PHYSICAL REVIEW C VOLUME 54, NUMBER 4 OCTOBER 1996

Is there a bound dineutron in Li?
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Photodisintegration of'Li was accomplished by sending a beam®dfi at 28 MeV/nucleon through the
equivalent photon field of a lead target. By measuring the complete kinematics of the disintegration products,
SLi+n+n, we constructed the correlation of the angle between the two neutrons in the rest frame of the
1i. The correlation is independent of angle. This result argues against the existence of a bound dineutron in
the ground state of'Li. [S0556-281®6)01210-1

PACS numbd(s): 21.45+v, 23.20.En, 25.60.Gc, 27.20n

i is the archetypal exotic nucleus—a light, neutron- decay energy between ti&i-2n and then-n systems. The
dripline nucleus that may be viewed as a cotiei] plus two  data of[6] are interpreted in terms of an extended dineutron
valence neutrons. The pairs—core plus neutron and neutronodel. This work is based on a histogram of the neutron-
plus neutron—do not bind, but the three-body system igieutron angular correlation contained in data of the experi-
bound. In addition, the low binding energy, only 0.3 MeV ment of[4,5]. As we will show below, that correlation gives
[1], of the two valence neutrons gives them a relatively largeno evidence for a dineutron in the ground state'tfi.
radial extent; they form a neutron halo. Finally, it has been The difficulty in seeing the ground-state structure is remi-
suggested that the main structure '0Ei may be even sim- niscent of the Heisenberg microscope: the process of exam-
pler than core-plus-two-neutrons; it may be core-plus4ning the system destroys it. We see two neutrons in the final

dineutron[2,3]—a pair of strongly correlated neutrons. state, but where were they in the initial state? Fortunately, a
In two similar experimentf4—6], 1!Li was dissociated by
photon absorption intdLi+ n+n, and the®Li and both neu- 250 —

trons were detected. A'Li target being unattainable, two
ingenious developments were used—a radioactive beam fa-
cility [7,8] and the method of equivalent photof,10].

YLi became the projectile, and the electric field of a Pb 5 _
target nucleus was the photon source. Each event was trans-g 150 — =
formed back into the''Li rest frame, where various histo- £ il { }
grams were constructed. The two experiments agree with g ool % B
each other, as shown in Fig. 1, except for the partition of the 3 il % 5 % 1
50 H % Jt E % % % %i
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conclusion of both experimen{gl—6] was that the photon
absorption led to a direct, rather than to a resonant, breakup.
With a direct transition to continuum states, the equivalent
photon method is a very good way to look at the ground-state
structure of MLi if two requirements are met1) The mo- 600
mentum of the absorbed photon should not significantly per-
turb the initial correlation of the system. This will be true if
the photon momentum is small compared to the momentum
of the °Li core and of each neutron. The perturbation should
be gentle (2) The photon absorption process should take
place so quickly that the positions of the three constituents
are not significantly changed; it should besaddenabsorp-
tion. If these requirements are met, no elaborate theory is
required to see in the final state then correlation that ex-
isted in the ground state.

The first requirement is met becaugg5] show that a A L,
typical °Li momentum is about 30 Me¢/and a typical neu- 8% o5 00 05 Lo
tron momentum is about 20 MeW¥,/whereas the peak in the cos 0
photon absorption cross section is aroyme=1 MeV/c. So
the perturbing photons do not appreciably disrupt the system. fiG. 2. Angle distribution of the two neutrons whéti decays
The second condition is also met. At our beam velocity,into °Li+n+n. The angle between the momenta of the neutrons is
c/4, the YLi projectile pathlength over which most of the 4. The points are from our experiment. The histograms are Monte
photon absorption occurs is about 25 fm, which, at the proc€arlo simulations of two decay models: solid, standard three-body
jectile velocity of c/4, results in an interaction time of phase space; dashed, two-body dineutron. The dashed histogram
~100 fm/c. The orbital period of a halo neutron is much rises above 2000 at cés= 1.
%;esa;enr ’ r-rl;wos ?;gmgtiftgf)olﬁ:tg’ff\ﬁ] r;?]tg ;hﬁ;to?ngﬁiﬂgegftrorqear 90° in the. rest frame will miss the_ de_tec;or. The effect
about 20 MeV¢, hence a period of almost 2000 ftn/about of the differential response on the _cﬁbdlstnbutmn can be_
20 times the interaction time. understood by consideration of a S|mplle exa_lmple involving
fwo extreme decay modes. For decays in which the two neu-
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Because both the gentle and sudden requirements are m r%ns recoil together against th&.i, the neutrons have the
we can expect that a dineutron in the ground state woul 9 g '

show itself in the final state. With that expectation, we Iookg]e'zgngrinn F\)Is)l’?iill’tl) I?)n\:eelrc:e(z:lglsfot:azci;kg-]tlt\)/-et?ag(e(;agiﬁgﬂgg oFtﬁ;r
for evidence for a dineutron in our data. y 9

If the Coulomb dissociation is indeed both gentle and Sudpeutron and théLi, the first neutron has the maximum pos-

den, a dineutron structure in the ground state results in ible velocity. hf the de_cay energy is 0.52 MeV,_for example,
two-body breakup in the first instance. The two neutrons ar oth neutrons in the first, pqrallel, category W'l.l have labo-
assumed to be strongly correlated, i.e., relative momenturfA ™Y angles below 5 ’ but in the second, antiparallel, cat-
between them is zero. Thereafter, the anglbetween the egory only 1/4 of the time will both neutrons have angles

momenta of the two neutrons in theLi center of mass bel'?zl)v t5ak.e this effect and other geometry effects into ac-
system should be zero, or abshould be 1.0. This is the g y

suggesion made by Tanihaskal (12 rom an evaluaon 204 e sacuated ootiaiutons for o decay models
of average momentum distributions %fi at a beam energy P y

tions. The solid histogram in Fig. 2 is for the standard three-
of 790 MeV/nucleon and of neutrons at 29 MeV/nucIeon,body phase-space modgl3]. Were it not for detector re-

respectively. Note that the assumption of zero relative mo_ | B s Mic i ootam would be a constant, Since the
mentum does not necessarily mean that the dineutron | ata have the'same dis?ribution we can concludé that the
“pointlike.” On the other hand, the two neutrons may ex- eutrons are emitted with no a;1 ular correlation between
tend to a significant distance in coordinate space as is th 9

them. The good agreement between the data and the three-
case of the deuteron. !

body phase-space model also suggests that the final state

Our measured distribution of csthe first to be pub- interaction between the two neutrons does not manifest itself
lished, along with some model distributions are given in Fig. .~ .- .
significantly in the present data.

2. In that figure the points are from our experiment. They are The dashed histogram is for the simple dineutron model

indeed peaked toward cés= 1.0, but that peaking is a dis- in which the two neutrons are emitted with equal velocities
tortion caused by the differential response of the neutronand with co® = 1. This histoaram is at wide \?ariance with
detection systenp4,5]. That detection system had a ratherthe data. We (?ontl:lude that tgere is no evidence here for the
limited angle coverage, the maximum neutron angle with. ’ : ST
11 : L . . . o dineutron model and good evidence against it.

respect to the 'Li projectile direction being only 5°. For

very low decay energies, 5° is sufficient to encompass neu- Support of the U.S. National Science Foundation under
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