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preamble

* | am not sure what the convenors wanted...

* As an experimenter, | will not try to talk about
the theory.

* So | interpret the phrase

New Correlations or New Signatures

with the mind of an experimenter.
* | hope this will not be too pedestrian!




Anticipating Discovery:
Approaches from Theorists

There is a very wide range of approaches —
all of them worthwhile, none of them complete.

| will try to outline them, as | see them, followed by
approaches from experimenters.



Approaches from Theorists, con’t.

Very Specific Signatures

A theoretical solution to some outstanding problem leads to a prediction for a

specific signature for the LHC (or Tevatron, ILC, etc.) A. Freitas
example: light stops predicted in 200
theories of electroweak baryogenesis
. 150
Such cases can be confirmed or >
confounded, in principle. %
éx 100y "‘::::::::-::-V{\Tevatron 8 fb~t |
LHC is useful for testing the Tevatzon 2 fb™
specific idea, but little is learned sol
in a broader sense.
Is it correct? - a bit of a long shot. OL.
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Approaches from Theorists, con’t.

95% C.L. upper limits CDF Run Il Preliminary (1.9/fb)
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example: two Higgs doublet model, 80
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This gives a set of related, interlocking MSSM Higgs — tt Search, 95% CL Exclusion
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A series of observations and measurements§ 50
could confirm and ultimately constrain the
parameters related to this sector.

signatures for discoveries and measurements
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Likely true if theorists are on the right track.



Approaches from Theorists, con’t.

. I J. Ellis et al.

Restricted Models N tan B=10, u>0
Arbitrarily reduce the freedom of parameters ',
of a model so as to make it more predictive. : [ My, =114 Gev

Also, potentially, constraint the parameter
space using precision measurements, etc.

examples: CMSSM, UED, littlest Higgs

m, (GeV)

General outlines of the phenomena are clear.
Sometimes striking, characteristic signatures.
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Difficult to rule out.
Different models overlap in “signature space.”
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May be possible to constrain parameter space indirectly. my;, (GeV)
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Approaches from Theorists, con’t.

Unrestricted Models or
Classes of Models

examples: SUSY, Extra Dimensions,
String Theory, Hidden Sectors, ...

These are too broad for general
characterizations.

Can’t be ruled out or falsified —
almost by construction.

Fairly like to contain some
truth about Nature, somewhere?
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THE KEY QUESTIONS IN
STRING THEORY:

What are the fundamental
components of the universe?
Is there a unifying theory that
can explain all basic physical
phenomena?

CRIBSHEET#9
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THE BIG AND THE SMALL

In physics, the description of our universe is divided into two
seemingly irreconcilable realms: the quantum world of the very
small, and the macroscopic world where gravity reigns. String
theory is the controversial attempt to unify the two domains into
a "theory of everything.”

PARTICLES AND FORCES

The universe is made of two groups of tiny fundamental partides:
fermions and bosons. Fermions are all observable matter while
bosons transmit the four known forces in nature: electromagne-
tism, gravity, the strong nuclear force, and the weak nuclear

force. Physicists have di afi
incorporates all the forces except gravity, which is curiously weaker
than the other forces, Called the standard model, experiments
reveal it as the most accurate scientific theory ever devised.

WHY STRING THEORY?

Because it does not indude gravity, the standard model cannot
describe the center of a black hole or the Big Bang. It also cannot
predict the results of some experiments, nor explain several
patterns that exist between particies. String theory is an attempt to
fix these problems and unify all matter and forces by replacing
particles with miniscule vibrating strings.

EXTRA DIMENSIONS

For consistency, string theory requires six extra dimensions in
addition to the familiar four dimensions we perceive (three in
space, one in time). String theorists believe these extra dimen-
sions are folded into imperceptibly small shapes called Calabi-
‘Yau manifolds that exist everywhere in space (see example
above). But there are an almost infinite number of unique
Calabi-Yau manifolds, and there is no known way to discem
which, if any, reproduces what we see in the standard model.

SUPERSYMMETRY

Most versions of string theory require supersymmetry, the idea
that for every particle of matter there is a corresponding force
particle, and vice versa. Next-generation particle accelerators,
such as the Large Hadron Collider at CERN in Switzerland,
could discover some of these supersymmetric particles by
smashing together high-energy protons.

A THEORY OF EVERYTHING?

There are five basic versions of the string theory, which hints that
string theory itself may not be the final "theory of everything.”
Profound mathematical relationships called dualities exist
between the different string theories, and suggest each is part
of a deeper explanation that does not rely on strings and branes.
This ill-understood framework is called M-theory.

DUALITIES IN PHYSICS: M-THEORY

A string can be any of the fundamental particles, such as photons and electrons, depending on the frequency of its vibration
and its spin. Strings come in two forms: open@ and closed@®. Open strings have endpoi located on ik
structures called D-branes®, and their dynamics closely resemble the three forces other than gravity. Closed strings are loops;
they aren't bound to D-branes and their dynamics resemble gravity. Closed strings combine and split with each other@®, as can
open strings. Open strings can also become closed strings, showing string theory combines gravity with the other forces.

THE SIZE OF STRINGS

Water molecule
~10°m

Glass of water jen atom
~10"m mm" m
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Strings. least ible objects k to physics. Here, it into a glass of water reveals the relative scales of a water  The five known formulations of string theory appear distinct at first
molecule, a atom, a proton, an electron, a quark, and a string. The sizes of the bjt thirty-four orders of i For  glance, but closer i reveals intimate connections
perspective, if an atom were the size of our solar system, a string would be somewhat larger than an atomic nucieus. them, indicating they are different parts of a larger underlying theory.

THE ISSUE: IS IT REAL? SOUNDBITE

Directly observing strings is far beyond our capabilities now and for the foreseeable future. Additionally, string theory’s rich diversity makes Whether or not strings ai
it difficult to derive any clear predictions that apply to all its versions. Still, particle physics experiments being performed with collisions of very
heavy ions at Brookhaven National Laboratory and with proton collisions at CERN could connect string theory with reality. In particular, two

“theory of

unique set of toc

discoveries, which are supersymmetry and the existence of extra dimensions, would suggest that string theory is on the right track. explore the deep structure of reality.




Anticipating Discovery:
Approaches from Experimenters

Generally the experimenters have been busy building CMS and ATLAS
(as well as analyzing data from the Tevatron).

Run 62232, Event 1811006

That said, | perceive two distinct competing approaches...



Approaches from Experimenters, con’t.

Model-specific Searches (or Model-inspired Searches)

Attack specific models / scenarios proposed by theorists.

Very much a theory-driven enterprise.

Might be useful for constraining
the given theoretical framework.

Hit or miss?
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Approaches from Experimenters, con’t.

Signature-based Searches

Rebel against theoretical guidance.

“ ” e CDF RunllDat
Follow the data. 2 ZPT - 400 GeV o CoFFm DR
B = ] Alpgen W(—ev) jj : 0%
) o :CDF Run Il Preliminary (2.0 fb ) | ] Pythiajy : 0.3%
Will tend to be limited to what 4000 [ Pythia bj : 3%
. n - [ ] Pythia jj : 96.6%
appears in SM event samples. 2 -
S 3000F
. Ll B
Unlikely to uncover very small “ -
or very peculiar signals. 5 2000
Q -
E |
One might end up staring at 2 1000
problems of systematics which -
have no bearing on new physics. o
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bump in M(j1,j2) (GeV)



Experiment vs. Theory

Nearly everyone would like to see experimental data defy theoretical prejudice.

“Nature is too grand for us to figure out without data from experiments.”

10°
But sometimes experiments are wrong —
and violate known laws of physics. o L CDF multi-muon anomaly
i
I3
To what extent will theory help us to s ERY
[ %
separate “good” results from “bad” ? S 10
\\(;; 2 : 11l \ﬂ&...
109 ) Y«
S b “'1'-...“3
= ) M “'5:““’%;‘.- .
FaH H H 10 ' M II.I"'I'M'-".Tj" Toi 4108 . | #
Theory: you can’t live with it, : | ! 'mﬁf‘ﬁf%wwwu_ﬂ.lf Vi pult d
e pi - - i et 1T o Bt =
and you can’t live without it... - | | T' I ‘| HHWW mﬂp%_
1E | |
O 11110 e
0 1 1 105 | 4 | 1] 1 il 1 1 11.5 1 1 2



Hybrid Approaches
(The Middle Way)

The Inverse Problem

Try to map experimental observations onto unconstrained classes of models.

Parameter Space Signature Space
A A
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| o .:L
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/ Ve e,

Arkani-Hamed et al.




Hybrid Approaches, con’t.

e assume generic low-energy minimal SUSY
* a set of observations and measurements map onto a set of distinct “islands”
in parameter space
* these islands correspond to qualitatively different models
* this is the real point, after all...
* there are a finite, manageable number of degeneracies (10 — 100)
* these would present a challenge, but not a hopeless one
» degeneracies have clear-cut relationships:
* “flippers” — model A and model B have interchanges some particles
* “slides” —model A and model B have same mass differences
» “squeezers” — model A and model B have some particles very close together in mass
* this toy analysis is based on simple kinematic quantities — effective and invariant mass
e curious quantile method
e quasi-statistical measures to distinguish different signatures and different models
* authors suggest new additional variables could make a difference
* leptons important since they relate to the electroweak gaugino sector
* outside info may ultimately prove crucial to remove degeneracies
* EDMs, (g-2)mu, flavor physics precision measurements

This analysis was extended by Hewett et al. to show that an ILC at 1 TeV would resolve
many but not necessarily all of these degeneracies,



Hybrid Approaches, con’t.
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» carefully craft a set of observables
 event counts from four trigger paths
* ratios of yields (N jets, n muons)
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* user them to make (sort of) binary decisions
* consistent with model class A or model class B?

100

J\\[llll‘

* study assumes an excess in early data an examines the “DM case” only
e pick out a number of candidate theories and make pair-wise comparisons
* meant to represent potentially difficult cases (“look-alikes”)
* choice is intelligent and insightful rather than exhaustive
* look for one quantity which is highly discriminating for any given pair
* conclusion is that a small amounts of data are sufficient to resolve most look-alikes
* more extensive investigations in the offing



Hybrid Approaches, con’t.

Empirical Lagrangian Methods MARMOSET
Arkani-Hamed, Mrenna, others

on-shell effective theory

OSET

LHC
Signatures \/J/k £
"<

e imprudent to try to construct the full Lagrangian in the absence of sufficient information
* LHC observations amount to production mechanisms and decays
« effective Lagrangian methods with free parameters can describe these well
* fit the parameters to describe the data
e correlations among processes are taken into account
* no “extra” mathematical structure to obscure the process
* analogous to, for example, the Michel parameters in muon decay
* note wedded to any specific model or phenomenology
e afterward, check whether model X is consistent with the fitted parameters



Hybrid Approaches, con’t.

g

w0 —

950 GeV

100% — b

500 GeV

45% "W
t

12% ——
%4

25%

100 GeV

90% — L/v

4

/

|
J

10% )

300 GeV
100% — £/v

200 GeV

B

) 100% — £fv

NO/CO
— U B
sl For
L' 4

Ny? —
) — L B

* given examples demonstrate impressive success (see above)

* additional independent observables will help
* not an automatic process — requires human thought and guidance

e of course!
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Hybrid Approaches
(The Middle Way)

* These happy friendships between the theory and experimental community
bode well for the success of the LHC program.

* one good point: these latest methods are more data-driven,
and the studies are limited but still good “dress rehearsals” for what
we will have to do when the data arrive.

* one weak point: in essence, they are still driven by known classes of models
(is anything else even possible?)
- one assumes ultimate consistency with at last some model.



What happens if multiple “signatures” appear?

e.g., JetstMET and aZ' ?

e.g., gravitons and a metastable stau ?

e.g., 4t generationb’ and photons+ met ?

Do we question the signals, simple extend the theories, oder ?
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