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… or … “How to Take… or … “How to Take
GCoalsGCoals to Newcastle”to Newcastle”

• Much of the inspiration and work behind what I will
show has come from people in Liverpool (MK, JBD and others) 
• Apologies if I cover ground that is already well known here …
• I will focus mainly on physics motivation for TeV scale DIS 

\



Basic Deep Inelastic Scattering ProcessesBasic Deep Inelastic Scattering Processes

Q2 = -q2 :resolving power of interaction

x = Q2 / 2q.p : fraction of struck quark / proton momentum 

(q)(q)

Neutral
Current

Charged
Current



Collage  of Collage  of 
“Text“Text--Book” Book” 
HERA PlotsHERA Plots

Further progress often limited
by energy and luminosity …



HERAHERA--LHC Workshop … (see also PDF4LHC)LHC Workshop … (see also PDF4LHC)

Workshop on the implications 
of HERA for the LHC
(partons, jets, heavy flavours, 
diffraction, MC tools …)

807 pages!
(March 2009)

(270 participants) (150 participants) (160 participants) (190 participants)



Luminosity and Status Luminosity and Status 

Æ ?

• HERA-I publications 
coming to an end.
• HERA-II searches
largely complete
• Complicated final 
states take time (& UK 
experts) to analyse … but where is the longer term future?

• Total of ~200 pb-1 e-p, 300 pb-1 e+p
per experiment.

• Both lepton polarisation states
• ~25 pb-1 @ lower Ep = 575, 460 GeV



Currently Approved Future of HighCurrently Approved Future of High
Energy DIS Energy DIS 



Some Some LHeCLHeC Context Context 

The LHeC is not the 
first proposal for 
TeV scale DIS, but it 
is the first with the 
potential for significantly 
higher luminosity 
than HERA …

… achievable with a new electron
accelerator at the LHC …

[JINST 1 (2006) P10001]



The ElectronThe Electron--Ion Ion Collider Collider (BNL / (BNL / JlabJlab))

- Limited in energy Æ but 100 times HERA luminosity
- Polarised hadrons Æ spin Æ long-term successor to 

HERMES, COMPASS?…
- Heavy ions Æ huge step forward for eA kinematic range

e.g. 10 GeV e+/- and 250 GeV polarised p/A

[More info at http://web.mit.edu/eicc]



The LHC is the The LHC is the 
future of the future of the 
high energy high energy 
frontier!frontier!

Can the unprecedented 
LHC energy and 
intensity be exploited
for DIS?

“… the LHeC is already
half built” [J Engelen]

“… it would be a waste
not to exploit the 7TeV
beams for ep and eA
physics at some stage
during the LHC time”

[G. Altarelli]



• Previously considered as `QCD 
explorer’ (also THERA)

• Main advantages: low interference 
with LHC, high Ee (Æ 150 GeV?) and
lepton polarisation, LC relation

• Main difficulties: lower luminosity 
~3.1032 cm-2 s-1 (?) at reasonable 
power, no previous experience exists

• First considered (as LEPxLHC)
in 1984 ECFA workshop

• Main advantage: high peak
lumi obtainable (~3.1033 cm-2 s-1)

• Main difficulties: building 
round existing LHC, e beam 
energy (50GeV?) and lifetime
limited by synchrotron radiation 

LINAC-RING

RING-RING

How Could How Could epep be Done using LHC?be Done using LHC?
… whilst allowing simultaneous ep and pp running …



Three Possible LayThree Possible Lay--outs for Collisions at IP2outs for Collisions at IP2

• Detailed design within constraints of simuiltaneous ep 
and pp running and power consumption < 100 MW
• CERN, BNL, Cockcroft, Jlab, SLAC, DESY, Novisibirsk … 

[Holzer]



Electrons in the SPL?Electrons in the SPL?

SPS

PS2

SPL

Linac4

PS

SPL (Superconducting Proton Linac) is part of proposed
CERN p-accelerator upgrade programme.
… could be used with simple transfer
line as electron injector or to provide up 
to ~30 GeV electrons for collisions   

R. Garoby,  CARE-HHH BEAM07, October’07; L. Evans, LHCC, 20 Feb ‘08

SPS
SPS+

Linac4

(LP)SPL

LHC / 
SLHC DLHC

PS2



RingRing--Ring SolutionRing Solution

Top view

2 mrad

Non-colliding p beam
Vertically displaced

• Benefits from long experience of 
colliding beam facilites 

• By-passes around ATLAS and CMS
Based on existing survey tunnels
(~1.5km of new tunnelling)

• LHC fixes p beam parameters,
e beam matches p shape & sizes 

• Fast separation of beams with
tolerable synchrotron power 
requires ~2 mrad crossing angle

• Ee ~ 50 GeV for acceptable
synchrotron power at 3.1033 cm-1 s-1

[Willeke, Holzer et al.]



[Zimmermann et al.]

Many lay-outs proposed

Tentative design with
acceleration of electrons
via racetrack construction

Somewhat reduced lumi
~ 3.1032 cm-2 s-1 for Ee~ 100 GeV 
at acceptable power 
consumption Æ energy recovery?

Higher energy (Æ Ee = 150 GeV) possible at reduced lumi 

New concept for colliders … lots of R&D required …

LinacLinac--Ring SolutionsRing Solutions



The Luminosity v Acceptance Question
• As for HERA-I v HERA-II, low β focusing beam elements 
around interaction region can improve lumi by a factor ~10
• However, acceptance near beam-pipe is compromised 

Æ loss of low x / Q2 acceptance
Æ loss of high M acceptance
Æ poorer HFS measurements



Beam Scenarios for First Physics StudiesBeam Scenarios for First Physics Studies

ep Studies based on a 20-150 GeV electron beam 
and lumi of 1-10 fb-1 / year

Several scenarios under study … see later for justification



Scenario for Experimental PrecisionScenario for Experimental Precision

The new collider …
- should be ~100 times more luminous than HERA 

The new detector
- should be at least 2 times better than H1 / ZEUS

Lumi = 1033 cm-2 s-1 (HERA 1-5 x 1031 cm-2 s-1)
Acceptance 10-170o (Æ179o?) (HERA 7-177o)
Tracking to 0.1 mrad (HERA 0.2 – 1 mrad)
EM Calorimetry to 0.l% (HERA 0.2-0.5%)
Had calorimtry to 0.5% (HERA 1%)
Luminosity to 0.5% (HERA 1%) 

Requirements to reach a per-mil αs (c.f. 1-2% now) …

First `pseudo-data’ for F2, FL, F2
D …produced on this basis …

[Klein, Kluge …]



Kinematics & Motivation (140 Kinematics & Motivation (140 GeV GeV x 7 x 7 TeVTeV))

New physics on
scales ~10-19 m

High precision
partons in LHC

plateau

Nuclear 
Structure 
& Low x 
Parton

Dynamics

High 
Density 
Matter

Large x
partons

710  at x −≥ 5.
2 2 1 GeVQ ≤

• High mass (Meq, 
Q2)  frontier

• EW & Higgs

• Q2 lever-arm 
at moderate &
high x Æ PDFs

• Low x frontier
Æ novel QCD …

s 2 V Te=



LeptonLepton--quark Bound Statesquark Bound States

LQ

e

q

λ

e p
LQ

LQ
––

q

q–
g

p p

• Leptoquarks appear in many extensions 
to SM… explain apparent symmetry 
between lepton and quark sectors.

• Scalar or Vector color triplet bosons carrying
L, B and fractional Q, complex spectroscopy?  

• (Mostly) pair produced in pp, 
single production in ep.

• LHeC sensitivity (to ~1.5 TeV) 
similar to LHC, but can determine 
quantum numbers / spectroscopy
(fermion #, spin, chiral couplings …)  

Yukawa 
coupling, λ 

LHC 
pair 
prod

(Zarnecki)

LHeC

(10 fb-1)



RpRp Conserving Conserving 
SupersymmetrySupersymmetry e e

q~

~

q

χ0

Pair production via
t-channel exchange of
a neutralino.

Cross-section sizeable 
for ΣM < 1 TeV
i.e. if squarks are 
“light”, could observe
selectrons up to 
~ 500 GeV, a little 
beyond LHC?

σ in pb, e- p

σ in pb, e+ p

(Perez)

[CSSM,
Buchmueller
et al fit ’08]



Excited Excited 
LeptonsLeptons

[Sauvan, Trinh]

LHeC gives best
sensitivity in this
scenario …



Higgs Production

Sizeable CC (WW) x-section
~ few thousand events
Strongly dependent on mH

Æ Novel production mechanism
Æ Clean(ish) … H + j + pt

miss

Æ bbbar coupling to light H?

Forward acceptance is an issue

First background studies (jets
in CC) underway …

[U Klein,
Kniehl,
Perez,
Khuze] 



Complementarity between LHC and LHeC

[Perez]

Contact interaction term introduced in 
LHC pseudo-data for high mass Drell-Yan

• Even if new physics looks rather different from SM, wide 
range of high x BSM effects can be accomodated in DGLAP 
fits due to poor current high x PDF constraints
• Better high x precision at high lumi LHeC could disentangle … 



LHeC Impact on High x Partons and αs

[Kluge, Perez, Klein]

Full NC/CC sim (with systs giving per mil αs ) & NLO DGLAP 
fit using H1 technology…
… full flavour decomposition possible
… high x pdfs Æ may help clarify LHC discoveries through 
interpretation of new states?
[Some of highest x improvement from paramn extrapolation]



PDFs & EW Couplings

Using ZEUS fitting code, HERA + 
LHeC data … EW couplings free

Ee = 100 GeV, L = 10+5 fb-1, P = +/- 0.9

[Gwenlan]

it’s here!



Cross Sections and Rates for Heavy Flavours

HERA 
27.5 x 920

Charm

Beauty

cc

sW-> c 

bW->top

ttbar

c.f. luminosity
of ~10 fb-1
per year …

[Behnke]



Flavour Decomposition
High precision c, b measurements 
(modern Si trackers, beam 
spot 15 * 35 μm2 , increased 
HF rates at higher scales).
Systematics at 10% level
Æbeauty is a low x observable!
Æs (& sbar) from charged current
Æ Similarly Wb Æ t?

b

(Assumes 1 fb-1 and
- 50% beauty, 10% 
charm efficiency
- 1% uds Æ c
mistag probability.
- 10% c Æ b mistag) 

LHeC 10o acceptance

LHEC 1o acceptances
[Mehta, Klein]



A high x Detector Acceptance Consideration A high x Detector Acceptance Consideration 

• Considerably more asymmetric beam energies than HERA!
- Hadronic final state at newly accessed lowest x
values goes central or backward in the detector ☺
- As x grows at fixed Q2, hadronic final state is boosted 
more and more in the forward direction … and hadrons 
are needed for good kinematic reconstruction as x gets 
large & electron method resolution deteriorates 

• Ideally need sensitivity to energy flow in outgoing proton 
direction for hadrons to ~1o



LHeCLHeC Kinematics for Low x InvestigationsKinematics for Low x Investigations

Access to Q2=1 GeV2

in ep mode for all 
x > 5 x 10-7 IF we have 
acceptance to 179o

ÆWithout low β magnets 
~ 1 fb-1 / yr ample for most
low x studies … definitive 
low x facility!

Æparton saturation
Ænovel QCD evolution
ÆRelations to confinement? 
Æ… 



LHeCLHeC and Low x Physicsand Low x Physics

• Somewhere & somehow, low x growth of gluon density
must saturate (“high energy catastrophe”)
• Non-linear evolution beyond DGLAP, e.g. recombination gg Æ g
• Usually characterised in terms of an energy dependent 
saturation scale, Q2

s(x), to be determined experimentally
• Saturation scale Q2

s ~ Q2
0.(A/x)1/3… factor of 6 for lead



PartonParton Saturation after HERA?Saturation after HERA?

e.g. Forshaw, Sandapen, Shaw
hep-ph/0411337,0608161
… used for illustrations here

Fit inclusive HERA data
using dipole models 
with and without parton
saturation effects 

FS04 Regge (~FKS): 2 pomeron model, no saturation
FS04 Satn: Simple implementation of saturation
CGC: Colour Glass Condensate version of saturation

• All three models can describe data with Q2 > 1GeV2, x < 0.01
• Only versions with saturation work for 0.045 < Q2 < 1 GeV2

… any saturation at HERA not easily interpreted partonically



Some models of low x FSome models of low x F22 with with LHeC LHeC DataData

Precise data in LHeC
region, x > ~10-6 

- Extrapolated HERA
dipole models …
- FS04, CGC models 
including saturation 
suppressed at low x & 
Q2 relative to non-sat 
FS04-Regge

With 1 fb-1 (1 year at 1033 cm-2 s-1), 1o detector:
stat. precision < 0.1%, syst, 1-3% 

… new effects may not be easy 
to see and will certainly need 
low Q2 (θ Æ 179o) region …

[Forshaw, Klein, PN, Soyez]



FFLL SimulationSimulation

[Forshaw, Klein, PN, Soyez]

Vary proton beam 
energy as recently
done at HERA ?…
Æ example for 1 year …

Ep (TeV)      Lumi (fb-1)
---------- -----------

7 1
4                 0.8
2                 0.2
1                 0.05

[0.45              0.01]

… precision typically 5%
… stats limited for

Q2 > 1000 GeV2

… selected lowest x data
compared with 3 dipole
models including saturation …



Can Can PartonParton Saturation be Established @ Saturation be Established @ LHeCLHeC? ? 
… effects may not be so large in ep Æ and may be hard
to establish unambiguously with F2 alone
… Two first studies using F2 and FL in ep only … 

Including LHeC data in NNPDF DGLAP fit approach …
- Sizeable improvement in error on low x gluon with F2 & FL
- Saturation effects at LHeC (FS04-sat) can’t be absorbed 
into NNPDF DGLAP analysis if F2 and FL both fitted

[Rojo]

HERA + LHeC F2 HERA + LHeC F2, FL



Can DGLAP adjust to fit Can DGLAP adjust to fit LHeC LHeC sat models?sat models?

2 2
0

0

( , ) = 1 exp log (1 ) gC
g g

xxg x Q A B x
x

λ⎛ ⎞⎡ ⎤⎛ ⎞⎜ ⎟⎢ ⎥− − −⎜ ⎟⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦⎝ ⎠

• Attempt to fit ZEUS and LHeC saturated pseudo-data in 
increasingly narrow (low) Q2 region until good fit obtained
• Use dipole-like (GBW) gluon parameterisation at Q0

2

[Forshaw, Klein, PN, Perez]

Q2 = 2 GeV2

Q2 = 50 GeV2

Q2 = 10 GeV2 Q2 = 20 GeV2

Q2 = 5 GeV2

• Fitting F2 only, a good fit 
cannot be obtained beyond
the range 2 < Q2 < 20 GeV2

• This fit fails to describe FL

(even faster
failure with 
CGC LHeC 

pseudo-data)

Q2 = 2 GeV2 Q2 = 5 GeV2



DVCS and Vector MesonsDVCS and Vector Mesons

• First study of elastic J/Ψ
… large direct sensitivity

to gluon dynamics

HERA

[Favart, Forshaw, PN]

With F2, FL, VM in ep and eA could help establish saturation 
and distinguish between different models which contain it?

• DVCS study with 1o acceptance &
1fb-1 … 2-11% statistical errors
• Cleaner interpretation in terms
of GPDs at larger LHeC Q2 values

[Teubner]



DGLAP

[Studies with 1o acceptance, 1 fb-1]

•5-10% data, depending on detector
• (D)PDFs / fac’n in much bigger range
• Enhanced parton satn sensitivity?
• Mx Æ 100 GeV with xIP = 0.01 …

Æ X including W, Z, b …
• Exclusive production of any 1– state

(Semi)(Semi)--Inclusive Diffractive DISInclusive Diffractive DIS

[Forshaw,
Marquet,
PN]



Forward and Diffractive DetectorsForward and Diffractive Detectors

• Reaching xIP = 1 - Ep’/Ep
= 0.01 in diffraction with 
rapidity gap method requires 
ηmax cut around 5  …forward 
instrumentation essential!

• Roman pots, FNC should 
clearly be an integral part.

- Also for t measurements
- Not new at LHC ☺
- Being considered 
integrally with 
interaction region

ηmax from LRG selection …

• Very forward tracking / calorimetry with good resolution …
• Proton and neutron spectrometers …



With AA at LHC, With AA at LHC, LHeCLHeC is also an is also an eA CollidereA Collider

[d’Enterria]• Very limited x, Q2 and 
A range for F2

A so far 
(unknown for x <~ 10-2, 
gluon very poorly 
constrained)

• LHeC extends 
kinematic range by 3-4 
orders of magnitude with
very large A 

• A 1/3 ~ 6 for lead



Nuclear Gluon DensityNuclear Gluon Density

… opportunity to understand nuclear parton densities in detail

Æ ~A1/3 enhanced gluon density Æ additional satn sensitivity
Æ initial state in AA quark-gluon plasma studies @ LHC / RHIC
Æ relations between diffraction and shadowing
Æ neutron structure & singlet PDF evolution from deuterons

[Amesto]



First Detector Concepts First Detector Concepts –– Low x Low x OptimisedOptimised

• Full angular coverage, long tracking region Æ 1o

• Dimensions determined by synchrotron radiation fan
• Modular Low material budget High precision
• Technologies under discussion (lots of ideas!)



First Detector Concepts First Detector Concepts –– High QHigh Q22 OptimisedOptimised

• Sacrifice low angle acceptance to beam focusing magnets
• Calorimeter inserts slide inwards
• 2 phases of operation a la HERA?
• Alternatively 2 interaction points (RR only)? 



Developing a Combined Function “Developing a Combined Function “MagcalMagcal”?”?
Use scintilation 
of liquid He to
get signal?…
… Calo is all edges!…
Æ What sort of
resolution is
achievable?
ÆWhat is influence 
on final beam focus?
Æ …?

[Greenshaw]

… also potentially interesting for
medical physics and elsewhere?

… could even think of doing the
same with solenoids / toroids?



SummarySummary
• LHC is a totally new world of energy and luminosity! LHeC
proposal aims to exploit this for TeV lepton-hadron scattering

Æ ep complementing next generation pp, ee facilities

• Ongoing ECFA/CERN workshop has gathered many 
accelerator, theory & experimental colleagues

Æ First debates on machine and detector layout 
Æ Increasingly sophisticated physics studies 
Æ No show-stoppers, but lots still to do in many areas  

• Next workshop planned for September ‘09 
Æ Conceptual Design Report by early 2010
Æ Input to CERN strategy document mid 2010
Æ UK seedcorn funding request in near future

• All ideas and involvement welcome! 
[More at www.lhec.org.uk]



BackBack--Ups FollowUps Follow



• HERA HF information limited by kinematic range and lumi
(reasonable charm, some beauty, almost no strange)

• Crucial for understanding LHC initial state for new 
processes (e.g. bbbar->H) and backgrounds.

• LHC predictions rely strongly on extrapolations and pQCD
(e.g. CTEQ: 7% effect on W,Z rates varying HF treatment).

Higgs 

<-SM

MSSM->

Heavy Quarks: HERA Heavy Quarks: HERA ÆÆ LHCLHC



DVCS MeasurementDVCS Measurement

BHDVCS

… can be tackled as at HERA 
through inclusive selection 
of ep Æ epγ and statistical 
subtraction of Bethe-Heitler
background

… the classic approach to `generalised
parton densities’ (GPDs)

(L.Favart)



Luminosity: Ring-Ring

L =
Npγ

4πeεpn

⋅
Ie

β pxβ py

= 8.31032 ⋅
Ie

50mA
m

β pxβ pn

cm−2s−1

εpn = 3.8μm

Np =1.7 ⋅1011

σ p(x,y ) = σ e(x,y )

β px =1.8m
β py = 0.5m

Ie = 0.35mA ⋅
P

MW
⋅

100GeV
Ee

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

4

1033 can be reached in RR
Ee = 40-80 GeV & P = 5-60 MW.

HERA was 1-4 1031 cm-2 s-1

huge gain with SLHC p beam

F.Willeke in hep-ex/0603016:
Design of interaction region  
for  1033 : 50 MW, 70 GeV

May reach 1034 with ERL in 
bypasses, or/and reduce power.
R&D performed at BNL/eRHIC

← Ie = 100 mA

likely klystron
installation limit
Synchrotron rad!1033

cf also A.Verdier 1990, E.Keil 1986



Luminosity: Linac-Ring

L =
Npγ

4πeεpnβ
* ⋅

P
Ee

=1⋅1032 ⋅
P / MW
Ee /GeV

cm−2s−1
εpn = 3.8μm

Np =1.7 ⋅1011

β* = 0.15m

LHeC as  Linac-Ring version
can be as luminous as HERA II:

4 1031 can be reached with LR:
Ee = 40-140 GeV &  P=20-60 MW
LR: average lumi close to peak

140 GeV at 23 MV/m  is 6km +gaps

Luminosity horizon: high power:
ERL (2 Linacs?)

Ie =100mA ⋅
P

MW
⋅
GeV
Ee

← Ie = 100 mA

High cryo load to CW cavities

s = 2TeV



Overview of Overview of LHeCLHeC ParametersParameters



Geometric Scaling at the Geometric Scaling at the LHeCLHeC
LHeC reaches 
τ ~ 0.15 for 
Q2=1 GeV2 and 
τ ~ 0.4 for
Q2=2 GeV2

Some (though
limited) acceptance 
for Q2 < Q2

s with Q2

“perturbative’’

Could be enhanced
with nuclei.

Q2 < 1 GeV2 accessible
in special runs? 

HERA
Limit for

Q2>2 GeV2

(1 fb-1)



• Unified description of low x region, including region where 
Q2 small and partons not appropriate degrees of freedom …

• Simple unified picture of many inclusive and exclusive 
processes … strong interaction physics in (universal) dipole 
cross section σdipole. Process dependence in  wavefunction 
Ψ Factors
• qqbar-g dipoles also needed to describe inclusive diffraction

Reminder : Dipole modelsReminder : Dipole models

2, 2 2 , 2
* *( , )  d  d  ( , , ) ( , , )T L T L

p dipolex Q z r z r Q x r zγ γσ ψ σ∼ ∫



AzimuthalAzimuthal (de)correlations between Jets(de)correlations between Jets
[Jung]



Forward Instrumentation and Jets Forward Instrumentation and Jets 

x range (and sensitivity to
novel QCD effects) strongly
depend on θ cut

Similar conclusions for Δφ
decorrelations between jets 

[Jung]



Some committees were set up …



… after further studies, discussions with CERN accelerator 
experts and a presentation to plenary ECFA (M Klein) …



… Nuclear physics also took an interest …



… a working group structure agreed and convenors invited …

… first workshop took place in September 2008, Divonne …
Æ Eclectic mix of accelerator experts, experimentalists 

and theorists (91 participants) 



Agenda of Agenda of DivonneDivonne Workshop Workshop 



High x Partons Limiting LHC Searches
Some BSM scenarios give deviations in high mass 
dijet spectra … e.g. a model with extra dimensions …

… in this example, high x PDF uncertainties reduce sensitivity 
to compactification scales from 6 TeV to 2 TeV for 2XDs

S. Ferrag,
hep-ph/0407303



Can Can PartonParton Saturation be Established @ Saturation be Established @ LHeCLHeC? ? 
… effects may not be so large in ep Æ and may be hard
to establish unambiguously with F2 alone
… A1/3 amplification in gluon in eA (~6 for Pb) may be needed
… Two first studies using F2 and FL in ep only … 

Saturation effects at LHeC (FS04-sat) cannot be absorbed 
into NNPDF1.0 DGLAP PDF analysis if F2 and FL both fitted

[Rojo]



ππ Structure with Leading NeutronsStructure with Leading Neutrons

• With θn < 1 mrad, similar xL and
pt ranges to HERA (a bit more
pt lever-arm for π flux).

• Extentions to lower β and higher 
Q2 as in leading proton case. Æ F2

π

At β<5.10-5 (cf HERA reaches β~10-3)

Also relevant to absorptive corrections, cosmic ray physics …

(RAPGAP
MC model,
Ep=7TeV,

Ee=70GeV)

(θe=175o)

(y=1)

(y=0.02)

[Bunyatyan]



LinacLinac--Ring SolutionsRing Solutions

V. Litvinenko

S. Chattopadhyay

S. Chattopadhyay

M. Tigner
F. Z.

S. Sultansoy

J. Sekutowicz

[Zimmermann]

… lots of R&D required …



First Detector ConceptsFirst Detector Concepts

Æ 2 interaction points / experiments?
Æ 2 phases of single experiment (a la HERA)?
Æ Other ideas



First Detector ConceptsFirst Detector Concepts



Is HERA Finished? Is HERA Finished? –– H1 high pt SummaryH1 high pt Summary

The Standard Model & HERA part as good friends!

… perhaps yes for 
searches … 

• No significant BSM 
signals 

• Detectors and 
physics processes 
well understood!



HERA Input to LHC HERA Input to LHC 
• Unprecedented low x and 
high Q2 coverage in DIS

• HERA + QCD factorisation
Æparton densities in full x 
range of LHC rapidity plateau  

• Well established `DGLAP’
evolution equations generalise
to any scale (for not too small x)

DGLAP

e.g. pp dijets at central 
rapidity: x1=x2=2pt / √s
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