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We have performed a measurement of the cross section fotHbéy,dd) reaction with photon energies
between 150 and 250 MeV. Both reaction particles were detected in coincidence. We obtained absolute cross
sections at six angles and two energy hibS0—190 MeV and 190-250 MgVA Legendre polynomial fit to
the angular distribution shows a $ifidistribution which suggests the isospin-forbiddeh transition. How-
ever, a transition matrix eleme(ME) analysis using only strictly allowed transitions shows that the angular
distribution can be described by just two TMES2 s- and d-wave absorption on th® state of“He. We
performed an inverse direct-capture calculation in order to determine B tstate could contribute to such a
high degree to the cross section. This calculation indicates that 90% of the cross section arises from absorption
on theD state but fails to reproduce the observed siangular distribution.

PACS numbgs): 25.20—-x, 23.20.En, 23.20.Js, 25.16s

[. INTRODUCTION between the naive theory and the results of these two mea-
surements has generated some debate. Silve@j&as sug-
The “He system has been the subject of a great deal ofested that theEl shape implies the presence of meson-
experimental and theoretical study over the past 30 yeargxchange current effects in this reaction. Another possibility
(e.g., Ref.[1] and references contained thepeifihe obser- involvesD-state(tensor forcg effects.
vation of a nonzero tensor analyzing powep [2] indicated Discovering the true nature of the shape and magnitude of
that the?H(d, y)*He reaction is sensitive to tH2 state, and the cross section is the main motivation for the present work.
hence tensor force effects, in the ground statédé. Mea-
surements of théH(d, y) reaction at deuteron energies be-
low 80 keV [3,4] have yielded the unexpectddnd unex-
plained observation of-wave strength in this system. The measurement was carried out using the tagged photon
Since 1962, no less than five measurements of theacility at the Saskatchewan Accelerator LaboratByL).
“He(y,dd) cross section have been attempted at or neaFlectrons from the SAL pulse-stretcher rit§ROS [10],
E,=200 MeV[5-9]. These measurements show discrepanwith high duty factor(up to 90%, were directed onto a thin
cies of approximately three orders of magnitude in the tota(115 um thick) aluminum radiator. The 270 MeV primary
cross section. Furthermore, there are discrepancies in thglectron beam was directed via a dump magnet into a well
shape of the angular distribution. Identical bosons in the exishielded beam dump. The bremsstrahlung photon beam
channel and isospin selection rules would conspire to greatlgassed through two collimators and a shielding wall before
limit E1 (andM1) radiation in this system with the result entering the experimental area. When photon tagging was
that one would expect electric quadrupole2( radiation to  employed, the postbremsstrahlung electrons were energy
dominate. The characteristic shape of B2 angular distri- analyzed on the 62-channel focal plane of the photon tagging
bution is sirf 26, which is peaked at 45° and 135°, and has aspectrometer. In this case there was also a coincidence re-
minimum at 90°. quirement between a reaction product in the experiment and
The Arendq7] and Silvermari8] measurements suggest an electron on the focal plane, thus “tagging” the energy of
that the angular distribution is peaked at 90° in the centerthe photon that initiated the reaction in the experiment. Com-
of-mass frame and generally follows a Sihshape. This is  plete details of the SAL tagged photon facility may be found
intriguing because such an angular distribution shape is usuin Ref.[11].
ally indicative of the dominance of electric dipol&X) or The tagger focal-plane detectors and electronics are lim-
magnetic dipole 1 1) radiation. The apparent contradiction ited to an average rate per tagger channel of approximately
1.5 MHz. This rate was not sufficient to allow this experi-
ment to be carried out in a timely fashion due to the very
*Present address: Intel Corporation, RA1-240, 5200 N.E. Elansmall (~1 ub) total cross section fofHe(y,dd). There-

Il. EXPERIMENTAL SETUP

Young Parkway, Hillsboro, OR 97124-6497. fore the bulk of the data for this experiment was taken in an
TPresent address: Department of Physics, Idaho State Universityntagged bremsstrahlung mode at an equivalent average tag-
Pocatello, ID 83209-8106. ger channel rate of 7.5 MHz. At this rate, the tagger focal-
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plane detectors had to be turned off. Therefore, to allow aceulate the effective target length and the effective detector
curate flux normalization, two ‘“beam current monitor efficiency which is dependent on angle.
paddles” (BCMPs were positioned adjacent to the tagger In order to ensure a full opening angle coverage, the other
focal-plane detectors. These paddles were narrow comparedm (the “recoil arm”) consisted of a single 1.5 m long
to the tagger detectors and thus the count rate in them was15 cm highx 7.6 cm thick plastic scintillator bar viewed
limited to an acceptable level during the high-flux untaggedat each end by 12.5 cm diameter PMTs connected by lucite
mode of operation. Several long tagged-photon runs antight guides. Providing segmentation in front of the bar were
daily shorter tagged runs were performed at lower rates td4 plastic scintillatorAE detectors, each 10 cfil0 cm
allow cross-calibration of the photon flux between these BC-x2 mm (thick), and behind the bar was a 1.5XM5 cm
MPs and the tagger counters. When tagged data were taker,2 mm (thick) plastic scintillator “veto” detector viewed at
the spectrometer was set to tag photons in the energy rangach end by PMTs. This allowed the identification of high-
170 to 211 MeV. energy particles that passed through the bar without deposit-
When an electron was detected on the tagger focal planéng all their energy. The telescope arm determined the accep-
a corresponding bremsstrahlung photon was produced at thance of the experiment, while the purpose of the recoil arm
radiator. Not all of these photons reached the target due twas to detect any coplanar particle in coincidence with a hit
the photon beam collimation. The fraction of photons thatin the telescope arm.
pass the collimators is called the tagging efficiency. This All PMT signals were sent to constant fraction discrimi-
efficiency was measured at least once a day during the run lyators(CFDs. A valid hit in the telescope arm was defined
reducing the beam intensity by three orders of magnitude ands a hit in any of the six telescopes. A hit in an individual
counting the number of tagged photons passing through thelescope was defined as a hit in tBaletector plus a hit in
collimators directly using a 100% efficient lead-glass detecthe AE detector as well as the sum of tBeplus AE signals
tor. The tagging efficiency was about 65% and was shown t@passing a threshol@sum threshold”) to reject electron hits.
be stable during the course of the experiment. Variations of valid hit in the recoil arm was defined as simply a coinci-
the order of 2% were accounted for in the analysis of thedence between one of the IME detectors and a hit in the
data. bar. A master trigger to read out the electronics was defined
The “He target was a liquid helium cell in the form of a 5 as a coincidence between a telescope arm hit and a recoil
cm diameter vertical cylinder with 15em Mylar walls.  arm hit. In the case of tagged data, a hit on the tagger focal
This was placed inside an evacuated target chamber 25 cm plane was also required.
diameter, with thin Mylar windows in the directions of the  All signals were sent to CAMAC modules which were
detectors. The target cell was attached to the bottom of eead out through a parallel branch controlled by a
liquid helium cryostat with a liquid nitrogen heat shield. MVME167 VME computer. This computer was in turn con-
Figure 1 depicts the experimental layout showing the tartrolled by software running on a Sun Sparcstation computer
get and detector systems. One afthe “telescope arm)  connected via ethernet. Data were recorded on hard disk and
consisted of a set of six plastic scintillator telescopes placeditimately written to CD for permanent storage. The whole
at the angle9,,,=38.8°, 55.0°, 81.0°, 98.1°, 115.1°, and system was controlled by the SAL data acquisition package
132.2°. Each telescope consisted oAB-E detector pair. LUCID [12].
TheE detectors were 10 cre 10 cmx 7.6 cm(thick) plas-
tic scintillator blocks and th& E detectors were 10 crr 10 IIl. DATA ANALYSIS
cm X 2 mm (thick) sheets of plastic scintillator. All were
connected via light guides to 5 cm diameter photomultiplier Deuterons in each detector arm were identified by means
tubes(PMTs). The solid-angle acceptance of each telescop®f a AE-E plot, an example of which is shown in Fig. 2. A
was defined by a 35 mm diameter collimator placed in frontinearized particle identification(PID) number was con-
of the AE detector. A Monte Carlo routine was used to cal- structed by fitting the proton and deuteron ridges observed in
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FIG. 2. ExampleAE-E plot for the telescope-arm detector at
6,.,=38.8°. Clear separation of the proton and deuteron particl
bands can be seen. The “bend-back” in the proton band wher
energetic protons punch through the back of Ehsecintillator can

also be seen.

the AE-E plot. Examples of this PID parameter are shown
for each arm in Fig. 3. The linearized PID made it possible to
estimate, and correct for, the number of misidentified deuter:

ons.
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FIG. 4. Egx spectrum for a typical telescope showing fitted
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it to the dd peak.

The energy calibration of all detectors was determined
using the proton “bend-back” point observed in thd=-E
plots (see Fig. 2 This is where an energetic proton punches
through the back of th& scintillator. When this occurs, the
energy deposited in the scintillator can be calculated from
the known energy loss of a proton in the scintillator material.
From this, the light output in the scintillator can be calcu-
lated (using the method of O'Riellj13]) and thus the re-
sponse of the detector may be calibrated. In the experiment,
this calibration and the calculated light output response were
used to determine the particle energy deposited in each de-
tector, and then an energy loss correction was made to de-
duce the particle energy at the interaction vertex.

Since the energies and angles of both detected deuterons
were measured, the kinematics of the reaction was “overde-
termined.” Using the angle and the energy determined in the
recoil arm, and assuming both particles that passed a linear-
ized PID cut were deuterons, the energy of the deuteron in
the telescope arm was calculated. An energy difference, de-
fined as the calculated energy in the telescope arm minus the
measured energyE(s= Ecac— Emeag Was constructed, and
is plotted for a typical telescope in Fig. 4. It can be seen that
there is a large background of events mainly due to misiden-
tified deuterons. These come from the large background of
(v,pt), (v,npd) and (y,ppnn) reactions. The shape of the
contribution to theE g spectrum from each competing reac-
tion channel was determined from the data by selecting each
possible misidentified pair using the linearized PID. The
shapes of these backgroukg; spectra are therefore deter-
mined under identical experimental conditions as thgl ()

Eqir Spectrum. Ay? fit was then made to thEy spectrum
using these measured shapes for each background channel,
and a Gaussian for treid channel, to obtain the truey(dd)

yield as shown in Fig. 4. The fitted gaussian for tthd
channel was found to be centered arolig;=0 and has a
width consistent with that estimated from the detector reso-
lution found from the proton bandwidth. This indicates that
the particle energy calibrations used were satisfactory. A cor-
rection was then made to this yield for the number of deu-
terons excluded in the initial cut in the PID spectrum. Two
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FIG. 5. Typical time difference spectrum between events in the 0. (degrees)

recoil arm and events in the telescope arm. Shown are the “true”

peak window and the windows used for fitting the accidental coin-  FIG. 6. SAL differential cross section f&,= 150 to 190 MeV.

cidence background. Exploiting the symmetry of the system, measured deitales with
0..m=>90° have been reflected about 90° and ploftzplares The

. . . . ._uncertainties shown are purely statistical and do not include a 7.1%
methods were investigated for this correction, representlngyh,;tem‘,mC uncertainty.

upper and lower bounds. The average result from these two

methods was used to correct the data. This correction ranged IV. RESULTS

from 9.4% to 17% depending on photon energy. . . .
A correction of 7.5% was made to account for accidental The resulting cross sections are presented in the center-

coincidences between the two arms as determined from %f-mass frame ?‘”d are I|§ted n '_I'abIg . 5'”0? the exit chan-
. A . nel of the reaction contains two identical particles, the cross
TDC difference spectrum shown in Fig. 5. The error in the

coincidence yield due to this correction was found to be les gection must be symmetric with respect to 90 in the center-
Y . f-mass. Accordingly, we have reflected the data about 90°.
that 1%. Finally an empty target subtraction was made

. i The resulting data sets are plotted in Fig. 6 and Fig. 7. We
Empty target runs were performed periodically during they . e found no evidence to suggest that the apparent asym-

experiment and these were analyzed using the same teCRiry seen in Figs. 6 and 7 result from anything other than

nique as for the full-target data. In the region of thitpeak  giatistical uncertainty. There is a clear maximum éaf,

in the E4 spectrum this background was nearly flat and was—gg° in the angular distributions for both the low-energy

about 20%-1% of the full-target yield. and high-energy data. Also shown in Fig. 7 are the measure-
The data were grouped, according to reconstrugtedy  ments of Arend§7] and Silvermarig] at E, =213 MeV.

energy, into two bins: a low-energy bin between 150 and 190 A Legendre polynomial fit to the angular distribution data
MeV and a high-energy bin between 190 and 250 MeV.yas performed using

Analysis of the*He(y,pt) channel, measured in the same

data taking run, show cross sections at the center-of-mass B

proton angles of 105° and 120° that agree well with previous 7(fem)=Ao 1+k21 QiaPi(costem) |, @
measurementgl4]. This gives us confidence that the abso-

lute cross sections for this measurement are within thevherea,=A/A, andQ, is a finite geometry correction fac-
guoted systematic errors. tor[15]. The total cross section ig,=2mwAq since there are

TABLE |. Differential cross sections for each telescope for Bag=150-190 MeV bin and thé&,
=19-250 MeV bin. Lab and center-of-mass angles are listed. The uncertainties listed are purely statistical
and do not include a 7.1% systematic uncertainty for the low-energy bin and a 13% systematic uncertainty for
the high-energy bin.

E,=150-190 MeV E,=190-250 MeV
O\ap Ocm. doem/dQ (nb/sp Ocm. do.y, /dQ (nb/sph
38.8° 44.7° 0.7%20.15 45.4° 0.140.11
55.0° 62.7° 1.260.16 63.6° 0.590.15
81.0° 90.3° 2.320.20 91.4° 1.420.17
98.1° 107.3° 1.730.19 108.4° 1.1%0.16
115.1° 123.5° 1.560.17 124.4° 0.680.12
132.2° 138.9° 1.030.15 139.7° 0.430.13
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FIG. 7. SAL differential cross section f&,= 190 to 250 MeV. 151 (b) E'y? 190 - 250 MeV
Exploiting the symmetry of the system, measured ¢eitales with ) p
0. m=>90° have been reflected about 90° and plotszfliares The .
uncertainties shown are purely statistical and do not include a 13% = k
systematic uncertainty. Also shown are the=213 MeV data of % 1.0k v
Arends[7] (open diamondsand Silvermarj8] (open up triangles i A\ /
=3 . .
identical particles in the exit channel. The fit must be sym- % A,
metric about 90° in the center-of-mass frame, therefore only 0.5 %
even Legendre polynomials are included. A fit was con-
strained with the condition that the cross section be zero at :{
0° and 180° as done by Arendg]. Another fit was per- 0.05 3!0 6|0 ‘ %

formed without this constraint. Good fits were obtained with
Legendre polynomials up to ordé=4 and the results are
presented in Table Il and are plotted in Fig. 8. The angular

8, ., (degrees)

distributions are consistent with a 8if distribution rather
than a siR26 distribution. Thea, coefficient is nonzero,

FIG. 8. Legendre polynomial fits to the angular distribution
data.(a) shows the low-energy dat& (=150 to 190 MeV and(b)
shows the high-energy dat& (=190 to 250 MeV. In both(a) and

even for the restricted fit for the high-energy data, indicatingyp) the fits are as follows: witiP, and P, terms, constrained at

the possible presence &2 or M2 radiation terms.

0.m=0° and 180° too=0, dashed line; withPy, P,, and P,

The total cross section values are assumed to lie betweasrms, constrained, solid line; with, andP, terms, unconstrained
the results obtained from the constrained and unconstrained ¢.,,=0° and 180°, dotted line; wittP,, P,, and P, terms,
fits which do or do not include thB, terms. The difference unconstrained, dot-dashed line.
between these fits was used to provide an estimate of the
maximum systematic error on the total cross section values

TABLE IlI. Total cross sections and Legendre polynomial coefficients for the low- and high-energy bins.
The first uncertainty on the total cross section is the statistical error from the fit, while the second represents
the systematic uncertainty?.1% for the low-energy bin, 13% for the high-energy)biRits are presented
with the constraint that the cross section be zer@-abD° and 180°, and without this constraint. Fits that
excludeP, terms are also presented.

E, Constraint Ay a, a, ot (ND)

150-190 MeV Constrained 1.320.18 —1.08+0.11 0.070.09 8.29-1.13+0.59
150-190 MeV Constrained 1.32.06 —1.00£0.05 8.29-0.37+0.59
150-190 MeV Unconstrained 1.52.13 —0.44+0.28 0.68-0.34 9.55-0.82+0.68
150-190 MeV Unconstrained 1.3D0.07 —1.06+0.18 8.32-0.40+0.65
190-250 MeV Constrained 0.710.16 —1.33+0.17 0.32:0.14 4.45-0.97+0.58
190-250 MeV Constrained 0.69.05 —0.69+0.05 4.34-0.33+0.56
190-250 MeV Unconstrained 0.29.11 —0.05+-0.34 1.13:0.40 6.05-0.67+0.79
190-250 MeV Unconstrained 0.60.01 —1.45+0.28 4.20-0.03+0.55
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FIG. 9. World data for the total cross section compared with the FIG. 10. Transition matrix elemerffME) analysis results for
results of the present measurements. Uncertainties for the presethie differential cross section &t,= 150 to 190 MeV. Circles, SAL
work represent the uncertainty in the Legendre polynomial fit to thedata; squares, reflected SAL data; dotted IE#,only fit; solid line,
data to obtain the total cross section combined with the systematiE2 only fit; dashed lineE1l, E2, andM2 fit; dot-dashed linek1,
uncertainty(7.1% for the low-energy bin and 13% for the high- E2, andM2 fit ignoring the constraint imposed by the analyzing
energy bin. Other data are from Akimo}bs], Asbury[6], Meyerhof =~ power data(see text Error bars shown are purely statistical.

[16], Arkatov [17], Arends[7], and Pitts[18].

expected to be smaller than electric strength of the same
due to integration uncertainties. The results for the total crospolarity by a factor of about 20 in the present case, thé¢&e
section are presented in Fig. 9, along with the world data foamplitudes were included in the fit described below.
*He(y,dd) with E, greater than 30 MeV. The results are in  E2 absorption withAS=0 on theS-state component of
agreement with those reported by Aref@d$to within about  the ground state leading to a' 2state withl=2, s=0 is
a factor of two.(Note that Arends'’s total cross section valuesallowed and leads to an outgoing state whichds. It is also
were extracted from Legendre polynomial fits which werepossible to have\S=0 E2 absorption on th®-state com-
constrained to be zero at 0° and 180Faken together, the ponent of the ground state. This will lead to three possible
weight of evidence from recent measurements indicates thatutgoing channels®s,, °d,, and °g,, giving a total of four
the total cross section favors the lower values of those reg2 outgoing amplitudes.
ported in the past 35 years. A transition matrix elementTME) analysis of theE,
=150-190 MeV cross section data was performed using the
formalism described by Wellegt al. [20]. The fit made use
of analyzing power data for th&He(y,dd) reaction obtained
The “He(y,dd) reaction is expected to be dominated by by the TUNL group at the Laser Electron Gamma Source
isoscalarE2 radiation, at least at relatively low energies (LEGS) at Brookhaven National Laboratory and reported in
[19]. The usually dominanE1l multipole is expected to be Ref.[21]. Although the information obtainable from this data
suppressed by spin and parity arguments. Since the outgoingas limited, it does indicate that the analyzing power is
deuterons are identical bosons, only outgoing states with negative for photon energies between 185 and 310 MeV and
+s even are allowed. This forbiddS=0 E1 absorption, for deuteron center-of-mass angles between 45° and 135°.
sincel =1 is required in the outgoing chanrielecay ofa I  This information was used to constrain the TME analysis fit.
stat@, so thats must equal 1, while the ground state tfle This analysis include&1, M1, M2, andE2 absorption.
hasL=0, S=0 (S statg, with a possible(smal) L=2, S  As indicated above, this corresponds to eight transition ma-
=2 (D state admixture. The only allowed&1 transitions, trix elements: 3p,(E1), 5d;(M1), 3p,(M2), 3d,(M2),
therefore, correspond thS=1 E1 absorption leading to a d,(E2), °s,(E2), °d,(E2), and °g,(E2). A x? minimi-
3p, final state(notation ZS“IJ»). Such strength, which is ex- zation was performed to simultaneously fit the cross section
pected to be small, can result from coupled-channel effectsand analyzing power data. It was noticed that ¥h& ampli-
the spin-dependent part of il operator, and tensor-force tude was negligible if any other multipole was included in
effects. the fit. Some of the fits to the angular distribution data are
Since the absorption d¥l 1 radiation leads to a“l state, displayed in Fig. 10. It can be seen that there is a poor fit
the outgoing channel must be®d, state in order to satisfy when only theE1l term is included. Reasonable fits were
thel+s even rule. This can only originate from tiiestate  obtained wherE1l, E2, andM 2 transitions were included. It
component of the ground state, and is therefore expected is also interesting to observe that the assumptioBE2fonly
be small. transitions is capable of producing an angular distribution
There are two possible outgoing channelsNt?2 absorp-  which is peaked at 90°, although not as strongly as the peak-
tion: 3p, and 3f,. Although magnetic strength is, in general, ing observed in the data. The resulting amplitudes corre-

V. TRANSITION MATRIX ELEMENT ANALYSIS
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TABLE lll. Amplitudes and phases from the transition matrix elem@hME) analysis.

TME E1-E2-M2 fit E2-only fit

s, Fraction of o Rel. phase (°) Fraction af Rel. phase (°)
1d2 (E2) 0.000£0.0012 —172.59+ 360.00 0.006:0.0008 —172.59+ 360.00
532 (E2) 0.745t0.0339 0.06:49.14 0.95% 0.0350 0.0&:34.06
5d2 (E2) 0.013£0.0083 0.06:56.02 0.0490.0137 0.0&31.05
5g, (E2) 0.000=0.0000 0.0&:360.00 0.006:0.0000 0.0e:360.00
%p, (E1) 0.090+0.0255 0.06:17.85

3, (M2) 0.091+0.0304 0.06:19.08

3, (M2) 0.061+0.0310 0.0 18.84

sponding to both of these sets of assumptions are listed ianalyzing powers with reasonable sucdd€d. However, as
Table lll. A better fit to the cross section data may be ob-the deuteron ow-ray energy increases, the usefulness of the
tained if the constraint imposed by the analyzing power dat®C model becomes limited. For example, in the work of
is ignored (as shown in Fig 10 however this fit fails to  Pitts et al. [18] at a deuteron energy of 95 Me¥,~70
reproduce the analyzing power @&t ,,=90°. Under any cir- MeV), the direct capture model failed to predict even the
cumstances, it was found that a reasonable fit to the crossrrect sign of the tensor analyzing powy, .

section data that peaks at 90° can only be obtained if quad- For the present case, the direct photodisintegration calcu-
rupole terms are included. lations were performed using the parameters from Rif].

As can be seen in Table IlI, tHe2-only fit places all the This included an optical model potential used to describe the
strength intoE2 absorption on th® state of ‘He (L=2, outgoing scattering statebtained from fitting 30 and 50
S=2). This is somewhat surprising since theH{d) D-state  MeV elastic scattering data from theH(d,y)?H reactior,
contribution has been determined to be only about 4% of thand the Woods-Saxon well parameters used to generate the
ground state of*He [19]. Furthermore, whereas lower- S andD-wave two point-deuteron ground-state wave func-
energy capture studigsorresponding t&, =49 MeV) have  tions for the target nucleudHe. Since the lower-energy
found significang-wave strength, the present result indicateswork indicated al+d D-state probability in the ground state
that thes-wave terms dominate in theé,=150-190 MeV  of “He of 4%, this value was also used in the present case.
region, with somel-wave admixture. It can also be observed The calculations were performed using the full Bessel func-
that thes- andd-waveE2 (S=2) terms have the same phase tion forms of the electric multipole operators.

(albeit with considerable errorsindicating that they inter- Overall, the results of the DC calculation which included
fere constructively. It is this constructive interference whichE2 and spin-flipE1 transitions failed to describe the present
gives rise to the observed maximum in the cross section atata. The calculations did not predict an angular distribution
90°. for the cross section which is peaked near 90°. This resulted

Results from theE1-E2-M?2 fit indicate thatE2 absorp- from the fact that, unlike the results of the TME analysis
tion on theD state, leading t@ and d-wave outgoing am- which predicted predominantlrwave emission, the DC cal-
plitudes, is still present. In this case, however, spinflip  culation indicated thagy waves would dominate. Unless the
(S=0 to S=1) andM2 absorption terms are also present.optical potentials were drastically altered, the calculation
Constructive interference between tB4 and M2 terms, failed to reproduce the measured absolute cross sections.
and between th&2 and M2 terms, contribute to the ob- However, the calculations did indicate that, even though the
served maximum at 90° in this case. D state in the ground state 8He had only a 4% probability,

Looking at both fits, we can conclude that between 60%E2 photoabsorption on the state was responsible for more
and 100% of the cross section arises from absorption on thian 90% of the cross section in tde-d channel, as found
D state of*He. This absorption is dominated B2 swaves in the TME analysis. Overall, it is clear that the DC model is
(see Table Il). Furthermore, the observed maximum in theentirely too simplistic and fails to describe the situation at
cross section angular distribution at 90° arises frB@(s  the present energies.
wave-E2(d wave, E2-M 2, and/orE1-M 2 constructive in-

terference.
VII. CONCLUSIONS

We have measured angular distributions for the
“He(y,dd) reaction in the two energy bing,=150-190
Direct capturg DC), or, shall we say, direct photodisinte- MeV andE,=190-250 MeV.
gration in the present case, is expected to be the dominant A transition matrix element analysis of the data including
mechanism in this reaction at very low center-of-mass enerEl, M1, E2, andM 2 multipole transitions was performed.
gies. In the case of capture reactions using incident deutercbhis analysis found that between 60% and 100% of the cross
energies as high as 50 Me\E(~50 MeV), the DC model section arises from absorption on thestate of*He with the
has been shown to reproduce the observed cross sections afmminant contribution coming frorswave absorption. Fur-

VI. DIRECT CAPTURE CALCULATIONS
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thermore, it was found that the maximum in the cross sectiomnlikely. In this work, we have shown that it is, in fact,
angular distribution at 90° is a consequenceEgf(s wave- possible to create an angular distribution that is peaked at
E2(d wave, E1-M2, andE2-M2 constructive interference. 90° usingE2 s-wave absorption on th® state interfering

The absolute total cross section fHe(y,dd) for E,  constructively withE2 d-wave absorption on thB state, or
near 220 MeV favors the lower values of those publishedyith M2 radiation. M1-E2 constructive interference can
during the last 35 years. We feel that the cross section is NOW|sg contribute to this shape.

known to within~30%, as opposed to within a factor of 100 These observations indicate the vital importance of the

or 1000. o ) ] tensor force in the present system. The possibility that it
The angular odlstrlbut|on was found in this work to be plays a dominant role at such high energies is quite intrigu-
maximum at 90°, in agreement with the Arerfd@$ and Sil-  jng" We hope that this interesting result will motivate the

verman[8] measurements. The first observation of this resulfor-pody theorists to investigate this physics-rich reaction at
sparked debate because such an angular distribution is NQfese energies in the near future.

mally associated witle1l radiation[8], whereasE2 transi-

tions were expected to dominate?:gis reaction. Such angular

distributions typically exhibit a si6 shape which has a

minimum at 90° and maxima near 45° and 135°. This incon- ACKNOWLEDGMENTS
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