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INTRODUCTION 

As is we l l k nown , an i nv es tigation of d e ep inelastic scat
tering (DIS ) o f l ep tons on nuc l eons and nuc l e i in the range of 
4-momentum t r ansfers Q2 * up to 200 GeV 2 has yie l d ed ex t r emely 
valuable information on nuc l eon struc tur e a nd scaling vio lation 
hypothesis. Important r esults demonstrating the existence of 
nuclear effects in the x-behav iour of nucleon struc ture func
tions (DiC effect) have been a l so obta ined. Unfortunate l y, high 
energy muon and neutrino experiments have been c ar r i ed out in 
a rather limited range of the Bjo rken variable x be l ow x = 0.7. 
Data that c an be obtained ov er a range of x > 0.7 cannot be con
s i der ed onl y as complementary to those al r eady ob t ained i n 
a low x region . They are essential for accurate determi nation 
of t he QCD parame t er A and are expected to be de c is i ve for un
ders tanding a qua r k-parton picture of the nucleus. 

We there f or e propose to carry out dedicated mea surements of 
nuc l ear stl~ctur e functio ns 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) Stud y of the x-dependence of nucleon structure func

tions in a region of 0.4 < x < 1.0 and their sensitivity to ato
mic ,,,eight A and Q2 over ranges of A = 2-207 and Q2=50-200 GeV 

ii) Measurement of the x-dependence of nucleon structure 
functions on deuterium and iron nuclei up to the highest pos
sible x . tentativel y up to x = 2 for iron and x = 1.5 for deu
terium. 

iii) 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/i/ 
after minor modifications. We are going to exploit main advan
tages of the existing apparatus: a) high luminosity, b) high 
and flat acceptance at la rge Q 2 and x, and c ) selective Q2 
and x tr i gger. A princ ipal 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 notati on for kinematic variables of muon
nucleon DIS: E(E ') , P(P')and e~') are the energy, momentum 

nucleon 
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The progran~e of the measurements including cal ibrations and 
data taking needs two years starting from 1986. 

2. PHYSI CS HOTIVATIONS 

2. 1. Nucleon Structure Func tions 

Ne ar The Kinematic Limit x 

The d i scovery of the EUC effec t /2/ has taught us t ha t a num
ber of features of d eep inelastic sca t tering of l epton s on nuc
l ei can be very important [or understanding nuc l ear st ruc t ure. 
A number o f t heoretical models describ ing the EMC ef f ect has 

/3been developed. Mos t of them ,4/ expla i n the effect inside the 
explored kinemat i c ran!?E!. but t hey can be c r i tic a lly t ested (1n1 y 
ou t side the region of measurements performed. It i s quite naLurnl 
therefore to ext end invest i r,ations to the r ange of the Bjorkt'l1 
var iable x , where either no or onl y P OOT information on struc
t ur e func t i ons is aVA ilabl e. First of a l l, it is a small x rer,ion 
that wi ll be studied thorougilly in t he experiment propo sed re
cently /51 at CERN. The region of l arge x is assumed LO he illvcs 
t i gated i n the framework of the pr e sen t proposal . It sll<lIlld he 
no ted that s ingle nuclt!nn kinema tics allows for " I. Calx IIIUX 

cula ting t he Bjorken x (or nuclear target s, we shall U~I! Mo: l 
inst ead of M= A. Then [OT t he k i nematic limit of the nUl'leus we 
obta i n xmax= A. Es timates or t he x-depend ence of stru('L\lrc func
t ion s for x > 1 are strong l y model-dependent , but iL i s c l ea 
tha t f or present muon a nd nell t rino beams the reg i on beyond x = 2 
r emains inaccessible du c to sL~ ti s t ical limitations. 

The European muon C(' I I abnrnLion (El·1C ) d emonst rated i lt 198 3 
that t here existed a difference i n the x- dependence of nucleon 
struc ture functions measured on free nucl eons a nd on those bound 
in nuc l e i . I t ha s been also round tha t nucl ear med ium does not 
aff ect t he Q2-d ependence of Rtructure func t ions . The ra tio of 
st ructure func tions measured nn lron and deu t er i um and i nt eg 
rated wi th respec t to the 0 2 ronge i s shown in fig . I. The same 
resul t wa s ob t a ined in 1984 b~ Lhe Bo l ogna - CERN-Dubna-MUnuch
Sac l ay (BCDMS) col laboration I ' . The BCDMS has also measured 
t he ra t i o of nitrogen t o deuterlllm sLructure func tions (fi g . 2) 
that is also sensit ive to binding er fects . The resul t s of SLAC 
measurements car r ied out wi t ll an e l ectron beam at t rans f erred 
momenta Q 2 by an order of magni tude smn l ler are shown for com
parison / 7i They also i ndicate that the Q:t.dependence of the e(
f ee t (a t lea st within the range or med i um x ) LS negligible. 
On the o ther hand, t he SLAC resulls cannot be considered as 
prec ise s i nce t he rat i o R of long itudinal (lTl,.) to t ransverse lOT) 
v irtual photon absorpt i on cross sec tions, Wh1Ch i s poor l y known 
in the r egion of sma ll Q2 and x. can significantl y modify the 

. 18 ' 
x-dependence of structure functlon s 
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that took i nto account the effect 

of nuc leon F'e pmi -motion . 


The dis covery of the m1C came as a surprise to many theo
rist s . But soon enou gh several models explaining the effect 
were pr oposed. Though they are sometimes ver y different, the y 
are united by the idea that the standard picture of nuclear 
structure considering the nucleus as a system of bound nucleons 
is not accurate enough. Indeed, if the momentum transfer from 
muon to nuc leus is large enough (,::: 1 GeV/c), the latter has to 
be consid ered as a relativistic bound state of quantized field s , 
i. e ., as a system with i nf i n ite degree s of freedom . The "va
lence " nuc l eons of the system ca rry on l y a part of i ts total 
momentum (in the infinite momentum frame of reference) . The 
rest has t o belong to the particle-antiparticle "sea" (mesons, 
quarks, gl uons ) due to vacuum polarization effec ts (pr oduc tion 
and absorp t i on of vi rtia l par t ic l es ). This re sults in a de
c r ea se of t he fraction of momentum of valenc e quarks in the 
nucl eus (per nucleon) and i n an increase of the fr act ion of mo
mentum of sea qua rk s and gluons. These p,eneral features of the 
relat iv isti c stat e are common to all models proposed t o explain 
the £XC eff ect . For instance, in some of them one assumes: 

a) An i nc rease of the si ze of nu c leons in the nucleus / 9 / or 
an increase of the colour conf i nement rad i us i n the nucleus 1101 

that lead s to soften i ng t he valence quark spectrum and, conse
quentl y , brings about an increa se of the sea of quark-antiquark 
pairs and/or gluons. 

b) An admixture of ~-isobars / ll i tha t results in the same 
effec t due t o a so fter valence quark distribution in 6-reso
nance. 
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c) An increa se of the dens i t y of pions surr ound ing a nuc leon 
i n t he nuc l eu s '121 that, on t he one hand , mean s an increase of 
sea quark dens ity and, on t he othe r hand, a dec rease o f momen
t um frac t i on re l at ed to nucleons or sof ten ing of the valence 
quark d i s t r i bu tion . 

d) The existence of multi-quark configur a tions / 13- 16.'ins ide 
the nucl eus that are considered as a t r a nsi tion sta te be t ween 
hadron i c mat ter and quark-gluon pla sma. Such s t a t es are res
ponsible for the r edistr i bution of val ence quarks fr om t he me
dium x -range to a r ange of x > 1 that brings about a decrease 
in mean x and an i ncrea s e of the sea quark a nd gl uo n contr i bu
tion to the to t a l momentum carried by nucleon consti t uen t s . 

All these and many other mod e l s 13.41 suggested [r'lr expl ana
tion of the EMC ef fec t demonstrat e a qua l i t a ti ve ngrcl' lIIt!nt over 
a range of x < 0. 7 wher e experimen tal daln on t he fi'!I Ff! ra tio 
have been a lready obta i ned by th e EriC und HcrmS 1:(11 I UhOr:ll ions . 
On the other hand , predic t ions of mouu l H t Il l' x ilbove n . 7 (so 
far unexplored except a t SLAe) d iffer co nSiUCl' ;lb l y (fig.3 ) . \~e 

therefore propo se to ext e nd mcnsuremen l H of the ra t ios of s truc 
ture functions to a range of x 0.7. 

Measurements of nucleon s t r ucLure r un(' L io ns alone over 
a range of 0 .7 <x < 1.0 are of i nt crt!B L from the point of view 
of determina t i on of the QCD parmllc\ (' r A. First of all, accord

to 1l7 /ing , the amount of sca li ll A viola tion of the nonsinglet 
structure function, obser ved over :I J' nnge of 0.3 < x < 0.5, is 
controlled by the s i ze of the structur e f unction in a re g ion 
of x > 0.6. Secondly, i t is a we ] l -c6 l nhl ished fact that the sea 
quark and gluon contri bu t i on to n range of 0.5 < x < 1.0 is neg
ligible. This pr ovides bet t er conditions f or the determination 
both of the shape of the valence qunrk distribution and the 
parameter A. 

Important informa tion of t he nature o f the EMC effect can be 
obtained by studying the A-dependence over a wide range of ato
mic v.reirhts. Such measur ement s have been fi rst carr ied out by 
a SLAC ' I group in de ep i nelast ic electr on-nucleus scat t ering 
experiments. It has been f ound t hat the depletion in F:I F ~ 
grows approximately like log A. and it is the stronges t a t x~ 0.65. 

The SLAC re sults on the A-dependence of cro ss sect ion rat ios 
at x = 0.3 and 0.62 along with those obt a ined by the BCDMS in 
deep inelastic scattering of muons on deuter i um, I'itrogen and 
iron are shown in fig.4. It is of i mpor t ance to obtain r esul ts 
on the A-dependence of the F /Y F D rat io in an x '" 1 r eg ion.2
Such results must help to understand whether the Fermi-motion 
of nucleons at high x or few nucleon correlations / 18/ 0r some 
other nuclear effects are responsible for the observed rise in 
the ratio (J Jy(J 0 at x > 0.7. We propose to carry out measure
ments on deuterium and on such nuclei as N

2
, Al, Fe, Sn, and Pb. 
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The setup that is supposed to be used makes it possible to col
lect data simultaneously on two targets. 

r:~ 
F2 

Fig.3. The l"atio of nucleon 
stl"uctUl"e f unctions measured on 
i l"on and deutel"ium nuclei cal
culated by diffel"ent appl"oaches: 
J.S.Il l! , F-S / 30~B-E/ 15~K-S (a, 
b,c,d) 114! and A-K-V 131 : The sta
t i stical aCCUl"acy expected in 
the pl"oposed expel"iment is s hown 
by the points with el"l"OT' baT'S . 
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2.2. 	Nuclear Structure Functions 
beyond the Single Nucleon Kinematic Limit x 

As has been mentioned already, the ki nematic limit x = I f or 
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 F2(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 = l,it is 
rea sonable to introduce the term of "nu c lear struc ture function" 
F2'\x) , This region unexplored so far in deep inelastic lepton
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Fig .5 . Predictions for the rate 
in. deep i nelastic muon-iron scat
tering beyond the single nucleon 
kinematic limit : aJ the das hed 
line corresponds to the nucleon 
Fermi-motion model wit h k F = 

10" 
I 
I 
I,,,,,, 

~--"T"----'-----'-----''--

\ \ Flux ~1.3· lOll =190 MeV; bJ t he curve B-E is 
\ Fe nOg/cm% obtained assuming the existence 
I ,101 , of quark-parton configurations , in the nucleus/15~c) the shaded ,, area i s restric ted by the expo,, nentials exp(- x/b) with b = 

III I 
0 = 0.105 l'nland b = 0. 12 128~ Pre-IZ I,... dictions of the f ew nucleon cor
> ,... relation mode l / l I lie withi n. the,, ar ea . ,I10% , 

I 
I, 
I or 6"/6.0I, 

. e ~~/(5"~
10. l- t

\Fef"mi 5~P 4 .. (I"'Y51l , 
5. f- ",11 6 rY6,L 

A10' I II ! I I , * 
.8 1.0 1.2 t4 t6 1.8 )( 

Fig. 6 . Results of measurements ~ J~t.:' . " ";;-tof the struc ture jimct i olls hy 
the methods of r e lat i m'stic 
n.uc lear physiC's 12~1a l OIl(T wi 'i h 
t hose obtained in muon al1d 
electron deep i n.e l astl:'" s~a t 

tering . o 1.0 X 2.0 10 

nucleus sca ttering experLments is the sub ject to be investi
ga ted in the framework of the present proposal. 

It i s rea sonable to as sume that thp mfC ef fect is closely 
related to phenomena occ urring at x beyond I. So the mode l s 
explaining the EHC effect c an be t ested af t er data on nuc lear 
structure functions are obtai ned over a wider range of x. Many 
of the model s , however , cons id e r th e nucl eo n Fermi mot ion alone 
to be respons ib le for nonzer o va l ues of the nuc lea r structure 
function FA(x ) <It x> 1. In such a case F ~x)must be v ery sma ll 
(practicall~ zero) at x ~ 1.2 (dashed line i n fig.S). If an 
evidence for nonzero F'\x) ,,,ere found at lar ge x, it would wit
ness in favour of the few-nucleon correlation model / lS I and those 
of multi-quark configurations 1 13-16 / 

6 

The idea of multi-quar k conf igurations in the nucleus can be 
, • I ' 19 ' considered as the devel opment of the idea of "f luctons' or 

short-time f luctuations of nuc lear matter. Such a hypot he sis 
proved to be usefu l in explaining a high emis sion rat e of l i ght 
nuc l e i (d, t , a) pr oduc ed i n co l l isions be tween fa st pro t ons and 
heavy nucle i. La t e r on t he idea took the f orm of " f ew nucleon 
correlations " / IB l a nd "mu l t i - qu ark f luctons " · 20 in exp laining 
cumulat ive hadr on product i on i n hadron-nuc leus co lli s ions. Had
rons em i tted f a r beyond the s ingle nu c leon k inemat i c limit were 
called c umul at ive ones .

/ 21/ A s pec ial appr oach ha s been deve loped j ustifying the u se 
of experimen t al i nfo rmation on cumul,lti vc hadron pr oduction in 
stud i e s of quark dist r i bu tions in nuc le i . Its essenti al assump
tion is t he r equ irement of t he limiting fr a gmentation c ros s sec 
tion of t he nuc l eu s t o meson s to be propor ti on a l t o the nu c l ear 
quark-pa r ton str uctur e fu nc t i on just as thi s oc c urs for dee p 
i ne lastic lepton-nuc l eu s s ~ at t er in R' Thi s, in turn , can be jus
t i f ied if one cons ider s qua rks as qu as i-f r ee par tic] ps in th e 
nu c l eus . 

Lo ng s ince experiments on t he l imi ting fr arment nt ion o f 
nucl ei have provid ed exc i t i ng data on nuc l ear s truc tur e ' 22- 2V 
Even if one can ar gue abou t the va lidity of such an approxima
tion, one cannot deny <I Rood qualitative agreement be t we en the 
result s ob t ained in deep ine las ti c l ep t on scatt e r ing exper i 
ment s and those obtained earlier i n experi ments on the l i miting 
fr agmentation of nucle i. Figure 6 , for example, shO\o/s r e su lts 
on tl)(;:· r :J t i o o f inclusive hadron prodllc tion cross sec tions in-' 
t erp r eted i n t erms of structure functions. Common fe a t ur es ob
served i n had r on and l ep ton ex periment s ove r a r~nr~ of x /" 1 
is an indicat ion o f th e va lidi LY of the approach 2 . It a l so 
seems reason ab le t o r egard th e r rsults ob t a i ned by nuc l ear ph y
s ic i s t s ove r <I r an ge of x . 1 a s a good indi cation of t he man i
festatinn of till' quark-pa r t on structur e of nuc le i, 

Below w~ pr es en t a li s t of principa l fea t ur e s of nuc l ea r 
struc' tu r e f unc t ions obt a ined (' xpe r imcnt a l l y' 2;". 

I. TIl(' nllc1ca r quark-parton st ructu r e fun cti on i s gr ea ter 
than 0 up t o x = 3 . 

2 . The nu c l ear stru~ture fun c tion of med ium and heavy nuclei 
ca n be f itted b y [I n exponen, i,111awa.exp (-x/ b) ,o/ith b = 0. 14. 

3 . The r a ti o f JIl.Pyi s \o/c l l above un its over a range of 
I < x " 2 cr ig . 6 ) . 

4. At X ' 1 for nuclei heav i er th an Al t he r atio of structure 
funct ions to thnt measured on Pb is pract i ca ll y un i t y over 
a range o f I ' x ·-3 (fi g . 7) . 

An at tempt has been al r eady made by t he BCmlS coll a borat i on 
to obs erve some of t hese f patur es i n deep ine l a s t ic mllon sca t
te r i ne on cnr bon ~6 We took adva nt age of th e fac t t ha t t he geo
met ric al effi ciency of the NA-4 se tup does not d ec rease with 
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Fig.? A-dependence of the 
cross-secti on rat ios at x =1. 3 
obtained in exper i ments on li 

/2 5 / miting fragment ation .The 
resu lt is to be checked in deep 
inelastic scattering of muons 
on nuclei. 

Fig.B. Preliminary results on 
the F 2\x) stY'UctUl'e f unction 
measured by the BCDMS on the 
carbon target I 26/ .The solid line 
is obtained by extrapolating 
to x = 1 F 2(x) measUl'ed f or x < 0.7 
assuming F 2 (x) - x ~1 -x) B. 

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 unit y what, in principle, could prov ide a high statistical 
accuracy. Unfortunately, large smearing wi th re spec t to x makes 
it practicall y impo ssible to analyse the data in a model-inde
pendent way which results in cons iderable systematic errors. To 
take into account smearing effects in the data anal ysis, a mo
del with an exponential structure function F2 - exp(-X:/b)with 
b = 0.16 \.;ras used. As a result, the structure function (fig.8) 
integrated with respect to Q2 \.;ras ob tained. It is well fitted 

by t he e xponen t i a l Iv ith b = 0 .14+0.0 1(stat. ) £ 6 , This pr e limina ry 
r e sult is never the l ess a proo f of t he po~ si bi l i ty of investiga 
t ing nuclea r struc tur e fu nct ions providing t he x reso lution i s 
improved . 

Thoup,h experimen t s on th e limiting fragmen t a tion of nucl e i 
look very pr~mising for the s tud y of nu c l ea r s t r ucture, par
ticul arly i n t he r~ngc of x a s hi gh as 2- 3, the r e rema in s an 
ope n qu es t io n wliet h", r mu l t iquark configur <Jtio ns exis t i n nu c lei 
(Ir th ey a r c l'n',Hed by incident h<:ldrons. Resu lt s 0 11 s t r uc tur e 
[uncL i ons mea<; ll reu in deep i ne ] ;J st ic mucm -nU l" l eU 5 sc at t er ing in 
th e rallge o f x beyond unity wi ll give a de f i ni te ans'ver t o thi s 
qu ~s t i (ln. 

A poo r x resolutio n has been so fa r a ma in obstac le in deep 
inel As tic sCil t t!C ri ng e '<p erimcnts to rese ll ,1 good prec i.s ion ove r 
a r ;J ll ge o f x > 0 . 7 . The f ollowi ng r elation 

0 2 Eo ,::! 1:: 0 x ,f) ( -- 1) 
2M!! M 

ho ld s true i n t lte k i nemati c range o f the mea sureme nts proposed. 
Then th e a cc urac y i n Bj o rken x can be expressed as 

,~x W ' 2 - I\ ,~ 2 118l (2 ' - ) ~ k ( - ) j . x 1/ 0' 

where k = E 0 I~ / (8 0 :1/ - 1) 
A high accuracy i n mea su r i ng the scat t ered muon angl e can 

be r eached quite easi l y (except ver y sma ll an Kl e s ) , a nd it is 
o ( the orde r o r 3 ~ for the fr ont s e tup of t he BCDHS spec t rome 
t er 1 The x r e solution i s part icul arl y low i n th e r ange of l ow 
1', \~her e Il , ' I ' r eso l u t ion i s by an ord er of magni t ude wo rse than 
t ll a t o f tI.(} ', 0 '. Her e the r e I ies a principal 1 imitat ion of all 
the exper i ments on deep ine lastic muon and neu t r ino s ca t t ering 
in r each i nR the range above x = 0.7. So th e ma in pu rpose of mo
d if ica tion of the BCDH S spec trome ter i s t o i nc r ea se tile prec i s i
on in measur i ng transf er red energy v . 8 - E', 

3. PROPOSED HEASUREHENTS 

The exper imen t a l setup tha t will suit the purpos e of the 
proposed measur emen ts is the BCD1'1S spectr ome t er equ ipped with 
a hadron ca lor ime ter as shown in f ig.9. The calo rimeter is sup
posed to be ins ta lled i nstead of the first supermodule . It will 
measure the ener gy of shower s produced in inter ac t i ons on the 
target modules of the front setup . The kinematic range that 
will be covered by such a setup is shown in fig. 10 by the area 
shaded with vertical lines. The geometrical acceptance of the 

X 
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apparatus in this reg ion is 80% and practicall y flat for Q2 > 
> 50 GeV 2 . The range of studies is extended to a ngles larger 
than 100 mrad by registering the events from the target modu
les inside the iron toroids. In this case the ac curacy in mea
suring transferred energy decreases. 

3 . 1 . Data Taking on D 2 , N2 , and Al Targets 

The BCDHS s pectrometer is usually trigger ed b y muons that 
transverse more than 10 m of its st a ndard part thus ac c epting 
l ow x events (fig.IO). We consider i t necessar y to modif y the 
triggering system to bring down the eve nt rate from the low x 
region. Since x - PTfJ '/v a nd is proportio nal to the trackP T 
length of a muon osc i l lating in the magnetic spectrometer,a new 
trigger could be real i z ed by rejecti on of short track events 
or those with high v . Figure II demonstrates the decrease by 
a factor of 8 in the event rate (x < 0.4) achieved by the re
quirement f or muons to traverse 12 planes of ring t rigger coun
ters instead o f 4 planes. The s e l e ct iv i ty o f the P trig ger 
obtained by s i mulation is shown in fig.1 2 . T 

The available hardware/ 1/ makes it po ssible to real i z e an 
8-plane trigger in the fast first-level tri ggering sy stem. 
Further reduction in the event r a te c a n be achi eved by the se~ 
cond-level trigger u s ing the ava ilable hardware. This will be 
realized, first of all, by the selection of longer tr a cks (up 
to 12 pl a nes of trigger counters). Se c ondly, the ev e nts with 
shorter tracks will be accepted if they a re recog nized as high 
Q2 events (hits on rings beginning from number 4 and hits on 
outer mosaic trigger counters). The final v a lidation of a n 
event will be realized by me ans o f an OR logic memo ry. 

Estimating the expected number of events over a rang e of 
x > 0.5, we relied upon alr e ady availabl e data from the NA-4 
setup rather than on theoreti c al expect a tions. Figure II demon
stra tes the distribution of events versus x r eg istered from two 
front target modules filled with d e uterium. The distribution 
al o n g the target axi s is shown in f ig. 13. This data sample cor
responds to scattered muon angles of 0' > 40 mrad where the re
con struc tion accurac y i s high. If we take for estimation s a ma
ximum muon flux of 3.5xI0 7 /spill and a 70~~ ef f iciency of per
formance both of the SPS and th e BCD1iS s pectromet er, one can 
expect 25000 events ove r a range of x > 0.5 for 60-day running 
on deuterium. We suppose to a c cumulat e even higher statistic s 
on the nitroge n t a rget and s omewh a t sma ller on the aluminium 
one (see the Ta ble). 

As f o r the range close to x = I. both the oreti c al and expe
riment a l estimates cannot be considered as reliable: first, due 
to model uncertainties and, s econdly, due to smearing e ffects . 
We can mention, however, that model s based on a quark-parton 
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Table 

Running Time 

Target 	 Days Useful muons 

D2 

N2 

Al 

Fe 

Sn 

Pb 

(I 

60 

28 

m) 28 

35 

28 

14 

6.3' 10 12 

2.9.10 12 

2.9.1012 

5.4.10 12 

2.9,10 12 

1.47.1012 

Calibrations 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.14. 
Systematic errors will be discussed in chapter 4. 

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

Three targets will be performed as calorimeter modules with 
20 rom thick iron and stannum plates and 10 rum thick lead plates. 
The total thickness will be 630 g/cm 2 , 550 g/cm2 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 t ake 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 rang~ beyond x = I. To esti 
mate the statistical errors shown in fig.5, we took the expo
nential form of the structure function F 2 (x) = aexp(-x/.b) with 

in / 27 1 belowb =0.105 as obtained x = 1. It is evident that even 
higher statistics can be reached if the F~~)follows the expo
nential law with b = 0.12 / 281 or b = 0.14 /2 1 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. 
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We are going to use data obtained on light and heavy targets 
to estimate whether nucleon Fermi motion or other nuc lear ef 
fects prevail over a range of x z I. If the effe c t of Fermi mo
tion dominates , it wil l show up i n a sharp depl e t ion of the 
nuclear struct ur e fu nct i on abov e x = 1.2 for all nuclei. 

3.3. Beam Request 

In tot a l, we request 3 . 10 13 beam muon s. We c an run at an 
energy of 280 GeV i n pa r alle l wit h the team I Sf which submit ted 
the propo sal p 21 0 to t he SPSC. On the other ha nd, we pr e fer 
a 200 GeV muon heam. Measurements cou ld s tar t in 198 6. 

4. MODIFICAT I ONS OF THE BCDMS SETUP 

The mod i f i ca tion o f the BCDMS spect r ome t er sugges t ed by the 
pr esent pr opo sal \~ j 1 1 cons id era bly i mpr ove t h e I' r e s ol u t ion and, 
con s e quen t l y, t he x one a t mi nimal expenses . Only t he f r ont 
pa r t of the setup c all ed a " smal l ang] e s pect rOine t er" f 1 ' wi l l 
be modif ied . The to r o id a l iron spectrometer/ 29 1 will be l e f t 
intact except the f ir st supermodule that will be removed to 
provide some space for the hadron calor i meter. 

4. I. Hadron Calorime t e r 

The small angle spe c trometer equ i pped with the hadron calori-
met e r i s shOlm in fi g .15 . The calorime t e r t hat is und er con
stru c t i on now wi l l con t a i n abou t 400 modul e s with a c r oss s ec 
tion of 15x l 5 cm 2 . Each modu l e i s a s a ndwi ch made of 40 i r on 
pla t e s 2 em t hick and pl a s t i c sc i n t i l l a t or plate s I em thick. 
The light co l l ec ted by a waveleng th s hi fl er is regist er ed by 
one PM tube. The c.al culated em' r gy resolution c an be described 
as il E / E = 0. 8 EO ;) 

Scat te r ed muon angle s wi l l be de t e rmin ed by five hexagona l 
mu l.t i ~.. i r e propo r tiona l c hambers (HHI /PC) 1.5 m i n diame t er. Thr ee 
t a r ge t mod ules ShOl<ll1 i n f i g.I 5 are supposed to he us ed in ru ns 
wi t h deut erium or n i troge n . Hhi l e the acce pt .1l1 ce of the BCDMS 
spectr omet e r for a cert a i n range of scatte red muon a ng l e s is 
pract i c a l l y con s tant along the t a r ge t l eng t h (s ee fig. 13) , the 
acceptanc e of the ca lorimeter f a ll s off wi th t he d i sta nc e fr om 
the vertex. The cal or i me t er ac ce ptance cal culated by me ans of 
Honte - Carlo i s shO\m in f ig . I6 . \~e c an , i n princi pl e , run with 
a ll the t arget modul e s ( i nclud i ng those i n the to r o id s) fi lled 
wi th deu t erium (nitrogen). Thou gh measur eme nt s of hadr on showe r 
energy for last 5 modu l e s are not po s sib l e , t he da ta can be 
useful over a range of x < 0.8 ,..here the sp ect r omete r r eso lut ion 
can be computed r e liabl y by mea ns of Monte -Ca rlo . 
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Fig . 15. Front part of t he modi f i ed BCDMS spectrometer 
equi pped with a hadron calori meter (HC). 
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4.2. Live Ta rge ts 

Three tar gets made of Fe, Sn, and Pb will perform as calori
meters at t he same time . The iron target is designed in the 
same way as a c a l orimet er mod u le except tha t light is co llec
ted t o 10 PM tubes (see fi g. I7) to determ i ne the int eraction 
point wi th a 6 em accur ac y . This prov ides a certa in i mprovement 
of the spec tromet er resolution. Su ch a target can operate at 
beam fluxes as high as 4 · 107 muons/spill provided it is insen
sit i ve to beam muons. 

The two o ther target s differ only in plate mat e r ial. Stannum 
pl ate s 20 mm thi ck and 10 mm thi ck lead plates wi ll be used. 

With he avy target modules placed in the beam i n f ront of the 
hadron ca lorimeter as shown in fig.17, the BCD~lS spectrometer 
does not use the target modules inside the iron toroids. On the 
other hand, all its 40 m const r uc t ion is indespensible for trig
gering the setup by high x events. 
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Fi g. 17. The t arge t configuration f or heavy target r uns . 

4.3. Apparatus Resolution Near x = 1 

The use of the magnetic spectrometer and the hadron calori
meter together provides the resolution a (I,Y 1/ higher than that 
of each device separately. The resulting accuracy all--) obtained 
in such a way is shOlYn 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 a(X) ' x 
as demonstrated by fig. 19. The calculation has been performed 
by means of Monte-Carlo in which ~ poly~omial form of t he nuc
leon structure function, F2(x) - x (1 - x) is used for computations 
of cross sections. Such a form suggests F2 = 0 at x = I and 
beyond x = 1. In the latter case we used in Monte-Carlo calcu
lations an exponential form F2 - exp(- x/O.14), The results obtained 
for the standard BCDMS spectrometer and for the propo Hed setup 
(provided that the calorimeter r e sol u t i on is AE/ E = 0. 8 / E o. 5 ) 

are sho\Yn in fig.20. Note that over the kinema t ic range of the
22.proposed study (Q 50 GeV , I ' . 20 GeV) t he r e solut10n alx) "x 

for the modified setup is 12-15 7 i ndepend ent of x up to x 2. 
Using Monte-Carlo calculations , we have estimated th e pos

sibility to discriminate bet ween t wo predi c tions for the x-de
pendence of the structure funct ion F ,, (x) . As t e s t versions f or 
the structure functions, we took F2 _. 

..
(1-x) 

3 
andF 2 - exp(- x/ O.1 2). 

These parametr izations are close to those determined experimen
tally in the range bel ow x = 1. Sumulation was performed both 
for the present BCDMS spectrometer and for the proposed ver
sion of the setup with a res olution of a(x)/x = 12~ independent 
of x. The results are shown in fig.21. The two hypotheses can 
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be separa ted when t he differences between event rates incor
rected f or r esol ution exceed the experimental errors in cor
responding x- b ins by a factor o f 3. For the version with 
a calorimeter this becomes poss ibl e already at x = 0.9-1.0. 

20~i-r----~r-------~-------''-------',,,, 
15 "'~NET 

'" '" '" '" , --~ 10 ............ --.---" ... -C) 

CALORIMETER _- -- ... .......
-
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0' I f I I 

o 50 100 150 200 

'J (G eV) 

Fig . l B. AccUf'acya(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}. 
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Fiq .21. Fu ~~ [ines demonstrate differences be tlJeell event 
lY1tes uncorrected fo r smear i ng due to differP.l lt F'2(x) 

parametrizations . The di ffe rences shol.J lip for 111:ghel' It 

in the case of ~arger smear i ng (7 NA- 1 ) . The stat i sti
ca~ errors in the corre sponding bins ar e shOl.m :cr 
the a~ready avaaab~e sta tistics (dashed [{I'le) and fo r 
the estimated statistics duri ng a 25- day !'Ltrl on i r on 
(dash- dotted ~ ine ) . 

5 . CONCLUSIONS 

The proposed measuremen ts of deep ine lastic scat tering of 
muon s on nuclei a t 0.5 ' x < 1 and 50 < Q 2 <200 are assumed to 
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yield for the first time h i gh statist i cs data on nucle on st ruc
tur e functions near t he single nucl eon kinematic limit. The 
ana lysi s wi ll be f ree of uncertaintie s due to errors in R = 
= aL l aT that is negl i g i bl y small in the kinematic range under 
study . The latt er is a lso impor tant for measurements of struc
ture f unct i on ra tios F f;F ~ wit h small systematic error s. The 
data to be obtained ove r an x < 1 r ange will help to clarify 
the s itua tion wi th exp l aining t Ile EHC effect s i nce mode ls d i f 
f er signif icant ly in th i s very region. 

At l as t the proposed exper iment can be considered a s a cru
cia l t est of th e exi s t ence of multi-quark configurations i n 
t he nucleus. Such models as a few nuc l eon corre l at i on mode l a nd 
a quark- parton model wil l be also t es t ed that predict a s pec i 
f i c behaviour of nuc l eon s t ruc ture func t i ons beyond the sing l e 
nucl eon ki nematic limit. 
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6apaHOB c.n. HAP. EI-85-524 
H3y~eHHe CTPYKTYPH~X $YHKUHH MYKnOHa 
8 ~Apax 86nHsH H 8~we KHHeMaTM~eCKoro npeAena 

npeAnaraeTCR B~nonHHTb 3KcnepHMeHT no rny60KoHeynpyroMY paeceRHHO 
M~OHOB Ha HYKnOHax C uenbO H3Y~eHHR K-saBHCHMOCTH HYKnOHH~X CTPYKTYPH~X 
$YHKIIH':; H HX UTHOWI!HHI; B KHHeMaTH~ecKoH 06nacn1 no Q2 = 50-200 r3B~ H no 
K = 0.~-2.0. npOBeAeHHe TaKHX HSMepeHH':; Ha RApax 8 AHana30He aTOMH~X aecoa 
OT A - 2 AD A = 207 ABeT HOB~ HH$OpMaUHO AnA AeTanbHOro H3y~eHHR pasnHIIHH 
He~y CTPYKTYPH~H ~YHK~HRMH ca06oAH~x H C8R3aHH~X B RApe HYKnDH08 IEMC 
3$$eKT/. TeM caM~M 6YAeT nony~eH MaTepHan, He06xoAHH~':; AnR npoBepKH 60nb
woro 4Hena MOAene.:;, pa38HTNx AnA 06~RcHeHHA X-388HCHHOCTH oTHoweHH':; 
CTPYKTYPH~X ~YHKUHH HYKnoHa. HSMepeHHR CTPYKTYPH~X ~YHKUHH B 06nacTH ne 
peMeHHOH lI. ne)O(aUlei; B6m,3H H BblWe OAHOHYKIlOHHoro KHHeMaTH~eCKoro npeAena 
x = 1. MoryT paeCMaTpHBaTbcR KilK pewalOUj8A nPDBellKa CYll\eCTBOB3HHR MHOrO
KBapKOBNX KOH~HrypaUHH 8 RApe. AnR npo8eAeHHR H3HepeHHH 6YAeT HCnonb30BaH 
cneKTpOHeTP HA-4. 06naAa~H':; BNCOKOH cBeTHMocTbO. C yny~weHH~ pa3peWeHHeM 
no nepeAaHHoH 3HeprHH . 

Pa60Ta B~nonHeHa B fla6oparoPHH B~COKHX sHeprHH O~~H. 

Cool5l1leHMe Oth.e/UlHe.KHOrO HHCTIITYTa IlAepHYX HCc.neJtOBIlHHA • .(ly6l1a 1985 

Baranov S.P. et al. El-8S-S2~ 
Study of I~uclear Effects 
In Nucleon Structure Functions up to and beyond the Kinematic limit 

We propose to perform an experiment on deep Inelastic muon nucleon 
scat t ering in order to study the x-dependence of nucleon structure f unc
tions and their ratios over a range of Q22 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 Info~ation for detailed studies of the 
EHC effect and· tests of many mode l s explaining the x-behav iour of the 
nucleon structure functions and theIr ratios. The measurements will be 
decisive for the proof that a quark-parton mode l of the nucleus describes 
adequately nuclear structure probed at high energies. The upgraded high 
lumino~lty BCOHS spectrometer wIth improved resolution In t ransferred 
energy v will be used for the measurements. Ye request a 280 or 200 GeV 
muon beam with a total of 3.10 18 muons (200 days). 

The InvestIgation has been performed a t the Laboratory of High 
Energies, J INR. 
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