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NEUTRING- ELECTRON SCATTERING
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®' 729 STRUCTURE FUNCTIONG
(Cont.)

The C('uom'tit\j \H\Z jo‘( the Frocess 5
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Comycwe this  form
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'\uuﬂ ko stu\A? the g oavk Mt ribotions, Even ak
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‘Camgmi ng  terms
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In this cose we obkain
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@ Note that ‘\§ the dommnant process
XS s.ca{‘cef‘ma oﬁ nand &‘L%MKS (Jor

beth » and 4 SmﬁQﬁWﬁ)t then the F

This  relation l'\ab been tested
extensiely . The small offset increases
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The Pfec@&mﬁ ot o& elations
\ﬂowg one o extrack t\ﬂe Cbucul(
Mementows  dickns bubions,

HO W e yey 'E"\Q Proceg_g LS loﬂ(ﬁ@%d

| \q\sm\dcxb 0 the Nuwm ber O‘,‘Y Gq/uatﬂtéﬁ;%
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SuM RuLes RE\I\S!TEDJ

The werk ‘yust done atlows ne to

\)ufc ﬁomw& Some wmofe com?\ica‘ced SuUm

vules. Note that the Q?ﬂ deriyations

Care ot figerus. Seme of khe cum rales

oz olso deriyable From carrent algebra, -
¢ ¢, |

which case ’c\r\Q\/ ore exoact .
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2. GOTTERIED . SuM  RULE

This s  sensitive to  the

EN q,'umk charges . Assuming only W and d
q/ua(<s contribute (simple form)

J [P 10 - F] e et el -a-T]

3. MoVl ENTON 5M RULE

FZ"N(JO s Tepresented by
, F;“(x) = 2(u+T +AA8 +648 4. )
No_te that £he Qx?ecc:t&’c\m’\ value. jorawaﬁ-iéc’l:

X 15 Guven by

{xy = &x () ax

\MV\Q(Q Plx) 15 khe P(obab ‘tt)/ def\svhy juncfccéﬂ :%QV
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7. GOTTIFRIED SUM  RULE

This s sensitive to the
guotk charges . Mssuming only n ‘and d

q/u&(ks contribut e (s\mple 3‘0{»’\3

J%{[Fff’(ﬂ - Ff“(x)]*‘—" (- e&)tw’d _4-1)
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This meons

y m\\ (x) dx Z <x%

o

(s the total momentom ﬁmc’ticm

cottied by qluov(ks and aa’c(q(uafks.

Ify o nucleon consists of 072@

G\/ua{\(s ( and an’c'\qvuav’ks)

Sl\:fl\)(oc') dx =] .
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This means 50% 05 the nucleon momentum is

Cax(\ed b\f consti tue(\’cs (3 w\md/\ do nok jee £he

\ueak\n’cefac’c\on Y\or Giy the eleckromagnek
vakecackion (s\nce. F =56 EXF works well ).

- Hls/(oncauy Ehis Was \m?ortan’c e\ndeﬂce ﬁcw the existence
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'The model works cbuxte well at the

CD CORRE eTloNS

The “naive Quark PortonModel (Q?M>

ossumes  deep me\as‘c\c. scaktering

'S c\escv'\‘odb\é W terns Oj cluowkg)
photong Cmd IRNSYS

Q* values used in the 3LkrC expenmemm
o& the (370,

Ay QF increqsé.'s’, Qwp co«ecticns |
become Mmote '(m‘:oftant. The scales
wuolyed. can e seen through the
D BROGLIE wweler\gth -

'K&:’V\/Q |
Weing = 147 Mol fermi we cee thak jof/'
Q' =16N" Aek fermi, o Y5 the "vadius"

© 0§ o proton.

Fov Q- \n E\ms cange , gartonic structure begcn.s

-~ AN
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 For Q"> 6yt fwﬂhér structure 1 |
"(Q\)eo.\ed\ through g(uon ro..d»och on ond
q/aark \oops .

s The foct that the “further structure"
coNnsi&ts crk fyurth@f %u\oﬁks and\-‘g\uons |
teflecks the carrent beliey that

these are the smallest \evel of
skeuck ure

. To see thig , Compare whak haypans one
\eue\up. Headwons were once be lieued,
ko be khe mosk jund)amen’ca\ objecks,
For Q*2 \C'>e\\'L Nadtons =how ’chemselué

to have stracture, NoT co V\Sl&t"‘{’)

of hodrong,

YU\

Iﬁ) —30( Some. Q.ll We (Q\[Qa( Su,bS’(:(MC«Eu‘F&

o, moks and gluens, Ghove thicualue
o description interms of more gluom
CrisiidY would be Madeollm’ce_
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Cotreckions are alse raq/uired +0

take \nko accounk £he ij’ef.»‘&b 0&,
bound 5""&'3’23(@3. dtq,mrk scattering,

- korgeks masy efbects Gnd other "higher

twisk® ejjecks, As mentioned @.&f’f\‘-@y"}
thes e hove o 7qt dependence; (w.

kheir edeck becomes Less imparkant

4 C g i /
as C‘?/Z/W’\C fQCLSJe%a In tui !QNQly/ we W\cx\/ e
Ehaink 0} khe '&’cmg% Ure. 05 Qjmdile""

CUToN ’%emz\;»ar@ MOT i‘k@y o breale
as QF ge‘fc& ‘Mg@m

o gain some insight into how the

non - highet-twick terme will behaye
with Q% We depick the owesk

leve\ hod ton \erkey as

o
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T his may be modi &ked U\rou,%h

gluon emission

or Y)ou.r Pfoducbiovx

ond 50 jor’ch. T_n’c.q\_’t{uel‘\/), extra ?mc%

(e \Dcoc)uxceb\ through these QCD P'C’QQS&Q&,"

ond Ehus the moment um &r&c’cion co\rrle&fb»\i

QU ncrenses, .o, moveto smaller xvalues,

Q>R

.~ T
«1-®,

Y §rwen hodion is RevuceDd, Therelore we
@fpeck struckure Junckions o SOFTEN as
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Thus | 1§ Folxe) is plotted against Qv

o difjerent values of o, We _:SQQ

@ ok Low x| F,(x) INREASES with {ncreasing Q%
(W) ok HGk 3, F.(&x) Decrenses with incre%zng Q%

HO\»QUQf) note kthat these ijec,t; ,,
0re  SMALL cocrections to the phenomenon

P

03‘ RIORKE N Scﬂu&e]u‘.e. Che sio[?es

| AnR@ /9t sre omall.



Note khat in Pﬂ“nciele, 6.5 we go ko
highee Q" we enter a region where
perturbaZive QD s valid. This means
Iﬂ\o& Fe\,nman di&gmm ’ced'mictue_s cmo,\ogoaj
to Hhose Lsed tn QED con be vsed

However &he \)"o\\ld‘»’m} o-)— QY&

pestocbative calenlations 1y BLwAYS mere
 dubtoas than theiy QeD Counterparts, :

This 1o because the s’crong En’cemc%’{?mi"'
Cc\x\)\\ﬂs cons’cant 0{5 15 n j’ac.’c Cpm‘EQ |

\ox%a (a,o 2) “

ln &cxd: deg ITSELF dacreases as Q%

H\ (frouges,



GLuoN  RaDATION

Gluon tadiakion correckiony are
an \mportant closs o} corfeckions €o

| basic QPM cerrectione,

One o} Ehe simplesk chagrams of this
type s o

Here ini{:"\o,\\x) the “mco'ming Pq;{;gﬂ -

carnes o Jratien Y of +he protont

- colker quark with mementum §roction

r (x4y) goes on to interact with the
gnzcom‘mg rurE ual T’v oton.



T§ this were the whole séory,
One C'L')Q\d OLPPI\/ the 'Feynman ful\es/

then noke the correction -

| UnEO{tuna’ch\]’ the ’Coqum‘t?\)e‘l\)]
large value o o, means Ehat the
Next oRPER of correckions | e.q.

s R & not necessaﬂ\7 muc h sma“ef

- (Buk the EvALLARTION 055 the &ea%myy\@ ‘

s considerably \cng@r and more di j-jz,c,w-,:



Mom\, QLD Correétions \(\Me.
Oﬂ\\) bee»r\ Ca\cw\a’ged .J(Q l,eat)\ina
- ordel.

Thig may be because

@) 1t is not Possible to do any be&e/

¢i) e s ‘/\OPQ()\ that the juncﬂomcx\
cﬂeeendeﬂce o&the coffrectiong €y -
Corveetly  reprrsentRd, and :

i) 1k s \\o?e.()\ that the next-to-leud ng
otdel tems  whewn available, will
not a\ter the physical picture, '

Hl o w Quer, \n mo e cases where
next-ko-l2ed ing o fder tefms become
ovailable, 14 hasturned cuk that ¢
and i) afe NOT satickied, (and Eheefoie

Mm{ ST Noko be sbo.&:i&j"i'éz)n\)
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@ | ALTARELLL- PARISI EQUAT m)s |

In the case oj- -(:\‘\Q c\,umk d»s’cnbwhon ,
'&unctmms Ehemselves Tt Posstb\e ko trente

the problem recmswel\// oo ot ko obtain

ousolution to all levels

AP
W
%P
In khe QKam?\Q shown ea,V\iQf, W may
describe the q,uwk wikh wemenkum Jtmcﬁwx
L AS bzmS "nsidr"t the one with momentun,
SYO«C\‘\DV\\} The ?roba‘o \t\ :S—c( "ﬁh\s \b ‘

Governed by khe momen’cu.m s? ting j‘und"
?q,q,(l/\i)))whd\ 'S Qo.\c_u,\au\)'e wn QD

Plkarell and Parisy obtained o differantia\
Qo‘,uxa.’c'\on

o
dcny&L) = SS dy q (y Q¥ ° (9'1/
WO T Y 1 AT 2
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Ho wever  Ehings are more  complicated,
as the firsk quark may itsell be “inslde"
o gluen Cavr\/\ng e \r\ighef Mo mer\’cumﬁ-mc&fm %

i
- - 4,(p)
({MV - 90p")

9Ch)

Here the momentum charing s governed b\,

o A’\ﬁecent momentum SFH-\:H% j—uwcﬁion
Pho(2fy). Sethe Fuw difjerntial @9 uation |

- becomes

A& ey &‘0*\'?: [P e (9) 4 8, e/ gy 0

Aln QY 2T _
Here 9, (x, Q) ;9 (x, &) are khe CV*M\C and
 gluon dlstribukion Functions ot agiven
- Qh

~ The ‘eq uakion guwes khe ‘EVoLuTioN

| o the gquatk distribution {anction ci,.‘(x,ﬁ’)j‘?\
L wikn G,




Nowever, as we have inucked a GLUON
probability Junction 9(x,8%) we neea
o c.o\rfebecmé\; nY evolu 'E.'C on Qc,/ L&a’si on,

- This r!.bt;.

dng)(gf)___ ol (QL)SYL‘.‘H[ Paq..( -(Q.t)]fp (Aa( (QL
M qE 2T dy %3% IR SICME I

whete we £oke inks account the

“fanmng " 'Qc‘uy\ihg\ ibnst&nt, ot (Q°)

ty = 12w Lnkn (QYNY)
s (&) (25-2n3) I (@A) £ O( / ))

 The Aktorelli-farist Qq/ua’c\on_s j-orm o
- Sek o) cou?\ed\ é\aﬂ-zren{:\al QcLucxttoms wh\clq,
- Moy be oolved numencq\\\/ They need.
| o Sek of vulueS of the 95 (=, QY a £ seme QR
o s’cmtmg’ volues bwc /c%enodlow

| calevlakion ok any ot\nef QQ ?romc)ed QT iy
.not too \0\)3 : , ‘ :

Once £he colutions have settled, onealse
E‘)Q&S c\he C:)\v\w\ ol s’t'ﬂ \Du’hw\ j‘u\vxc'bzw\ _\

% (DC) Q"?



The \oeau{:\} o4 thic mekhod s
- dhuknk cowers dhese  processes o

oW\ orders | e com plicaked diagrams

- sudh as

:&(‘Q au’cow\at(w(ly (:o.ken 'mﬁo QCCOOLV\'C,,

B \‘-\owaverl» colfeetions 03‘ e Higher Twick
kype ore NOT  taken into account. '




() [STRucTure FumcTioNs &Y OTHER
MEANS -

THE DReLL-YAN PROCESS

The c\meﬁ \nm\’m‘c\on of deep
we laskic 5ca‘c’cenn3 65« ?(on o} &\ad\ron
stcuckure is that only  SiRBLE hadrong,
which can be used as Jcacgets corn be

|
- studed (Except Conerast Propuctian ) 1.2 enly

PeotoNS and. NEUTRONS,

Uhoing  these measarements
ofganized (nko O\rum\i d‘cs‘c(lbuﬁb'njurvcﬁm
as nput, the study of the DRELL-YANS

- CReCEES prowides o woy to measure the
qlw{k Ak bukion j‘unc{\ons jor other hadrons.



DRELL-YAN  KINEMATICS

| \/\}o(k ot Low PT 0\’ anch q: carry
momentum jroctions 2, X, of their
xes\aéc.tiwe hadron's momenta. [hé virtual
Sf\no{ on  has 4 Jectot

( E, ?) = ((z,—uz_)?j 0,0, (x,-x,)P)
(in oyerall CH whee f,*s € =)

So

C‘,’L -’—'~ 41\11 Pz = X IZS-

ano ¥



St andard Jc_echniq,ue&,""e,xist &or oqm(ﬁng
this e,x\:»ressioﬂ nto o produch Oj two

| +.(0ces

%:; % | For g = (%—_Dz' %Ai‘\"r [y, O WW»]E
GuTeL(remia (a7 I

YR A he
Note that the traces Coﬂ‘e&Pond to
two demsors,one for the electyon and

one j@f the wmuon,

Lo
MY = 2 [pipp? 4 pphs AL

=2 [ k;,‘, Ky +}€.; koo @%} %gzﬁ.;mlw\;

(performing the troces). Finally Ehe
prodiucks oy L eckors ore col culabed.



) Tn the Lee frame the ~esalt |
ok khis (laberions) contraction is
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We now move o the intvoduction

c:)& st\’ud:m’e jf\mch(cmb n D \o%ica,\

ste?s,
. SCQttedng from 0 STRUCTURELESS ?fobOW.
Seme §orm ac above. (Still
scattering of structureless Sefm'\ow&)
¢ Elastic eleckron ?ro’con scatte.rin%,
The matax element has £he same ﬁoﬁv\

os bedece, However the piokon tenser is re‘)\aced b\/
L<P) =k U ('vm) T8 G T
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(on \(:_L\.A«U\O«‘\
A W\c«\Qﬂ Low Une\/ corry ( \n the CM) This
15, §or (eg) the fask” particle

ot o O=x R (exy = ze(ost)
o ?
Thus o5 25 (pe)=>1 2Gla)2-1, Lhe efjeckive. Moss, LY
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" Returning to DreLL-YAN | the
Croes Section jor the parton leyel|

Qrocess CM@?_ “‘>ﬁ+}*—_ _'\,'3 wel) tnderstood,
45 q,.- C) = ‘el . 8(d-xx,

The cross section for the H A DRONIC
process s the Qon\jo\u\t{on oj the Farfon

leve) proCess O ve all fosslb)e sbarmgg
oj the gm’con momenta -
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| | 7 ) do
= ,?; Z jdl,d:f.z [‘(/;(14)‘{,;(11) + ,‘l/((x\yi/,‘(x?.) Tat
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©

using  the  Dirac  S-Function property

This expression can be re-arranged

S G) = Slxm) .,"3‘@.,@‘
, di/Ax\mﬂic

’cé ?ut the Qrgument o:\ the S-jwc‘tiw

as o diff erence of two dimensonles

tecms.

HO\Q? \,\Jﬁte %(Ci, - 1%&) 'n JCQ(M_S
o iz piMeveonEss Uariable ©= /gt

| ‘1/ — Xy S = ﬁ(co) = (8- 1% qw)
Then 4y _ ~ X %"
vl wz. |
5(@)26 when = _S-C}Ez. or = '%3;&,11
o §E) = S(35 -w)
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‘*dc‘( Mtdo > de dxaéﬂ, (x\)qy @W(“D‘L("z)_g(me S
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¥ X2
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| Drell-Yan cress sections should scale
v the voriable ) in a way simi Jay
to  Bjorken scd\inc\:\ in Deep Tnelastic
Sca’t,téf'\ng\ ,
2. Deell-Yan cross seckion Joemula Pro\f\&es acceds
te many new c"ua«k‘d‘cstf‘tbutiuhjuwcﬁiong
3 The jocmulu ollows the 0BLUWTE Closs
seckion  for Drell Yan produckion to be calculaked,
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 Prediction (1) seems to wor K ‘%uite
well.,
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R= o (Th = Wi X)
cs‘(‘\T’H———->N(«C2<>

whete B is an  1%0scAtAR  targek (e.g,sz, ),

For small @ produckion from sea quarks
(s ﬁa\)omed) 50 TF and T ave ec{/ui\la\ent
a0 o R |

For large ., produckion {rom NALENCE
C\/uarks dominates, Here the T (ud)

picks out d quolks n the target, and the
T\.-(Ckc)\> P'\cks | du’t @) | Cl/ucu\is .[qs the tar%Q% |
Yicu eaon\ numbers o3 Qach, R ~ C%-i)l:\@



‘ The C\/ucu‘r\ Aistri butyan {yunc‘c\ows :}0»’ ‘
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by Biving U‘\em O Parametrtc form
- eq, | N
- 0\,0«5 (x) = % (\‘“DQ& )

Perﬁccmmg the integrals in the
Cross Seckion fgcrmu\o\ Gno\ &u’dcmg d aXo. j-sf

o ond B. The nacleon diskr bokions
oce  nkroduced jfom Deega Tneloskic

Qca’:‘cer‘m%) bak can .bechecked {gor Ccms?séfenc\
H\rou%h Drell Yon conkinuam prod uckion
'n PP sca’ctermg

ﬂ\l this wo(‘ks ﬂ/w“:? \AJQ,“



@ Obse_wo‘ntlbn (%) does NOT work
very well n Pmc’tice,'
T s cus’comar\) 'tO Pmamekerize

the di%agxeément n terme of
K-fackors. These are Qiven by

Cj-—D\f' Q&?. d '
K - — v 2.%
OY: tweo,,leading oder

Thn fact the theorebical Pred‘yc,tions
con be made much bekter. The -
\mPfouement comes n khe \owtom'c

SQ\D—?COCQ&S)VD\’\Q(Q n addition kothe

baSic PfOCQSS q’>~‘\/ such QCD covfect(org
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| ) l

5o on  afe congideted.

and,




These cotrections '%we L

predicked K fackor of oreund 2,
(wWich o nok bod), but hove a similas
behavtonr  as fanckions of the quarlc |
&igﬁribwgfow parameters to the leading
order term

Note that we have USSUmedy
e ®, | erFo (eq because of the
?clmof&“\a\ K+ o} ?.o\.{ton;\. i the ucleon)
other processes giving rise o a

Vittaal gy may contribute,
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Retaening to 4he \eading erder
[aew) term, itis alse pessible to
detecmine the O\ﬂau«\mr/ dependence oF
the \f in the WO rest frame.
The stoerting ?c'\h’c s onee oga’\h the
f)ecm'\cm—ﬁefmir_\,n scatbering process ‘

g g

e 3
whete the e'd aﬂr}'\_\r\'\ lo Elon  serues a.s,
6 Soule 03 vittual fhotons, Once Gaain
one obkans a ?coduct of 1oNseYS L\m LN))
bat this bime khe  4-teckes are evaluated
i the }ﬁw{' fest frome, nek £he LAB Jrame,
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The \oQ\Qv‘\’ch mic (g\uon cadiskion) QCD
tecms do ot alter the prediction which '

\S Ve well saticdied n ?fcxctice. D’eo'\ations'
cen be 50&(\& wsith  Nigh statistics data

cwing £o HIGHER TwIST effjecks .
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_ FIG. 2. The ratlo of cross scctions for muon-palr production by #* and = beams at 253 GeV as a“
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function of x;. The restriclions on xy derive [rom cuts on the palr mass to avold muons [rom
resonance decay. The smoolh curves are Drell-Yan model prediclions using the plon structure

funclion [rom analysls of our = data 8l and nucleon struclure functions from Duke Owens +2)
{sccond sct). o

Duke and Owens.' Recall that in the Drell-Yan model the ratio o(n)/o(x™) would be 1/4

il we could ignorc sca quarks, and if Z & A/2. .

Ou the whole, the agrecment with the Drell-Yan model is excellent, with the exceplion
of the point at z = 0.96 which is about 2.5 standard deviations below the model.

I we accept fig. 2 as cvidence that the Drcll-Yunvxﬁodcl“.ap._plics io thal dala, we can

extract the proton sca-quark distribution, S,. A's we wish Lo avoid the usc of proton valence-
quark distributions measured in other experiments, we report only the ratio

3 ) 5::»(“’N,)
Vi(zn) + Vi (en)

QOur delermination of this ralio is ;plottcd as Afunction of zy i fig. 3. For compari‘siovn
the experimental results of the CDIIS collaboration®) arc also shown; they studicd deep-

:inclastic scatiering with v, and 7, beams. Our data provide an improved measure of the

sca-quark distribution in the region =y < 0.1.
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“FIG. 4. The nucleon slructure function G'n(xy)asmeasuredin @ N — ptp~ X al 8071150 151
and 253 8 GeV, The curve Is from the Dule-Owens nucleon structure funclons 12)+ The three scts
ol measurcd polnls have been normalized to Lhe curve al xy = 0.25.

- To subtract the cflect of the veclor mesons, the cross scclions were binned on a grid of

Zx-zN. The bin sizc in z, was 0.02, and the bin size for =y was 0.01 for zy < 0.16 and 0.02
for zxy > 0.16. According to (A3), for a slicc al fixed z,, =y is proportional to M?, which
permits a resonance sublraction to be made. al cach slice of z,. For this the zn bins were

subdivded into smallerintervals whose width corresponded to about 50 MeV/c? in mass. The |
subtraclion was grealest al low z,, and was almosl ncgiligble ncar z, = 1 (the region which -

corrcsponds to low zn al a given mass). Figure § gives an impression of the quality of the
subtraction procedurc al the extremes-of the region of o, used in thc analysis.

The subtracted cross scclions were then used to determine the pion and nucleon siructure
{unctions, using the procedure described in rel. 8. An z,-zx bin was uscd only if il was
entircly within the specificd mass limits. The latter were M < 8.55 GeV/c? and M > 3.2,
3.6, or 4.0 GeV/c?. There arc about 36,000 pairs with mass above 470 GeV/c?, and 70,000
with mass above 3.2 GeV/c?,

The pion valence structure function, Vx(zz), was delermined in a fit to the grid of cross
scctions do/dz,dzy assuming thic nucleon quark distributions have the form found by the
CCI'RR collaboration,*® and assuming QCD evolution of these distributions as parametrized
by Buras and Gacwmers.!™ Following the Berger-Brodsky model®) the pion,structure function
was paratnctrized as ‘ ¢

Va(on) = 25(1 = 2)0 - q—222

m\Tx) =Ty w). VDM'%I‘
An overall normalizalion factor, X, was left as a paramecter so the the pion and nucleon
structure functions could be normalized to 1 when interpreted as probability distributions.
(This rcquires an assumption as to the fraclion of the pion’s momentum carried by gluons,




