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Abstract 

Scale invariance is tested in ratios of IIIJOI\ scatterinq cross-secticns 

ftt:m an iron tarqet at pairs of q2 values ranqinq to 40 (GeV/c)
2 

and differing 

by a factor of 3/8. 'n1e apparatus was changed with incident enarq[ to ~ 

~~er.~e acceptance and resolutial in scaled variables. 'lhe scale-ncninvariant 

departure frcin lmity of these ratios displays a statistically significant cr 
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'1'he striltinqly sillple character of deep-inelaStic lepta'l scatterinq hils 

led to m:ldels' of the nucleon as a CXJtFOSite of nearly st:ructu.rl!less cmati­

tuents. For scatterinq anqles « 1 the scattering cross sectim is: 

-d2a - 4wa2 VW2(x,q
2

l -
ClXiJ; .. "'fi"' 2 2 [ 1-y + l /2 (1 + R)), (l) 

xy 

-1 2 2 
where x • w = q j'Jlltv, y = v/E, and R .. crsfcrt, with q , v, as, and crt the 

usual leptm scatterinq variables, M the nuclecn mass, and E the- laborato..ry 

energy. "Pointlike" structure illplies thllt the sttucture functiat 'M2 depe!lds 

ally upcn the scal~invariant variable x(l). Since evidence for scale-invari­

ance first appeared (2)- , field-theoretic descripticns of the behavior of ~ 

ducts of hadrrn currents at short distances have predicted specific f0Ill6 of 

scal.i.ng break<Dwn (3) • 

In tests of scaling, the high Precisim of el.ectral-nuclem scatterinJ 

data oollected at the Stanford Linear .llcoelerator Center (SIJIC) (4) has been 

offset by allbiquity in paraneterizinq the approach to the. scaling region at 

laW w, and by kinematic boonds a1 q2 at hiqh w, Significant deviatia.s ftt:m 

scalinq in w were seen nearly to vanish if inste~. the scaling variable 

w# • w + M2 /q2 was used (S), In the higher-eneZtjy lepton beans available at 

Fermi.lab, scattering data may be i,ntm:preted !IDre directly in teins of ~ 

totic behavior. 

'!be experiloontal method ani prelilninary results based m a subset ,.,f the 

data have been described pteviously(6). ResUlts reported here are bue<l upcn 

·~an irt:n target of 622 (233) glan2 with.l,S X 109 .(4 X 109) II+ of 

.tti.nqs to accept scattexed IIUX\ anqles . 9 over the fUll az.iJiuth in the ranges 
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0.011 s 9 s o:o48 ("small angle") and 0.011 s 9 ~ 0.065 ("large angle"). At 

56 GeV, th! awaratus was scaled 161 to preserve th! acceptance and resolutim 

in scaled variables [e.g. X and y in Eq. (1) ]. All data fmn each ocnfigur­

atiat are inclu:led here. 

'1\.io tests of scaling are possible: (a) th! differential ratio of ooontinq 

rates at lSQ and 56 GeV is ClCIIpan!d with lnity [ Eq. (1)) 1 (b) with ~te Carlo 

sinulatim of. th! spectzareter acceptance and resolutim, th! q2 -dependenoe. of 

...w2 at fixed w is evaluated. !'EtOOd (a) is th! basis of this I.etter1 results 

of metOOd (b) have been subnitted for publicatim 171 • 

foU:m tradts with scattered enerqy E' > E/3 were reoognized{S) and m::men­

bn-fit lllilk.ir¥3 full all.oliance for CoulCJib scattering, enet'9Y loss, and bending 

in the iron magnets. Only spark c::hattlers shielded fran the t:a.rqet by at least 

1240 g!an2 of ira~ (at 150 GeV) were used. Intensities were such that fewer 

than 30% of ~triggers yielded one or more tracks. 

The trackfindinq inefficiency correctim, based en studies using auXiliary 

detectors and ani ttinq various chaltlers, was less than 7% . and varied by less 

than U bebleen th! b;o energies. An exoeptim occurred in the 150 GeV "small 

angle" Slllple where add.i.tiatal inefficiencies averaging ~10% were observed in 

restricted data sets and fiducial reqiatS. These were C\lt out with little lou 

of statistical preci~im 191 • The relative unoertainty in 11111glletic field in­

tegral of th! spectrareter at the b;o belli! energies is ±0. 7l. llbsolute nanen­

t:un calibratim was based at th!se tnagnetic field maps, dE/dx neasurenents, 

steering beam IIUa'IS into the spectraneter I and studying the empoint of the E' 

spect:nm. Nil asc::ribe ID:Iertaint.ies of U to the relative IIDN!Ilt:un callbratial 

llld less then 71 to the :relative nozmall:&atiat of data ta1te:t at the two ener-

gies. 

~ -.. .... ·" ....... 
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Intemal ocnsistency of the "small angle" and "large angle" Slllples -

verified by OCJ11l8rinq ratios !. ., [ F.d2o/dlcdy (E=lSO) ]11: &i2o/dlcdy (1>56)) for 

ead! sanple in a:mron bins smaller than the experimental reaolutiat (16l in 

~·). The i was 50 for 58 degrees of fl."ee<kkn, pemli.ttinq the Slllples to be 

catbined. 

The ratios !. were ciorrected for experiJrental nc.nseal.in:J effects tr; means 

of a fblte Carlo sinulaticn asSII!Ii.nq that ...w2 depends ally at w· •. Details .of 

the si.mul.atim are described elsewhere 171 • In decreasing order of illport.an<E, 

the corrections were made neoessary by (i) different radial distributiatS of 

the bean, (ii) inexact scaling of spect:%a1eter reSolutiat and acceptance, and 

(iii) radiative correctials. Effect (i) was greatly reduced~ ~te 

Carlo correctim by selecting the 56 GeV events to prodl.loe agrestent beboleen 

the beam distributiatS. cartlined correctiatS for (i), (li), and (iii) typical­

ly are less than 10%. 

A test of scaling was made by fitti.nq !. to a ocnstant in bins of F.' and 

9 with widths smaller than the experimental resolutim. The result is OatSis­

tent with unity (1.02 :t 0.02) with a i of 117 for 108 degrees of freedan. 

F\lrther interpretatim of the data is made with the help of Fig. 1, de­

picting rasa functim of q2 , w, PJ. (=E'sine), 9, v, and f!til ~). w is the 

invariant mass of final-state hadrons. Data in Figs. l(a) and (b) are .pre­

sented both in CXIIilined fonn am (respectively) in bins of Ill and (scaled) q2• 

The hypothesis that any. scale-naninvariance is a functi.at atl.y of q2 is tested 

in Fig. l(a) by drawing the fit to CXIIilined delta through data in the foor 111 

bands. 'ibis hypothesis has l6l ocnfidenoe for eith!r a pcwer-lat or a prq~a­

qator fit in q2 [Table l(a)). 'lbe latter is a poor :repz:esentatiat of the data 

since its value at q2 • 0 exceeds unity. 

t·-.., 
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A statistically nae f11110rable hypothesis (71\ ocnfidel_loe) is that !:_ de­

pends auy en w. In this case the ~breaking parerreter ~ = a2ln (\lW2) I 

aln(w')Ciln(l) is nearly equal to the expcnent of the pa.<er-law fit tor vs. 

w (Table 1 (b)], If assuned to be w-independent, the parerreter ~is 0.098 t 

' 2 0.028.. Ita detadence (and al.8o that of the q fit) upon systematic effects 

is ilxlicated in Fig. 1. In ~c:ular, if scaling -in w rather than w' is 

tmsted, ~shifts uP'.rard_by 0.047 [Fig. l(b)]. An inci:ease of 0.057 results 

fran suspending Matte carlo c::orrecti.als, whidl affect ally the end bins in the 

w distri.baticn. Dropping these end bins raises ~by 0;025. 'lbe effect of 

using a sc:ale-ncninvarant fOIIII of R which fits SliiC data is negligible (lO). 

'lbe tit systematic error in relative energy calibraticn creates an 'urlcertain­

ty of t,O.OS6 in ~· Therefore, the scaie!noninvarianoe cilserved usil¥3' ally 

this nathod of analysis is not fully ccnclilsive. 

We are indebted to L. Li tt and T. Marldewicz for their ccntrlllutialll 

to the data analysis, are are grateful to the Fermilab staff and CAJr profes­

sicnal. and technical perscrlllel far their sustained efforts in suppoJ;t of the 

experiaelt. Two of \IS (S.C.L. and M.S.) wish to admowl.edge CAJr suppoJ;t by 

the Q)rne1l Lebaratary of l'bclear stua1ea during earlier phase8 of the experi-

llll!llt. 
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Table 1. Fits to r (defined in the text) 

Fig. 1 Q)nfiden::e 
Ref. , r .. level ' Fitted Paraneters _ --~-

(a) (v/Voln 16(1~) n • -0.083±0.032 vo • 0.041±0,011 

2 -2 t' 
A-2=(SO~~:)x 10-C N • 1.079 ±0.035 N(1+q~A ) 9116a) 

(1-tqlA-2)2 

(b) !r.w'woln 94(7lc) n • 0.096 t 0.028 w0 • 6.08 ~~:~ 

~it is made to data at all w. 'Ihls anfidenoe level applies to 

the sare best fit OOtpared to data broken into 4 bands of w 

[Fig. l(al]. 

bq2
1 

(q2 
2

) refers to q2 at 150 (56) GeV. '1hls •propaqator;. fit is 

CUIStrained to N • 1.0 with· a gaussian error of ±0.07. The best 

fit A-2 corresponds to A> 10.7 GeV. (90% confidence). 

'?it is made to data at all v. '1hla cl:.nfidenca l.eWil applies to 

the Ulll best fit caiplred to data brckiln into 3 bends of v 

(Pig. l(b)). 

~ 
"- .... _ .. 
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Fiqure Caption 

Figure 1. r vs. (a) v, (b) w, (c) v(l-y), (d) v/!1:...Yl, (e) y, (f) y-v. vis 

q
2/'JME. Other scaled variables eire prqx>rticnal., respectively, to (c) PJ. 2, 

(d) &
2

, (e) v, (f) .,(l -MJ-, which (with r, w, y, M, and E) aie defined in the 

text. Errors are statistical. '1bele is an additicnal. noiiilill.izatim error of 

t Jt. Typical IlllS ~terrors are: q2, 17%:· lri w, 0.5; P.L• 15\: e, 5%; 

(1-y), 16%; (y-v), 0.12. Banda of recoostrur::ted w are assigned Dill values 

deteJ:mined by the sinul.atials. Solid lines in (a) and (b) are power-~ fits 

to CXIIbined data. 'lbese fits are also drawn through data broken .into bands 

of (a) wand (b) v, in order to teat the hypothesis that any ecale-ncninvari 

depends (a) ally on q
2, and (b) cnly en w. Fits. to a CU\Stant are indicated 

by dashed linea in (c)- (f) : "df" refers to "decp:ees of £reedaD.. In (a) and 

(b), the effects of increasing E# at 150 GeV by 1\ are indicated by dashed 

lines, and the effects of aaaUI1ing scaling in w rather than 111# iri the )brt;e 

carlo by dotted llnee. 

!'-- • 
*rilbl 
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