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EFT Validity

Effective field theory (EFT) models describe interactions mediated
by particles so massive that the interaction can be treated as a
point interaction. They:

» are more model-independant than simplified models

» are invalid unless the momentum transfer is much smaller
than the underlying mediator mass:

Qtr << Mineq (1)
Much of what is presented here is a review of methods for dealing
with EFT validity described in the following:
» arXiv:1307.2253
> arXiv:1402.1275
» arXiv:1405.3101
with emphasis on methods used for Run 1 ATLAS analyses.
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http://arxiv.org/abs/1307.2253
http://arxiv.org/abs/1402.1275
http://arxiv.org/abs/1405.3101

Finding Mp,cq

Must assume the form of a UV-complete theory with (unknown)
couplings to DM and SM. For example, for some operators:

2.2
_ 8585 1
o(pp — xx+ X = — 2
(pp o ) (Qtr med) + rmed Mmed N ( )

Then, for Myeq >> @i, we get:

2.2
848 1
/\/74 * = N Mied = \/8q& N (3)

med

This completion scheme was used in Run 1 mono-Higgs(y~) and
mono-Higgs(bb) analyses and for the D5, D8, and D9 EFT
operators in the Run 1 mono-Jet analysis. Other completion
schemes are possible.
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Flnd|ng Qtrv gq, and gX

For @y, if all momentum is transferred via the mediator which
pair-produces the DM:
Qi = myy (4)

This expression for Q;, was used in the mono-Higgs analyses.
Other choices are possible. Finally, we have the requirment
myx << \/8q&/\, which in practice we implement in analyses as:

My < /88N (5)

> gq and g, unknown, so best to scan over values.
» Perturbativity constrains g4 and g, to be less than 4.

» In practice, we consider:

> natural scale: gg =g, =1
> best case: gg = g, = 47
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Truncation Methods

Most Run 1 analyses used the main idea: reject events for which

Qor > V8a&x\.

» Truncation method applied on fiducial events:

ooss%cr, = 0(A) - Agd(N) - Arunc(N, /8q8x) - € (6)

» No GEANT sim required if detector efficiency € # €(A).
» Truth-level scan over A to find ggsycr.-

» lterative truncation method applied on inclusive truth-level
events:
» Described on next slide.
» Only valid if the truncation acceptance is the same for
inclusive and fiducial events.
When the assumptions of these methods are met or taken into
account, they produce the same results.
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The lterative Truncation Method

1. Start with Ag, the nominal expected limit on A

2. For each step i, obtain the relative fraction of valid events

R/i\in satisfying Qi < \/8q&8y/Nin With respect to all events
passing the previous iteration, where A;, is the suppression
scale limit obtained in the previous step

3. Rescale A using: Aoyr = [R’ ]2(d 9N\,

4. Go to step 2, using the current Aoy as the new Aj,, repeating
until the fraction of valid events at a given step K  reaches 0
orl

5. Calculate the total validity fraction R™* =[] R,’\ and the
final rescaled limit on the suppression scale

Nvalia = [R™]2@=9 Ng

(d is the dimension of the EFT operator.)
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Mass scale A[GeV]

2

Mass scale A[GeV]

Mono-Higgs(v7) Results
arXiv:1506.01081
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http://arxiv.org/abs/1506.01081

Mono-Higgs(bb) Results
arXiv:1510.06218
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» Used truncation applied on fiducial events.

» Unit truncation decreases sensitivity for the xgxFhDh model
(left), no sensitivity for the xdxhDh model (right).

» Max truncation has little effect for low DM masses.


http://arxiv.org/abs/1510.06218

90% CL limit on M. [GeV]

90% CL limit on M. [GeV]

Mono-v Results

arXiv:1411.1559
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Number of Extra Dimensions

» Unit truncation
decreases
sensitivity.

» Max truncation
has little effect for
all DM masses.
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http://arxiv.org/abs/1411.1559

Mono-Jet Results

arXiv:1502.01518
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Similar conclusions as truncation results for other searches.

WIMP mass m, [GeV]
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http://arxiv.org/abs/1502.01518

Conclusions

» Applying the truncation methods with maximum couplings
has little effect on limits.

» Applying the truncation methods with unit coupling decreases
or eliminates sensitivity.

» These methods give an idea of the effects of EFT validity on
model interpretation. Optimistic (max coupling) results still
show sensitivity and merit and could be used in Run 2.

11/13



New Approaches for Run 2

» Applying truncation cuts at generator-level would remove the
need to apply these methods.

» However, the cross section scaling functions (o(A)) would
change and need to be re-derived for use in setting limits.
» If done correctly, this method should yield the same results as
the truncation methods used in Run 1.
» Other methods, such as requiring Ecyt < Mews = gest\, should
also be studied by the different searches and will lead to
different limit results.

» The Ecnv < Mewt = gest/\ approach is recommended for Run 2
by the DM Forum Report (arXiv:1507.00966).
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http://arxiv.org/abs/1507.00966

Thanks!



