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IntroductionIntroduction

• What are we after? Why now?
• Exciting early LHC results may provide us with a g y y p

window of opportunity to bring a new major 
facility on the way and in this way to secure a y y y
long-term future of the field

We need to be in a position to make a well-
informed decision on what is the best option forinformed decision on what is the best option for 
the future
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Goal: a CDR for the LHeCGoal: a CDR for the LHeC

• Thorough study of physics potential 
requiredq

• Results need to be compared with the 
capabilities of the LHC the ILC CLICcapabilities of the LHC, the ILC, CLIC, …

• The studies must be sufficiently advanced 
and realistic to stand the comparison with 
the analyses carried out for other collidersthe analyses carried out for other colliders

A lot of work will be needed to achieve this
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LHeC specific issuesLHeC-specific issues
• Ring-Ring (RR) vs Linac-Ring (LR) optionRing Ring (RR) vs. Linac Ring (LR) option
• RR: energy limited (70 GeV), better prospects 

for higher luminosityg y
• LR: energy not physics limited, 140 GeV; which 

luminosity can be reached with how much 
l t i l ?electrical power?

• Impact of beam polarisation: e^-, e^+?
D t t i t l t• Detector requirements, angular acceptance, …

Sh ld t f tShould we agree on a common set of parameters 
(energy, integrated lumi, …) for all studies? 
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New physics at large scales: what 
is the physics potential of LHeC?

• Is there potential for new physics studies 
beyond the eeqq contact interaction (see y qq (
G. Altarelli’s talk)?

• Can new physics be observed at the LHeC• Can new physics be observed at the LHeC 
that did not show up at the LHC?

• If not, can LHeC + LHC measurements 
yield added value compared to LHCyield added value compared to LHC 
alone?
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New Physics Working Group 
at Divonne

• Dedicated New Physics session: 4 talks
• Joint session with electroweak WG: 5 talks• Joint session with electroweak WG: 5 talks

Very active sessions, thanks a lot to all 
contributors!

Definition used in the summary talks:
Higgs = new physics
Drell-Yan = electroweak
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Electron-quark resonances
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Electron quark resonances
E. Perez
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• “Leptoquarks” (LQs) appear in many extensions of SM
• Scalar or Vector color triplet bosons
• Carry both L and B,  frac. em. charge
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λ (unknown)  coupling l-q-LQ

LQ decays into (lq) or (νq) :

λ

LQ decays into (lq) or (νq) :
• ep : resonant peak, ang. distr.
• pp : high ET lljj events

m

LHeC

em
LHC could discover eq resonances 
with a mass of up to 1.5 – 2 TeV

LHC 
pair 
prodA F Z ki

via pair production.

Quantum numbers ? Might be
difficult to determine in this
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MLQ (GeV)1 TeV

difficult to determine in this 
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ep : golden machine to study LQ properties
E. Perez

F = 0 or 2 ? Compare rates in e-p and e+p 
Spin ? Angular distributions
Chiral couplings ? Play with polarisation of lepton beam
Couples to ν ? Easy to see since good S/B in νj channel

Classification in the table below relies on minimal assumptionsClassification in the table below relies on minimal assumptions.
ep observables would allow to disentangle most of the possibilities (having
a polarised p beam would complete the picture).

F 
= 

2
F 

= 
0

F
F

If LHC observes a LQ-like resonance, M below 1 – 1.5 TeV,  LHeC could solve the 
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“LQ spectroscopy” : LHeC versus single LQ production at LHC E. Perez

γ → ee followed by eq -> LQ not considered yet. 
Sasha Belyaev (Southampton) proposed to 

k hwork on this.

LHC t ti l f d t i i th LQLHC potential for determining the LQ
fermion number – crude analysis as
done for the JNST paper.

Single LQ at the LHC, with realistic
background simulation: see talk by
Theodora Papadopoulou (Athens)
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LQ production at LHC Th. Papadopoulo

• Pair production
– Practically 

i d d t findependent of 
Yukawa coupling 
λλ

– Depends mainly 
on LQ massLQ mass

• Single production
– strongly depends on 
λλ

LQ LQ

λλ
– possible signatures:

•• ℓℓ++ℓℓ-- + + jetjet
LQ

jj
•• ℓℓνν + + jetjet
•• νν + νν + jetjet

l, ν l, ν

B th t i (P i d Si l ) LQ l t f LHC h
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Cut flow for Single LQ (m=400 GeV) Th. Papadopoulo

PRELIMINARY RESULTS

Physics Before Baseline 
pTmaxμ1,2 ≥ 100 GeV

pTmaxj ≥ 100 GeV

SPT ≥ 
500

Mμμ ≥
200

LQ mass 
window

sample cuts cuts pTmaxj ≥ 100 GeV

b-tag weight ≤ 4

500 
GeV

200 
GeV

window

(±2σ)

MLQ = 400 GeV 3680 2432 666 613 457 402
Z/DY ≥ 150 GeV 72780 33626 689 586 360 118
t tbar 420000? 86581 42 28 28 14

• Single Scalar LQ u μ  ( Q = -1/3)

•Optimized for the smallest integrated luminosity needed for a 
discovery with 5σ and normalized for an integrated luminosity 
of 10 fb-1
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Invariant mass μj pair Th. Papadopoulo

PRELIMINARY RESULTSPRELIMINARY RESULTS

Early LHC Single LQ searches !

• LQ mass from 300 – 600 GeV

l t li d t L 10 fb 1
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Outlook Th. Papadopoulo

• Pair and Single LQ studies at LHC are complementary
• First studies on Single LQ with ATLAS/LHC areFirst  studies on Single  LQ with ATLAS/LHC are 
underway towards the final  results at early LHC
• Results presented are PRELIMINARY
• Use of the LHC results to predictions for the LHeC are 
important for the LHeC expectations on the potential of 
LHeC New physics 
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Beyond LQs: SUSY with R-parity conservationy y
e e

χ0

~

Pair production via t-channel exchange of

q q~a neutralino.

Cross-section sizeable when ΣM below ~ 1 TeV.
Comparison: SUSY fit to ew precision observables,        
B-physics observables, cosmological constraints:p y , g
CMSSM, NUHM  O. Buchmueller et al, ‘08

Good prospects for early SUSY
discovery at the LHC
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Spectra of best-fit points: 
CMSSM and NUHM1

O Buchmueller et al ‘08O. Buchmueller et al, 08
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Cross section for selectron + squark 
production at LHeC

O. Buchmueller et al, ‘08 E. Perez

CMSSM

NUHM1
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Cross section for selectron + squark 
production at LHeC

σ ~ 15 fb for best fit points E. Perez

Added value w.r.t. LHC to be studied  :
- could extend a bit over the LHC slepton sensitivitycould extend a bit over the LHC slepton sensitivity
- precise mass measurements 
- relevant information on neutralino sector
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T. N. Trinh
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Anomalous top productionAnomalous top production

Models which predict new effects
- “easy” to see in ep because of low, well-understood backgrounds

diffi lt t t bli h i b f l b k- more difficult to establish in pp because of large bckgs

Example from HERA experience:p f p
Anomalous top production via BSM coupling tuγ
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Anomalous top productionAnomalous top production
G. Brandt
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E Perez

Proton structure and interpretation of LHC discoveries

Example: new W ’, resonant slepton production in RpV SUSY

• We may need more precise pdf’s :
E. Perez

40% uncertainty on part. lum. for
a 6 TeV W ’ Translates into an uncertainty on the

(DIS’07)

d

a 6 TeV W . Translates into an uncertainty on the
coupling of the W’. 

Idem for the couplings of a new Z’ close to the

u
•_ W ’

Idem for the couplings of a new Z  close to the
kinematic limit.

u
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Higgs production at LHeCHiggs production at LHeC
S. A. Koay
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Prospects for assessing the Hbb 
coupling at the LHC

ttH, H -> bb and diffractive Higgs production

Both are very challenging

Is there a chance at the LHeC?Is there a chance at the LHeC?
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ttH H bb at the LHC S. A. KoayttH, H bb at the LHC
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Higgs production at LHeCHiggs production at LHeC
E. Perez

Production cross-section for a 120 GeV Higgs at LHeC (Ee = 140 GeV)
is sizeable.

Plot shows LO x-sections from
e-

e+

Plot shows LO x sections from 
CompHep. 
Good qualitative agreement 
with cross section calculations

e-e+
with cross section calculations 
by Uta Klein and Bernd Kniehl
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U KleinU. Klein
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M. Kuze
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ConclusionsConclusions

• Many ideas, encouraging level of activities
• Interesting studies have been startedInteresting studies have been started
• But: still a long way to go towards a CDR

• Dates for the diary:• Dates for the diary:                                    
CERN Theory Institute: “From the LHC  to 
a F t re Collider” Feb 9 27 2009a Future Collider”, Feb. 9-27, 2009
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