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I. STRUCTURE OF PROTON

Deep inelastic scattering

Proton
Kinematics
s = (ptk)
W2 = (q+ p)? hadronic final state mass
Q?* = —(k — k’)? four momentum transfer
q-D .
y = —— fractional energy transfer
k-p
Q2
r = parton momentum fraction

2p - q
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d?o
drdQ?

477 o

x Q2

{422 Fi(z,Q%) + (1 — y) Fa(x, Q) }

QPM: Fr(x) = Y e?x qi(x) = 2z Fi(x)

QCD :
Fy(z, Q*)— 2z Fi(z, Q%) = Fr(z,Q*) > 0
Fr(x,Q?%) contributes at large y
Why is F5(x, Q%) measured?
e Search for proton substructure
e Decompose proton into quarks and gluons
e T[est perturbative QCD

e |nput for future experiments at LHC
(extrapolation over few orders of magnitude
from present measurements!)



DGLAP - evolution :

o Qi(wan) _O‘S(Qz) Pyq Pyg 2 qi
dlnQ2\g(x, Q%)) 2= Pgq Pgg g

ep > e X

Kinematical variables:

o Electron detection
o Hadron detection
o Mixed method

Advantage :

e Systematic checks possible
Typical systematical uncertainty < 4 %
e Choose optimal method



Good agreement for different methods:
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STRUCTURE FUNCTION F; (z, Q?)

Low @ region

N2
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e Errors reduced by factor 2-3
R=0: 5%...10% change at lowest x-bin

e Good agreement with previous fixed target

experiments

e Steep rise with decreasing x
Steep rise with Q?



FQ(X»QZ)

©O= O= O= O= O= O= O~ O~ O= O= 0= 0= 0= 0= 0= 0= 0= 0= 0= 0= 0= O-= O=

Lo Lo VO VO O YO Lo LD LD IO O Lo LD YO Lo LD LD o O o LD Lo o

F1T 101 1T Ml 111 rrerier it risryrir1irrirrirnrinri

x=3,6E—05

x=6,3E-05 J
.. x=0.000102 o H194-97 Preliminory *
o1 F=0O006) ® ZEUS 96-97 Preliminary ]
“ =3
¢ .o «=0.000253 ™ BCDMS,E665,NMC ]
c°'.. 1
. x=0.0004 ]
" o ® 8e° _
o % x=0.000566 J
g8 "
PR D . ~
) x=0.00091 k
o ©° 6o 8 8o =
see® x=0.00145 i
o0 T1d Lot R ;
‘ R x=0.00231 ]
o9 0ef L ’
* epe® x=0.0032 .
o 0°® posss 0 ® ¢ 7
° . x=0.005 :
oo o8
oooi“"'....‘ :
’ o x=0.008
oovo’ﬂ.'....... 7]
[ ]
- x=0.013
co 0 80 000 0080 e% 8
malF = _
x=0.021 ~
o o ...‘..........‘..’ o8 ]
x=0.032 .
g EW W oM EN eo8 8°0 00 00 0200 o0 0 B
x=0,05 7
"ETE L o 8°0 00 00 0% 00 008 o ]
x=0.08 ]
" anmmenaam W, ®20°gp 0%o00 008 o O
N enn EEEEEEssnsEnE 0 o® $8 8 e® goe g © 0 ¢ x=0.13 -
W g I g ° ® o0 g0 8 o o © § x=0.18 ~

© o o 8 o & x=028

SNENEENNENEENNEEENE W © © © 00 00 O ¢ [ ] e © ® x=0.45 :

ENENENE NN N e o0 o o [ ] e o x=0.65 ”

| 1 1 1 1 1
10 100 1000 10000 100000

Q? (GeV?)




Small Q?*-region

ZEUS 1995
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e Regge fit, successful for hadronic reactions,
fails

e Pomeron ansatz with a(t = o0, Q?) good fit
for Q% < 0.5 GeV?

e GRV prediction: rise at low x due to
radiation, for Q% > 1 GeV? successful

e No indication of saturation at low @

o For Q%>1 GeV? pQCD processes become
important

e For Q%<1 GeV? nonperturbative processes
start to dominate



Large QZ?-region
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e Precision improved by factor 2

e NLO QCD fit to low Q? data extrapolated

to high Q2
good agreement




Separation of different quark flavors

Valence quarks dominate at large = and large Q?:

1.5

0.4

0.2

0.15

0.1

0.05

ZEUS CC 1994-97

Q% =280 GeV>

Lol e

Q? = 530 GeV?

Q% = 950 GeV>

Q*=1700 GeV* |

L4l Lt L

1 1 11I/|J| L. [ )L,

| T T T T | T T T T |

Q? = 17000 GeV?

e ZEUS 94-97
e'p CC

CTEQ4D

NLO QCD fit
[Botje]

CTEQ4L
(1-y)*x(d+s)

CTEQ4L
x(u + ¢)




do,./dx / pb

S ZOO:
3 175E Charged Current o HI e'p94-97
w2 - — Standard Model
s O (NLO QCD Fit)
S 125¢
© -
S 100+
750
50~
25 ,
Q™>1000 GeV~, y<0.9
0t ' ] 7
10
X
10
Q*>10000 Ge V2, y<0.9 Neutral Current
8 - e Hle'p94-97
— Standard Model
6 - (NLO QCD Fit)
ST N v-Exchange Fit
4 L
2 -
0 [ ! ! | ! ! \ ! \
0.1 0.2 0.3 04 05 06 0.7 0809 1

X




Separation of u(x), d(x):

¢no (@, Q%) =Yy -a{t(utcta+a)+Li(d+s+d+3)}
pec(z, Q%) =@ {(@+2) + (1 —y)2(d + s)}

TUu — Hmeas ( T U )
NC dNc /) low Q2 Fit
d
zc d — meas ( £r )
5 Gce ) low Q2 fit
H1 e™p 94-97
x=0.25 x=0.4
@) )
£ e, (Du — Tow Q2 Fit - b q)u — Low Q2 Fit
0.6 :_ * NC o NC 0.6 :_ NC " NC
04 F §§ $ 04 -
02 02 [
0 0: | | ||III]| | | II||[|I .I | 0 O E | | IIIIII| | | |IIIII| lI
eb().6 :_ .......... (pd — Law Q2 Fit eb().3 :_ .......... ¢d — T.ow Q2 Fit
- «c o CC - e o CC
04 — 0.2
02 - T % 01 - "
;“ O : 1 1 I||II] [ II{II\K. s ;“ 0 f | IIIIIi.‘\‘\ ~
“08 F ---- " XU 506 — ----- m XU
-o----- o x-d Co-m--- o x-d
0.6 _— N
0.4 - ###iii%ﬁii-%i 04 r
4 R & FLIPN
- 7 % 02 [ M THaEgg i
02 | "t R ' $ %
- I el
O% III]IHl | III!IIII 1 | O B | | | | L1l |
10° 10" 10° 10"
0’ / GeV* 0’/ GeV*

e No nuclear corrections necessary
o Upgrade of Hera: L,, = 16 + Lioday



QCD analysis of HERA and

fixed target structure functions (Botje, DESY 99-038)
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2. Structure Function FF,

d? . 27ra2Y _1_
dz dQ? (w4 +(S)> N

{Fm Q) -

2

Y+( )

METHODS TO EXTRACT Fi(x, Q?)

Fr(x, Qz)} —

e Running at different energies
No priority presently
ISR—events : analysis nearly finished

e Subtraction method
Data insensitive to F, at low y:

determine Fr(x, Q%) by p QCD fit at low y
extrapolate and subtract

e Slope method

2

do, _  0F; 22 y OFL y
diny dlnx Iy + Olnxz Yy
Ansatz
O F,
= a+blny

oln x
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3. Charm Contribution F° (z, Q?)

D* tagging charm production

d?o 27 o

drdQ? ~ z Q*

Y—I— cm (339 Qz)

Experimental problems:

e Extrapolation to full m, p; range
e P(c —» D)

o F.5 (x,Q?) neglected
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ZEUS 1996-97
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e Uncertainty 15...20% : Statistics

HERA upgrade
Vertex detectors

e Steep rise at small x, increases with Q2

e Good agreement with QCD



4. Gluon Structure of Proton

O1:@9%) v Ppy® Fa(, Q%) + Py ® g(x, Q)
Global Fy fits: g (z,Q?)
H1 96-97
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D* production dominantly via quark—gluon fusion

e e
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e Deep inelastic scattering D~

Photoproduction

e 2 jet production
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II. STRUCTURE OF PHOTON

Photon structure: probe quantum fluctuations
of field theory

HERA
e e
Q2 > q
! direct process
< g xy — 1

_)&

D —
e e

£2 \ >— 9 resolved process
T —
g @y, < 1

Y
\

e Hard scale Q?*, E2 DIS
EZ photoproduction
S B3t e~ et
2.y kE,

L~y =
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Real photon:
HERA qproton(aja Qz)» gproton(wv Qz) known

do
— wn
7. kno
do
Measure —— /> unfold photon structure
¥
% 102 | ® ZEUS 1995
Q - O ZEUS 1995: x2*>0.75
r= - — NLO-QCD, GRV
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_%10 =3
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® Reasonable agreement of data and NLO-QCD
e Smaller discrepancies (ZEUS) fragmentation



Photon structure of real photons
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Virtual photons  Q? < EZ,

>— ¢
E2 I ' resolved process
< q ry < 1

HERWIG(LO)/DIR  —— HERWIG(LO)/DG w=0.1 ® H1 Data
---- HERWIG(LO)/DG w=0.2
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25.< Q* <80. GeV* 8.< Q* <25.0 GeV® 3.5< Q2 <8.0 GeV? 1.6< Q* <3.5 GeV?

e Virtual photon has partonic structure
e Q? — E? simple direct coupling v*qq
e Comparison with LO + fragmentation + f.«
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