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The LHC Era is Now
• LHC is exploring new territory as we speak.

• “Characterization of New Physics at the LHC”
– joint ATLAS/CMS/LPCC workshop in June @ CERN
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ATLAS and CMS eager to include more theoretical 
possibilities in the planning of LHC searches, including 
variety of simple models
⇒ invitation for suggestions from theorists

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

– 2nd workshop planned Nov 5-6, 2010, @ CERN 

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


The LHC Era is Now
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Propose a “good” set of “models” to aid 
the search and characterization of LHC data

Goal of the workshop is to create a response 
before the Nov 5-6 Meeting: 



Terminology
Signature

Description of the final state in a hard-scattering event 
e.g. “3 or more jets + MET”

– Every new-physics search is based on 1 or more signatures
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Topology (or Reaction)
Particle production and decay modes in a given event
e.g. squark pair production, with each squark decaying to a 
quark + stable neutralino

– Often, associate a characteristic (but not fixed) rate (e.g. 
QCD production of squarks)



Terminology
Simplified Model

A short list of new particles with a minimal Lagrangian 
specifying the interactions mediating their production and 
decay

– often limits of a more complete new physics scenario, with 
particles irrelevant for a specific search removed
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Note: a simplified model may give rise to multiple topologies.
A given topology can fall under more than one signature and 
multiple topologies can populate the same signature. 

Understanding the mapping both ways is an important part of 
classifying signatures and models.

e.g.  A Lagrangian with:
a “squark” (color triplet scalar with usual QCD interactions) 
a“neutralino” (neutral stable fermion)

a squark-neutralino-quark vertex
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The LHC Era is Now...
ATLAS & CMS already have searches defined around 
categories of signatures 
→ we should keep this in mind

ATLAS & CMS 10-100 pb-1 searches underway!
→ physics recommendations should also come soon
→ should keep scope of this workshop targeted

Focus on searches (characterizing discoveries) to ensure that 
new physics is not missed
→ baseline set of models and topologies is appropriate
→ useful to makes specific suggestions for how to present results
→ keep in mind mappings between models, topologies and signatures



Baseline Models
Models on which searches are based have impact:

• Guiding where experiments look for new physics (and when they 
look in given phase space)

• Delineate the boundaries of explored territory, and what new physics 
is allowed

• First interpretation if a signal is seen
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Why organize searches around simplified models?
• Applicability to other models/other reactions is more transparent.

• Closer to the ideal of getting back kinematic description of new physics
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Exhaustiveness vs. Practicality

Myeonghun Park

Exhaustively exploring the space of possibilities in general terms 
is useful! → develop awareness of what we might be missing…

→ theory input is critical

Jamie Gainer
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FIG. 1: Graphical representation of the allowed transitions
between the SUSY states from Table I. One (two, three)
parallel lines represent two- (three-, four-) body decays. The
relative suppression of each decay mode is indicated by the
line type. The identity of the resulting SM decay products is
denoted by the line color: red for a jet j, blue for a lepton !
and green for a massive boson v ≡ {W±, Z, h} (which may
be either on-shell or off-shell).

II. R-hadrons. In 4 × 8! = 161, 280 of the remaining
hierarchies L ∈ {Q,U,D,G}, the LSP is a colored parti-
cle, and the generic searches for stable R-hadrons apply
[6]. Again the ordering of the heavier particles is not
particularly important.
III. Missing transverse energy. In the remaining 4 ×

8! = 161, 280 cases L ∈ {L,B,W,H} and the LSP is a
weakly-interacting, electrically neutral particle. Its pro-
duction will lead to missing transverse energy (/ET ) in the
detector. Now, however, the signatures crucially depend
on the ordering of the heavier particles, since it is not
feasible to look for /ET inclusively. Our goal here is to
fully classify these 161, 280 models according to their col-
lider phenomenology. Unlike previous general approaches
[7], which employed scans of the multi-dimensional SUSY
parameter space, here we would like to avoid scanning,
keeping the discussion simple and qualitative.
Both of the currently operating high energy colliders

(the Tevatron at Fermilab and the LHC at CERN) are
hadron machines, at which the total production is ex-
pected to be dominated by the strong production of col-
ored superpartners. Correspondingly, the starting point
for our classification will be the nature of the lightest col-
ored superpartner (LCP), denoted by C. Then, each of
the 161, 280 missing energy hierarchies at hand can be
represented by a particular ordering

x . . . x C y . . . y L , (1)

where the x’s stand for inconsequential entries, C ∈

TABLE II: Number of hierarchies for the various dominant
decay modes of the LCP C.

nv = 0 nv = 1 nv = 2
n! nj = 1 nj = 2 nj = 1 nj = 2 nj = 1 nj = 2
0 79296 26880 12768 3360 1344 672
1 30240 10080 1824 480 192 96
2 19770 6030 1500 180 0 0
3 4656 1296 312 72 6 6
4 1656 396 66 6 0 0

{G,Q,U,D}, y ∈ {L,B,W,H,E} and L ∈ {L,B,W,H}.
The dominant collider signature for each model hierarchy
(1) will be determined by the inclusive pair production
of C and its dominant subsequent decays.

Our key idea here is that once a given hierarchy (1) is
assumed, the dominant decay modes of C are uniquely de-
termined, since supersymmetry predicts all superpartner
couplings. In our analysis, we shall assume that there
are no accidental phase space suppressions due to any
two mass parameters from Table I being very close. This
assumption also guarantees that the chargino and neu-
tralino mixing angles are small and the mass eigenstates
are roughly aligned with the interaction eigenstates. One
can then use the simple chart in Fig. 1 to identify the
dominant (i.e. least suppressed) decay modes of C, which
we label by the number of leptons n! (blue lines), number
of jets nj (red lines) and number of massive bosons nv

(green lines) encountered along the way. Solid lines in the
figure correspond to 2-body decays which do not suffer
from any (chargino or neutralino) mixing angle suppres-
sion (MAS); dashed lines indicate either 2-body decays
with MAS or 3-body decays with no MAS; and finally,
dotted lines stand for either 3-body decays with MAS or
4-body decays with no MAS. We then count the num-
ber of mass hierarchies (1) which exhibit a dominant de-
cay channel for C with a given set of (n!, nv, nj), and
show the result in Table II. At times, there can be sev-
eral dominant decay modes of C. For example, consider
xxxxQWBLH . One can get (n!, nv, nj) = (0, 1, 1) in
two ways: Q → W → H or Q → B → H . It is also pos-
sible to have (n!, nv, nj) = (2, 0, 1) in two different ways:
Q → W → L → H or Q → B → L → H . Therefore,
xxxxQWBLH contributes one entry to each of the two
boxes (n!, nv, nj) = (0, 1, 1) and (n!, nv, nj) = (2, 0, 1)
in Table II. As a result, the total number of entries
(203,184) in Table II is larger than the total number of
hierarchies (161,280).

Table II leads to some interesting conclusions. For ex-
ample, we see that the purely hadronic signatures of nj

jets and /ET alone cover a very large fraction (∼ 65%) of
all possible SUSY hierarchies with a neutral LSP. There
is also a sizable fraction of models which can be explored
via the standard searches for signatures with one, two
or three leptons. Keep in mind that the LCP’s are pro-
duced in pairs, so the collider signature is obtained by
doubling the number of leptons and jets displayed in the
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It may be necessary to stand back and collapse options 
with common signatures into representative cases

→ theory input important

Exhaustiveness vs. Practicality
We know that there are too many possibilities to search 
through or use every possible BSM reaction or model

If the signatures are sufficiently striking
 (e.g. many leptons), dedicated models may not be needed 

and inclusive searches good enough
→ theory input important



Working Group Goals
1) Prepare a baseline set of simplified models that populate 

signatures.  Group together similar models.
2) Further develop some collection of “particularly interesting” 

simplified models.  Many (subjective) factors go into these 
preferences:

– theoretical motivation
– parameter choices (when necessary)
– breadth of coverage
– sensitivity in early running
– simple enough that null results are easy to interpret
– …

3) Begin creating write-ups of these simplified models, which 
will be assembled for experiments’ use.
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Simplified Model Write-Ups
Each write-up/section focused on one simplified model:

– Theoretical motivation
– Definition
– Monte Carlo implementation
– Existing Limits, and Parameter Space for Presentation of Future Limits
– Not MC studies
– Not specific cuts
– At most of sketch of expected sensitivity

11[Few examples: http://lhcnewphysics.org/web/Topology_Sets.html]

http://lhcnewphysics.org/web/Topology_Sets.html
http://lhcnewphysics.org/web/Topology_Sets.html
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Discussion on how to proceed 
with working groups and a document 

This workshop is driven by the participants

This afternoon:
 discussion & division into the working groups

Up Now:


