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What to constrain?

Full 
Models

Simplified 
Models

EFTs

e.g. MSSM, UED

e.g. Z’, Scalar 
singlet DM 

e.g. D1, M3  
etc. operators
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Effective Field Theories
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Complementarity
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Figure 5. Inferred 90% CL ATLAS limits on spin-independent WIMP-nucleon scattering. Cross
sections are shown versus WIMP mass mχ. In all cases the thick solid lines are the observed
limits excluding theoretical uncertainties; the observed limits corresponding to the WIMP-parton
cross section obtained from the −1σtheory lines in figure 4 are shown as thin dotted lines. The
latter limits are conservative because they also include theoretical uncertainties. The ATLAS limits
for operators involving quarks are for the four light flavours assuming equal coupling strengths
for all quark flavours to the WIMPs. For comparison, 90% CL limits from the XENON100 [70],
CDMSII [71], CoGeNT [72], CDF [19], and CMS [21] experiments are shown.

scattering cross sections is done using equations (3) to (6) of ref. [32], and the results are

shown in figures 5 and 6.8 As in ref. [32] uncertainties on hadronic matrix elements are

neglected here. The spin-independent ATLAS limits in figure 5 are particularly relevant in

the low mχ region (< 10 GeV) where the XENON100 [70], CDMSII [71] or CoGeNT [72]

limits suffer from a kinematic suppression. Should DM particles couple exclusively to

gluons via D11, the collider limits would be competitive up to mχ of about 20 GeV, and

remain important over almost the full mχ range covered. The spin-dependent limits in

figure 6 are based on D8 and D9, where for D8 the M∗ limits are calculated using the D5

acceptances (as they are identical) together with D8 production cross sections. Both the

D8 and D9 cross-section limits are significantly smaller than those from direct-detection

experiments.

As in figure 4, the collider limits can be interpreted in terms of the relic abundance

8There is a typographical error in equation (5) of ref. [32] (cross sections for D8 and D9). Instead of

9.18 × 10−40cm2 the pre-factor should be 4.7× 10−39cm2.
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Figure 7. Inferred ATLAS 95% CL limits on WIMP annihilation rates ⟨σ v⟩ versus mass mχ.
⟨σ v⟩ is calculated as in ref. [15]. The thick solid lines are the observed limits excluding theoretical
uncertainties. The observed limits corresponding to the WIMP-parton cross section obtained from
the −1σtheory lines in figure 4 are shown as thin dotted lines. The latter limits are conservative
because they also include theoretical uncertainties. The ATLAS limits are for the four light quark
flavours assuming equal coupling strengths for all quark flavours to the WIMPs. For comparison,
high-energy gamma-ray limits from observations of Galactic satellite galaxies with the Fermi-LAT
experiment [75] for Majorana WIMPs are shown. The Fermi-LAT limits are scaled up by a factor
of two to make them comparable to the ATLAS Dirac WIMP limits. All limits shown here assume
100% branching fractions of WIMPs annihilating to quarks. The horizontal dashed line indicates
the value required for WIMPs to make up the relic abundance set by the WMAP measurement.

sensitive to annihilation to light and heavy quarks, whereas ATLAS probes mostly WIMP

couplings to lighter quarks and sets cross-section limits that are superior at WIMP masses

below 10 GeV for vector couplings and below about 100 GeV for axial-vector couplings. At

these low WIMP masses, the ATLAS limits are below the value needed for WIMPs to make

up the cold dark matter abundance (labelled Thermal relic value in figure 7), assuming

WIMPs have annihilated exclusively via the particular operator to SM quarks while they

were in thermal equilibrium in the early universe. In this case WIMPs would result in

relic densities that are too large and hence incompatible with the WMAP measurements.

For masses of mχ ≥ 200 GeV the ATLAS sensitivity worsens substantially compared to the

Fermi-LAT one. This will improve when the LHC starts operation at higher centre-of-mass

energies in the future.
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Fundamental Limit to Validity

• In s-channel:
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Measuring the Validity
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Measuring the Validity

• If we want to measure the validity as a fn of Λ,  
the                condition means choosing a  
model-dependent relationship between M and Λ: e.g. 

!

• Best case scenario: 

!

•  Starting choice for coupling: 
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Measuring the Validity
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Calculate or measure the fraction of events  
that pass the condition Qtr < Λ, for a given 
choice of Λ and mDM

G. Busoni, A. De Simone, J. Gramling, E. Morgante, A. Riotto 
arXiv:1402.1275, JCAP 1406 (2014) 060
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• Calculated for a 
representative set of 
effective operators 

• Qualitatively similar to first 
operator 
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Extension to 
other operators

G. Busoni, A. De Simone, J. Gramling,  
E. Morgante, A. Riotto, arXiv:1402.1275 
JCAP 1406 (2014) 060
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Measuring the Validity

 [GeV]χWIMP mass m
210 310

 [G
eV

]
*

Su
pp

re
ss

io
n 

sc
al

e 
M

200

400

600

800

1000

1200

, SR3, 90%CLOperator D5
)expσ 2± 1 ±Expected limit (

)theoryσ 1±Observed limit (

Thermal relic

 PreliminaryATLAS

=8 TeVs -1Ldt = 10.5 fb∫

not valid
effective theory

 [GeV]χWIMP mass m
210 310

 [G
eV

]
*

Su
pp

re
ss

io
n 

sc
al

e 
M

200

400

600

800

1000

1200

1400
, SR3, 90%CLOperator D8

)expσ 2± 1 ±Expected limit (
)theoryσ 1±Observed limit (

Thermal relic

 PreliminaryATLAS
=8 TeVs

-1Ldt = 10.5 fb∫
not valid
effective theory

 [GeV]χWIMP mass m
210 310

 [G
eV

]
*

Su
pp

re
ss

io
n 

sc
al

e 
M

100

150

200

250

300

350

400

450

500 , SR3, 90%CL Operator D11
)expσ 2± 1 ±Expected limit (

)theoryσ 1±Observed limit (

Thermal relic

 PreliminaryATLAS

=8 TeVs
-1Ldt = 10.5 fb∫

not valid
effective theory

Figure 9: The 90% CL lower limits on M∗ for different masses of χ. Observed and expected limits includ-
ing all but the theoretical signal uncertainties are shown as dashed black and red solid lines, respectively.
The grey and blue bands around the expected limit are the ±1 and 2σ variation expected from statistical
fluctuations and experimental systematic uncertainties on SM and signal processes. The impact of the
theoretical uncertainties is shown by the thin red dotted ±1σ limit lines around the observed limit. The
M∗ values at which WIMPs of a given mass would result in the required relic abundance are shown as
rising green lines (taken from [22]), assuming annihilation in the early universe proceeded exclusively
via the given operator. The shaded light-grey regions in the bottom right corners indicate where the ef-
fective field theory approach breaks down [22]. The plots are based on the best expected limits, which
correspond to SR3.
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Summary

• Effective Field Theories are a powerful tool allowing 
comparisons between different classes of experiment. 

• At LHC energies, the approximation begins to break down, 
and remains fully valid only for very large couplings and 
values of Λ. 

• More on the implementation of the truncation, and 
dependence on the UV completion & couplings  
from Steven next.
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