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1ﬁecent letters have retorted‘experimental'determinations;of triton - :
energy spectra from the He5(d,t)ireaction at_Ed = 28 MeVl and at 20 ana’é5 MeV.?I
- The spectra of reference 1 were obtaiﬁed-with approximately 1.25-MeV energy
resolution and a broad peak nedar the high energy endbwas»interpreted'as“ree
Sulting,from the forﬁation of'aq»unbound state of Heg'with a meen lifetime;
T= (0.2 20.1) X lQ-?l sec;;the observedvangular variation of the peek was
consistent with avpick-up reaction mechanism. The spectra'of reference 2 were
obtained with an energy resolution of aboutl0.5 MeV end cohsiSted of continuum
spectra with broad asymmetrical peaking near the high energy limit. lThese

3,k

. authors noted a resemblance to neutron spectra from the D(p,n)2p reaction
whose shape was explained in terms of a final-state_interact__ions’6 between the
two protons, and they pointed out the necessity both for more precise data and:‘
for quantitative calculations in the continued investigation of thistﬁeB(d,t)Ep
reaction. o .

results :

We report here experlmental/along with calculatlons based on the 2p -

?.

final-state interaction 1nterpretatlon,.and we belleve‘thls to be the proper'

explenation of our data.

uf = Triton spectra were measured with an energy resolution of approximately

vA120 keV at deuteron energies of 2h. 7 and.55.h MeV,‘usiﬁg the.variable-ecergy
Berkeley 88-inch cyc1otron.- Measured beaﬁ rangeslinValuminum were converted
to energies 7 The counter assembly consisted of two 5111con detectors,.a AE ’

and E set, with collimation which provided an angular resolution of O L degree.

t Pulses from these detectors were fed into a particle identifler system “the
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output of which Qas used to gate on a MOO—chaﬁnelvpdlsefheight'analyser when-
ever a triton identification occurred. The added (AE + E) triton pulse spectrunm
was then displayed on the analjser. Also, tritcn epectraefromcthe I\Ilﬁ(d,t)l\ljv‘5
‘reaction were ob?éined‘for ﬁhe purpose of celibratioﬁ‘Of the energy scale,
which we beiieve to be accurate within 100 keV. Figure 1A contains a'typical
identifier specﬁrum, and Fig. 1B shows a triton sﬁectrum.at GL‘: 6.75o‘taken at
2.7 Mev. Figufe 2 exhibite a spectrum at GL = 8° taken at 33,4 MeV. The
observed differential energy spectia are fitted with'finai state interaction
tﬁecretical curves.'lThe particular form.used‘for the calculetions was that of
Migdal,5 in which the‘ép wave function includes Coulomb effecte;»and for com—.

9

parison we show that of Watson,”. applicable in the absence of electrostatic

effects. The center of mass differential cross section is given by

e ae) Mre, )P ey ()

where Eép ie-the reiative energy of the two prctcns in their own centec Qf
mass system, ET is the corresponding~cente;.of mass tfiton_energy, g(f) is !
an ‘angular dependent factor peculiar to the_:eacfion ﬁechanism, .v.~is the
relative velocity of the initial‘particles,vand p(ﬁT).is the phese space factor '
ofuthe-observed particles, in this case the tritcns. T(Eép) is.the trénsifibn
matrix element, which gives the “enhancement" of the cross sectioﬁidue to tﬁe
final state interaction (of correlation) of the ﬁwo protohs. In Migdal's
treatment this is-just Proporticnal to [¢2p(q)|{;the 2p'wa#e function, ﬁherev

q 1is the relatiyelmomentum.: ) ) | | |

We have used the following expressions to fit our déta
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wvhere C(n) = 2my/e am -1 is the so called Coulomb penetratlon factor, a_ is

the;scatterlng.length, = e /hv and h(n) = : rr(_iq) - fnn » R=%1 /mpeg’

1l - - :
and Y = 5 . 10 1 MeV 1 em l, and also

e —2 )

/

where 80‘ was taken to be the singlet s-wave p-p phase shift, as defined in

the expression for the'soattering amplitude

£(0) = £ (e) + 1/(2ik) 2180 (218 1’) S (L-»V)

where ®. = Arg ' (1 + in), and finally

0

1/2 '-‘1/2

p(ET) C(ET (B oy - Ep) o
vhere E  is the maximum trlton energy in the CM' system” Expression (2)
correSponds to the treatnent of Mlgdal5 and express1on (3) is due to Watson.

y

The theoretlcal cM spectra were converted to the laboratory system

9 .

using the appropriate jacobian determinant and experimental valued for g(0).

The high energy region of the laboratory spectra is quité insensitive to the
angular dependence g(e), pafticularly at small laboratory angles. It is

clear from Fig. 2 that expression (2) is most consistent with the data for avﬂ

valué of a "= - T.7 f Wthh is the scattering length obtalned from low energy

p-p.seattering experimentaa For larger values of E2 (smaller ET}, -t inter—j

<actiono could make expression (1) inaccurate, and therefore it should prove
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quite useful td:develop an exact qalcqlgtion of the energy spectrum, free of.
the géual approximationsllo Pn_the.éthér haﬁd,ithe'competing pét final sfate.
interaction can be treatédvin the framework of this simpie theory,ll_and.it ié
expected that no significagt contribution to the'spectrum in ﬁhe low E2p energy
range is due to it. )
A triton spectrum from this Hgi(d,t)Qﬁ reaction obtained with very
good statistical accuracy and high energy resolution; could 5e used tQ détér%
mine independently a value of ap,lA difference from the already established
value could ﬁrovide qﬁantitative information on this duestion of spectrum dis-
tortion, which is of interest with respect to the detérmination of the n-n
scattering length, recently extfgcted from just such final—state iﬁteraction '

12,13

spectra from the D(n,p)2n reaction. Thus, we are presently continuing

our experiment in order to obtain tfiton spectré pf significgntly better
statistical accuracy.

We thank J. Meneghétti and E. Cory for their assistaﬁée in the design
and constfuction of the gas target chamber and we are indebted to. D. A. Landis

and F. S. Goulding for their contribution in the setting uﬁ of the electronics.

}
:
~



e

5o UCRL-11689

FOOTNOTES AND REFERENCES

* ' R . o o I
Now at the Physics Department, Osaka University, Osaka, Japan.

1.

2.

10.

11.
12.

| 15.

_39; 107 (196k4). o R  -'_ o i

0. M. Bilaniuk and R.'J.'Slobodrian, Phys. Letters T, 77 (1963).

K. P. Artjomo?, V. J. Chuev, V. Z. Goldberg, A. A. Ogloplin,V, P.iRudakoQ,
J. N. Serikov, Phys. Letters 12, 55 (1964). |
C. Wong, J. Anderson, C. Gardner, .J. McClure,.and M. Nakada, Phys. Re#.

116, 164 (1959).

_B. V. Rybakov, V. A. Sidorov, and N. A. V1asov; Nucl. Phys. 23, 491 (1961).

A. B. Migdal, Soviet Physics-JETP, 1, 2 (1955).

W: H. Heckrotte and M. MacGregor, Phys. Rev. 111, 593 (1958).

C. Williamson and J. P. Boujbt; Tables of Range and:Rate of Energy Loés of
Charged Particles of Energy 0.5 to. 150 MeV, Report CEA-2189, Center of
Nuclear Studies, Saclay. v S

R. H. Stokes, J. A. Northrup, and D. Boyef,‘Rev. Sci._Instr. 22,\617(1958);:
W. L. Briscoe, Rev. Sci. Instr. 29, 401 (1958); | A

F. 5. Goulding, D. A. Landis, J. Cerny, III, and R. H. Pehl,‘IEEE Trans.
Nucl. Sei. NS-11, 388 (196L). | |
Kemmeth M. Watson, Phys. Rev. 88, 1163 (1952).

V. V. Komarov and A. M. Pépova, Nucl. Phys. éé, 278 (l96h).
V. N. Gribov, Nucl. Phys. 5, 653 (1958); o , _' .
E.‘Lombn,_S. Morris, E. Irwin and T. Truong, Aﬁna1§nof Pﬁys. ;i,’359 (1961).
M. Cerineo, K. Ilakovac, I. Slaus, P}'Tomas,:and VQ Vaikovic, Phys. Rev.
133, 3948 (196%). | | ' ’. o |
V. X. vOiﬁovgtskii,'I. L. Korsunskii, and Y;_F. fazhin, Physics_Letﬁérs

!



Fig. 1.

Fig. 2.

wmbm f»._ . UCRL-ll689

FIGURE CAPTIONS .
A) Typical Identifier spectrum -

B) Triton:spectrum of the reaction He5(d,p)2p at’eL'= 6.750,

" E. = 24,7 MeV. Solid dots are the experimental. points. Open circles

d

correspond to the calculated spectrun Withbap = - 7.7 £. The dashed

lines aré calculated spectra with the'indiqated values of ap.

Triton spectrum of the reaction He5(d;t)2p at GL = 80, By = 33.4 Mev.

Solid dots are the experimental points. Open circles correspond to the

’:.~célculated spectrum with ap = - 7.7 f. The.aashédi lines are calculated

spegtra with the indicate@ values of'ap. .The high energy side of the
spectrum is shown via élmagnified.energy écale on the upper 1eft;~fhe
solid triangles are the exbérimental points, thevsélid line is the
célculated specfrum with gp = - 7.7 £, the dashed l;né was calculated .
with a, = - 9.3 £, the dash dot line was c#lculated‘with a, = - 6.1 f,
and the dashed double dot line corresponds tolexpression (3) with

%p = - 7.7 £+
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