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Outline

* Reminder of DIS & Structure Functions
* Measurements & DIS data from HERA
* HERA with Polarised Leptons

* QCD Fits

* PDFs at the LHC

Not all HERA data have been analysed

Plots may not be most up-to-date

Chosen to illustrate a particular point
Tried to indicate where additional data will be added
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Rutherford: nucleus

o
Hostadter: proton radius

]
SLAC: quarks

]
CERN: scaling violations

®
HERA: rising F2

LHC

2000
Year

won't reach Planck length anytime soon...
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Deep inelastic scattering allows us to probe the proton - and quark dynamics
Tells us about QCD

Charged Current Reaction

photon / Z°

¢
quark

Neutral Current
Reaction

Use a “clean” EW probe to delve into the messy proton
HERA = EW ® QCD
x = fractional proton momentum  Q? = probing scale
y = inelasticity
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Modified at

2 high Q* by
X

P Z propagator

+
doyc

2

dGi 1iP€ g4 1 ~i_ ~i ~i

dxdg2 © T2 Ghnx {MMQZ} YOV YOG =y W] 8y, 1k -y
W

Structure functions parameterise proton structure: how far from point like

d°’oc,. €' 1
= Y, Like Rutherford scatterin
dxdQ* 8zx Q* J

F, Z:(xqi + XQ;) | dominant contribution
Q. - 1

IXFs oc Z(Xqi — X0;) | only sensitive at high Q° similarly for W, xW.,* and W

For pointlike proton:

= 2 only sensitive at low Q?
FLOCas°Xg(X’Q ) y Q

and high y
Below EW scale:

NC process sees only photon propagator
CC process ~ constant with Q?
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HERA

Fixed Target Experiments:

CCFR, NMC, BCDMS,
E665, SLAC

In charged lepton DIS F, is dominant
piece of total scattering cross section

Contributes across all phase space
F_only at high'y

lepton loses substantial fraction of beam
energy - see previous HERA talk (Sasha)

At the EW scale xF, plays increasing role
Influence of Z° exchange
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LHC X region
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LHC: largest mass states at large x
M=10TeV

For central production M=x\'s
X=X,=X, i.e. M > 2 TeV probes x>0.1

Searches for high mass states require
precision knowledge at high x

Black holes/susy searches...
M =100 GeV

DGLAP evolution allows predictions
to be made

High x predictions rely on
* data (DIS fixed target)
* sum rules
* behaviour of PDFs as x— 1
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M =100 GeV
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Ay, 1) Py =) + gy, 1) Pyl -

4y, 1) Pyy(=) + gy, t) Py

t =In(Q*)/Aqep

DGLAP evolution allows predictions
to be made

P Py

aq’ ~ gg’/

Splitting functions P

Describe probability of QCD emission
i.e. high x — lower x

X dependance is unknown
Q? behaviour is predicted!

Thus: measure x dependance

Physics at the Terascale - PDF School




Measurement of NC and CC processes have different requirements
CC process only provides a handle via HFS / missing P,

NC process is balanced in P, between lepton & HFS - overconstrained

At HERA - scattered electron/positron easily identified
compact EM energy deposition

typical NC event at H1

Hadronic environments are difficult: : | -
specially missing E. - sum E whole calo \ /

discriminate many smaller energy depositions across wide region
noise & b/g might be causes for concern

electron

Technique to understand these better: Pseudo-data (i.e. not monte carlo!)

manipulate NC data to mimic CC - i.e. remove all electron information from event
remove EM energy in cluster
remove associated track
remove associated hits in tracker
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« original NC event
(357160 2469)

« after e hit removal
and reprocessing

after pscc simulation —

Same technique can be used at LHC
forW—lvand Z — I*I

Powerful cross check of analyses - independent of MC!
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e*p scattering
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NC process dominates at low Q?
single photon exchange

—

a_ neutral current
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The EW regime
Qz ~ Mzz,w
Weak propagators visible

[ ]

charged current *®

A

difference in precision of
predictions at high Q2 / x

+HiH
3

[T IIIIII|
A

® 03-04e'pCC
0 99-00 e*p NC
H1 PDF 2000 y<0.9

L

IIIIIIII|
| IIIIIIII| IIIIHJIIl LIl

similar (not identical) picture

3 4
10 10 , ,.  for electron scattering
Q? (GeV?)
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" _I..I::'r..-'- ‘ i - ____,__,..L-‘,L ,{-.r ] _;ﬁ‘.' k
F, couples to charge* weighted singlet quark distribution

I I'f2 oC Z(xqi + xqi)l Thus provides info on sea quarks for x below ~ 0.01

— ¢ And u density for x > 0.1
IXF; o 3 (xq, —xq;) | q,>= 4/9
q.’=1/9
2
- Xg(x,Q%) F, provides limited flavour separation
= d valence is weakly constrained

1 [ r rrrmm T T LY | LRI
C Q* =4 GeV? ] : " .
"8 __ merapprosgray] XT3 Provides additional info

0.6 - B exp. uncert. _ . .
- [ ] model uncert. - Limited to hlgh x!

IIIII: "_
1 =
o

Q’ =4 GeV?

0.4 :

02| 1 Problem: only measured for

of Q2> 1000 GeV? (at HERA)

0.2
o NC cross section ~ 10*

02 - smaller than at Q?~10 GeV?

S ~ 7% at x=0.3 S~ 15% at x=0.3 = XF31S statistically limited

Eram Rizvi Physics at the Terascale - PDF School 13




e w1
" (D+x0) W, Y (xU+xD) § U

W,

I—I_ - U
XW," oc > (XD - xU) XWj, oc > (XU —xD) D

WL - XQ (X’Qz) xD
only sensitive at high y

For purely weak CC interaction

xW, contributes over full phase space

At HERA CC data limited to ~ Q? > 200 GeV?
Limit arises from trigger constraint: Q* = P_* for inclusive hadronic final state (HFS)

1+F, linear scaling of cross section
2 zero for LHe" or RH e

P =-1 P =+1

SM predicts CC cross section ——
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At high Q? we use CC process to provide flavour separation info

fixed target experiments provide data at lower CMS energies
Flavour separation achieved using:
neutrino beams
deuteron target (n+p) & using strong isospin symmetry
i.e. neutron PDFs u, = d for proton & vice versa

Problems:
Low CMS energy = lower Q?in non-perturbative region

Need to account for models of deuteron binding
Different models have ~7% difference at high x

Target mass effects at high x when Q? ~ M2

Nuclear correction for Iron targets in neutrino scattering

Advantage:
High luminosity possible (higher target denisties)

HERA data are largely free of these issues
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The Uber DIS dataset

For low Q? H1 / Zeus data systematically dominated
For high Q?H1 / Zeus data statistically limited

Combination of the measurements yields improvements across all Q2!

Assume only that H1 & Zeus measure the same cross section
Average data taking care with systematic errors

Allows H1 < Zeus cross calibration

Achieve dramatic improvements in some sys errors

At high Q2 trivial gain in V2 statistical precision

Can simultaneously combine NC & CC measurements for
all datasets / lepton charges / polarisations
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HERA [ ¢"p Neutral Current Scattering - H1 and ZEUS

Q%= 150 GeV*

Q7 = 200 GeV?

0% =250 GeV?

I R R BT
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Q% = 20000 GeV*

-

t

Q' =650 GV’

Q* = 1500 GeV?

0QF = 300 GeV*

Q" = 800 CeV*

0Q* = 2000 GeV*

0Q* = 12000 GeV*

HERA T (prel.}
HI 2000 PDF
ZEUS-IETS

combined H1 / Zeus data
achieve a precision ~2%

at Q% ~ 100-500 GeV?

Even better for Q2 < 60 GeV?

At high Q% > 5000 GeV?
data are statistically limited

Hera-I data only

HERA Structure Functions Working Group
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E o x= 0.000032, i=22

S

® HERAT (prel.)

O Fixed Target
—— HI 2000 PDF
——  ZEUS-JETS

x = 0,00005, i=21
x = 000008, =20
x=0.00013, =19
x=0.00020, =18
x =0,00032, =17
X =0.0005, i=16
x=0,0008, =15
x=00013, =14
x = 0,0020,i=13
x=0.0032, =12
x = 0.005, =11
x = 0,008, =10
x=0013, =9
x =002, =8
x=0.032,i=7
x = 0,03, i=6

W

OO ——-tte a4 5488 oy x= (.08 =5
x=013, =4

x=018, i=2

x=0.25,i=2

3 4
10

1n \ 10~ 10

[_'I

HERA Structure Functions Workine Grou

Another 600 pb* to be added
split for

* 2 experiments

* 2 lepton charges

* 2 polarisation

At highest x=0.65 we compare
to precision fixed target
up DIS data from BCDMS

®
ELTE T ‘$ x = 0.65

F, determines xu, due to 4/9 charge weighting

4 5
10 Q2 /Gev2 10

2 3
10 10 10
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Q=500 GeV~

§

Q "=1000 GeV”

LA

e*p CC data from H1 ~ 100 pb™

—}DOD GEE )

T 07=3000 GeV*

Solid line = xd + xs + xb
quarks coupling to W+

Q'=5000 GeV’

[ X}

At x ~ 0.1 xd, dominates

110 10"
1 e HIe'p 94-00

2 “ Thus CC e*p data delivers
1
access to the valence d

e =310 GeV

H1 PDF 2000
— (1-v)° xD
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Q’=300 GeV’

!

Q’=500 GeV

T T T
" -

Q’=1000 GeV’

T T T
-

Q*=2000 GeV*

Q’=3000 GeV’

—

Q’=5000 GeV*

71107

2

-1
10
= Hlep

[

] — H197PDF Fit

B S |
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H1 ep CC data ~ 16 pb!
Solid line = xu
At x ~ 0.1 xd, dominates

Thus CC e*p accesses xu

Complementary to NC process

Physics at the Terascale - PDF School




Charged Current :" I Neutral Current Pal
a0 08 008 Can check helicity structure

(a) - (d) o

+
) -  Hl &p 94-97 For e*p
 Hl & p94-97 - — Standard Model - = 2
Standard Model - (NLO QCD Fit) | O¢c ® X(U+c)+(@-y)(d+s)
| (NLO IQCD Fir) | - T—Excl}ange Fit

; y =1-cos’ (%)

Isotropic anti-quarks comp.
Linear quark component

Less anti-quarks at high x

Similar effect in NC

smaller in magnitude

F, insensitive to difference
between quarks & anti-quarks

1
(1-y)*
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& i '-'FI.-' L
H1 Prelimina
Q2=1500 GeV: Q%2=5000GeV! Q?=12000 GeV2
" H1 PDF 2000
:_— E+p
EEmEr E-p

Ot

= ux, + xdV

‘B xF, is measured as the difference

. ot uind between etp and ep NC scattering

10 107 1
X

Q”=1500 GeV’  Q”=5000GeV?  Q”=12000 GeV’ Dijfference increases with Q?
But cross sections fall rapidly too...

t

— ® H1HERAI+II
- == H1 PDF 2000

{

+—a—
+—a—
H1 Collaboration
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e HI Q’=1500 GeV”
— HI1 97 PDF Fit Q*=1500 GeV"]

0 CCFR Q’=12.6 GeV”
- H1 97 PDF Fit Q°=12.6 GeV* "

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

X
Comparison of older H1 measurement with neutrino fixed target data

H1 measurement uses ~ 50 pb luminosity
Combined HERA data will have ~600 pb luminosity
Reduction in errors by factor ~ 3

HERA data free of issues regarding Iron target etc...
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H1+ZEUS Combined (prel.)

Q*=1500 GeV*

—— H1 2000 PDF
---- ZEUS-JETS PDF

T T I:r\l T T | T T T | T T T | T T T

10~
X
Large luminosity of HERA-II sample allows improved xF, measurement
Combine L & R handed datasets
Precision further improved by combining H1 & ZEUS data

Measurement statistically limited
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An alternative approach to extracting PDFs - simple cross check
take data in region where one flavour dominates (>70% of cross section)
use theory to correct measured cross section to underlying PDFs

xu(x, Q) = oy°(x, Q%) {ﬁ} xd(x, Q%) = 6222 (x,Q?%) - {X—d
Theory O

One

Local extraction of PDFs - unlike QCD fit (global extraction)
Assumptions in theory largely cancel in ratio

Robust against large (£50%) variations in theory PDF
Insensitive to data in other regions of phase space
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Extraction at high x
0.08 < x < 0.65

---- MRE5TZ001

Compares well with
H1 QCD Fit
MRST2001
CTEQ®6.1

HI1 PDF 2000
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H1 Collaboration
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3 2 3 4
10 11.,,- ﬁ 10 10 U
Q / GeV~ Q / GeV”
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At high Q? EW parts of SM play a role in DIS
Z exchange effects become important in NC channel
HERA-II program ran with polarised lepton beams

Luminosity collected for part of HERA-II running period by H1

T | T T T e-p

ep

o]

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I—

3.5

.

e*p

w

‘a
o
—
>
=
[72]
(s}
£
£
=]
|

Luminosity /pb™’

N
tn

21 pbt  27pbt 68 pb'  29pb’

—
w ()

—

IIII|IIII|IIII|IIII|IIII|IIII|IIII|II—

H1 Collaboration

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I—

H1 Collaboration

-20 20 40 60 -60 -40 -20 0 40 60
Polarisation /% Polarisation /%

H1 collected another 125 pb! in e*p and 50 pb! in ep
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Fzy o (Ve A= Peae)ZZ FZyZ + (Ve2 + a: as I:)e 2Vea'e);(Z2 FZZ

—(a, £PV)y, XF/* + (2v.a, + P.(vZ +a°)) y°XF;
e eeZZ 3 ee e\’e e 7 3

T T T Xz ~ Z° propagator

photon/Z° pure Z°

ure photon
P P interference

To first order: polarisation effects dominated by photon / Z° interference terms
pure Z exchange suppressed by additional propagator factor
i.e. y, > y2 and v, ~ 0.05 we can neglect pure Z° terms

. -r g Y = |
In unpolarised case Onc ® F, T Y—XF3 neglecting F.
_|_

Y

.

~— ~+ ~ yZ
oy (One —One) & A x XK
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Neutral Current Channel

= B/ -(,£Pa)y,F’* + (+al£P2va) 'F
= —(a, £ Pv.) y,XF/* + (2v,a, £ P(v:+a&: ;(Zngz

Since y, > y2 and v, ~ 0.05 we can neglect pure Z° terms

|’:vzyz = Zzeivi (Xqi + Xq)

lesyz = Zzeiai (Xqi = Xﬁ.)

Sensitivity to axial and vector couplings of quarks to Z°

These can be extracted by fits to HERA-I and HERA-II data
Fitting NC and CC data allow simultaneous extraction of PDFs
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Neutral Current H1

/

* H1 03-04 e'p (prel.)
SM (H1 PDF 2000)

]
=

-

» ZEUS NC (prel.)

=

ep (42.7 pb™)
—— SM (ZEUS-JETS)
P.=+0.33

da/dQ? (pb/GeV?)

| e

1] 1 | Ilﬂ 1 I1
H1 Collaboration

[ ., | | | | I |
£
10* 10
Q% (GeV?)

/

* H1 03-04 e'p (prel.)
SM (H1 BDF 2000)

e ZEUS NC (prel))

i
[

ep (78.8 pb")
—— SM (ZEUS-JETS) -

P, = .0.27 C p

10°

do/dQ? (pb/GeV?)

P

1] 1 | Ilﬂ ] I1
H1 Collaboration

10*
Q% (GeV?)

Both experiments measured positron/electron, left/right cross sections
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electron

e ZEUS NC (prel.)
—— SM (ZEUS-JETS)
P, = +0.33/ P, =-0.27

10° 10*
Q? (GeV?)

Neutral Current Measure ratio of NC cross section

o H103-04 &'p (prel.) ' do
SM (H1 PDF 2000) R/L

=Norm. uncert. sz

[y
=)

e
=]

«a
=
-+

e__

[y

=
III|III|III

P
[y
()

Effect increases with Q?
As do the statistical uncertainties!

do |
aQ”

[y

0.8

positron Data consistent with SM

0.6

P =+33.6%)/

H1 Collaboration

%T_'g 0.4 ——————- e — suppression of electron R
) 10 .
enhancement of positron R

Q2 (G e‘__.-*z)
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d
(P - (P = 1+ . :
. (F) (R) ~ g8 —t—= ZZae—A sensitive to d/u ratio

+ P d -
o (PR) o (PL) Fz 4+A at hlgh X

H1+ZEUS Combined (prel.)
Subtle effect

Plot uses ~300 pb from
H1+Zeus combined

Another 350 pb to be
analysed

« A7
" A
—— H1 2000 PDF
ZEUS-JETS PDF

3 4
10 10

Q* (GeV?)
define the difference of positron and electron polarisation asymmetries

OA=A"-A
v? of SA being different from zero = 4.0 (3.1 x 10 probability)
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ZEUS-poI-au-vu-PDF (prel.)

I total uncert.
uncorr. uncert.

ZEUS-poI-ad-vd-PDF (prel.)
B total uncert.
uncorr. uncert.

B H1-a,v,-PDF B H1-a,v PDF

* SM
— CDF
68% CL LEP

* SM
— CDF
68% CL LEP

14 05 0 05 1 4 05 0 05 1
au

Precise PDFs allows precision SM tests: HERA data constrain QCD + EW
Fitto PDFs & up-type axial + vector couplings or

PDFs & down-type axial + vector couplings

Improved on Tevatron precision & removed LEP ambiguity
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dog. _ 1xP, @°
dxdQ? 2 647X

M +Q°

d’occ  1£R  linear scaling of cross section
dxdQ? 2  zeroforLH e* or RH e

P =- P =+1

SM predicts CC cross section

Can perform precision SM tests of EW sector of SM
Search for right handed weak currents
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Charged Current e“p Scattering ZEUS

| I I I I | I I I I | I I I I
ep—vX
e H1 Data 2005 (prel.)

© H1 Data 98-99
s ZEUS Data 04-05(prel.)’

4 ZEUS Data 98-99

e'’p—vX
® H1 Data
A ZEUS Data

:

SM (H1 PDF 2000)

« ZEUS CC {plfl)ep(lzzpb) 7
o ZEUSCC (P=0)ep (16.4 pb ) _
— SM (ZEUS-JETS)

oCC (Q° > 200 GeV?) (pb)

= o]
=

(=)
=

:

Q%> 400 GeV?
y < 0.9

e
=

[
=

-0.5 0 0.5

]
-
|
[aa—y

Polarisation dependence of CCEcross section clearly seen o 2(1-P)
Data consistent with SM prediction of no e, or no e*,

Direct sensitivity of right handed W
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ZEUS

e’p -VX
® H1 Data
SM (H1 PDF 2000)

- Linear Fit

aCC (Q° > 200 GeV?) (pb)

positron

Q% > 400 GeV?
y<0.9

H1 Collaboration

—‘-IIII|IIII|IIII|IIII|IIII|IIII
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s ZEUS CC (prel) ep (122 pb™)
o ZEUS CC (P=0) ep (16.4 pb™)
— Linear fit

electron

—
|
[a—

-0.5 0 0.5

Do not constrain linear fit to SM expectation of zero cross section
Derive mass limit on W assuming g =g, and massless v,

positron data: 208 GeV (H1) electron data: 186 GeV (H1)
180 GeV (Zeus)
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Lets return to QCD and PDFs
How do we extract the PDFs from all this data ?
Perform QCD fits in NLO / NNLO
Choose which PDFs to fit
Parameterise the shapes of the PDFs with some function
evolve using DGLAP and calculate cross sections
compare calculation with data in a y? function
XPDF(X, Q%) = AX®(1— X)°(L+ dx + ev/X + fx? + gx°)
Seems simple, but there are many choices to be made I
e Q2 starting scale 5 high x
Choice of data sets used
Cuts to limit analysis to perturbative phase space (szm) low X

0.4

Choice of densities to parameterise (e.g. u, d , Xg, xS) \

Treatment of heavy quarks

Allowed functional form of PDF parameterisation
Treatment of experimental systematic uncertainties
Renormalisation / factorisation scales

Choice of o

etc...
All should be reflected in PDF uncertainties

Eram Rizvi Physics at the Terascale - PDF School

07 [

06 F

02 [

0.1

ol

fuvdxm;z

0"

fdvdx‘=1




An example of contrast is between CTEQ / MSTW approaches & HERA approach

Eram Rizvi

CTEQ / MSTW = global fitters - use all data available

many experiments

many cross sections - F,, exclusive states, Drell-Yan

many targets - proton, deuteron, iron, copper...
This approach has much more power to distinguish each PDFe.g. S # S
Development of better theoretical treatment - e.g. heavy flavours

Have to deal with nuclear corrections, higher twist etc...
Problem with inconsistent data ...

HERA use only H1 / Zeus data sets which can be controlled

check for consistency of data from two experiments
treat systematics in detailed way

NC & CC and e*p and ep scattering allow PDF extraction
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HERAPDFO.1(prel)

- CTECQG.5M

Can compare these approaches: HERA, MSTW, CTEQ

Broad consistency
Small uncertainty for HERAPDF (due to latest combined HERA data)

Valence distributions markedly different for MSTW
Are we estimating uncertainties correctly? Parameterisation error...
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-y I’ = - -
* 1k o 1 R

H1 and ZEUS Combined PDF Fit
T T T M

Q*=10 GeV? 11

T T T ||||||I T 1 ||||||_
Q> =10 GeV* |
] i — HERAPDFO.1(prel.)]
—: 6 F B exp. uncert. ]

[_1 model uncert. At hlgh X
1 large uncertainty on xg & sea

April 2008

weak constraints from
momentum sum rule
scaling violations
- subtle at high x

The fractional error explodes...

HERA Structure Function Working Group




One example:
compare HERAPDFO.1 with MSTW
for x>0.1

xu, and xd in good agreement

XS is in good agreement too, but...
MSTW gluon very different

Outside both error bands

Are functions flexible enough?

What data can constrain high x glue ?
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di-jet cross sections
in photoproduction
Q~ 0

ZEUS

xebs > .75
) —

=
S
=
&
3
g
©
=

ZEUS-JETS

tot. uncert.

+  ZEUS dijet yp E
Jet energy scale uncert. J

06-97

s

-
\ proton

remmnant

30 40 50

Eram Rizvi

l:";":"il:l'1|||||||||||||ﬁ|“.|||

70

Ef” (GeV)

B

daidl .

(ph/GeV)

I.jet

IIIII|1T| IIII|T|T| LILILILLI

di-jet data in DIS

Q% > 200 GeV-?

ZEUS

ZEUS-JETS
[ tot. uncert.

+  ZEUS incl. jet DIS 96-97
Jet energy scale uncert.

125 < QF = 250 GeV?
(= 10F)

W 250 < Q' < 500 GeV?
{107

500 < QF = 1000 GeV?
(=10

1000 = QF < 2000 GeV*
{ 100}

2000 = QF = 2000 GeV*
{2 10)

e 5000 GeV?
2 (=1)

15 20 25 30 as 40 45
B S
EZ . (GeV)
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Addition of jet data improves
precision on xg

gluon fractional error

- without jet data

rith jet d . . .
et . L.d specially in region of x~0.05

_/
\

Q=200 GeV* Q’ = 2000 GeV*

mostly driven by yp di-jets

Work in progress to tie this up
for “final” HERA data / PDFs

107 107 107 107 110° 107 107 107

o =

X
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* Describes HERA data very well across whole perturbative regime
4 decades in x and Q°

« DGLAP: Given f(x) at Q > PDF Q° evolution is determined

e DGLAP sums pQCD expansion terms like aS”.Inm(QZ)

* Corresponds to gluon (and quark) splittings e.q.: M=10Tey

® Hi, ZEUS

A other experiments g c,efp
(CERN, Fermilab) = fb%
—<0CD i I =

Q2 M =100 GeV

Proton structure function F,

i
*!ﬂ.. \i =650 GeV

1072 107"
Momentum fraction x
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low density

high density

In (1/x)

In low x region evolution dominated by xg
Very high xg(x,Q?) will lead to saturation
- rise of F, is tamed

- corresponds to gluon recombination

« At very small x (and high enough Q?) other logs become large e.q. a . In"(1/x)
« At high x may need additional resummation of o ". In™(1-x)

Domain of new QCD dynamics
Was expected to be found in HERA phase space
No firm evidence...
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. New evolution dynamics visible at LHC?
X, o = (M4 TeV) explzy) ]
P =M M=10TeV 3 ¢ Low X important for ultra-high energy
1 neutrino scattering

["|'1= 1 T-E"r? 'I:I.'.:Illi""""r'll'.'.-'.r'll:"'”"III."'.'.{II; e For QZ nJ 100 GeV2 (M nJ 10 GeV):
/AR Atlas / CMS could probe x ~ 10
LHC b could probe x ~ 10!

mewway A4 4L fi/ 4] *LHCb greater acceptance for high rapidity
/7 /]« Diagram shows rapidity of M, not decay products!
3 * Both measurements needed

] Complementarity

X
For M ~ 1 TeV probe PDFs at x~1
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How do we see this at LHC ?
Measure Drell-Yan process: quark - antiquark annihilation
Cross section has a pole at Q* = M

off-resonance (away from Z pole)

G Q’ measurements probe quark and
anti-quark distributions
q

sensitive to new evolution for large
and small M
Process has obvious relationship to DIS
Atlas / CMS restricted to central
rapidity y = £2 (for produced particle)
space-like scattering Can extend by requiring
1 central & 1 forward lepton
difficult...
- trigger
- idenitification
- resolution
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Conclusions / Summary

HERA data will have large impact on LHC predictions

NC / CC data in e*p scattering allows flavour separation of PDFs

We're in HERA endgame - final precision DIS data are on horizon
Combined H1 / Zeus data will bring improved precision

Precise PDFs allow tests of EW part of Standard Model

Different fitting philosophies — not so different PDFs

One issue with PDF fits is parameterisation uncertainty

Plan to release new HERA PDFs in time for LHC turn on

Plenty of scope for precision PDF studies at LHC
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