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Recent letters have reported experimental determinations of triton 
. 3 . . 1 ... · 2. 

energy spectra f'rom the He ( d,t) reaction at Ed == 28 MeV and at 20 and 25 MeV .. 

The spectra of reference 1 _were obta_ihed with app;r-oximately 1. 25-MeV energy 
. ._, 

resolution and a broad peak near the high energy end was interpreted as re-

sulting from the formation of an unbound state of He
2 

with a mean lifetime 

-21 .· . 
'! = (0.2 ± 0.1) X 10 sec .. The observed angular varia:tion of the peak was 

consistent with a pick-up reaction m~chanism. The spectra of reference 2 were 

obtained with an energy resolution of about 0.5 MeV arid cohsisted of continuum 

spectra with broad asymmetrical peaking near the high energy limit. These 
. . 4 

authors noted a rese~blance to neutron spectra from the D(p,n)2p reaction3 ' 

whose shape was explained in terms of a final-state interaction5' 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 this He3(a,t)2p 

reaction. 
results 

We report here experimental/along with calculations based. on the 2p 
'· 

final-state interaction interpretation,. and we believe this to be the proper 

explanation of our data. 

Triton spectra were measured with an energy resolution of approximately 

120 keV at deuteron energies of 24.7 and 33.4 MeV, using the variable-en~rgy 

Berkeley 88-inch cyclotron. Measured beam ranges in aluminum.were converted 

to energies. 7 The counter assembly consisted of two siiicon detectors, a 6E 
. . 

and E set, wi~h collimation which provided an angular resolution of o.4 degree • 
. ' ;. 8 . ' 

Pulses from these detectors were fed into a partic'le-identifier system., 'the 
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output of which vras used to gate on a 400-channel pulse-height analyser when­

ever a triton identification occurr.ed. The added (LiE + E) triton pulse spectruni. 
I 

'' was then displayed on the analyser. Also, triton spectra from .the N
14

(d,t)N13 

\ reaction were obtained for the purpose of calibration of the energy scale, .. 

.•· 

which we believe to be accurate within 100 keV. Figure lA contains a typical 

' 6 0 identifier spectrum, and Fig. lB shows a triton spectrum at e
1 

= .75 taken at 

24.7 MeV. 
0 

Figure 2 exhibits a spectrum at e1 = 8 taken at 33.4 MeV. The 

obse·rved differential energy spectra are fitted with final state interaction 

theoretical curves. The particular form used for the calculations was that of 

Migdal, 5 in which the .2p wave function includes Goulomb effects; and for com­

parison we show that of Watson, 9 .. applicable in- the absence of electrostatic 

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

(l) 

where E2P is the relative energy of the two protons in their own center of 

mass system, ~ is the corresponding center of mass triton energy, g(S) is 

an angular dependent factor peculiar to the reaction mechanism, v 'is the 

relative velocity of the initial particles, and p(~) is the phase space factor 

of the observed particles, in this case the tritons. T(E2p) is the transition 

matrix element, which gives the "enhancement" of the cross section due to the 

t final state interaction (o~ correlation) of the two protons. Iri 'Migdal's 

treatment this is just proportional to l¢2p(q)l, the 2p wave function, where 

q is the relative momentum. 

We have used the following expressions to fit our data 
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'' (2) 

is the so called Coulomb penetration factor, a is 
P-· 

the scattering length, 2 r · ( -i ) 2 2 
T) = e /nv and h(T]) = Re f(-i~) - 2nT) , R = n /mpe , 

4 ll -l -l 
and ~ = 3. · 10 MeV em , and also 

2· 
2 sin o

0 I T I a: __,E_ 
2p 

(3) 

where o0 was taken to be the sipglet s~wave p-p phase shift, as defined in 

the expression for the scatterin'g amplitude 

f(e) ( 4) 

where. o0 = Arg f (l +iT]), and finally 

-vrhere E is the maximum triton energy in the CM sys:tem. Expression (2) max 

corresponds to the treatment of Migdal5 and expre~sion (3) is due to Watson. 9 .. 

The theoretical CM spectra were converted to the laboratory system 

using the appropriate jacobian determinant and exper:i_mental value# for g(e) .· 

The high energy region of the laboratory spectra is quite insensitive to the 
\ 

angular dependence g(e), particularly at small laboratory angles; It ·is 

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

value of a ·. = - 7. 7 f, which is the scattering length obtained from low energy 
p 

p-:p Bcatte:r1ng exper:tmenta ~ Foir' larger value a of E2P (smaller ET L _:p-t inter-

actions could make expression· (1) inaccurate, and therefore it should prove 
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quite useful to develop an exact calculation o,f the energy spectrum, free of. 

. t• . 10 the usual approxlma lons. On the .other hand, the ·competing p-t final state 

ll interaction can be treated in the framevrork of this simple theory, and it is 

expected that no significant contribution to the spectrum in the low E
2
p energy 

range is due to it. 

A triton spectrum from this He3(d,t)2p reaction obtained with very 

good statistical accuracy and high energy resolution, could be used to deter-

mine independently a value of ap .. A difference from the already established 

value could provide quantitative information on this question of spectrum dis-

tortion, which is of interest with respect to the determination of the n-n 

scattering length, recently extr~cted from just such final-state interaction 

( 
. 12 13 spectra from the D n,p)2n reactlon. ' Thus, we are presently continuing 

our experiment in order to obtain triton spectra of significantly better 

statistical accuracy. 

We thank J. Meneghetti and E. Cory for their assistance in the design 

and construction of the gas target chamber and we are indebted to D. A. Landis 

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

I. 
! .. 



-5.:. UCRL-11689 

FOOTNOTES AND REFERENCES 

( * Now at the Physics Department, Osaka University, Osaka, J~pan. 
": 

1. 0. M. Bilaniuk and R. J. Slobodrian, Phys. Letters 1, 77 (1963). 

V 2. K. P. Artjomov, V. J. Chuev, V. Z. Goldberg, A. A. Oglo'plin, V. P. Rudakov, 

' 1._, 

J. N. Serikov, Phys. Letters 12, 53 ( 1964;) :· 

3. C. Wong, J. Anderson, C. Gardner, .J. McClure, and M. Nakada, Phys. Rev. 

116) 164 ( 1959) . 

4. B. V. Rybakov, V. A. Sidorov, and N. A. Vla,.$ov, Nucl. Phys. 23, 491 (1961) .. 

5. A. B. Migdal, Soviet Physics-:JETP, .~:.J 2 (1955). 

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

7. C. Williamson and J. P. Boujot, Tables of Range and Rate of Energy Loss of 

Charged Particles of Energy 0 ·.5 to. 150 MeV, Report CEA-2189, Center of 

Nuclear Studies, Saclay. 

8. R. H; Stokes, J. A. Northrup, and D. Boyer, Rev. Sci. Ins:tr. 29, 61 (1958);. 

W. L. Briscoe, Rev. Sci .. Instr. 29, 401 (1958); 

F. S. Goulding, D. A .. Landis, J. Cerny, III, and R. H. Peh1, IEEE Trans. 

Nucl. Sci. NS-11, 388 .(1964). 

9. Kenneth M. Watson, Phys. Rev. 88, 1163 (1952). 

10. V. V. Komarov and A· M. Popova, Nuc1. Phys. 56, 278 (1964). 

ll. V. N. Gri bov, Nucl. Phys. 2_, 653 ( 1958) j 

E. Lemon, S. Morris, E. Irwin and T. Truong, Anna1p:.of Phys. 13, .359 (1961). 

12. M. Cer;i:heo, K. Ilakovac, I. S1aus, P. Tomas, and V. Va1kovic, Phys. Rev. 

133; B94B (1964). 

13. V. K. Voitovetskii, I. L .. Korsunskii, andY. F'. Pazhin, Physics Letters 

. 10) 107 ( 1964) . I 



• 

(, 
• 

.. 

Fig. l. 

Fig. 2. 

.-6.- UCRL-11689 

FIGURE CAPriONS 

A) Typical Identifier spectrum · 

) 3( ) . 6 Q B Triton 'spectru.'ll of the reaction He d, t 2p at eL = . 75 , 

Ed= 24.7 MeV. Solid dots are the experimental.points. Open circles 

correspond to the calculated spectrwn With a 
·p - 1·1 f. The dashed 

lines are calculated spectra with the indi~ated values of a .· 
p 

3 . 0 
Triton spectrum of the reaction He (d,t)2p at eL = 8 ·' Ed= 33.4 MeV. 

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

.. , · calculated spectrum with a - - 7. 7 f. The dashed' lines are calculated 
p 

spectra with the indicated .values of a 
p 

The high energy side of the 

spectrum is shown via a, magnified. energy scale on the upper left; the 

solid triangles are the exi>.e:dmental points, the solid line is the 

calculated spectrum with a 
.p 

7.7 f, the dashed line was calculated 

with a = - 9.3 f, ~he dash dot line was calculated with a ·= - 6.1 f,. 
p p 

and the dash~d double dot line corresponds to expression (3) with 

a =- 7.7 f. p 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes ~ny warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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