@ TET PRODUCTION N HADRONIC
PROCESSES

| 'ugma sinilar &Tﬁumen’cs to those

{YM DRELL YAN Proc&uctlof\/ RIRES Possib(e.

to 5{ud\/ other hadrenic processes.

Fort emmP\e) \Mrdscatter\ng o;%
q{umks Srom colliding hadrons can

be ckoudied hhro'agh JET PRODUCTON.

Ae the final stete quarks
ote nol directly observable, the
Oh\y WOy o determine 'l:he‘ parton

leve | \sfocesse,s 'S to*'study the j‘ina\

stote hac}u‘Oﬂ_s) e\thevw ‘.sing\-\/ o&F (N

| Ae‘,ts‘
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fgbep

- The parton leve! procss s described
\oy a pe(tmbc\ﬁue QD expression Jor

E&G(ab —Scd)
a p*
* The inttial state Momentum st babom
are derermwied by khe struckure

funct\ons (quam o\astnbut\on&unctmnss

- The final state hadon momentum

digtrbutions ove Aehefmme& 'by the jragmenfntmr
Lanekions D(Z) |



@ FRAGUENTATION  FUNCTIONS

The &ssumP’t\bﬂ made s £hat
when o q,ua{k LS gréd\uce’d\ na hard
process, the probability that itwil
| %l\)e e o o hadron oﬂ- fype( with
aﬁfc\c’c'xol/\ -4 oﬁ—.’c\nQ in(’c(al Q{uoufk
momentam 1S indepeno\en'& of the
pr ocess by which the g,uark wWas
\Oroduced.

Within the framework o the Quark Curtor
Mode| the number of independent fugmoratia
&—unc’c?ong can be (educed to two: é-a\)o&frrgck &)
the produced hadron containg )}/erdfon ‘
& £ he came. Kin A, unjavoured '\j 1t does nok,



@ EmP'm'caH\/) fmgmenta’c\or\ junct(.o'ns
are well deseribed by j-umctions

o& Ur\e \<'md

D) o L (1-2)"

\ Z
w\ﬂefé Z s the momentum jmct{cﬂ
CotfiN \3\) a hadron oj- type |,

The data are usua\\y o\:’ta'&'ned\_
from  2-jek events in  efe scattering,
whete &he Qrob\em o’S safaca’c'mg the
(nigh QT\ o\/mk yets 5rom the (‘ongltudinal)

‘oeoim ‘de,’xg s 6 uovaed. .




®  theton Level fRocEsEs

The:  lowest order QLD
Magrams  con be calaulaked

bsing Teynman Anagrany

Lech nt a}ues anq\oaoug ko

those Ueed v QED. The calculakions cve
\n £l case -0 more Qomglim‘ced‘ owi Ny

te e namber o& g\uoﬁg,

The cross seckions are o ’chejofm

& () C)s :
-o-\—%(%%z 9 C‘Q} Tl S Q’ﬂ/‘ g%ﬂ/b

where 5 (s the .\)o\'(’c.on \eve) Mandelstann
vatiav\e 8= (?\‘V?Dl‘ For h’\gh b sca&er’sng/
S s c\ose\y related o ]>T—L Dej?nig'

xr = 2
W



@ itk s ﬁaund that the cress secfid_'rj"&

Con be written as

_é‘./i\‘: = 4 Llx @ ()
d?ﬂ‘?“ @[Q—% T)S?T)

\

e,
- Ak fixed xp the portonmic Cfoss sectioNn

 chod fall o fr

+ The “Qscale” for Ehe process coan also

be fixed in terms o P-\-LV.

The mom@&um ﬁfddt'\ons Coxiied \D\; the

initial stake a\(umks are of order xr.

At suxﬁic"\en‘c\\} ht'gh eneryy (CEKM‘
collider, FNAL Teoo&row@) yets are
v're\a’i'\ue\\l Qasy to isolakte In Y- space
and ot behaviour s seen for jek cross

ceclions



@ 1t was arqued that S(ngle (oarﬂ'cle
geec’m’& should® also  show Pl-'% behaviour
Let Ehe pavon '\eue\‘ difterential

Cross seckion be

do _ (e <)
57 = e

Ase uming ﬁragmen Lakion & well described
by a §ragmentakion function DCe), Ehe
?T dickyibukion jor' o hadron Fmdxuc‘ed i
the j’ragmm’ccx&icm Process LS |

e g At &Ce) U, (@) 8(p -2 P)de
o P

= &ct> (¢ [2) D@ d_}é{{

Se&'\nﬁ
@~ B
«\ < -
48 o —l—ﬁjbi(z)zn e
eT ?T- .

ie. the hadron has the gome br &QPénAQr)CQ as

the porton which generaked it Thig 18 known as
the opofent-child  telationship



The ava lability o&— “high q/ua\hﬁ\/".
cvent %Qnemﬁofé ( Px1HIA SET.SET Herws )

o\lpws o d\ fer%t s"tra‘ceg\/ to be

aAopted The Fomt (s that euen ab

uaey ‘Mc&\'\ enercéues de’ts are never

| Cémp\e&e\\/ lsolaked owi nY to wlour
fy\ow be b ween the \nteracking partens
ond Ehe sloecta’cors, This can be
koken wnto occount § 1denkial caks
o€ \)e(’ﬁocmed\ on teal dake and a
Monte Cotlo sam?\e genera’ceck wkh @
qood event generakor (of) prefembly, morR Ehan
one, ko chede Jor eystematic effects) The

Rotton level Fmame&ﬂ% con then be adjuskes
co as ko bring &he hadton evel Ak tibukions
into agreement, In thie woy (eg) colow ¢

S\em eypecks ofe \Dco?z(\\/ token \nko awdunt

proyided the evenk ganczmmfs afe qo6d .




@ [D \RECT ?HQTQMS

O ur ;&ir\m\ éxam?le -o&\a hadronic

(Qcd) process s difect: (\Drcmfﬂc) ?ho’com |
Peoduction.  The principal processes hase
a,\teaay been mebk n comection N'\th

DRELL A pe od uction.

i

VY

aCd Ccm?ton | RONUILATION

Kearrangamen{; o\ll ﬁhg . eneray —momeﬂﬁ%
ba\dmcz j{e\ds « ReAat. Photgn‘



3*( "7%_

MOS’Q Qﬁ?szﬁmen’cs Q)(F ore {he

region whefe VALENCE 4,000Ks domnate,

Thisis because Ehe Bjerken-x  fange
e packicipating  parkons TR &

FD'( QX ?Qf,imenta\ reasons Xt S u\a,ua"[f(\;}
gteoker than QI5, ie Jchz,mn%sz where

Jolevce 4, uatks  deminake,

FUED TRRGET

fLog, ~ %OGGQU/C = s (ZQ.)QGQ\SZ
8 < xp LG

UAE 08 Cxpd
%o xc .20
' (LoT so weee tl)



EWPIR\C AL Empence For. DwRecT PHOTOMNS

¢ Rakio (’a'/xr") Increases' w‘l'ﬁh ?T-
~ Mot s come jmm "tr°déc2uz», \’5 (a/rr"’)

tokio L nereases |
A‘NQC&‘. 'K &&me@

T te'decfclon 1S good X%

- Ts oie Q(oAuuz& H\rough jmgmenta‘doh,'
At &xﬁ'\der\‘c\\) ‘h\gh br, 221 and  (1-2)"
kermin D(2) becomes | m?ortan‘t. Then
“?&tQﬂ’O child' relakion 30[\ | ond .%%;T 1“/ ©°)

N w.ol.E. parentt tton. A6 (o) |

ops Pa PafTon o 7) B
&\veaA\] o ?cu’ton \evel d@?QndQnCD.

. Roklo R =6C"psyX)
s(ttp—>pgX)

The takio s ex\?,ecteck Lo be reakes thon |,
The &) Com)o’ccn c)\laamvns contri bute ta

bokth TF and T (nducos Frockuc)giém Howeve,
oonla lokion greatly Javouis T over Tt
(s Ul oo 2% as many tu ann hilakions -. :a s doh
possible; alse %?97 has er Jactor, |



C A WokD OF UWARMNG ... .

The precision of ditedk photon predictiong
wos (eakly improved by the calculakiond]
the o) et of cecond order corrections
(AuRecHE et al. PL. ot 67)  However Aiagrams
0o \on%Qf 52?0\(0&‘&? annl\) \nto

qu\'\\n'\\a‘k.\or\ Qn'd\ Qcp CDMP‘EOV) Clﬂ&&@&_«

-R‘chn’(: LY ?a?e/ ﬁi’cs sZMa\’mweaus(\) 35{
five diskvidukion Sum‘dow& -
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O NUCLEAR EFFECTS
THE EMC EFFEC.,T

The de\le oPmen’t Oj’ S’tT(ACtU\TE
&unc't\or\s assumes that measurements
0xe done on NUCLEON t&r%et$ or at
\nocst very lg)\'\t \50%Qa\o\,f 'tO\T%etS

(S
This meoans U\s‘m(ﬁ a ?z‘gaz'd ﬂjdmg@ﬁ
targe’c (or Deskerium) L\cluuck Hydroge,n |
s not very dense (g 0.0708 3cm"%’) ‘eadung
Lo Low EVENT RATES (o \:er\) ex‘cendecx
tac%ets)

S0
fox “pmc?e'mz Tedsons, nuc leay targets

which can be much denser, are Frej'erob\e,



At the Te.\ati\/e.l\/ high Qz values
't\/P{ca\ o'& Deep lr\e'astlc.gccx’tﬁering))

it was assumed thot %co\tte'rin% oﬁq
nuelear tm%et could be descri‘oed s

o \ncoherent %u..()e,-rpogt“\ch oj sca’:{:en’ns
Ojj nucleon taraets,

Fi) = L[2 76 + (-G

fov‘c\ anncleor tm%et oj charge Z and '

moass A,

‘Thib W a5 exPec.'ted\ Lo break down
neoy =0 (SHADOWING) and near x=| (Ferml
MOTION), |

In ,\oetweeﬂ) b was supposec)\ that
the superposition prctare would be valid.

[lt 'S N (m\) Case used as the ()\Q:’S\V\lt\()ﬁ Qj
PR |



- ORwGwne Ene Data

"EMC

. .

i _ Iron + Deuterium data
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These data have been studied
in’censi\le\% both because Ur\e\/ are
ntere sting i themselves  and in order
to validate the conclusions built up
over many years using data Jromn

Nuclear targets,

Dozens ofg "Ynod\ds hove been Pu&
So(‘u)a(()\ to account &or this behaulour,
\I\JQ' ohall lesk at

SHADow NG  Vector Dorinance Moder

Pacon Fuson Moper

EWMC Mca.u\k BINDING  WeDEL

M REScALING  MODE(L

Tern| WoTion



® SHADOWING |

\NeeToR DoMinence Mode

TN E 89,4,

Consider a Fho‘tan 05? 4 - rnomen{am-co(&:(v/&)‘
Tk can S\uctum’c.e ko a6 vecker meson og MasS
M,. The energ oj- the ﬁuc‘tuatloin 'S

By =ymy+ 2
with Q1'=—f;f‘ Je-= nqke»Qz’ Le the uoﬂ%ina\” Qnefgy
05 the fhohon \S

= (Q +R-

So the ene(gy uncertaimty 'S
AE = Ey—v & Q'+ M

D \o.rge. 2y

Then the coherence \eng‘ﬂ'\) e, the \eng‘c\r\

ove¢ which (:‘nef)\uc‘cm‘clm Eakes place, i

d.(M @") Al a 2y _ | |
L\,E QL+ M{’,-— M (H- M /Q'z.)




i R T R S .- - R - . - Lo o e e k

mesdN 1S

N \
1) = <y,

No — nucleon dens{’c\j

5, ) - e for interactions of vector mesons

of mass M, with o nucleon.

The Necessary conditions § or shadowing

ore then -
d My, QY) 7 A(ng)
R g > L)

Note that the ex?(ess\oq &ov the coherence
\eﬂ%’ch \mp lies

« thak sha&owlng) becomes mote \m(ooftcmt
as X O,

* that shadowing becomes less lmFO(‘ccmt
as (> o




g

® o
The (strong nkeraction ) cross sections
| ﬁov Ehe vector meson compenents are considerably

la.rger Ehan the (eled:fomagnetid bare ?ho{:om
Ceoss secktivon

Thic means £he -pho&qm -S?lux (S de(){e’ceck
asit  passes &‘(\fowg\r\ the ﬂadeus) 1ead{n3

Lo o lower ejjective number o] Nucleons seen’

than would be ax pecked from superpesition,

This  accounts for the drop in FZ.“/FLD

s >0
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?QR.TOM \:U\&;lOl\](REZC_QMBleT\cDM)
From unceftainty arquments | khe \ongi{ud?ml

Aistance n which « parkon with mementu
Srack\im x con be localized i¢

Az ’L“.{Q;

while &he Lorentz-contracked mean sepatation
bekween nucleons n a nucleus (seen in

the @Re(T ﬁmmeﬁ 'S

Nz, ~ 28y X
P

le. for some x (x<xy = \/(ZRUMW Fafﬁons
ok o fixed impck patameter start to cverlapin
space.  Under these conditions, these
“sofk parkons can vecombine. Momentum
consecvation Jeads 4o

¢ 6 d\eg\et‘\on ok low = (SHﬁpbu;(x\\é)

. 6 veplenichment ok somewhat higher « Canm S HADOW NG )



@ Note khat &his xplanation wauld

5u9)3Q5t that the distribukion &umﬂom

themselver c\'m,ncje) while W \IMD th o

Qﬁedj stems jrom the ?(ogmbczs oj'
the \Dro\ﬁe

(211)
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@ NUcLEAR BNDING

Conventional models oﬁ- nucleor blndins
suggest other hadrens ('rrj, t),) are ncluded

- {n the nucleus. \& W ocakfering could fake
ploce off them. For T exchange only  where
| Z s khe 5m¢’c'\ov\ ok the nudeay momenmm

coxtied \3\] the Y\uc\eon/Pion) we haye.

() = y\&“ (=) y (x/2)dz + &A{W (@) Fy (xf2)82

X

Fﬁ(ﬂ is the gisn struckure junc’c’icm.

Mo(e %Q(\Q(a\\\)/ jof (\%% Sfecles Qj‘h&c}a‘aﬂ

Nsoe

() = > jl%ﬁa(‘a) 2 C/e)

!
In genefal, uwith Qnoug\w Nadon s?e.cies)
e model will a\wa\/s j’i't the O\qta) but =0

lows ks wed\lctl\le power. Reasonable resulks

- ote oot atned  with T, N and A



7N

Q(_D

N RESCALING

HQ(Q/ the idea i1s that in naclear
matker the elfective size of the nucleon
inceeases (no e.g.p\mm.-%:.xgﬁ) so & ryof gluen Qnergy
probes with o shetter ejjeckive de Broglie
Woxe \eng)’c h

A = A (Ry[Ry) |
As N s felaked to Qz) we. should set

1
1
1
,
|

2

FP(x, Q) = EY (’x!%ﬁ@'} (.‘%Q\)
- where
o o Ra /R4
More Frec'\se'\\/, 1§ Q-evelokion is taken
nko account, one finds

‘xs(@é')/ﬂls (Q'L) |

%ﬂ(&z’) = <@f§' /@@

| The obsecved behauvisar of Ffe(x)/Ff(z,\
15 obtained Jor £l

\ ¥
{p Qt\ “ S o \ \ L, ‘\' i B \
g i -’ . (R S " o
g, .. Y i T, oy e . .o ! . ¢

o



@ FERM \"\0"\"10\\\,
| fs x| ) the vatio FQ(’C)/FPGQ in the

end 'meu'd:a\o\\, Ti8es, shavP\y.

\p\\'\le ﬁof a fgixed )chget one ncrm&“y

(VC-IN
X = Q?‘/ 2™y

it would be more covieck touse the
Lotentz - covaxiant 'Sofm

x. = @?“/Z Pq,
snce P takes ate acceunt the (Fern) Mo’c\'on
o the nucleon inside the nucleas Thus we
“wrike |

PG - | 4@) B Gaodae

whee 1, (2) is the momentom dist ot bukion o}

nucleons inside the nucleus | and

2= Ao fg)

e, A times the frackion of the nouclens mementum

carcied by the struck nucleon. As 7z is gererallyy(

ANES samflgb ,FL‘)CL‘) 5’0( 1cuoe( volues ‘of‘x‘ thoan =,

the convoluted value, Rsx—1 tnis leads ta
SR A SN AANED |

.
«
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1.4 Q? < 0.2 GeV? 1 \WAs4
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1.0 __ |
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SPIN STRUCTURE FUNCTION OF
THE PRGTON

Most mea%ufément% Of‘ »d\gef:
\ne\a%tié, seajrfcewr'mg \n\)o\'\;e, UNPQL@@Z&D
tcwgojcs. This condition is built
ko the “mmm{n% and averaging  of

witial and Sina\ state helicities used

to 'Pfe?are &m?\'\tw\es ffm’ trace thesem

{ec‘(\(\'\%u%,

‘r\owe\JQr, velativistic \@:?hm’\ beams
6xe Maturally ?o\mized. Lnfotmation
on how SPIN 1S shared smong pattons
con b2 oblained b\}g Measuting scattering
with o Porarize d .’tow%et.



‘

METHOD, (N8 2228 (1asa) ()

‘ Using torgets polarized,
~lengitudinally Pam\\e\ and anti\"Jafu\le,l
to the beam € 5 Poss'\\b\e Lo
Mmeasute the ~re su\\tinri cross sections
temll) ond d\c-N’ and the as\/mmetr\/

A= doV_ ac™
da + 4ot

This (exgeflmenkaw asymmetf\} s
qelaked to the virtual Pho‘ton-ﬂuc\QOV\
osymmetries A and Ry b\/

A=D (A‘\*"YLPQD |
where D and. N are j;umc'tions of the
kinematic vatiables,

P\‘ = Oy, — C3)
Gy, + C3/y

| QZ« = Oq /5T phekeahiorption o~

Sy bnavdiagl - Lronsvers @
) ) 3 ) wikeence

| = Ll , |
% o = {6y, + Oy, teonsvense




®

STRUCT URE  FuNCTIONS

25 M _ 4 o
j\&» 33@ J&L M(E €' c0s) G, (@20) - BB, (@]

In the sca“nﬁ Yeqion (Q’z)w \ar3e>,
we define new skrockure functions a,(x), a, ()
such that |

M™ G,(6%y) —> 9,()

My 6, (@) — q, (x)

These can be correlaked with the asymmetries
Q\) A, as _‘{YO\\O\Q& |
v \
A= (o, -9 g, T

Ay = 7(31t9y) Ti','
wheve %= z__Er_«:,;‘
%\ = F‘ (Q‘ '“3 Rl)

Hence

NO\\) SNCe ) ose both small A= R[D and |

éP)A I:\-ﬁ . A w®

CTE

D 2x(1+R) -




TNTERTRETATION OF  gP(2)

1 he O\symme‘cr\) Rlv con be intecpreted
in the QPM.

Let q,-?(%(,x) be the distribution 5unc:&ion
foc Owouks of Species i, having chacge e, and
helicity pacallel (antipara lel) to the nucleon.
Thew

A= Sh-0w _ 2e (16)-4)

| G, + S3f, i} et (‘fiw + 4 ()

as |
F, () a}ZZe?(q,}'(x)Jr 4: ()
ona QH(:Q: Q,Fl ) E jo\\ows that

4@ 5T (g0 7, () = % Zef by,




 Sum RALES
Thece ore two suam rules &rectuently o
quoted n connectian with spin  structure
&und‘.'\or\s? Using cavrent cx(g)e,bm/ RIORKEN
obtained | |

X;[gf@ - Qi (0]dx = ¢ g8 (')_%s

V

[RIREEN Sy RuLE )

This sum vale (s regarded as o« rigovous
QLD fequirement,

Moking o number o} additional assumptions |
(3003) Yavoar symmekry, ne golosization of skrange quark:

) Ellis  ond Jjie obtained a sum vule for
(93( )
R

'(9‘:(9@&1”‘% |-+£“(3*'/o~0] 0. 189k .CoS
9y 3 (%o +1)

§ o ene kinemakic 1e9.0N,




@ EMC made simultuneous
measutements on two oppesitely)
polatized Ammonia targets in apdlarized
beavn. [he Po\miza’cicms Weve swapped
Teqularly to reduce systematics,

The resulbant measurement was

{
& o) dx = O12% £ 0.0020.0\S
O

This is NconPATIBLE (36 level) with
the ELLS-SAFFE sum vule. v




7) |
O LNTerPRET ATION

where

r~ (! e

Ng = L(q,*-q, +4 =37 )dx
The EMC wmeasurement U
IF = 0.6 £ O.0R

The R30eked sum vule gives

T? ——Iv\ = 0.17209
so (neglecting o)

0.6 +60% = (% Ku + X

q“&d\-)
- 0.083+008= Y, (‘/q (EU& . % E

d)
So'\\j\mt:) ~
No= 0710067 <

erors  antieatielaker,
[ ™)
\Qa\ --0.55 £ 0,57 &




lE |

T this simple model  the frackion

o {:he?ro’con spin carried by the
q/ucx(k&. (S
'Zim“&a\ = 0,1S2 012

Exkra tnpat s requited +o nelude
the stcange c‘/uo\fks.LTh\s \s usually dene
bsing  daka jJrom WEAK HYPERON DECAYS
on ‘muokins SQCEDFL_QVMQ_ &.ymme’cr\{. This

g{wes

(Ko +Ka -2 2&3)/@ = 0,397

One | khen obtains

0~
<$a>u=}z Ao = ©.281 4+ 0,06 4 0.00%

¢

Sap=b N =-0,236 £ 0.0l x 0.0
G =l R = 0,085 006 & 6,003
A
3

| <s,g>wks: + 006 £0.0¢T X 0,064

/




NO EQ &V\W‘Q ’Q‘/\Q A(‘Q(l/“\«‘\ Y‘QW\QJ\& ﬂ'(o\/\/\ RIS R 1

consetvakl on 0’& OJ\C:\UL\OJ moment um (s

/lzjzl&q,; + A6 +<Led =Y

.MleQ , .
A6= o (G4t -660)

s the nek helic 6\/ cavvied by 6LuaNS, |

The ~esult is QURPRILING. At
present no recenciliat fon o} this result

with the succesg o) the skatic 4,ua tk mede | 1
" ch&\c\:\v\g (Q‘g.’) maane't\c. moments Nas beey |
ocdnevey.,

. Ez«?erlmen’m\l\) SMC will combine
yatogen [Butavee) with Dedterium measarements
o as Co obtan q'(x) ditectly and sotest

l:f\ﬂ‘fen L3oRkEN cuam (¢




