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The LHC is opening the energy frontier!

• Resume in 2012 and run @ ? TeV 
through the end of the year 

• Shut down during 2013
   to retrain magnets (?)

• Turn it on again in 2014
   @ ~ 14TeV (?)

• 2011 run expected to conclude with ~ 5 
fb-1 of data



Outline

Simplified Models

Prospects for the 7 TeV run



Captures specific models (MSSM, UED, etc)
Easy to notice & explore kinematic limits

Can translate limits to other theories

Models are created to solve problems or demonstrate mechanisms
Realistic ones tend to be complicated and most details are irrelevant 

for searches

Only keep particles and couplings relevant for searches

Simplified Model: Minimal particle content and free parameters

Simplified Models



Simplified Models

An example:

�g

�χ0

�g → qq̄�χ0

Free parameters     
meg meχ0B × σpp→egeg

w/ Daniele Alves and Jay G. Wacker



In published analyses so far, search regions have been optimized 
for particular benchmarks, e.g. mSugra

But experiments have begun presenting limits 
in terms of simplified models

Very useful!

Simplified Models can also be used 
to create and evaluate search strategy 



χ0mχ0

mg̃ g̃

+W±

mχ0

mg̃ g̃

+W±

+qqχ̃±

+qqχ̃±

χ±mχ±

χ0

χ±mχ±

mq̃ q̃

mχ0
+W±

+qχ̃±

mq̃ q̃

mχ0
+W±

+qχ̃±

χ0

χ±mχ±

χ0

χ±mχ±

Can be used to spot search deficiencies

R. Brunelière, CERN workshop “Implications of LHC results for 
TeV-scale physics”
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Heavy flavor Simplified Models

Generic signature: bjets + ��s+ /ET

What theories to search for in this channel? 
Not a one-to-one correspondence

Approach:
 

Use a set of simple topologies (Simplified Models) to design a search 
strategy and present results in a useful way
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FIG. 1: Gluino Simplified Models used in this study.

motivated whenever the LSP lives in an SU(2) multiplet. These theories will be dubbed
GW̃ . Each possible decay of the g̃g̃ system will be represented by one simplified model. The
different decay processes studied are presented next.

1. GB̃ Topologies

There are several different ways that the GB̃ spectra can decay, and these are illustrated
in the left panel of Fig. 1. The modes are

T : g̃ → χ0 tt̄, (1a)

B : g̃ → χ0 bb̄, (1b)

J : g̃ → χ0 jj. (1c)

The g̃ are always pair produced, therefore the following decay topologies for pairs of g̃ are
obtained:

GTT
B̃

, GBB
B̃

, GTB
B̃

, GTJ
B̃

, GBJ
B̃

, GJJ
B̃

. (2)

A thorough study of the GJJ
B̃

simplified models was performed in [28]. The present article is
primarily concerned with the heavy flavor decays of g̃, so the study of the GJJ

B̃
topology in

this article will be somewhat cursory, except in order to make comparisons with the heavy
flavor case.

The GTT
B̃

, GBB
B̃

and GJJ
B̃

will be referred to as pure topologies, and in principle these decay
topologies could be the only signal of new physics. This is in contrast to the GTB

B̃
, GTJ

B̃
, GBJ

B̃
topologies which we will be referred to as hybrid topologies. There will always be other
signals present whenever these decay topologies appear. For instance, if the GTJ

B̃
topology is

present, then there must automatically be GTT
B̃

and GJJ
B̃

topologies in the data.
Although hybrid topologies never appear as the only topology, they may have the largest

branching ratio and can frequently be the most visible. For instance, in the GTJ
B̃

example
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B̃

example

Heavy flavor Simplified Models

Gluino-like: Assume squarks decoupled
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• Bino-like LSP, lighter left handed third generation squarks. This gives a ratio of g̃
decays of T : B = 1 : 1 resulting in

GTT
B̃

: GTB
B̃

: GBB
B̃

= 25% : 50% : 25%. (9)

• Bino-like LSP, degenerate third generation squarks. This gives a ratio of

GTT
B̃

: GTB
B̃

: GBB
B̃

= 60% : 35% : 5%. (10)

• Wino-like LSP with TT decay mode kinematically accessible

GTT
B̃

: GTB
B̃

: GBB
B̃

: GMM
W̃

: GTM
W̃

: GBM
W̃

= 2.8% : 5.6% : 2.8% : 44% : 22% : 22% (11)

• Wino-like LSP with TT decay mode kinematically inaccessible

GBB
B̃

: GBM
W̃

: GMM
W̃

= 11% : 22% : 44% (12)

B. Heavy Flavor Squark-like Models

In addition to simplified models with g̃ states giving rise to heavy-flavor rich final states,
there are simplified models consisting of a single squark-like, q̃, state and a neutral stable
particle. The t̃ state is a color triplet with the quantum numbers of the top quark, and it
decays to t + χ0, while the b̃ state decays to b + χ0. These simplified models will be referred
to as TB̃ andBB̃ in the remainder of this article. This article will consider pair production
of t̃ or b̃ states with decays

t : t̃→ χ0 t,

b : b̃→ χ0 b, (13)

Supersymmetric theories where the mass of the t̃ and b̃ states are similar can give order one
admixtures of these two processes.

mass
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χ̃0mχ̃0

TB̃

t̃mt̃

BB̃

b̃mb̃

mass

0

χ̃0mχ̃0

t : tχ0 b : bχ0

FIG. 2: Squark Simplified Models used in this study.
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Heavy flavor Simplified Models

Squark-like: Assume gluinos decoupled



Heavy flavor Simplified Models

12 Simplified Models in total

~ 2500 points in model space: (mHigh,mLow)

mHigh ∈ {mg̃,mq̃}

mLow ∈ {mχ̃± ,mχ̃0}

“Pure” topologies: pp → (g̃ → tt̄χ0)(g̃ → tt̄χ0)

“Mixed” topologies: pp → (g̃ → tt̄χ0)(g̃ → bb̄χ0)

Assume mχ± � mχ0



Search strategy

Design a search strategy that ensures optimal coverage
to the space of Simplified Models

Find a set of “search regions” or 
“cuts”  of the form: (Nj , Nb, N�, HT , /ET )

No single cut covers all the space of models
because the kinematics vary widely

Ideally, would like to find a minimal number of search regions



Search strategy

How do we quantify how effective a cut is?

For each (Nj , Nb, N�, HT , /ET )

Efficacy of a cut Ei =
σcut i

σoptimal
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Hunting for Optimal Cuts

cut 1 cut 2

1

E

Ecrit

 Find the minimum set of cuts whose combined
       reach is close to optimal (within a given accuracy) for all models.

Search strategy

Pick a set of cuts so that combined cover the whole of model space



What are these searches?
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To make the set of benchmarks as intuitive as possible, we began with five benchmarks per

topology, spaced to effectively span both the massless and degenerate LSP regions. However,

we found that these benchmarks alone fell far short of our goal. A search optimized only

for these benchmarks will miss roughly one third of the simplified model parameter space.

To improve the benchmark list, we found that the most important additions were in the

simplified model topologies with many b-quarks but without top quarks and leptons, such

as the GBB
B̃

and BB̃ models.

C. Search Strategies

The following table displays the searches that make up the optimized search strategy that

was found to cover the entire parameter space of simplified models.

Search Region Nj N� Nbjet ET� HT

High HT 1 4
+

0 0 300 1000

High MET 2 4
+

0 0 400 500

1 b Low multiplicity 3 2
+

0 1
+

400 400

1 b High HT 4 4
+

0 1
+

300 800

1 b High MET 5 4
+

0 1
+

400 500

2 b High MET 6 3
+

0 2
+

250 400

3 b High MET 7 3
+

0 3
+

250 600

3 b Low MET 8 4
+

0 3
+

150 300

b SSDL 9 2
+

SSDL 1
+

0 200

Each search region gives E(Ci) ≤ 2.0 for some of the simplified models, so that all

simplified models are covered by at least one search region. As an illustration, Fig. 14 shows

the cuts that would give the best coverage for the BB topology, with L =??? pb
−1

.

To interpret this table, note that the optimized search achieves sensitivity to generic jets

and missing energy signals with a small number of searches that involve significant ET� and

large HT cuts. To uncover heavy flavor physics, there are several searches involving b-jets

with more modest cuts on HT . Since many of the simplified models produce 4b jets in every

event, we find that a 3b-jet search with a very modest ET� cut and a minimal HT cut can

be very effective. Finally, the search involving same-sign dilepton in events with 2 or more

b-jets achieves great sensitivity to multi-top events and does an excellent job covering the

region where mg̃ ≈ 2mt + mχ0 .

D. The Utility of 3b and SSDL Searches

During the process of optimizing searches we found that the 3b and same-sign dilepton

channels should be utilized. This interesting and perhaps surprising result suggests that

experimental studies, which currently only go up to 2b and 1�, could be better optimized by

considering these channels. Here we will explore this issue in more detail.

2 Normal Light Flavor
4 Normal Heavy Flavor

3 Low BG Heavy Flavor

(searches useful for 1/fb to 15/fb) 
For Ecrit = 2

Search regions found



MultiRegion Search Strategy for Heavy Flavor

4 tops + MET

2 search regions cover everything at 1!-1
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Estimated reach at L=1/fb
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We shouldn’t expect the search regions found to be used by 
experimentalists

We have relied on theorists’ attempts at understanding the LHC 
detectors (e.g. using PGS...)

This procedure would have to be validated by the experimentalists

Not an easy task since they use full detector simulator
Can be slow on ~ 2500 model points

Search regions found

Found 60 (kinematically) different benchmark points
from the space of ~ 2500 points that when optimized w/r

to them give ~ 9 search regions that cover entire model space



Conclusions

The LHC has opened up the energy frontier. Discoveries may be just 
around the corner.

It’s important that the experiments look in many places.
New physics may be hiding in previously unexplored corners.

Simplified Models provide a framework for
casting a wide net on new physics



Thank you


