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Measurements of th&He(y, 7" n)®H and *He(y, =" p)nnn reactions in quasifreer production kinematic
regimes have been performed using unpolarized and linearly polarized tagged photons in conjunction with
large solid angler andn detectors at the MAMI-B accelerator, Mainz. Differential cross sections are presented
for photon energies spanning ti&1232) excitation region. These data combined with previously presented
results for the'>C(y, " n)!B reaction provide an extensive data set for future investigations-ofedium
effects in nuclei. ThéHe(y, " n)®H cross sections are significantly smaller than theoretical predictions based
on the free proton amplitude fax excitation with a crude correction for final state interactions, and exhibit
different trends, which could possibly be a consequenceé -ehedium effects. From a comparison with
published®?C(y, 7" p)*'Be data, it is concluded that tHéle(y, 7" p)nnn reaction mechanisms are probably
two-step processes, although the possibility that part or all of the cross section arises from interactions with
preexistingA * * particles cannot be ruled out.
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INTRODUCTION +N (e.g., Refs[1-4,10Q). Clearly, the cumulative effect of
such medium maodifications could lead tg,@N) reaction
It is well known that in-medium nucleon excitation to the cross sections in the nuclear medium exhibiting a different
A(1232) resonance state is an important degree of freedofehavior with respect t&, and 6, and being quite differ-
that has to be considered in the descriptions of a wide rangent in magnitude to those observed on free nucleons.
of intermediate to high energy nuclear reactidsse, for In previous papers, we described the first studies of the
example, Refg.1—4]). However, inclusion o excitationin  ~-C(y,7 n)*'B and **C(y, " p)*'Be reactions made using
the reaction models is hampered by a lack of experimentdfgged photons and large solid angle detedibts-13. The
evidence for the modifications that are predicted to occur t&M was to make a global search farmedium effects by
the free nucleor excitation, propagation, and decay ampli- 0vering as broad an energy and angular range as possible.
tudes in the medium due to interactions with surroundin Ith(_)ugh excellent fits to_the_: sh_apes of the dlff_erentlal Cross
nucleons A nuclear medium effectsRegarding this point, sections andch angular distributions were obtained for the

1 + 11 H
several authorge.g., Refs[5-8]|) have concluded on theo- ZC(Y’W n)"B data using both the calculated results of

. e . Refs.[7] and [8], the experimental data were found to be
retical grounds that sensitive testszpfme(_dmm eff_ects may consistently lower than thi#l ,=1232 MeV calculations as
follow from studies of y,7N) reactions in quasifree kine-

g . would be expected in the presence dfmedium effects.
matic regimes. , __ However, it was not possible to quantify the effects unam-
Models of the ¢, mN) reactions(e.g., Refs[7,8]) indi- i\ 0usly in terms of a reduction iM,, or any other pa-
cate that a small reduction of 3% in theA mass due 10 rameters, due to statistical errors and uncertainties in the final
nuclear binding leads to the+y—A excitation cross sec- state interactiofFSI) calculations. A more recent measure-

tion close to resonance being reduced by up to a factor ahent of the reaction'®O(y, = p)*N at E, =300 MeV,
~0.5. This cross section is also expecf&tito be decreased which included polarization asymmetry results, gave no evi-
by an additional few percent due to a predicted increase idlence for a large quantifiable modification of themass,
the nucleon distortion in the nuclear environment, which will although it is not clear how large a shift is ruled ¢u#].

lead to an increase of the ratio of the md&R2 and M1 In this paper, we describe measurements of the
amplitudes,R(E2/M1). The width of theA resonance ob- “*He(y, 7" n)3H and *He(y, =" p)nnn reactions, which fol-
served in inclusive photoabsorption measurements exhibits law on from our previous measurements ¥€. These mea-
significant increase thought to be due largely to Fermi mosurements were carried out with the aim of providing new
tion (e.g., Ref[9]). However, a reduction in the intrinsit high-resolution data, with a higher statistical accuracy than
width is expected at lowy energies due to Pauli blocking for the C target, against which models £#{1232) nuclear
when the recoiling nucleon has an energy below the Fermmnedium effects can, in future, be tested. The new data in-
level, and at higher energies, it is anticipated that the intrinsiclude photon asymmetries, which provide an alternative in-
width will be increased by collision broadening due to thedicator of A-medium effects, which is insensitive to the
opening up in the medium of the decay mode-N—N treatment of FSI. A*He target was chosen because the cen-
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rangeE,=114-792 MeV were analyzed using the Glas-
gow tagging spectromet¢i6,17. The tagged photon reso-

o v 4 l?m, I lution and counting rate were typicallkE,=2 MeV and
beam dump 5x10" s, respectively. Linearly polarized photons were
produced using coherent bremsstrahlung from a diamond ra-
Q diator[18]. Two runs were made with the diamond orientated

such that the upper edge of the coherent peak of interest
¥ occurred at energies d&,~280 and~360 MeV, respec-
i photon beam line tively. The direction of the polarization was rotated at 20 min
; intervals between vertical and horizontal planes.

The photon beam was collimated to a diameter of
~18 mm and~11 mm at the target for the unpolarized and

;K' polarized beam measurements, respectively. For the
A “He(y,7"n)®H and *He(y,7 " p)nnn measurements, the
= target was a Kapton cell of 3 cm diameter and 8 cm length
= D containing liquid “He. This cell was gravity fed by a reser-
c voir of liquid “He, the whole system being housed in an
\ evacuated cryostat that included additional liquigdgoling

E [19]. The time between reservoir refills was typically 12 h.
\< Calibration runs were made with either a 0.839 génC
or 0.915 gcm? CH, target inclined at an angle of 20°
| with respect to the beam direction. The fraction of tagged
PiP ‘ "\ltarget %\ incoherent bremsstrahlung photons passing through the col-
: limator, the tagging efficiency, was measured several times
/ and remained stable at 53.%. The tagging efficiency for
J the diamond radiator varies significantly with photon energy,
: ‘ but, at a givenE,,, it is the same for the two polarization
directions and therefore cancels in the photon asymmetry
measurement.

The energies and angles of particles produced in the target
were measured by two large solid-angle detection systems.
& pafliator: On one side of the beam, a plastic scintillator hodoscope
3 (PiP) [20] was used to detect charged particles in the polar
angle range=50°-130° and azimuthal rangk= —24° to
24°. Events corresponding to the detection ofra were
selected using\E versusE information and demanding that
an afterpulse from the decay— B+ 2v occurred within
6 us[12]. Atime of flight detector arrayTOF), placed on
‘the opposite side of the beam, was used to detect neutrons

tudv. In additi ; ivsishell | involved and protons. This detect¢R1] consisted of 6 stands each
study. In addition, since onlysLshell nucieons are involve containing 16 vertically mounted scintillators of dimension

in the “He reaction, there is no need to resolve events due t§000>< 200x50 mn? in two ranks of 8(see Fig. 1 and
the removal of protons from different shells, which have Very_overed the polar angle range=10°—150°. The .range of

?'Zfée(ryer:+ﬁ?ﬂgfwgsﬂ%mons' as was the case for theazimuthal anglesp covered by each element depended on

. : . S ._the distance from the target, which was between 3 and 7 m.
The new experiment included the first detailed mvesuga—Surrounolingl the target at a radius of 11 cm was a ring of thin
tion of the “He(y, " p)nnn reaction, which complements

our 2C(y,m*p)LiBe measuremerfi3]. The results of the AE scintillator detectors, which had a dual purpose. Used in

' i incidence with PiP, they produced a trigger pulse for each
12C(y, 7" p)Be experiment have recently been mterpretedCOInCI - '
as providing evidence for preexistidg’ *s in *C[15]. The detected charged particle. On the TOF side, the presence or

I hi be | . 4 furth absence of a signal in the appropriate element of this ring
hew measurement allows this to be investigated further. 54 iy 3 second half ring of detectors at 30 cm radius indi-

cated a charged or neutral particle, respectively. The ana-
EXPERIMENTAL ARRANGEMENT logue to digital convertefADC) and time to digital con-
erter (TDC) information was read out using the so-called
CQU data acquisition systef22].

tagger

FIG. 1. Experimental arrangement used for fibe(y, 7 n)3H
and “He(y, " p)nnn measurements.

tral density is higher than that of any other nucleus, from
which it follows that larger medium effects are expected
Also, the FSI are expected to be smaller than in tfe

Figure 1 shows the experimental arrangement, which wa
very similar to that used for our previous studies of the
2C(y, 7 n)'B and **C(y, =" p)'Be reactiong11-13. A
bremsstrahlung photon beam was produced by X nA
beam of electrons from the Mainz microtr@MAMI-B ) in- As explained in our previous papgt?], the main inno-
cident on a 4 um Ni radiator. The energies of photons in the vation of our quasifreey, wN) measurements is the use of a

DETECTOR CALIBRATION AND DATA ANALYSIS
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FIG. 2. Missing energy spectra for thep(y,7"n), 10.0
“He(y,7*n), and *He(y, 7" p)nnn reactions.
50F -
plastic scintillator hodoscope to detect pions rather than &

H H H ; H 1 1 1 1
magnetlc spectometer, which is more convennonal.. This 0-490_0 800 1200 1600 800 1200 1600
choice was made because magnetic spectrometers with su 0 (deg) 0 (deg)
ficiently high resolution have too small an acceptance to al-
low a broad range measurement of the type described here. FIG. 3. Differential cross sections for tip€y, 7+ n) reaction in
Since scintillator hodoscopes had not been used previousie center-of-mass system. The curves were calculated using the
to detect pions with such high energies, the analysis tecttheory of Blomgvist and Lagg®5], which gives a good description
niques were fully described in RdfL2], to which the reader of previous experimental dafa6]. The data points from the present

is referred for details of the detector calibration and datgsolid circles and previous experimerihorizontal crosseg12,23
analysis. have been increased in magnitude by a factor of 1.16 and 1.20,

respectively.

RESULTS AND DISCUSSION o o ) _
missing energy determinations. The full width at half maxi-

The missing energy distributions mum (FWHM) resolution wasAE,,=8.0 MeV, which
The missing energy for each measuredN) event was agrees well with an estimate obtained by adding in quadra-
obtained using the equation ture the resolutionsAE,=2 MeV, AE,=7 MeV, and
AE,=3.0 MeV associated with the tagging system, PiP, and
Em=E,~E:=En—Erecoir=Ex—Q, (1)  TOF, respectively23,24.

As described previously11,12,23, p(y, =" n) cross sec-
whereE,, is the energy of the tagged photds,, is the ki-  tions were obtained by integrating over the kinematically
netic energy of ther, Ey is the kinetic energy of the emitted allowedE ., 6,, and ¢, ranges appropriate to each selected
nucleon, andEe,; is the kinetic energy of the recoiling pair of E, andé,, bins. These cross sections are compared in
system of massA—1) determined using momentum conser- Fig. 3 to previous resultgl1,12,23, and calculations using
vation. E, and Q are the excitation energy associated withthe expressions of Blomqvist and Ladgé@s], which repro-
the (A— 1) system and th@ value for the reaction leading duce the previously measured cross sectieng., Ref[26])
to the ground state, respectively. Théy,7"n) data were for this reaction. For this comparison, the calculated cross
obtained using the CHtarget; separation of the(y,7*n) sections were averaged over the appropriageins and de-
data from that of the *C(y,7"n)''B reaction being tector angles. An overall normalization factor of 1.16 is re-
achieved by demanding for each event tBgtand 6, oc-  quired to bring the presemi(y,7*n) results in agreement
curred close to the values calculated fr&m and ¢, using  with the calculations, which compares favorably with 1.20
the p(y, 7" n) reaction kinematics. used in Refs[11,12,23. Since the factor of 1.16 is consistent

The measured missing energy distributions are shown iwith the total systematic error of 20%, estimated from the
Fig. 2. Thep(y,7"n) reaction spectrum has a single peakuncertainties in target thickness, tagging efficiency, detector
with a centroid atE,,=140.5+0.2 MeV (statistical error efficiencies, and solid angles, thtHe(y, 7" n) data were
only), which is consistent with the reactiégpvalue of 140.8 normalized by the same factor of 1.16. The systematic error
MeV and the=1 MeV estimated systematic error in the of the normalized*He(y, " n) data is obtained by combin-
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ing the statistical errors of the presguity,=*n) data with 8 =670 8 =820
the systematic errors of about4% for the previous data 60.0
[26]. The resulting systematic errat; 10%, is significantly

reduced compared to the systematic error of the ®.0F ]

“He(y,7*n) measurements taken alone. 30.0L 260 MeV| 260 MeV
The large peak in the missing energy spectrum for the

*He(y,7"n) reaction shown in Fig. 2 occurs Bt,=158.5 15.0F 273 L

+0.1 MeV (statistical error only and has a FWHM of Y ‘...;\ ALY

AE,~10.5 MeV. The fact that the peak from the 60.0 a8 L9

“He(y,7'n) data occurs close to the thresho@ value _

(160.2 MeV) and has a width that is not appreciably greater ~ ¢4%0

than 8.0 MeV suggests that the observed events arose pre- g

w
©
o

dominantly from the removal of a single proton leaving the

residual®H nucleus intact and involved relatively small FSI. S150
To select events which are almost exclusively of this nature, }
an E,=152-168 MeV cut on the data was made as indi- g60.0
cated in Fig. 2. The fraction of quasifree events excluded by %

IS
o
(=]

this cut was corrected for each of the fdgy bins by con-

sidering the tail on the lovE,, side of the peak. The tail at 340 MeV

higher E,, is assumed to be due to nonquasifree processes 30.0
and FSI, which will generally result in the breakup of the 150k
residual ®H. It is also assumed that only a small number of '
counts from events of the types found in this tail will be 60.0
present in thee,,=152—-168 MeV region, since the thresh-

olds for 3H breakup to?H+n and 2h+p occur atE, 450k

=166.5 and 168.7 MeV, respectively.

300k 380 MeV

Differential cross sections 150

Figures 4 and 5, which were obtained using the bins listed
in Table 1, show thes, dependence of théHe(y, =" n)*H 030 400 800 1200 400 800 1200
cross section in the energy ran§g=240-400 MeV for 6 (deg) 6 (deg)
four 6., bins. Figure 6 shows the_. dependence of the cross

section at the average anglesf,=67° and 112°. For these . . i
. o ° . tion versusn laboratory angle obtained at average detection
data, thed, and 6, bins were 10° and 15° wide, respec- e o
. . . angles off,=67° and 82°, and average photon energigs 260,
tively, and thed,, bins were centered in each case around th%00 340, and 380 MeV. ThE., 6., ¢._. 6., and . bins are
. . . il il . Y T T ne» n
0, angle at which the yield of neutrons from quasifree listed in Table I. The results are integrated over the and E,,

production is expected to be greatest. acceptance of the detectors. The theory curves are from PWIA

The dashed curves shown in Figs. 4-6 are from planggasheyl calculations and DWIA (solid) estimates obtained for
wave impulse approximation(PWIA) calculations of \,=1232 Mev.

“He(y,7"n)3H cross sections produced for this publication

[27] using the model of Re{.7]. For these calculations, the  |n our simple approach, we estimated the effects of the
initial nucleon bound state was represented by a harmonigsi for the “He(y, =" n)®H reaction based on the PWIA and
oscillator wave function, which was considered adequate fopw|A calculations for the'?C(y, =" n)''B experimen{12].

the predominantly low initial nucleon momenta involved in Assuming that the reduction in the exclusive, ¢N) cross
quasifreer production. Ther photoproduction process was section due to FSI can be approximated by a factor exp
described using the full Blomqvist-Laget phenomenological—Ryry), whereR s the target radius and the same absorption

operatoi{25,28,29. The results are averaged over the approjengthr, applies to both nuclei, then the effective DWIA
priate detector acceptances and multiplied by a spectroscopi¢oss section fofHe is given by

factor of S=0.8[30]. Inclusion of FSI into the calculations "

using the distorted wave impulse approximati@WIA) C(DWIA) exp—Rye/rg)
code of Ref[7], which uses the optical model to determine *He(DWIA*)="He(PWIA) X T2C(PWIA) exp(—Rc/ro) '
the distortions in the outgoing waves, was not considered 2)
appropriate to the very light nucleu$e. Therefore, in the

absence of more exact calculations, we have made an initis¥here R, and Rc are the*He and '2C radii, respectively.
investigation using a crude estimate of the FSI. Although thisAverage values for r, were obtained from the
cannot be used to provide a quantitative measure of’C(y,m"n)!B calculations at each of the four average
A-medium effects, it was anticipated that it would highlight photon energieg , =260, 300, 340, and 380 MeV, and used
the more interesting features of the experimental data. to determine*He(DWIA*) results at eaclt,, using the ap-

FIG. 4. Differential cross sections for tHéle(y, 7+ n)®H reac-
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FIG. 5. As for Fig. 4 forg,=97° and 112°. FIG. 6. Differential cross sections for tHéle(y, 7+ n)3H reac-

. . .. tion versusw™ kinetic energy. The,, and 6, bins are 10° and 15°
proprlaterq. These res'ults. are shown as solid curves in FlgsWide, respectively. Theb,. and ¢, bins are listed in Table I. The
1_6' Typically, application of Eq.(2) results in the | equts are integrated over tii, detector acceptance. The theory

He(PWIA) cross section being reduced 5y25%, which  cyrves are from PWIAdashedl calculations and DWIA (solid)
can be considered a rough estimate of the amount lost due {timates obtained usirg ,=1232 MeV.
FSI. This is approximately half of the FSI losses determined

f{;’Cm th? QYE\SIIA calculanonéz used in considering the 5 13rmonic oscillator potential is adequate to describe the
(?”77 n) measuremer[ . data. This conclusion differs from that arrived at by Hiets
tis c_Iear from Figs. _4—6 that the shapes of t’nangula_\r al. [14] following their study of the®O(y, = p)*N reac-
g|strk|‘bu::|)(:/r\}lsAandzé gr\}sfﬁ en?rg?/ S.pectrzgare Wﬁ" desﬂ'bed tion atE, =300 MeV. At the largest proton angle measured,
y the P\ an calculations. Since these shapes 0,=75°, the experimental differential cross section versus
are dominated by the wave function used to describe th(E

ton in the®H d state. it b d that - IS flatter than the theoretical curve, from which it was
proton in the“re ground state, it can be assumed that US€ 0t,nciuded that the use of a harmonic oscillator potential is

inadequate in some kinematics. We consider it more likely,
however, that the differences arise because the experimental
method used by Hickst al. did not differentiate between the
detection ofr~ and ™ particles, and had very poor missing

TABLE |. The binning regions used in extracting the
“He(y,7"n)*H and *He(y, 7" p)nnn cross sections.

Quantity Range Bin size No. of bins . . .

energy resolution, mainly due to the nuclear explosions that
E, 240-400 MeV 40 MeV 4 occur at the end of eaclr™ track. Under these circum-
E. 20-180 MeV 10 MeV 16 stances, it would have been very difficult to estimate accu-
0. 60-120° 15° 4 rately the relative contributions to the data from and 1s
b (—15)-15° 30° 1 shell nucleons, the effects of contamination by the
N 10-150° 5° 28 160(y, " p)*°C reaction, detector thresholds, reactions on
dn— b 170—190° 20° 1 nucleon pairs, multistep reactions, etc.

Figures 4—6 also show that the experimental data fall sig-
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nificantly below the DWIA results, particularly for the

more forwardé,. angles. These results are similar to those
observed in our study of th&C(y, 7 n)''B reaction[12], Ey=260 MeV
which also agreed in shape with the PWIA and DWIAcal- = | o= === =~ _

culations but fell consistently below both. Although again 104L /"“T}*

our *2C results differ from the®O(y, = p)**N measure- (]

ment[14], where agreement in magnitude was found, a di-

rect comparison is not possible since as pointed out in Ref. — L] Ey=300 MeV
[14] separation of the contributions from different shells in 8 t~——"7—~ - _
the %0 experiment was not achieved. We consider it most - /""‘“‘“{
likely, however, that the differences are a consequence of the 3 ¢ §
problems with the®O(y, 7 p)*°N measurement presented Z103, @

above. &

In considering Figs. 4—6 further, we note that differences 2 — _ _ _ [Ey=340 Mev
occur between the experimental cross sections and the g Tt~
DWIA* results at almost alE,, and 6, angles. To obtain a & —_— T

©

better impression of the trends with energy angmission s L] ] ()
angles, we determined thed, dependence of the 102L
“He(y,7"n)®H cross section at the average energies
=260, 300, 340, and 380 MeV by integrating the cross sec- Ey=380 MeV
tions shown in Figs. 4 and 5 ovet,. These results are ~
shown in Fig. 7. The data points are presented with0% -~ .
systematic error bars. Figure 8 shows, for comparison, the
corresponding data for th&C(y, =" n)!'B reaction at the (] s (]
same averag&, energies obtained from our earlier study 101} &
[12] 1 1 1
From Figs. 7 and 8, it is evident that the data points lie 600 750 900 1050 1200
considerably below the DWIA results in the region of the O (deg)
A(1232) resonance peak, which is where thenedium ef-
fects are expected to be the largest. However, there are even
larger relative differences in the more forwaéd., lower 10 les show th q . intearated OveE i
energy*He(y, 7" n)3H data, where the Born terms are more cire ?nj aogcceeptg]r??:sg‘ th‘g?;;g;?%; Zgra ¢e Z\r’] dq’;he
. . ; o N .The 0., ¢, N
If:’gre)or:tiggtbr-l(—)rc]iii?iJr?il:ggssseg](?tﬁ)sr:strr?;yﬂ\]/ilr;]\-/gt;gwg]a quasE_ins are listed in Table I. The error bars indicate systematic errors of
quite differently compared to those for free nucleong an +10%. The dashed and solid lines show PWIA cross sections be-
. . %re and after the crude correction for FSI, respectively. The cross
hence that medium effects may possibly be present. How;

. . . sections at 340, 300, and 260 MeV are multiplied by factors of 10,
ever, definite conclusions cannot be reached until a ProPefng, and 1000, respectively.

theoretical calculation including FSI is carried out. Regard-

ing such calculations, it should be noted that the interpreta-

tion of our “He(y, 7" n)3H and *C(y, 7" n)'B measure- 1 0,0

ments will require the development of a code that will allow 2= p_y o +o)’ )

the effects associated with each model parameter to be inves-

tigated efficiently over a large range of energies and angles.

In particular, it might be useful to investigate varyihg and  \hereP, is the linear polarization of the photon beam, and
the ratioR(E2/M1), and perhaps even consider allowlg &, and oy are the cross sections with the polarization verti-
to vary as a function ok, to take into account the effects of ¢a| and horizontal, i.e. perpendicular and parallel to the re-
Pauli blocking at lowE, and the opening up of the+A  action plane, respectively. The beam polarizafiywas de-
—N+N decay channel with increasing,. Clearly, a termined by performing a Monte Carlo simulation as
proper treatment of the FSI for tde(y,w"n)*H data will  described in Ref[31]. This simulation gave the relative in-
also be necessary. It is hoped that the large increase in thensity, as a function o, of the coherent and incoherent
available data on quasifree production provided by this parts of the bremsstrahlung produced by the diamond, thus
work and our previous pap¢t2] will stimulate further the-  enabling the degree of polarization to be determined for the
oretical interest inA(1232)-medium effects leading to the range of tagged photons used in the measurement. The cal-
development of a versatile computer code that in the futureulation gave average polarizations of 0.50 and 0.40 in the
will provide a more quantitative understanding of the phe-regions E,=268+20 andE, =338+ 20, respectively. This
nomenon. procedure has been checkigP] by studying the coherent
“He(y, 7°)*He reaction in which the linear polarization of
the photon beam is completely transferred to the azimuthal

Photon asymmetries were determined at average photasymmetry of the emitted® mesons sincéHe and ther®
energiest,, =258 and 358 MeV using the equation both have zero spin.

FIG. 7. Differential cross sections for tHéle(y, 7+ n)®H reac-
n versusé,. at the indicated average photon energies. The solid

Photon asymmetry
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S ~a FIG. 9. Measured photon asymmetri&s versus 6,. for the
o p(y,7"n) reaction at averag&,=338 MeV. The experimental
;’—P—M binning is as for Fig. 3. The solid curve is based on fits to previous
] L] measurements made at Mairg3].
]
101 that are less than 1.0. Clearly, in view of this result, it would
! ' ' be worthwhile to obtain more accurate photon asymmetries
60.0 75.0 90.0 105.0 120.0 for the 4He(fy’ﬂ-+n)3H reaction_
6y (deg)
FIG. 8. Differential cross sections for tH&C(y, 7" n)*'B reac- The “He(y,m=*p)nnn reaction

tion versusé,, at the indicated photon energies obtained fidra].

The results shown as solid circles are integrated oveEtheE ,, . 4 T .
and 4, detector acceptances. THg, 0, . ¢.., andd, bins are as tained for the “He(y,7" p)nnn reaction. For those data

listed in Table I. The error bars indicate the systematic errors 015h0wn I.n Fig. 12, the97.7 and 0p bl-nS Wgre 10° and 15° wide,
+10%. The dashed and solid lines are PWIA and DWIA results /©SPECtIVEly. Thed, bins were identical to the), used to

respectively. The cross sections at 340, 300, and 260 MeV are muRroduce Fig. 6 and covered the angles at which the yield of
tiplied by factors of 10, 100, and 1000, respectively. coincident protons was the greatest. Although the cross sec-

tions are considerably smaller than those measured for the

Figure 9 shows the asymmetry results obtained for the'He(y, 7" n)*H reaction, it was possible to obtain good sta-
p(y,7"n) measurement compared to a curve based on fits téistic data at mean photon energiés=300 and 340 MeV,
previous Mainz measuremenid3]. The curve is corrected due mainly to the fact that the efficiency of individual TOF
for detector acceptances. Although the statistical accuracy igars for detecting incident protons 1100% compared to
not high, the agreement is reasonable. ~5% for neutrons. At higheE,,, the results had poor sta-

Figure 10 shows the results obtained for thetistical accuracy, and belo#,=300 MeV, the proton ener-
*He(y,7"n)>H reaction at the twdE, settings, which are gies were below the TOF thresholds due to energy loss along
below and close to those giving the maximum cross sectionthe flight paths.
for A excitation, respectively. Although again the statistical ~As the “He(y,=*p)nnn cross sections are considerably
accuracy is not high, it is clear that the asymmetries observegmaller than those for other reactions, any misidenfications
for protons in the medium have the same sign and are con®f the particles involved could lead to significant errors. The
parable in magnitude to the free proton values. most likely contamination of the data arises from, £ p)

Since the asymmetry calculations are relatively insensievents in which ther™ particles were misidentified as*
tive to FSI, they provide a sensitive probe for medium ef-particles. Sincer™ particles were identified by observing
fects. To make a quantitative assessment, the weighted aveafterpulses from thew* —e*+2v decays and the energy
age of the ratio R=3W[(Zp);/(27);]/={W, was loss in each detector layer was scrutinized to minimize the
determined from the data of Fig. 10, wheké, (2p);, and  effects ofw-nuclear interactions in the detector, only the 2%
(Z+); are the statistical weights, experimental asymmetriespf 7~ particles that decayed in flight towards the end of their
and theoretical asymmetries, respectively. Although the retracks are likely to have been misidentified@a$ particles.
sult R=0.86+0.09, is not inconsistent witR=1.0, it is in-  Combining this number with théHe(y, =" p)nnn sections,
teresting to note that a more accurate measurement for thehich are~10% of those for*He(y, 7 p)3He [assumed
160(y, 7 p)*°N reaction[14], which is related by isospin equal to*He(y,7*n)3H], we estimate that the contribution
symmetry arguments, gave experimental photon asymmetrige the *He(y, 7" p)nnn cross sections presented here due to

Figures 11 and 12 show differential cross sections ob-
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FIG. 11. Differential cross sections for tHe(y, 7' p)nnn

FIG. 10. Measured photon asymmetriEsversuséd,, for the reaction versup laboratory angle obtained at averagedetection
“He(y, 7" n)3H reaction at average,=258 and 338 MeV and the angles off,=67°, 82°, 97°, and 112°, and average photon ener-
indicated mear¥,.. The results are for all coincident particles de- giesE, =300 and 340 MeV. Th&,, 6., ¢, 6,, ande, bins are
tected within theE,,, E;, and 6, acceptances of the detectors. The listed in Table I. The results are integrated over Ee and Ep
E,, 0., ¢., andg, bins are listed in Table I. The solid curves are acceptances of the detectors.
PWIA calculations obtained using the LWB model and averaged
over the detector acceptances. arise mostly from two-step processes either involving charge

exchange or hadronic scattering, or combinations of both.

misidentifiedw~ particles is<20%. Other systematic errors Since the initial interactions are predominantly quasifree
are estimated to lead to an additional uncertaintyvd5%  production reactions and the second stage interactions tend
in the absolute cross sections. to be forward peaked, they(7~ p) results tend to mirror the

From Fig. 2, it is evident that the missing energy spectrunquasifree results. This conclusion was supported by calcula-
for the *He(y, 7" p)nnnreaction is broader than that for the tions based on the phenomenological Valencia m¢§aé),
*He(y, 7" n)>H reaction and peaks at a higher energy. Thiswhich reproduced the shapes of the distributions and gave
is undoubtedly a consequence of the fact that the residuapproximately the correct cross section magnitudes. The Va-
system associated with tH#de(y, " p)nnn reaction is un-  lencia model is not appropriate for nuclei lighter théini,
bound; the reaction thus proceeds in all cases to a continuubiut the close similarity with*?C(y, 7" p)*'Be leads us to
of unbound states. In view of this, it comes as a surprise thatonclude that the*He(y, 7" p)nnn reaction most likely
the p angular distributions as shown in Fig. 11 are similar toarises mainly from two-step processes.

the n distributions obtained in théHe(y, 7" n)3H reaction An alternative explanation has been proposed to explain
(Figs. 4 and 5 and ther energy distributions shown in Fig. part of the ?C(y, =" p)''Be data by Fixet al. [15]. These
12 are similar in shape to those shown in Fig. 6. authors have developed a model to describe photon interac-

The above behavior closely resembles that of theions with preexistingA™ ™ particles in nuclei and suggest
12C(y,7#*n)'B and *C(y, 7" p)''Be reactiong[13]. The that a fraction of the?C(y,=*p)*'Be cross section arises
conclusion reached in RdfL3] was that the ¢, 7" p) events  from that process. However, it was found that the number of
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0y =670 0p=1120 for ur++, and a more realistic number of pre-existidg
0.050 particles in “He. Although two-step processes are the most
300 MeV [ 300 MeV likely explanation of the*He(y, 7+ p)nnn results, an expla-
| nation in terms of direct interactions with preexisting *
I } i particles should be investigated further.

0.025 |- i

% S CONCLUSION

o® L @ Data of good statistical accuracy have been obtained for
s 8 i L] the *He(y,7"n)®H and “He(y, =" p)nnn reactions over a
0.050 : : : : S wide range ofE.,, @, and 6y using large solid-angle plastic
340 MeV i I { 340 MeV scintillator arrays in coincidence with unpolarized and lin-
; ¢

(ub/MeV sr2)
Y

early polarized tagged photons. The missing energy resolu-
I tion obtained was sufficiently good to indicate that events
0.025 - - $ ¢ observed from the*He(y,7"n)°H and “He(y, 7" p)nnn
I i reactions arose predominantly from removing & droton

leading to the®H ground state and population of then 3
I ] continuum, respectively. A comparison of the
o000 L. @ i@@ 1. @t “He(y,7*n)3H angular distributions aner kinetic energy

00 450 900 1350 180.0 450 900 1350 180.0 spectra to calculated cross sections made using harmonic os-

Ex (MeV) Ex (MeV) cillator wave functions suggests that the use of such wave

functions is sufficient to describey(wN) quasifree reac-

reaction versusr® kinetic energy. The,. and 6, bins are 10° and tions, in. Cont:,aitéto the CSnC:LUSiOHSlg)é Hicéf a|'1[114]' A
15° wide, respectively. Theé,, and ¢, bins are listed in Table I. fgr:;galgﬁgdociosrggz,tgng)inglli‘(rjlii (yaﬂ' FnS)I B dat"’t‘.
The results are integrated over tBg acceptance of the detector. . . g cruae corrections,
show trends in the data which could possibly be related to
A’s of all types per nucleon required to fit the da#26) is A(1232)Tmedium effec_ts. This work and our previous_paper
considerably larger than that predicted for finite nu¢tgEn- [12] pro_\/lde a S_UbStant'al amount of new data on quastfree
erally less than 49%[15]. Although, a similar analysis has production, WhI.Ch hopefully will provide a basis for future
not been carried out for théHe(y, =" p)nnn reaction, it is tests of theoretical models &f(1232)-medium effects lead-
evident from the fact that the cross sections per nucleon ar9 ta amore quant|tat|ve understanding of the phenomenon.
of a similar magnitude to those for th&C(y, =" p)''Be e "He(y,m"p)nnn data most likely arise from two-step
reaction that such an analysis would yield unexpectedly higﬁ)roc_esses, _although an mtgrpretftlon |n_term§ of direct pho-
probabilities for findingA* * particles in*He. ton interactions W|th prer—__\X|stlng particles is not ruled
Despite the above considerations, an explanation of th8Ut and should be investigated further.
*He(y, 7" p)nnn and *C(y, =" p)*'Be results in terms of
direct interactions with preexisting* " particles cannot
simply be ruled out. In their analysis, Fét al. used a mean
value for theA** magnetic moment ofi,++=—2.3 nm. This work was supported by grants from the U.K.
However, they point out that if they were to uge,++ EPSRC, the British Council, the DF@&rant No. Mu705/3
=4.3 nm, which may be more realistic, then typical resultsBMFT (Grant No. 06Tu656), DAAD (Grant No. 313—
for the number of preexisting ™ * particles of all types per ARC-VI-92/118, the EC[Grant No. SCI.09100R)] and
nucleon of~1.7% would be obtained. On this point, it is NATO (Grant Nos. CRG 920171, CRG 970268he authors
interesting to note that the, distributions of ™ particles  thank the Institut fu Kernphysik of the University of Mainz
deduced by inspection of Figs. 11 and 12 are rather flat. Ifor the use of its facilities and assistance during the experi-
these are compared to the. distribution calculations pre- ment. Five of ugJ.F.A., J.AM., D.PW.,, S.F,, and C.J.V.P.
sented in Ref{15], they tend to support a high positive value would like to thank EPSRC for support.

d36/dErdQrdQp

FIG. 12. Differential cross sections for tHtHe(y,7*p)nnn
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