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HERA Kinematics
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Inelasticity
Momentum fraction of the lepton Y= P4
carried by the exchange p.k
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Kinematic Variables

Resolving power

Negative of the four—-momentum
transfer between lepton and proton

Q* = —q° = ~(k—K)’

""Momentum fraction of proton , — Q2
carried by the struck quark™ 2 p Lo
s=(p+k)’
Q° = sxy
W =(p+0q)°
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HERA Operation 1994 — 2000

etpandep HERA
Electron Proton Luminosity Delivered
1998-2000 27.5GeV 920 GeV
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§ 120F 1120
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B. 1o0F {100
g ]
(o] L ]
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H1 ZEUS ] "
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e_p ~16 ~16 20__ —:20
e+p ~1OO ~110 - TEDDays O;Dr?jnning
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Reasons For HERA Upgrade

- 2
| HERA I high Q e \Well described by Standard Model:

an E T ‘ ‘ T T E
P S #* H1e'p NC 94-00 prelim. ] i
é 0 L A HlepNC | 0~ (coupling) x (propagator) x (PDFs)
= O ZEUSep NC 99-00 prelim.
o 1 L O ZEUSep NC 98-99 ] \/
g - SM €'p NC (CTEQ5D)
S af B — SM epNC (CTEQ5D :
0™ - ep NC (CTEQSD) | EW theory
of ]
10 + =
af 1 ® Q2dependence of the NC and CC
10 ¢ . | E cross sections — statistically limited at
B * Hlep CC 94-00 prelim. % B ] hlgh Q2
4l A HlepcCC |
10 = . . E . . .
- 0 ZEUSepCC95-0prelim. 1 o Need more luminosity: aim for 1 fb-1
5 o ZEUSEp CC 98-99 e b
10 = . svepcc (cTEQSD) ? FANE by 2006
6L — SMe€epCC(CTEQSD) . J
10 &
- y<09
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10° 10"
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New Possibilitiesat HERA 11

e Addition of spin rotators gives
new dimension to HERA
physics.

Spin
Rotator HERMES  laser

$ l(eXiStS). = {- o
s
-
f, =
/ Spin Rotator (new)
Hl1
\

\
-}
HERA RING |’

i \\ Spin Rotator (new

)
‘ o
' 4
4
Laser
»‘/electrons
TPOL
HERA B

Extract quark couplings
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e E.g. measure vector and axial
couplings of light quarks to Z0.

X 0.3
S . .- semeaasa Neutrino
>$
0.25 —
—— CCFR
% e 1000pb™
0.2 - Q @ 250pb™
0.15 R,
ZEl
O.I 1 ‘ L ‘ 1 ‘ 1
0.4 0.45 0.5 0.55 0.6
au—type
V
B
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HERA Upgrade

e Increased luminosity through... * Upgrade required addition of:

— 448 m UHV system 3 M€.

Ring Electron Proton _ _

— Absorbers, instrumentation,
Date 2000 2002 2000 2002 Control SystemS. - 3 M€
| (MA) 50 58 100 140 | - 56 NC magnets (Eframov Inst.)
Oy (Um) 192 112 189 112 3 M€.
gy (um) 50 | 30 | 50 30 | ~ gﬁ/l(?emagnets (BNL)
L (cm‘zs‘l)
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HERA Upgrade

Shutdown started Sept. 2000.

HERA upgrade installation
completed end July 2001.

First collisions August 2001.
Demonstrated  vees wumse

an H1 2.11.01

that specific
luminosity 4
goals met | f‘i
(necessary ... 1&
focussing i ){ }
achieved). aEEE |

E N

Transverse beam profile
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e First luminosity runs planned for
November 2001.

e Very (too!) ambitious schedule.

e |[nitial luminosity low, sporadic
and backgrounds large

e Many problems, large and small,
compounded to make running
very difficult.
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HERA Upgrade

e Example of large problem: e Main problem for experiments
: . large backgrounds due to:
— Failure of supports in _ Poor vacuum.

section of p+ ring.
— Synchrotron radiation.

* Many minor failures e Solve former by “baking out”

— Example, corrosion of beam pipe.

cooling water valve systems. ~® Solve latter by improving
machine alignment, collimation

systems.
— Many new BPMs.

— Improved monitoring and
feedback.
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HERA Upgrade

e To carry out this programme, e “Kinematic peak” from recent
DESY moved manpower from HERA run...
TESLA to HERA early in 2002.  jo——seiosom ] -

e Progress has been slow but @ 6 i
steady since then, faster in last g «
weeks. = F

e Record specific luminosity of &
~1.7x 1050 measured for 28.5 -
mA pand 18 mA e* ‘E ﬂJL

_....|....|....|....||'|.|ﬂH.'HmrH1.|—|.I'I.|

* Integrated luminosity 240 nb=1, vt T:m © el

scattered e/~ energy
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Kinematic Range of HERA Data

o Accessible kinematic plane
now almost covered

s Measurements extend to co!
highy, high x, and high Q°

@ Probe distances to ~1/1000
of proton size
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The H1 Detector

Hi Eun 122145 Fwvent 69506

Date 14/09/1885

|7 = 25030 GeV?, y —0.58, A =211 GeV

P
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Fine Grained Liquid Argon
Calorimeter (45 000 channels)

0
EM oOE _ 12 % a9 1%
section E ~/E

o)
HAD OE _ 50 % a0 1%
section E VE

Tracking Chambers

o,/ p=0.003p
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The ZEUS Detector

o’ = 21000 GeV

UCAL tranaverae enargy
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Compensating Uranium-Scintillator

Calorimeter

EM )= 18 %

section E ~/E

HAD 5 35 %
section E  JE

Tracking Chambers

5p, / p, =0.0058 p, 00.0065 0 0.0014 / p.
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Neutral Current Cross Sections

2 _+ 2
d One  2aTT

2 3
dxdQ® Q*x
~ QZ Qz 2
— Kw 2 Kw Z
F,=F, — T F,'o+(v, “+a, )[Q2+M;] ,
2
2 2
- kK Q kK Q
xF,= —a,—"——=xF,"*+(2va,)| =——| XF,°
_ Q" +M, Q +M,
In Leading Order: 1
~ . K= 2 2
|:2 oC Z (XCH—XC]) 4sin” (9 )cos” (9 ,)
quarks
XF~3 < Y. (xq—xq) Reduced cross section
quarks

~ ~

F WhenF EXF =0

we= F,
4 d N Y N 2

o~ Xz : Uz = | P+ Xk, L F |
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wide range of predictions pre-HERA §

E 4Q2:M

The Structure Function F,

Impressive progress since startup of HERA

I s

foi

1073

1993
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Q%=15 GeV?

ZEUS 96/97
H196/97

NMC, BCDMS, E665
CTEQ5D

MRST99
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N O

N O

- Q%=27GeVv? |

L L
8.5 Gev?

L vev

2
I 1] | | ]
j 22 Gev? j
I

2 -

j 45 Gev?

I I | | ] [ 1 ] | I
j 60 GeV? j 2 2

j 120 Gev?
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10° 1

— ZEUSNLO QCD fit

[ ] tot.error

4 H196-97
e ZEUS96/97

\i \i i i t T I
j 150 Gev? 3

+ BCDMS

E665
NMC

16

ocze

quarks

(xq,+xq,)

F, dominates cross—section

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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Scaling Violations of F,

ZEUS

777
//////////////////////’/

tot. error (agfixed)
///////////////

7722 tot.error (agfree)

e
77777
IIIIIII
777777

77

X

<
!
o
~
(7]
Bx c
(@)
+—
© )]
— —
Q o O
> E O
o X o ~
s = > o
< © Xe! g,
S — - D
2R ) 2
(@] > —
.._u .“ %
© © o]
= ©
£ o o ¥ 8
£ ¥ o o
G & 2 8§ ¢ %
= M._/m HR_U_|0TI
a OMQW g 9 X|!fIT|A.
m 5 mmmw % ﬂ X i of Iﬁi o
o m I T N @ n_vU_A X iofesd o @ ¢
M_ - ° < ° < B [ ] L
e S)
> . 8 3 rrJd
Sl 8 8 % 0 197 2
— Q = x i o of ¢ 9
I Q @ R 1 ¢ 2
_ oot S [ x ,’ > ¢ o
al o (=] o x y o b r
0o Q
© o x o ¢ b
4%mm % \ 1 3
™ mmv T
%mo.m_ux < 4 3 m
88 S x ]
gs 1 1{ 1
4980 ]
b S | i i
il 3 5 5 I
7 [ E B O S B
x wﬁum 1 |
it | ﬁss { |
E%ﬁ VIHE | \
© « \ 11 |
_v_A < <« < A,.
< ‘&
L L L 7 L L L L 7 L L L 7 i

10 10
Q*(Gev?)

10

10

10

Lol

oT 4
(x)°"60]: 4

17

10° 10*
gz(GeV;\). .
ram RiIzvi

10°

10

17

5™ —9th August 2002



TheRiseof F, at Low x

» Very rapid increase in F, at low x

@ |s this tamed?

» Does F, saturate ?

» Cross section must obey unitarity

» At some point gluon density is so large that gluon fusion must occur

» This process not part of standard DGLAP QCD - BFKL =QCD in
large gluon field
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TheRiseof F, at Low x

5] ] [
/QO 05 | O=1.5CeV 1 Q=26eVv T Q?=2.5GeV?
. e e
- [ # / # * # ’,’ [ *
41 $ —————— SN *i—ig”* NEFA S Ll N
LS Ll i PR A SR R H\Rnﬂ, R P R R R B
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S [ A [
| [ [
| 0r T
~< i
0.5 |
0 f -
1 FENERTIT B RTTT | il P sl sl L anul Ll P ul Lol FEETEETIT| SRR ETT] B
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OSVQZ 45 GeV? Q*=60 GeV* - Q*=90 GeV*
T L) L) I )
0 F -
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H1 Collaboration

e Current F, precision allows
study of the rise of F, at low x

e Use data from Q2 =0.5 - 150
A=—|

A constant at fixed Q2 and x<0.01

oln( FZ)
oln(x) ]QZ

E ~X A(Q?)
2
Thought to be assymptotic

behaviour of F, at low x in BFKL

X
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HERA Structure Function M easur ements

~ 05
—~ 0.4 o o
le) - A H1 svtx00 prel. + ZEUS BPT H1 96/97 + H1 svtx00 prel. ~< F, = cx, x<0.01
"5 0.3 [ ® HI1svtx00 prel. + NMC ® H196/97 ol
i - - A H1 svtx00 prel. + ZEUS BPT
0.2 } ,,,,,,,,,,,,,,,, N '% . ® H1 svtx00 prel. + NMC ] %l
b Ty : S . H1 96/97 + H1 svtx00 prel. L1 1
0.1 — meanc = ~ [ e H196/97
i — extrapolation | 8 i
kaxxul 1 1 L 1 11111@2 T |
] 10 10 0.2
QZ / GeV? I ; t"
- I f c
[ i i’/ i
Use H1 / ZEUS / NMC data to fit Q2 01 [, —A=a In[Q’/A’] g
E (@)
dependence for x<0.01.: i , 3
- T extrapolation 5
2 2\ —A(Q? - =
F2<X1Q ):C<Q>X (Q) 0 ““‘/‘“ ! L “““1‘0 ! ! \\\“‘1\02 T

Q* /GeV’
reduction of C at low Q2: F, - 0asQ? - O

This works phenomenologically — different behaviour at low Q2 ?
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The Longitudinal Structure Function F;

o In leading order QCD F_ Is zero

» Only appears in NLO QCD
° Directly proportional to gluon distribution

» Are the scaling violations in F, due to the same gluons that
giverise to F ?
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Determination of F; — Extrapolation Method

2 2 g ~
Q~ =500 GeV NG
|:2
= . _
e
o) 3
NC
\‘!
-
I“
-
0.001 0.01 0.1 X
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FL extracted from cross
section by extrapolating F,

from QCD fit to y<0.35:
22

0.8

0.6

04

0.2

2 : I
Y F <« high y contribution
Y L
* 0.902 0.904 . _ 0.|008| | X
o e e'pH199-00
-------- o epH19899 ]
- I‘Q/*Ij. -
fixed y=0.75
H1 2002 PDF Fit
R
40
: 18
I 18
| s s . . L E
100 200 300 400 500 60027008002
- Y+ - Q°/ GeV
L _?[ 2~ 9 ne ]
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Determination of F; — Derivative Method

At low Q2 a QCD description of F, is difficult — use new method to extract F

oo oF :
[ 2 —2F, asy — 1for fixed Q2
olny olny )
/"\O I
é 0,5 j
dominated by F, term = i | j e
2 % AR “qf =
Q°=1.5GeV* | QP=2.2GeV* ||  Q'=4.2GeV’ S
-0.5 CF s —
7\”””\ Ll L \ku’ L L L L L HI
0.5 ¢ I | ® H1 99 prel.

—QCD fit (H1)
- F*° extrapol.
ffffffff F=F,
- F=0
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F_ Extraction

~ 1
ic_,f; Q*=2.2 GeV? Q’=4.2 GeV? Q’=7.5 GeV*
= 05 .{\ i M g\b F_ extracted over large range in Q2
o P tag oy ' from 2.2 to 700 GeV2 for the first time
1 L ekl
Q=12 Gev? Q=15 Gev? - QP=20 Gev?
o QCD able to describe the data —
Q°=25 GeV* Q°=35 GeV* C Q=110 Gev? COHSiStenCy ChECk

r
r
!

gluons derived from F, ARE the same
gluons giving rise to F|.

[ Q=175 GeV* | Q*=280 GeV? [ Q=450 GeV*

o
o &)

%‘ L B

H1 Collaboration

Q*=700 GeV? «
05 - A A H1 preliminar
| e o e Need change of beam energy for
i | Pswe —QCD fit (H1)
o 0 p=3.5Ge V" measurement of F
107" 1077 1
X

~
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Valence Quarks and xF;

e Measurement of valence quarks at high x is important

@ Current knowledge comes from fixed target data

@ Problematic: data precise — but subject to theoretical uncertainty
- deuteron scattering — how to treat nuclear binding effects
- non—perturbative effects also at low Q2
- effects of higher twist at low Q2

@ HERA data are free of these uncertainties

@ Data at high Q2 / large x constrain the valence quarks

@ Problem is statistics (low cross section...)

e Also sensitive to EW effects — xF5 only arises from Z exchange

5™ —9th August 2002 25
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0.5

0.2

First Measurment of xF; at HERA

H1 Neutral Current

7Q ~1500 GeV? WQ ~5000 GeV/? ﬁQZ:lZOOO Gev?
i Hlep + 1 ]
-~ H197
\é\ Vs=320 GeV | " PDEEit :
& - Hlep ©
Ve300 CRV | \\E T } |
g\g i e} \ %i I \ _
‘%\ i & g 1 . }
NN
;1 H}HH} 1 H}HE;} H}H} 1 HHHL —
- Q%=1500 GeV? | Q*=5000 GeV? I Q 12000 GeV

For Q2 > 1000 GeV2 F, influence is
small

Become sensitive to xF5 and high x
valence quarks

XF~3 x Z (Xq_XEI)

quarks

Subtract et from e~ NC cross sections
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First Measurement of xF;at HERA

UL - Q?=1500 GeV? - Q%=3000 GeV? - Q%=5000 GeV?
X04 | ezEUS —sM —
- = Hl - i
02 - . - - .t
O~ I - e R
-0.2 } | | \\HH‘ | | \\HH} | | \\HH‘ | | \\HH} | | \\HH‘ | [N
04 Q? = 8000 GeV? ~ Q?=12000 GeV? - Q%=30000 GeV?
0.2 - R R
o A{\K e — Y\
| \\HH‘ | [ | | \\HH‘ | [N
-1 -1
10 1 1 10 1

X

@ HERA confirm valence quark structure

o Errors dominated by stat. error of e- sample Clear need for high luminosity
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e*’” viv )
\/ e€p > VX do GO M2
\WH_ Probe d valence dxdQ’ o on EQ + My, .
P /ﬁ q
*€p - VX dc _G: 0 M
Probe u valence dXdQ 21_[ 53 +M2 2 D
e Sensitivity to separate parton densities
o Effect of W mass — from propagator
Reduced Cross Section
2 2
P gf + MWE do
CC 2 2
GO M, Oxdd
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Charged Current Cross Sections

L.O. CROSS SECTIONS

b+c+(1 y?)(d +9)]

[.1+c+(1 y*)(d +3)]
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Charged Current Cross Sections

HERA Charged Current

0o 2
2 _ 2 2 _ 2 2 _ 2
—  Q?=280GeV —  Q°=530GeV — Q°=950GeV

— Current measurements limited by
L statistics

15

05 F

R L T

B } \

B

L L)

Q? = 3000 GeV?

PRaEEN
. .
. L
. e
. e
. ..

! In agreement with global PDFs

1.

2 = 1700 GeV? Q? = 5300 GeV?

06 [ — — . . e
- = - At high x direct sensitivity to xd,
04 — - -
02 . N — T2
i e N el e B 1t e B
—  Q?=9500Gev? | Q%=17000 GeVv? . _
0.15 — O Hlep94-00prelim.
— — O ZEUSe'p 99-00 prelim.
01— — — SM €'p (CTEQSD)
= — - (Ly)x (d+s)
0.05 — s - X (U+)
=l ol @R
107 107
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HERA Structure Function M easur ements

HERA Charged Current

%2 =280 GeV?

Q% =530 GeV?

Q% = 950 GeV?

RNT\\\HH} """" Lol |

e L INY

\\.HWW+

"""" b [N

<
|~

Q? = 5300 GeV?

\\\\HM ------- Lol ||

0.8
0.6
0.4
0.2

Q%=95

GeVv?

Q? = 17000 GeV?

O Hlep

O ZEUSep 98-99
— SM ep (CTEQ5D)
- X (u+c)
(L) @+
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-1

30

At high x direct sensitivity to xu,,
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HERA Structure Function M easur ements

1 HERA Charged Current
< 10 ¢ @ CC Q2 dependence shows sharp drop
3 — at highest Q2
o) ol
S
%’ . e Different for e*p and e~p due to
° 00 different quark contributions
4| .
10 |- * Hle'p94-00prelim. — - 2
— % Hlep 2
~ O ZEUSe&'p 99-00 prelim. do N M W
-5 -
10 L E ZEUSep 98-99 2 2 2
-~ — SMep(CTEQSD) dQ Q + M W
—  — SMep (CTEQS5D) - -
6| r
10 =
. y<09
10 -7 I N O O B ‘ I Y O I B O ‘
10° 10"

Q* (Gev?)
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HERA Structure Function M easur ements

e Use the Q2 dependence to determine Mw in space-like region
 Independent check of SM consistency
e Fit the mass entering the CC propagator

stat.  syst.  theo.

ZEUS e M, = 814 + 2.7 + 2.0 = 3.3 GeV
ZEUS e M, =803+ 21+ 12 + 1.0 GeV
HI e M, = 809 = 33 + 1.7 + 3.7 GeV
HI e M, =799 + 22 + 09 £ 2.1 GeV

Measure total CC cross section:
Q° > 1000 GeV® y < 0.9
H1l: o%(e) = 43.08 + 1.84(dat.) + 1.74(syst.) pb

CcC

Standard Model: occ(€) = 42.70 + 1.65 pb

Q° > 200 GeV’
ZEUS. " (") = 32.10 + 1.97(stat.) "*(syst.) pb

CcC -0.79

Standard Model: ¢ (e") = 32.50

CcC
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=
o

do/dQ? (pb/GeV?)
[N

10
10
10
10
10
10

10

HERA Structure Function M easur ements

]

o o P> x

% H1e'p CC 94-00 prelim.
A HlepcCC

O ZEUSe'p CC 99-00 prelim.

o ZEUSep CC 98-99
- SM €'p CC (CTEQ5D)

— SM ep CC (CTEQSD)

y<0.9

H1e'p NC 94-00 prelim.
Hlep NC
ZEUSe'p NC 99-00 prelim.
ZEUSep NC 98-99

- SM €'p NC (CTEQ5D)

SM ep NC (CTEQ5D)

Measurement of Q2 dependence of NC
and CC cross—sections for e* and e~
scattering

Described by Standard Model over
large Q2 range

At Electroweak Unification is
observed at Q2 ~ M,2 ~ M2

10°

5™ —9th August 2002

33 Eram Rizvi



X PDF (X,Q42)
o o
oo o =

=
\I

04

0.3

0.2

0.1

0.5 F

PDFs parameterised at starting scale Qg2

Parton Distribution Functions and o

x PDF (x,Q,2) = A.x".(1-x)°.(1+dx+evx+fx?)

.

- governs low x behaviour
0.6 —

high x suppresion
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@ QCD does not predict x
dependence of PDFs

@ Must be extracted from data

o Accurate determinations of PDFs
allow accurate SM predictions
(for LHC etc)

parameters A,b,c,d,e,f optimised in fit
for each PDF

some are constrained by sum rules
(e.g. momentum sum=1)
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Parton Distribution Functions and o

QCD analyses require many choices to be made
Should be reflected in PDF uncertainty:

5" —9th August 2002

e Qg starting scale
e Q%in Of data included in fit

 Choice of data sets used
e Cuts to limit analysis to perturbative phase space
e Choice of densities to parameterise
e Treatment of heavy quarks
e Allowed functional form of PDF parameterisation
e Treatment of experimental systematic uncertainties
e Renormalisation / factorisation scales
e efc...
35
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ZEUS QCD Analysis

e ZEUS perform a new global analysis — use world structure function data
@ ZEUS 96/97 NC e* reduced cross sections — gluon / quarks at low x / Q2

@ F, NMC p &D and ratio F, D/p — quarks at medium X

o F,E665p & D — quarks at medium X

o F, BCDMS p only — U quarks at high x / low Q2

o XF; CCFR (0.1 < x<0.65) — valence quarks at high x / low Q2

e Standard xg, xu,,, Xd,,, Sea, x(db—ub) decomposition of p*

¢ Q% =7 GeV2/ Q% = 2.5 GeV2

e Impose conventional sum-rules (momentum & quark counting)
 Additional constraints on valence quark parameters (b, =b4,=0.5)

e Use funtional form = A . xP- (1-x)¢- (1 + dx + eVx)
e Experimental systematic uncertainties are propagated onto final PDF uncertainty
e Use Thorne/Roberts variable flavour number scheme.

e X(db-ub) 6) rams taken from MRST - onlgl normalisation free in fit.
02 Eram Rizvi



ZEUS PDFs

ZEUS
w— 0.8
x i
- —— ZEUSNLOQCDfit Q’=10 GeV?
0.7 - a(M2)=0.118
E [ ] tot.error
0.6 -
- CTEQ®M
05~ —— MRST2001
04 -

xg(x 0.05)
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ZEUS global analysis in agreement with
CTEQ/MRST

AXg ~ 10% for Q2> 20 GeV?2

xg/F, negative for Q2~ 1 GeV?

Can set a free in fit:

stat Sys model
ay(M,) =0.1166 = 0.0008 + 0.0048 + 0.0018

scale uncertainty +/- 0.004
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H1 QCD Analysis

Different approach: Minimise theory uncertainty — minimise data sets
e Perform dedicated QCD analysis for simultaneous o and xg fit at low x / Q2

e Use precise H1 and BCDMS—-p F, data to constrain valence region.

e Check consistency of data sets. \
e Tune fitted PDFs to measured cross sections. no nuclear corrction required
o XJ
1 11 used for systematic checks

e xv = 2u + 34 F,= =XV + ==xA
4 12 3 o)
e XA = U + Z(UV - 2dv)

e Use parametric form of: A.xP- (1-x)¢- (1 + dx + eVx + fx?)
e Use 3—flavour number scheme — optimal choice in region of precision H1 data

e Experimental systematics are fitted — PDF error bands

e Apply sum / counting rules
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H1 Gluon and a (M)

& T QCD Fits
O 20 - W (H1+BCDMS) total uncertainty _
X B (H1+BCDMS) exp. + a, uncert. 0 fixed get Axg ~ 3% Q?~ 20 GeV?
s "1 (H1+BCDMS) exp. uncertainty
< i - (H“ exp.  model
157 ag(M,) = 0.1150 + 0.0017 " ooos
Q°=20 GeV?
large additional model unc. due to
ol @"=200 GeV change in p; O N-NLO theory
f required!
C
: S
5 [
i S
@
\ S
Ol E
10 10 10 1

X
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HERA PDFs

H1 and ZEUS have analysed complete HERA data set:
NC & CC e+ data Vs=300 (94-97) 35 pb-1
NC & CC e- data vs=320 (94-97) 16 pb~1
NC & CC e+ data vs=320 (94-97) 65pb-1
NC data at low Q2< 100  (96-97)

NC & CC data with different lepton charges provides quark flavour sensitivity
xg and Sea distributions determined by low x / Q2 HERA F, data

Xu,, determined from high x NC data
xd,, determined from high x CC e+ data
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HERA PDFs

ZEUS
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HERA PDFs

Q%=1 GeV? F 20 GeV?

i | Fit to ZEUS data + global DIS data -
—— ZEUSNLO QCD fit .
3 smaller uncertainty ~ factor 2
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HERA PDFs

H1 perform a dedicated fit: tune fitted PDFs to NC/CC cross section sensitivity:

u=U-u
XU = Xu + xc v ~
XD = xd + xs d,=b-D
xU = xu + xc Fzzi(xU + xU) + i(xD + xD)
xD = xd + xS 9 ) 9
Xg oe.=xU + (1-y)*xD

F,N requires additional small assumption on fraction of charm and strange

Perform fit in massless scheme — appropriate for high Q2
Careful choice of parameterisations (1 + Ex + DVx + Fx2)
Include BCDMS p and D data
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H1 Collahoration

44

Fit provides tight constraint on xu and xd at
high x

xd ~ 9%
XU~ 1% at x=0.4

Can compare fit result with local extraction
method:

Use cross section measurements at high x
dominated (>70%) by xu or xd

Insensitive to QCD evolution effects

Complementary to QCD fit
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Summary

o First phase of HERA has yielded mass of interesting results
@ Analysis of all structure function data is (almost) complete

e Precision of ~2-3 % achieved for F,
» HERA data provide consistent picture of the proton from NC / CC/ xF3/ F| /' F,
e 0 extracted from DIS data — competetive with world average

@ Measurements cover 5 orders of magnitude in Q2 and x — probe structre of matter
at scale of 10718 m

@ QCD abe to describe data
o Fits allow HERA data to constrain PDFs — require more data

» HERA upgrade now in full swing — awaiting 1 fb~1
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