COOGWEHMA
0GBEAMHERHOTD
MHCTHTYTE
AAEPHLIX
MCCABAOBANNA

AY0Ha

E1-85-524

STUDY OF NUCLEAR EFFECTS
IN NUCLEON STRUCTURE FUNCTIONS UP TO
AND BEYOND THE KINEMATIC LIMIT

1985


http:13.09.85

S.P.Baranov*, D.Yu.Bardin, J.évach, V.Kh.Dodokhov, A.V.Efremov,
N.G.Fadeev, V.Genchev, I,A.Golutvin, V.F.Grushin} J:Hladky,
V.Yu.Karzhavin, M.Yu.Kazarinov, V.S.Khabarov: Yu.T.K%ryush1n,
v.S.Kisselev, A.A.Komar*, I.G.Kosarev, V.G.Krivokhizhin,
V.V.Rukhtin, R.Lednicky, W.Lohmann, V.N.Lysyakov, J.Nemechek,
Yu.A.Panebratsev, P.Reimer, I.A.Savin, N:B.Skachkov, J
A.1.Semenyushkin, A.A.Shikanyan®*, G.TI.Smirnov, D.A.Smollg,
J.Strakhota, G.Sultanov, E.V.Telyukov®, P.Todoroy, A.V.Vishnevsky,
N.V.Vlasov, A.G,Volodko, A.V.Zarubin, N.I.Zamyatin

* Lebedev Physical Institute, Academy of SBciences, Moscow,
USSR

INTRODUCTION

As is well known, an investigation of deep inelastic scat-
tering (DIS) of leptons on nucleons and nuclei in the range of
4-momentum transfers Q°* up to 200 GeV 2 has yielded extremely
valuable information on nucleon structure and scaling violation
hypothesis. Important results demonstrating the existence of
nuclear effects in the X-behaviour of nucleon structure func-
tions {(EMC effect) have been also obtained. Unfortunately, high
energy muon and neutrino experiments have been carried out in
a rather limited range of the Bjorken variable X below x = 0.7.
Data that can be obtained over a range of X > 0.7 cannot be con-—
sidered only as complementary to those already obtained in
a low ¥ region. They are essential for accurate determination
of the QCD parameter A and are expected to be decisive for un-
derstanding a quark-parton picture of the nucleus.

We therefore propose to carry out dedicated measurements of
nuclear structure functions in a high X range, that is, out of
reach for present high energy DIS experiments.

Three principal points of such a study are listed below.

i) Study of the x-dependence of nucleon structure func-
tions in a region of 0.4 < x < 1.0 and their sensitivity to ato-
mic weight A and Q2 over ranges of A = 2-207 and Q2%=50-200 GeV

i1) Measurement of the xX-dependence of nucleon structure
functions on deuterium and iron nuclei up to the highest pos-—

sible x, tentatively up to X = 2 for iron and X = 1.5 for deu-
terium.

ii1) Study of the x-dependence of the ratio of iron to deu-
terium structure functions over the range up to x = 1.5,

All the measurements can be performed with the BCDMS setup /!’
after minor modifications. We are going to exploit main advan-
tages of the existing apparatus: a) high luminosity, b) high
and flat acceptance at large Q% and x, and c) selective Q?
and x trigger. A principal change in the setup will be the ad-
dition of a hadron calorimeter to measure the energy of hadrons
produced in DIS.

"We use standard notation for kinematic variables of muon-
nucleon DIS: E(E’) , P(P")and #(¥ ) are the energy, momentum
and angle of incident {scattered) lepton, M 1is the nucleon
mass, Q% = 4EE"-sin%6'/2) , - E-E’ and_x = Q%M.




The programme of the measurements including calibrations and
data taking needs two years starting from 1986.

2. PHYSICS MOTIVATIONS

2.1. Nucleon Structure Functions
Near The Kinematic Limit ¥ ~ 1

The discovery of the EMC effect’?/ has taught us that a num-
ber of features of deep inelastic scattering of leptons on nuc-
lei can be very important for understanding nuclear structure.

A number of theoretical models describing the EMC effect has

been developed. Most of them’ ™% explain the effect inside the
explored kinematic range, but they can be critically tested only
outside the region of measurements performed. It is quite natural
therefore to extend investigations to the range of the Bjorken
variable X, where either no or only poor information on struc-
ture functions is available. First of all, it is a small X region
that will be studied thoroughly in the experiment proposed re-

cently/B/ at CERN. The region of large x is assumed to be inves—
tigated in the framework of the present proposal. It should be
noted that single nucleon kinematics allows for x . = 1, Cal~-
culating the Bjorken x for nuclear targets, we shall use M =1
instead of M= A. Then for the kinematic limit of the nucleus we
obtain x ., A.Estimates ol the x-dependence of structure func-—

tions for X >1 are strongly model-dependent, but it is clear
that for present muon and neutrino beams the region beyond X = 2
remains inaccessible due to statistical limitatioms.

The European muon collaboration (EMC) demonstrated in 1983
that there existed a difference in the x-dependence of nucleon
structure functions measured on free nucleons and on those bound
in nuclei. It has been also found that nuclear medium does not
affect the Q:Ldepcndencv of structure functions. The ratio of

structure functions measured on iron and deuterium and integ-
rated with respect to the Q” range is shown in fig.l. The same
result was obtained in 1984 by the Bologna—-CERN-Dubna-Miinuch-
Saclay (BCDMS) collaboratinn/ /  The BCDMS has also measured

the ratio of nitrogen to deuterium structure functions (fig.2)

that is also sensitive to binding effects. The results of SLAC
measurements carried out with an electron beam at transferred
momenta Qiaby an order of magnitude smaller are shown for com-
parison’7/. They also indicate that the Q *“-dependence of the ef-
fect (at least within the range of medium x ) is negligible.

On the other hand, the SLAC results cannot be considered as
precise since the ratio R of longitudinal (¢, ) to transverse (uT)
virtual photon absorption cross sections, which is poorly known
in the region of small Q® and x, can significantly modify the
x-dependence of structure functions’ g
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Fig.1. The ratio F;?/F;)nucleon Fig.2. The ratio!’N/Fé) as
structure functions obtained obtained by the Bé%MS 87 com-
in high energy muon experiments. pared to the ratio oC/¢ D
Dashed area shows predictions (srac’").

that took into account the effect

of nucleon Fermi-motion.

) The discovery of the EMC came as a surprise to many theo-
rists. But soon enough several models explaining the effect
were pfoposed. Though they are sometimes very different, they
are united by the idea that the standard picture of nuclear
structure considering the nucleus as a system of bound nucleons
1s not accurate enough. Indeed, if the momentum transfer from
muon to nucleus is large enough (>1 GeV/c), the latter has to
?e considered as a relativistic bound state of quantized fields,
i.e., as a system with infinite degrees of freedom. The ''va-
lence" nucleons of the system carry only a part of its total
momentum (in the infinite momentum frame of reference). The
rest has to belong to the particle-antiparticle '"sea" (mesons,
quarks, gluons) due to vacuum polarization effects (production
and absorption of virtial particles). This results in a de-
crease of the fraction of momentum of valence quarks in the
nucleus (per nucleon) and in an increase of the fraction of mo-
mentuw 9f sea quarks and gluons. These general features of the
relativistic state are common to all models proposed to explain
the EMC effect. For instance, in some of them one assumes:

§) An increase of the size of nucleons in the nucleus’% or
an increase of the colour confinement radius in the nucleus /1%’
that leads to softening the valence quark spectrum and, conse-
qugntly, brings about an increase of the sea of quark-antiquark
pairs and/or gluons.

b) An admixture of A-isobars’!! that results in the same

effect due to a softer valence quark distribution in A-reso-
nance.



¢) An increase of the density of pions surrounding a nucleon
in the nucleus/ &/ that, on the one hand, means an increase of
sea quark density and, on the other hand, a decrease of momen-
tum fraction related to nucleons or softening of the valence
quark distribution.

d) The existence of multi-quark configurations’!%-18/ingide
the nucleus that are considered as a transition state between
hadronic matter and quark-gluon plasma. Such states are res-
ponsible for the redistribution of valence quarks from the me-
dium x -range to a range of x > 1 that brings about a decrease
in mean X and an increase of the sea quark and gluon contribu-
tion to the total momentum carried by nucleon constituents.

All these and many other models’® 4/ suggested for explana-
tion of the EMC effect demonstrate a qualitative agreement over
a range of X< 0.7 where experimental data on the FMFP ratio
have been already obtained by the EMC and BCDMS (ull|hnr|t10ns.
On the other hand, predictions of models for x above 0.7 (so
far unexplored except at SLAC) differ considerably (fig.3). We
therefore propose to extend measurements ol the ratios of struc-
ture functions to a range of x . 0.7.

Measurements of nucleon structure functions alone over

a range of 0.7 <x < 1.0 are of interest from the point of view
of determination of the QCD parameter A. First of all, accord-
ing to/17c the amount of scaling violation of the nonsinglet
structure function, observed over a range of 0.3 <x <0.5, is
controlled by the size of the structure function in a region

of x> 0.6. Secondly, it is a well-established fact that the sea
quark and gluon contribution to a range of 0.5 <X < 1.0 is neg-
ligible. This provides better conditions for the determination
both of the shape of the valence quark distribution and the
parameter A.

Important information of the nature of the EMC effect can be
obtained by studying the A-dependence over a wide range of ato-
mic welght Such measurements have been first carried out by
a SLAC group in deep inelastic electron-nucleus scatterlng
experiments. It has been found that the depletion in F /F
grows approximately like logA, and it is the strongest at X= 0.65.
The SLAC results on the A-dependence of cross section ratios
at X = 0.3 and 0.62 along with those obtained by the BCDMS in
deep inelastic scattering of tmwons on deuterium, nitrogen and
iron are shown in fig.4. It is of importance to obtain results
on the A-dependence of the FAFD ratio in an x =1 region.
Such results must help to understand whether the Fermi-motion
of nucleons at high x or few nucleon correlations’!8 or some
other nuclear effects are responsible for the observed rise in
the ratio ¢#¢P at x > 0.7. We propose to carry out measure-
ments on deuterium and on such nuclei as N, Al, Fe, Sn, and Pb.

4

The setup that is supposed to be used makes it possible to col-
lect data simultaneously on two targets.
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Fig.3. The ratio of nucleon
structure functions measured on
iron and deuterium nuclei cql-
culated by different approaches:
J.S/ 1/ pe 5’30/3 E/15’K S (a,
b,a, d)/“’ and A-K-V "3 The sta-
tzu teal accuracy expected in
the proposed experiment is shown
by the points with error bars.
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2.2. Nuclear Structure Functions
beyond the Single Nucleon Kinematic Limit x = |

As has been mentioned already, the kinematic limit x = 1 for
deep inelastic scattering of a muon on a free nucleon becomes
x = A if the scattering occurs on nuclei. This means that the
nucleon structure functions F‘(x) have nonzero values at x > 1,
Since nuclear medium can be, to a great extent, responsible for
the shape of the nucleon structure function beyond X =1,it is
reasonable to introduce the term of "nuclear structure function"
FéXxL This region unexplored so far in deep inelastic lepton-
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nucleus scattering experiments is the subject to be investi-
gated in the framework of the present proposal.

It is reasonable to assume that the EMC effect is closely
related to phenomena occurring at ¥ bevond 1. So the models
explaining the EMC effect can be tested after data on nuclear
structure functions are obtained over a wider range of X. Many
of the models, however, consider the nucleon Fermi motion alone
to be responsible for nonzero values of the nuclear structure
function FA(x) at x > 1. In such a case F‘gx)must be very small
(practically zero) at x = 1.2 (dashed line in fig.5). If an
evidence for nonzero FAx) were found at large X. it would wit-
ness in favour of the Eew—nucleon correlation model’'® and those
of multi-quark configurations/!3-16/,
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The idea of multi-quark configurations in the nucleus can be
considered as the development of the idea of "fluctons" 197 or
short-time fluctuations of nuclear matter. Such a hypothesis
proved to be useful in explaining a high emission rate of light
nuclei (d,t, a) produced in collisions between fast protons and
heavy nuclei. Later on the idea took the form of "few nucleon
correlations" 15/ and "multi-quark fluctons" 2% in explaining
cumulative hadron production in hadron-nucleus collisions. Had-

rons emitted far beyond the single nucleon kinematic limit were
called cumulative ones. ’

A special approach/gl/has been developed justifying the use

of experimental information on cumulative hadron production in
studies of quark distributions in nuclei. Its essential assump-
tion is the requirement of the limiting fragmentation cross sec-
tion of the nucleus to mesons to be proportional to the nuclear
quark-parton structure function just as this cccurs for deep
inelastic lepton-nucleus scattering. This, in turn, can be jus-
tified if one considers quarks as quasi-free particles in the
nucleus.

Long since experiments on the limiting fragmentation of
nuclei have provided exciting data on nuclear structure 2224/
Even if one can argue about the validity of such an approxima-
tion, one cannot deny a good qualitative agreement between the
results obtained in deep inelastic lepton scattering experi-
ments and those obtained earlier in experiments on the limiting
fragmentation of nuclei. Figure 6, for example, shows results
on the ratio of inclusive hadron production cross sections in-
terpreted in terms of structure functions. Common features ob-
served in hadron and lepton experiments over a range of X <1
is an indication of the validity of the approach 2l 1t also
seems reasonable to regard the results obtained by nuclear phy-
sicists over a range of * - 1as a good indication of the mani-
festation of the quark-parton structure of nuclei.

Below we present a list of principal features of nuclear
structure functions obtained vxporimontallylgﬁ'

I. The nuclear quark-parton structure function is greater
than O up to x = 3.

2. The nuclear structure function of medium and heavy nuclei

can be fitted by an exponential lawa.exp(-x/b) with b = 0.14,
3. The ratio F:”‘Fé)is well above units over a range of
I <%« 2 {fig.6).

4. At x -1 for nuclei heavier than Al the ratio of structure
functions to that measured on Pb is practically unity over
a range of 1 - x -3 (fig.7).

An attempt has been already made by the BCDMS collaboration
to observe some of these features in deep inelastic muon scat-—
tering on carbon 26" We took advantage of the fact that the geo-
metrical efficiency of the NA-4 setup does not decrease with
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increasing x. Over a period from 1979 to 1980 a large amount of
data on carbon target were obtained in the range of x close

to unity what, in principle, could provide a high statistical
accuracy. Unfortunately, large smearing with respect to x makes
it practically impossible to analyse the data in a model-inde-
pendent way which results in considerable systematic errors. To
take into account smearing effects in the data analysis, a mo-
del with an exponential structure function F, - exp(-x/b)with

b = 0,16 was used. As a result, the structure function (fig.8)
integrated with respect to Q® was obtained. It is well fitted

8

by the exponential with b = 0.14+0.01(stat.) % This preliminary
result is nevertheless a proof of the possibility of investiga-
ting nuclear structure functions providing the x resolution is
improved.

Though experiments on the limiting fragmentation of nuclei

look very promising for the study of nuclear structure, par-
ticularly in the range of % as high as 2-3, there remains an
open question whether multiquark configurations exist in nuclei
or they are created by incident hadrons. Results on structure
functions measured in deep inelastic muon-nucleus scattering in
the range of x beyond unity will give a definite answer to this

question.

A poor ¥ resolution has been so far a main obstacle in deep
inelastic scattering experiments to reach a good precision over
a range ol x >0.7. The following relation

o E, 2 Eg
X —— s e )T (=== 1)
2M v M i
holds true in the kinematic range of the measurements proposed.

Then the accuracy in Bjorken x can be expressed as

AG° 2 - \v 2
8%, - @Syt § ok

172
X g v ’

|

where k - F o v {Eqiv-1)

A high accuracy in measuring the scattered muon angle can
be reached quite easily (except very small angles), and it is
of the order of 3) for the front setup of the BCDMS spectrome-
ter ' The x resolution is particularly low in the range of low
i, where Ay v resolution 1s by an order of magnitude worse than
that of A@7.07 Here there lies a principal limitation of all
the experiments on deep inelastic muon and neutrino scattering
in reaching the range above x = 0.7. So the main purpose of mo-
dification of the BCDMS spectrometer is to increase the precisi-
on in measuring transferred energy v - E - E*

3. PROPOSED MEASUREMENTS

The experimental setup that will suit the purpose of the
proposed measurements is the BCDMS spectrometer equipped with
a hadron calorimeter as shown in fig.9. The calorimeter is sup-
posed to be installed instead of the first supermodule. It will
measure the energy of showers produced in interactions on the
target modules of the front setup. The kinematic range that
will be covered by such a setup is shown in fig.!0 by the area
shaded with vertical lines. The geometrical acceptance of the
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apparatus in this region is 80% and practically flat for Q® >
> 50 GeV?, The range of studies is extended to angles larger
than 100 mrad by registering the events from the target modu-
les inside the iron toroids. In this case the accuracy in mea-
suring transferred energy decreases.

3.1. Data Taking on Dy, N,, and Al Targets

The BCDMS spectrometer is usually triggered by muons that
transverse more than 10 m of its standard part thus accepting
low x events (fig.10). We consider it necessary to modify the
triggering system to bring down the event rate from the low x
region. Since x ~Pyf#°/v and P, is proportional to the track
length of a muon oscillating in the magnetic spectrometer,a new
trigger could be realized by rejection of short track events
or those with high v. Figure }1 demonstrates the decrease by
a factor of 8 in the event rate (x < 0.4) achieved by the re-
quirement for muons to traverse 12 planes of ring trigger coun-—
ters instead of 4 planes. The selectivity of the p_ trigger
obtained by simulation is shown in fig.12. T

The available hardware’!’ makes it possible to realize an
8-plane trigger in the fast first-level triggering system.
Further reduction in the event rate can be achieved by the se-
cond-level trigger using the available hardware. This will be
realized, first of all, by the selection of longer tracks (up
to 12 planes of trigger counters). Secondly, the events with
shorter tracks will be accepted if they are recognized as high
Q% events (hits on rings beginning from number 4 and hits on
outer mosaic trigger counters). The final validation of an
event will be realized by means of an OR logic memory.

Estimating the expected number of events over a range of
x > 0.5, we relied upon already available data from the NA-4
setup rather than on theoretical expectations. Figure 1] demon-
strates the distribution of events versus x registered from two
front target modules filled with deuterium. The distribution
along the target axis is shown in fig.13. This data sample cor-
responds to scattered muon angles of §’> 40 mrad where the re-
construction accuracy is high. If we take for estimations a ma-
ximum muon flux of 3.5x107/spill and a 70% efficiency of per-
formance both of the SPS and the BCDMS spectrometer, one can
expect 25000 events over a range of x > 0.5 for 60-day running
on deuterium. We suppose to accumulate even higher statistics
on the nitrogen target and somewhat smaller on the aluminium
one (see the Table).

As for the range close to x = |. both theoretical and expe-
rimental estimates cannot be considered as reliable: first, due
to model uncertainties and, secondly, due to smearing effects.
Ve can mention, however, that models based on a quark-parton

11
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Table

Running Time

Target Days Useful muons
D, 60 6.3-10!2
Ny 28 2.9.1012
Al (1 m) 28 2.9-10!2
Fe 35 5.4-1012
Sn 28 2.9-1012
Pb 14 1.47-1012
Calibrations 7 7-beam
Total 200

picture of the nucleus predict hundreds of events over a range
of x >0.8 for the fluxes presented in the Table. The statisti-
cal accuracy that can be reached in measurements of the ratio of
nitrogen to deuterium structure functions is shown in fig.l4.
Systematic errors will be discussed in chapter 4.

3.2. Measurements with Heavy Active Targets
(Fe, Sn, and Pb)

Three targets will be performed as calorimeter modules with
20 mm thick iron and stannum plates and 10 mm thick lead plates.
The total thickness will be 630 g/cm2, 550 g/cm® and 970 g/cm 2,
respectively. One calorimeter module with iron plates will be
installed permanently in the beam. The first half of this module
will be used as a reference target so that data taking will al-
ways take place on two targets simultaneously. This allows one
to minimize systematic errors and also to accumulate high sta-
tistics on the iron target in the range beyond X = 1. To esti-
mate the statistical errors shown in fig.5, we took the expo-
nential form of the structure function Fy(x) = aexp(-=x/b) with
b=0.105 as obtained in’ below x = 1. It is evident that even
higher statistics can be reached if the F_(x)follows the expo-
nential law with b= 0.12"2%"or b = 0.14/28/ After the shape of
the nuclear structure function on iron is determined, it will
be possible to obtain structure functions on Sn and Pb practi-
cally with the same accuracy for shorter time because a major
contribution to the errors comes from systematics, Running time
is presented in the Table,

13



We are going to use data obtained on light and heavy targets
to estimate whether nucleon Fermi motion or other nuclear ef-
fects prevail over a range of X = 1. If the effect of Fermi mo-
tion dominates, it will show up in a sharp depletion of the
nuclear structure function above % = 1.2 for all nuclei.

3.3. Beam Request

In total, we request 3.10'3 beam muons. We can run at an
energy of 280 GeV in parallel with the team ® which submitted
the proposal p210 to the SPSC. On the other hand, we prefer
a 200 GeV muon heam. Measurements could start in 1986.

4. MODIFICATIONS OF THE BCDMS SETUP

The modification of the BCDMS specirometer suggested by the
present proposal will considerably improve the i resolution and,
consequently, the X one at minimal expenses. Only the front
part of the setup called a "small angle spectrometer”’!’ will
be modified. The toroidal iron spectrometer/zg'will be left
intact except the first supermodule that will be removed to
provide some space for the hadron calorimeter.

4.1. Hadron Calorimeter

The small angle spectrometer equipped with the hadron calori-
meter is shown in fig.15. The calorimeter that is under con-
struction now will contain about 400 modules with a cross sec-
tion of 15x15 cm®. Each module is a sandwich made of 40 iron
plates 2 cm thick and plastic scintillator plates 1 cm thick.
The light collected by a wavelength shifter is registered by
one PM tube. The calculated energy resolution can be described
as AE/E = 0.8 E°7.

Scattered muon angles will be determined by five hexagonal
multiwire proportional chambers (HMUIPC) 1.5 m in diameter. Three
target modules shown in fig.15 are supposed to be used in runs
with deuterium or nitrogen. While the acceptance of the BCDMS
spectrometer for a certain range of scattered muon angles 1s
practically constant along the target length (see fig.13), the
acceptance of the calorimeter falls off with the distance from
the vertex. The calorimeter acceptance calculated by means of
Monte-Carlo is shown in fig.16. We can, in principle, run with
all the target modules (including those in the toroids) filled
with deuterium (nitrogen). Though measurements of hadron shower
energy for last 5 modules are not possible, the data can be
useful over a range of ¥ <0.8 where the spectrometer resolution
can be computed reliably by means of Monte-Carlo.
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4.2. Live Targets

Three targets made of Fe, Sn, and Pb will perform as calori-
meters at the same time. The iron target is designed in the
same way as a calorimeter module except that light is collec-
ted to 10 PM tubes (see fig.17) to determine the interaction
point with a 6 cm accuracy. This provides a certain improvement
of the spectrometer resolution. Such a target can operate at
beam fluxes as high as 410 muons/spill provided it is insen—
sitive to beam muons.

The two other targets differ only in plate material. Stannum
plates 20 mm thick and 10 mm thick lead plates will be used.

With heavy target modules placed in the beam in front of the
hadron calorimeter as shown in fig.17, the BCDMS spectrometer
does not use the target modules inside the iron toroids. On the
other hand, all its 40 m construction is indespensible for trig-
gering the setup by high X events.
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4.3. Apparatus Resolution Near x = |

The use of the magnetic spectrometer and the hadron calori-
meter together provides the resolution o(+)/r higher than that
of each device separately. The resulting accuracy o(r) obtained
in such a way is shown in fig.18 by the full line. As is seen,
the maximum gain corresponds to a range of v - 80 GeV. This re-
sults in a considerable improvement of the resolution o(X)’x
as demonstrated by fig.19. The calculation has been performed
by means of Monte-Carlo in which 2 polygomial form of the nuc-
leon structure function, Fo(X) ~ x (1 - X) is used for computations
of cross sections. Such a form suggests F, = O at x = 1 and
beyond ¥ = 1. In the latter case we used in Monte-Carlo calcu-
lations an exponential form F, ~ exp(-x/0.14). The results obtained
for the standard BCDMS spectrometer and for the proposed setup
(provided that the calorimeter resolution is AE/E = 0.8/E%% )
are shown in fig.20. Note that over the kinematic range of the
proposed study (@ 50 Gevz,r 20 GeV) the resolution o(X)'x
for the modified setup 1s 12-157 independent of X up to x 2.

Using Monte-Carlo calculations, we have estimated the pos-
sibility to discriminate between two predictions for the Xx-de-
pendence of the structure function F,(%).As test versions for
the structure functions, we took F2~-(1—@3 and Fs - exp(-x/0.12).
These parametrizations are close to those determined experimen-—
tally in the range below X = 1. Sumulation was performed both
for the present BCDMS spectrometer and for the proposed ver-—
sion of the setup with a resolution of o(x)/x = 127 independent
of X. The results are shown in fig.21. The two hypotheses can
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be separated when the differences between event rates incor-

rected for resolution exceed the experimental errors in cor-
%-bins by a factor of 3. For the version with

responding

a calorimeter this becomes possible already at * = 0.9-1.0.
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Fig.18. Accuracy o(v)

in hadron shower energy measurements

as determined by the magnetic spectrometer and the calo-
rimeter separately (dashed lines) and by their joint

use (solid line).

Fig.19. The resolution
o(x) of the BCDMS spect—
rometer as a function
of‘Q2 for various *-bins
in the present configu-
ration (solid lines) and
together with the calori-
meter (dashed lines) with
AE/E = 08/E°°.
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Fig.21. Full lines demonstrate differences between event
rates uncorrected for smearing due to different Fo(x)
parametrizations. The dszérph‘bs show up for higher x
in the case of larger smearing (T NA-4). The statisti-
cal errors in the corresponding bins are showm for

the already available statistics (dashed Lline) and for
the estimated statistics during a 25-day run on iron
(dash—dotted line).

CONCLUSIONS

The proposed measurements of deep 1nelast1c scattering of

muons on nuclei at 0.5 < ¥ <1 and 50 < Q? <200 are assumed to
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yield for the first time high statistics data on nucleon struc—
ture functions near the single nucleon kinematic limit. The
analysis will be free of uncertainties due to errors in R =
=0, ‘op that is negligibly small in the kinematic range under
study. The latter is also important for measurements of struc-
ture function ratios F£ﬂ?g with small systematic errors. The
data to be obtained over an X < | range will help to clarify
the situation with explaining the EMC effect since models dif-
fer significantly in this very region.

At last the proposed experiment can be considered as a cru-
cial test of the existence of multi-quark configurations in
the nucleus. Such models as a few nucleon correlation model and
a quark-parton model will be also tested that predict a speci-
fic behaviour of nucleon structure functions beyond the single
nucleon kinematic limit.
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Bapamos C.M. » gp.
Hayuerue CTPYKTYPHHX OYHKUMA HYKNOHAa
8 Agpax s86nuau n Buwe KMHEMaTWHeECKOro npegena

E1-85-524

NpeanaraeTcA BLNONHWTE IKCNEPMMEHT NO FNYGOKOHEYNpPYroMy paccesHun
MPOOHOB H3 HYKNOHAX € UENbO M3YYEHWUA X =~33BHCUMOCTH uyxnonnux CTPYKTYPHEX
OYHKUMIA ¥ MX OTHOWEMMIT B KuHeMaTuyeckol obnactu no Q%= 50-200 382 w no
x = 0,4-2,0. Nposeaenne Takux naMepenmii Ha RAPAX B AMANA30HE ATOMHMWX BECOB
or A= 2 go A= 207 pacT HOBYO WHOOPMAUMO ANA AETANBHONO W3YUEHWA PasnuuUmMit
MEMAY CTPYKTYPHUMK DYHKUWAMK CBOGOAHNX M CBA3aHHWX 8 AApe Hyknowos /EMC-
3pnexT/. Tem camwm GypeT nonyueH matepuan, HeobXoguMsii ANA NPoBepku Bons=
WOro 4YMCna MoAenei, pasauTuX ANA OBBLACHEHWA X ~33BUCHMMOCTH OTHOWEHWH
CTPYKTYPHHX OYHKUMA HyKNoHa. M3mepeHua CTPpyKTypHux dyHkuwia 8 obnactu ne-
PEMEHHOW x, Nexamen BO6MM3W 1 Bhille OAHOHYKNOMHOIO KMHEMaTMYECKOro npegena
X = 1, MOrYT DacCHMaTPUBATHCA KaK PEWAnWAA NPOBEPKa CYWECTBOBAHUA MHOIO-
KBAPKOBHX KOHOMrypauwr 8 agpe. JInA nposefeHuA uamepeHwin Gyaer wcnons3osad
cnextpometp HA-4, oBnapaoumit BECOKOR CBETUMOCTBLIO, C YMyUYUWEHHNM pa3peweHuem
0 NepefaHHon 3Hepruu,

Pabora sunonvesa B8 JlaGopaTopuu asicokux axeprwuii OUAW,

Coobmenue OGvemMHeHHOrO HHCTHTYTA ANepHNME Mccneposawwi, [IySna 1985

Phys.Lett., 1984, 136B, p.294.

Baranov S.P. et al.
Study of Nuclear Effects
in Nucleon Structure Functions up to and beyond the Kinematic Limit

E1-85-524

Ve propose to perform an experiment on deep inelastic muon nucleon
scattering in order to study the x-dependence of nucleon structure func-
tions and their ratios over a range of Q° = 50-200 GeV2 and X = 0.4-2.0.
Such measurements performed on a number of nuclei with atomic weights
from 2 to 207 would provide new information for detailed studies of the
EMC effect and. tests of many models explaining the x-behaviour of the
nucleon structure functions and their ratios. The measurements will be
decisive for the proof that a quark-parton model of the nucleus describes
adequately nuclear structure probed at high energies. The upgraded high
luminosity BCDOMS spectrometer with improved resolution in transferred
energy v will be used for the measurements We request a 280 or 200 GeV
muon beam with a total of 3-10'% muons (200 days).

The investigation has heen performed at the Laboratory of High
Energies, JINR.
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