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• Plans for Early Physics Running
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• Summary
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Why Should there be Anything 
Beyond the SM?

Standard Model
Beyond the SM?

Phys. Lett. B, 657/1-3 (2007)    CMSSM
• After many years,

• No unambiguous evidence of new• No unambiguous evidence of new 
physics!

• SM is remarkably robust!

I d d t i i• Indeed, mysteries remain...
• Electroweak Symmetry Breaking?

• How?  Unitarity Problem? Hierarchy 
Problem?

• Standard Model Patchwork?
• Are there additional symmetries?
• Grand Unification?

• Missing Dark Matter?g
• Not part of the SM...what is it?

• Actually...
• SM not only model which describes the

LEP Electroweak Working Group
(courtesy M Gruenewald)

• SM not only model which describes the 
data well...

• CMSSM also accommodates all 
existing data!

• Dark Matter included (but not batteries)!
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х2/ndof = 18.2/13 (15% probability)
(courtesy M. Gruenewald)

х2/ndof = 17.0/13 (20% probability)

• Dark Matter included (but not batteries)!
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We are on the Verge of the Opening Act 
Anticipation (Speculation!) building to a fervor...

• What will we find at 14 TeV????

• Model builders have becomeModel builders have become 
very creative these days...
• MSSM, mSUGRA, NUHM, Split 

SUSY, GMSB, AMSB, ADD-ED, 
RS ED UED E6 GUT LittlRS-ED, UED, E6 GUTs, Little 
Higgs, Hidden Valley, ...

• Pick any arbitrary signature...y y g
• There exists a model which 

predicts it!
• We really do not know what 

nature has in store for usnature has in store for us 
beyond the SM!

• Focus on start-up and early LHC running
• From weeks to first year of data taking

From Futurama

• From weeks to first year of data taking
• Integrated L of a few pb-1 to about one fb-1

• What can ATLAS & CMS do with a couple of exemplar signatures
• Diobjects – much easier at startup!
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Diobjects much easier at startup!
• MET – much harder, but rich new physics potential!
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The Large Hadron Collider

Nominal Settings

CMS

Nominal Settings

Beam energy (TeV) 7

C lli i t (MH ) 40
LHCb

Collision rate (MHz) 40

# particles per bunch 1.15 x 1011

2 1 34Luminosity (cm-2 s-1) 1034

Stored energy per beam (MJ) 362ALICE

ATLAS

See M Lamont’s talk on Wednesday
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See M. Lamont s talk on Wednesday
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Physics Menu at the LHC
R t t L LHC• Restaurant:  Le LHC

• ~order of magnitude higher beam energy
• Entrée:  Standard Model:

1014

1015

GHz
L = 1033cm-2 s-1

• QCD (pT > 100 GeV)
• 100x higher than any previous collider

• Electroweak
• 10x higher than any previous collider

1012

1013

1014

MHz

g y p
• Top

• 100x higher than any previous collider
• Use to commission & calibrate 

detectors
109

1010

1011

kHz

detectors
• Main Course:  New Phenomena Factory??

• Low Mass SUSY, Z’, Contact Interactions, etc
• Could appear almost immediately!

106

107

108

Hz

• Could appear almost immediately!
• Desert:  Discovery Interpretation

• Is it SUSY?   Extra Dimensions?  Something else? 
• Can we disentangle the new phenomena? 103

104

105

mHz

• Can we disentangle the new phenomena?
• We Live in Exciting Times!

• Huge increase in CM energy!  History suggests 
that we should see something new!  100

101

102

μHz
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• ATLAS & CMS working hard to be ready
10-1
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ATLAS Detector
See G.F.Tartarelli’s talk for status of ATLAS

Length: ~45 m 
Diameter: ~24 m 
W i ht 7000 t
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Weight: ~7000 tons
Magnetic Field: 2 Tesla
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CMS Detector
SUPERCONDUCTING
COILECAL

Scintillating 
PbWO4 t l

Plastic scintillator/brass
sandwich

PbWO4 crystals

IRON YOKE

humanhuman

Silicon Microstrips
Pixels

TRACKER

MUON BARREL
Drift Tube Resistive Plate Cathode Strip Chambers (CSC )

MUON

ENDCAPSLength: 21.6 m 
Diameter: 15 m 
W i ht 12 500 t
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Drift Tube
Chambers ( DT )

Resistive Plate
Chambers ( RPC )

p ( )

Resistive Plate Chambers (RPC)
Weight: ~12,500 tons
Magnetic Field: 4 Tesla
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CMS Assembled & Tested on Surface...
Surface Assembly HallA Muon Endcap Disk

Supports for pp
ECAL Endcap

HCAL EndcapHCAL Endcap
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...then Lowered Underground

• Lowering started end of 2006
• Finished beginning of 2008

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 9
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Electromagnetic Calorimeter
ECAL Barrel installed 

July 2007

Designed for e/γ
Energy Resolution

of 1-2%

75 800 Lead Tungstate Crystals75 800 Lead Tungstate Crystals
More (by number & volume)
than all other previous HEP 

experiments combined!
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All Silicon Tracker
~220 m2 Silicon: 

More than all 
other previous

4T B-field 
Designed for 

1% pT resolution
Inner Barrel

other previous 
HEP experiments 

combined!

1% pT resolution
at 100 GeV pT

O t B lOuter Barrel
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Tracker Inserted
December 2007

SolenoidECAL

HCALT k HCALTracker

Muon Barrel
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CMS Commissioning Runs 
May to November 2007

Participating Subsystems in Global Runs

Final DAQ hw
Final services

p g y

9

10
HE
LumiFirst coincidence of 2 

Reached scale of 
Surface Tests in ’06

7

8

HO
HB
Trk FEDs/RIB
CSC (no HV)

Upgrade to final 
DAQ software

Reaching Increasing Complexity
subsystems

5

6

CSC (no HV)
RPC
EB
DTFirst cosmic 

DAQ software 
architecture

3

4
HFmuon triggers

1

2
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0

May June July August September November
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Muon                           Commissioning

Angular Distribution
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CMS Status & Plans
Nov

Tracker Insertion
Cool down of Magnet: Test

Dec

Jan

Tracker Insertion
CMS Cosmic Run with no Magnetic Field

(several short periods Jan-Mar) 
Last Heavy Element Lowered2008 Jan

Feb
Test Magnet at low current
Last Heavy Element Lowered 

Mar

A

Beam-pipe Closed and Baked-out

1 ECAL E d (D ) I t ll d Pi l i t ll dApr

May
Cosmic Run with 4T Magnetic Field
1 ECAL Endcap (Dees) Installed, Pixels installed

y

Jun 2nd ECAL Endcap (Dees) Ready for Installation end Jun’08
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This Schedule Completes the CMS Detector in time for 1st LHC Physics
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Preparation for Physics Plan
• Prior to beam: early detector commissioning 2007-8Prior to beam: early detector commissioning

• Readout & trigger tests, runs with all detectors 
(cosmics, test beams)

E l b t 10 b 1 mid-2008

2007 8

• Early beam, up to 10pb-1:
• Detector synchronization, alignment with beam-halo 

events, minimum-bias events. Earliest in-situ 
alignment and calibration

mid-2008

• Commission trigger, start “physics commissioning”: 

• Physics collisions, 100pb-1: measure Standard 
Model start search

late-2008
Model, start search

• 106 W→lν (l = e,μ); 105 Z→ll (l =e, μ); 104 ttbar→μ+X; 
103 QCD jets pT > 1 TeV

• Improve understanding of physics objects; 
2008-92009-10

p g p y j
• Measure/understand backgrounds to SUSY & Higgs
• Initial MSSM (and some SM) Higgs sensitivity
• Early look for excesses: Z’, jj, & SUSY : 102 1 TeV 

GluinosGluinos

• Physics collisions, 1000pb-1: enter Higgs 
discovery era

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 16

• Explore large part of SUSY & resonances at ~ few 
TeV
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First LHC Paper...?

ATLASATLAS

Courtesy A. De Roeck

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 17
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Very Quickly thereafter...?
Modifications to Inclusive Jet PT ContinuumT 

• Contact interactions create large rate at high PT and immediate 
discovery possible

• Error dominated by jet energy scale (~10%) in early running (10 pb-1) 
ΔE 10% t bi ff t Λ+ 3 T V f P >1 T V• ΔE~ 10% not as big an effect as Λ+= 3 TeV  for PT>1 TeV.

• PDF “errors” and statistical errors (10 pb-1) smaller than E scale error
• With 10 pb-1 LHC can see new physics beyond Tevatron exclusion of 

Λ+ < 2.7 TeV.
CMS SBM 07 001

Rate of QCD and Contact Interactions Sensitivity with 10 pb-1
CMS SBM-07-001

Contact Interaction
q q

Sys 
Err.

PDF

Λ
q

q q

q

QCD

PDF 
Err.
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Possible Very Early LHC Results...? 
High Mass Dijet Resonances

• Measure rate vs. corrected dijet mass and look for 
resonances.
• Use a smooth parameterized fit or QCD prediction to model• Use a smooth parameterized fit or QCD prediction to model 

background
• Strongly produced resonances can be seen

C i i i l f 2 T V it d k (E6) i 100 b 1

QCD Backgound Resonances with 100 pb-1

• Convincing signal for a 2 TeV excited quark (E6) in 100 pb-1

• Tevatron excluded up to 0.78 TeV. CMS SBM-07-001
g Resonances with 100 pb

QCD
Dijet Resonance

X

q q g

q, q, g

q q g

q, q, g

q, q, g q, q, g

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 19
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Possible Very Early LHC Results...? 
High Mass Dilepton Resonances

• Heavy Extra Neutral Gauge Bosons: Z′
• Sequential Standard Model

• same couplings as in SM Z0:  ZSSMg SSM
• GUTs : E6 SO(10)×U(1)ψ SU(5)×U(1)χ×U(1)ψ

• Zψ, Zη, Zχ
• Left-Right and Alternative Left-Right Models

• assume gR = gL:  ZLRM, ZALRM

• Main background
• Drell-Yan CMS PTDR Vol. II

ATL-PHYS-PUB-2006-024
g is global coupling strength
x is ratio of U(1) charges (fermion coupling)

Eff t f i li t

CMS
Prel.

CMS Prel.

ATLASEffect of misalignment
L = 100 pb-1 scenario

only Laser Alignment assumed
for Muon System

ATLAS
Prel.

L = 0.4 fb-1
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Possible Very Early LHC Results...? 
High Mass Dilepton Resonances

• Randall-Sundrum Model
• Small extra spatial dimensions 
• Curved bulk space (AdS - slice): curvature k G• Curved bulk space (AdS5 - slice): curvature k
• Only Graviton propagates in the Bulk
• All other particles live on SM “TeV” Brane

Coupling constant depends on k/M

G

x5• Coupling constant depends on k/MPL
• Controls width of KK graviton resonances

5

AdS5 Bulk

CMS PTDR Vol. II

T. Rizzo
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Possible Very Early LHC Results...? 
High Mass Dilepton Resonances

• TeV-1 Extra dimension Models
• Additional particles in the bulk 

• Many KK towers• Many KK towers
• Running of the couplings changed

• Lowers GUT scale
• Nearly equal energy level spacing• Nearly equal energy level spacing 

of KK states

CMS Note 2006/083ATLAS
Prel.
SN-ATLAS-2007-065

M
K

K
[T

eV
]

ATLAS
Prel.

CMS 
Preliminary

M

KK γ/Z

CMS PTDR Vol. II

ATLAS
Preliminary
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Integrated Luminosity [pb-1]
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Possible Very Early LHC Results...? 
Modifications to High Mass Dilepton Continuum

• Large flat Extra-Dimensions (ADD model)
• Could be as large as a few μm (n = 1) or as small as a fm (n = 6)

Modifications to High Mass Dilepton Continuum

• Bulk only accessible by gravity
• SM particles restricted to 3D brane

• Gauss’  Law: MPL
2 = MS

2+nRn

• MS ~ O(1) TeV Hierarchy problem translated from UV to IR
• Virtual Graviton Exchange modifies dilepton mass continuum

CMS
Prel.

J.L. Hewett, 1999
Hidden Brane

gKK multi-D graviton

“Mirror” Interactions

CMS PTDR Vol. II

g

SM Interactions

R ~ 1/MS
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Our World 3+1
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Missing Energy Topologies
MET is very powerful New Physics• MET is very powerful New Physics 
discriminator

• Supersymmetry, Lepto-Quarks, 
Extra-Dimensions, Black Holes, etc

• Difficult part is to convince 
yourself that there is a real excess!

• Tevatron teaches us

Run II
V. Shary CALOR04

Tevatron teaches us 
• MET is not easily understood!
• MET will take time and effort to 

commission as a variable robust 
for new physics studiesfor new physics studies

• Non-collisional backgrounds
• Beam halo e/γ• Cosmic muons

• Detector Effects
Instrumental Noise

Run IIjunk

jets

e/γ

• Instrumental Noise
• Hot/dead channels (DQM)

D. Tsybychev, Fermilab-thesis-2004-58

j

Searches involving MET will not be among the very first LHC papers!

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 24

Searches involving MET will not be among the very first LHC papers!
But, ATLAS & CMS working hard to ensure they are not far behind!
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Early Study of MET Cleaning

• Motivation: Tool development CMS

CMS Response to 
Beam Halo Simulation
of LHC Point 5• Motivation:  Tool development

• Study/tune during commissioning
• Remove fake high MET events (inspired 

by CDF & D0)

CMS 
Prel.

of LHC Point 5

y )

• “Example” clean up cuts
• ≥ 1 central jet (|η|<1.7) with

Pileup not included

CMS PTDR≥ 1 central jet (|η| 1.7) with 
≥ 4 tracks 

• ≥ 1 vertex
• Fem > 0.1 (Event Electromagnetic Frac.)em ( g )
• Fch > 0.175 (Event Charged Fraction)

• Minimal affect on SUSY Signal Pileup included

CMS Prel.

g

tt full sim.(low mass bulk)
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Electroweak Multijet Backgrounds:
Z→μμ Standard Candle CMS PTDR

• MET & Jets expected from 
• Z(→νν) + n jets
• W(→lν) + n jets

→μμ CMS PTDR

Hints of New Physicsse
ct

io
n 

(p
b)

• W(→lν) + n jets 

• Study with Z →μμ Events
• Easy to tag

CMS
Preliminary

Hints of New Physics 
might first show up
in plots like this...

si
ve

 W
+j

et
s 

cr
os

s 

y g
• Sufficient statistics at LHC

y

In
cl

u

• Z + n-Jets x-sect ∝ αs
N

• Normalise MC to Data• Normalise MC to Data 
• Assume lepton universality 
• For W + n-jets, use

CMS Prel.

• Expectation
• 5% precision with 1.5 fb-1

A i i f l i t
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• Approx. same precision for lumi. est.
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Supersymmetry
• Symmetry between fermions & bosons C l d h iSymmetry between fermions & bosons

• Implies (more than) doubling of Standard Model particles • Complex decays chains
• Many High PT jets ( q, g )
• Leptons ( χ, l, W, Z )
• MET (LSP)

0χ%

q% μ ±

p+ Xp+

q q′

1χ ±%

ν%
g%

1χ

μν

• Supersymmetric particles not yet observed
• Spectacular LHC  Events!

μ ±p

q μν
q%

0
1χ%

1χ ±%
ν%

• Supersymmetric particles not yet observed
• SUSY must be broken (softly)!

• Mechanism is unknown ⇒ many new free parameters
1χ±%

• MSSM: > 100 additional parameters
• Gravity inspired:    4+ additional parameters

• 1 gaugino mass (m1/2), 1 scalar mass (m0), 1 tri-linear 
coupling (A0), ratio of higgs VEVs (tan β), sign of higgs 
mixing param (sign[μ])g p ( g [μ])

• Others! GMSB, AMSB, NMSSM, Split SUSY, etc

• Generally assume Lightest SUSY particle is stable         
(R-parity)

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 27

(R parity)
• Large Missing Energy Signature!
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Inclusive MET + Jets + 0 Leptons
• Example Selection Criteria

• Very Large MET
• Typically > 200 GeV (+ Cleanup)

≥ 3 j t
CMS Preliminary

• ≥ 3 jets:
• Hard leading and next-to-leading jets

• lepton veto 
• Cuts on Δφ between jets and MET 1 f 1• Cuts on Δφ between jets and MET 
• Very Large Meff

• Typically > 500 GeV

L = 1 fb-1

• Example Expected Results:
• LM1 efficiency is 13%, S/B ~ 26 : 

Expected number of events for 1 fb-1p

• ~6 pb-1 for 5σ discovery CMS PTDR

• Lower jet multiplicity requirement reduces sensitivity to 
higher-order QCD corrections

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 28
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Inclusive MET + Jets + 1 lepton

No Cuts

Muon Trigger +
Pre-selection Only

SM Backgrounds• Add lepton ⇒ clean trigger
• Important during early 

running!
CMS

Prel.CMS
Prel.

running!

• Typical Characteristics:
• Single Isolated lepton

SUSY LM1

• Single Isolated lepton
• Low pT ~ 20-30 GeV

• ≥ 3 or ≥ 4 jets:
• Hard leading (& NL) Jets

Meff > 100 GeV

• Hard leading (& NL) Jets
• Large MET

• Typically > 100 GeV
• Cuts on Δφ(jets MET)

ATLAS
1 fb-1

• Cuts on Δφ(jets, MET) 
• Large Meff

M i i i b k d Control Region :
Meff < 100 GeV

• Main remaining backgrounds
• ttbar, W/Z+n-Jets

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 29
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Inclusive MET + Jets + 2 leptons

2 OS SF Leptons

• Add another Same Flavour Lepton
• Even cleaner; little to no QCD

• Typical Selection Strategy
2 OS SF Leptons

L = 1 fb-1

• Several, high pT Jets
• Large MET
• Strong lepton isolation cuts

• Main backgrounds• Main backgrounds
• ttbar 
• Double boson

• 2 OS SF : W+W-, WZ, ZZ

p +

μν
+

d
u
u

d

• 2 SS SF : W+W+, W-W- (~unique to LHC)

2 SS SF Leptons
+

μ +

W + μ +

, Zγ

μν

u

u
W +

d

W +W +

L = 1 fb-1

p + u
d

• Double parton (not yet considered)
• W “+” W,  W “+” Z,  Z “+” Z
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Begin Early SUSY Spectroscopy
R Parity stable χ0 no invariant mass peaks to• R-Parity stable χ0

1 no invariant mass peaks to 
reconstruct L = 5 fb-1ATLAS

Prel.

• However two-body decay of χ0
2 to χ0

1 via a slepton

Modified 
Point 5 
(tan(β) = 6)

However, two-body decay of χ 2 to χ 1 via a slepton
• Distinctive, sharp OS SF dilepton invariant mass edge

• Systematic impact of tracker misalignment:
First Data, 6 months, 100 pb-1 to 1 fb-1

LM1

First Data, 6 months, 100 pb to 1 fb
• di-muon efficiency decreases by ~30%
• di-electron efficiency decreases by ~10%

CMSMll
max = 80.4 ± 0.5 (stat) ± 1.0 (misalign) GeV

L = 1 fb-1

• Eventually, with enough LHC data, work up decay chain 
• Estimate squark and gluino masses
• Direct measurement of SUSY parameters

Prel.
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Expected CMSSM Discovery Reach
• As a function of integrated 

luminosity
without systematicsATLAS

CMSSM:

• For different discovery 
channels (1 fb-1)

SN-ATLAS-2002-020
CMSSM:

y
Preliminary

CMSSM:

CMS Preliminary

CMSSM:

1 fb-1

Phys. Lett. B, 657/1-3 (2007)
Preferred region  @ 95%CL:

Discoverable with just 6 pb-1

Excludable with less than 1 fb-1!

Expected Tevatron Reach

ATLAS SimilarATLAS Similar
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But, its easy to get fooled!
(especially, but not only, by detector problems)

Datta, Matchev, Kong
Phys.Rev. D72 (2005) 096006

• Minimal Universal Extra Dimensions
• 1 Extra compact dimension: R
• Everything propagates in Bulk

q 

l ( )±• Everything propagates in Bulk
• KK tower of “SM-like” states

• evenly separated, 
• nearly degenerate

l (near)

l (far)

±

±

CMS AN 2006/008

• nearly degenerate
• Signatures very similar to low mass SUSY!

• Many Jets

CMS
Preliminary

• Large MET (KK parity stable LKP)
• Leptons

• With OS dilepton mass edges
• High cross-section

• Early Physics Potential
• Current constraints:Current constraints:

• R-1 > 600 Gev (for mH >115 GeV)

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 33



ÉCOL E
POLYTECHNIQUE

Gauge Mediated Breaking of SUSY
• SUSY broken at lower energy scale by Gauge 

Bosons 
• Couple to “messengers” from hidden sector at 

some high energy scale √F0

ATLAS

some high energy scale √F0
• Gravitino becomes LSP
• Neutralino can be NLSP

• Distinctive SignatureDistinctive Signature
• Large MET
• Large Meff
• High ET photon

• NLSP Lifetime large ct Non-pointing

ATLAS

NLSP Lifetime large ct Non pointing
• Prompt NLSP decays Pointing
• Depends on SUSY breaking scale! 

• Interesting Phenomenology
Prel.                              • From Eγ , L, ct

• Can derive mNLSP and thus SUSY Breaking Scale
CMS Prel. 100 pseudo 

experiments• Early Discover Potential
• N = 1 ; tan β = 1 ; sgn[μ] = +1 ; 

Mm = 280 GeV ; Λ = 140 Gev
• O(1) fb-1

experiments 
of 10 fb-1
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O(1) fb
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The Fast Physics LHC Discovery Menu

SUSY@3T V
Z’@6TeV

ADD X di @9T V

Model Mass reach Luminosity (fb-1) Early Systematic Challenges

Contact Interaction Λ < 2.8 TeV 0.01 Jet Eff., Energy Scale

Z’ Alignment

3000
SUSY@3TeVADD X-dim@9TeV

Compositeness@40TeV

H(120GeV) γγ

Z
ALRM
SSM
LRM
E6, SO(10)

M ~ 1 TeV
M ~ 1 TeV
M ~ 1 TeV
M ~ 1 TeV

0.01
0.02
0.03

0.03 – 0.1

Alignment

W
N

300

SUSY@1TeV

H(120GeV) γγ

Higgs@200GeV
Excited Quark M ~0.7 – 3.6 TeV 0.1 Jet Energy Scale

Axigluon or Colouron M ~0.7 – 3.5 TeV 0.1 Jet Energy Scale

E6 diquarks M ~0.7 – 4.0 TeV 0.1 Jet Energy Scale

Technirho M ~0 7 – 2 4 TeV 0 1 Jet Energy Scale

U
TD

O
W

00
 fb

-1
/y

r30
SUSY@1TeVTechnirho M 0.7 2.4 TeV 0.1 Jet Energy Scale

ADD Virtual GKK MD~  4.3 - 3 TeV,  n = 3-6
MD~ 5 - 4 TeV,   n = 3-6

0.1
1

Alignment

ADD Direct GKK MD~ 1.5-1.0 TeV, n = 3-6 0.1 MET, Jet/photon Scale

SUSY M 1 5 1 8 T V 1 MET J t E S l M lti

100 fb-1/yr

SH
U

1000 fb-1/yr

20

10-20 
fb-1/yr

SUSY
Jet+MET+0 lepton
Jet+MET+1 lepton
Jet+MET+2 leptons

M ~1.5 – 1.8 TeV
M ~0.5 TeV
M ~0.5 TeV
M ~0.5 TeV

1
0.01
0.1
0.1

MET, Jet Energy Scale, Multi-
Jet backgrounds, Standard 

Model backgrounds

mUED M ~0.3 TeV 0.01 ibid

2008           2010          2012          2014          2016           2018          2020

mUED M 0.3 TeV
M ~ 0.6 TeV

0.01
1

ibid

TeV-1 (ZKK
(1)) Mz1 < 5 TeV 1

RS1
di-jets MG1~0.7- 0.8 TeV, c=0.1 0.1 Jet Energy ScaleEarly LHC Runs: 0.1 to 1 fb-1
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j
di-muons

MG1 0.7 0.8 TeV,     c 0.1
MG1~0.8- 2.3 TeV,     c=0.01-0.1

0.1
1

Jet Energy Scale
Alignment

Early LHC Runs: 0.1 to 1 fb
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Conclusion
Th LHC f ti i Hi h E• The LHC opens a new frontier in High Energy 
Physics
• The LHC is a Discovery Machine!• The LHC is a Discovery Machine!   

• First few weeks to year, ATLAS & CMS can 
discover (or exclude) a very wide range of ( ) y g
New Phenomena
• Including expected systematic effects

C f i i i i d• Current focus is now on commissioning and 
start-up preparation
• Tools being developed to understand and• Tools being developed to understand and 

calibrate detectors using early data
• We really don’t know what we will see!y

• Much anticipation!
• What ever it is, it will be exciting!
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This Time Next Year...
Th ti l & E i t l S l tiTheoretical & Experimental Speculation may 

finally give way to Observation

St T d!!
14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 37

...Stay Tuned!!
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SUSY Production Rates at the LHC  
L 1033cm 2 s 1

1014

1015

GHz
L = 1033cm-2 s-1

1011

1012

1013MHz

108

109

1010kHz

Bulk Benchmarks
LM1 SU3

Coannihilation
Benchmark 

SUSY

105

106

107Hz

LM1          SU3

Focus Point 
Benchmark 

F L M S t f l h b t 102

103

104

10

mHz

• Focus on Low Mass Supersymmetry for early searches, but 
outside Tevatron reach!

• CMS LM1 (Bulk):  M0 = 60 GeV, M1/2 = 250 GeV
• ATLAS SU3 (Bulk):  M0 = 100 GeV, M1/2 = 300 GeV 100

101

102

μHz
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• Possible spectacular rates, even at start up luminosity!
• Several SUSY events per minute!

10-1
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Monojets & Single Photons
Possible Early BSM MET Paper

• ADD Large Extra Dimensions 
• via Real (long lived) Graviton Production 

• Very Simple Topology:

SN-ATLAS-2001-005

ATLAS 
Prely p p gy

• monojet / photon back-to-back and balancing MET Prel.

mono-jet

• Selection
• lepton veto, 
• large Jet/Photon pT (> 400 GeV) large MET (> 400 GeV)• large Jet/Photon pT (> 400 GeV), large MET (> 400 GeV)
• MET back-to-back with Jet / photon

• Main backgrounds (normalize with Standard Candles)
W( l ) J t Z( ) J t• W( lv)+Jet, Z( vv)+Jet

• Discoverable shortly after 100 pb-1
CMS Note 2006/129

Single γ

CMS
Prel

Single γ
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Example 2x1033 Trigger Menus

Trigger type ATLAS (GeV)
Threshold

CMS (GeV)
ThresholdThreshold Threshold
(includes PU)

Inclusive isolated e/γ 25 26 / 80Inclusive isolated e/γ 25 26 / 80

Two electrons/Two photons 15 12

Inclusive isolated muon 20 19 (37)( )

Two muons 6 7

τ-jet and ET
miss 25 and 30 65 and 60

1-jet, 2-jets, 3-jets, 4-jets 200,,90,65 400,350,195,80

Jet and ET
miss 60 and 60 180 and 80

Electron-Muon 15 and 10 -

+calibration, monitoring, etc… 10% of BW 10% of BW
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L for 1 month 
run (106 sec)

Integrated L Trigger Process Jet & MET Physics 
Object Commissioning

1023 100 mb-1 None
σ ~ 50 mb

Inelastic
non-diff

Input to tweak Pythia,
Study beam bkgsσI  50 mb non-diff Study beam bkgs.

1024 1 μb-1 Setup Jet Inelastic
non-diff

Calib in azimuth

1025 10 μb-1 Jet
( ) 90 b

g+g -> g+g
>

Establish JJ cross 
sectionσ(gg) ~ 90 μb

σ(ggg) ~ 6 μb
g+g -> g+g+g section

1026 100 μb-1 Jet g+g -> g+g
g+g -> g+g+g

Dijet balance for polar 
angle – Establish MET

1027 1 nb-1 Jet
Setup Photon
σ(qγ) ~ 20 nb

g+g -> g+g
g+g -> g+g+g
q+g -> q+γ

Dijet masses – start jet 
balance
J+γ calib

Courtesy D. Green

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 43



ÉCOL E
POLYTECHNIQUE

Expected CMS Performance

Tracking 

HCALHCAL 

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 44
b-tagging 
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Expected ATLAS Performance
El t l tiElectron energy resolution

je
ct

io
n

 

310 cone jet size 0.7 

Jet energy resolution

 L
ig

h
t 

je
t 

re
je

c 310
cone jet size 0.4 

210

B-tagging eff vs 
light jet rejection
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 b-tagging efficiency (%)

40 45 50 55 60 65 70
 b-tagging efficiency (%)

40 45 50 55 60 65 70

light jet rejection 
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Designed Detector Performance

Expected Day 0 Goals for Physics

ECAL uniformity ~ 1% ATLAS
~ 2% CMS

< 1%

Lepton energy scale 0 5—2% 0 1%Lepton energy scale 0.5 2% 0.1%

HCAL uniformity 2—3% < 1%

Jet energy scale <10% 1%

Tracker alignment 20—200 μm in Rφ O(10 μm)Tracker alignment 20 200 μm in Rφ O(10 μm)
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Expected Tracker Performance
Selected figure-of-merit ATLAS CMS
Rec. Eff. Muons with pT=1GeV 97% 97%
Rec. Eff. Pions pT=1GeV 84% 80%
Rec. Eff. El. pT=5GeV 90% 85%Rec. Eff. El. pT 5GeV 90% 85%
σpT for pT=1GeV η=0 1.3% 0.7%
σp for p =100GeV η=0 3 8% 1 5%σpT for pT=100GeV η=0 3.8% 1.5%
Transverse σi.p. for pT=1GeV 75μm 90μm
L it l i f 1G V 150 125Longitunal σi.p. for pT=1GeV 150μm 125μm
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ATLAS CMS Tracker Material Budgets
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Jet Energy Calibration/Systematics
Direct photon production:• Direct photon production: 

• qg → qγ (90%) qqbar → gγ (10%) 
• pT(Jet) = pT(γ)

• use peak position to eliminate effect

CMS

use peak position to eliminate effect 
of tail from ISR

• Estimated Jet Energy Scale 
Uncertainty:

B t 3% d 10% f P [20 j t• Between 3% and 10% for PT ∈ [20, 
50] GeV γ jet

• ttbar WWbb jjlνbb
• Rescale jet with relative energy shift ΔC 

• Fit resulting W mass spectrum & 
t i t ld

t tCMS

constrain to world avg. 
• mW(ΔC|data) = MW

PDG

• Compare with Monte Carlo
• For ~6 fb-1:  ΔCmeas = -14.96 ± 0.26 %  meas

(ΔCtrue = -14.53 %)
• Requires well understood b-tag 

(tracker)
• Limited by pileup syst. uncertainty: 

measured shift ΔCmeas

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 49

y p p y y
3%

ΔC(%)



ÉCOL E
POLYTECHNIQUE

Use Track and Muon System 
to Calibrate Calorimeter (MET)to Calibrate Calorimeter (MET)

Z→ Standard Candle
CMS PTDR

• Z→μμ Standard Candle
• Derive MET corrections from 

Z→μμ Sample
A l t SUSY S l (t t t)

CMS

• Apply to SUSY Sample (to test)

• Useful to help systematically 
understand MET tails from
• Detector problems in low pT CMSDetector problems in low pT 

events 
• high pT requires significantly 

more statistics
• Non-Gaussian Jet Energy mis-

measurements
• Some fine tuning required

SUSY
LM1

14 Jan., 2008 R. Cavanaugh, Florida/Palaiseau, Aspen 50
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MET Shape Systematics
• Study effect of non-Gaussian tails in jet ET resolution 

contributing to fake MET
• Approx 15% of all

CMS

• Approx. 15% of all 
jets are mismeasured

• Exaggerate 
non-Gaussian Tails 
• Weight each jet (up to 3)

in event t tin event
• Jet in Non-Gaussian tail: 1.15  
• Jet in Gaussian peak     : 1.00

• Combine into one event weight

t t

Combine into one event weight
• Three different scenarios

• 3 jets under measured
2 jets under measured• 2 jets under measured

• 1 jet under measured
• Overall Systematic Effect : ≈7%
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QCD Multijet Background
• Dijets typically back to back

• MET from jet E mismeasurement
• Suppress by requiring

• Well separated Jet & MET objects

No cuts

“μ Trigger”• Well separated Jet & MET objects
• Typically ≥ 3 jets
• Cut on HT (~ 2 pHat

T)
• Muon triggers (include isol.)

h l l t!

μ gg

“μ Trigger” + ET
Jet1>900 GeV

“μ Trigger”+ ET
Jet1>900 + MET>200 GeV

• helps…a lot!     
• Prescaled jet triggers 

• extract the low ET shape and 
normalisation directly from data

Control Regions• Control Regions
• Relax cuts; Extrapolate into Signal 

Region

High Level

CMS

High Level
Trigger
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t t  background
• LO Cross-section = 495 pb

• NLO k-factor ~ 1.7
• Topology:• Topology:

• Several Jets
• Missing Energy
• Leptons

• Low Mass SUSY
• IrreducibleIrreducible

• High Mass SUSY
• Require Even Harder Jets & MET 

l

g
g

t
W

l

ν

b

g

g

t
W

b
b

q’
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Electromagnetic Calorimeter

ECAL Barrel installed 
July 2007July 2007
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Installed Services on Solenoid
November 2007

Muon BarrelSolenoid
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DAQ installation & commissioning

• Detector readout  
• cables 100%
• modules 100%
• crates 100%
• DAQ/DCS PCs 100%
• IT infrastructures in Operation

F t E d b ild• Front End builders  
• switches 100%
• Fibers  100%
• optical cables 100%

• Surface installation
• water cooled racks 100%
• PCs 100%
• GBE switches 100%• GBE switches 100%
• infrastructures 100%
• DB and Mass storage Installed

• DAQ commissioningDAQ commissioning
• MiniDAQ in Operation
• Monthly Global Run in Operation
• 2 x Tb/s Link 100% tested
• Software releases Ongoing
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g g
• central DAQ Ongoing
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HCAL Commissioning

HBHCAL BarrelHBClear MIP signal HCAL Barrel

Top wedges
Bottom wedges

Top wedges
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