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SM Higges

gos—an LLHC snapshot

Run2 indicates a SM-like Higgs

["CMS Preliminary o Observed
3591b"' (13 TeV) - 1o (stalOsys.)
—‘IG(SYS-] rrfrrrrr[prrrr[rrrrpr e e e et et
; t2o ATLAS
: 1 —a— &
- - Vs =13TeV, 361 1b Total Stat.
H = yy, my =125.09 GeV Total  Stat. Exp. Theo.
+06 [+06 +01 +01
“VBF —— “mp — e | Myp = 0.5 I 06 -01 -00 l
- i 409 [+08 +02 +02
| v ! * f Wy = 07 Zgs [-08 -02 -01 l
L
H WH 106 [+08 403 403
L - = 2.0 [ |
B ] ver H—e—H H,. = &Y g5 08 -02 -02
L _ +019 [ +0.16 +0.07 +007
Hon ' ! ggH [~ re Mo = 081 548 { 016 - 006 - 0.08
, 016 [ 4012 +0.06 +0.07
1 : Meuna sHENL el Yaune = 099 5, | 012 -0.05 - 006
ttH i
) +0.20 [ +0.23 +0.10 +0.12
: H.an_i L ggH @ NNLO o4 “HurH =117 0.26 [ 023 -0.08 - 0008 J
i LLlllLl11LLLLllLLlllLLllillLlLllLlLlllllL
m . 0 1 2 3 4 5 6 7
11LL111111LLJ lllllll\llllLLlllLLLLl Il
0

0.5 1 15 2 25 3 35 4
Parameter value

Signal strength

Pirsa: 18070021

Page 73/84



Before we get very technical \M I ](_y II 1C I IIQ%S E)
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A cosmolo glc al Hi 0O

UV N L‘.t. tt
Dark Matter sensitivity

: gol - - » Naturalness
g Eemporta -. HIGGS ~ heavy new physics
Higgs DM mediator | B

M <Y Relaxation

Inflation
Fate of the Universe

Stability

Higgs inflation Phase transitions

Inflaton vs Higgs Baryogenesis
gravitational waves
The LHC provides the most precise, controlled way of studying
the Higgs and direct access to TeV scales
Exploiting complementarity with cosmo/astro probes

Similar story for Axions and ALPs, scalars are versatile |
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Naturalness

Predictive theory: quantum mechanical. In QFT, ph}-’ﬁitdl quantities run

mass term in a Lagrangian, quantum corrections

Em. — —‘ITL\B\IHIJ —_ "”L;C/)z

/

Energy

- Quantum Gravity

\

some other new physics

some new physics

o

Fermions
Massless fermion, additional symmetry
U — e 0y

if this chiral symmetry is preserved QM

—»—.—-*— Oy X My 10g(/1’1 /l""z)

chiral symmetry protects fermions masses from
large UV corrections
Light fermions are technically natural

Page 76/84



Pirsa: 18070021

Naturalness

Predictive theory: quantum mechanical. In QFT, physical quantities run

mass term in a Lagrangian, quantum corrections

[’m.. = ="My Yy — ,«”lé)d)E

/

Energy

= Quantum Gravity

\

some other new physics

some new physics

Yy

Scalars
Massless scalar, scale invariance
Classical symmetry is not preserved QM (anomalous)

.'J.. : .\\_ "f_ \\
» ': ’# »o----  mesmaas ),,,,( ) ,,,,, [ -

YA 2 12
(‘)"rlx(#) X Cq ANP -+ Co A[PI

scalars are not protected by a symmetry, are UV
sensitive, natural value for the mass is the highest
scale it couples to

Light scalars are unnatural
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Light scalars

The light Higgs is a reality
-.ymmetry/d uality arguments to explain its nature

Gaugc Higgs
m unification |+, /’f’/“(]m/’/?l/
..GL

Com posilc
gauge Higgs

l‘)OSO n

l\/lany many poss]ble realuatmns (phenomenolo /)
Predict new states, to be discovered
(SUSY partners, lt‘chniAbar_\,fons and mesons, spin-two...)

AND induce deviations in the P'{iggs behaviour
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Direct versus indirect searches
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Direct searches for new phenomena

consistency of data vs
SM predictions

Standard Model Production Cross Section Measurements
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Interpretation in models:
exclusion regions

ATLAS SUSY Searches’ - 95% CL Lower Limits
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lixample: coloured SUSY

The 13 TeV data pushing hard the limits on coloured states

Vanilla SUSY
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Indirect searches

e.g. Anomalous trilinear gauge

couplings, aka TGCs
Focus on SM particles’ behaviour

precise determination of couplings ) vz
and kinematics
comparison with SM, Vi
search for deviations
NP?
Indirect searches using the Higgs 9 v
since 2012, relatively new 3 90F ATiAS Proliminary | +om 0w iz
. i ' w B00f 15-8ToV, [ Ldt=203M" i;:f- =::‘I::'lemw
Higgs as a window to NP 2 7005 &'y chame 5 . un— st @ sy e
expect deviations in its behaviour g :23 *
Run2 data and beyond 400
precision Higgs Physics JEE_F _
100. L-I—l - -
40 60 80 TOD 120 Wilﬂ
p, (leading lepton) [GeV]
1 LEP, Tevatron, LHC
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The EF'T a pproac h

Looking for small deviations from the SM
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LT approach

Well-defined theoretical approach
Assumes New Physics states are heavy
Write Effective Lagrangian with only light (SM) particles
BSM effects can be incorporated as a momentum expansion

dimension-6 dimension-8

L= Lou+ Y 500+ Y 208

BSM eftects SM particles

example: I‘f‘ ‘}r :,AI-..-.--:é:-(-:}----; """""""
e : ' - 17k,
2HDM ‘\\‘ " \"""-JJ‘H H. 0 [(I)—‘ T—Jk D 7 (I):| Dy II o
“.\g’ '~“" 21’ I)II' H
P I!“.' ............................... e i -~
Sosonme 1"'-:11 ‘/Vhe re Cw = O 9 ~9
e I, s 192 74 15
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