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- The Large Hadron Collider and the Experiments

. Collision Environment of the LHC
— Parton distributions in the infinite momentum frame
. Collider measurements

- W charge asymmetry
- Relevance of the forward direction
- Z boson rapidity and transverse momentum

- Prospects for 2010 and 2011
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Design Parameters

COM Energy : 14 TeV

Peak Luminosity : 1034 cm=2s?t
Bunch spacing : 25 ns

Physics Goals

Discover the Higgs Boson
Search for Supersymmetry
Search for Exotic New Physics
Precision Top Studies
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CALORIMETERS

SUPERCONDUCTING
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Chambers (DT ) Chambers ( RPC) Resistive Plate Chambers (RPC)
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Sample 7 TeV Event

Ak Phi

CMS Experiment at LHC, CERN
Data recorded: Tue Mar 30 13:54:16 2010 CES

<~ | Run/Event: 132440/ 6271948
[ =y | Lummi section: 267
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The Collision Environment at the LHC
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- Strong coupling: rapid exchange of energy
between the gluons and quarks in the prato

- For collisional physics, we can
“freeze” the hadron if t__ <<t

- Can’t prepare the conditions in the hadron at the

moment of interaction : distribution of possibllities
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: The |\/|aXW€|| Speed ; ; Fraction;lgl Doppler Shift

15 . x10®

Distribution can be used = S

to obtain the range of Z oosf e 7oK
Doppler shifts expected :
from a gas at a given 0041
temperature. soak
- Photon absorption => of
thermal line broadening :
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920 GeV Protons
27.5 GeV Electrons or Positrons
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Gluon splitting processes
Increase the density of quarks
with small x observed at high
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- Gluon saturation effects at small x (x<10%4) and moderate
Q? (< 100 GeV?)

- Observations from heavy ion colliders: how do they
transform into the kinematically relevant regime at LHC?

- New terms in PDF evolution equations at small x (x<104)
and large Q? ?

- Theoretical arguments ongoing for some time: is LHC the
point where DGLAP becomes insufficient?

- Parton correlations : enhanced probabillity for two
“separate” parton-parton interactions

- Measurements ongoing at low Q?, also observed at
Tevatron how does this effect scale to LHC and how can

April 14, 2010 ) opear-hsmng at ine LHC - U\/A HEP Seminar
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Constraining the PDFs at a Hadron Collider
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- Jet challenges

- Resolution, energy
scale, acceptance

- Theoretical challenges

— Appropriate integration
over many contributing
diagrams

- Photon challenges

— Reliable identification
(suppresging jets with




_ - Lepton reconstruction has

%) high precision, electroweak
bosons have relatively few
backgrounds

— Z can be fully
reconstructed with
lepton/track quantities only

— W produces energetic
leptons and has a high
Cross-section

- Theory advantages of weak-
scale physics
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- Two differential
measurements give strong
Information about the PDFs

Down valence distribution at Q2 = 10* GeV?
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Iron/quartz fioer Cerenkov calorimeter

- System of long and short fibers provides
partial compensation of e/h response

- Covers 3<|n|<5
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Short Fibers Start
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100 GeV e-
Electrons will put some signal into Charged pions will put similar
the short fibers, but most will signals into both sets of fibers.

remain in the long.
Use longitudinal (short/long) and transverse

shower shape variables to identify electrons
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Determine efficiency*acceptance product by Monte
Carlo integration of experimentally-determined single-
electron efficiencies
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do(Z—e e )

1
~

dY
L.

If the PDFs are different from the base expectation, then we should

observe the ratio to vary as a function of the i-th bin.
This is the PDF measurement sensitivity.

We want to rnhake sure the ratio of the Eff*Acc for a given Y bin

does not change for different PDFs.
Assign a systematic error to this.

~
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Prospects for 2010, 2011, and beyond...
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- No detailed planning

ool 20 %0 #5070 & avall_able, but a few
Qverall Huebner foctor = 0.2 1> CrUCIaI featu reS
| . outlined
< intlumi = pb L .
N - All running at 7 TeV
800 | €——— intensity/(1e11 protons) 1.5
o — Target ~ 100 pb for
§00 ’ 2010
— Target ~ 1 fb! for
400 0.75 2011
- After 7 TeV run, a
long shutdown to
O ggj::amfj” ﬂ prepare for higher
time/weeks energy
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- 1 fbtis enough to pass the
Tevatron in everything except
perhaps the Higgs search

Spear-fishing at the LHC -- UVA HEP Seminar




- The LHC has recently achieved stable collisions at 7 TeV,
3.5 times higher than any previous collider

- Luminosity is currently low, but will increase steadily
through the year

- The 1 fb-1 expected for the 2010/2011 run is sufficient to
make significant discoveries in the areas of
supersymmetry or other new physics

- The collision environment must be validated before any
major new discovery can be proven => requires in situ
constraints on the parton density functions and the nature
of the target protons at 7 TeV

- Expect results from these studies in 2010 or early 2011!
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