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The LHC Machine and ExperimentsThe LHC Machine and Experiments

LuminosityLuminosity
First phase   
2•1033 cm-2s-1

Hi h l mi h sHigh lumi phase 
1034 cm-2s-1

pp collisions at 14 TeV

LHCf
(moedal)

pp collisions at 14 TeV

totem
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First data expected in summer 2008



History

• First discussion at the low-x meetings: Oxford (2000)
“Low-x physics at the LHC”   (ADR)

• At the time
– No forward detectors at CMS/ATLAS (acceptance |η|<5)No forward detectors at CMS/ATLAS (acceptance |η| 5)
– No diffractive/low-x program
– No connection between TOTEM & CMS

• Since then a lot has happened
– Forward detectors proposed and p p

several being built
– Physics program elaborated as part of 

the CMS/ATLAS (ALICE/LHCB) programthe CMS/ATLAS (ALICE/LHCB) program
– CMS/TOTEM common physics study &

data taking possibility
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g p y
– New experiment LHCf…



Forward Detectors at the LHC

• RP220: detectors for diffraction at 220 m
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Forward Detectors at LHC
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Castor 2007 Testbeam  (August 07)

More from Pierre Van Mechelen on Saturday
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But also ALICE and LHCb…
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LHCf: an LHC Experiment for Astroparticle Physics

LHCf: measurement 
of photons and neutralp
Pions and neutrons in 
the very forward 
region of LHCregion of LHC

140 m from
IP1 (ATLAS)IP1 (ATLAS)
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Acceptance of the LHC Detectors

• All phase space virtually covered at the LHC    
for the first time at a collider
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— for the first time at a collider—
• Ongoing CMS/ATLAS studies to cover the ‘remaining hole’  



Forward Physics Program 
S ft & H d diff ti• Soft & Hard diffraction
– Total cross section and elastic scattering (TOTEM (ATLAS), precision of O(1)%)
– Gap survival dynamics, multi-gap events, proton light cone (pp→3jets+p), odderonp y g p p g pp j p
– Diffractive structure: Production of jets, W, J/ψ, b, t, hard photons; GPDs
– Double Pomeron exchange events as a gluon factory (anomalous W,Z production?)

• Exclusive production of new mass states• Exclusive production of new mass states
– Exclusive Higgs production, (Exclusive Radion production?), exclusive SPE??
– SUSY & other (low mass) exotics & exclusive processes

• Low-x Dynamics
– Parton saturation, BFKL/CCFM dynamics, proton structure, MPI scattering…

• New Forward Physics phenomenaNew Forward Physics phenomena
– New phenomena such as DCCs, incoherent pion emission, Centauro’s

• Strong interest from cosmic rays community
F d d ti l fl / i i bi t t t– Forward energy and particle flows/minimum bias event structure

• Two-photon interactions and peripheral collisions
• Forward physics in pA and AA collisions
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p y p
• Use QED processes to determine the luminosity to O(1%)  (pp→ppee, pp→ppμμ)

Many of these topics can be studied best at startup luminosities  



LHC Kinematics/QCD evolution

Is this a region 
f “ f ”???of “safe –x”???

?

E l ti f PDF t hi h Q2 & l i t t t th LHC
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Evolution of PDFs to high Q2 & low x important at the LHC
Precision? Level of approximation? CCFM/BFKL?, non-linear effects?  



Parton Saturation and evolution at low-x
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Low-x PDF studies
D. d’Enterria
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Low-x nuclear PDF studies
D d’ED. d’Enterria
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Example: Υ production
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Forward QQ production in ALICE
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Forward physics studies in ALICE
Diffractive J/ψ production in pp collisions

Schicker EDS07
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Forward dijets in pp
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Forward Drell-Yan in pp
See P Van MechelenSee P. Van Mechelen
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Central/forward particle correlations
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Double Parton interactions
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Not well know what to expect…  



High Energy Cosmic Rays

Cosmic ray
showers:showers:
Dynamics of the
high energy 

ti l tparticle spectrum
is crucial

Interpreting cosmic ray data depends
on hadronic simulation programs
Forward region poorly know/constrainedForward region poorly know/constrained
Models differ by factor 2 or more
Need forward particle/energy measurements

dE/d
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e.g.  dE/dη…



CR: Calibration and tuning of hadronic models

23



Cosmic Exotica
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Two photon and γW interactions
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HERA and the LHC
Workshop and forum on 

the implication of HERA for LHC physics

• Low-x
• PDFs
• Diffraction…

N 29 2 N @ DE
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Next meeting 29 Oct-2 Nov @ DESY
⇒Working group meetings



Eg. Experimental Probes of the Gluon
D. d’Enterria
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Finally:

Call for a working group/task force/LHC-study group …

⇒The PDF + uncertainties⇒The PDF  uncertainties 

Interest from theorists/fitters/HERA/ LHC/…?
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…Need to call for a meeting



Conclusion
• LHC is coming on-line: expect the first 14 TeV collisions by summer 2008
• Forward physics @ LHC came a long way during the last years!! We saw

2 i t d f f d h i (TOTEM LHCf)– 2 experiments approved for forward physics (TOTEM, LHCf)
– ATLAS and CMS planning to extend the detector coverage in the 

forward direction
– CASTOR forward calorimeter in CMS (LUCID in ATLAS)
– ZDCs in ATLAS and CMS

d (b f )– Roman Pots in ATLAS at 220 and 240 m (but not for start-up)
– Common physics program/data taking for CMS and TOTEM
– FP420 coming along– FP420 coming along…

• Diverse program for low-x physics (and diffraction) has been developed
– Part of the “base-line” physics opportunities of the LHCp y pp
– New ideas for measurements are still highly welcome to keep momentum

• Forward physics and diffraction now “in the blood” of the experiments.      
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Let’s capture that opportunity!!



Backup
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Forward Jets
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Mueller Navelet Dijets
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Anomalous WW Production?
Alan White: theory of supercritical pomeron→ reggeized gluon+many 

(infinite) wee gluons
• color sextet quarks required by asymptotic freedom have strong• color sextet quarks required by asymptotic freedom, have strong 

colour charge, (at least) few 100 GeV constituent mass
• Sextet mesons → EWSB  

color                 color
triplets              sextets

• UDD neutron dark matter candidate
• Explain high energy cosmic rays, Knee?

C l s xt t ks pl st n l t W nd Z nd t th p m n

u    c    t                U
d    s    b               D

• Color sextet quarks couple strongly to W and Z and to the pomeron
• Phenomenology: Anomalous production of WW when above threshold 

ie. At the LHC (with possibly some onset already detectable at the ( p y y
Tevatron

⇒Measure exclusive WW ZZ cross sections in DPE at the LHC
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⇒Measure exclusive WW,ZZ cross sections in DPE at the LHC
Expected cross section to be orders of magnitude larger than in SM


