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1 Introduction 

Th~ structu~e funCtions of imd~ons which d~~ciibe the distribution of quarks' 
· inside nuclear matter have been .measured, for both free ~ndbound nucleons, 
. in a yariety of high precision experiments with electron, muon; and neutrino 
beams [1]...,-[9] i. In these ~easurements, it has b~en observed that the structure .. 
function F,f(x, Q2 ) of a nucleu~~A, and consequently the quark distributions 
measured in complex nuclei, is different from the structure function of a free 
nucle~n [6, 11] ... __ · . ·. 

·· Mostof the experimental data-on structure functions of nuclear targ~ts . 
ha~ebeen measured below x =.0.8, .where i is tlie Bjorken 'sc~ling variable. 

- However, many/effect; predicted by m;clear models, such as th~ high mo-
. mentum component of Fermi motion, few· nucleon correlations, multi quark 

clusters etc~,· ~~e exp~cted to Ibanifes{ themselves m~stly in the region dose 
. to X = 1.0, which is 'the kinematiclimitf~r a.lepton scattered·.fro~ ~free 

nucleon; Due to substantial experirr{ental difficulties, this kinematic region 
has remained almost unexplored so far., Upperlimits·_on ,F.f fr~m a mea-. 
surement or' deep inelastic neutrino scattering 0~ ir'on have- been giyen in 
ref: [10]. 'Measure~ents from electron scattering on m.i:dear. fargets at' lower 
bea~ energie~ have re~ei-ttly been repmted [12]:· , ; · • .· - · 
. ·In. this paper, we. report' on the fir~t. experimental measurement of the: 

bound nuc_leon struct~re function Ff ( x, Q?) at large squared four: momentum 
transfer Q2 ~ in the region X > ·o.s, The data were_ obtained in deep inelastic 
sc~ttering ·of a beain oL 200 GeV rriuons on a carbon target. The. analysis · 

• of data·in' the range 0.25:--< X < O.S,from the same_experiment has been 
reported in [1]. · ~ ' .: · · · · ·. · '· .. · . ·· 

-...' 

2 Cross section and nucleon structure fun~-
tions .. /. · . 

In the~xperiment described here,· the quark structure of:a nucleu~ of mass 
A is prob~d in the incltisive deep inelastic scattering n!actiou' 

- . \. 11 +'A-~ 111 +X,., (1) 

where 11' is the scattered muo~ and X is the hadronicfinal state; .The domi
nant contribution to the eros~ section of reaction(l) co~es fwmsingle photon 

... -, ..... 
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. - . . .· . .. 
~xchange. In this apr;roxiination, the double differential cross section can be 
written as 

1 cPu ... 47ro:2 [.· < ·. Q2. y2E2+Q2 . ] ·._, . .· 
AdQ2;x= Q4x 1-y;~·4E2+,2EJ2[RA(x,Q2)+1) Ff(x,Q2), (2) 

where (y is the dectr"omaglletic coupli~g. constant,. E is th<'; energy of the 
incident ·muon, Q2 is the squared four momentum transfer 'frQm. the muon 
to· th(:! nucleus, x and y are the BJorken scaling ,variables 11;nd Ff( x, Q2

) 

and RA(x, Q2) are the. structure. functions of the ~ucle~s. ·we fo_llow the 
conve!ltion that. the. structure functions .are normalized .. to the number 'of 
micleonsin the nucleus, . . . .. 

In the laboratory frame, the Lorentz invariant variables Q 2
, ·x. and y are 

related to f!le~suntble quantiti~s by the ,expn~ssions: . 
/ 

) 

/ '\ 

Q2.~ 4J?E'sin2(0/2), 

v= E-E' 
'· ' 

(3) 

(4) 
Q2 v'·-c 

X = -· ,- .. y ::': :---,:· . (.5) 
.. . 2Mv·· . E. . . _. '· 

·where E' iithe energy of scattered n1uon; B is the: sca.ttering a'ngle, and M . ;· . . . . . . . .. •··. . . 
is the mass pf the target particle. When M is takfm to be the.nucleon mass, 
then 0 ~ x ::S A and Ff is defined ii1 the same interval. . 

. Theitructu;efunCtion RA(x, Q2) = ertfu# is the ratio of absorption crO!'jS .· 
sectiorisfor 'virtual photons of longitudinal·and.trans~ersepolari~ation. We 

. have show'n in ief. [1] that i~ th~ regionQ2 ; 40 G~ V2 ax:~L 0.25 <X< 0.8 
this structure function is compatible withzero, R0 =.0:015.± 0.013 (stat.)± 
0.026 (syst. ). Tl~is measurefuent' is also ~ompatible with perturbative Quan.~ · 
tum Chrmnodyriamic~ (QCD) calCulations which predict R to decrease with 
± and Q2 and to become' small in the kinen{atic regi~n of our mea~urement . 
[13)~ 'Furthe~more, the contribution o(R. to .the cross ~ection (2) decr~ases 
with incre~sing. X. except for Very lc;,rge v~lues of y. which a~e excluded from 
thepresent analysis. We th~refore.con~lud~ that R can besafdyassumed to 
be zero in the ~nalysis'of -Ff(x;Q2)i~·our ki!lematic rarige. . · 

3 Apparatu,s and"data tak,ing .I 
' 

The data ~ere collected with a high huninosity spectron;et~r ir1 the CERN . 
SPS muon bea~. The expe~·imental apparatus is shO\vn in' Fig. I and has 

·2 

. . MWPC's . 

! 
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Fig; .1: .Schematic vie.w ofthe spectrometer. 
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Fig. 2: Typicarlarge x event. 
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been described in 'detail elsewhere [14]. It' consisted of a SO· rn long seg
mented toroidal iron magnet whichwas magnetized close to saturation and 
surrounded a 40 ni long carbon target. The .hadronic shower produced in. the 
deep inelastic interaction was absorbeq by the target and by the spe~trorn
eter iron _within a few meters from the interaction_ point and the surviving 

.·scattered inuo~ was focused towards the·spectr~rneter axis. The toroids were 
equipped with twenty planes oftrigger counters segmented i~to concentric , 
ringsar~U:nd the. beam ~xis to permit a Q2 sde~tive trigger; ,a~d \with 80 
pla:nes ofM\YPC measuring thetrack in .t_wo· orthogonal projections~· Four 
hodoscopes along the spectrometer axis .... detected the iiicorning muons an~ 
measured their-trajectories. A wall of scintillation counters in front of the 
spectrometer provided a veto against the beam halo. ·' . 

·The momenta of the incident.rnuons.wererneasu~edwith.a spectrometer· 
consisti~g of an air.: gap magnet and ·fou~ s~i~till'ator hodoscopes in the ):>earn 
line. The average energy of theincident:hearn was200 GiN; Due.to energy· 
loss in' the target, the averag~ muon energy at :the int~ra:ction point ~as 
194 'Gev. ·The bearn intensity was typic~lly 2 ; 107 p'per 1:4 sec bea~ spill 
from the' accelerator, ~rid was counted with the beam hodoscopes usingfwo 
different methods [14]. After c~rrections for deadtirne, the results obtainea \ 
by the two methoas agreed> to ::::::,1 %:' The total number ~f incident rrmons 
used for this rneasuremellt was (4.23 ± O.i3)·1011 , , . .. . , •. 

The trigger required signals from four con~ecutive trigger planes situ~ted· 
anywhere. in. the apparatus, corresp'onding to scatten~d:rnuon. tracks longer 
than 8 rn, in coincidence ~ith a beariuignal ai1d'in anticoincidence with the 
halo signal. ~ ·... · ; · ' · · · ... · 

.J ._., 

' . 
. 4 Event reconstruction · 

The recordedevents'were processed using the program PATRAC [l5]with 
the following steps: l: . . . . . . . . . 

• patter~ recognition a1~d ev~nt ~ecm;structio;; 

• selection of events; ' / ... 
• computation ofdetectorefficiencies; l 

:-~< 

/ 

\ 
4' .,_, 

·".!,--

..... 

' ' ·:; 

• computation· of tile incident limon· flux :~;i(I corrections 'for dead time 
losses. . · 

' --. 

Tliekinematicreconstiuctioii determii1ed the scattered muon ~~~melitum 
and the scattering an:gle 0. In the: e~ent s~lection,. e~ch track wa~ required 
to l~aveat least 4 poi1its measured in each projection and 10 poi1its in total; 
the average mui1b~er of r>oints in ~ach projection was 28. The ~ast majority 
of event~ has a simple topology of a single scattered muon track. A typical 
event is shown in. Fig, 2: ' . · .· - . . · · .· . · · 

• / - 1 " : - " • . r 

The rlejection of background from halo feed:through and accidentaL tracks 
was based on geometrical and timing cuts and the requirement tha(the tracks 
had. to· b~ geometrically,~misistcnt: with· the· trigger patteri1 recorded by the 

· scintiilation counters .. "Only about 2%.of th~ ~vents. could not be unambigu
ou~ly 'jdentified as good or background and were scanned visuaiJy. About 
l~alfoftl~e scannc·d events wcr~'tound to be good.· The misidentification of 

'b'ackgrcllind events as go~d events, and of good events asbackgroun<}, w~s 
· found-·to :be less, than. 0.1% by visual scamiing of coi1trol· samples of both 

categories. . : .· . . . . . . 
Only data. taking runs with a stable perfoni1ance of. the beam and of 

all detectors \~ere retained for the final analysis. This .requiremerit led to a 
rejection of abmit 1 O%.of the ra\v data. The evei1ts sele~.ted for the c.alculation 
of shttctiu·efunctions ·had to fulfill ti1e f~llowing crit~~ia: ... 

' .. ' . . . ... ' 

• the· i~~tcraetion vertex is contained ir~ the fiducial voiume of th~ t'arget; 
. . . , .· . I ' 

• the s~atterei:l mir~n track is contained in the fidu~iaL. volume of the 
~pe<tron~eter; ' . . . · ' 

• the r~constructed f.vents lrave E 1 > 30 GeV; Q2 >.52 GeV 2 , and 0.4 < 
:z: <: 1.8: In this region, the geometrical acceptance of the spectrometer 

.is flat in ;z; and Q2 and isevcrywhcrc largerthan 65%; . - . . ' ·.~ 

' •-the recm1structcd cv~nts arc observed in a·~:~gioirof good resolution in 
. the.scatteringangle 0 (0 > 0.045 rad). · · ' . 

After these cuts we obtain 7.6 ·104 events for-the analysis of strudure func
tions. Of.these, 1356 events ihe reconstructed in the range .r > 0.8 .. We 
have ~etaiiJCd·the events with 'o.4 < ;r <-0.8 for comparison with. the results 
rcp~rtecLin [I]. which .were obtained with a SOllie\~ hat difft.~rent method. 
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event distributions: (a) distribution of the reconstructed interaCtion' 
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5 Dete~minatio~ of Ff ( x, Q2,) 

Monte Carlo . sirri.ulati~n '·of the expe;iment 

'! 

The experiment has been siritulat~d with a Monte Carlo program. based on 
the GEANT package [16]~ This simulatio~ serves to correct the measured 
difr~r~ntial cross section for acceptanceJosses and for resol~tion. smearing of . 
the spectrometer. The program contained a detaileddescription of the beam-
and the spectrometer, including: ~ ...;, · · · • ( · · · · · -

. -

••. the phase. space ofth~ incoming bea~; -. 

• efficiencies ·and resolution properties of all detectors. Typic~l effici(m·
cies were ~ 97% for the trigger c~~nters and ~ 98% for .th~ MWPC's; 

• ~ultiple scatteri~g and energy loss of both incid~nt and s'catt~red muons; 
in~ludingthe statisti~;;,i-fludu?-tions of energy.losses [17]; · - ~ - · 

, ,. . , I , ,. 

. • .. . ' ' -, ' ; . . ' • \.. . ' ! 

•: additional detector hits from {j rays generated along the muon track and 
' from hadronicshowe; pmich~through' ~lose to the interaction vertex .. 

-- • • ;~ ~ • •• ' j ' -· • • • ·_. ' :- • • • • .·_ •• • : ·, ' 

A sample {;(110 000 Monte Carlo events ~its ge~erated in-the tegio.n 0.8 < 
x ::; •1.8;' th~. ¥onte Carl~1 _data generated f()r- the. analysis reported, in · [1] 
Were used for, X ::; 0.8; 'J'he four~mmpentum transfe_: was. gener~ted in the 
interval 30 GeV2 

::; Q2 
::; 260 GeV2 : .The simulated events were processed 

flir.ough. exactly the same rec<mstruction program and event selection as the 
experimental data. ' . · · · . · ·' ' · ' · ' · 

The qu~lity ofthe simulation procedure has_been checked by ~omp~rini 
experimentalarid simulated event distributions. A good agreement is ob- · 
served,, thus providing.eviden~e 'fo; a g~~d understanding of the apparatus 
(Fig: 3).'· ·' -~ ' . 

Radiative corrections. 
'", 

. ' \ ' 

To evaluate the one-photon exchange,cross section and to determine Ff from 
the measured data, corn~ctions for higher 'order processes have to be appliel 
This is done inthe Monte Carlo program by weighting each generated event 
with a correction factor 6R.c = afao, ,where a is an approximation to the 
measured deep· inelastic scattering cross section and a 0 _ is the one-photon 

~ \' 
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exchange cross section' of eq. (2). The same corrections as desc-ribed in ref. 
[I] have been used for x ::; L For x > I:O, m1ly the lepton lin~ corrections 

·from refs. (I8] have been applied,~eplacing the 1;ucleon m~s M by·2M .in 
all kinematic relations to account for the fact that the scattering may ·partly 

. occur on substni~tl.ireslarger than a nucleon. Corr~ctions to the. hadron line 
'and from -~lectroweak interference have been ~eglected since they depend ori 
the .quark dyiramics which are poorly known in this kinematic region. They 
are estin1ated to be smaller tharf2% of the cross section. The parametrisation 
of Ff(x,Q2

) ·used for:the calculatio~ of6Rc was-th~ same as given in eqs. 
(7) and (8) belc)w: For a fe\v. typical values of,x and y, 6Rc(x, y) is shown in 
-Fig. 4. :· '· I 

" Eval~atioil ~fFf(:~,Q2)·. 

• Due' to the r~soluti~,n :~f the s}wctrometer, a!! event with true ~ariables( x, Q2 ) 

:is r~c'onstructed wi.tli variables(x',Q2'). The density of registered events 
<Nr(;c'; Q2

') is,relaJed)o thqdifferential ~ross secti<m d~a fdxdQ 2 by · 
' -· ' . . ' \ ' . - . '· . ' ' ' 

Nr(x.', Q~\ ~'r.Jj dxdQ2d:~~2 t(x~9~~p(x;i',·Q<Q~'), · {6) 
, X Q2 , ' . 

·t 

wl~erethe 1;uninosity:i:: is thej)roduct of the muon fl~x arid the ~lumber of nu
cleon~ in the target, E(;1:, Q2) is the geometric 'acceptance, and p(;c, x',· Q2 , Q2') 

is the resolution function of theapl)aratus, i.,e; the probability de~rsity to. ob-
se'rvean event with true variable§ (x; Q2 ) at (i:', Q2'). · . · 

The ,acceptance function' t(x, Cj2) and the resolution fiinctionp(x,x',Q2,{f) 

. are det~~mined froni the Monte· Carlo simulation. In the presence of signif
icant resolution snrearing, and "~ith . .;_ finite number of Monte 'carlo events, 

• · it is difficult to' cmistruct an explicit mathematical.description of p. :It· is 
therCforecustomary to :e~aluate d2 a/dxdQ2, and thus F2(x, Q2 ), from eq. 

· (Q) witlr an iterative methoa as described in [I].. · ., . · ;:·.- ·. .. . · 
\ For _the present 1nalysis, we have adopted· a simplifie~l procedtrre for the_ 

. F 2 • eval~ation which is better adapted to the limited statistical ac~uracy of 
•, the data. It consists in a ~lircct C(~lllparisoii ofthe experim~rital and Monte . 
. Carlo e~entdistributions; using in'. the simulation ~ i.e. in the right hand· 

sid_e of eq: {6) - trial strircture ftu~ctions which differ frmir'tlie previously 

' 
•. 
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Tab!~ 1: ·The structure function Ff·pernucleon measured in this,experim~nt, 
as. a function of x and ,Q2 

•• T~e statistical error is given by SFv The j;, 
indicate the, different syst~matic errors discussed .in the text; they are given 
as multiplicative.factors by which Ff has to. be multiplied or divided. The 
upper limits for x ~ 1.15 are givenfora ·con)idence level of 90%. The abs'oltite 
~ormalisation uncertainty of the data is. sm.aller.than 3%. · · · 

X· Q2 . . p2 .6.F2 .fr· fb ' fs• !d. 
-(GeV2

) (10~6 ) ·(lo-6) . ~J 
.. ,. 

0.85 ' 61 )560 94 1.160 1.055 1.093 0.997 
85 1260 ~9 1.096 1.036 .1.068. 0.999 
150 1090 78 . 1.060 1.010 1.043 0.999 

0,95 ·, 61 ~ ... 266 23 1.240 1.110 .-1.140 0,997 
•,' 

85 258 ' 19 . 1.163 . .1.075 -L102 0.999 
•' ISO :· · 26L - .28 L105 1.022 .1:070 0.999'·. 

1.05 . 61 
'"' " 

64.1 · .. 7.4 . .1:320: •1.202 I 1.203 .0.998 
85 . 47.8 5.2 . 1.238 1.137 1.149 .0.999 
150' . 4~.8 . 1. 5.1' •,1.176 1.046 1:109 0.999· 

1.15 '. 61- . < 27.0 - ., 

85 ' .< 15.1. :_· •\, ._ '•. 

1'··· .• 
t 150 < 22;3 .. . . . 

~ .. 1··.• 

1.30 . 61' ·. .<6:9 . . '·.I •. • I~ .: 

. . 85 · .. · . '< 5;4 ; 
.. 

I> • . 
'~ 150 ~ i <:-3.8 . . . . .· I ,,, _: . 

' . . ' / -. \..:::.__ . . ' . . ....._ 

Table 2: Results ori the slope parameters fo'r X :> 0.8; !:is indicates statistical 
and systematic· ~rrors 9ombinedin quadrature ·. · ·· '· · ' · · 

Q2 s .• ·..6.s· 
(GeV~) 
52 -·70 I 16.8. . +I. 

-'0.6 

·70- 100' 16.9 .+1.3 
-0.6 

'3-~ 

100 ~ 200 16.3 .+0.8. 
0.6 

' 52-200 16.5 ·+0.6 
-0.6 

·~ ·. 

' 10 

") '·J 

·~1.~. ·~ 
'] 

I -

·"{ 

'· 
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80 

60 

. '40 

0 

\ • 
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,. 

·\.· '.~0i 
-- • ./ • '-. • < 

' 22-
. . : .~ · .. '. . . , . . . S ... · · ... · . ·. I . . : . . : 

Fig~ 5i. The x2 of the' comparison of the carbon data with the Monte Carlo 
.e~ents for X·> 0. 7 as· a Junction of the param~ter ·; dis~ussed in.' the 
text. · · · ·~ · · · · · · 
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Fig.· 6: Ratio of experimental t~ Monte C~rlo ~vent distributions, for two 
·values of the parameter s. 
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measured ones o~ly at x). 0.75: 

F[(x,Q2
) = F{(x,'Q_2

)', x :s; 0.75 (7) 

Ff(x, Q2
) =:F{ (x =0,_75,Q2

) exp( -s(x-.,- 0.75)), x >.0.75 (8) 
, I , - < , . . , . , . _, " - -. __ ,' 

where F{ isa polynomial parametrization of theineasured Fffrom ref. [1] 
and s is a fre~ parameter. The exponent!al dep~ndence of Ff; at large X 

is predicted ·in certain th~oretical models .which describe ~uclea{ effeCts in 
structure functions by nmltiquark clusters [19, 20, 21, 22]; or few nuCleon 

. . , , ,J . , I ' 

correlations iri nuclei [23]. . · ··. · . · , , . · · 
Varying the parameter's between6 and22.5 i~ ecw. (8), ~ehave com-· 

pared Monte Carlo ~nd experimental' event'distributions dNr(x')fdx', inte· 
grated ov:er Q2'. The.variation _of tlie x2 .of this_ comparison 'with s 'is shown 
in Fig. 5. The bes_t agreement, t~king iu'to account statistical· errors only, 
was observed for:s= 16.5~g:~, with a x 2 /d,().f. = 4.0j5: The corresponding 
ratio of experimentaL ana simulated events is showq in Fig._ 6 and is found 
to be compatible with unity; ; . . .. . ·.. .r:/ . . , 

To search for a Q2 dependence ofFf, we have splitthe data in three Q2 
' 

/ bins of 52'-70 GeV2 ;10 .- 100 G~V2 , and 100 - 200 GeV2
• The resulting 

Ff. at the three bince~ters'is giveri in Table 1 and is sbown in 'Fig. 7. In 
each Q2 bin, Ff has been fitted with an exponential exp(-s~). The r~sult
ing fit parameters ~reshown in.Ta~I~·2. Within the errors, we,~bserve.no 
dependence of s on Q2

: The data are, h'?wever, also compatible witlt a small;_ 
Q2 dependence·ofFf, (scali11gviolation) ~hich ispredicted by pertU:rbative 
QCD and which is.clearJyestablished at sm~ller.vaiues ~fx·[lr~ 

The syste~aticimcertainties of~ur data ~re discus~ed in detail in section 
6 b~low. The systematic' error on s was obtained by modifying the measur~d .· 
Ff. for the effect.of each individual source of syst~mati~ error in.turn and 
repeating the fit. The ~orresporiding individual variations of s werethen 

·. combined in quadrature.: Since the 'resolution of the spectrometer deteriorates 
. rapidly. with in~n!asing x, only ,upper. lfmit~ on: . .ff. haye been obtained for 
X~ 1.15. 

To establish the pres_ence ofimcleareffectsin Ff. ,. we havecompared our 
data to predictions of conventional riU:clear Fermi inotioh calculations. As an 
example; ;;.e have used the model of ref [24] '' sim1ll~ting. the-distribution of 
reconstructed eventsdNr(x')/dx' with the trial Ff. ~f,equs. (7, 8), where s ~~ 
defined as s = In 1< (Q2 ). arid where K is <;t.polynorhial used to approxiinat~ the 
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calculation~ of reC [24]. The comparison with-the experiment .is shown in Fig. 
Sa. The Monte Carlo simulation repr,oduces the experim~ntaldN~(;i:')/dx' in 
the range 0.4 <X< 0:8,confibning'the g~od ag~eement'betw~en the present 
analysis and the one of ref. [I]: The Clata sta:rt to disa:gree·with the Monte 
Carlo simulation at x =. 0.8. The ove~all x2 of the compariso~ amounts to 
33.0 for 9 degrees. of freedom. We..concludethat at x :> 0.8 the data exhibit a 
nuclear effect which is not described: by conventional m?dels' ofFermi motiolr 

6 Systematic errors '..J 

The most important effect~ which l~ad to systeiriatic er-ro~s :o:ri'F:f ( x, Q2
) ~re 

uncertai~ties on:· -- - - . .- - . • 
- - -

• the magnetic.fieldof the spettrometer, _ _ 
• , _, -. <' • • .: ,_ 

--> .. · 

• the incident rriuon energy E,~· 

• thespectrom~ter resolution;-
~/· 

. . . I 
• detector inefficiencies,-

-- • ) - - • - -- - - .. - • y . -
•- the_ absolute cross section normalization.: . -

Many other source$ pf systematic errors have als~ been cou'sidered; _ -- ·- > 
The magnetic field C!f the spectr~m~t~~ has bee~ calihrated~ith a global 

uncertainty of O.I5% [I], The corr~sponding ~ncertainty ol1 F:f(x,Q2
) is 

presented in Table I ~s a multiplicative factor fs· - - - · 
The uncertainty iri the i'ucident muon energy,~ at the int~ractiori v~rtex 

- originates fro~·two sources: (a) fioin --:-thl;! spectrameter~tneasuring the mo~ 
·mentum of-the incident muons upstream of the apparatus and (b) from the 
corrections for the energy loss l:lE in the carbon target. The fir~t uncertainty 
amounts to o.I5%. The accuracy ofthe calculationsofl:lE is of the order 
of I% and the largest energy loss in -the target was about 7%; such that the 
uncertainty in E du~' to the l:lE correction is between 0 arid 0.07% depend
ing.on the vertex·coo~dinate. ·The-se uncertainties call change FF{x;Q2

) at · 
x=l.O by I5% at Q2 ;= 6LGeV2 and by 3:5% at Q7:;: 150 GeV2

• They-are 
shown iri Table I as a factoi'/b. - - --

-, 

-· 

14 

To estimate uncertainties from the spectrometer resolution, we have con
sidered separetely,the central region of the r~solution fmlction of the spec-

. trometer, and its tails. The width of the ·central_ nigimi has been checked· 
with calibration-runs- where beams of known energy were sent directly into 
the spectrometer. From a Monte Carlo simul(l,tion of su~h calib;ation runs, 
we estimate that the systernatic uncertai_nty on the width of the central part 
of the resolution function in x is-less than 5%. This error ~as introduced .in 

. turn into the Monte Carlo simulation of the experi~ental data to obtain an 
F:f' different from Ffby a factor fr which is also given in Table 1. __ · 

The c~librationruns did not yi-eld sufficiently accurate informatio~ about 
the t~ils of the spectrometer resolutio~ funCtion which ~re mainly caused by 
Coulomb scattering atlarge a~gles. Uncertainties due to a pos~ible ui:lderes
timate of such tails have been evaluated with the help of a Morite Carlo pro
grain -where ll!uit'ipl~ Couloinb ·_ s~at tering _is simulated following the- Moliere 
theory, i.e~ it inCludes a detailed treatment of 1a:rge angle scattering andthus . 
a~coU:nts foflong rarige correlation effe~ts. This -W~~ compared to our results 
based on the Monte Carlo.simulatioi1 with th~ standard GEANT algorithm 
where multiple scattering is· treated in the Gaussian approximation.· As ex- • 
pected, these different treatments do indeed lead to diffe~ent prediction~ for 
th~ spectromete~ resolution i~ variouskin~~atic variables {Fig. 9). ·However, 

. siri~e· the~e diff~rences appear- only in the. f~r di~tant tails of the resolution 
functions, they give. rise to ~ifferences in the reconstructed event distribu
tions. which art! i~significant when compared to the statisti.cal errors. The 
ratio of the two corresponding event distributions is shown in Fig: 10, from 
which we con~lude t}fat systematic errors c)n F:f due to an und~restimate of 
large angle scattering in the spectrometer resolution does not exceed15% for 
x < 1.2. _ . -. -. . . ·. _ . . .~ 

_Uncertainties in the MWPG and trigger counter efficiencies were esti
m'ated·: to. be 0.5% and· 0.3%,- respectively. -The. resulti~g U:~certainties in 
F:f(x; Q2

) arebelov~,' 0.3%at x ~ LO. They areshown in Table 1 as (1 f~c
tor /d arid are ·.very small when compared to the other errors. The absolute 
normalization uncertainty of the. data -is estimated to be smaller than 3% [I]. 

·To search for possible other,experimentaluncertainties, the structure func-
. tion F:f(xi:Q2

) has been evaluated in bins of the vertex positionand of the 
azimuth angle. Also the effect of kinematical cuts has been carefully stud
ied. In all cases, no variations beyond the statistical fluctuations have been 
observed. 

r 
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Fig. 8: C~mparison of the experimental and Mor1te Carlo e~ent_distribu
tiori.s fortheexperiments with a carbon (a) and achydrogen ta_rget (b). 
Two parametrisations of nucleon structure functions have beeti ·used 

.. in the Monte Carlo sin:ulation of the carbon target d;~.ta:: F:{"·without, 
nuClear effe-Cts· (open poi11ts) ai1d, Ff corrected for~ Fermi motioi1 'vith' 
the prescription of ref. :(24] (closed points). 
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In order to convince ourselves that the nuclear effects observed in the -
. large X region are -not ,faked by r~soluti~n or. ~ther systematic effects,' we 
h~ve repeated the same analysis on our data taken with a liquid hydrogen 

-target under otherwise idei1tical experimental conditions, .;_nd with the. same 
beam energy. of 200 GeV [2]. In contrast to the carbon data, the free proton 
data are well-described by the Monte par!o siinulatimi (x2 jd.o.f. = 5.4/9) 
(Fig: 8b ). This demonstrates the good understanding yfthe spectrometer 
resolution. If the discrepancy between the' carbon data and/the.Monte Carlo 
sim'ulation ~t:large x (Fig .. 8a}"weredue to' an _under~stim:at~ of resolution . 
smearing or other: experimental effe~ts, -th~ same discrepancy would have 

- been observed in· our hydrogen data which .differ from the carbon data only 
in the target material. As in th~ case of the carl~ on data, the proton strudure 
functions FJ(x, Q~) fron~ the pr~sent analysis and f~ori1 the analysis described 
in [2] agree 'Yell in th.e OVerlap region _0.4 < X < 0.8. . 

7 Discussion of results 

The structure fun~tio~· Ff ( x, Q~) at x · = 1· obtained in-the prese~1t' experiment 
amounts to ( 1.2~g:~) : _.10-4 in. our. Q2 ra~ge (.Fig. i): This· value·. can b~. 
compared to a wide, spectrum oL theoretical models [25; 26, 27, 28, 29] for 
f{(x:::;: l):whi_ch gi~e.predictions int~e.r'a~ge-10..:5 :< Ff <: 10.:.3 • The 
predictions of 'ref.-· [28] ar1d (29] are exCluded by our data. The data agree 
well with the quark:Ciuster modelof··ief.' [25]whereF2~(z:,Q2.) is treated as 
the sum of- pure. nut! eo!} . ai~d six~quark componerits,·: th~ admixture of the 
six-quark clusters a~ount'ing t() about 5%. . _ . ·. . 

In Fig: 7, we compare· our dah~to the calculati~ns· of Frankfurt and 
Strikman [2~rwho predict the existence of few nucleon ·correlations inside a 
nucleus. Depending on the strength of such correlations, their model gives a 
range ofj)[edictions fo; Ff(x) whicJ1 are sh~wn~by 'the shaded area~ in Fig. 
7. We conclude .that the' data are' in reasonable agreement with this .model. 

. Ii1 the riiodc;l of ref. (27] the nuclear structure functicin F:f(x) is described 
as the sum of the free nucleon structure function and of an exotic component 
which is due ,to the quark dynamicsixi theshort distance interactions between 
two nucleons. in a nu~leus. Fermi motion of· both the nucleons a~d of the 
exotic· component is taken. into account. The-prediction of the model for 
Ff (x) obtained ·at Q2 = 60Ge V2 is very close to the lower boundary of.the. 
shaded region in Fig. 7 and thus al~o agrees -with the data. - . 

( .. ' ~ 
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· 8 Conclusion~ 
We have presented the first' measurem~nt of the nuclear struct-ure function 
Ff(r,.Q 2 ) at high Q2 (Q 2 > 52 GeV2 ) ·and ;; (0;8 < x < 1.3)from deep 
inelastic muon-carbon sc~ttering. The observed Ff(x, Q2

) in the region of 
d: '= LO.is too·Iarge to be explainedin. the frame-work .of conventional Fermi 
motion mode!s. The structure fm1ctions obtained can be fit by an exponential 
F.f (x) ex exp( _:_s~) with s ~ 16. No Q 2 depend,ence of s is observed within 

1
- the accuracy of'this experiinent; The results on F{(x,·Q2

) are consistent 
' with models which predict nuclear effects near the single nucleon kinematic 

\ -Iimit from few 'nucleon correlations, multi quark clusters, or exotics. 
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BeuseuyTH A. C. nAP· 
CTpyKTypuhle q,yuKu,nu AApa yrnepoAa s6; 

Tipoauann3nposauhl AaHHhle, nonyiie1 
ulin MJOOHOB c ::mepmeu 200 rsB ua yr; 

KBaApaTa nepeAaBaeMOI"O 4-HMDY~bCa- 52 
3Ha'leHHH 6&epKeHOBCKOH nepeMeHHOH, 6; 
KHHeMaTH'IeCKOH rpaHHU,e AJISI pacceliHHSI 
'ITO npu 3TOM 3Ha'leHHH x CTPYKTypua 

£i ·:::::: 1 ,2 · 10-4• 3asncnMOCTh CTPYKTypuo 

X >'0,8. XOpolllO OllHCbiBaeTCSI 3KCDOHeH1 

s = 16,5 ± 0,6. 

Pa6oTa s&ino;meua B Jla6opaTopuu cs 

. flpenpHHT 96-he,!\HHeHHOI'O HHC~HTyTa 11,!\• 

Benvenuti A.C. et al. 
Nuclear Structure Functions in Carbon N 

Data from deep inelastic scattering o 

with squared four-momentum transfer 
analysed in the region of the Bjorken v 
kinematic limit for scattering on a free n 

structur~ f~nction is found to be Fj_ :::::: 
structure function. ·for x > 0.8 . is w 

£i ~ exp( -sx) 'with s = 16.5 ± 0.6. 

The investigation has been performf 
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