Solving the LHC Inverse Problem
with Dark Matter Observations

Brent D. Nelson
Northeastern University, Boston

with Baris Altunkaynak and Michael Holmes
JHEP 0810, 013 [hep-ph/0804.2899]

Northeastern

U N 1 v B R 5 1 T X




The “LHC Inverse Problem” —in One Slide

= Basic premise: multiple SUSY parameter sets likely to fit the LHC data

e After many years of data-taking at LHC we have a well-defined “signature
space” bounded only be experimental errors

e A global fit to a “minimal” multi-parameter MSSM model is performed
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e Several (isolated) points in “parameter space” will be good fits to the
observed data



The “LHC Inverse Problem” — Verification

Arkani-Hamed, Kane, Thaler & Wang , “Supersymmetry and the LHC inverse problem,” JHEP 0608, 070 (2006)

= This conjecture was explicitly verified by brute force
e 45,000 SUSY models sampled and 10 fb—! of simulated data generated
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e Over 1800 observables s; constructed — some examples:

Number of events with 2 jets and 2 leptons
Mg of everything in the event for events with 5 jets and no leptons
Invariant mass of the two hardest non-b-tagged jets
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e The set {s,} for each model defines a point in “signature space”
e Distance between model4 & modelp in signhature space can be defined by
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o If (ASap)2 < (AS4p)2. ,the pair (A,B) was defined to be degenerate
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The “LHC Inverse Problem” — Is it a Problem?

e Out of 45,000 test models they 1
found 276 degenerate pairs Parameter Space

e Even found triplets, quartets, etc. Pairs } = =~ _,Models

[therefore only 378 unique models]
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e Estimate O(10 — 100) twins for any /
given parameter set

o

= How should we attack this important problem?
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= How should we attack this important problem?

(1) Make better use of LHC data itself

e Better choice of observables
e Use exclusive measurements/reconstruct decay chains

e Simply wait for more integrated luminosity

=- But let's go ahead and take the LHC Inverse Problem at face value



The Search for Solutions

(2) Walit for the ILC to rescue us?
Berger, Gainer, Hewett, Lillie & Rizzo , arXiv:hep-ph/0711.1374, hep-ph/0712.2965

e Good News: When charged superpartners accessible,
pairs generally separable

e Bad News: Only 57 pairs distinguishable at 50 at /s = 500 GeV ILC
(63 at 3o level)

e Worse News: The earliest we can expect the ILC is 2019...
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(3) Use dark matter observables as a discriminant

e Many experiments taking data now or in near future

e WIMP signal rates strongly sensitive to things LHC has difficulty seeing
(like LSP wavefunction)



Dark Matter: Challenges and Opportunities

Given a WIMP signal can we say definitively that it is consistent
with only one of our post-LHC models?

= Dark matter arena very different from collider studies!

e Variety of experiments and detection methodologies
e Backgrounds to WIMP signals less well modeled and understood
e Theoretical assumptions often the biggest source of uncertainty
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= One major uncertainty — number density of WIMPs n, = p, /m,,

e We have little idea what this should be...
but rotation curves give some indication

e Assume a local density normalized by (p,), = 0.3 GeV/cm?

e Indirectly related to thermal relic density Q, h?

e Impacts direct detection nuclear recoil rates

e Annihilation rates and branching fraction into interesting final states

= We performed all calculations using DarkSUSY






