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Why do we need New Physics?

o Several observakions in Nakure:

Darke Matter, or...

wh3 is the U»\E,ve_rse 50 keav:j;?

Inflation, or...

why is the Universe so flat?
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whj s the Universe so interesting?

+ more (to your taste)!




Why do we need New Physics?

o Bul we have “The Skandard Model”!

No Dark Matter (primordial Black Holes?),
No Inflation (Higqgs Inflation -> non-standard 31’&\/&&3)

Two Sakharov condition NOT satisfied!

o The W phase Eransition is not strong enough!

o CKM CPV is not enough!

RSM ‘ijsws s bhere!



Why do we need New Physics?

o Bul we have “The Sktandard Model”!

No Dark Matter (primordial Black Holes?),
No Inflation (Higqgs Inflation -> non-standard 31’&\/&&3)

Two Sakharov condition NOT satisfied!

o How well do we khow the EW sector?

W precision
tesks ktold us
a Lok on W+,
W- and Z
Fhvsms ak
Fvﬁr*mitié level!

How well do we
lkiow Ehis gwj?




LHC 2020: a appra&sat

o Higqs discovered! Its SM-like (within 10%)

ATLAS Preliminary
Vs=13TeV, 24.5- 139 fb™"

]
9 CMS H my =125.09 GeV

Preliminary SM Higgs boson

n,,m (ggH,ttH),
u_(VBFVH)

m,(m,,) used for quarks

B\

N A

125 126 127 - "
my, (GeV)

Particle mass [GeV]

Cmnsis&ena'j checle requires Comya\re wikth 0,1%
measuring h-self couplings! of EWPTs!!



LHC 2020: an agpra&so&

o No “expected New Physics” has been found!

Examples from SUSY stop searches.

July 2019 pp = tf, T =t X August 2019

139.0fb™

ATLAS Preliminary == Bino LSP, 1L 3-body Preliminary 137 b (1 3 TeV)

t~1'tv1 production ATLAS-CONF-2019-17 »
1711.00752, 0-, 1- and 2-lep (stop), 36 fb

—1908.04722, 0-lep (Hr ) --:Expected
= SUS-19-005, O-lep (M;,) —Observed
SUS-19-009, 1-lep (stop)

36.1fb"
= Bino LSP
1709.04183, 1711.11520, 1708.03247
1711.03301, 1903.07570
Higgsino LSP T, — bi?
1711.11520
== Higgsino LSP T, =t
1709.04183, 1711.11520
m= Higgsino LSP T‘zfn
1709.04183, 1711.11520
= = Higgsino EWK
1712.08119
s Wino NLSP p<0
1709.04183, 1711.11520, 1708.03247
Wino NLSP u>0
1709.04183, 1711.11520, 1708.03247
Wino EWK
1806.02293

200 300 400 500 600 700 800 9001000 0 b b L el

m(t,) [GeV] m; [GeV]

There are skill !mortv conskrained
New ‘thsifzs scenarios



LHC 2020: an agpra&so&
o The SM is valid up bo £ = TeV-ish

CMS Incl.Jet, Vs = 8TeV, ag(M)=0.1164""
—e— CMS Incl.Jet, Vs = 8TeV '
—=— CMSR,,, (s=7TeV
—4— CMS Incl.Jet, Vs =7TeV
—>— CMStt, {s=7TeV
CMS 3-Jet Mass , Vs = 7TeV
——oc— DO Incl.Jet
DO Angular Correlation
H1
—a— ZEUS
- - World Avg a4(M,)) =0.1185 = 0.0006

5678 10 20 30 40 100 200 300 1000 2000
Q (GeV)

Randomly generated example:
strong coupling runining measured
up to 1.5 TeV



LHC 2020: an appraisal
o No “expected New Physics” has been found!

o The SM is valid up o £ = Tev-ish

Do we heed to give-up haturalness?
No BSM quiding principle?

L.

0.1 =10 TeV

Just s&ar&ms to F;u,ti Ehe carro&s



LHC 2020: an appraisal
o No “expected New Physics” has been found!

o The SM is valid up o £ = Tev-ish

Do we heed to give-up haturalness?
No BSM quiding principle?

Un-aburaliness &myi&esz

Where do the carrots come from?
—{Del Monte)— Planck scale meadows?
"y &UT scale terrains?
{MADE w1 THE
The LHC orchards?
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LHC 2020: an apprai;sod

o Darlk Makber: skill no idea whal ik s
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Ici, on tatonne dans le noir...



Theorjj direckions

o Sup@.rsvmmehfj

Compressed spectra (LLP), Dark Matter, synergy between
colliders/Dark matter experiments/Cosmoloqy

o Compositeness (and extra dimensions)

Compressed spectra (LLP), Dark Matter, heavy states (need for
FCC), syherqgy with BSM Lattice, connection to C.Osmcai.ogj Fmari.j
devaioped

o Darlke Maklker

WIM? miracle points towards EW scale bub its in crisis, where
and what is Dark Matter? We are groping in the darlk,
New ideas are needed! Unusual signatures possible.
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Contribution to Prospectives 2020 — GT01

Phénoménologie des recherches de Nouvelle Physique
aux collisionneurs

A. Arbey, G. Cacciapaglia, A. Deandrea, F. Mahmoudi

Univ Lyon, Univ Claude Bernard Lyon 1, CNRS/IN2PS3, Institut de Physique des 2 Infinis de Lyon,

F-69622 Villeurbanne, France

1



The quest for New Physics remains
central for Particle Physics’

Several scenarios are skill accessible ko Ehe LHC:

Compressed spectra, leading to soft physics and/or LLPs —> hew
triggers, new exp (MATUSLA, e+re—), Dark searches or Cosmology

Only EW physics is affected —» poor direct access, indirect probes
(precision), or heavy stuff (compositeness). HH measurements!

Small couplings, gecl => indirect effects + high Luminosity

New Physics only in couplings modifications —» Higgs coupling
determination, CPV, precision physics

Non-standard physics =» indirect probes or case-specific
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Example 1:
light composite pseudo-scalars

Ubiquitous in gauge-fermion Produced via

underlying theories gluon fusion at LHC

1 10 101! 102 103
fy [TeV] m, [GeV]

2jet TT — tt — WW
h  — 2z  — @8 - Brisu — 2jet  — yy —
yy@38 —__ Brh Zh —— boosted T

R
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Example 1:
light composite pseudo-scalars

Ubiquitous in gauge-fermion Produced via
underlying theories gluon fusion at LHC

High*LumimasiEj
s heeded:

blacke: boosted di-taw proposal
(also di-muon) @ CMS and LHCH

green: use 0§ SM measuremenk 101

10! 10° 10°
of di-photon differential xsec m, [GeV]
—F — ww

— 2jet — YY
Zh —— boosted 1T




Exampi& 2:
Groldstone Darke Makter

EW Croldstone
+ DM Groldstone

v )
#age couptils 15, mpy=100 GeV
modifiers (kappa's)

Higqs
aou[piihg

Nice complementarity bebween
Higqgs precision and Dark Matter

Direck Debection!

XenmonlT
0.% 8085 09 095 1 1.05 1.1 1.1
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IN2P3 Prospects 2020
GT05, Physique de l'inflation et énergie noire

GTO01, Physique des particules

SUSY Cosmic Inflation
or when cosmology meets particle physics

Porteur: G. Moultakad

on behalf of: Laurent Duflot”, Sophie Henrot-Versillé, Nikola
Makovec”, Ludovic Montier®, Baptiste Mot®, Matthieu Tristam®,
Vincent Vennin?®, and Dirk Zerwas®
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Motivabkiown:

o LHC disaaverj of the Higqs, and nothing be.jowi (so far)...
BUT we heed BSM!

o Planck results strongly support inflation hypothesis...  BUT
we have no embedding theory

Amv common braiks?

o Heavy or difficult SUSY scenarios at the LHC!
o SUSY flat direction inflakion

o or SUSY Higqs inflation, e.q. SUGRA-MSSM

The propc«sai:

[Put together experimental and theoretical expertise on SUSY searches |
| parameter exploration, CMS analyses and Cosmo parameter exploration, ]
fto constrain/improve SUSY inflation models from present and future]

experiments
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Participants: members of collaborations (LHC, Planck...)
theoreticians (Inflation, SUSY) and co-authors of analysis
codes (ASPIC, SFitter, SuSpect).

 EVW-ike LSP - ? 4 © M W-like LSP -

’ B-like LSP B-like LSP
ATLAS il B-8ke LS ATLAS il B-8ko LS

Before ATLAS Run 1 - I F-likeLSP After ATLAS Run 1 - [ A-likeLSP

104 '
10° 10° 102

m(x,) [GeV] m(%.) [GeV]

(a) Before ATLAS Run | PMSSM POE«V\&S (b) After ATLAS Run 1

LOW ENERGY (TeV):
Example of constraints from DM relic density
and collider searches.

1%



Participants: members of collaborations (LHC, Planck...)
theoreticians (Inflation, SUSY) and co-authors of analysis
codes (ASPIC, SFitter, SMSPQC&).,

Tensor-scalar ratio

Spectral index
HIGH ENERGY (Planck):
Constraints from Planck measurements
on the inflationary potential.
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Interfoce SFitter/SusSpect with ASPIC

Relate high-scale (Cosmo) and low scale (Particle ‘thjs‘)
features of a SUSY-inflakion model

Compare Predaa&wns with data (Cosmo + HEP): SUSY collider
searches, Dark Matte relic, (in)direck detection, lLow enerqy
observables, CMS, spectral index, tensor-to-scalar ratio...

s

Conskrainks!

o First (ongoing) application: inflection point MSSM inflation: LLE
and UDD flat directions Lifted by non-ren. operators.
Implementation of RG flow relating the inflationary scale to the
LHC scale; soft SUSY scalar masses -> inflakion mass; other soft
breaking masses SUGRA-mediated scenarios -» effective inflation
potential. In principle ﬂfu,i.i.:j calculable!
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Sunn MATY:

RMS phjsi,v::s ts kthere!

Many scenarios to be tested (HL-LHC, future
colliders are needed)

Precision Fkvjsi,&s: HH weasurement crucial! EFT
amatvsas Ccmgatamev\&mv ko direct searches.

Synergy: Colliders/Cosmology/Gravitational
waves/Dark Matter/Flavour...

Systematic characterisation of models: consistent
DM models, compositeness...



Oubtloole:

o Lots of New Physics still to probe/
understand!

o The french theory (and expérimemﬁat)
community is fully engaged tn this quest’

~ There are two possible outcomes:
If the result confirms the
hypothesis, then you've made

a measurement.

If the result is contrary to
the hypothesis, then you've

made a discovery.

More science quotes at Today in Science History todayinsci.com
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