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Higgs physics

Origin of EWSB?

Thermal History of Higgs Portal
Universe to Hidden Sectors?

Stability of Universe

Fundamental CPV and
or Composite? Baryogenesis

Is it unique? Origin of masses?

Origin of Flavor?

Studying the Higgs sector with ATLAS

arXiv:2211.11084



https://arxiv.org/abs/2211.11084

Higgs mechanism and SM predictions

® Postulated to explain masses of elementary particles in the SM through electroweak symmetry
breaking

Scalar: spin 0, CP even

® SM predictions:

iggs to fermion couplings ~fermion mass

Width ~O(MeV) iggs to boson couplings ~boson mass?

iggs to itself coupling ?

® Higgs boson production and decays at LHC Valid for my; = 125 GeV
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New York Times

July 4, 2012 Physicists Find Elusive Particle Seen as Key to
Universe

Researchers said they had discovered what looked for all the world like the Higgs boson, a long-
sought particle that could lead to a new understanding of how the universe began.

By DENNIS OVERBYE

® The Higgs boson was discovered by ATLAS ana
CMS in 2012, my ~ 125 GeV

® Discovery driven by yy,4l, WW decay channels

.
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® Nobel Prize awarded to Peter Higgs and Francois
Englertin 2013

Also check: 10th anniversary of Higgs boson discovery
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https://physicsworld.com/a/keep-on-keeping-on-why-we-must-persevere-in-our-study-of-the-higgs-boson/
https://indico.cern.ch/event/1135177/timetable/

From discovery to precision physics

Partial Run 1 dataset Full Run 2 dataset
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2012-27/
https://arxiv.org/abs/2207.00320

Higgs boson mass
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ATLAS —e— Total
H—o 77" — 4] Stat. Only
(s =13 TeV, 139 fb” Sys. Only
® Only free parameter in SM Higgs sector i ’ | -
4e | == | 124514 0.73 (+0.73 Stat.)

® | atest ATLAS full Run 2 measurement — ‘ N

212 | | 125.33 +0.50 (+0.49 Stat.
H—- Z/*% —- 4] i uee ‘ . 125.33 + 0.50 (* at.)
2e2u : : 125.01+0.29 (£ 0.29 Stat.)
® Improved momentum-scale calibration = -
for muons arXiv:2212.07338 Submitted to EPJC ke | ’ 124.93 £ 0.29 (£0.28 Stat)
| Combined —e—f 124.99 + 0.19 (£0.18 Stat.
® Run 1+2: 0.14% uncertainty I _
Run 1 + 2 —a— 124.94 +0.18 (+ 0.17 Stat.)
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pwd Cross-section measurements in H > WW* — evuv

® |nclusive ggF and VBF cross-sections, ® Differential ggF cross-sections in a
and a combined measurement fiducial phase-space
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Higgs sector in SM

® Since the Higgs boson discovery, the scalar

sector has been greatly studied by the
experiments

® Butthe Higgs potential is mostly unexplored at
the LHC

Yukawa
couplings
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Higgs potentj

Higgs
potential

"Let's have a coffee with the Standard Model of particle physics”

Our Stable

vacuum

7
Metastable

—

| Higgs
1 field

Nature (review article)
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https://iopscience.iop.org/article/10.1088/1361-6552/aa5b25
https://www.nature.com/articles/s42254-021-00341-2

Twice the Higgs, twice the fun

® A measurement of HH production will provide evidence of the Higgs selt-coupling
= ultimate probe of the shape of the Higgs potential

® Any deviation of the self-interaction from its SM expectation is a sign of new physics!

® HH production at the LHC: very rare process, o,.x(pp — HH) = 311b (at 13 TeV)
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https://www.sciencedirect.com/science/article/pii/S0370269319308251?via=ihub
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H

searches

® Recent combination of the most sensitive decay channels: bbyy, bbtt, bbbb

Upper limits on HH production

ATLAS

Vs =13 TeV, 126—139 fb™
Ogof . ver(HH) =32.7 fb

—— Observed limit

Expected limit
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95% CL upper limit on HH signal strength Ly
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Constraints on k; from single- and di-H analyses
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arXiv:2211.01216 [hep-ex] Accepted by PLB
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https://arxiv.org/abs/2211.01216

New physics..

with Effective Field Theories?

9 2909090909099~

® Reveal high energy physics through precise
measurements at low energy

® No strong model-dependence heavy scalar

9999999999999 ~
9 boson

® Multiple efforts in the HH community

A ~ O(TeV)

ATLAS CONF 2021 052
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testing heavy resonance hypotheses?

/H or@

lighter scalar

boson
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-052/

EFT interpretations in

® Upper limits on HEFT benchmarks with characteristic my;; shape features

Benchmark model Chhh  Cith  Cggh  Cgghh  Cithh
SM 1 1 0 0 0

BM 1 3.94 094 1/2 1/3 —1/3

BM 2 6.84 0.61 0.0 -1/3 1/3

BM 3 2.21  1.05 1/2 1/2 —-1/3

BM 4 279 0.61 —1/2 1/6 1/3

BM 5 3.95 1.17 1/6 —-1/2 —-1/3

BM 6 5.68 0.83 —1/2 1/3 1/3
BM 7 —0.10 0.94 1/6 —1/6 1
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® Constraints on SMEFT Wilson coefficients
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arXiv:2301.03212 [hep-ex]

Submitted to PRD
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-019/
https://arxiv.org/abs/2301.03212

Other BSM activities




Higgs—invisible combination

Phys. Lett. B 842 (2023) 137963

® |nSM, &£ = 0.1 %, arising from the decay of Higgs boson via ZZ* — 4vu

H—1nv

® Dark matter: Searches for invisible decays of the Higgs boson, 17 + Ejrf‘iss is one of them

® Observed (expected) A < 10.7% (7.7%) at 95% CL (Run 1+ Run 2 combination)

H—1nv
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-05/

Doubly charged Higgs boson search

UNIVERSITET

® Some theories like left-right symmetric models (LRSMs) or BSM scenarios with neutrino mass
generation predict the existence of doubly charged Higgs bosons

® Search for H*= pair production in all lepton flavour and charge combinations, H** — [*[*, where

[ = e, u, 7 (only studies electrons or muons in the final state) |
arX|v:221 1 .07505 Subm/tted to EPJC
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o . _
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/' © i 5 BHE > F1T) =100% |
S HTT 0’ Ic—D -1 —
’ 10 = =
N ______________________________________________________ ]
Z/’}/* H g//— i o
‘\ 10—2 M T B T N A A A l
q 400 500 600 700 800 900 1000 1100 1200 1300
0 m(H=) [GeV]

C. Dimitriadi (Uppsala) Studying the Higgs sector with ATLAS 15


https://arxiv.org/abs/2211.07505

Summary

® Many new measurements with Run 2 ATLAS data characterising the Higgs boson and further
exploring the Higgs sector

® |mproved precision di-niggs  branching ratio

0 & statistical combination
- . o higgs potential
® | arge contributions from Swedish institutes hiaas boson Etg P § 3
iggs boson 2 0
invisible decays §
® | ooking forward to Run 3 and beyond new physics 2
charged higgs
At N precision measurements
oS = S : W) i
g% KTH %ﬁg o < mentimeter.com
UPPSALA o O KONST 52 A ¢
UNIVERSITET TRIES®
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Summary of Higgs boson couplings

W/Z t/b
----- H
H S > | | | | | | ] | I | | I | ]
vb £ [ ATLASRun2
> = =
v - =
h | N I Ke=K; ]
1% ! t/b/t ! bre e LLO> [0 __ + K, is a free parameter __
W H == t/b/x H ==ee== < [ —— & '%’ = SM prediction =
W t/b/t ¢ B -
v/Z v/Z b/c T/U 5
10™ = =
— Quarks _
ATLAS Run 2 ke Data (Total uncertainty) |4 Syst. uncertainty SM prediction 1073 - T . n

| | | I | I | I | |
tH | | H Hi4— .
=~} ¥ H—%7 | L |r L 10
ttH H ¥ H 1.4
.

HE%
ggF+bbH @ Q ‘
. @
HeH

Force carriers Higgs boson

c 97 H

ol
Ill | | Ill“llll | | Illllll | | lllllll

N IIIIII|
[ | IIIIII|

IllllllL

lllIlII

. 4
1
L

VBF m . 1t i { ; :
WH Iﬁl I_%_I H_I |_E_I 0'8—_|||||" 1 L Yl ul ol I Ll 1__
& 10° 1 10 107
zH | '@ | L1 | | L | | | L1 Particle mass [GeV]
0 1 2 1 2 3 4 0 1 2 1 2 3 0 1 2 0O 1 2 3 4
bb ww TT 4 Y HU

¢ X B normalized to SM prediction



EFT frameworks

® Canonical counting, expansion in 1/A
(n)
C

i
ZsmerT = Lsm + Z = O
n,l

® SM symmetries and fields, traditional EWSB
mechanism (Higgs field: SU(2). doublet)

® More restrictive (correlated Wilson
coefficients)

Christina Dimitriadi EFTs in HH production

~ N

Raquel Gomez Ambrosio /',

% ) ]ii HEFT
HEFT B

® No power-counting like in SMEFT, more similar
to chiral perturbation theory

00 1 L
_ (L)L)
Lo, = L=t 22 (16,,2) G0

L=1 i

® Higgsfield: EW singlet

® Much more general (independent couplings)
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https://indico.cern.ch/event/1001391/contributions/4827316/attachments/2453244/4204095/Raquel_HiggsPairs.pdf

