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Probing the ANN component of *He
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The 3He(y, 7 p) reactions were measured simultaneously over a tagged photon energy range of 800
<E,=<1120 MeV, well above thé resonance region. An analysis was performed to kinematically isalate
knockout events from conventional photoproduction events, and a statistically significant excess ‘qf
events was identified, consistent withi * knockout. Two methods were used to estimateANN probability
in the *He ground state corresponding to the observed knockout cross section. The first gave a lower prob-
ability limit of 1.5+ 0.6+ 0.5 %; the second yielded an upper limit of about 2.6%.

PACS numbses): 27.10:+h, 14.20.Gk, 21.45:v, 25.20.1j

I. MOTIVATION while the wave function probability is integrated over all
possible momenta. Therefore, the extraction of theon-

For the last 25 years, the question of whetAersobars  figuration probability is model dependent, and it is not sur-
are present in the nuclear ground state with any significanprising that the experimental searches have sometimes
probability has been raised. Many theoretical calculationyielded contradictory results. It is necessary to perform stud-
support this conjecture. For example, a detailed calculatioies in as many complementary manners as possible, in order
by Anastasioet al. [1] for the deuteron,'®0, and infinite  to obtain a quantitative understanding of this issue.
nuclear matter found that th® content could be as high as Emuraet al.[4] estimated the\NN component ofHe to
7.5%, depending on the region of Fermi momentum probede <2%, based on the asymmetry of p yields obtained
and the potential used to describe fi&l— AN transition.  with 380—700 MeV tagged photons. While cuts were placed
Similarly, aNN and AA coupled channel calculation with to separate conventional quasifrgbl— A production from
quark degrees of freedom at short range finds it necessary smy A knockout signal, contamination from ndnprocesses
include a 5-7 %A A content in the deuteron ground state to remained in the data sample, and so the result is not conclu-
adequately describe the recefij, results from Jefferson sive. Amelinet al.[5] identifiedA** knockout from®Be by
Laboratory, together with the deuteron magnetic moment GeV protons by detecting the rec8iHe and estimated the
and np scattering dat#2]. It would indeed be surprising if ratio of the A**®He andp®Li spectroscopic factors to be
nuclei had naA component, because of the strong one-pion{6+3)x 10~ “. However, this method only probes the quasi-
exchange tensor coupling to the\ andNA channels. This bound component of the recoil system, and a further correc-
is confirmed by the many models incorporating nucldar tion would have to be attempted to yield a definitive result.
content at the few percent led]. Nonetheless, experimen- Electroproduction measurements hold much promise, be-
tal support for this concept remains elusive. cause the use of longitudinal virtual photons can provide an

A fundamental limitation of all experimental searches foreffective means of separating tie knockout and conven-
preexistingA’s in nuclei is that assumptions must be made intional production mechanisms, especially in a triple coinci-
the effort to link some observedA* component signal” to  dence €,e’7*p) measurement. A Mainz experimeff]
the corresponding wave function probability. Each experi-performed a longitudinal/transverse/{) separation of the
ment is sensitive to a particular range of Fermi momentaHe(e,e’ 7~) cross section ai=370-430 MeV, and ob-

served an unexpectedly laryéT ratio. Because preexisting
A’s can absorb either longitudinal or transverse virtual pho-
*Corresponding author: TEL: 306-585-4240, FAX: 306-585-tons, while A electroproduction is a predominantly trans-
5659, electronic address: huberg@uregina.ca verse process, this “might be taken as a possible hint for the
"Present address: Department of Clinical Radiology, Hiroshimeexistence of a preformedl.” Quantitative agreement with a
International University, Kurose-cho, Hiroshima 724-0695, Japan.microscopic model, including pole terms, final state rescat-
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tering, and produced and preformAdresonances, was un- kinematic region in which the\-knockout mechanism can
fortunately too poor to allow extraction of the component be unambiguously identified, it is a clear indication of the
probability. presence oA in 3He.”

Perhaps the most interesting result was obtained with 500
MeV pions at LAMPF[7,8]. The double-charge-exchange Il. EXPERIMENT
reaction gr*,~p) can only occur in one step if there is a
preexistingA ~ in the nucleus, in which case the reaction will ~ The experiment was performed at the 1.3 GeV electron
follow quasifree 7*A~—A%— 7~ p kinematics. Targets Synchrotron located at the Institute for Nuclear StUtS)
ranging from3H to 2°%Pb were used, and by comparison to Of the University of Tokyo, with tagged photons of energy
quasifree ¢+, 7" p) scatteringA probabilities from 0.5% to betweenk, =800 and 1120 MeV. This photon range is ad-
3.1% were extracted. Unfortunately, measurements were peYantageous as the maximum of thidl— A quasifree process
formed at only one or two angle pairs per target, and the@’ccurs neak, =350 MeV, and so exclusiva photoproduc-
extractedA probability varied by a factor of 2 for the differ- tion on a single nucleon is suppressed by nearly two orders
ent angle pair measurements dAC, for example. The ©Of magnitude. The tagged photon beam was incident upon a
method holds much promise, but a conclusive measuremefifliid °He target, and=p, 7 p coincidences were ob-

requires a systematic study over a larger range of ejectilidined simultaneously with the TAGX large acceptance mag-
angles. netic spectrometer, with approximatetysr solid angle. For

Here, we present the result of a recent Study of AN more details on the TAGX SyStem, the reader is referred to

component of*He. This is an especially interesting nucleus I??ef. [11]-+ The data were obtained concurrently with the
for two reasons. First, a Faddeev method calculation byHe(y,7 7 ") results published in Refd12,13. Events
Streuveet al.[9], explicitly involving NNN andANN chan- ~ consisting of two charged particle tracks, one on each side of
nels in the coupled-channel momentum-space approach, pré1€ photon beamline, with a proton of momentum
dicts theANN component of the’He wave function to be > 300 MeVic (as reconstructed at the center of the targat
significant, about 2.4%. Second, atyNN component in ~ coincidence with either a7 or a = of momentum

3He must have unique symmetry properties, making its ex= 100 MeVic, were apcepted for further analysis. If more
perimental identification much easier. Indeed, afys  than one proton was intercepted by the TAGX spectrometer,
present in nuclei must be deeply off shell, and so their existhe one with the smallest scattering angle was selected, as
tence can only be inferred on the basis of their isospin anilonte Carlo simulations indicated that this choice was more
spin properties. Since the hasl = 3/2, the other two nucle- likely to be the A-associated proton. Bottr*p and 7~ p

ons are required to be in dr- 1 state to yield = 1/2 for the coincidence data were analyzed in an identical manner, and
3He ground state. Therefore, since the two nucleons are in apfysics-motivated criteria were placed on the data to isolate
isospin symmetric state, the spin state must be the antisynit® unique kinematical signature associated with preexisting
metric 1S,. This forces theA to be in anL=2 state with A knockout. These criteria are explained below. .
respect to th&lN pair to give an overall = 1/2 for 3He, and Figure 1 shows the missing mass distribution obtained
results in a unique kinematical signature, enabling us to disWith the TAGX detector. At these energies, a significant por-

tinguish preexistingd knockout from conventionah pro-  tion of the photoabsorption cross section is duerte pro-
duction processes. duction, and events associated with the production of a sec-

Furthermore, coupling thé=3/2 A with the I=1 NN

state to yieldl = 1/2 for *He gives the following decompo-
sition for anyANN state in>He: 1500 ] 5
1 1 1
ANNsgg = /8 nmy— /21a o+ [ L1a%pp)
2 3 6 @ 1000 - .
-
)
Thus, from isospin considerations alone, if we performr a el
photoproduction experiment and identify*p from A**
decay, andrp from A° decay, we anticipate a yield ratio 500 B
T'p
- _9 0 T T T T T 1
™ p 1600 1800 2000 2200 2400 2600

Missing Mass (MeV/c?)

from A knockout. In addition, theyA™ ™ interaction is sub- FIG. 1. Missing massNIM) distributions for the*He(y, 7 p)
stantially stronger than theA° interaction, because of the data obtained with TAGX with no “physics cuts” applied: p
double charge of th ™", and so this ratio is further en- coincidences outnumber*p over the entire histogram. The con-
hanced. These facts led Lipkin and Ld®] to conclude that, diton MM<2my+m, was subsequently applied to eliminate
“therefore, if a strongmr™ signal and nor~ detected in the events associated with the production of a second, undetected, pion.
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These two requirements leave a small numbetp events
remaining, whose invariant mass is consistent witkdecay
and whose missing mass is too low to allow any undetected
7 to have been produced.

The A" " — 7" p channel can either be populated by pre-
existingA * " knockout or by production processes involving
more than one nucleon, such agpp—A*"n. The A°
—a~ p channel is ordinarily expected to be dominated by
quasifreeyn— A° production, but this is suppressed by the
choice of an incident photon energy well above thezgion.
The other two processes which can contributertop pro-

duction are preexisting® knockout, which should occur at a
much lower probability thanA™* knockout, and multi-
nucleon mechanisms such asp— A°p. Assuming that the
isovector channel dominates photoabsorption at these ener-
FIG. 2. Invariant mas¢IM) distributions for the®He(y, == p) gies, we anticipate that the Tultinuclegn processes will con-
data obtained with TAGX. Panéd) has no physics cuts appliéds tribute equally to both ther"p and 7 p channels, after

: ; e i 3
in Fig. 1), while panel(b) is subject to the requirement that 1700 accounting for the approximately 1fn pairs in “He.
<MM <2020 MeVk2. The yn—N* —px~ channel is excluded To isolate theA knockout process from multinucleon

from the remainder of the analysis by the placement of the addid " " production, it is necessary to place an additional re-
tional requirement IM=m, . quirement upon the data. Since any preexistingn 3He
must be in aL=2 state with respect to the&N pair prior to
knockout, it corresponds to a high momentum component of
the wave function. The angular distribution of the knocked-
out A’s will be weighted by an additionay* factor com-
pared to conventionally produceéds from nucleons, result-
ing in a broad angular distribution. Our Monte Carlo
simulations confirm that all non-knockout mechanisms pro-
duce A’s with forward-peaked angular distributions, while
A’s from the knockout process are distributed broadly in
@ngle(Fig. 3). This leads to the third requirement

| 1) 5
il Iy
) ||
) 0
o . L
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0

T
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ond (undetectef = were excluded by the requirement

missing masgsMM) <2my+m,,. (1)

It is well known that az*p pair forms a purd =3/2
state, while arr~ p pair forms a mixed =1/2,3/2 state. The
effect of this asymmetry is shown clearly in Fig. 2. Pazl
shows the invariant mass for all of the data, while pabgl
displays only those which passed the missing mass requir
ment of Eq.(1). It is observed that most of the™ p events in 10s 126> O ®)
this panel are due to the production of the varidiis reso- abl= Zmin:
nances. As the objective is to identify a subset of eventsvhere 6,,,, is sufficiently large to discriminate against the
which are due taA knockout, we exclude most of the re- quasifree and two nucleon mechanisms.
maining data with the requirement The insensitivity of the result to the actual cuts employed
is demonstrated in Fig. 4, in which two cuts are cyclically
held constant and the third varied. In the cas&gf, a cut

)
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FIG. 3. Reconstructed emission angle in the laboratory frame for thé p channel. Pandb) displays the data obtained by TAGX with
no physics cuts applied. Pan®) shows simulations of three different production mechanisms with arbitrary normalization. The solid line
is two-pion production such a¥He(y,7°A%pp, and is removed from further analysis by the missing mass cut. Pgretiows expanded
views of the quasifred® photoproductior(dashed lingandA° knockout(dotted ling distributions. The two-nucleon mechanism is similar
to the solid line. Quasifree production does not contribute tortfie channel, but is otherwise identical. Knocked-dutandidate events
are preferentially selected via an additional requiremen,qg, . All simulations include the effect of the TAGX acceptance and resolution.

044001-3



G. M. HUBER et al. PHYSICAL REVIEW C 62 044001

4 TABLE I. The two different sets of conditions employed upon
3 } the data and the number of events passing each.
2.
% % { } } % Cut values 7*p events 7 p events
1
2
o f 1700< MM <2025 MeV£?
o | 9212 Cut Limit (dog) Narrow 1076<IM<1370MeVk?2 38.2+10.0  9.4-17.2
oo ) . . | m|>50°
Sl _ 1700< MM <2050 MeV£?
a4 % J> Wide 1070<IM <1400 MeVk?  72.1+145 32.1+22.8
! | O[> 45°
&
ko oty
£ b5 1300 1350 1400 1450
& anarlath Masf Cut Ijlmlt (MeV/c?) ground, which dilutes the ratio. In the end, two different sets
of cuts were employed, to allow some estimate of the sys-
4 J> tematic error in the final result. These are summarized in
{ } Table I. While the data sample initially contained marep
2 § Iy than7" p events (25411 390 versus 15 738295), the ap-
, , , plication of conditiong1), (2), and(3) leads to a net excess
%OO 1950 2000 2050 2100 2150

Missing Mass Cut Limit (MeV/c?) of remainingz* p events, compared to ™~ p event_s. _
To see whether these™ p events have the kinematical
FIG. 4. Observedr*p/7 ™ p ratio after two cuts are cyclically signature appropriate t knockout, they were compared to
held constant and the third varied. The conditions held constantlonte Carlo simulations which take into account the TAGX
were |6|>45°, 1076<IM<1400MeVk?, and 1706<MM  resolution and acceptance and the effect of the applied con-
<2050 MeVk2. These values are denoted by the arrows on theditions (1), (2), and (3). The modeled processes were the
various plots. following.

(1) Quasifreeyn— A° production. The spectral function
only on small angles does not adequately remove eventsf Schiavilla, Pandharipande, and Wirinffe4] is assumed
from the quasifree peak, but background contributions aréor the struck neutron and the Breit-Wigner distribution for
effectively suppressed when events wiithy|>40° are re- the A. This quasifree process does not contributertop
moved, leading to a nearly constant ratio. In the case of theroduction.
invariant mass cut, a narrow cut around th@eak results in (2) A production via two interacting nucleong;NN
a large excess ofr"p events, but at the expense of poor — AN, with the third nucleon being a spectator. The same
statistics. A broader cut results in a diluted, but more stablepectral function as above is assumed.
ratio. Finally, in the case of the missing mass, a cut to ex- (3) QuasifreeyN— A, where the detectedt™ may or
clude only the highest MM events allows in ar2back- may not originate from thd. Because of conditiond) and

8 ! | 1 | 1 ] 1

-1 FIG. 5. Missing momentum
- - I after application of “narrow”
| conditions (1), (2), and (3). The
N C dark line is thew"p data, while
r the light line is theANN phase-
space simulation under the same
conditions. The various dashed
T + ] distributions on the left side of the
p plot are all of the other simula-
tions, as described in the text. The
inset shows the corresponding
— 7 p data, which are randomly
F A distributed and carry little statisti-
— L cal significance. The negative
: _| events are due to the empty target
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[
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(2), this reaction is expected to be excluded from the data TABLE Il. Cross sections for the events surviving the stated
sample, but the simulation was included in the analysis, tguts, assuming a phase-space distribution.

ensure that the observed events were not due to improperiy
placed cut limits. Narrow cuts Wide cuts

(_4) PreexistingA knockout. Since the gtruc‘k can only p 0.29+0.08 b 0.39+0.08b
be in theL=2 state, the momentum carried by the two re- _

- _ _ TP 0.05+0.07ub 0.10+0.07ub
maining nucleons can be appreciable. The2 signature of a*p:ap ratio 58 3.9+17
the A will be smeared by the inelastic interaction with the 7+ p—ap difference 0.24:0.11b 0.29+0.114b

incidentJ=1 photon, and so three-bodyNN phase space is
assumed for the outgoing momentum distributions. If
present, it should contribute much more strongly to #tfep
data set than to the ™ p set.

Figure 5 shows the missing momenta of thép events

(1), (2), and(3) is to restrict all processes to cogn<0.7,

but their signatures are still distinctive enough to allow one

passing the “narrow” cut, in comparison with these simula- © o”stmgwsh betlwee_n them. This is +s+hown for the “nar-
row” cut events in Fig. 6. Only theA™ "nn phase-space

tions. We see that only th&* "nn phase-space model re- '~  ~-" =% . . . ;
sembles the data: theyother simurl)ated mF()achanisms fail tglstrlbutlon is consistent in shape with the expected signature

describe the observed distribution. While direct absorptionOf $hkno;:]kout, as Well_as IW'tth thbe dftg' ibes the ob d
on three nucleons has been observed previously in photoab-, € pnase-space simulation best describes the observe
sorption studies orfHe [15], a component of the photoab- 7 p and 7 p distributions after application of elther_ the
sorption yield with a purel* *nn phase-space distribution wide or the narrow sets of cuts. Therefore, to obtain the

has never before been reported. Based on this analysis, v!f ockou.t Cross section, _the appropriately normalized phase-
conclude that absorption on a preexistiig* nn configura- space distribution was integrated ovetrdleading to the

tion in 3He is the best explanation. cross sections listed in Table IlI. It should b_e noted that the
The emission angle of the* p system in the frame of the acceptances for the two charge states are dlffere_nt, due to the
NN recoil (6,y) Was also reconstructed for every eventdlfferent'curvature .of the charged particle tracks in the spec-
A** originating from anL=2 state should be confined to trometer's magnetic f!eld, among+other Eactors. If the ob-
near cog==1, while A** due to the other processes served events are entirely dueAd © andA° knockout, the

should be spread more uniformly in this angle. Unforty-CSS sections in Table Il should be independent of which

-~ sets of cuts are used, and th€ p: 7 p ratio should be at
nately, the effect of the TAGX acceptance and Condlnonsieast 9:1. As the ratio for the wide cut sample is less than 9:1

by a statistically significant margin, this event sample must

Data Simulations not be entirely clean, due ta**, A° photoproduction
409 ' A Knockout events and other nonknockout processes which may have
= [ survived the cuts. The higher ratio for the narrow cut sample
304 . - indicates that it is probably much cleaner. A conservative
] = i estimate of the lower limit to th&d ** knockout cross sec-
20 'p i tion is obtained by taking the difference between thep

-0 -075  -050 and«~ p cross sections listed in Table Il. This result is rea-

sonably independent of which set of cuts are used, and so the
two results are averaged to obtainAa * knockout lower
limit of 0.27+-0.11ub.

A° qu.asifree

100 2075 2050

Ill. PROBABILITY ESTIMATE

1 L - As mentioned earlier, linking the observad * knockout
: P ] I yield to theANN configuration probability requires a model.
e I N At N [ The actual method used varies tremendously from experi-
10 L — ment to experiment. Here, one possibility would be to com-
] _ [ pare theA™* *nn absorption probability to the three-body
2% 078 Tosp —100 <075 -0.50 ppn absorption process. However, becauseAte is ini-
tially highly off shell, the inelasticities of the two processes
cos(6,) are vastly different, making this comparison nontrivial. We
opt to estimate thd NN probability in He by comparison
to the quasifreeA photoproduction process. In addition to
having similar inelasticities, both processes are magnetic di-
ole transitions, to leading order.
If we assume thélHe wave function to be of the form

FIG. 6. Reconstructedh emission angle in the frame of the
recoil NN pair. The left panels show théHe(y,7*p) data ob-
tained with TAGX after application of the cuts described in the text.
The line is to guide the eye. The panel on the right shows the®
expected distribution of events from the various simulated produc-
tion mechanisms, as labeled. The sdlithshed lines indicate the
a*p (7~ p) channels, respectively. [He)=V1— B?|ppn)+ B|ANNY),
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then the cross section for th&® quasifree production pro- 200 ' '
cess is given by
dN 160 o
V1= BXA%PnHq . [pP)*gga-r.
and that for theA™* knockout process by u 1207 B
’ an
|E<A++nn|Hk.o.|A++nn>|2Ek.o.a = 80+ B
wheredN/dE is the appropriate density of states factor. In 40 -
the knockout process, the spectatar pair is in a spin anti-
symmetricL=0 state, and in the quasifree case g are
predominantly in this same state, so it is reasonable to expect 0 o GIO 12'0 180
that the spectators do not contribute to the ratio of the two Opening Angle (deg)
processes.

Because quasifre&® production involves a spin flip, it is FIG. 7. Laboratory frame opening angle betweerand p for
dominated by the magnetic dipol®I(l) transition, and Wa- data after the application of conditiof®), (4), and(5), as described
lecka[16] has, using the bag model, related the transitionin the text. An excess of ~p events between opening angle of 40°
magnetic dipole moment to the nucleon moment, and 100° is observed, which corresponds to the region accessible to

the quasifree process. Outside this range,#fig yields are iden-

N 4 tical. The excess ofr~p over thew ™ p yield is assumed to be from
I :ﬁﬂn: 1.8un, quasifreeA® production.
upon substitution of the neutron magnetic moment, missing momentuniPM) <185 MeV/c &)

= 1.9y [17]. _ _

For A** knockout, theEO transition is forbidden, since Serves to isolate the quasifree process. o
the y has no charge, aril is forbidden by parity. Thus, the F|gl_Jre 7 shows the data remaining after the apphcaimon of
leading order for this transition should also bEL, and the ~conditions(2), (4), and(5). There is a net excess of p
ratio of the matrix elements is, to leading order, proportionaVents in the region of opening angle appropriate to quasifree

to the square of the magnetic dipole moments: A° photoproduction. Multipion and multinucleon mecha-
nisms should contribute nearly equally to thép and 7 p

AT Hi o JAT Y2 [ g+ 2 yields, but the quasifreA photoproduction mechanism can-
A0 . " not contribute to ther ™ p channel. Assuming that all of the
[(A%[Hq 1)l M excessr p yield is due to quasifreA® photoproduction, we

We will use the measurement of the" * magnetic dipole obtain a totalA (charge integratedphotoproduction cross

moment from Ref[18], (4.52+0.50+ 0.45)uy.* Including section on*He of 3.8+ 0.4 ub, after extrapolating to # sr.

both errors in quadrature leads to a ratio of the squares of thafter applying a 20% correction for the difference in the
matrix elements, above, of 6:31.9. ensity of states factors for the quasifree and knockout pro-

If the quasifreeA° cross section is extracted from our data cessegprimarily due to the differing three-momentand the

sample, an estimate ¢f via the above analysis can be made. M1 matnx_ elements, above, we obt;ury an estimateSof
As the incident photon energy is well above theregion, .:0'15.’ which cor'rgsponds to a lower limit on th\ N.con—
some effort has to be made to isolate the quasifree yield fronqgur_atlon _probat_)lll_ty of 1.580.6+0.5%, v_vhere the first er-
N*, multipion, and multinucleon production mechanisms. ' I'St.Ed IS Sta“s“.c‘?%" a_md the §econd IS d.ue to the uncer-
We apply the same “narrow” conditiof2) as before, and tainty in uy+ . A limitation of this analysis is that it dpes:
now select forward-going’s via the condition not take into account off-shell effects due to the deep binding
of the ANN configuration. This leads to a more compact

| 65120 <15° (4) spatial distribution, reducing the knockout matrix element in
a manner not accounted for here, and implying a greater
and a restrictive missing momentum cut of ANN configuration probability.

To check this result, thANN probability is indepen-
dently estimated via an analysis of the missing momentum
The Particle Data GroufiL7] gives their estimate fop, -+ as  distribution for theA** knockout process. As already men-

somewhere between %% and 7.5¢y . However, there is a signifi- tioned, theANN configuration corresponds to a high mo-
cant time dependence to the tabulated results, with the older expefile€ntum component ofHe. By assuming that the high mo-
ments yielding higher values for the magnetic moment than thenentum tail of the spectral function of Schiavilla,
newer experiments. We believe that Rgfg] is the most reliable, Pandharipande, and Wiringa4] is due to theANN configu-

as it is the most recent measurement. ration, we can obtain an upper bound on the probability of
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N I ' L and spin properties compared to conventional photoproduc-
tion processes. We succeeded in identifying a kinematical
region in which a small but statistically significant number of
7" p events were present, with the numbermfp events
present in the same region being consistent with zero. This
has long been recognized as a strong signal for preexisting
A’s in ®He[10]. Based on an electromagnetic multipole ar-
gument and comparison to the quasife®photoproduction
process, we infer a lower limit to thANN probability in

%He of 1.5+0.6-0.5%. A second method of estimation
yielded an upper limit of 2.6%. We believe that the most
reliable way to extract thA NN configuration probability is

| to measure thé& knockout cross sectiofas done hepeand
then use a sophisticated nuclear model to calculateAthe

| , | , probability corresponding to this cross section. This is the
250 500 750 1000 1250 only way that one can be assured that off-shell and Fermi
Momentum (MeV/c) momentum sampling effects have been properly taken into
account. We encourage theorists with access to the appropri-

*He Fermi Distribution

v el

o
&

|
«

(s}

Probability per 20 MeV/c

3

o

FIG. 8. The solid curve is the unit probability Fermi distribution ate tools to take up this challenge
determined from Ref.14]. The dashed curve is the probability per hile th Ip h 9 h | istical
unit momentum function for th& knockout process, as described W_ e t_ e result reported ere_ as _a arge statistical un-
in the text. certainty, it should be noted that isolation of ground sthte

components is experimentally very challenging. The consis-
this configuration. This spectral function is calculated usingtency of the extracted cross section for different levels of
the Faddeev method, incorporating a realistic treatment ofuts, the good agreement between data and simulations, and
nucleons and’s in nuclear matter. Referen¢&4] was used the fact that &ANN lower limit has been identified all point
to form the 3He Fermi momentum distribution probed by our to an improvedA probability determination in this work
experiment and normalized to unit probability. The overlapcompared to earlier results. Perhaps the sensitivity of elec-
of the ANN state with the®He probability distribution was troproduction measurements to the longitudifhaknockout
obtained from the product of th& knockout missing mo- process, especially when a transversely polarized target is
mentum distribution and the Fermi distribution, then normal-ytilized [19], will allow these experiments to make a more
ized to the high momentum tail of the unit probability func- precise statement on the issue of thesontent of nuclei in
tion (Fig. 8. The integral of the probability function gives an he future.
estimated upper limit for thA NN probability of 2.6%. The
uncertainty in this method is limited by the model depen-
dences of the assumed momentum distributions and is diffi-
cult to quantify. However, the consistency of the two results
is encouraging.
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