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How do we find DM: Indirect Detection

e We can detect presence of DM DM= — = 5 >
by it thilati in th —
y its annihilation products in the | v, o D,
galactic halo —
L]

e Signatures include observation of
COSMIC rays

V o IceCube, Antares, Super-
Kamiokande (neutrino detectors/
telescopes)

et.p © PAMELA (satellite)
%, € o Fermi (satellite)

33333

o How might these final states be
connected with the Higgs?
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Future Directions: Higgs, Collider and DM physics

Characterize sensitivity change for specific Higgs
discovery channels with varying center of mass
energies (with E. Berger, Q-H Cao, C. Jackson,
T. Liv)

Utilize method to constrain top quark Yukawa
coupling via associated production with single top

quark (with V. Barger, M. McCaskey)

o With SM couplings, significant destructive interference
suppresses these channels
Characterize double parton scattering topologies and
associated points in phase-space at the LHC (with E.
Berger and C. Jackson)

Associated LHC signatures of leptonic-favored DM
models (with Q-H Cao)

Examine generic signatures of invisible state
production at LHC and extract masses and coupling
strengths (with A. de Gouvea, 1. Low and J. Gainer)
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Combined visible channels, CMS, 30 fb'l
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Invisible channel, ATLAS, 30 fb™'

P I IR P

gr

200
Higgs Mass (GeV)

g




e Most of mixing-invisible decay space can be covered at LHC with

modest luminosity

e Difficult if more mixing-singlets are included

ATLAS & CMS, 30 fb_l, M, =120 GeV

SM Higgs fraction

ATLAS & CMS, 30 b, M, = 160 GeV
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Assumes universal scaling

Barger, Langacker, McCaskey, Ramsey-Musolf, GS
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ATLAS & CMS, 30", M, =120GeV
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N Cs can be mitigated by coupling of each fermion sector

d on the gh[lmber of Higgs doublets
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: the Higgs VEV that gives masses to W/Z bosons in

m-Z bih:

9w =g (hloy) > |bz'|2 =
so that
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Lepton-specific 2HDM

e Masses for quarks given by ¢, and leptons by ¢,
both contribute to W/Z masses

o Higgs state: h = a,¢, + ar@y
e Two parameters: tanf = b,/b; , 6 = cos(f — o) = ayzbe — asd,

o W/Z Couplings: gy = a,b, + aghy = /1 — 62

Lepton-specific 2HDM
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e Fermion couplings:
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o Generic features: gw 7 Gu = Jd 7 e | e \
G :

o Pattern relation: SH v
= Tt = — = I I I I =
S — aqw (gq == ge) =0a01 = 1 =0 ~05 0.0 0.5 1.0
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How can we discriminate models?

o Pattern relation helps discriminate models
o Example: Lepton-specific 2HDM + additional singlets (with £ < 1)
Pue = gw(Gq + Ge) — §qGe = §
o Fills 3-dim space of gw, g4, g¢ with0 < P, <1
o Distinct relation from other models

© Footprint of model inhabits different regions in 9w, Gu; 9d; Ge

o Invert relations to extract the Higgs components and VEV sharing
of the model (step closer to understanding model):
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e Method, of course, fails up to

Decoupling limit at the LHC

uncertainties in coupling

measurements

e Decoupling region defined by

uncertainties at the LHC/

ILC for 120 GeV Higgs mass:

A R

9 g

LHC 22% 43% 32% 2%

Duhrssen, Heinemeyer, Logan,
Rainwater, Weiglein, Zeppenfeld.
Look at Lafaye, Plehn, Rauch, Zerwas
and Duhrssen for an updated analysis

e Regions defined by X2 :
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