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Consider only dark 0l =
matter state w/ one i
effective operators to SM 2 (X7uX) (@7"q)
at a time L

Pros: Simple 2-d parameter space, allows comparison
between monojets and direct detection

Cons: WIMP miracle put in by hand, potentially
new signals in UV completion, multiple operators may
be important
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~ Pros: Theoretically Motivated, All Effects (e.g. NLO,
coannihilation)
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Cons: Multi-dimensional parameter space, signal
correlations harder to see, sensitive to theory priors
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# Effective Operators, aka “Etfective Dark
Matter”

# A complete WIMP theory, e.g.

Supersymmetric Dark Matter

# We are proposing a useful compromise:
“Ettective WIMDPs”




For a UV complete model, typically have to add new
particles (however see Minimal DM, Higgs Portal)

Lint — )\X(SM)(@TW)*

If we assume DM is gauge singlet, have to introduce
partners to SM particles

3 parameters: masses of DM, partner and interaction
strength. However, can fix one by relic abundance

Natural Z; symmetry for DM stability



We considered DM of spin 0, 1/2, |

with renormalizable
couplings to left-handed quarks

From flavor assume quark partners are
degenerate and DM couples to

all, first two or just third generation

DM can be “real or complex”



Relic Abundance, Indirect
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For complex dark matter (e.g. Dirac or complex scalar)
no symmetry to forbid vector-vector coupling to quarks

Due to large matrix element of quark vector operator
in nucleons, one finds

4 2 2 2
_ )\ mnucleon mnucleon N M weleon 10—36 2
7TmQ mX X

XENONI 00 limit requires multi-TeV DM
which is uninteresting for colliders



Due to suppressed matrix elements, not ruled

out by direct detection unless mpmM = mqg
due to s-channel resonance
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For real DM, t-channel process allows to produce
same sign quark partners, using valence quark pdfs

Its xsec goes as A%, which for relic abundance grows
as mq?, thus compensating for pdf drop
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New t-channel Process
For real DM, t-channel process allows to produce

same sign quark partners, using valence quark pdfs

Its xsec goes as A*, which for relic abundance grows
as mq?, thus compensating for pdf drop
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Primer to 4 papers
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Conclusions
# Effective WIMPs are useful - complete DM theories

w/ simple 2d parameter space after imposing Qpwm

# Direct detection and colliders are complementary in

the parameter space

# Real DM models least constrained, new collider

process of same sign quark partner production
through t-channel DM

# Good starting point to analyze limits or any

eXCesses



Extra Slides




800 ‘ ' - - - T - T T T T T T 4 T
m Coannihilation Region =24
| Xenonl00

— | = om om o= [UX ] yr
% 600 Xenon 1T
8 CMS B -tag
2 A 3
<
= » piiiig |
U |
(e A
<
<’ 200 ,===:- .
2 ---:=- .

0 , _

0 200 400 600 800 1000

Colored Scalar Mass (GeV)

Much weaker constraints from
colliders and direct detection due
to small b-quark content of proton
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Real Scalar DM Mass (GeV)
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Associated QX
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Near degeneracy, jets from ISR crucial
for jetstMET searches

Typically dominated by gluon fusion
but t-channel process has different ISR

Not precisely modeled by simplified models



Improved reach for collider searches
through new process of t-channel DM
exchange constraining ~ TeV quark

partners

Monojet has a MET “bump” due to Qx

production



An et.al. arXiv: 1308.0592

Comparison of effective
operator vs full mediator
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Real Scalar DM coupled to light quarks

- Nonperturbative
Coupling
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