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Abstract

Yie propose to perform an experiment on deep inelastic
muon-nucleon scattering with the purpose to study the x-depen-
dence of nucleon structure functions and their ratios in the
range of Q2 = 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 informaiion 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 measure-
ments will be decigive for the proof that a quark-parton model
of a nucleus adequately describes nuclear structure probed at
hicgh energies.

The upgraded high luminocity BCDM3 spectrometer with im-
proved resolution in transfered energy V will bhe used for
measurements. We request 280 or 200 GeV muon beam with a total
of 3+10'° muons (200 days).
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INTRODUCTIOR

Ag is well known investigation of deep inelastic scattering
(DIS) of leptons on nucleons and nuclei in the range of 4-momentum
transfers Q2 *) up to 200 GeV2 yielded an extremely valuable in-
formation on nucleon structure and scaling violation hypothesis.
There were also obtained important results demonstrating the exis-
tence of nuclear effects in the =x~behaviour of nucleon structure
functions (EMC effect). Unfortunately high energy muon and neutri-
no experiments have been carried out in a rather limited range of

Bjorken variable x below X = 0.7. The data that can be obtain-
ed in the range x> 0.7 can not be considered only as complen.—
tary to those already obtained in the low x region. They are
essential for accurate determination of the QCD parameter/\ and
are expected to be decisive for understanding of a quark-parton
picture of a nucleus.

We therefore propose to carry out dedicated measurements of
nuclear struciure functions in high x range that is out of the
reach for present high energy DIS experimentse.

Three principal points of such e study are listed below.
i) Study of the =x~dependence of a nucleon structure
functions in the region 0O.4<x<1.,0 and of its sensitivity to

an atomic weight A and Q2 in the range A = 2-207 and Q2 =

= 50-200 GeVZ.

ii) Measurement of the =x-dependence of nucleon structure
functions on deuterium and iron nuclel up to the highest possible
x, tentatively up to x = 2 for iron and X = 1.5 Tfor deute-
Tium.

iii) Study of the x-dependence of the ratio of iron To
deuterium structure functions in the range up to X = 1.5.

*)  We use standard notations for kinematical variables of
muon~-nucleon DIS: RE{(E'), P(P') and©(d') are the energy,
momentun and the angle of incident (scattered) lepton, M is
a nucleon mass, Q2 = 4EE! sinz(Q'/Z), V = E-Et,

x = Q5/2HY .
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All the measuremenis can be performed with the BCDMS set
up/1/ after minor modifications. We are going to exploit the main
advantages of the existing apparatus: a) high luminocity,
b) high and flat acceptance at large Q2 and x and c¢) se-
lective Q and x trigger. A principal change in the set up
will be the addition of an hadron calorimeter to measure an
energy of hadrons produced in DIS.

The programme of measurements including calibrations and :
data taking needs two years starting from 1986,

2. PHYSICS MOTIVATIONS

2.1« Nucleon Structure Functiona Near
Kinematical Limit x=1

Disgcovery of BHC effect /2/ has tought us that a number
of features of deep inelastic scattering of leptons on nuclei
can be very important in understanding nuclear stiructure. There
has been developed a number of theoretical models describing
the EMC effect. Most of them /3,41 explain the effect inside the
explored kinematic range but can be critically tested omly cutside
the region of performed measurements. It is quite natural there-
fore to extend now investigations in the range of Bjorken vari-
able x Wwhere either no or only poor information on structure
functions is availeble. First of all it is small-x region, that
is going to be studied at CERN thoroughly in an experiment pro-
posed recently /5/. The region of large x is going to be investi-
gated in the framework of present proposal. It should be noted
that single nucleon kinematics allows for gmax= 1. Calculating
Bjorken x for nuclear targets we shall use M = 1 instead of
M = A. Then for the kinematic 1limit on a nucleus we obtain
xﬁax= A. Estimates of x-dependence of structure functions for x>1
are strongly model-dependent but it is clear, that for present
muort end neutrino beams the region heyond X=2 remainsg unacces—
sible due to statistical limitations.

European Muon Collaboration (EMC) has demonstrated in 1983
that there exisiga difference in the x-dependence of nucleon



structure functions measured on free nucleons and on those bound
in nuclei., It has been found alsc that nuclear medium does not
affect the Qz-dependence of structure functions. The ratio of
structure functions measured on iron and deuterium and integrated
over Q ~range is shown in fig.?. The same result has been obtain-
ed in 1984 by Bolonga-CERN-Dubna-Munich-Saclay (BCDMS) collabora-
tion + BCDMS has also measured the ratio of nitrogen to deuteri-
um structure functions (fig.2) thatis also sensitive to binding
effects, The results of SLAC measurements carried out with an
electron beam at transfered momenta Q2 by order of magnitude
smaller are shown for comparison « They also indicate that Q2-
~dependence of effect (at least within the range of medium x) j
negligible. On the other hand SILAC results can not be considere!'
&8 preclise since the ratio R of longitudinal (6. ) to transverse
( 5. ) virtual photon absorbtlon cross sections poorly * known in

the region of small Q and x can significantly modify the

x~dependence of structure functions /8/.

The discovery of the EMC came as a surprise to many theorists.
But soon enough there were proposed several models explaining
the effect. Though they are sometimes very different they are
united by the idea that the staendard picture of nuclear structure
considering a nucleus as a system of bound nucleons is not enough
accurate. Indeed if the momentum transfer from a muon to a nucleus
is large enough (>1 GeV/c) the latter has to be considered as a
relativistic bound state of a quantized fields, i.e. as a syste
with infinite degrees of freedom. The "valence™ nucleons of the
system carry only a part of its total momentum (in the infinite
momentum frame of reference). The rest have to belong to a
particle-antiparticle "sea" (mesons, quarks, gluons ) due to va-
cuum polarization effect (production and absorbtion of virtual
particles)., This results in the decrease of the fraction of momen-
tum of valence quarks in the nucleus (per a nucleon) and in the
increase of the fraction of momentum of sea quarks and gluons.
These general features of the relativistic bound state are common
to all models proposed for explanation of the EMC effect. For
instaence, one assumesd in some of them:
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a) An increase of the size of nucleons in a nucleus /9/
an increase of the colour confinment radius in a nucleus 710/
that leads to softening of valence quark spectrum and consequent=

ly brings about the increase of the sea of quark~antiquark pairs
and/or gluons.

or

b) An admixture of A -isobars /11/ that results in the

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

c) An increase of density of pions surrounding a nucleon in
a nucleus e/ that on one hand means an increase of sea quark
density and on the other hand means a decrease of momentum frac-
tion related to nucleons or softening of valence quark distribution.

d) Existence of multi-quark configurations /13-16/ ingide a
nucleus that are considered as a transition state between hadronic
matter and a quark-gluon plasma, Such states are responsible for th
redigtribution of valence quarks from medium x-range to the range
x> 1, that brings about the decrease in mean x and the increase
of sea quarks and gluons contribution to the totazl momentum carri-
ed by nucleon constituents.

411 these and many other models 13,4/ suggested for expla-
nation of the EMC effect demonsirate qualitative agreement in the
range of =x< 0.7 where experimental data on F%/Fg ratios have
been already obtained by the EMC and BCDMS collaborations. On the
other hand predictions of the models for x above 0.7 (so far
wnexplored exceptat SLAC) differ considerably (fige3). We therefore
propose to extend measurements of the ratios of structure functions
to the range x> 0.T.

Meaguremenits of nucleon siructure functions alone in the

range 0.7<x<1.0 is of interest from the point of view of de-
termination of the QCD parameter /A .+ First of all according toﬂTy
the amount of scaling violation of the nonsinglet structure func-
tion observed in the range 0.,3< x<0.5, is controlled by the size
of the structure function in the region x>0.6. Secondly it is
well established fact that the sea quarks and gluons contribution to
the range 0.5<x<1.0 is negligible. This provides better condi-
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tions for the determination both the shape of valence quarks dis-
tribution and the parameter A .

An important information on the nature of EMC effect can be
obtained by means of investigation of A-dependence in a wide range
of atomic weights. Such measurements have been Ffirst carried out
by the groupe /17 at SILAC in deep inelastic electron-nuclei scatter-
ing. It has been found that the depletion in Fy/Fh grows approxi-
mately like log A and is the strongest at x=0.65. The results
of STAC on the A-dependence of cross sgections ratios at X = 0.3
and 0.62 along with those obtained by the BCDMS in deep inelastic
scattering of muons on deuterium, nitrogen and iron are shown in
flg.4. It is of importance to obtain results on A-~dependence o.

/F2 ratio in X211 region. Such results might help to under-
stand whether Fermi-motion of nucleons at ‘high =x or few nucleon
correlations /18/ or some other nuclear effects are responsible
for the observed rise in the ratio & A/fYD at x> 0.7« We propose
to carry out measurements on deuterium and on such nuclei as Nz,
Al, Fe, Sn, Pb, The set up that is going to be used makes it possi-
ble to collect data simultaneously on two targets.

2.2 . NJUCLEAR STRUCTURE FUNCTIONS BEYOND SINGLE
NUCLEON KINEMATIC LIMIT X = 1

A3 has been mentioned already the kinematical limit =x 1.
for deep inelastic scattering of a muon on a free nucleon becomesd
= A if the scattering occurs on a nuclei. That means that the
nucleon gtructure function Fz(x) has nonzero values at x> 1, Since
nuclear medium can be fto a great extent responsible for the shape

_of nucleon structure function beyond x = 1 it is reasonable to

introduce the term of “nuclear structure function” Fé(x). This
region unexplored =80 far in deep inelastic lepton-nuclei scatter—
ing experiments is the subject to be investigated in the frame-
work of the present proposal.

It is reasonable to assume that the EMC effect is closgely
related to . phenomena occurring at x beyond 1. So the models ex-
plaining the EMC effect can be tested after data on nuclear struc-
ture functions are obtained in a wider range of x. Many of the
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models however congider a nucleon Fermi-motion alone to be respon-
gible for nonzero values of nuclear structure function FA(x) at
x>1. In such a case F (x) must be very small (practlcally zero)

at xx1.2 (dashed 11ne in fig.5). If an evidence for nonzero F {(x)
was found at larger =x it would witness in favour of the few-nucle—
on correlations model /18/ and those of multi-quark configurations

/13-16/.

The idea of multi-guark configurations in a nucleus can be
considered as the development of the idea of the "fluctong® 719/
or short time fluctuations of nuclear matter. Such a hypothesis
proved to be useful in explaining high emission rate of 1ight
nuclei (d,t,& ) produced in collisions of fast protons with heavy
nuclei. later the idea took a form of "few nucleon correlations"/18/
and "multi-guark fluctons"jzo/ in explaining cumulative hadron pro-
duction in hadron nuclei collisions. Hadrons emitted far beyond

gingle nucleon kinematic limit have been called cumulative ones.

A speciél approach /21 has 5een developed justifying the use
of experimental information on cumulative hadron production for the
study of quark distributions in nuclei. Its essential assumption
is the requirement of the limiting fragmentation cross section of
a nacleus to mesons itc be proportional to the nuclear quark-parton
gtructure function in a way like this occurs for the deep inelastic
lepton~-nuclei scattering. This in turn can be justified if one
considers quarks as quasi-free particles in a nucleus.

Experiments on limiting fragmentation of a nucleus already
g long time provide exciting data on nuclear structure /22~ 24/
Even if one can argue on the validity of such an approximation, one
can not deny good qualitative agreement between the results obtain-
ed in deep inelastic lepton scattering experiments and those obtain-
ed earlier in experiments on limiting fragmentation of nuclei.
Pig. 6 for example shows the resulis on the ratio of inclusive
hadron production crogs sections interpreted in terms of structure
functions. Common features observed in hadron and lepton experi-
ments in the range =x<1 is an indication of validity of the ap-~
proach /21/. It aleo seems reasonable to regard the results obtained
by nuclear physicists in the range =x>1 as a good indication of
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manifestation of the quark-parton structure of a nucleus.

Below we present a list of principal features of nuclear
gtructure functions as they have been obtained experimentally /25/.

1« Nuclear quark-parton structure function is greater than ©
up to x = 3.

2+ Nuclear structure function of medium and hegvy nuclei can
be fit by an exponential a.exp(-x/b) with b = 0.14.

3« The ratio ng/Fg is well above unity in the range 1<x<2.
(fig.6).

4., At x>»1 for nuclei heavier than Al the ratic of structure
functions to that of measgured on Pb is practically unity (fig"r\. !

An attempt has been already made by the BCDMS collaboration
to observe some of thege features in deep inelastic muon gcattering
on carbon /26/. We took advantage of the fact that geometrical effi-
ciency of the NA-% get up does not decrease when Xx rises. In a
period from 1979 to 1980 meny data on carbon target have been ob-
tained in the range of x c¢lose to unity that in principle could
provide high statistical accuracy. Unfortunately large smearing
with respect to x makes it practically impossible to analyse
the data in a model independent way that results in considerable
systematic errors. To take into account smearing effects in the
data analysis there has been used a model with an exponential
structure function F,~ exp(-x/p), with b = 0.165 As a result .
the structure function {(fig.8) integrated over Q° has been ob-
tained, It is well fit by an exponential with the parameter
b = 0,14 £ 0.01 (stat.) /26/. This preliminary result is neverthe-
less a proof of poseibility of investigation of nuclear structure
functions provided the resolution wiith respect to x 1is improved.

Though experiments on limiting fragmentation of nuclei look
very promising for the study of nuclear structure especially in
the range of X as high as 2-3, there remains an open question
whether multiquark configurations exist in nuclei or they are
created by incident hadron., Regnlts on structure funciions
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measured in deep inelasgtic muon-nuclei scattering in the range of
X beyond unity will give definite answer to this question.

Poor resolution with respect to x has been so far main
obstacle in deep inelastic scattering experiments to reach good
precision in the range x> 0.7. The following relation

Qa Lo A2
:_27\-1—\; -~ -['Tff_-Q (—,\—-‘:5-9_’/)
holds true in the kinematic range of the proposed measurements.
Then the accuracy in ijrken X can be expresged as

- o1 2 Vyz 74

G-l F) 1 (5) ]
< o/
5NV~ *

High accuracy in the measurement of the scattered muon angle
can be reached quite easily (except very small angles) and is of
order 3% for the front set up of the BCDMS aspectrometer /1/. The
resolution with respect to x 18 particularly low in the range
of low V where the resolution AV /V is by order of magni-
tude worse than that of 48’ /¢ . Here lies principal limita-
tion of all the experiments on deep inelastic muon and neutrino

where

scattering in reaching the range above =x = 0.7. So main purpose
of modification of the BCDMS spectrometer ig the increase of pre-
cision in measurement of transfered energy Y = E - Ef,

3+ PROPOSED MEASUREMENTS

The experimental set up that will suit the purpose of the
proposed measurements is the BCDMS spectrometer shown in fig.9

‘that will be equipped with an hadron calorimeter. A calorimeter

is going to be installed in place of the first supermodule., It
will measure energy of showers produced in interactions on the
target modules of the front set up. Kinematic range that will

be covered by such set up is shown in fig.10 by the area shaded
with vertical lines. The geometrical acceptance of the apparatus
in this region is typically 80% and practically flat for
Q2>-50 GeVg. The range of studies is extended to larger than
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100 mrad angles by registering the events from the target modules
inside the iron toroids but with lower accuracy of measured trans-
fered energye.

3«1+ Data Taking on Dy, N, and Al Targets

The BCDMS spectrometer is usually triggered by the muons
that traverse more then 10 m of its standard part accepting thus
low x events (fig.11). We consider it necessary to modify the
triggering system 1o bring down events rate from the low x re-
gion. Since foPTB'/v and Y. is proportional to the track
length of a muon oscillating in the magnetic spectrometer the
new trigger could be realized by rejection of short track events
or those with high V , Fig.11 demonstrates the decrease by a
factor of 8 in the events rate (x<0.4) achieved by the require-
ment for muons to traverse 12 planes of ring trigger counters
instead of 4 planes., The selectivity of the P, trigger obtained
by simulation is shown in fig.12,

1/ makeg 1t possible to realize 8
plains {trigger in the fast first~level triggering system. Further
reduction in the events rate can be achieved by the second-level
trigger using already available hardware. It will be realized
first of all by the selection of longer tracks (up to 12 plane

of trigger counters). Secondly the events with shorter tracks a!ll
be accepted if they are recognized as high Q2 events (hits in
rings beginning from number 4 and hits in outer mosaic trigger
counters). Final validation of an event will be realized by means
of memory ORs logic.

The available hardware

Estimating expected number of events in the range of x> 0.5
we relied upon already available data from the NA-4 set up ra-
ther than on theoretical expectaiions. Fig. 11 demonstrated the
digtribution of events versus x regigtered from two front target
modules filled with deunterium. The distribution along the target
axigs is shown in fig. 13. This data sample corresponds to scatter-
ed muon angles 6'> 40 mrad where reconstruction accuracy is high.
If we take for estimations the maximum - muon flux 3.5 x 107/spiI
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and 70% efficiency of performance boith of SPS and the BCDUS spec—
trometer then one can expect 25000 events in the range x>0.5
in 60 days running on deuterium. We suppose o accumulate even

higher gtatistics on a nitrogen and somewhat smaller on the alu-
minium target (see Table 1).

As for the range cleose to x = 1 both theoretical and expe-
rimental estimates can not be congidered as reliable, firsgsi due
to model uncertainties and secondly due to smearing effects. We
can mention however, that models based on a quark-parton picture
of a nucleusgs predict for the fluxes presented in Table 1 hundreds
of events in the range x> 0.8. The statistical accuracy that
can be reached in measurements of the ratio of nitrogen to deute-
rium structure functions is shown in fig.14. Systematic errors
will be discussed in the chapter 4.

3,2. Measurements with Heavy Active Targets
(Fe, Sn, and Pb)

Three targets will be performed as a calorimeter modules
with 20 mm thick iron and stannum plates and 10 mm thick lead
plates. The total thickness will be 630 g/cmz, 580 g/cm2 and
970 g/cm2 correspondingly. One calorimeter module with iromn plates
will be installed permanently in the beam. First half of this
module will be used as a reference target, so that data taking
will always take place on two targets simulteneously. This allows
minimigzation of systematic errors and also accumulation of high
statistice on an iron target in the range beyond x = 1. For esti-
mates of the statistical errors shown in fige. 5 we took the ex-~
ponential form of the structure funciion F2(x) = aexp{~x/b)
with b = 0.105 as has been obtained in 727/ below x = 1. It is
evident that even higher statistics can be reached if the FE(X)
follows the exponential law with b = 0,12 /28/ or b = 0.14/ 6"".
After the shape of the nuclear structure function on iron is de-
termined it will be possible to obtain structure functions on
Sn and Pb practically with the same accuracy in shorfer time be-
cause major contribution to the errors comes from systematics.
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Rumming time is presented in Table 1.

Ve are going to use data obtained on light and heavy tar-
gets to estimate wheiher nucleon Fermi motion or other nuclear
effects prevail in the range xx1. If the effect of Fermi motion

dominates it will show up in a sharp depletion of a nuclear struc-
ture function above x

1.2 for all nuclei.

343+ Beam Request

In total we request 3-1013 beam muons. We c¢an run at energy
280 GeV in parallel with the team /2/ which submitted the progm-
sal p210 to the SPSCy On the other hand we prefer 200 GeV muon
beam. The measurements could start in 1986.

4, MODIFICATIONS OF THE SET UP

The suggested by the present proposal modification of the

BCDMS spectrometer will considerably improve resolution with
respect to the transfered energy YV and consequently =x at
 minimal expences. Only front part of the set up called a "small

angle spectrometer” "/ will be modified. The toroidal iron
/291 will be left intact except the first super-~
module that will be removed to provide space for the hadron o.
lorimeter.

apectrometer

4.1 The Hadron Calorimeter

The small angle spectrometer equiped with the hadron calo-

gtruction now will contain about 400 modules with the crogss sec-
tion 15x15 cm2. Fach module is a sandwich made of 40 iron platec
2 cm thick and plastic scintillator plates 1 cm thick. One PM -
tube registers light collected by a wavelength shifter. The cal-
culated energy resolution can be described as CO(E/E = 0.8/E0'5.
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Scattered muon angles will be determined by five hexagonal
multiwire proportional chambers (HMWPC) 1.5 m diameter. Three tar-
get modules shown in fig. 1% are supposed to be used in runs with
deuterium or nitrogen. While the acceptance of the BCDMS spectro-
meter for a certain range of scattered muon angles is 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 the measurements of a hadron shower energy for last 5 mo-
dules will not bhe possible the data can be usefull for the range
x<0.8 where the spectrometer resolution can be computed reliably
by means of Monte-Carlo.

4.,2. Iive 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 a8 a calorimetermodule except that light is collected to 10
PM tubes {(see fig.17) for determination of an interaction point
with & 6 cm accuracy. This provides a certain improvement of the
spectrometer resolution. When insensitive to beam muons such a
target can operate at beam fluxes as high as 4 107 muons/spill.

Two other targets differ only in plate material. There will
be used 20 mm thick stannum plates and 10 mm thick lead plates.

With heavy target modules placed in the beam in front of the
hadron calorimeter as shown in fige. 17 the BCDMS spectirometer
does not use the target modules inside iron toroids. On the other
hand 211 its 40 m congtruction is indespensible for itriggering
the set up by high x events.

4,3, Apparatug Resolution Near x = 1

Using of the magnetic spectrometer and the hadron calorimeter
together provides the resolution © (V )/V  higher than that
of each device separately. The resulting accuracy & (V ) obtain-
ed in such a way is shown in fig. 18 by full line. As 1s seen
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the maximum gain corresponds to the range V< 80 GeV. These results
in .  considerable improvement of the resolution 6 (x)/x as it
is demonstrated by fig. 19. The calculation.. has been performed

by means of Monte-Carlo that used a polinomial form of the nucleon
gtructure funciion for computations of c¢ross sections:

Fz(x)nva(1 - X)B. Such a form suggests Fy, =0 at x=1 and

can not be used for calculations of the resolution in the range
beyond x = 1. In the last case we uged in Monte-~Carlo calculati-
ons an exponential form Fzﬁfexp(-x/0.14). The results obtained for
the standard BCDMS spectrometer and for the proposed set up (pro-
vided that the calorimeter resolution is &EVE = 0. 8/Eo'5) are
shown in fig. 20 Note that in the kinematical range of the pro-
posed study (Q°>50 GeVe V> 20 GeV) the resolution & (x)/x )
the modified set up is 12-15% independent of x up to x~ 2.

Using Monte-Carlo calculations we have estimated a possgibility

to dilscriminate between two predictions for the x~dependence of
the structure function F (x). As the test versiomns for the struc-
ture functions we took Fz’xf(1~x)3 and F2ﬁ¢exp(—x/0 12) . These
parametrizations are close to those of experimentally determined
in the range below x = 1. The simulation has been performed

hoth for the present BCDMS spectrometer and for the proposed
version of the set up with the resolution & (x)/x = 12% inde-
pendent of x. The results are shown in fig. 21. The two hypo-
theses can be separated when the differences between event rates
uncorrected for resolution exceed by a factor of 3 the experimen-
tal errors in corresponding x-bins. For the version with a cal
meter this becomes possible already at x = 0.9 = 1.0.
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The proposed measurements of deep inelastic scattering of
muons omn nuclei at 0.5<x<2 and 50<Q2< 200 are going to yield
for the first time high statisticg data on nucleon structure fun-
ctionsarouwd single nucleon kinematic limit. The analysis will be
free of uncertainties due to errors in R.=|Sl /62!32/that is
known to be negligibly small in the kinematic range of the study.
The latter is also important for the measurements of structure
function ratios Fé/Fg with small systematic errors. The data to
be obtained in the x <1 range will help to clarify the situation
with explaining the EMC effect since many models differ signifi-
cantly in this very region.

At last the proposed experiment can be considered as a cru~
cial tesgt of an existence of multi-quark configurations in a nucle~
use. It will also test such models as a few nucleon correlation mo-
del and a guark~parton model that predict specific behaviour of
a nucleon gtructure funciion beyond single nucleon kinematic li-
mit.

6+ ORGANIZATION MATTERS

Physicists from JINR {(Dubna), Lebedev Physical Insiitute
(Moscow) and ITEP (Moscow) intend to carry out the proposed expe-~
riment., They are ready to prepare the hadron calorimeter and the
targets for this measurement and participate in the setting up,
data taking and analysis. For more effective work at two last
stages of the experiment the participation of physicists from
CERN memberstates are desirable., We are involved now in a search
of such participants.

Previous participants of the WA~4 collaboration from Insti-
tute di Fisica dell'Universitd and INFN, Bologna, Section Physik
der Universitat, Munich and from CEN, Saclay have kindly permit-
ted the use of belonging to them apparatus by the new collabora-
tion built around the proposed experiment. We would like to ask
for permission to use also the NA-4equipment belonging to CERN.
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Some financial and technical support of the CERN EP devision is
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Table 1
Running Time

Target Days U; 322;1 .

D, 60 6.3 « 1012

X, 28 2.9 » 1012

AL (1 m) 28 2.9 » 1012

Fe 35 5e4 * 1012

Sn 28 | 2.9 « 1012

Ph 14 1447 » 1012
Calibrations T 97 - beam .

Total 200
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FIGURE CAPTIONS

Fig.1 -

Fig.Z.

Fig.3 »

Fig.4.

FigeHe

Fig.?.

Figl8.

The nucleon sgtructure functions ratio Fge/Fg obtained
in high energy muon experiments. Dashed area shows pre-
dictions that took into account the effect of nucleon
Fermi-motion. ;

The ratio Fy/Fy as obtained by the BcoMS 7%/ compared
to the ratio G“C,’GD (SLAC /7/).

The ratio of nucleon structure functions measured on iron
and deuterium nuclei calculated by different approaches:
5.5, 71 g /3% 5.5 115/ ks(a,b,0,a) /1A ana
2-k-v /3, tne statistical accuracy expected in the
proposed experiment is shown by the points with error
bars.

Retios & 4/&P (s1ac /7/) ana Fh/ED (moDMS /%) as &
function of nuclear weight A,

Predictions for the rate in the deep inelastic muon-iron
scatiering beyond single nucleon kinematic limit:

a) the dashed line corresponds to the nucleon Fermi-
-motion model with kF= 190 MeV;

b) The curve B-E is obtained assuming the existence
of quark-parton configurations in a nucleus /15j;

¢) the shaded area is restricted by the exponentials
exp(-x/b) with b = 04105 727/ ana b = 0.12 728/, preqicti-
ong of a few nucleon correlationa model /18/ lie within
the area.

Regults of measurements of the structure functions by

methods of a relativistic nuclear physics 725/

along
with those obtained in muon and electron deep inelastic

scattering. o

A-dependence of crogs-sgection ratios at x = 1.3 obtained
in experiments on limiting fragmentation /25/. The result.
is to be checked in deep inelastic scattering of muons

on nuclei,

Preliminary results on Fg(x) structure function measured
by the BCDMS on a carbon target /26/. The solid line is

obtained by extrapolating %o x=1 F,(x) measured for x<0.7
agssuming Fz(k)fv XA(1—X)B.



Fig-9.

Figa10,

Fig.11.

Fig.12.

Figs«13.

Fig -14-

Fig¢15.

Fig.16o

FigelTe
Figo18n

—20—

The layout of the BCDMS spectrometer in the present confi-
guration,

Kinematical diagram of Q% vs V for deep inelasbic
muon scattering at 200 GeV beam energy. The area shaded
by horizontal lines corresponds to the region already
explored and by vertical lines to that to be studied.

Effect of suppression of low x events by first level
trigger demonstrated on experimental events registered
by the front set up of the BCDMS spectrometer. Number
of muons with particular value of x +traversing 4,8,

10 or 12 +trigger counter planes are shown by differel.
symbols as a function of x.

Selection efficiency of the events in the range x> 0.6
as a function of the P, cut with regpect to the number
of events at x>0.6 (solid line, left scale)and with
respect to all events (dashed line, right scale).

Vertex distribution for the events registered on D2
at 280 GeV as a function of the target lengthe. The arrows
indicate the targets ends. '

Statistical accuracy in the expected ratic of nitrogen
to deuterium structure functions (closed points) compared
to that already awailable from the BCDMS (open points).

Front part of the modified BCDMS spectrometer equiped.
with an hadron calorimeter (HC). '

Acceptance of the calorimefer as a function of =a distance
to the vertex. The calorimeters with dimensions 3 X 3 m2
and 3 X 1.5 m2 at z = 15 m have beam used in simula-
tion.

The target configuration for heavy targets runs.

Accuracy G (VY ) in hadron shower energy measurements
as it ig determined by the magnetic spectrometer and
the calorimeter separately (dashed lines) and by their
joint use (so0lid line).



Fige19.

Fig.20.

Fig.21.

- 21 -

The resolution 6 (x) of the BCDMS gpectrometer as a func-
tion of Q2 for various x-bins in present configuration
(solid lines) and together with a calorimeter (dashed
lines) with &€ (B)/E = 0.8/E 0.5,

Regolution 6 (x)/x of the present BCDMS spectrometer as
g function of x 1in & wide =x-range (open points) and
of the spectrometer with a calorimeter (closed points).

Full lines demonstrate differences between uncorrected
for smearing event rates due to different Fg(x) parametri-
zations. The differences show up for higher x in the
case of larger smearing (T Na-4).

The statistical errors in the corresponding bins are
ghown for the already available statistics (dashed line)
and for the estimated statigtics in 25 days run on iron
{dashed dotted line).
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