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Characterization of New Physics at the LHC
Joint ATLAS/CMS/LPCC workshop in June @ CERN

http://indico.cern.ch/conferenceDisplay.py?confId=94910

Outcome: 
Invitation to theorists for suggestions on how to include more 

theoretical possibilities in the planning of LHC searches

Timeline

Workshop on Topologies for Early LHC Searches
Sept 24-26 @ SLAC
lhcnewphysics.org

Characterization of New Physics at the LHC-II
Nov 5-6 @ CERN

http://indico.cern.ch/conferenceDisplay.py?confId=107769



Over 100 participants, international presence

SLAC Topologies ’10
Organizers: Rouven Essig, ML, Philip Schuster, Tim Tait, Natalia Toro, Jay Wacker

An opportunity for the theory community to propose a set of ‘‘good’’ 
models to guide the search and characterization of new physics at the LHC 
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The LHC Era
Several pb-1 have been recorded to date

100’s of tops

1000’s of Z’s

10000’s of W’s

W Boson

Andy Haas, ATLAS
Frank Würthwein, CMS

Z Boson



The LHC Era

30 pb-1 projected by the end of this year

1 fb-1 projected for next year

 The LHC is already probing new territory

Andy Haas, ATLAS
Wolfgang Waltenberger, CMS



Critical period for evaluating planned searches and analyses

The LHC Era

Don’t want to miss new physics just because we didn’t look

Develop effective strategies for presenting data in the most 
useful manner 



“What do we want for Christmas?”
-- W. Waltenberger, CMS

Important questions for which theory input is needed now:

The LHC Era

What are the critical searches for 20-50 pb-1?

Are there signatures that would be missed by standard triggers?
ex: many low pT jets

What signatures with non-standard features should be considered?
ex: displaced vertices, same-sign dilepton, taus, no-MET

Paul deJong, ATLAS
Wolfgang Waltenberger, CMS



Introduction to Simplified Models

Outline

The Next Step: An Online Reference

Outcomes of Topologies ’10



Designing Searches

The main ingredients for a new physics search:

Frank Würthwein, CMS

Can be done fairly 
model-independently

Strive to cover as many 
corners of SM phase space

Difficult to do 
model-independently, which 

then affects step 4

1. Design event selection

2. Do the measurement
a.  Estimate background yields
b.  Measured yield of signal candidates

3. Determine selection efficiency

4. Calculate cross section



PRO: 
very broad coverage to 
many types of models

Model-Independent Searches

Scan data for systematic deviations from Monte Carlo

ex: MUSiC  (EXO-08-005)

300-400 classes of events considered
selection cuts are not optimized

CON: 
difficult to claim discovery  

(detector effect?)

excess due to incorrect characterization in jet energy scale uncertainty



Targeted Searches

Optimize cuts for a particular model

ex: mSUGRA

often used as benchmark for searches
only five parameters to set MSSM spectrum

PRO: 
great coverage...

CON: 
...but for only one model.  
What if that’s not reality?

2j

g̃

B̃

Tevatron, 4 fb-1

limits with more general cuts

limits with D0 mSUGRA cuts

Alwall, ML, Le, Wacker, 0803.0019.



Exhaustiveness vs. Practicality

Exhaustive scans of parameter space useful to show what we are missing 

Konar et al., 1008.2483

Myeonghun Park:

Jamie Gainer:

• all SUSY mass parameters 
taken as free at weak scale

• lots of leptons!

• 19 parameter pMSSM

• detector-stable charginos 
and models with compressed 
spectra tend to be missed

Conley et al., 1009.2539



Exhaustiveness vs. Practicality

Too many possibilities to search through or use every possible 
BSM reaction or model

Collapse options with common signatures into representative cases
* theory input needed *

Sufficiently striking signatures (e.g., many leptons) do not 
require dedicated models - inclusive searches are good enough

* theory input needed *



Simplified Models are an intermediate step between a 
complete theory and experimental signature

A Compromise

Removes complications of model details and allows 
one to focus on kinematics when designing cuts 
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Introduction to Simplified Models

Outline

The Next Step: An Online Reference

Outcomes of Topologies ’10



Four important results from the working groups:

(1)
More complete parameterization of signature space

(2)
Models with the same signature, but different kinematics

(3)
New models or interesting new signatures

(4)
Simplified models that evade standard triggers

Topologies ’10



Can we write down a simplified model to cover lepton searches 
with and without MET?

1. Parameterizing Signature Space

Lepton Working Group

Symmetry arguments help to classify categories of events

Dark Matter
(R-parity, KK-parity, T-parity)

No Dark Matter

Q

Q

j

j

pair production

Q

Q

j

j

pair production resonance



1. Parameterizing Signature Space

Lepton Working Group

Q N1 N2 C±

susy

RS/UED

q̃ χ̃0
1 χ̃0

2 χ̃±1

Ukk Z1
kk Z2

kk W±
kk

Dark Matter Models

Q
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N1

C±, N2

W±, Z

Pair-production gives 0-4 lepton signatures w/MET



1. Parameterizing Signature Space

Lepton Working Group
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susy
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No Dark Matter

Resonance production gives 1-4 leptons, including 2SSL
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Four unique models that each give 1j+MET
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to DM
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Hadronic Working Group

Squark-Neutralino 
Associated Production

Composite gluon 
decay to DM

2-body coloron 
decay

ISR 
Production

3-body coloron 
decay

Different models result in different kinematics

2. Same Signature, Different Kinematics



3. New Signatures

Lepton Working Group

pp→ uttt

Ex: Diquarks

D2

D1
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t

t

t

u

Resonance Working Group

pp→ ττ tb

NR

τ+

τ−

t

b

W �

Ex: Left-Right Models

3SSL!



4. Evading Triggers

Hadronic Working Group

Experiments are in the process of defining triggers for next spring

Bandwidth already saturated; 
need to make smart choices about what data to keep

R-parity violating gluinos

g̃ q̃

j j

j

Simplified models that evade standard triggers are useful examples

! up to 6 jets, each with pT ~ 15 GeV

mg̃ � 50 GeV
Kaplan & Schwartz, 0804.2477

simplified model with many low pT jets



Introduction to Simplified Models

Outline

The Next Step: An Online Reference

Outcomes of Topologies ’10



Write-Ups

Each working group is responsible for writing a brief report 
for every simplified model

The reports will provide

• background for each model

• relevant variables/plots

• existing limits

• possible reach of searches

Alves, Izaguirre, & Wacker, 1008.0407.  



Web Resource

www.lhcnewphysics.org

Simplified model descriptions 
currently being uploaded to temporary 

wiki

More permanent website being 
developed that will include

refereed documents

signature!model search capability



Christmas Wish List

• span wide regions of kinematic parameter space

• are critical for searches at 20-50 pb-1

• sometimes have non-standard signatures 

• sometimes require non-standard triggers

Topologies ’10 has resulted in a compilation of simplified models that 


