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Outline
 Detector issues
 Model issues
 Inclusive searches (discoveries we hope)
 Exclusive searches: specific final states
 Timescale
 Comments and conclusions
 CMS plots are from CMS TDR J Phys G, vol 34, 6

 Atlas plots are PRELIMINARY and will be fully documented shortly, many studies 
are more careful and detailed versions of those in TDR (LHCC/99)

 Recent work tends to focus on early data

 All plots are at 14 TeV

 In such a short talk I can only give you a flavor of the results
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Getting ready for new physics
 For SUSY, top quark studies are an ideal benchmark

− Physics is known: simulation and detector performance is unvalidated

− Top and SUSY have
 Isolated and non isolated leptons
 Missing ET
 Large jet multiplicity
 B-jets
 Taus decaying hadroncially

− Top cross section, mass and decays are well understood from Tevatron

− SUSY may have some other features , but these can come later
 Long lived particles (“cannon balls”)

 Part of the strategy to “rediscover the standard model”

 This is not a talk on top, but it probably should have been
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Detector issues
 Must detect all decay products of SUSY particles

− Quarks, gluons: i.e. Jets
 SUSY partners of b and t may be lightest squarks
 B-jet identification important both for S/B and measurements

− Stable leptons: e and mu

− Unstable leptons: tau
 Large tan implies more tau than e or mu in decays
 Hadronic decays unambiguous: e or mu may not be from tau

− (Quasi)stable (N)LSP
 Neutral: Missing ET
 Charged: “heavy muon”

 ATLAS and CMS made different technology choices: but performance should 
be similar for this and other new physics
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Detector comments
 See Leandro's talk on Monday for detector and machine status.
 I would like to make a personal remark.
 The fact that ATLAS is essentially complete is a small miracle: one year ago 

many people would not have expected it

− All the people who worked so hard to do this are to be congratulated
 Next step is detector commissioning and calibration

− This will be the main focus for the 2008 data

−
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Data taking has started with cosmics

Now to SUSY.........
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Comments on SUSY Models
 I don't believe in any one model, however

− SUSY is complicated and many particles and decays happen at the same time

− Studying how to find Particle X in decay mode Y in isolation is dangerous

− Using a model give a self consistent picture
 Ensures that some claim is tenable

 Limits are (will) be very difficult in model independent way

 Very large model and parameter space at the moment

− Impossible to do detailed studies for all cases
 Situation will be easier once we get data

− Large numbers of models/parameters will be DOA
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Comments on Models II
 SUGRA model is most studied

− Few parameters
 Must be aware of limitations

 Doing a full study of a model is time consuming: must do a “cost-benefit” analysis

 Studies are aimed at developing strategies, not on exhaustive study of particular 
set of parameters

 Some model constraints are often ignored

− Many can be vitiated without changing LHC signals

− See Xerxes comments on Monday
 Many more exotic models are actually easier to disentangle: e.g quasi stable 

particles

 Two notable difficult cases: 

− Very small mass gaps

− R-parity violation with LSP decay to jets
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Sparticles

In reading the sugra plots, recall the rules of thumb
m(gluino) = 2.7 m

1/2

m2(slepton) = m
0
2 + 0.5m2

1/2
 ,m2

0
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m2(squark) =  m
0
2 + 5m
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CMS benchmarks

SUSY Particle mass [GeV/c2]
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ATLAS benchmarks: SUGRA

SUSY Particle mass [GeV/c2]

These were subject to full Geant based
simulation

Rates and numbers 
of simulated events
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ATLAS benchmarks: Not SUGRA
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Dominant  characteristic decays

SUSY Particle mass [GeV/c2]

Lots of jets leptons and etmiss
almost everywhere

Three characteristic regions
Chi_2 to chi_1_1 higgs
Chi_2 to Ch1_1 Z
Chi_2 to Chi1_1 plus dileptons

Inclusive searches focus on these
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Comments on Simulation
 Must correctly model detector response
 Full Geant based simulation is needed to give confidence

− Many more simulations now use this than at time of ATLAS TDR
− But these simulations are time consuming

 Parametrized response can be used once it has been validated
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Backgrounds
 These must be measured and understood before any claims can be made
 All we have now is Monte Carlo
 Real experiment will be combination of MC and data

− Validate the MC against data in regions with no signal

− Use data itself to estimate some backgrounds
 Peaks/edges are harder to fake
 CMS uses Phythia and CompHep
 ATLAS uses Alpgen to try to get a better estimate of final states with large 

numbers of separated jets, and mc@NLO for top.
 Some simple examples follow

mailto:mc@NLO
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Backgrounds:QCD 
fake’ Etmiss  due to jet mis-measurement => reducible with cuts =>  cut as 
etmiss points along a jet direction

•‘real’etmiss due to decays into neutrinos (heavy flavor, B hadrons,…)

•Plot shows corrleation between direction of etmiss and jets

CMSCMS
SUSYSUSY

CMSCMS
QCDQCD
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Backgrounds:jets+etmiss 

A trivial example:
If you believe that etmiss is  coming from Z decays you can measure it.
Must correct for acceptance. 
Limited by available statistics in ee and mumu final states
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Backgrounds:Lepton+jets 

Events selected with lepton pt>20 GeV and 4 jets Pt>50 GeV

Meff= sum(ET)( jets +lepton +etmiss) 

If you saw this data and this background estimate from Monte Carlo, 
would you be booking a flight to Stockholm?

Do you really believe the Monte Carlo?

1 fb-1
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Backgrounds:Lepton+ jets 
The dominant background has W's in it
If so there is correlation between etmiss and the lepton
Can you prove this from the data?

Make a transverse mass (M_T) from lepton and etmiss: divide it at 100 GeV
Black is below red is above,

Background is mostly in the black region, signal is equal: Enhance the 
background!

Top events Susy events
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Backgrounds:Lepton+ jets 

Use Mt<100 to define a control region
Now look at the Et miss plot again.
Its supposed to be all background at the low end.
If this is true then the ratio of events in signal/control is predicted.
Is this true? If yes then you can normalize that region by assuming it is all
background. 
Now you only need the Et miss shape from the Monte Carlo and can 
extrapolate under the signal

You can do a toy MC to test this method. It will not work if the
the dominant background does not come from W's



Santa Barbara Ian Hinchliffe 6/4/08   26

Backgrounds:Lepton+ jets 

Since this is MC, you  can cheat and ask how well it worked
It overestimates the background a bit

Warning: you should not be
convinced by this alone

There are many more discriminants
to study
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Triggering
No signal if there is no trigger

LHC trigger menus are complex 
and will evolve rapidly with data

Combining triggers is non-trivial

Trigger efficiency must be measured

“each trigger is a seperate expermiment”

Best, if one trigger is highly efficient

Atlas preliminary
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Inclusive SUSY search: jets and etmiss

ATLAS plots showing cut flow
Top: basic selection
Etmiss >100, 4 jets
Right: tighten missing ET cut
Bottom: toplogical cuts, lepton  vet

This is a 4 jet etmiss analysis

Preliminary
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Inclusive SUSY search: jets and etmiss

Events with jets and Etmiss
Selections used by ATLAS and
CMS are differant

Biggest issue in making this plot
is careful understanding of
background systematics
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Inclusive searches: jets+ leptons
 Background is easier to control
 And usually smaller
 Reach is comparable

Same cuts used for all signal
cases
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Inclusive searches: dileptons
 Leptons can come from independent decays

 Leptons can come from a single decay chain: flavor and sign correlated: 
This is essentually background free after subtraction

 Plot shows e+e- and +- and subtraction of e which removes 
independent decays and top background
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Inclusive searches: Taus

Important at large tanb where stau is lighter than selectron
Identify taus from jets with “small mass and low track multiplicity
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Inclusive searches: CMS summary
 jets(≥3) + ET

miss + µ  
isolated   

 jets(≥3) + ET
miss + same 

sign 2-µ 
 jets(≥2) + ET

miss + op. sign 
dilep

     (e,µ,τ)   (χ2
0→ℓRℓ→ ℓ +ℓ–

 χ1
0)

h0 in cascades. h0 →bb + 2 
jets + ET

miss

Z + ET
miss   (χ2

0→Z χ1
0)

 t + jets(≥4 1 b) + isol. ℓ 
(≥1)

      (t1 → t χ2
0 → t ℓ ℓ χ1

0 )

1 inverse fb gets to gluino mases of
1.4 TeV: life will be tough if nothing has 
shown up at that point
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Inclusive searches: ATLAS summary

sugra

amsb

gmsb
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Exclusive analyses
 Goal is to reconstruct decay chains and final states
 Much more powerful than inclusive measurements:even for some 

searches
 More model dependent: but sometimes you only need a feature such 

as a decay chain
 Needs more integrated luminosity
 I can only give a few examples
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CMS “hemisphere” method
An important issue is the combinatorial background in complex events

SUSY particles are produced with significant momentum

Divide the event into two parts using the biggest jets: then only allowing 
combinations within a hemisphere

This example shows the improvement in Higgs finding in SUSY events

All combinationsOne side
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Kinematic structures
 A typical decay chain
 I'll use this in examples
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Dilepton end points
 Note that the leptons have the same charge so a flavor subtraction cleans up the 

signal

 Recall the plot on slide 31 for CMS. Sometimes you get more complex structure 
and sometimes you will need more luminosity



1 inverse fb
18 inverse fb
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Kinematic structures
Atlas Preliminary

jet+l+l

This combination has a minimum and maximum value
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Kinematic structures
Atlas Preliminary

jet+l
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Measurements of end points
 1 fb-1 for SU3: 0.5fb-1for SU4
 Errors are stat, systematic and jet energy scale

Atlas preliminary

Add the squark right from the “stansverse mass of dijet+etmiss events
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Dijet plus etmiss

Atlas preliminary

 Classic signature for squark(right) pairs

 Only 2 jets with pt>200 GeV

 Etmiss >200 GeV

 No leptons

 Topological cuts (recall etmiss backgrounds)

 1 inverse fb, 640 GeV squark
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Exclusive Final state with Higgs
 Look for the Higgs in bbar, then add a jet to try to see squark to 

A
l

Atlas preliminary
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Degenerate models??

Much theoretical angst over this problem

This is a problem that we need to keep us all busy!!
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Determining parameters: my opinion

 Those of you who are old enough should remember EW fitting before we 
all believed the standard model

− Most general four fermi interaction? (g
v
-g

a


5
)? Huge numbers of 

parameters

− Could fit this lot, or just fit sin2
W

− Remember Occam
 Rates are difficult to use without a model

− Many different processes and decays might contribute

− If acceptance corrections can be done, very powerful model test
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Timescale
 LHC will have first collisions in the next few months
 This year will be at 10 TeV

− Vital to provide shake down of detectors

− Integrated luminosity unknown
 There will be a winter shutdown

− Detector accesses to fix problems and complete missing items
 2009 run at 14 TeV: 1-2 inverse fb?

− Susy discovered < 2 years from now??
 Expect to accumulated several inverse fb before 2011
 Full LHC luminosity (10**34) will be reached in a few years
 After this year we will have much clearer idea of long term
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Taus: polarization issues

Atlas preliminary


