i

4,

e

Die Struktur des Protons beil kurzen
Abstanden

Johannes Blimlein

DESY

. Einleitung: Yon E. Rutherford zu HERA
. Lichitkegel-Entwicklung und Parton Modell

. Scaling und seine Verletzung

Stand der QCD Storungstheorie

. Polarisierte tief-inelastische Streuung
. Der Bereich kleiner Bjorken-x

. Zukiinftige Entwicklungen

J. Bliimlein Kolloquium Bielefeld June 2000




i

i 1. Introduction |
5 sy G U A1 D R {E!’

TWO DASIC SCATTERING PROCESSES IN
HGH ENERGY PHYSICS :

, q
v >“”’"“<’° 1¢ 9%<o

c?2>0 /‘\

SPACELIKE

qﬂ<o ——  MICROSCOPE |

SEARCH FoOR THe
SPACELIKE
STRALCTLRE

OF NDU EONS.




DIS

1. Introduction

THE DOOR. TO THE VERY SHALL
IS OPENED BY MUCROSCOPES.

Robert Hooke (1635-1703)

P erhaps his most famous microscopical observation
was his study of thin slices of cork. He wrote:

... I could exceedingly plainly perceive it to be
all perforated and porous. . . these pores, or
cells, . . . were indeed the first microscopical
pores I ever saw, and perhaps, that were ever
seen, for I had not met with any Writer or
Person, that had made any mention of them
before this.

Hooke had discovered plant cells -- more precisely,
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In August 1955, Erwin
Mueller became the first
person to see an atom and
thus visually validate a theory
of matter propounded since
ancient times. His field-ion
microscope - later refined as
the atom probe field-ion
microscope - created a new
research field and contributed
to the understanding of the
structure of metallic
substances,

e )
"l .A
$iP g
.y tre g0

Tafel 36

Wolframkristall-Halbkuge! van 320 A Radius (Aufnahme mit dem Feldemissions-Elektconcumikro-
skop von Prof. Dr. E, W, MGLLER, The Pennsylvania State University, USA) {4.4.5.)
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Study of the Nucleon Structure

Year Discovery
1911 | Atomic Nuclei IE. RUTHERFORD
1933 | anomalous magnetic R. FriscH, O. STERN
moment of p
1933 | anomalous magnetic R. BACHER
1940 | moment of n L. ALvarz, . BLocH
late | charge distnibution R. HOFSTADTER et al.
1950ies | inside p-and n '
1969 | scaling of structure E.D. BLOOM et al,
functions M. BREIDENBACH et al.
1970ies | scaling violations vN and pN experiments
~ 1975 | 1st extraction of quark vN experiments
and gluon distributions
from DIS data




Ernest Rutherford in his Laboratory at McGill University ca. 1903




FIG. 4. Charge distribution for the proton and the
neutron implied by the form factors shown for the
fit (b) in Fig. 2(b).




THE RESOLOTION OF THE “MACROSCOPE' :
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BREAKANG LP THE PROTON :

RESOLVING QUARKS & GLOONS
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HERE: : PARTONS
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. 2. Light

Cone Expansion and Parton Model 3
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(ORRENT  CONSERNATION: g, W = We, =o0.

q{ DRELL, WHLECKA 1964

WP“: = (- cl’%_?") Wy (g3 v) + F&z (- %‘l 9p) (py - %‘?v)

T ’ Wz (ﬂtf V)
ANy = S \é_%- /

NON-PERTURRUTIVE  STROCTURE
FUN CRONS.




BEHAVIOO R fOR Ql——z» oo, V- 00

BIORMEN LUIMAT.

BIORKEN 639

wa((VQ)——P £ (x 2Hv>
S CALING.
Vi, v&) — F, (x-mv

| LIGHT CONE EXPANSION

Woy = ‘o\wx eiq‘( <PH:S).,(_K\' ij)”P)

1
T[jp(x3.jv(0ﬂ = X 8P?"2XPXY _ ix ojmtg O\?(x‘o)
T (- (&) 2R (kE-TE)

-
Age. qraph — % Epavg Ok(x,o) 0 (k,o) + O/m()c,o\
Lt (xt-ig)* "

OF () =+ ooy, ) — T @) 5" iy ¢
Of o) =+ P09 Yp e+ T Yo Ve 0
Opy () =+ 00 N w0 Ty )

&M—gw




Pey = oy < epeal, w2, 1 00]

mi'f’i P P
OV,A(XO)— Z‘on‘.x .. x™ 0

EXPECTATION VALULES:

i

P10V O 19> = Qn PPy, + Aroes b

(P OR O o 1P = Q5P P Bt Trovet femms,

Q, omd @3 ARE MELLIN MOMENTS OF THE

FONCrion s {@ AND {:(?) , RESP.

o0 %0 : -
fo@= Z DE - (g 8 F1g)

N=o " hl —ca
UNPOL. CASE : 0O, ABSENT.
. +eo i ,
Ny = gy v P22 {44 T 475 £ 804
BloweN Uit | @, Vo e BT g
WPV - é#(‘g) [—— %7"1’+ q’%?v‘-{‘ f-”iﬂ s H‘;)(P»" E;‘jz ‘il’)(?"pg’
W, v )= L8y = R§)

' (4
. * L%Z *Q‘ ?_X%
oW ) = 4T85 =4RG)



PKRTON woofa_ FEVNMAN 1969

ANSATZ: W (&) IS OBTAINED AS AN INTEGRAL
OVER THE HOHMENTUM DASTRIRUTIONS OF
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3. Scallng and Scalmg Vlolatlon 9]
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The electron injector is at the top, the experimental area in lower center. The deep

FIG. 1. View of the Stanford Linear Accelerator.
jon A, the largest of the buildings in the experimental area.

inelastic scaltering studies were carricd out in End Stat

FIG. 20. Photograph of the § and 20 GeV spectrometers in End Station A
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Richard Taylor relaxing during the first End Station A experiment as elastic
electron-proton scattering events accumulate in the compuler display behind
him.

Richard Feynman lecturing at SLAC in October 1968. This was his first
formal presentation of the parton model, the talk most SLAC physicists recall
igniting their interest in partons.

Bjorken had had most of the essential ideas well before his
| SLAG visit that month; Feynman’s only new contribution was
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4.1. The Running Coupling Constant
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4.2. The Splitting Functions and
Evolution Equations
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4.3. Coeflicient Functions

PROCESS - DEPENDENT QUANTITIER.
Oy *  WNPOLARIZED

) ' 1 _ -
Ce, = & LT () 2]+ £ (gus)

i

C(;’ &) = ‘QNJ-T{.% P2t (=] %%) 14 820-7) {’ |

3
«
CF':‘](%) - Cé_)‘t-—q: $ A%
C%;?%, &) = C{(:?% - SNéT& %(1‘%)

Glq® = F @~ Gy,

. FORMANSKA, PETRONZO 1982  (AND VARIOOS ACTHORS

BEFORE  (ERRORS, SoHe~
l | THes)):

C ) - Clg?ci

i C%‘:)% = 4N T @) oy (*"-f) +$—Jﬁ%f

| MIKLELL, ELLIS HARTINELLL 1379 ©
| HUMPERT (VAN NEERNEN 4324, BOousn, GUl 1990




O(d%) : HILSTRA, VAN NEERNEN 4392
(UNPOLY) 3 1984  PoLAR %ED.

The coefficient functions Ci(z, Q%) read
Oxs(2, Q%) = ascy(2) + adey™ () |
Cs(- Q%) = dleiy"™(2) (23)
Ce(s:@%) = aucty(s) +ale(2)
where a, = a,(Q?)/(4r). The leading order coefficient functions are given by {38]

. - (z) = 4CFz o (26)
CL ) cg‘)g( ) = S."\.er(]. —z). (27)

In the MS scheme the NLO coefficient functions read [21, 22] ©

2),N , 6 — 3z +4722 — 928
ng},NS(z) = 4Cp(Ca - 20}-")2{4 = lnz

—4Liy(—2)[lnz — 2In(1 + 2)] — 8¢(3) — 21n® z{In(1 + 2) + In(1 — 2)]
+41nzIn®(1 4 2) ~ 41lnzLix(z) + 5(5 ~3:)In?z

9 .2 -'33__ 35
g2 A0 ST 28 Y bz in(l + )]

-3
5—3,,

| SV

+4¢(2) [m(l +2) 4+ 1In(l — 2) — ] + 88, 5(—2) + 4Lis(2)

9 44994z — 172022 + 2162°
+4L13(—~3)—"‘—;ln(1—3)—144+ 94 1729z° -+ 216 }

0022
+8C2: {Lb( )+ In?z — 21n zIn(1 — 2) + n?(1 — =) — 3¢(2)
322z 6 — 25z 78 — 395z
"y et hllme) - e }
3 — 257
—ECprz {'21113 —In(l — 2} — 6 GHDH }, (28)
2 S 16 9 - Drro. - 2
! c(L“L’Pb(z) = C N { (1 — 2z —2z°)(1 — )ln(l — z) 4+ 9% [Lia(2) + In® 2 — ¢(2)]
] +9é( w227z = 9531 — 5) — (1 — =)}, (29)

cip(z) = CFf\rf{lsz[Li-z(l—3)"”1“31“(1_3)]

| 32 / 2 .
| + (—% + %{3 + Ii"’i) [Lis(—2) +In 2 In(1 4+ 2)] + (S + 242 ~ 32:3) In(1 — =)

|' | +(162 — 162%) In¥(1 — z) -+ (962 + 32:%) In z In(1 — =)

o 464 , 16 . o 2

( 16—14-1.,---—_3“' -}-3~> n(l —z)+ 48z In®z + (16 + 128z — 208z°)In =

! SPrevious calculations [39, 40} turned out to be partly incorrect, whereas agreement was shown between
Refs. {21, 22] and {41]. Refs. [40] were later corrected in Ref. [42].
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4.4. Some Sum Rules

@ KEY ROLE OF CERXAN INTEGAALS OVEIL STIL. FUNCTIONS

—p MERSURE : o.
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6. The Domain of Small x
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SINGULARITY STRUCTURE OF SHALL X EXPANSIONS
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[OCATION OF THE BRANCH POINTS
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Figure 1: Fixed—order and resummed sp!ittling functions P(x, a,) normalized to a, P (z) for o = 0.2.
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7. Future Developments
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