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Introduction - What do we measure at the LHC?

• Results - What is the goal of the experimental programs at the LHC
• Measure known phenomena as accurately as possible.
• Seach for something new!

• Information
• What do we provide
• What do people want
• Will anyone actually use additional information

• Tools
• Where/How do we best interface to theory
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Results - Searching for the unknown
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ADD GKK + g/q 0 e, µ 1 − 4 j Yes 36.1 n = 2 ATLAS-CONF-2017-0607.75 TeVMD

ADD non-resonant γγ 2 γ − − 36.7 n = 3 HLZ NLO CERN-EP-2017-1328.6 TeVMS

ADD QBH − 2 j − 37.0 n = 6 1703.092178.9 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 3.2 n = 6, MD = 3 TeV, rot BH 1606.022658.2 TeVMth

ADD BH multijet − ≥ 3 j − 3.6 n = 6, MD = 3 TeV, rot BH 1512.025869.55 TeVMth

RS1 GKK → γγ 2 γ − − 36.7 k/MPl = 0.1 CERN-EP-2017-1324.1 TeVGKK mass

Bulk RS GKK →WW → qqℓν 1 e, µ 1 J Yes 36.1 k/MPl = 1.0 ATLAS-CONF-2017-0511.75 TeVGKK mass

2UED / RPP 1 e, µ ≥ 2 b, ≥ 3 j Yes 13.2 Tier (1,1), B(A(1,1) → tt) = 1 ATLAS-CONF-2016-1041.6 TeVKK mass

SSM Z ′ → ℓℓ 2 e, µ − − 36.1 ATLAS-CONF-2017-0274.5 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 36.1 ATLAS-CONF-2017-0502.4 TeVZ′ mass
Leptophobic Z ′ → bb − 2 b − 3.2 1603.087911.5 TeVZ′ mass
Leptophobic Z ′ → tt 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 3.2 Γ/m = 3% ATLAS-CONF-2016-0142.0 TeVZ′ mass

SSM W ′ → ℓν 1 e, µ − Yes 36.1 1706.047865.1 TeVW′ mass
HVT V ′ →WV → qqqq model B 0 e, µ 2 J − 36.7 gV = 3 CERN-EP-2017-1473.5 TeVV′ mass
HVT V ′ →WH/ZH model B multi-channel 36.1 gV = 3 ATLAS-CONF-2017-0552.93 TeVV′ mass
LRSM W ′

R → tb 1 e, µ 2 b, 0-1 j Yes 20.3 1410.41031.92 TeVW′ mass
LRSM W ′

R → tb 0 e, µ ≥ 1 b, 1 J − 20.3 1408.08861.76 TeVW′ mass

CI qqqq − 2 j − 37.0 η−LL 1703.0921721.8 TeVΛ

CI ℓℓqq 2 e, µ − − 36.1 η−LL ATLAS-CONF-2017-02740.1 TeVΛ

CI uutt 2(SS)/≥3 e,µ ≥1 b, ≥1 j Yes 20.3 |CRR | = 1 1504.046054.9 TeVΛ

Axial-vector mediator (Dirac DM) 0 e, µ 1 − 4 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) < 400 GeV ATLAS-CONF-2017-0601.5 TeVmmed

Vector mediator (Dirac DM) 0 e, µ, 1 γ ≤ 1 j Yes 36.1 gq=0.25, gχ=1.0, m(χ) < 480 GeV 1704.038481.2 TeVmmed

VVχχ EFT (Dirac DM) 0 e, µ 1 J, ≤ 1 j Yes 3.2 m(χ) < 150 GeV 1608.02372700 GeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 3.2 β = 1 1605.060351.1 TeVLQ mass

Scalar LQ 2nd gen 2 µ ≥ 2 j − 3.2 β = 1 1605.060351.05 TeVLQ mass

Scalar LQ 3rd gen 1 e, µ ≥1 b, ≥3 j Yes 20.3 β = 0 1508.04735640 GeVLQ mass

VLQ TT → Ht + X 0 or 1 e, µ ≥ 2 b, ≥ 3 j Yes 13.2 B(T → Ht) = 1 ATLAS-CONF-2016-1041.2 TeVT mass

VLQ TT → Zt + X 1 e, µ ≥ 1 b, ≥ 3 j Yes 36.1 B(T → Zt) = 1 1705.107511.16 TeVT mass

VLQ TT →Wb + X 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 B(T →Wb) = 1 CERN-EP-2017-0941.35 TeVT mass

VLQ BB → Hb + X 1 e, µ ≥ 2 b, ≥ 3 j Yes 20.3 B(B → Hb) = 1 1505.04306700 GeVB mass

VLQ BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B(B → Zb) = 1 1409.5500790 GeVB mass

VLQ BB →Wt + X 1 e, µ ≥ 1 b, ≥ 1J/2j Yes 36.1 B(B →Wt) = 1 CERN-EP-2017-0941.25 TeVB mass
VLQ QQ →WqWq 1 e, µ ≥ 4 j Yes 20.3 1509.04261690 GeVQ mass

Excited quark q∗ → qg − 2 j − 37.0 only u∗ and d∗, Λ = m(q∗) 1703.091276.0 TeVq∗ mass

Excited quark q∗ → qγ 1 γ 1 j − 36.7 only u∗ and d∗, Λ = m(q∗) CERN-EP-2017-1485.3 TeVq∗ mass

Excited quark b∗ → bg − 1 b, 1 j − 13.3 ATLAS-CONF-2016-0602.3 TeVb∗ mass
Excited quark b∗ →Wt 1 or 2 e, µ 1 b, 2-0 j Yes 20.3 fg = fL = fR = 1 1510.026641.5 TeVb∗ mass
Excited lepton ℓ∗ 3 e, µ − − 20.3 Λ = 3.0 TeV 1411.29213.0 TeVℓ∗ mass
Excited lepton ν∗ 3 e,µ, τ − − 20.3 Λ = 1.6 TeV 1411.29211.6 TeVν∗ mass

LRSM Majorana ν 2 e, µ 2 j − 20.3 m(WR ) = 2.4 TeV, no mixing 1506.060202.0 TeVN0 mass
Higgs triplet H±± → ℓℓ 2,3,4 e,µ (SS) − − 36.1 DY production ATLAS-CONF-2017-053870 GeVH±± mass
Higgs triplet H±± → ℓτ 3 e,µ, τ − − 20.3 DY production, B(H±±

L
→ ℓτ) = 1 1411.2921400 GeVH±± mass

Monotop (non-res prod) 1 e, µ 1 b Yes 20.3 anon−res = 0.2 1410.5404657 GeVspin-1 invisible particle mass

Multi-charged particles − − − 20.3 DY production, |q| = 5e 1504.04188785 GeVmulti-charged particle mass

Magnetic monopoles − − − 7.0 DY production, |g | = 1gD , spin 1/2 1509.080591.34 TeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 8 TeV

√
s = 13 TeV

ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: July 2017

ATLAS Preliminary∫
L dt = (3.2 – 37.0) fb−1

√
s = 8, 13 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.
†Small-radius (large-radius) jets are denoted by the letter j (J).

• A huge array of analyses at
ATLAS and CMS searching
for new physics ([L] ATLAS
exotics summary)

• A huge array of no observed
excesses, can only constrain
models

• How do we use this to
comment on arbitrary new
physics models not originally
considered?

• What information do we
provide to interpret these
results?
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Results - Measuring the known
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Status: March 2018

ATLAS Preliminary

Run 1,2
√
s = 7,8,13 TeV

Theory

LHC pp
√

s = 7 TeV

Data 4.5 − 4.9 fb−1

LHC pp
√

s = 8 TeV

Data 20.2 − 20.3 fb−1

LHC pp
√

s = 13 TeV

Data 3.2 − 36.1 fb−1

Standard Model Production Cross Section Measurements

• An equally large array of
unfolded particle level
measurements

• This information can also be
used to constrain new
physics (important
distinction: can’t search
here!)

• How do we go about this?
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Results - Measuring the known
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Constructing a toolchain

HUGE development of tools for automated calculations of LHC physics, success depends on the toolchain!

THE MODELS
• Feynrules, de facto language to describe new physics Lagrangians

• Herwig7 (MG,Sherpa etc.) Generate full LHC simulations of these events

THE DATA
• Rivet(+HepData), plugin directly on generator output to replicate analysis

definition

• Experimentally validated plugins, no question of ambiguity on acceptance

Logo pending...

THE LIMITS
• Contur, Analysis framework plugin directly to Rivet output. Analyse

deviations from data
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https://http://feynrules.irmp.ucl.ac.be/
https://herwig.hepforge.org
https://rivet.hepforge.org
https://contur.hepforge.org


Contur - A Jetty Example
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• Zoom in on one of those SM summary
measurements, Inclusive Jets @ 7TeV
CMS, 1406.0324

• Rivet plugin used to replicate
experimental definition for generator
studies, here validation provided by
Herwig authors, Validation summary

• We have a good understanding of the
SM here

• We have a fast flexible way of
reproducing the theory here
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https://arxiv.org/abs/1406.0324
https://herwig.hepforge.org/plots/herwig7.0/


Contur - A Jetty Example Back to data
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BSM vs data cross section comparison for 1D parameter scan

• Again, Inclusive Jets @ 7TeV CMS,
1406.0324

• This time apply analysis definition to
BSM model, scan in 1 parameter
dimension, MZ′

• BSM produces shapes with
distinguishable kinematics, lead jet
pT ≈MZ′/2

• Stack reveals bump hunting idea
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https://arxiv.org/abs/1406.0324


Contur - A Jetty Example Back to data
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(BSM + data)/data cross section comparison for 1D parameter scan

• Again, Inclusive Jets @ 7TeV CMS,
1406.0324

• This time apply analysis definition to
BSM model, scan in 1 parameter
dimension, MZ′

• BSM produces shapes with
distinguishable kinematics, lead jet
pT ≈MZ′/2

• Stack reveals bump hunting idea
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Contur - A Jetty Example

One of the simplest SM extensions, often discussed for the context of Dark Matter searches, LHCDMWG -
1603.04156
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95% CL contour (pink), for a simplified dark matter model.
Theoretical bound from perturbative unitarity (blue)
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Phys. Rev. D. 91 052007 (2015)
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arXiv:1703.09127 [hep-ex]
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ATLAS-CONF-2016-030
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The procedure gives comprable results to the official
searches, differences are understood
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https://arxiv.org/abs/1603.04156
https://arxiv.org/abs/1603.04156


Contur - A recent example analysis



Contur - Light Scalars

A different model, Light Scalars at the LHC 1607.08653, contributions made to Les Houches proceedings
(pending).
Example: CP-Even scalar has gauge sector interactions specified by the following Lagrangian:

Leff ⊃ φ
(

1
ΛG

µν aGaµν + 1
ΛW

µν IW I
µν + 1

ΛB
µνBµν + 1

Λ |D
µH|2

)
• EFT Model behaviour dictated by 2 parameters in this case, suppresion scale Λ, scalar mass mφ

• Well motivated extension of many BSM models is an extended Higgs Sector (e.g. 2HDM)

• Low mass scalars sector not fully excluded by low mass diphoton searches

• Decays to massive dibosons kinematically unfavoured in these mass ranges → predominant decays to
diphoton
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https://arxiv.org/abs/1607.08653


Contur - Light Scalars
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(BSM + data) vs data cross section comparison for 1 model point in 0 jet bin of
ATLAS Z(νν)+γ as a function of Eγ

T

• Gain exclusion limits from 7/8TeV
gauge boson + γ(γ) measurements.

• Here show ATLAS 8TeV Zγ(γ),
1604.05232

• Perhaps less expected, typically would
only consider diphoton
measurements/searches

• The power of our approach relies on a
huge breadth of complementary
analyses, can catch atypical channels
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https://arxiv.org/abs/1604.05232


Contur - Light Scalars
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CLs of a 2D scan of parameter space points

• Perform 2D Parameter scans (this case
for CP-Even scalar) utilising as many
Rivet plugins as possible

• Build orthogonal combinations of
datasets

• Profile likelihood fit across all datasets
• Report exclusion of model in terms of

CLs
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Contur - Light Scalars
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95% CL contour (pink), for a CP even light scalar

• Perform 2D Parameter scans (this case
for CP-Even scalar) utilising as many
Rivet plugins as possible

• Build orthogonal combinations of
datasets

• Profile likelihood fit across all datasets
• Report exclusion of model in terms of

CLs
• Build 95% CL exclusion contour
• Maps out the low mass scalar

landscape!
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Conclusion

Hopefully this has demonstrated some interesting ideas:

• We have fast simulations of calculable theoretical quantities through SM measurements, this can form a
robust net of measured parameters to confront BSM simulation with using Contur → the process is
validated

• We can use these tools to demonstrate interesting phenomenological results → the process can tell us
interesting/unexpected things about physics

Thanks for Listening!
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Backup



The Search Recasting Problem

Roughly speaking need to know two quantities to translate a particle level simulation to a count in a detector
volume:

Nobs = L · σTotal ·A · ε (1)

• A - Acceptance, effectively the analysis definition, can be simple
• Do we provide code or ATLAS/CMS approved analysis description, Rivet?
• More complicated analyses, BDTs etc, impossible?

• ε - Efficiency, detector simulation
• Usually done by theorists with approx fast sims, e.g. Delphes
• ATLAS approved fast sims? Not going to happen?
• Other ways around this, Folding matricies?

The community as devised a variety of ways to provide additional information (Efficieny maps, generic
resonance/cross section limits, etc.) But it is a difficult and pressing question to keep on top of
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Contur - Methodology benefits/limitations

PROS

• "Model Independent" - Very dependent on the SM, but this seems the best model to be dependent on!

• Fast, no expensive detector simulation

• Builds on independent, actively developed codes, Very little bespoke information needed.

• Builds on already established route to market for experimental data, and feeds back directly on this pipeline

CONS

• Unfolded measurement data arrives slower than a search

• Limited analysis coverage (for now?) for some typical search regions (E.g. Large MET)

• Currently limited to profiling purely based on Data and BSM simulation, not entirely a con but a current
internal limitation.
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