QCD & Electroweak @ LHeC: Wishlist for studies

v SM Higgs and top production physics potential
v Expected electroweak parameters precision (need to know polarisation)

v PDF precisions:

v Inclusive DIS: further refined & alternative estimates (from other PDF fitter
groups)
v Direct proton gluon density determinations from jets (high x), charm (low x)

v Clarification of transition from massive to massless regime for charm and
beauty

v alpha_s from jets (exploiting NNLO calculations)

v QCD dynamics and PDFs from final states: jets, heavy flavours, prompt
photons, DVCS, vector mesons, diffraction

v Look for QCD expected, special or novel features: BFKL — forward jets at low X,
intrinsic charm, instantons

v For all studies: matched to expected (refined) detector acceptance,
energy, momentum & vertexing resolutions ... and accelerator energy &
lumi prospects
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Electroweak § RCD Wishlist for LheC
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NC couplings to light quarks Degrassi
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Z’ physics@ LHeC Degrassi

Z’ effects can show up in NC asymmetries from the interference with SM
contributions
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Ultraprecise alpha_s from tnclusive BIS @ LHeC
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Scaling violations of non-singlet part of F5 Vogt

| arge-x ( 2 10~2) convergence of P series: effect. N°*LO scaling violations
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Ultraprecise alpha_s from inclusive DIS @ LHeC
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d/u

Amongst others also to please Frank Wilezek
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CTEQ 61

LHeC simulation, 10 fb!

BASED ON HLO FIT TO eXPECTED
INCLUSIVE HC AND CC DATA

Klein, Perez
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uncertainty on g(x)
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Excitution of Intrinsic Heawvy Quawks inv Protow

Amplitude maximal at small invariant mass, equal rapidity

T o - mii Produce forward, high xp
LY tmyg Y (bb), Ay (bud), BT (bu), B°(bd)
Need Forward Small Angle Detection
o

75 ~ 0.4 - o

ECFA-CERN LHeC Workshop
Divonne, September 1, 2008

LHeC Physics Overview Stan Brodsky, SLAC
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Coulomb Exchange analogous to diffractive excitation

tlectromagmnelic Tri-Jel Excitatiov of Protow
ep — e jet jet jet
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Small Angle
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ECFA-CERN LHeC Workshop
Divonne, September 1, 2008

LHeC Physics Overview Stan Brodsky, SLAC
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Detector expert notes from the physies session

Many noble physics wishes
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Effective b-parton density in the proton @ x=0.01
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Precise Valence quarks down to x=0.001
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Strange quark distribution
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Towarods Lower/Lowest x: Prectse FL
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Low X Partown cascaoe
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Forward jets at LHeC
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Results: Charm QZ: [2-5 GeV2]; pt_c>1.5, |h c|<1.5

HERA with typical effective c-tageff~ 0.001 (D*)
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=>» Would probably add very valuable information on low x gluon density
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Conclusions

v Blectroweak physics: High lumi and high degree of
polarisation are quite essential to make an tmpact with
the LHeC.

v RCP: Many nterests § hopes for filling essential
gaps of our proton. knowledge, e.g. gluon density at
large x, strange sea, effective b density, ete...

v Physics at largest x require excellent
detector/acceptance/granularty in the forward region,
also true for Large part of funal state phystes at low x

v Studies presented here were often just a first start up,
and showld be continued - target goal DIS 2009 or
earlier
22



Some further studies/ideas presented at this workshop

v Thomas Schoerner Sadentus: Jets cross sections it high
R2 DIS - 10-100 times larger at LheC thawn at HERA anol
reaching wp to a few 100 Gev tnpt (see next sliole)

v juan Rojo: Neuwral net ‘Pdf ﬁts > will be iwtcrestlwg to see
how the wuncertainties couwld change including the Lhec
kRinematic region (especia Ly Llower x)

v Emmanuelle Perez: New phystes in s-channel contact
interaction gebar —-> LL (=Drell Yan) at LHC could be
difficult to tdentify at the LHC .. but possible to tdentify in
lnclusive (t-channel) eq -> eq DIS at the LHeC.

v Many further intriguing Ldeas by sStan Brodsky
(see next but one slide) :-)
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Novel Aspecty of QCD invep scattering
* Clash of DGLAP and BFKL with unitarity: saturation phenomena; off-shell

effects at high x

* Heavy quark distributions do not derive exclusively from DGLAP or gluon
splitting - component intrinsic to hadron wavefunction:
Intrinsic c(x,Q), b(x,Q), t(x,Q):

* Hidden Color of Nuclear Wavefunction
* Antishadowing is quark specific!
* Polarized u(x) and d(x) at large x; duality

* Virtual Compton scattering : DVCS, DVMS, GPDs; J-o fixed pole reflects
elementary source of electromagnetic current

* Initial-and Final-State Interactions: leading twist SSA, DDIS
* Direct Higher-Twist Processes; Color Transparency

ECFA-CERN LHeC Workshop

Di  Se ber 1, 2008 LHeC Physics Overview Stan Brodsky, SLAC
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Introduction
Bartels

What is fundamental about QCD at high energies:

e structure of the proton at high energies reveals the nature of strong forces

aspects of confinement

e at high energies standard model (QCD) must merge into any theory beyond the
standard model. Some structure has already been made visible:
integrability in evolution equations.

Regge limit contains information not accessible in the short distance (collinear) limit:
unitarity; interface between short and long distance behavior. Starting point: BFKL

Experience has shown that deep inelastic ep-scattering is a very good place:

. . . #
perturbative starting point, variation of photon virtuality Q° allows to interpolate
between short and long distance regimes.
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For discussion with the detector group

v Precision stlicon tracking for c- and b-lifetime tag:

v 30<theta <150: highest quality destrable as
always, e.9. For Fce § F2bb at medium @2

v 10<theta <30: highest quality e.g. For b from
ww -> H-> bb or b from top decays or new very
heavy resonances

v Theta <10: for many final state physics ¢ or b
would add 'veal flavowr/information, e.g.
Separating quark from gluon jets ete. how far
can/weed we go down in theta?
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