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From HERA to LHC From HERA to LHC ……
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• ee @ LEP

• B-factories

Why?Why?

ÎHERA is a unique machine for precise 
understanding of QCD at high energies
Îdetailed study of the proton
structure : essential for all HE processes 
involving a proton
and 
ÎHERA II is running!  until 2007  Îexplore 
the potential of linking the communities

variety of experiments probe universal
properties of elementary processes&particles

•• epep @ HERA           @ HERA           
√√s=0.32TeVs=0.32TeV

•• ppp @ TEVATRON

• AA @ RHIC

• pA @ HERA

pp @ LHC             pp @ LHC             

√√s=14TeVs=14TeV
mmhh≤≤OO(1TeV)(1TeV)

• µN @ SPS

• νN @ FNALparton picture
of hadrons

αS
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Experimental Determination of Experimental Determination of ααSS

[S.Bethke, LL2004]

in all reactions which contain quark-gluon vertices

αS least known of all couplings! 
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epep and pp and pp CollidersColliders
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aaba ) x,(x ˆ )Q ,(x f )Q ,(x f dx dx  σσ

ep collisions (HERA)
• Ideal tool to study the 
structure of hadrons via deep inelastic 
scattering 
Î structure functions/parton densities
• Can use the photon as a point-like 
or hadronic particle through 
its virtuality
• Main contributions are in the area of  
QCD: Small-x, diffraction,  saturation, 
high densities, jets…
• Tests of new approaches/QCD

pp collisions (LHC)
• Highest energies reachable,
can reach highest masses for new 
particles production
• Precision often limited by 
knowledge of quark/gluon 
structure of proton
• QCD effects need to be controlled
to the best of our knowledge

x = momentum fraction of quark in proton

[A.DeRoeck, Startup-WS]
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identify and quantify 
measurements to be made 
at HERA which have impact 
on LHC physics reach 

encourage and stimulate 
knowledge transfer between HERA 
and LHC communities

examine and improve
theoretical and experimental
tools related to the goals

5 working groups with 
conveners from LHC and HERA 
experiments and theory

framework:
startup at CERNstartup at CERN, 
March, 26-27, 2004
…working group meetings…

DESY June, 1-4, 2004
midterm at CERN, Oct 11-13, 2004
finish at DESYfinish at DESY, Jan, 17-21, 2005
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Parton Density Functions (PDFs)
gluons and quarks at high and low x from HERA fits
un-integrated PDFs (kt factorization)
parton luminosities and precision cross section 
measurements at LHC

Multi-jet final states and energy flows 
underlying event and minimum bias 
rapidity gaps and survival probabilities 
multi-jet topologies and multi-scale QCD 
parton shower/ME matching

Heavy Quark (HQ) production: charm, beauty, quarkonia
production cross sections
fragmentation
charm and beauty in the proton distributions

Workshop Goals          Working GroupsWorkshop Goals          Working Groups
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Diffraction
diffractive PDFs and (non)factorization
rapidity gaps and physics with forward proton tagging
forward physics and low-x dynamics
heavy ions and QCD at high parton density

Monte Carlo tools
general Monte Carlos (Pythia, Herwig, Phojet)
new Monte Carlos with kt factorization
NLO calculation (MC@NLO, NLOLIB...)
MC validation & tuning (JetWeb, HZTOOL)

Î illustrate workshop goals with my personal
selected topics

Working Groups  contWorking Groups  cont’’d d 
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OutlineOutline
high precision PDF fits

parton densities at high x 

Higgs and beauty

multi-particle interactions and underlying events

phenomena at low x

Higgs and diffraction  (talk by B.Cox)

concluding remarks

Îmany thanks to the speakers/conveners for 
delivering the work and material, see also at 
www.desy.de/~heralhc for further details
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Structure of the Proton : Structure of the Proton : PDFsPDFs from HERAfrom HERA

to to 

LHCLHC
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PartonParton Distributions at LHCDistributions at LHC

interpretation of  SM and BSM cross sections requires precision 
PDFs: δσth = δσpdf + …
‘standard candle’ processes 

Î Higgs/new physics discovery requires to know PDFs
measure luminosity to 1% using PDFs via Z and W production?
Î How well do we know the current PDF uncertainties really? 

How well do we know αS?

What we may learn more about PDFs from LHC measurements 
(e.g. high-ET jets → gluon, W+/W– → sea quarks)?
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…… contcont’’dd
momentum fractions x1 and 
x2 determined by mass and 
rapidity of X

DGLAP evolution

x dependence of  f(x,Q2)
determined by fit to eNeN data, 
Q2 dependence determined by 
DGLAP equations:

What is the validity range of 
NLO/NNLO DGLAP at small x?
Are higher-orders ~ αS

n logm x
important?
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[J.Stirling, Startup-WS]
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What HERA DIS Data taught us What HERA DIS Data taught us 

DIS 1993

(L=200 nb-1)

… and now

proton structure known to few %
in a large area of x and Q2
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Gluon from HERAGluon from HERA

?

?

high x and low x 
partons are correlated 
by momentum sum rule

for gluon:
low-to-mid x: determined
by F2 scaling violations
Æ HERA II 

further constrained by FL
mid-to-high x: better
constraints possible by
Æ Tevatron Run II data

may help here, but by 
how much ?
Æ include HERA jet data

[H1 Collab., C. Adloff et al., 

EPJ C19 (2001) 289]

Î large PDF uncertainties have potentially serious consequences
for the determination of production rates at LHC
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H
1 
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low x (HERA near to x=0.002) Æ FL

high x (HERA near to x=0.1) Æ jets?

The accurate determination of αS will profit from the longitudinal structure function 
FL(x) at low x and from adding jets and more precise DIS data at mid-to-high x

Î all will provide additional constraints on the gluon distribution

[M.Klein, DESY-WS-04, R.Wallny, PhDThesis01]

Correlation of Correlation of ααSS and xg=axand xg=axbb(1(1--x)x)cc

as observed in QCD NLO fits of
H1 and BCDMS DIS data

b
c

higher c

Æ smaller αS

smaller c

Æ larger αS

at MZ
2

less rising low-x

gluon Æ smaller αS

steeper rising low-x

gluon Æ larger αS



HCP 2004   Uta Stösslein HERA and the LHC 16

H1 determination of FL has two limitations:
• small x & FL extraction needs assumptions on F2

• x-dependence of FL can not be determined  

[E.Lobodzinska, DESY-WS-04]

FFLL from reduced inclusive DIS cross sectionfrom reduced inclusive DIS cross section

H
1 

C
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n

 extrapol < 3.5 GeV2

F2
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FL LO , NLO, NNLO and resummed - Simulation of Low Ep H1 Data
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accurate FL data
at low x and Q2 

are required to
test HO QCD and
pin down 

xg(x,Q2) and αS

such a measurement is 
challenging but possible at HERA 
via Rosenbluth separation 
using protons at e.g.
400, 465, 575 in add. to 920 GeV

it delivers also data
at large x, medium Q2
besides measuring the
W,E dependence of 
various  cross sections, e.g. 
for vector mesons

[R.Thorne, DIS04-WS,
M.Klein, DESY-WS-04]Towards a FTowards a FLL measurementmeasurement
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HERA Charged Current

Q2 = 280 GeV2

σ∼

H1 e-p

ZEUS e-p 98-99

H1 e+p 94-00

ZEUS e+p 99-00

SM e-p (CTEQ6D)

SM e+p (CTEQ6D)

Q2 = 530 GeV2 Q2 = 950 GeV2

Q2 = 1700 GeV2 Q2 = 3000 GeV2 Q2 = 5300 GeV2

Q2 = 9500 GeV2 Q2 = 17000 GeV2 Q2 = 30000 GeV2

x · u
(1-y)2x · d

x

_  _
--- σ (e-p) ~ x (u+c) + (1-y2) x (d+s)

_  _
--- σ (e+p) ~ x (u+c) + (1-y2) x (d+s)

unfolding of parton distributions using 
CC and NC cross sections … important!
but difficult to reach very large x>0.7

Charged Current Charged Current 
Cross SectionsCross Sections

e+, 250pb-1
e-, 250pb-1

7000 GeV2

700 GeV2 2500 GeV2

25000 GeV2

x x

simulated reduced cc cross section

H1 and ZEUS - CC HERA I data
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H1 simulation 460 GeV*27.5 GeV L=30 pb-1

BCDMS data

x=0.65

x=0.18

y=0.3
at 280 GeV

W2=20GeV

x=0.55

x=0.45

x=0.35

x=0.25

x=0.23

x=0.14

x=0.07

x=0.10

extend  measurements to lowest y
with
• Simulation of resonance region (SOPHIA)
• Low noise calorimetry (upgraded electr.)
• Upgraded Forward tracking 

[M.Klein, DESY-WS-04]

Access of Large x at Lower QAccess of Large x at Lower Q22

using Eusing EPP=460 =460 GeVGeV
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Add Inclusive DIS Jet DataAdd Inclusive DIS Jet Data
[A.M.Cooper-Sarkar, C.Gwenlan,

DESY-WS-04]

Precision jet data from HERA !
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Add Add PhotoproductionPhotoproduction Dijet DataDijet Data
[A.M.Cooper-Sarkar, C.Gwenlan,

DESY-WS-04]
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Extrapolation to LHC EnergiesExtrapolation to LHC Energies
[A.M.Cooper-Sarkar, C.Gwenlan,

DESY-WS-04]

xg
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HERAHERA--II, now starting II, now starting 

High precision at large Q2, precise determination of the gluon distribution,
flavor separation (via CC), u(x)/d(x) for x→1,…

Æ but what will be the status of the theoretical uncertainties?

[simulation:M.Botje,C.Pauscaud,
M.Klein,HERA-WS-97]

fit to HERA data only 

δF2~1%
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[S.Moch, DESY-WS-04]
[Moch,Vermaseren,Vogt
hep-ph/0403192 & 0404111]new
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[S.Moch, DESY-WS-04]
[Moch,Vermaseren,Vogt
hep-ph/0403192 & 0404111]

Î offer easy-to-use parameterization

new
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[S.Moch, DESY-WS-04]
[Moch,Vermaseren,Vogt
hep-ph/0403192 & 0404111]

Î offer easy-to-use parameterization

new
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[S.Moch, DESY-WS-04]
[Moch,Vermaseren,Vogt
hep-ph/0403192 & 0404111]

Î offer easy-to-use parameterization

new
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ααS S World average World average 
[S.Bethke, LL2004]

1989 NLO

2004 NNLO

•only results
in completed
NNLO with total
error <0.008 
used

•overall error 
adjusted
to Χ2/dof =1

Î theory:
more  NNLO
calculations!

Îexp:
more high 
precision
collider data

Îconsistent 
definitions and
treatment of
systematic
uncertainties
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PDF : Goals and Roadmap PDF : Goals and Roadmap 
study potential inclusion of  HERA jet data in a rigorous 
manner in global QCD fits

need improved understanding of error propagation and of 
consistency of experiments in order to assess relative size of 
exp. and theoretical uncertainties at LHC

need to identify a list of ‘reference’ processes at HERA & LHC 

need to understand dependencies on rapidity and pTÆ
acceptance cut effects

need to understand interplay of PDF uncertainties with MC

need tools to access impact of resummation or non-DGLAP 
effects
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Higgs and Heavy QuarksHiggs and Heavy Quarks
[A.Djouadi, S.Ferrag, hep-ph/0310209]

exclusive for TEVATRON: topdominated by HERA: q,g@low-x
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Charm and BottomCharm and Bottom

extrapolated H1 exp errors! Q2 (GeV2)

at x=0.001
Îdominated by sea
quarks
Îbut valence quark 
PDFs although small 
also not well known 
ÆxG3 from HERA II

Îdramatic increase
of sea PDFs towards
high Q2 :c,b dominant 
Îubar=dbar?? 

… ed ed at HERA!

Îhow to improve
knowledge on HQ
PDFs?
Îhow well does
evolution work?

UV

[M.Klein, BINN-LHC-04
B.Reisert, priv.comm.]

dV

U
d

c
b

s
HERA  Î LHC
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Charm in DISCharm in DIS
[M.Wing, DIS04-WS]
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• e.g. measure charm 
fragmentation function in 
hadronic events.

• needed for beauty jet rates; 
minimise extrapolation 
uncertainties.

• should be more precise after 
ugrade (CST, MVD).

• should also be done for beauty.
• also measured fragmentation 

fractions.

Fragmentation at HERAFragmentation at HERA

[L.Gladilin, DIS03-WS]

Îcharm FF universal
…test also for b Î

[C.Weiser, DIS04-WS]

beauty

charm
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Beauty Production at HERABeauty Production at HERA

PHP                   DIS DIS
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Charm and Beauty measurements using Charm and Beauty measurements using SiSi--
VertexVertex--Detector : Detector : impact parameter analysisimpact parameter analysis

HERA II Æ ‘b machine’ : much higher statistics anticipated
Æ F2

cc, F2
bb, b-fragmentation functions…

quark 
fractions

F2
cc F2

bb
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A A ‘‘MapMap’’ of the of the PartonParton DynamicsDynamics

R
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B
FK

L

DGLAP

ln Q2

ln 1/x
saturation

absorptive corr.

HERA

[A.Martin, DIS04-WS-Summary]

How large is the 
DGLAP domain ?

Are BFKL  (log 1/x)  effects evident ?

Is there any evidence of 
absorptive corrections, 
or even parton saturation ?

HERA observes diffractive DIS 
(at ~10% of DIS).   
What role does it play ?
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Î but splitting functions have to be convoluted with the gluon distribution
Î exact NNLO trustable until x~10-4 – 10-5 …
Î Gluon at low x needs experimental constraints

[G.Salam, DIS04-WS]

DGLAP at Low x?DGLAP at Low x?



HCP 2004   Uta Stösslein HERA and the LHC 38

Forward ActivityForward Activity
[L.Lönnblad,StartUp-WS]

@TEVATRON  x ~mW/S~0.01-0.1
but @LHC x an order of mag. lower
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Event Generator HERA Event Generator HERA ÆÆ LHCLHC
Who needs data when we have Pythia, Herwig and Ariadne?

LEPÆ HERA : 

HERAÆ LHC :

[L.Lönnblad,StartUp-WS]
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πφκ ≠∆→≠ *2 0t

DGLAP:
02 ≈→ tκ

LO: πφ =∆ *

HE (e.g. PS): πφ ≠∆ *

NON-DGLAP e.g. ARIADNE

Study of AzimutStudy of Azimuthhal Correlations al Correlations 
beteen two hardest jetsbeteen two hardest jets

[Turnau,StartUp-WS]

Î identify more channels sensitive to kt effects!
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Underlying Event and resolved Underlying Event and resolved γγpp
[G.Grindhammer, DESY-WS-04]
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[ICHEP 02]

[G.Grindhammer, DESY-WS-04]
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Underlying EventsUnderlying Events
[G.Grindhammer, DESY-WS-04]

Models

Plans
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ReggeRegge Theory and Total Cross SectionTheory and Total Cross Section
[P.Landshoff, DESY-WS-04]

NEW 2004 fit

increased hard Pomeron
contribution
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Differential Cross SectionDifferential Cross Section
[P.Landshoff, DESY-WS-04]

F2
C is purely hard Pomeron exchange

hard Pomeron is flavor blind



HCP 2004   Uta Stösslein HERA and the LHC 46

LHC Energies and LHC Energies and UnitarityUnitarity
[P.Landshoff, DESY-WS-04]

dσ/dt

|t|
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Diffractive Higgs Diffractive Higgs ppppÆÆpHppHp
[P.Landshoff, DESY-WS-04]

[C.Royon, DIS04-WS]

Peter Landshoff:
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Areas of Impact & Concluding RemarksAreas of Impact & Concluding Remarks
Precision measurement of QCD inputs

αS : from jet rates, jet substructure, event shapes, global fits...

Parton distributions from structure functions, jets and charm
Fragmentation parameters: strange, charm, beauty, leading particles

Testing ground for non- or semi-perturbative models
Underlying events; minijets, multiparton interactions, saturation
Soft underlying events, rescattering, forward neutrons & protons
Diffractive structure functions, gaps between jets, survival probability

Testing ground for calculational techniques 
Very forward jets, low x
Multijets, matrix element/parton showers
Evaluation of theoretical uncertainties
Beauty & charm production cross sections and dynamics
DIS/photoproduction transition; multiscale QCD
“Intrinsic” transverse momentum, kT factorization

Gain a quantitative understanding of hadronic production 
mechanisms at high energies.                  

Join the effort !Join the effort !
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Many thanks to the organizersMany thanks to the organizers
for the invitation and the fruitful for the invitation and the fruitful 

workshopworkshop
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Shown Backup SlideShown Backup Slide
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[B.Reisert, DIS03-WS]


