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We’re entering the Inverse Femtobarn Era!

40/pb let the LHC push pass the Tevatron,
1/1tb will rewrite the what we know about BSM theories
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It’s Discovery Time!
How to make sure that no stone 1s unturned?

Theory Space
Extra Di Little Hi
e . Constructing Signature Space
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ng Pgaﬁure not easy/efficient
Signature Space
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Missing
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Need axes for
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Supersymmetry as an example

Too many parameters so we make an ansatz
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Gauge 1nteractions make particles heavier

Yukawa 1nteractions make particles lighter



Typical mSUGRA Spectrum

Principle Fine HyperFine
SU(3)c Charged SU(2)L Charged 3rd Generation
Heavier Heavier Lighter
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mSugra and “Gaugino Mass Unification”
Mg : My, - Mp =a3 Qg0 ~206:2:1

Most models look like this

Diversity 1s whether squarks & Higgsinos are lighter than gluinos
and sleptons are lighter than the winos
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The Phenomenological MSSM

The part of parameter space that was allowed

circa 1981
mé | mi N mgw m%’ mg 5 for 1st 2 Genera@ons
5 for 3rd Generations
Mg, My Mg, 4 for *-ino masses
Ay, Ay, Ar 3 for A-terms
2 2 B .
Mg Mip s Do 3-1 for Higgs Sector

19 Dimensional Parameter Space
Challenging to explore in detail: 2!° ~ 0.5 Million

Berger, Gainer, Hewett, Rizzo



Imagine a simpler world...

Theory of nature 1s a one parameter function, y=f(x),
Can only do measurements of y near x=0 that we don’t know
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Imagine a simpler world...

Theory of nature 1s a one parameter function, y=f(x),
Can only do measurements of y near x=0 that we don’t know

A

y = f(x)
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A very complicated space to explore!
oo-dimensional

a(x—xq)

In this world, the leading theory 1s f(x) =e

Could design a measurement strategy to discover

f(.ﬁlf) #07 &, X



Problem with this strategy

What happens 1f we’re wrong about
our theoretical assumption?
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Problem with this strategy

What happens 1f we’re wrong about
our theoretical assumption?

f(x) = —e@=2o) f{x) is negative
f(x) = sinh(x) f{x) vanishes at 0
f(x) = cos(x) Doesn’t grow asymptotically

Could enumerate all possibilities

A better strategy
f(z) =ap+ a1z + asx” + - -

Easy to identify special cases




Not a cure-all

Still infinite dimensional

But there 1s some notion of simplicity

f(x)= -x0 + x!? less likely than f{x)=1



Not a cure-all

Still infinite dimensional

But there 1s some notion of simplicity

f(x)= -x0 + x!? less likely than f{x)=1

There could be technicalities:

Radius of convergence problems

f(x) =log(1 + )

Assumes the function 1s continuous/differentiable

Fes
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do,dy,

Experimental
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f(x)
Approximatior/ \ Ansatz
AL

ap, ay, a2 e

Experimental
\ Signature
ket

f(x) = All theories beyond the Standard Model
e'= mSUGRA

y = A typical LHC observable, e.g. Missing Energy




f(x)
Approximatior/ \ Ansatz
AL

ap, aq1,092 &

Experimental
\ Signature
5

f(x) = All theories beyond the Standard Model
e'= mSUGRA

y = A typical LHC observable, e.g. Missing Energy

What 1s the systematic approximation?
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Simplified Models

(Effective Field Theories for Collider Physics)

Limits of specific theories
Only keep particles and couplings relevant for searches

A full Lagrangian description

Removes superfluous model parameters

Masses, Cross Sections, Branching Ratios

Add 1n relevant modification to models (e.g. singlets)

Not fully model independent,
but greatly reduce model dependence

Captures specific models

Including ones that aren’t explicitly proposed
Easy to explore



Example Simplified Model
J(x) = ao

Direct Decays

MASS

A

g color octet majorana
% F . J

fermion (“Gluino”)

Three-Body Decay
- qq

H FX neutral majorana - / { 0
fermion (“LSP”) g -q;- X1

(off-shell squark that 1s too heavy to be seen)




Directly Decaying Gluino
Keep masses and total cross section free

mg myo  o(pp — ggXx)

g .
q /;IUU\/»« UUU\A{\\ q
| X ET

Typical signature 1s 4 jets plus missing energy



Directly Decaying Glumo
Study one decay mode g — qqx

Sometimes
this 1s the
exact theory

Br = 100%



Directly Decaying Gluino
Study one decay mode § — qgx"

Sometimes
this 1s the
exact theory

Other times
this 1s a
subdominant
branching ratio




New Spectra to Consider

Imagine having a 400 GeV Gluino

mSUGRA would predict LSP 1s 50 GeV

4 jets of 120 GeV
130 GeV of Missing Energy

Hard to miss

[LSP could have mass of 370 GeV

4 jets of 8 GeV
15 GeV of Missing Energy

Nearly impossible to see!



Compressed Spectra have different kinematics
Visible events use ISR/FSR

Low jet multiplicity signals




How do you interpret mSUGRA Results

DO Preliminary, 0.96 fb™

; 600 NN L L L B B L
8 = tanp=3, A0=0, u<0 ] CM S
~— 500 5 L., =35pb'\s=7TeV
- D — 500 T[T T[T T T[T T -
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Gluino Mass (GeV)

There 1s no way of getting anything close to

a 300 GeV Gluino & a 270 GeV LSP



Much easier to interpret!
= 400 GeV myo = 00 GeV o X Br < 8§ pb

=400 GeV ~ m,0 =370 GeV 0 X Br<30pb

CMS Preliminary L, =35pb”’ \s=7TeV
- CMS PAS SUS-11-001

900 5Prod — ;NLO-QCD
.......... prod _ NLO-QCD

800 =30

700

95% C.L. limit on o (pb)

400 500 600 700 800 900 1000 1

(GeV)

glumo
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Using Simplified Models to improve searches

mSUGRA designs are usually based on
averaging over a huge number of topologies

([ ~g :

qq,bb 31%

qq,tb 47%

’ 00
4‘@
12% 11% v 118% \ 18%

=S

http://www.hephy.at/user/walten/msugra


http://www.hephy.at/user/walten/msugra
http://www.hephy.at/user/walten/msugra

Want to ensure discovery 1sn’t an accident

7 Decay Topologies:
2 ]%Ody D(e)cay 3 Body Decay to bottoms
g—X1+yg g — x5 + bb

3 Body Direct Decay

- 0 _ 3 Body Decay to tops
g — X1+ 4qq Y IEeay o O

g— x]+tt
1 Step Cascade Decay
J—xi +4q 3 Body Decay to top bottom
Xi =X+ W g — X7 +tb
A il L

2 Step Cascade Decay
g— Xi +4q
Xi = X8+ W
Xo = X1+ 2"



Multiple Search Regions

Need a set of search regions
when combined has universal coverage

(for all masses and decay topologies)

Number of search regions depends on desired “Efficacy™

~ Olim(M, S) M = Model
EM.5) = Oﬁfst(/\/l) =1 S = Search Region

Keep & < &Eqrit for all theories



Hunting for Optimal Cuts

800; 800;
L.g., — f
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Continued improvement at low masses
045 Br(g — Fr)? < 055 qep

q Br =1% 7 X
X — "7 TR = X +j) ~ T km ™!
X' JJ l

27

Only a small fraction of events are
visible 1n Jets + MET



800

200 -

mSUGRA designed searches

can be extremely non-optimal & ~ 5

Cost 125 GeV 1n reach

CMS Preliminary L., =35pb" \s=7TeV

int

3-body direct S [CMS PAS SUS-11-001
I decay 8 900 gPred — SNLO-QCD
i s PP oProd = g 5NLO-QCD
7 a 800E
=1 700
£

“““““““ S — 400 500 600 700 800 900 1000 1

(GeV)

mgluino

sometimes outperform on mSUGRA models!

95% C.L. limit on o (pb)



Multiple Search Regions for light flavors
Not necessarily complicated & < 1.3

" 2-body A~  3-body

: 800 |
I 600
| > :
f = 400,

200 cut |ch|MET| Hr

0 O I 24| 500 | 750

200 400 600 800 200 400 600 800 .
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Designing Optimal Regions

o Choice of multiple search regions s} 2->0dy direct soof >0y direct
\ ccay
depends upon oo 600}
. .
 backgrounds L | &
. . -~ 400} B ~ 400}
» detector efficiencies & acceptances e »* E
* how good 1s good enough 200} L5 o 200} A
* etc o »
0 " _L Df—lﬂ.l.AA.‘AA.A
200 400 600 800 200 400 600 800
. . m; (GeV) m; (GeV)
* Not something a theorist should be S T B
. -step cascade 00| 2-step cascade
designing too closely P00 socay (x172) Plecay

600

600+ 1
* Scans are expensive for g | 1} 400l
. o g € :
experiments, providing
. 200 200}
benchmark theories saves effort —
o I— : : o N - —
200 400 600 800 200 400 600 200
m; (GeV) m; (GeV)

* We’ve done rough exploration of
corners of parameter space looking
for



Benchmark Models

e Chosen to maximize differences in
how they appear in given searches

* Simple and easy to define

e Consistent theories on their own

Name || mz (GeV) | mgo (GeV) Decay

M, 800 100 direct 2-body

Mo 800 350 direct 2-body

M3 550 300 direct 2-body

M,y 350 150 direct 2-body

M 250 50 direct 3-body

M 400 100 direct 3-body

M- 400 350 direct 3-body

Mg 650 300 direct 3-body

My 150 50 1-step cascade (x=1/4)
Mo 400 80 1-step cascade (x=1/4)
M 450 350 1-step cascade (x=1/4)
M 600 200 1-step cascade (x=1/4)
M 250 200 1-step cascade (x=1/2)
M 300 50 1-step cascade (x=1/2)
M s 550 500 1-step cascade (x=1/2)
Mg 700 200 1-step cascade (x=1/2)
M7 250 0 1-step cascade (x=3/4)
Mg 350 200 1-step cascade (x=3/4)
Mg 450 100 1-step cascade (x=3/4)
Mg 900 400 1-step cascade (x=3/4)
Mo, 300 50 2-step cascade
Mo 750 150 2-step cascade
Mo 750 550 2-step cascade

Y on 800 750 2-step cascade

Myt = Myo + (Mg — Myo)




Expectations for
Full 2010 & 2011 Data Sets

45 pb-! 1000 pb-!
800 3-body direct goo  >-oody direct 50 fb
decay - decay ' 1001b
600 * 600
| | 3
400 \ j % 400
200 \ 200
| i ?
O L * .
200 400 600 800 O 200 400 600 800
mg (GeV) mg (G eV)
Full Coverage up to 300 GeV Full Coverage up to 375 GeV
Reach up to 575 GeV Reach up to 850 GeV

Alves, Izaguirre, JW



Results based on Simplified Models

Before first anomaly appears:

Easier to interpret what 1s being missed

Do searches miss compressed spectra?

After first anomaly appears:

How well a simplified model fits
1s important piece of information

Is the anomaly fit with only 2 particles?

After many anomalies:

Will allow test models without unnecessary priors

How do we confirm that there are 4 neutralinos?



Keeping a repository of
Simplified Models

http://LHCNewPhysics.org

A6 LHC New Phyics Working Group | Signatures of New Physics at the LHC
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[ LHC New Phyics Working Group | ... I

Overview Links & References Support & Contacts Wiki Page

Signatures of New Physics at the LHC

Exotica Taus Bottoms Photons Leptons Jets

jgwacker LHC New Phyics Working Group

We are a group of theorists who have formed a “New Physics Working Group”
(NPWG) to address questions surrounding characterization of search results
from the LHC. Of particular emphasis is improving the model-independence of
methods used in new physics searches and any characterization of signals.

This effort was initiated by 2 workshop on this topic at a
. One outcome of this workshop
was a to the theory community to help develop 2
Recently Viewed collection of topology sets representative of new physics that could appear at
the LHC. The intention is to use these topology sets to ensure that searches
explore all relevant phase space, and to facilitate more effective communication
of results from the LHC.

At the meeting , the participants (theorists
largely) began defining a set of baseline topology sets, or simplified models.

| These simplified models are designed to cover signature space and include
detail important for optimizing searches. Particular attention was paid to

including topologies inspired from a broad array of well-motivated theories.

ow approaching a fully featured website with supplemental information:

Definitions of Models, Model files,

LHE Files, Presentations,
Refereeing, Discussions

ATLAS & CMS are using for
for many upcoming analyses

Many Simplified Models have not been studie



http://LHCNewPhysics.org
http://LHCNewPhysics.org

