be neutrino capture cross section
strength function is compared below to the available theoretfor 127 is approximately 5.1 times that for these neutrinos by

ical predictions. 7Cl where the latter cross section is obtained from the
In his paper, Haxton[1] extrapolated from empirical ground state to ground state decay rate’@fr to 3’Cl.
(p,n) results on*®Mo and "‘Ga to estimate théB neutrino The 8B solar neutrino capture cross sectionfl up to

absorption cross section orf’l. In 1991, Engel, Pittel, and particle emission threshold may be estimated from the em-
Vogel [20] reported on a calculation using a configuration-pirical B(GT) strength function and from knowledge of the
mixing quasiparticle Tamm-Dancoff approximation to obtain ®B neutrino spectrum. This has been done by HaX2#],
the expected event rate for tH8"l detector. The same au- Yielding a value of (4.3:0.6)x10 % cn? or about 3.9
thors reported on an improved calculatif®l] which re-  times that for®B neutrinos on®’Cl. In Table Il we compare
sulted in a largefB neutrino absorption cross section than inthe cross sections dfl and 3’Cl detectors for'Be and®B
their earlier work. solar neutrinos. We use the most recent solar neutrino fluxes
Figure 8 compares ouB(GT) strength function(shown of Bahcall, Basu, and Pinsonnea{i7] to estimate (30.6
as a histogramto the reported calculated Gamow-Teller dis- +5.3) SNU (solar neutrino unit, 1 SN810 ¢ interactions
tribution in unit GT up to 20 MeV excitatiotias a dashed per target atom per seconds the total predicted detection
line). Figure 8 shows that the calculatidgdashed ling is rate of solar neutrinos by?/. This detection rate can be
smaller by about 15% in magnitude and locates the peak afompared with the corresponding one féfCl of (7.7
the broad GT resonance at a lower energy. The calculation i 1.1) SNU. To the above cross sections f&e and®B and
shifted by almost 2 MeV from the observed maximum. Alsoadditional estimated contributions of 0.37 SNU and 1.32
the strong calculated GT excitation near 2.4 MeV is not conSNU from the solar neutrino continuous sourcesl and
firmed by the present measurement. 150 and 0.84 SNU from the solar neutrino discrete source
Using the theory of finite Fermi systems, Lutotansky andpephave been includef27].
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The B(GT) for the first excited state if*’Xe represent a 3.2+0.65 reported in Refi11]. The presenB(GT) for the
small GT strength and as such the normalization of the meay.125 MeV state is higher than the value estimated in Ref.
sured differential p,n) cross section in unit GT has been [11]1 which is eas”y exp|ained by the better energy resolu-
questioned. It has been argued by Austiral.[28] and more  tion in these datafE=193 keV). From our measurement
recently by Haxtorj29] that for weak transitions whose GT \ye |earned that most of the GT strength nEg=0 MeV is
strengths represent a small fraction of the sum rule limit, thg,cated in the excitation of the first excited state fiXe.
(p,n)-based results might not represghtiecayB(GT) val- e have also reported for the first time the position of the
ues. This possibility will be tested by the forthcomiffAr a5 peak in 127Xe as well as a value for the Coulomb dis-
source neutrino calibration. The threshold for th&l to placement energy.
127Xe transition,Q=—789 keV, permits direct calibration = e have compared the experimental GT strength function
of this transition with an intense source &fAr, 814 keV {9 available calculations. The empirical peak location of the
neutrinos. As indicated before, the production of a MCigiant GT resonance is neg=14.5 MeV, a value about 2
source of 3’Ar in the BN-600 fast neutron reactor is now MeV higher than the models predif21,27. However, the
beginning in Russi&3]. The Ar source will be produced overall shape of the GT resonances seems to be in fair agree-
via the *°Ca(n, a)*"Ar reaction. The comparison of the di- ment.
rectly measured neutrino cross section with the one pre- MeasuredB(GT) for %I neutrino detector sensitivity to
sented here from theo(n)-determinedB(GT) will provide a  the "Be neutrinos yields a neutrino capture cross section of
direct test of the applicability of thB(GT)-derived neutrino  o("Be)=(1.22+0.4)x 10 > cn?. This value seems to be
cross sections. in reasonable agreement with theoretical predictions, which

range from 0.X10™ % cn? to 2.2<x10° % cn?.
VI. CONCLUSIONS

In this paper we present clear evidence for the excitation
of the 0.125 MeV state in*’Xe observed at two incident
energies in theg,n) reaction at9,,,=0 °. We have reported The authors would like to acknowledge the careful work
the nuclear cross section and EGT) value for this tran-  done by Bill Lozowski in preparing the targets used in these
sition. We have extracted the GT strength function for thisruns, and also the crew of the IUCF Cyclotron. We also
nucleus up to 20 MeV excitation. The integral up to particlewould like to thank Wick Haxton for calculating tH8 solar
emission threshold yields (3.6/0.05 stai %f,syst) unit GT.  neutrino capture cross sections iffl. This work was sup-
This seems to be in good agreement withB{&T) value of  ported in part by NSF.
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