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ABSTRACT

. The angular variation of the Q-particle spectra from the reaction
3He(jﬂe,a)Qp has beén measured at hj.? MeV and 53%.0 MeV laboratory'energy. The
energy spectfa show a prominent peak at thé high energy end and the angular distri-
butions of this peak exhibit a very pronounced diffraction pattern. Good fits to
the energy spectra are obtained with the Wafson-Migdal final-state formalism ﬁsing

the known p-p scattering parameters.

Recent'Letters]f’2 have reported spéctra of the 3He(BHe,a)ep'reacfion at 26
MeVl and at 11.96 MeV2 laboratgry énergy, bearing qualitative evidence for the
p-p interaction. The Speétra at 26 MéVhavermm been analyied theoreticélly, but at
6° in the laboratory system the 2p interaction seems  to dominate the spectrum. A
_’fit using the wafson-Migdal fo_rmalism3 Qas produced for the 11.96 MeV spectfa,2
‘but the agreement is partially obscured by the contribution of the p-C interaction
“(Li5), prominent at the angles investigated;'
There is continued interest in the study of reactions leading to the

lSO state of two nucleons, particularly with regard to the determinatidn of the

" scattering parameters of the n-n interaction.h The usefulness of the deuteron

break-up reaction n +d - n + n + p for such purpose has been recently

TOn'leave from the University of 3Sirminghan, England.

; L3 ) ) . — 2 - ) :
Summer visitor from California Institute of Technology.
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questioned, and the'wétSOn theory seems to be misleading in this reacfion.5
The existing data on the mirror‘reaction p +4d -;.p +p+n indicate_that

6,7 On the

the p-n interaction obscures the effects of the p-p interaction
other hand there are indlcatlons that the peakf observed. in angular correletion
measuremente are sharper than.can be predictedbby the watsoneMigdal formalism.
This would inaicate an effect in the right direcfion‘to explain the .discrepancy
between the value obtained for the n-n scatterlng length a, from the

a(m,y)en 9 the 3H(d He)2n reactions,hvand the values obtained from the n+d .
experiments. 10,11 Recent work on the reactions H(BHe,t)Qp and p(BHe,d)Qp has
been :c'eported,l-2 showing the spectra of the third perticle to be sharper than
predicted by the known p-p'scattering parameters in the context of the Watson-
“Migdal formalism. In each reaction qualitative reasons for such an observation
can be found, like the charge exchange effect that may dominate the 2H(BHe,jt)ep
r_eaction,13 and the knewn diffuseness of the‘outgoing_deuteron in the p(BHe,d)Qp
reaction. Itvshould be noted that the scaftefing lengths required to fit the -
spectra from the p(iHe,d)Qp 12 and 3H(n‘,.d)2n 1 reactions seem larger than the
currently accepted values of these quantities. The same 1is true for the

H(He ,t)2p reaction12 mentioned above, indicating that spectra from the reaction
a(t, He 2n may also require a large value of 8 - No such data are presently
available. Evidence Qf a similar correlatién might be.obtained from a study ‘

of  the reactien 2H(t,5He)2h, as it could;also requlire a high value for a,
The physical fact ie that all such reactions lead asymptotically to three particles

in the final state, and this is true for Breit-Wigner resonances between pairs of

varticles, as well as for viriual or antibound "states". Thus, neither the
Breit-Wigner resonances nor ths virtual s ateq are true quantum mec 1icel

-~
1P
=Q

states, and they are described by wave functions ;//)éLQ(O,oo).l5 The Eisenbud
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interpretatlon of a.rapidly increasiﬁg phase:Shift asaa?tlme"delay, leads to

the deflnltlon of & physical lifetlme for both resonant and v1rtual states,

and both manlfest themselves by peaks in the energy spectra of the third partlcle

They can be elegantly 1nterpreted in terms of poles ‘in the scatterlng amplitude

of two particles; and the question is how well can one extract the pole parameters

from the spectrum shape'(cr "line" shape) of‘the third particle. Hence reaetiens o
leadiné to the ép system and a‘third particle'are useful to test a given theo-

retical formalism, if there is dominance of tﬁe p-p pole . Such ccmparisoﬁ was

made for the Watson-Mlgdal formallsm using the 3He(d t)2p reaction over a w1de

range of energies. 2,17 Since there was good agreement between the calculated
spectra and the experimental resultsl;the mirror reactlon 3H(d,BHe)En was used

to determine a value aﬁa signvfor the lSO n—a scattering'length a -

We have studied'the'BHe(:He,a)ép reaction at 43.7 and 53.C MeV laboratory .
energy (at target centér), using the 3He‘bearﬁ'of the Berkeley 88-inch variable energy
.-cyclotron. The detection was accompllshed using solid state detector telescopes
in conjunction with electronic particle identifier c1rcu1ts.l Callbratlon
spectra were obtained using the reaction'th(BHe,uHe)lBﬁ% The energy resolution
was about 376 keV, in the relevant region of the'spectra. The beam energy vas .

- determined by measuring its range in aluminum, using a Faraday cup and an
electrometer19 The experlmeqtal techniques were basically the same as described
‘ elsewhere.17 The large positive @ 1s quite helpful for the detection‘of the
identified hHe spectra over a sizable,angular range, between 5° and 42° lab

(10°-90° cm). A prominent peak near the high energy end of the alpha particle

spectra was observed (fig. 1(a) and l(e)). Its angular distribution follces

SD

a pronounced diffraction pattern with minima (fig. 1(b)) deeper than usu
r I (=] =

red

even for particle transfers leading to particle bound states or long lived
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resonances; The angﬁiar disfributionsiét bbth'energieé are shéwn iﬁ fig. 2(a)
and 2(b) together with fits based on a diffraction picture of the reéction
mechgnism.eo The P.W.B.A.El is inadequate in fitting the relative values

of succesive maxima as weil as‘in the poéitions of the minima. The rafher
large "interaction\radii? ry that fit the angular distributions, in éxcess of
4 F, lend sﬁpport to thé direct or peripheral picture Qf‘the reaction mechanism.
Therefore it shouid be reasonable to expect that the transitioﬁ amplitude can
be factored into the product of a term containing a pole in momentum'tranéfer
and a term containing a pole in the nucleon-nucleon momentum. In the'present
case the rearrangement collision ponsists of an £=0 nucleonltransfer. More
complicated processes, iike chargé ekchaﬁge; are excluded. The.energy spectré
are,éompared with the.WatsoniMigdal formalism predictions, using the formulae
contained in ref. b a;é the known p-p scattering length, excluding the vacuum-
polarization correction, a_ = -7.7.F?2 Figure 3 contains several sampie
spectra showing a good agreement between the theory and the experimental re-
sults,iovér a conside;aﬁle angular range. Our results indicate that the study
of the reaction 3H(t,o.')2n should prove relevant in obtaining additional infor-
mation on the n-n interaction. In!particﬁlar it should be interesting to

Ay

ascertain whether the 3H(t,ot)en reaction yields a scattering length in agree-
ment with the 3H(d,BHe)Qn reaction,g and thus also with the m + d experiment.9
If.there is agreement then, hopefully, properly chosen reactions, with an out-

going third particle having a sharply defined boundary, may allow in the future

' : . N 1 : .
a more precise and complete determination of the SO n-n scattering parameters.

Ve gratefully acknowledge the support of T. Landis with the electrenic zgulpment,

R. Lothrop who made the solid state detectors and J. Meneghetti for his part with

the mechanical set up of the exvs
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FIGURE CAPTIONS
N Y 3 3 b | |
Fig. 1. He spectra from the reaction He + He - He + 2p A pulser group is

seen at the far right

a) At 17° Iab with hj 7 MeV bombarding energy The arrow indlcates the 1nterval
expanded in Fig. 3 Bb). .

b). At 10° Lab (near .the. first minimum of the 2p enhancement), w1th hB 7. MeV
bombarding energy. ~ | | |
~e) At 16° Lab with 53. O MeV bombardlng energy.
Fig. 2. Angular distribution of the 5He + 5He —>3hHe + 2p peaks integrated to
a value where they drop to l/e of" the value at the maximum. The solid line
corresponds to a fit with JO (q,r ), the ‘dashed line is the PWBA fit. |
a) :Data at ﬁ}.? MeV. The Jo (q,r ) £1t was calculated with ry 'h.S_F:“
The PWBA fit was obtained with r = 5 5 F._"
b) Data ‘at 53 0 MeV The interaction radil are respectively r ‘h.z F
end r; =.5.0 F fcr.the s (q,ri) and PWBA fits. | |
Fig. 3. The solid lines are fits to.the hHe energy spectra obtained7with the
Watson-Migdal formalisn using a, = -7.7 F, after fOlding.' 'the energy
resolution and the effect of thevfinite'angular resolution of the |

detector A(approximately * 0.3°). The solid dots are the experimental points.

&) Spectrum at. elab 5°_and L3, 7 MeV bOmbarding energy.

n

b) Spectrum at elab 17° end 43.7 MeV bombarding energy.

c) Spectrum at 8: a1 5° and 53.0 MeV bombarding energy.
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