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October, ~O, 1988 

Dear Professor Rubinstain ! 

We present you an official suggestion of the experiment 
on the uranium nucleus photo- and electrofission for the 
energy range 100-500 GeV. To carry out the first stage of 
the total hadronic photoabsorption cross section measurement 
on the uranium nucleus 100 hours of the FNAL accelerator time 
is necessary. Your polite estimates of the accelerator time 
sent to us in the letter of December 9, 1987 are fair for one 
section of low-pressure chambers. Now we have 50 operating 
ehambers of this kind and all of them can be under the beam at 
the same time because of insignificant quantity of the matter 
in the chamber. Therefore, the economy of the accelerator time 
will take place. 

A list of eq~ipment and means necessary to carry out the 
experiment is given in the list. We can bring all this equipmat 
from Yerevan. To minimize the transport expenses we ask you to 
inform us what enumerated means can FNAL present without any 

difficulties. 
As to people reserves. We plan to send 5-6 specialists from 

the Yerevan Physics Institute. The participance of 2 or 3 FNAL 
specialists is desirable. We would be very glad if you personally 
take part in the suggested experiment. 

Yours sincerely 

Professor Amatuni A.Ts. 
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TEE MEASUREMENT OF THE TOTAL CROSS SRCTION OF THE 
HEAL AND VIRTUAL PHOTON ABSORPTION ON THE URANIUM NUCLEUS 

AT ENERGIES OF HUNDREDS OF GeV 

We propose to measure the cross section of the uranium 
nucleus fission by real and virtual photons within 200-400 GeV 
on an electron beam by the method of simulteneous detection 
of fragments and recoil electrons. These cross sections are 
equal to those of hadron photoabsorption, since each inelastic 
interaction of real and virtual photons with the uranium MUc
leus leads to its fission. The proposed techique is devoid of 
the systematic errors connected with the electromagnetic baC'k
ground and geometry for real photons, and with the radiativ 
corrections for virtual photons. 
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MEASUREMENT OF THE TOTAL CROSS SECTION OF REAL 

AND VIRTUAL PHOTON ABSORPTION ON URANIUM NUCLEI 


AT ENERGIES OF HUNDREDS GeV 


Introduction 

We propose to measure the cross section of uranium nucleus 
fission induced by real and virtual photons at energies of hundreds 
GeV and small momentum transfers ( Q2 -7 Q~~) on the electron beam 
of FNAL. The cross section are equal to hadron photoabsorption 
cross sections because the fissility of uranium is unity, i.e.each 
inelastic interaction of a photon with uranium nucleus lead to the 
fission of the latter. Up to now the total cross sections of photon
nucleon and photon-nucleus interactions are measured up to photon 
energies E .~ 200 GeV, the accuracy of measurements on heavy 
nuclei (errors about 10 ~) not allowing to draw unambiguous conclu
sions in favour of this or that model.Precision measurements of the 
total cross section of hadron photoabsorption on heavy nuclei by 
means of usual techniques is hindered by the presence of an electro
magnetic background and large systematic errors due to geometric 
factors, because: 

1) the measurement of uranium photofission cross section is an 
alternative method for the measurement of total pbotoabsorption 
cross section, is devoid of the mentioned drawbacks and the measure
ment errors in this case is mainly due to the statistics; 
2) it becomes possible to measure the cross section of the inelastic 
scattering of electrons on uranium at Q2 --7 Q2min , allowing to 
test the predictions of the VDM model, which suggest that at such 
Q2 the real and virtual photon absorption cross sections are equal. 
At present, in Yerevan Physics Institute, an experimental technique 
based on the uranium fission fragments detection by low-pressure 
proportional chambers is developed to measure the cross section of 
photoabsorption on the uranium nucleus. This technique'.has been 
worked out during the experiment on measurement of the total cross 
section of hadronic pbotoabsorption of real and virtual photons in 
the energy range 0,2 - 4,0 GeV on the Yerevan Physics Institute acce
lerator. It is planned to measure the total hadronic photoabsorption 
cross section at FNAL, in the energy range up to 400 GeV. 
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PhySical Basis 

The development of strong interactions theory is connected 
in many respects with the possibility of using the quantum chro
modynamics at comparatively large distances. From this point of 
view, it is interesting to investigate high-energy photons in the 
interactions of which with nucleons and nuclei their dual properties 
of a point-like formation (a quark-antiquark pair at short dis
tances where QCD can be applied) and of a hadron-like system ( a 
pair of constituent quarks at distances of the order of hadronic 
sizes )can manifest. It is obvious, that,contrary to hadronic 
interactions, in the space-time picture of photon interactions 
with nucleons and nuclei, the quark-antiquark photon structure 
evolution from a point-like state to a hadronic one must be reflec
ted, which can take place during a characteristic time /1/0f 
t :: ~ f ¥ / H 2.. (E t is the photon energy, M is the effective mass 

of the quark-antiquark pair ). The presence of a strongly expres
sed point-like component in the photon structure leads to an in
teresting opportunity to study the effect of the quarks colour 
screening at small distances 12j The allowance for this effect 
was made in Ref.131, where a stronger dependence on the nucleus 
atomic number for the total photoabsorption cross section than in 
VMD-type models (in which the effect of colour screening is not 
taken into account), as well as absence of energy dependence of the 
total photon-nucleon and photon-nucleus cross sections in the 
energy range E > 50 GeV (in the prediction about approximate 
constancy of interaction cross sections of the vector mesons with 
nucleons) were predicted. The absence of the energy dependence of 
the total photon-nucleon cross sections follows also from more 
detailed calculations in the framework of QCD, where the colour 
screening effects appear already in the one-gluon exchange approxi
mation. A notable energy dependence of the total photon-nucleon 
(hence, photonuclear) cross sections is predicted in a number of 
reports, which do not take the colour screening effects into ac
count. For example, in the framework of the additive quark model, 
a logarithmic dependence on energy, () ( ¥) N) ~ t:"vt [a-- is predic
ted in Ref./4/. 

In Ref./?/, they predict that at high energies 


(j( r) N) = a -t 6 £11, E.,. + c t/t-/-E;r 
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A. slight decrease of effectiva nucleon numbers A~.U =- u(r; A)/V(4;AI) 

with energy is predicted in the approaches based on the models like 
VDM. By this time, the total cross sections of photon-nucleon and 
photon-nucleus interactions have been measured /6/ up to the energies 
E I' ~ 200 GeV, the accuracy of measurements on nuclear targets (A.- 10~ 
error) not allowing to make unambiguous conclusions in favour of 
one or another model. In view of this fact, it is undoubtedly inter
esting to measure the energy dependence of the total photoabsorption 
cross section on heavy nuclei (for which the screening effects are 
more essential) with errors ~ 3% and, if possible, in larger energy 
range. 

In case of virtual photons the coherent length (or the charac
teristic fluctuation time) is expressed as: 

t ~ /11A. t :::: J Eif ( M '- of a1 ) 

where fr is the photon energy, m is the vector meson mass; 
,.r:;7.- q't "(-E 1 ". ze . h 
1.:)1. ::: - v ;: t E: ~ \. V1 Z l.S t e momentum. transferred. 

In the framework of the VMD it is predicted that screening must 
appear also in the interaction of virtual photons with the nuclei 
and besides, at sufficiently small values of Q2(Q2~ O,~(G-cY)'l) the 
degree of virtual photons screening is equal to that of real photons. 
At low Eo , the screening decreases with increasing Q2 (the coherent 
length is decreasing). At large 6t1.(QL~f(~fl")L) and Er{GIf>fO(~~V) 
the roie of heavy vector mesons becomes more essential and the scre
enin~ does n~t disappear. Observation of screening at large values 
of. and to is a direct evidence for the contribution of vector 
mesons heavier than pO -meson into photon-hadron interactions. 
The experiments available in this region can be grouped as follows: 

The first group - experiments with one-arm arrangements where 
scattered electrons are only detected (the so-called inclusive 
electroproduction). In these experiments the investigations in the 
region of low transferred momenta are hindered by the presence of 
large radiative corrections, the final result depending on their 
correct account. The available experimental data, though contradic
tory, indicate to screening at low Q2, which in spite of the the
oretical predictions, rapidly disappears with increasing Q2/8- 12/. 
Unlike inclusive electroproduction, in the experiments on inclusive 
~ - production /13-15/, where the radiative corrections are not so 

essential as in the case with electrons, at small momentum trans
fers screening is observed, the value of which in some cases /14/ 
exceeds that of the screening arising at the interaction of real 
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photons with nuclei and it does not rapidly vanish with increasing 

in accordance with theoretical predictions /15/. 

Another group of experiments is the coincidence of the scat
tered electron with the signal from produced hadrons. In this 
case the allowance for radiative corrections is strongly simpli
fied and measurements at Q~~ 0 become possible. Such a measure
ment WaS carried out at CORNELL /16/ at Q2.~r!J,1 {~)2 • The 

investigations gave the screening, the absolute value of which was 
less than the theoretically expected. Thus, the present experimen
tal situation is not quite clear. The available experimental data 
are contradictory even at Q ~ O. The theory fails to explain 
the absence of screening at Q.-", 0 and c),-;:> 2 GeV.Further expe
rimental investigations of this problem which is so important for 
photon-hadron interactions, are of great interest. The measurements 
on heavy nuclei are of a special interest as the effect of scre
ening is the highest here. 

MEASUREr-lENT OF THE CROSS SECTION OF URANIUM 

FISSION BY REAL AND VIRTUAL PHOTONS IN THE 

ENERGY RANGE 200 - 400 GeV. 

The presence of electromagnetic background and systematic 
errors due to geometric factors hider the measurement of the 
total cross section of hadronic photoabsorption on heavy nuc
lei by means of conventional methods. At Yerevan Physics Insti
tute an experimental technique, based on the detection of ura
nium fission fragments with the help of low-pressure propor
tional chambers (PC) /5/has been recently developed for measUF
ing the photoabsorption cross section on uranium nucleus_ The 
uranium fissility ability is equal to unity, i.e. each inelastic 
interaction of 8 photon with the uranium nucleus leads to its 
fission. The uranium target of 1 mg/cm2 thickness is placed 
in the PC and a stack of such PC with an overall target 
thickness of 50 mg/cm2 is assumed to be used. The performance 
of PC was specially chosen so that the detection efficiency of 
uranium fission fragments be 100%. The experimental set-up is 
schematically shown in Fig.1. The PC are placed under the 
tagged photon beam, in front of the shower detector. Tosappress 

the random coincidences of PC signals with tagged photons, not 
interacted in the target, the signal from shower detector was 
brought in anticoincidence with those from the tagging system. 
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The detection of fission fragments in coincidence with the tagging 
system counters allows one to determine the number of photons of 
given energy, which interacted with the uranium nucleus. Thus, this 
technique is not sensitive to the electromagnetic background, be
cause the nucleus does not get sufficient momentum for fission 
during electron-positron pair production. As the angular distribution 
of fission fragments weakly depends on the incident photon energy, 
the systematic errors in these measurements will be independent of 

.; the energy. Unlike traditional measurements, the errors 
will be determined mainly by statistics. 

MEASUREMENT OF THE CROSS SECTION OF INELASTIC 
SCATTERING OF ELECTRONS ON URANIUM AT Q2__~ Q2min 
AND Ey 200 - 400 GeV • 

The experimental set-up for the measurement of electrofission 
cross sections at Q2 ~ Q2min in coincidence with scattered 
electrons is shown in Fig.2. The electron beam traverses a l.ow
pressure PC. As the experimental investigations shown /5/, such a 
detector works stable under electron beams of intensities up to 
108 ells, which allows to measure the uranium electrofission cross 
section at the energy range 1-4 GeV both in the mode of coincidence 
with the scattered electron and without it /5/. The inelastic in
teraction of electrons with uranium nuclei placed on the PC electrodes 
leads to the fission of uranium. The fission fragments are registered 
in the PC and form hadronic trigger. 

The electrons scattered at small angles are detected by the 
tagging system. The coincidence of the tagging system signals with 
those of fission fragments allows to get rid of the main radiative 
processes (bremsstrahlung, radiative tail of the elastic scattering). 
The shower detector in the mode of anticoincidence with the PC also 
allows to get rid of the bremsstrahlung resulting from the inelas
tic scattering of electrons. Thus, the contribution of radiative 
processes in such an approach is minimized. It is expedient to carry 
out such measurements on high-energy proton beams of low intensity. 
And to use the available tagging systems as magnetic spectrometers 
for inelastically scattered electrons at e ~ 00 angles. 
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A FISSION FRAGMENTS DETECTOR BASED ON 
A LOW-PRESSURE PC. 

The general scheme of the detector is shown in Fig.3. The 
detector is a multiwire low-pressure PC /5/. The high-voltage 
electrodes are made of 1 mm - spaced gilt tungsten wires of ~O~~ 
in diameter. The signal plane is formed from 2 mm - spaced wires of 
20 "fA"'" in diameter. The uranium target is glued on the high-vol
tage electrode. The chamber is filled with hydrocarbon vapours 
under a pressure of tens mm of Hg.c. and produces fast signals with 
a front of 2 ns and a total duration of 10 ns. Fast linear ampli
fiers with gain factor of ~ 100 are used. The low-pressure chamber 
was tested in laboratory as well as under electron and photon 
beams and its operation with different fillings and at different 
pressures of hydrocarbon vapours was investigated. The efficiency 
of fission fragments and oL -particle detection as a function of 
the a:pplied voltage was checked up to 1 kV. For the values of vol
tage up to 400 V the chamber was sensitive only to heavy fragments, 
and then registration of ~-particles with 100 % efficiency 
began at 800 V (Fig.4). 

Investigations of the chamber characteristics show that the 
plateau in the region of the highest efficiency of registration of 
the fission fragments continued under photon and electron beams of 
intensities up to 5· 107 e-/s. 

The fission fragments detector was used in the experiments on 
the measurement of the cross section of uranium total photoabsorp
tion by real and virtual photons in the energy range 0,2 - 4,0 GeV 

2 2and Q .-~ 0 , 01 ( GeV / s ) • 

THE CROSS SECTION AND BEAM -TIME ESTIMATES 
To estimate the beam time one can assume, that the uranium 

total photofission cross section at energies more than 10 GeV 
CT( y, U) - 3 0 ~t. When the angular range of electron scattering is 

( Qmin , Qmax), and the energy range is ( E1 - E2 ), the uranium 
electrofission cross section can be estimated from the expression 

eVI- cp; E 2.. 

U(e u ) ::- ( ( cI ~O _ - (f lO' '11) d- tv. !.~q,( rO,s- E,1:.. [/ + 
I J J oUi..oLt I 11 G~V1 L [L 

, Ele~"1 
where 
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e max is defined by the geometry of the experiment. 
For 400 Gev electrons the cross section (within (~in, 1mrd) 

and (200-400) GeV ) is equal to 

(J ( e,t-L) =' 10 - 1 (T'( ill 11 ) 

With the electron beam intensity of Nt = 5 • 105 e-/s, the radiato~'. 
thickness of5 • 10-2 rad.units and the uranium target thickness 
of 50 mg/cm2 , about 50 hours of machine time is necessary to gather 
statistics of 3 % accuracy in the experiment on the measurement of 
total cross section of hadroproduction by real photons in each of 
the ten channels for energies ranged from 200 to 400 GeV. For 
measurements with virtual photons with their energy in each of these 
ten channels being within the 3 %accuracy, the traversal of 

10112.; · electrons through the stack of uranium targets of a total 
thickness of 50 mg/cm2 is needed and the corresponding machine time 
is estimated to he about 125 hours. Thus, about 200 hours of the 
Fermilab machine time is needed to realize the program of the 
proposed experiment. 
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Fig1 Schematic diagram of the Photofission experiment 

R - Radiator 

M - Tagging Magnets 

Ti - Hodoscope 


LDi - Tagging shower counters 

m - 'Beam Dump 

END - Low-Pressure MWPC 
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Fig.2 Schematic diagram of the Electrofission experiment 

KNP - Low-Pressure WNPC 
M - Tagging Magnets
Ti - Hodoscope 
LDi - Tagging Shower Counter 
Q - Beam fvlonitor 

LD - Shower Counter 
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A schematical diagram ~ the low-pressure 
chamber. 
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Fig·4 	 The efficiency of the low-pressure chamber 

as a function of the applied voltage. 


a) - the registration region of the fission 
fragments; 

b) - the registration region of oe-particles. 


