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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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Effective Field Theories
• Integrate out the mediator 

• Reduce parameters to  
for each operator 

• Limited number of operators q
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Rescaling the Limits
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Figure 10: Rescaled limits on M⇤ for WIMP events with M� = 50 GeV, taking the fraction of valid
events into account, for

p
s = 8 TeV (left) and

p
s = 14 TeV (right). A scan over di↵erent values of

couplings pgSMgDM for three Emiss
T thresholds is shown. Rescaled limits, M⇤valid, and their dependence

on the coupling are shown as solid lines, while the correspond limit assuming 100% validity, M⇤exp, is
shown as a dashed line of the same colour.
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Figure 11: Rescaled limits on M⇤ for WIMP events with M� = 400 GeV, taking the fraction of valid
events into account, for

p
s = 8 TeV (left) and

p
s = 14 TeV (right). A scan over di↵erent values of

couplings pgSMgDM for three Emiss
T thresholds is shown. Rescaled limits, M⇤valid, and their dependence

on the coupling are shown as solid lines, while the correspond limit assuming 100% validity, M⇤exp, is
shown as a dashed line of the same colour.

selection with larger M⇤exp (Emiss
T > 600 GeV) has a lower validity fraction than a selection with a lower

threshold (Emiss
T > 400 GeV). Above 1.4, the increased M⇤exp again dominates, leading to an improved

Rtot
Mmed

. Figure 10 also shows how the impact of the validity fraction is reduced when considering the full
limit rescaling procedure. Starting from a higher M⇤exp provides a linear dependence, while the validity
fraction only enters under a power of 1

4 for the D5 operator. As such, the Emiss
T cut of 600 GeV still

provides the strongest rescaled limit for pgSMgDM � 1.1 among the three considered signal regions,
despite only having a higher validity fraction from 1.4.

It is also important to consider how these conclusions will change for each of the typical EFT oper-
ators. Comparing the observed limits for di↵erent operators from the 7 TeV ATLAS mono-jet result [2]
shows that D5 is one of the operators with stronger limits on M⇤, and thus will have a larger validity
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Figure 10: Rescaled limits on M⇤ for WIMP events with M� = 50 GeV, taking the fraction of valid
events into account, for
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s = 8 TeV (left) and

p
s = 14 TeV (right). A scan over di↵erent values of

couplings pgSMgDM for three Emiss
T thresholds is shown. Rescaled limits, M⇤valid, and their dependence

on the coupling are shown as solid lines, while the correspond limit assuming 100% validity, M⇤exp, is
shown as a dashed line of the same colour.
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selection with larger M⇤exp (Emiss
T > 600 GeV) has a lower validity fraction than a selection with a lower

threshold (Emiss
T > 400 GeV). Above 1.4, the increased M⇤exp again dominates, leading to an improved

Rtot
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. Figure 10 also shows how the impact of the validity fraction is reduced when considering the full
limit rescaling procedure. Starting from a higher M⇤exp provides a linear dependence, while the validity
fraction only enters under a power of 1

4 for the D5 operator. As such, the Emiss
T cut of 600 GeV still

provides the strongest rescaled limit for pgSMgDM � 1.1 among the three considered signal regions,
despite only having a higher validity fraction from 1.4.

It is also important to consider how these conclusions will change for each of the typical EFT oper-
ators. Comparing the observed limits for di↵erent operators from the 7 TeV ATLAS mono-jet result [2]
shows that D5 is one of the operators with stronger limits on M⇤, and thus will have a larger validity

14

D5

p
gqg�

M ⌘ p
gqg�M

⇤ � Qtr



Rescaling the Limits



Moving on from EFTs

Full 
Models

Simplified 
Models

EFTs

e.g. MSSM, UED

e.g. Z’, Scalar 
singlet DM 

e.g. D1, M3  
etc. operators



Moving on from EFTs

Full 
Models

Simplified 
Models

EFTs

e.g. MSSM, UED

e.g. Z’, Scalar 
singlet DM 

e.g. D1, M3  
etc. operators



Moving on from EFTs

Full 
Models

Simplified 
Models

EFTs

e.g. MSSM, UED

e.g. Z’, Scalar 
singlet DM 

e.g. D1, M3  
etc. operators

• Closer approximation to a 
physical model 

• Fewer validity problems 

• Enhanced signals



Moving on from EFTs

Full 
Models

Simplified 
Models

EFTs

e.g. MSSM, UED

e.g. Z’, Scalar 
singlet DM 

e.g. D1, M3  
etc. operators

• Closer approximation to a 
physical model 

• Fewer validity problems 

• Enhanced signals

• Enlarged parameter 
space and list of models



Thermal Relic Dark Matter

• Dark matter in thermal 
equilibrium at large T 

• When mDM > T, comoving 
abundance drops exponentially 

• As universe expands, 
abundance freezes out 

• Annihilation rate controls 
abundance at freezeout
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Not a constraint, but a good starting point!
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1. DM is a thermal relic, so that relic density goes like  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Relating WIMP searches to DM

1. DM is a thermal relic, so that relic density goes like  

2. The dominant annihilation channel is to SM fermions via 
one dark mediator;

3. gu,d	
  ≥	
  gq,l

4. The DM candidate makes up 100%  
of the DM of the universe
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3 & 4. Annihilation Range
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Allowing DM to couple to either just one generation of quarks, 
or all fermions, gives a range for the annihilation rate



Effective operator results
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Relaxing the final assumption
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Results

• Results



Conclusion

• At LHC energies, EFTs are a powerful tool, but range of 
validity is limited to large couplings 

• EFTs remain useful, but only if accompanied by  
searches for more complex models  

• Dark Matter considerations can help focus the search for 
simplified WIMP models


