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BSM physics at the LHC?

*

® Flavour see Werner’s talk

#® hierarchy of fermion masses, in particular v
® mixing pattern: small mixing for ¢q versus large mixing for v

® Anomalies

® (9—2)u
® Db-physics:
I'(B — D™ i) I'(B— K®utu)
Ry = —— l=e, DRy = —— T
P = T(F S poy LT eH) KO = 7B 5 KWete)
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® Cosmology

® Dark matter
® Baryon asymmetry of the Universe




BSM physics at the LHC?

|
e

® Flavour see Werner’s talk
#® hierarchy of fermion masses, in particular v

® mixing pattern: small mixina for a versus larae mixina for v

® Anomalies

® (9—2), ® SM & my; = 125.1 GeV: potentially meta-stable (G. Degrassi et al., arXiv:1205.6497)
® Db-physics:
P _I'(B— -
D) — F(B — i’; o Landau pole
o 0o Potential bounded from below
$® Cosmology T Al 10‘5

& Dark matter
® Baryon asymmetry ¢ ® "Why does electroweak symmetry break?” or "Why is u? < 0 in the SM?”

® Hierarchy problem (?)

om3 oc A?: Sensitivity to highest mass scale of unknown physics
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l BSM physics at the LHC

« BSM searches with Standard Model cross sections

- Effective field theories and (simplified) models:
BSM searches and novel/subtle LHC signatures



| BSM searches with Standard Model cross sections \

Search for BSM signals which are similar to SM “background”

e.g.




Reinterpreting diboson cross sections

e.g. to search for SUSY through pp — tt* with ¢t — W + )ZO + b

K. Rolbiecki, |. Tattersall / Physics Letters B 750 (2015) 247-251

pp—ti by, & —bffX] /L —bWRY /T —tR}, BR=100%
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WW combination
ATLAS monojet

ATLAS 1-lepton

ATLAS 2-lepton

CMS 1-lepton

ATLAS spin correlation
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cf. Feigl, Rzehak, Zeppenfeld, arXiv:1205.3468 [hep-ph]; Curtin et al., arXiv:1406.0848 [hep-ph]
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https://arxiv.org/abs/1205.3468

Reinterpreting top-quark cross-sections
v ———

Stop production might be hiding in the top cross section: Texp = O¢f + Ojff+

vary neutralino mass
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Czakon et al., arXiv:1407.1043 [hep-ph]



' Reinterpreting top-quark cross-sections
—

Stop production might be hiding in the top cross section: Texp = Of + Ojj«

vary neutralino mass
1 —
} CMS 7 TeV.23 fb! 4

In both cases, precision measurements and NNLO
calculations of SM cross sections provide complementary
information on specific BSM models, in particular in regions
of model space where the BSM signal is similar to the SM
“background” and where direct searches are thus less

sensitive.
R T R - T —
m; [GeV]

Czakon et al., arXiv:1407.1043 [hep-ph]



Constraints on new theories using Rivet (Contur)
1=, D—

J. Butterworth, MK, D. Grellscheid, B. Sarrazin and D. Yallup
JHEP 1703 (2017) 078 & contur.hepforge.org
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Thus they can potentially constrain BSM processes with SM-like signatures
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Constraints on new theories using Rivet (Contur)
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Constraints on new theories using Rivet (Contur)
1=, D—

W=, Z, v

& Dijet double-differential cross sections (y* < 0.5)
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9

We assume data = SM, and thus can only place limits.

To extend the method, we plan to incorporate SM predictions
and uncertainties into Contur.

| | | | | | | | | | | | | |
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Search for virtual BSM effects
T — E— |

LHC13 50 contour (M1>0)
35_'|:"'I""|----|--|||-...

see Werner’s talk
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Can we probe this region through indirect precision?
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Search for virtual BSM effects

w
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Hollik, Plehn, Rauch, Rzehak, arXiv:0804.2676 [hep-ph]
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https://arxiv.org/abs/0804.2676

Search for virtual BSM effects

see Heidi’s talk
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0.8
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https://arxiv.org/abs/1710.07598

Search for virtual BSM effects
T — E— |

4 /JVJJ< K v
----- o Il s see Heidi’s talk
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Could the new states (Mn = 300 GeV,
Man+ = 460 GeV) be discovered in 0.8
direct searches? —0.2
EE—
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https://arxiv.org/abs/1710.07598

0 (M2 ,M2,25?)

Search for virtual BSM effects

Higgs portal model with dark fermions
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Voigt and Westhoff, arXiv:1708.01614 [hep-ph]
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https://arxiv.org/abs/1708.01614

Search for virtual BSM effects

Higgs portal model with dark fermions

ZH (k1)
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Voigt and Westhoff, arXiv:1708.01614 [hep-ph]
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7" (k)

Virtual effects of dark fermions are
sizeable for large Yukawa couplings,
and can probe parameter regions
with heavy mediators or compressed
spectra, complementary to direct
searches

T — e


https://arxiv.org/abs/1708.01614

' Do we need BSM precision? ‘

We need precision to explore BSM models after discovery

15



l Do we need BSM precision? \

We need precision to explore BSM models after discovery

Do we need precision to improve constraints on BSM models before a discovery?

15



Do we need BSM precision?
e T

We need precision to explore BSM models after discovery

Do we need precision to improve constraints on BSM models before a discovery?

Why being an optimist?

e 10 years to develop a tool
e BSM predictions needed for discovery (and for limit setting?)

e Experience with one model can be used for others

Need for both, optimists and pessimists

T — R

15



Conclusion:

Modern OLP are (getting) ready for BSM theories.

Do we need BSM precision?

T —

|

N\

Model  Autom.
generator renormal-
ization
FeynRules
NLOCT
SARAH Rept 1]
LanHEP
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see Jean-Nicolas’ talk

| owp |

FormCalc

Gosam
MadGraphb

OpenLoops
Recola2



BSM physics at the LHC

—

« BSM searches with Standard Model cross sections

- Effective field theories and (simplified) models:
BSM searches and novel/subtle LHC signatures
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From EFTs to full models?

Less complete

Dipole
Interactions

“Sketches of models”
More

complete
Dark Matter

Effective Field Theories

Dark
Photon

Minimal
Supersymmetric
Standard Model

Simplified
Dark Matter
Models

Contact
Interactions

i Complete
1885 Dark Matter
Portal Models

Universal
Extra
Dimensions

Little
Higgs

arXiv:1506.03116 [hep-ph]
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http://arxiv.org/abs/arXiv:1506.03116

From EFTs to full models
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Buttazzo, Greljo, Isidori, Marzocca, arXiv:1706.07808 [hep-ph]
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https://arxiv.org/abs/1706.07808

From EFTs to full models
T — e
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Buttazzo, Greljo, Isidori, Marzocca, arXiv:1706.07808 [hep-ph]
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https://arxiv.org/abs/1706.07808

From EFTs to full models

. } 1 _ . . . .
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Buttazzo, Greljo, Isidori, Marzocca, arXiv:1706.07808 [hep-ph]
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https://arxiv.org/abs/1706.07808

| From EFTs to full models

. } 1 _ . . . .
B physics anomalies Leg = Lsm — U—2A§’jkﬁg [CT (Qr 7,0 QN (LG A0 LY ) + Cs (Q% A, Q% )( %f}/“’Lﬁ)}
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Embedding simplified models into UV complete
models (composite Higgs, extended gauge sectors,...)
provides further rich phenomenology and tests

Buttazzo, Greljo, Isidori, Marzocca, arXiv:1706.07808 [hep-ph]
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BSM searches and novel/subtle LHC signatures: dark matter

DM Slmpllfled Model Exclusmns ATLAS Preliminary July 2017
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‘ BSM searches and novel/subtle LHC signatures: dark matter
?_‘ —

DM Slmpllfled Model Exclu5|ons ATLAS Prellmlnary July 2017
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BSM searches and novel/subtle LHC signatures: dark matter

Reducing background
uncertainties in jets + MET

see Luca’s talk

Ac/o < 10%
for pr < 3 TeV

Lindert et al., arXiv:1705.04664 [hep-ph]
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https://arxiv.org/abs/1705.04664

' BSM searches and novel/subtle LHC signatures: dark matter
—

Freeze-in dark matter
Hall, Jedamzik, March-Russell, West arXiv:0911.1120 [hep-ph]

Implies tiny couplings between
SM and dark sector

24


https://arxiv.org/abs/0911.1120

BSM searches and novel/subtle LHC signatures: dark matter

Freeze-in dark matter

Hall, Jedamzik, March-Russell, West arXiv:0911.1120 [hep-ph]

Implies tiny couplings between
SM and dark sector
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' BSM searches and novel/subtle LHC signatures: dark matter
—

Strongly interacting
dark matter

Implies strongly interacting
hidden sector

Hochberg, Kuflik, Volansky, Wacker, arXiv:1402.5143 [hep-ph]
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https://arxiv.org/abs/1402.5143

l BSM searches and novel/subtle LHC signatures: dark matter

Strongly interacting
dark matter

Implies strongly interacting
hidden sector

Hochberg, Kuflik, Volansky, Wacker, arXiv:1402.5143 [hep-ph]

Novel collider signhatures, such as
emerging jets, anomalous
underlying events,...

00— ——————

S — T
Schwaller, Stolarski, Weiler, arXiv:1502.05409 [hep-ph]
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https://arxiv.org/abs/1502.05409
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l BSM searches and novel/subtle LHC signatures: dark matter l

Strongly interacting
dark matter

Implies strongly interacting
hidden sector

Hochberg, Kuflik, Volansky, Wacker, arXiv:1402.5143 [hep-ph]

;X " production axis
1

, Novel collider signhatures, such as
emerging jets, anomalous
underlying events,...

W — ——

Harnik, Wizansky, arXiv:0810.3948 [hep-ph]
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‘ BSM searches and novel/subtle LHC signatures
D—

How can we extract subtle BSM signatures from SM backgrounds?

see Luca’s talk
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BSM searches and novel/subtle LHC signatures

e

How can we extract subtle BSM signatures from SM backgrounds?

see Luca’s talk
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BSM searches and novel/subtle LHC signatures
1 — T EEE— ..,

Extra dimension theories, e.g. clockwork mechanisms
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l BSM searches and novel/subtle LHC signatures l

Extra dimension theories, e.g. clockwork mechanisms
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Giudice, Kats, McCullough, Torre, Urbano, arXiv:1711.08437 [hep-ph]
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I Summary of the summary |

 The reinterpretation of SM measurements provides constraints on new
physics, complementary to direct searches.

- Virtual effects of new particles can be probed in SM precision
observables; need a global analysis of BSM models, incorporating both
direct and indirect searches for new physics.

- NLO-automation is crucial to cover a wide range of BSM models.

- EFTs, simplified models and UV-complete models and their interplay are
needed to explore BSM physics.

- Simplified and UV-complete models, in particular, can motivate BSM
searches through novel and/or subtle LHC signatures.

- Can machine learning help to discovery BSM physics in LHC data in a
more model-independent way?

30



