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- ABSTRACT
The excitation function for the reaction T~3 (P, v) I--Ie4 has been extended to

proton energies of 7.3 Mev. No experimental evidence is found for a resonance

in the reaction up to this energy of bombarding protons.
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, . A. INTRODUCTION |
The reaction T3(p, Y) He‘»1 has been studied previously by several investiga-

tors.l’-29 3

‘ In the work of Argo et al it was suggested that their excitation function
for the reaction could be .explainedAon the basis of an excifed state of the He4 nu-
cleus with a half width of 1.0 Mev at 21. 6 Mev above ground level. This corres-
ponds to a resonance le\}el- at 2.5 Mev proton energy in the laboratory system.. .
Unfortunately the proton energy available to Argo et al extended only to 2..5 Mev_.
The excitation function has been extended ‘by‘Falk and Philipsz to 3.4 Mev and by
‘Perry and Bame3'to 4.3 Mev. It is therefore of interest to find the behavior of
the'gamma ray yield as the proton. energy is further increased.

This same proposed resonance level can be reached in other ways, in par-
ticular by the He (p,p ) He4*react10n.. By this method, Benvemste4 has shown
that the differential cross section for the formation of an excited level in H_e4 as

- high aé 23 3 Mev abovev‘ the ground state is less than 0.1 mb/ster. at 45° (c.m.)

" B." METHOD
Detector '

The excitation functioﬂ'fbr the T3(p, Y) He4 reaction was measured by.d_é-
tecting the 3-rays at 90° to the'prot'oﬂ beam with a large Nal (TI) crystal (2 in-
ches in diam. by 2 inches long) viewed at one end by an RCA5819 photo-multi-
plier. The crystal was rough sanded and packed in MgO, a method employed
by Borkowski and Clark. 5 : , :

A pulse height d1str1but1on was obtained by means of a single channel
differential discriminator. -The resulting distributions shown in Fig. 1 are sim- .
ilar to that described by Stearns6 for the same gamma ray. Because of the

bremsstrahlung andvscattering of the high energy pairs formed in the crystal,
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the peak of the distrit;ution is lower than the calculated energy position and a good
measure of the energy is afforded by 1 the extrapolatlon to zero of the high energy
end of the curve. In order to reduce the loss of radiation from the crystal, we
employed a lead collimator which re strlcted the gamma rays to a circle of one
inch diameter as they entered the crystal. Th1s caused- the dip on the low energy
side of the peak to be more pronounced without apprecmbly lowering the count-
ing rate in the peak. For all runs the crystal was surrounded with four inches
of lead to reduce background fro-rn.the accelerator and ambient radioactivity-.
Three curves are vshown: (a) for 0.9 Mev pfotons, gamma ray energy = 20.4
Mev, (b) 3.0l Mev protons, gamma ray energy = 22.0 Mev, and (c) for the
reaction p+ Li7~—>Be8 +17.6 Mev garnma. The thick target yield from the Li
reaction at 0.9 Mev gives about 20 times the intensity of the thick target tri-
tium reaction.  For the calibration of our overalll.g'a'in a Po-Be source was
‘used; this gives a gamma ray from the excited state in C}l2 at 4.45 Mev. A
typical curve: showing resolution of three peaks is shown in Fig. 2. - The lower -
peak is the pair line and the upper'tWo are the result of capturing one or both = "
of the annihilation quanta in the large crystal. « It should be noted that for this *
curve and for all of the 1owenergy runs an ‘E. M:.1. 6262 end window photctube
was used. However it w_e.s'repl-aced by an RCA5819 when it was found to be
temperature sensitive. . The effect amounted to about'2 percent in gain per de-
gree Fahrenheit. As a result, the equipment-was temperature controlled during

‘the early runs. - ‘ .

Target

The target used came from Los Alamos and was in the standa.rd form of
tritium absorbed in 16 rng/cm2 z1rcon1um, wh1ch in turn had been melted onto |
a tungsten backing. As a result, data taken below 2 Mev are difficult to inter-
pret since the target is thick. This point will be discussed in more detail in
Section C. In'order to normalize the yield of y-rays at various proton ener-
- gie s; the target was mounted in a Faradéy Cup and the proton current was

integrated by standard means.

Accelerator o - S

We first undertook this experiment using the 4 Mev Van de Graaff, which
_is used as the injector for the 32 Mev linear accélerator at the Radiation Lab-
oratory. The highest energy available from thé ‘Van-de Graaff was about 4.2

Mev, giving an average energy in the target of 4.0 Mev. -
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Since the cross sevction up to 4 Mev did not &ecreas.e as would be expected
were there'a resonance at 2.5 Mev, ‘we continued the experiment ;with'hi_gher
energy protons made available by accelerating molecular hydrogen in the linear
accelerator. This beam travels through the acc_ele»rator" at just one-half of the
proton veloc-ity.for the normal 32 Mev proton beam. .It emerges with 16 Mev

and can be stripped in a thin foil to giveé 8 Mev protons. . The phase acceptance .

for this half velocity beam is nearly zero and hence both the Van de Graaff ener-

gy and the linear accelerator end to end voltage must be held exactly correct.
These voltages for the normal 32 Mev beam are not critical. Hence both volt-
ages drifted and required manual adjustment. As a result the beam current
averaged ab.out 1'0-10 amps and the counting rate was extremely low. Because
there is no fast multichannel discriminator at the Radiation Laboratory, we. .
were obliged to use nine integral"discriminators ‘and scalers to make up eight

differential channels, whereas we previously had been using a single channel

differential discriminator.

The molecular hydrogen:beam from the linear accelerator was bent through
10° by a magnetic field before passing through collimating slits and into the
Faraday Cup. This beam would normally require the same magnetic field as .-
32 Mev protons for the same angular deflection. However, the measurements.
indicated 14. 8 Mev molecular hydrogen (7.4 Mev protons) rather than 16 Mev..
The point at 4. 8 Mev was then obtained by slowing down the 7.4 Mev protons
in a thin aluminum foil. |

In order to keep the geometry constant, the Van de Graaff runs were made
by shutting off the linear accelerator voltage and allowing the proton beam to |
continue through the machine. This beam energy was measured in a separate
calibrated 90° bending magnet. Although the intensity of the Van de Graaff
beam was low due to the extreme path length very much hlgher beams could
not be tolerated because the beam was pulsed with a one percent duty cycle
D.c. operation was tried but because of the limited power dissipation in the
source, only a few times as much average beam current could be obtained.
However, the increase in beam. was more than offset by the fact that the
counters, instead of bemg gated as in the pulsed operation, were on all the
time causing counts to be recorded due tc cos'mic .ray‘s and general labora-
tory background. * A zirconium target not loaded w1th tr1t1um was run to sub-

tract out all background
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C. EXPERIMENTAL RESULTS

‘The results shown in Fig. 3 indicate an increasing cross section up to. 7.3
Mev. The points.at 7.3 and 4.8 Mev are subject to rather large statistical errors
because the small mole-cular:hyd‘regen beam limited the number of counts we
could record in a reasonable time:. Although a differential spectrum of scintil-
lation pulse heights was ‘taken; the yield itself was obtained by summing the
‘‘counts-in the various channels down to a point where the pulse height corre sponds :
to 0.75 of the maximum pulse he1ght observed from the target. . Thus only two
discriminator settings are involved; corresponding to 0. 75 and 1. 0 times the
y-ray energy. The differential pulse height distribution was useful for deter-
mining these two points and in deciding at what point the background counting
rate becomes excessive. Such a spectrum taken with a zirconium target not
loaded with tritium shows that this excessive background point is a. funct1on of
the" proton energy, bemg 1/2 ‘of the maximum pulse height at 3.0 Mev and rlsmg
to 2/3 of the maximum pulse height at 7.3 Mev.

The target thickness was taken into account by computing the beam energy
loss as it traversés the target. .This was done by calculating the rate of energy
loss by the ueual' ionization loss formula., The mean ionization potential, I, was
assunied to be 11.5 Z or 460 e.v. in zirconium. The mean energy in the target
was found to be 0.98 of the initial energy at 7.4 Mev and became 0. 90 of the ;
initial energy" if that energy was 3.0 Mev. : |

The particles being detected above 0.75 of the maximum gamma ray energy
were shown to be the tritium gamma rays by absorption in lead and by the fact
that the cross section ,at»Oo- was less than 10 percent of the cross section at 900,
in ‘agreement with the sin2 0 distribution observed by Arge et a,l.‘l It was-also
observed that the mean pulse height varied appropriately with the gamma ray

energy due to bombardment w’ith‘prrotons of different energies.
. D, CONCLUSION

- The excitation fu'nc':tivc'm' that :we have observed at 90° to the proton beam -
shows no evidence for a resonance up to 7.3 Mev ‘p‘i"eton e"nergy This shows
that there cannot be an excited state in the’ He4 nucleus up to an energy of
25.2 Mev The slope of our exc1ta.t10n funct1on in the region from three to

four Mev proton energy is in agreement with Falk and Philips but is steeper
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than that reported by Perry. In addition,. Perry and Ba.me3 have made a rough
measurement of the absolute cross seétion ahd we have indicated these values
on the right hand scale of Fig. 3 with our curve norrmalized at 3 Mev.

Flowers and. Mand17' have calculated a yield for this reaction which does
not employ an excited state in the alpha-particle. They find good agreement
with Argo et al up to 2.5 Mev by choosing a value of their parameter € = 6.

Mev. A choice of €, ,Which’is of the 6rder of magnitude of the binding energy of
a nucleon in the alpha-particle;- of 8 Mev produces somewhat better agreement
with our experimental curve. The cu'rfre- for € = 6 bends over even more at highvb
energies and is also plotted in Fig. 3. The choice of € = 8 does not greatly affect
the agreement of the theory with' Argo et al since the coulomb effect is préddm-_
inant up to 2 Mev proton energy and it is not dependent on € tvo a firsf approxima-
tion. v

We would like to thank Prof. Luis Alvarez for suggesting this problem to
us. The cooperation of the crew at the linear accelerator under the direction

of Robert Watt and Wendell Olsen was greatly appreciated.
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FIGURE CAPTIONS

Figure 1; Pulse height distribution produced by,
' A. 20.4 Mev y-rays from 0,9 Mev protons on Tritium.
B. 22 Mev y-rays from 3.0 Mev protons on Tritium.

C. 17.6 Mev y-rays from protons on thick lithium target.

Figure 2; Pulse height distribution resulting from y-rays emitted by the ex-

cited state in C12 produced in a Po-Be source.

Figure 3; Differential cross section as a function of ‘inci dent protor; energy,
normalized to data of Perry and Bame at 3 Mev. Expervimenta'vl .’
points are shown with standard deviation due 6n1y to. statistical
fluctuation in the number of counts. The theoretical curve of
FIower_s and Mandl is plotted for tWo'diff‘e‘rent values of their

.parameter €. '
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