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ABSTRACT,

The best experimental conditions to perform photofission measurements in the energy
range 100 ¢ 300 MeV by using the Frascati annihilation photon beam are deduced. For nuclei
with very low fission threshold energies it is shown to be advantageous to collect the photon
beam at an angle ¢y > 19, For nuclei with high fission threshold energies, the annihilation
photon contribution to the yield already predominates for 0.5°€ Py<1°,

1, -~ INTRODUCTION,

The best tool to investigate photon induced nuclear reactions is represented by a mono
chromatic photon beam, since the experimental yields measured at different energies of the
photon peak directly give the photoreaction cross section,

Unfortunately, the lack of a suitable powerful monochromatic gamma source, with con
tinuously variable energy, gives rise to a strong constraint. At present, only "quasi mono-
chromatic" photoh beams can be produced by various 'techniques(l), Hdwever, the characte-
ristics of these photon sources often limit the kind of photonuclear experiments that one wants
to carry on, ‘

In this paper the advantage of using the quasi-monochromatic photon beam from annihi-

lation in flight of positrons of the Frascati 1inac(2), in order to perform photofission measu-



rements, is analysed. This photon beam exhibits a monoenergetic peak at the correct annihila
tion energy, with a bremsstrahlung continuous tail, The energy of the peak can be continuously
varied from 100 Me&V up to 300 MeV. An accirate k‘n’owiédgé of ‘photlofis's;iQn éi-\os’s section 1n
the gbove energy region can allow to déduce inforrmations on photon-nucléus interaction in &
region where the role of correlated neutron-protot pairs (quasi-detiteron model) and that ot
single nucleons (photomesonic model) are relevant,

The main fedtiures of the Frascati photon source dre reportedin Séction 2, In this Sec-
tion the characteéristitd of a magnetic pair-spectrométer, which enables to measire on=line
the photon erergy spectrum, are also reported. In fact, the éxact kiowlédge of the photon spec
trim ig refuired in order to estimate the photofigsion cioss section with & good degree of iréelzig‘a_t_
bility. The best experimental cotiditions to perform figsion trieasureiments by using an arnthila
tion photon beam are analysed in Section §.

7. - THE FRASCATI BPHOTON BEAM,

The mohochromatic gammma beatn facility from the Frascati Linac (LBALE photon taei-
lity) has already been described in detail in ref, (2), In Fig. 1 the experimental set up of the
end-station of the facility is shown, Positrohs ledve the beam pipe tﬁfOﬁgh an aluminium wiﬁ
dow, 0.06 mm thick, jahd annihilate on a liquid hydrogen target, 0.0118 radiation 1eﬁg‘t‘hs‘£hi§ck,
The hydrogen cell is 4 kapton cylinder, 105 mm long, 55 mm diameter (wall thickness 0. 125
mm), The cell is contained in a vacuum steel tank, with a thin kapton entrance window 16 the
beam, 0.12 mro thick, The cell can be remotely removed from the beam path, allowing the

insertion of a beam profile monitor.
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FIG. 1 - Layout of the positron-photon beam end-station: B5, B6 magnets; C5, C6 remoy,
able copper collimators (thickness 40 mim each, diameters 7 mm and 6 mm respectively);
Q8, QY quadeupoles ; M fetrrite téroid monitor; MC1 positron beatn profile monitor; H -
Hydrogen target; P dumping magnet:; F Faraday cup; C7 lead collimator; B7 sweeping |
magnet ; PS pair spectrometer; MC2 photon beam profile thonitor; T photoreaction tar-
get; @ quantameter, : ' T :



The: alssolite value of the positron eurrent is measured by a Faraday cup, put in the fo
cal plare of a durhping maghet after the arnihilation target, This magnet sweeps off from the
photon beath the positrons whith have not undergone annikildtion, The intensity of the posi-
tron beatn can also be continuously monitored by a non-intercepting ferrite toroid monitor,
placed arournd the beam litie; befoire the arnihilation target,

The phioton beam is defined by five cylindrical lead collirhators (didmeters: 9.0 mm,
10,0 mm, 10,5 tam, 11,5 mm; 12,2 mm respectively; 10,0 cm long each); ingerted in the
yoke of the dumping magnet ahd in the gap of the next sweepirg magnet B7, The positron in
ciderice dngle on the antiihilation target can be changed by tiwo suitable bending magnets B5
and B6; which give two vertical deflections of opposite sign.

A rectangular flat pole (40x 90 em? size, 15 cm gap) C-«type magret ig uded as a pair
a‘spectrometer(:”». Photons enter the magnetic field region through a hole, 4 cm diameter,
opened id the yoke of the magiet and hit one of the five available aluminium converters, Each
converter ig thin enough (£5x 10-4 radiation lengths) to minimize both beam attenuatioh and
logs of efficiency due to multiple scattering and energy loss. In order to redice background
production from air, the beam channel, from the hydrogen target up to the spectrometer exit
window ig put under vacuuin,

Electrons and positrons are deflected of about 110° by the spectrometer magnet, then
leave the vactum chamber passing through an aluminium window, I mim thick (see Fig. 2).
The pairs detection is performed by two identical systems of plastic scintillators, each con
gigting of an arrdy of four counters (B{s ..., By and Pq,..., P,), which are set along the

focal line, followed by a fifth countér (Eg, Pg).

FIG, ¢ - Pair spectrometer vacuum chamiber with the agsociated

U hcat e S

electron (Ej) and positron (P;) detection system,
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In Fig'. 3 the electronics block diagram is given: the E; (P;) discriminator outputs are sent
to an OR cireuit and then to a double coincidehce with the fifth counter; Heal and accidental
coificidence signals enable the acquisition, via CAMAC, oh a PDP15/30 ‘compﬁt'er, of the
signals from the courtérs of the two arms, Data analysis is performed on-line, allowing for

a display of the photon spectrum on a stordge vgcilloscope,
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FIG, 3 - Electronids block diagram for the detection system of the pair spectrometer,

In Fig, 4 three typical eriergy spectra, measured at different positron energies E and
photon collection dngles 0}, are shown. The full line curves have been obtaindd by a Motite
Carlo simtllzition(4), which takes into account:

a) the positron beam characteristics (energy spread and emittance);

b) the different processes (annihilation, bremsstrahlung, multiple scattering and-energy 1ogs)
undergone by positrons in all the materials (hydrogen target, alluminium and ylar wind-
ows, dir) passed through along the beam path;

¢) photon collection cf'lat'acteristics (diaxneter,‘ thickness and relative position of the collimi
tors). . :

Ag it calhi be seenin Fig, 4, the agreement between the data and the calculated curves is al-

ways satisfactorily within the experimental errors,

In Figs, 5, 6, Tiand 8 the photon features, as evaluated by the Monte Carlo calculation,

are given. Inputs for the calculation have been the ordinary experimental conditions : i) posi
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FIG. 4 - Photon energy spectra measured with the pair spectrometer at the given
positron energies E, photon collection angles ¥y and half angular geometric pho
ton acceptances Ady. The full lines spectra are calculated with a Morte Carlo

prograrm,
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1.5% (FWHIM) ; ii) positron emittance: ra-
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t;roh e‘ner"gy gpread 1,5%; ii) positron radiél and vertical emittance 18 mmx mr and 15 mm % mr
respectively ; iii) photon collection geometric solid angle 5x 1072 mer,

In Fig. 5 the nimber of andihilation photohs per incidént'po‘sitron Np/Ng+ is reported.

In Fig. 6 the full width half maximtim of the annihilation peak, ag a function of the posi
tron etergy, for various colléction angles, is reported. |

The annihilation photon peak energy, as a function of the positron energy, for different
collection arigles, 15 reported in ¥ig, 7. Because of the finite anguldr acceptance and of the
positron energy loss in the target, the peak energy results slightly different from the pure ki
nematic value,

Finally, in Fig, 8 the behaviour of the ratio Na/Np versus the positron energy, for
settled values of the photon collection angle, is.given (N is the total number of photons in
the spectrum whose energy is greater than a fixed threshold kp). It is clearly seen that, by
increasing the photon collection angle, the ratio improves. In the meanwhile, however, pho-

ton intensity strongly decreases and resolution gets worse, as Figs. 5 and 6 show,

3. -~ PHOTOFISSION MEASUREMENTS,

The use of a quasi-monochromatic photon beam from positron annihilation in photofis -
slonl measurements, instead of a bremsstrahlung one, gives a remarkable improvement in
datd quality, if the contribution to the fission processes from the monochromatic peak is re
levant compared to that from the bremsstrahlung tail, To this aim, theé behaviour of the fis
sion fragments yield, for an assumed photofission cross section and for given photon spec-
tra, at different photon collection angles, has been evaluated.

The calculation has been performed for two different groups of nuclei:

a) nuclei with Z 290, for which the fission energy threshold lies below the giant dipole reso
. nance (GDR);
l;)) nuclei with Z £ 83, for which the fission threshold is above the GDR, but below the pion
‘ photoproduction thr'eshold.
' The photofission yields g(ky) have beern calculated by folding the integral equation of

the process

glky,) = j N(k, k) £(k) dk (1)

where N(k, ky,) is thie number of photons in the energy interval from k to k+dk; k., is the
maximum pHoton energy, assumed edu4l to the positron energy ; ki is the fission energy
threshold and f(k) is the photon fission crosg.section,

By means of the above mentioned Monte Carlo calculation, eleven photon spectra have
been evaluated for positron energies from 100 MeV up to 300 MeV, with 20 MeV energy inter

vals, and for photon collection angles ranging from 0° up to 2°, The upper limit for 19y has



been chosen takmg mfo account both the resuits feported in Figs, 5, 6 and-8 and the expec-
ted Tow photoﬁssmh c\ross settion ifi the consuiéred efiergy ranpe.

The mtegral {1 ) has been numerlcally solved by mieans of the Simpson | formula,

3.1, '~ Nueléi with 2 290,

1n the case of rticlel with Z 290, due'to the low fission ehergy threshold, a large con

tribution to the yield ¢omes from the absorption of photons with energy in'the GDR region,

© The calculation has beer performed for the 2387 nucleus, for which the photofission
‘crogs sectioh f(k) ig known ik literature, The chosen functioh f(k) is réported in Fig, 9.
In the figire, the dashed curve is the beHavioutr, as deduced from the resilts of varidus du
thors(®s8), up to 100 MeV | eontinuous one represents the behaviour obtained frotn meast -
réments By a coherett photon beam at the Frascati synchrotron(7),
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SR , /" section (k) for 238U versus photon
N : k{Mev) energy k. The values are deduced
o) KPR N T whe e st Y O 0P from refs. (5, 6) (dashed curve) and
0o 500 300 from ref, (1) (solid curve),

The yields g(ky,) deduced at different collection angles are rfeported in Fig. 10, as a
function of the maxinmum photon energy (continuous curves), In the same figure, the didshed
cirves represent the|yields gg(k,;) obtained by considering only the bremsstrahlung photons,
Tor ,19’,: 0° the two curves coincide within the used scale,
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I Fig. 11 the ratio [‘g(km) A gB(km)]/gi(k‘m) g réeported, It represents the contribution
to the yigld from the annihilation photons compdred to that from the whole spectriim, This'
contrithition for 'ﬁy £ 0" is very small; so that, 4¢ previously gaid, the arhihilation + brems
gtrahlihg yield turn out to be very like to the bremsstrahilung ore,
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In the case of nuclei with Z < ‘8)3, the contribution to fission pfOCésééé of the absorp-
tion of photons in the GDR region is negligible; because of the high fission energy threshold.

The calculation has been performed for Bi and Au nuclei, by assuming for the cross
section the behaviour obtained in previous measiremerits(8) and reported in Fig, 12, More-
over, because of the low photofission cross séction 4t energies less than 80 MeV, in folding
eqd. (1) we have taken kp = 80 MeV,
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oyt =217 Lok 1 1 1 FIG. 12 - Photofission cross section

v , f(k) (a,u.) versus photon energy k.
5
l0o 200 300 Continuous curve: Bi; dashed curve:
Au (deduced from ref. (8)),
The fission yields obtained at 0°, 19, 2° photon collect ion angles are shown in Fig, 13,
It is again noteworthy the advantage, compared to a bremsstrahlung beam, one gets from a
non-forward collection angle. This can be seen more clearly in Fig, 14, where the ratio

[jg(km) - gB(km)]/g(km) is reported.
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4, - CONCLUSIONS.

In Fig, 15 the relative contribution to the fission yield from the ahnihilation photon peak,
is given, for different positron energies, as & function of the photon collection angle, Figg, 15
a) and b) refer to niiclei Withlow and high fissiod threshold energies, redpectively, For the sa
ke of convenience; in'Fig; 150) the number of axhnihil&tibﬁ photot: p‘fe‘r iticident positron, for the

sdme values of y ‘and E, is feported,
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F1G,. 15 - Annihilation peak relative contribution to the total yield esti
mated for 238U (a) and Au (b) as a function of the photon collection
dngle, In ¢) the annihilation photon number per incident positron is gi
ven, Dot-dashed line positron energy E = 140 MeV, full line E = 220 -
MeV,; dashed line E = 300 MeV,

From. the figure it can be deduced that a remarkable advantage is achieved by using an
annililation photon beam at collection angles as higher as possible, taken into account that
the aninihilation intensity strongly decreases with increasing &y, Namely, for nuclei withlow
fission threshold energy, the high fission cross section enables to use annihilation beam at
t‘%;,‘) 19, in spite of the low photon intensity, On the contrary, the low fisgion cross section
for Z $83 nuclei advises against the use of collection angles ¥4 >1°, However in this case,
due to the high fission threshold energy, the annihilation peak contribution to the yield already

predominates for 0.5% 15*), < 1°,
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