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Deep Inelastic Scattering 25/06/04

HERA collides e and p
study strong, electromagnetic & weak forces through Deep Inelastic Scattering

At fixed V's: two kinematic variables: x & Q? Q? = “resolving power” of probe
Q*=sxy High Q? : resolve 1/1000™ size of proton

Charged Current Reaction

v"
X = momentum fraction quark et
of proton carried by quark \
HERA: ~10° -1 W

Neutral Current Reaction / :
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Neutral and Charged Current Processes

25/06/04

doc e’ 1] ~ o~ ~
a’xa’g2 N 8T X {Qz} [Y+F2 FI _yzFL]
2
do g4 1 Tt >+ 2077+
a’xa’CQC2 N 64 1 x {MZ +Q2} [Y+ Wy 1 xWs —y WL]
w

F, Z(X% +xq;,) Dominant Contribution
xF; ¢ Y (xq; —xq;) Contributes when O ~M,

F, <o, -xg(x,0*) Contributes only at high y

similarly for w,", xW;" and W

~ O°x 1 d’oc
O ne = 2 2
2o ° Y, dxdQ

~~ ~~ ~~

G=F, when F,=xF, =0
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Modified at high Q* by Z
propagator

Y, =1£(1-y)’



NC/CC with Lepton Polarisation

dzgirc 2| 1 ? _ P 2
X

=Zx[q<x,92> +q(x,Q7)](AY + PAY) Y, =

a

e

Ag = e + 2e,v, v X, + (vf]—l—a;) (v2+a§)x2

A; = 2e,v,a,X, + (vj—l—a;) v,a,X’ X, o« QEM%
dZUéC G M%V I )

= = [14P || — —| [a+C+(1-y)*(d+s+Db)]
dxdQ T | Q+My |
d%o- c [ Mz [ . .

7~ [1-P|24|—Y | [u+c+(1-y *(d+5+D)]
dxdQ T | Q+Myy |
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Kinematic Range

25/06/04

HERA

CCFR, NMC, BCDMS,
E665, SLAC

Fixed Target Experiments:

Conventional QCD evolution only tells us Q°
dependence

x dependence must come from data
Method:

Measure cross sections

Fit data — extract x dep. of partons
HERA PDFs extrapolate into LHC region

LHC probes proton structure where gluon
dominates (gluon collider)

HERA data crucial in calculations of
new physics & measurements at LHC

10 -
1 b
_1_
10 L
10° 10”° 10" 10 10 107 1
— X
LHC X region
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HERA Precision F, Data

25/06/04

em
F, -log,,(x)

Andrew Mehta

x=0.000161 =3 ZEUS NLO QCD fit
I 000253 H1 PDF 2000 fi
- j x=0.0004 L
L x=0.0005
3 t x=0.000632 o H1 94-00
x=0.0008
A

A
R i x=0.008
- [ =, P ®
- *__'_..s!s{g x=0.013
. ‘"/.4'"‘..

HERA F,

| x=6.32E-5

x=0.000102

H1 (prel.) 99/00
x=0.0013 = ZEUS 96/97

— 5 BCDMS

x=0.0032

x=0.005

0.032

= x=0.021
ek
U *‘, f
" (-r"?";é”"‘
-

L ]
] s
. =5 j W x=0.05
: ,.:-2--"'=' -

lo o g B ,,,;;*v:—*"f“"""*""i_i_l_‘:ﬁ'"s
& A:f&'.'ﬁ"ﬂé&iA

2 3 5
1 10 10 10 10 10

Q*(GeV?)

F, dominates cross-section

Range in x: 0.00001 -1

Range in Q* ~1 - 30000 GeV*

Measured with ~2-3% precision

Directly sensitive to sum of all quarks
and anti-quarks

Indirectly sensitive to gluons via QCD
radiation - scaling violations
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HERA Precision F, Data

25/06/04

© x=0.021

© x=0.008 4,

0.75

® ZEUS 96/00 T
- O H1 94/00
05 ¢ A Fixed Target —
— ZEUS-S
0.25F . MRSTO1

U o

pevl vl vl
1 10 10° 10° 10*1 10 10° 10° 1

QZ

Andrew Mehta
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Dramatic scaling
violations at low x

driven by gluon

described by QCD




HERA Precision F, Data

25/06/04

Look at derivative of F ,

H1 Collaboration

f;f’ 0.5 Q*=0.5 GeV? Q’—D.iﬁ GeV? | Q*=0.85 GeV*
g0 | iy
JLE O 3 | Pl Loia | ] Ii b ol Lo | L _||| I ||||||% [ | .|||
c 0.5 0%=1.2 GeV*® Q*=1.5 GeV? QF=2 GeV?
= + ) K N
b L L
| IRz e [ 3TH *_t:*— — [ Y i
II 0 __ 1 1 1 | 1 1 1 -_||||| raaanl ool 1 |||||||-_||||I Lol Lol A
~ 0.5 [ =2.5GeV" L Q*=3.5CeV B H1 svix00 prel.
' : ® H196/97
y %HF;H: 4 ﬁ%—*—r‘*-* — Froctal Fit
T ST g H1 QCD Fit
16% 0% 10° 102 10% 16° 102 Qmw=350CeV

X

o Find derivative of ', 1s constant with x (true at higher O’ t00)

* No turn over found within HERA range
* Look at dependence with O
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HERA Precision F, Data 25/06/04

A HERA
e I | M A (Q?) from the fit to
' - Folx -:’J“' = f“[f_'lj'] _f'_’\":f*}g:
0.4 - O H1 L y "
_ 11— |
¢ (HIZEES EH‘ ﬁ A(Q?) x InQ?
0.3 - hadron—hadren T &
Pl
02 L 1  *Rises with 0"
o | * Change in slope at low O°
0.1 4 .
_ * Reaches soft pomeron limit
0 Lot it s i w2 (taken from total hadron-hadron
10° 102 16" 1 10 10° cross sections)
Q*(CeV®)
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H1 Extraction of F.: The Shape Method 25/06/04

At low Q* cannot measure xg(x,Q?) via scaling violations of F,
F_is directly sensitive to gluon

H1 Collaboration

—
O . sensitive to F_only at high y ”o: 0s | Q=0.75GeV? [ Q2=1.35GeV? | Q*=2.2GeV?
\>_</ : i i
B yz w9 L
L F, Cpr=1,—"——F, 02 | i
- \ Y, |
(@) ‘\ [ I ST
= I 2 Y ; ) ;
b 1 — F2 :C.x Coonl Ll vl Lol Lo venfonl Ll
[ [ 5 7
i 10 10
N ® Hi svix00 (prel.)
N ® H1 mb98 (prel.)
A H198/97
i | — NLO a, fit (H1)
0.5 - — NLO fit (ZEUS)
B 0 B P e v v b e R SN s M A s R e L S R s L LR Bt _NLOMRST2001
- - — NLO (Alekhin}
[ L il b ] = NNLO (Alekhin
I Q’=4.2 GeV? e 0 106° 10t
O ] rol 1 i 1 ]
10° 10" 102 10°°

Shape of o_at high y driven by kinematic factor y2/Y+ not F behaviour

Whole x-range of measured data used to fit F and F,
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ZEUS Measurement of F_: The Radiative Method 25/06/04

) Initial state radiation reduces Vs )
e : . Y
N\“N / At fixed x,Q? then vy is different Oy =15 = YFL
. . +
Changes contribution of F, and F,
D ~— Measure oyc Vs Y: fit for F.
ZEUS
uwoe £ Q7 =03GeV | 5, Q%= 0.65 GeV* 12 ~
04 = 3 ;[ !%..g ____ 1 Q’=55 GeV’
0.2 | = 4 Tt
ﬂ EI Imd_LLLLuﬂLLLLLLmLLLLmd_LLLLLuﬂ:IIIIII IIIIII,I,II IIIII,I,I_IJ IIIIIII,IJ Ly D.H
Y =i, - Q°=2.5 GeV*
1 E £ 0.6
0 ;_LI E Coovnd a |||:|uu 0.2 ‘—‘—'—-—-_._._,_‘_‘_‘_‘_‘__
2 E @* =10 GeV* | —
1.5 E e
1 E
03 B 02
8 E:I_LLLI.I.I.I]. I_LLLI.LI.IJ 1 IIIIu{I]}EI:I;g‘G‘;{;EII II|IIII‘ -ISIIIII,I,II -I4IIIl|.I.IJ -|3||||||.|J -!EIIIII.I.IJ -ﬂtd. « ZEUS I:|}IFE|.:I|5R ag/a7 1  ZEUS NLO-QCD FL
E 10 10 10 10 — ZEUS NLC-QCD F2
2 E & ZEUS (prel) ISR 56 0.6
= O ZEUSEBPC 9897 < ZEUS NLO-2CD Fit 107 107
1 ;_ & ZEUS SVX 95 == ALLMYT X
0 :I |||uu] ||||||uJ ] ||||u|] ] III|,|]‘ vl A ZEUS AcET

10° 10" 107 107
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xXF; and the valence quarks 25/06/04

At high Q2 NC cross sections for e* and e deviate

& [alimocer Taimsmmocear T alisomncar
. eHlep + - 1
Vs=320 GeV 1 £ § ~t ~ Y_ ~
h D‘H'I e+p GNC NF2 —|—7XF3
¢ Vs=300GeV T Y
0.5 ) -+ - +
Subtract NC positron from electron cross section
w 0 e+
* 0'4 ;Q2:‘|500 GeV2 é;Q2:5000 Gevz ?;sz‘lzooo GeV27: o) 1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T
- Q? = 1500 GeV? 1
0.8 T =
i 1 ®  H194-00 i
N 7 ® ZEUS 96-99
06 |4 | : — SM(CTEQ6D) N
HERA confirm valence quark structure 04 ]
Errors dominated by stat. error of e- sample _, [/
Clear need for high luminosity - HERA II e- run
0 -
planned for fall 2004 | | o |
0 0.1 0.2 0.3 04 0.5 0.6 0.7
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Separation of Quark Flavour 25/06/04

Charged current process provides sensitivity to quark flavour

% H1ep % H1e'p 94-00 — SMep (CTEQ6D)
O ZEUS e'p 98-99 O ZEUS e*p 99-00 — SMe'p (CTEQ6D)

Cross sections small dueto ¢
large W mass in propagator

Q? = 280 GeV? Q% = 530 GeV?

Q% = 950 GeV?

N
T T T

At high x (low y) lepton charge 1

A+
|IIII|III
IIII|II

separates u from d - L TN
7IIII| IT_IJ-F'I"—‘-I IIIIIII| II_I | | | 1]
_IIII| IL_IIII| | IIIIIII| | IIIIIII__I | | | | | Il
F T @%=3000GevV: T @%=5300GeV? ]
+ - 2 1 1F = —= =
Gcc%x_u+c+(l—y) (d+5)_ - ik F - -
g L 05 ¢ + + -
. =xlu+c+(-y)yd+s)| ¢ T T 2¥
- = e Pl Tl [ ol ol Lol i
ﬂll| 1 [ Eﬂlq 1 IIII| Eﬂlw [ IIIIIII| [ IIIIIE
! . Q%=9500GeV? I Q%*=17000GeV? I  Q%=30000 GeV? 1
0.75 — — —
- i el T ]
0.5 L - Oyyxed -
-
:|III| | IIIIIII| -7 I;:|III| | IIIIIII| I'|_—:|III| | IIIIIII| | R I;
2 1 2 A -2 A

10 10 10 10 10 10

X
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Electroweak Unification

25/06/04

HERA
N-—\- g | I | | [ I| I | I L I|
- 5 # H1e'p NC 94-00
S 10 L 4 H1epNC
a F O ZEUS e'p NC 99-00
o i ¢ ZEUS ep NC 98-99
= E‘“‘u‘ --- SMe’p NC (CTEQSD)
= 10 af — SMep NC (CTEQSD)
2t L§ 1& :
10 E g :' e
aF
10 £
- * H1e'p CC 94-00
10 'L +Hiepce
= ZEUS e'p CC 99-00
- 5F e ZEUS e'p CC 98-99
E --- SMe’pCC (CTEQSD)
&F — SMepCC (CTEQED)
10
- y<0.9
T v ' |
3 4
10 10
Q’ (GeV?)
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e Cross sections measured
over 3 orders of magnitude

in O~
* CC cross section supressed

at low O” by W propagator

e At high O NC+CC cross
sections comparable
- electroweak unification



Parametrisations 25/06/04

NLO QCD Fiuts

PDFs parameterised at starting scale Qy2 and use DGLAP to evolve to higher Q2

xPDF(x,0;) = Ax"(1—x) (1 +dx + e/ x + A+ gx)

S

~ 0.8 T T
g , L
S o7 high 'x suppresion parameters A,b,c,d.e,f optimised in fit for
ok /N 4+ each PDF
- governs low x behaviour | :
05 | [N
i \ ] .
L f \ | some parameters constrained by sum
: rules e.g. momentum sum = 1
0.3 | \ .
\
0.2 | \
i \\ 1
0.1 |- Vo
L \
N — _
"0 107 10" fuvdx_z fdvdx_l
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ZEUS QCD Fit 25/06/04

e ZEUS perform a new global analysis - use zeus inclusive data+DIS+yp jets
« Standard xg, xu,, xd,, Sea, x(d —u ) decomposition of proton

° Q2 =7 GeV?/ Q%,n = 2.5 GeV?

* Use functional form = A . xb - (1-x)¢- (1 + dx + e\X)

 Additional constraints on valence quark parameters (b,, = by, = 0.5)

* Experimental systematic uncertainties are propagated onto final PDF uncertainty
* Use Thorne/Roberts variable flavour number scheme.

*X(4 —z ) params taken from MRST - only normalisation free in fit

Andrew Mehta Physics in Collison— June2004 16



H1 QCD Fit 25/06/04

Use only H1 inclusive NC & CC x-sections (e*p and ep)
H1 dedicated fit: tune fitted PDFs to HERA NC/CC cross section sensitivity:

xU = xu+ xc

xD = xd + xs
U = xii + xc Fzzg(xU+xU)+;(xD+xD)
xD =xd +xs o' =xU+(1-y)’xD
xXg o' =xU+(1-y)’xD
Perform fit in massless scheme - appropriate for high Q2
Q% = 4 GeV? [ Q% = 3.5 GeV?

Use BCDMS p and D data in addition to measure o._
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HERA PDFs 25/06/04

® Hera able to extract PDFs w/o
| ZEFTS - - external input

F o oosh ) Q' -10Gev? ] . Hl/ZEUS broadly agree but
- : some differences at medium x
0.7+ — ZEUS-JETS (prel.) 94-00 - .
A\ B B uncorrelated error iy * Reasonable agreement with MRST
i _ [] correlated error _: glObal ﬁt
o AR, HI-O ; '
. T s SN ] . Errors still large on d and g at
; : high x
3 _ xg (X [I'I}i} " P _: _—
03} _ : i i Q' =10Gev | xa
: s : N . ;’_::___-:-' - g o I
ﬂ-z __ ._ T -"'.- / _— E il .
- g S5, / i : ‘2 f
xS (X 0.08) S / P T B
u : i - = ] % -U.-i-
b i | B | | o d &
10" 10” 10~ 107 o
X
H1 error bar not shown #2
g|u0n+sea scaled by X 20 0
03F — ZEUSJETS (prel) 9400 L
B umcorrelated error
[ correlated error
04T ZEUS.OIZEUSIETS 1
11;*' 11;“‘ 1t|1" 10" met* 10 10°  10° ‘1
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alpha-s

25/06/04

X from NLO QCD fits

H1: 0.1150 +0.0017(exp) £0.0008(model) g

th. uncert.

+0.005 (scale) H—t

exp. uncert.

ZEUS: 0.1166 +0.0008(unc) +0.0032(corr) e
+0.0036(norm) +0.0018(model) M
+0.004 (scale) e
® Experimental errors competative |
with world average

* Largest error from renormalisation

scale uncertainty (changed by factor
4 H1, 2 ZEUS) I

Inclusive jet cross sections in yp
ZEUS (Phys Lett B 560 (2003) 7)

Inclusive jet cross sections in pp
CDF (Phys Rev Lett 8 (2002) 042001)
Subjet multiplicity in CC DIS

ZEUS (hep-ex/0306018)

Subjet multiplicity in NC DIS

ZEUS (Phys Lett B 558 (2003) 41)
Jet shapes in NC DIS

ZEUS prel. (Contributed paper to IECHEPO01)

NLO QCD fit

H1 (Eur Phys J C 21 (2001) 33)

NLO QCD fit

ZEUS (Phys Rev D 67 (2003) 012007)
Inclusive jet cross sections in NC DIS
H1 (Eur Phys J C 19 (2001) 289)
Inclusive jet cross sections in NC DIS
ZEUS (Phys Lett B 547 (2002) 164)
Dijet cross sections in NC DIS

ZEUS (Phys Lett B 507 (2001) 70)
World average

(S. Bethke, hep-ex/0211012)

* NNLO analysis should reduce the e 2z

scale uncertainty by factor 2-4
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HERA II Luminosity 25/06/04

HERA 11

INTEGRATED LUMINOSITY (21.06.04)

| ' / | | 3 ' | "] * 5 fold lumi increase
60 gﬂ% — | |eHly / | achieved by focusing
[ Bl Rl 1 magnets and higher beam
2 | | % & / 1 currents
L 4 2 s | o Slow start up 2002-03
- / 2l '« Problems with high beam
g / ' % ol ! related backgrounds
T =0 / | « Now solved. Best ever
10} | HERA performance
| Z | -
D{] | 100 I 200 : 400 | DDJI 100 I 200 I. 3[“.;! |
day day
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Polarisation of HERA 25/06/04

Spin
Rutat HERMES  Loser

-— {- -
A
-~
, -~
/ Spin Rotator (new)
HI1

-
\
\
HERA RING |’
¢\ Spin Rotator (new) ZEUS

\ \

-

A

/

4
Laser
f‘/elecl:rons
TPOL
HERA B

* Electron beam naturally transversely polarised
* Spin Rotators at IP give longitudinal polarisation
* Polarimeters provide independent polarisation measurements
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Polarisation of HERA 25/06/04

70
60
50
40
30
20
10

Friday April 09 2004
Longitudinal Polarisation [%)]

P i i i i i i
12 14 16 18 20 22 24
Time [h]

Quick rise-time to a constant value

Andrew Mehta
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Polarisation of HERA 25/06/04
Average HERA polarisation (LPOL and TPOL)
l\—i| gg i_ LI 1 | 1 1 1 | 1 1 1 | 1 ) 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 ) :
= sof October 2003 § November 2003 December 2003
S 50f B s 2
: % LPOL sadieele T, JTVE
5 gg? TPOL. s, , ek O X o R . -
= 3 80w oy b =
= 10f i A ey :
[' 3 | | 1 | | 1 1 1 | | | | | | 1 | | 1
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
Day in month
'\‘_‘?" 80 g_ LI | 1 1 1 | [ 1 | 1 I I 1 1 I | 1 1 1 I | 1 I 1 1 : 1 LI | 1 1 1 | 1 1 1 | 1 I :
= Jof January 2004 3 February 2004 ] March 2004 -
2 50} i ]
§ -"] ‘ E3 ] b 2% : - :1 - o s ] 3 o - ]
S O30F g°%te o, Des, e T Lot e otailalpelait :‘""#'0“0'::" 1+ve
2 20fs . T o * it B * o
= 10} ; -4
D-..:I....I::.:I::.:I | 1 PRRTIRS B TR T A TR TR T SO [T T T G T g [ oy oy oy g i e o B0 gt
5 10 15 20 25 30 5 10 15 20 25 5 10 15 20 25 30
Day in month
'\_€| gg LI 1 | 1 1 1 | 1 1 1 | 1 I: 1 1 1 | 1 1 1 | 1 1 I I I: 1 T T | 1 1 1 | 1 1 I | 1 I:
% s April 2004 1 May 2004 3 June 2004 -
2 350 - ] ] & o ]
el 1= o2 - 3 - .
ﬁ 40 @ of 5o s ™ %005 p* !’: Q.‘:!.» »* ”“0.“.,- -]
‘E 30 - "' ; ‘C‘ : 4 *tt."'.".-.‘ . . -Ve
= 20 s - g -
R 10 peses™ ) ] ] * ]
[l T S O S I . o O TR R L L PN T TN N T T T T T T T O I SO W SO | RN T T T T T T O 1 N N N T o
5 10 15 20 25 30 5 10 15 20 25 30 5 10 15 20 25 30
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Polarisation of HERA

25/06/04
I o 2o * First Measurement of helicity
=) L]
dependence of ep —»v X
« ZEUS
ot E linear depend
v [
— MRST e xpect a linear dependence
30 _

from SM

Prelim. (L=15.3pb™)

 ZEUS+H1 measurements in
agreement + with SM
10| o 00 o * Expect data with -ve P soon +NC

y=0.9

11 | I | 11 1 1 11 | 1 11 I | I | | 11 1 | 1 11 | 11 | | 11 1
-1 -2.8 -0.6 -0.4 -0.2 a 0.2 0.4 0.6 2.8
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Semi-inclusive measurements of HERA

25/06/04

cc bb
Measurement of £, and F,
Method 1: D
ZEUS
7 E | I |
= « ZEUS 93-00 1500 - | | A
= 2000 | #
= [ ] Wrong-charge | 1
E - background s [, / !

1500 [ Tt

1000

00 -

* Access charm by

Andrew Mehta

0.14

Physics in Collison— June2004

0.16
AM (GeV)

* + —+ -+ -+
c—oD K 1Tt 1T’

* Correct for branching
fractions and unseen
phase space (low P_of D)

e Only used for F' ;E

25



Semi-inclusive measurements 25/06/04

Method 2: Displaced tracks
e Use S=DCA/o(DCA) of track to vertex

= EH PnDaIiEninary ety
E‘. 104§;T§:§I MC .|-a- . .
g Feeus ] * Take highest S for events with 1
£ 1°E .oy :
§F reconstructed track
10° ol &
+ﬁ#:i"'§-.- .:. L1 nd : :
O e e s - 8 * Take 2™ highest S for events with 2
, %:m‘ reconstructed tracks
£
S S e S T BT S T
S, .
* Subtract -ve bins from +ve
2 Lo e
» — Toinc e Fit distributions for ¢, b and
- R~ ~ DV . light quarks
-mﬂ g-u-ul" """ Bmrmim
- | * Minimal extrapolation needed to
" ET e extract F5°and FO°
1 u:._LE. | | | | | | | [ L
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Semi-inclusive measurements 25/06/04

cc
HERA F,
:: 1 {]1-6 I III|'|T|'| I.ITII"Trl I III|'|T|'| T ILIIlTl I IIII|T| I IIII|T| I4I‘III(|1_11- I{il&m I IIIﬂT! I III|'|T|'| I?I.IIE I.‘I.I,IE“ FC E %
B [ Q'=2GeV'] eV’ eV
© o H196-97 : | 5 fromD

0.4 * ZEUS 98-00_

o ZEUS 96-971
=== ZEUS NLO -
- QCD :

0.2

e Measured over wide kinematic
range

M' * Good agreement HI/ZEUS

0.4 f

* Good agreement with SM

0.2}

0.4

0.2 -

E ] 1 1 | 1 1 1 1
1 T 1 | 1 1 1 | 1 T 1

==
L
|
[
|
[
|
rl|;
E
Ec
E
E)“»{.")

vy
|
s |
¥ ]

&

10 10
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Semi-inclusive measurements

25/06/04

H1 PRELIMINARY

-Hﬁtﬂﬁ i "'“I lzl "'“'I T 2'"” : ||||| T T T |2\:||| T T ;-; T 1 |:
= = Q=200 GeV - Q=650 GeV .
& £ * H1 Preliminary § * H1 Preliminary
o4 B o ZEUS 5 » ZEUS g
- — H1 PDF 2000 . — H1 PDF 2000 3
03 | - —
02 f L A
01 | ; 3
0 :|| ] 1 i o
107 107 107 110 107 1
= x
H1 PRELIMINARY

::In l:l.l:lﬁ _|| T |_‘||||||| T T |j|||||_ ||||| T T ||_;||I T T T |-l||||_
S - Q=200 GeV? T Q= 650 GeV? -
203 b * H1 Preliminary * H1 Preliminary J

st E — H1PDF 2000 T — H1 PDF 2000
0.03 E— —E— _E
0.02 E— _E_ _E
0.01 f— —E— _E
0 Ll 3 . 1L = L 111
10 10 1 1
X x

Andrew Mehta

F and F Z;Bfrom displaced tracks

o ;E good agreement with D method
+ with SM

. bb
* First mesurement of /1,
bb :
* )" good agreement with SM
- no evidence for excess

* Agreement also good with different

QCD models (massive/massless/
VENS) + PDFs
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Summary 25/06/04

Summary

* Inclusive mesurements from HERA I have greatly added to
our understanding of the structure of the proton

* Parton distribution functions have errors of a few % over
most of the x range

* [nclusive measurements have achieved a very competative
measurement of o

e First measurements of polarised CC cross section consistent

with a linear dependence as in SM
* Semi-inclusive charm and bottom show we have a good

understanding of QCD and the PDFs
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