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Introduction ATLAS
* Electroweak physics is at the heart of the a0l T T T T
physics program at the LHC. > 1a0F_Prolminary 5= 13 TeV E
. 3 N ivered: ! R
- The first chance to directly study the 21000 MILHC Delivered  pegorges: 147 0 -
electroweak symmetry breaking and the %100:_ [JATLAS Recorded ""sies: 1391 E
quantum of the Higgs field, the Higgs boson. g | [lGoodor Physics -
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- Many predictions of the SM have been tested, & -
but several still remain to be probed. £ 0 E
. . . . £ 40 —
* New physics could hide in the details. K 0; -
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- History tells us that percent level precision - | | .
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could be necessary to probe effects from new & o T 6 6 a1 AT 4B B

and heavy virtual particles 3o 90 Fon T e g e a0
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* Precision measurements take time to complete.
- The Run 2 of the LHC (2015-2018) saw about 150 fb-! of data
being delivered to the experiments.

- Most results shown today use the 2015-2016 dataset (~36 fb-!)

or the 2015-2017 dataset (~80 fb-!), a few use the full Run 2
dataset, corresponding to ~140 fb-! of data useable for physics.

* Will quickly summarise the current status, and highlight some
of the new results being produced this summer.
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SM Electroweak Measurements ATLAS
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. . JHEP 04 (2019) 122 arXiv:1905.04242
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ZZ and Z£Y Production

CMS

ATLAS

EXPERIMENT

do/dm,, [fb/GeV]

Prediction / Observation

Cross section measurement for ZZ production
using the full Run 2 dataset.

- NNLO calculation necessary to agree with the
Z/Z cross section measured in data.

- Measurement of the full 42 invariant mass
spectra using 36 fb-! of data.

Total and differential ZY cross section measured
with the full Run 2 dataset.
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Events /0.5

Data / Pred.

* Electroweak production of same-charge WW pairs

measured with 36 fb-! of data.

- Signal observed with 6.50 significance.

* CMS measures electroweak production of WZ pairs with a

significance of 2.20.

For details on the corresponding ATLAS measurement,

please see the talk by Despina Sampsonidou this afternoon.

* ATLAS measures electroweak VV (WW,WZ, and Z7)
production in the semi-leptonic decay mode with a

significance of 2.70.
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ATLAS-CONF-2019-039
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Di-bosons: Anomalous Couplings % ATLAS

* CMS place limits on anomalous triple gauge boson couplings (aTGC) using the
measurements of WW,WZ and ZZ semi-leptonic decays.

- Most stringent constraints to date on new non-SM couplings for WWY and WWZ
interactions. Put limits on the AKz, Az, and Ag|Z parameters in the LEP parameterisation.
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Events / 10 GeV

Data / Pred.

* Observed WVYV production with

40 significance (3.10 expected)
using 79.8 fb-! of ATLAS data.

CMS searched for WEW*W+ production,
signal significance 0.60 (1.80 expected),
using 35.9 fb-! of data.

Limits are placed on three anomalous
quartic gauge couplings and on the WWW 3¢
production of massive axion-like particles. . .,

Masses in the range 200 < m, < 480 GeV
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The Higgs Boson | XATLAS

* The spontaneous symmetry breaking of the Higgs
field responsible for generating particle masses.

- The quantum of the Higgs field is the Higgs boson,
discovered in 2012 by ATLAS and CMS.

Higgs boson couples to the other SM particles:

- To bosons (W, Z) with strength ~Mv2/v, where v is
the vacuum expectation value v=246 GeV.

- To fermions (f) with strength ~Ms/v.
- These couplings completely determine the production and decay probabilities.
- Would like to experimentally test all these different couplings of the Higgs boson.

Higgs-strahlung Vector boson fusion Decays of a 125 GeV Standard-Model Higgs boson
q | charm/anti-charm, 7z OVZY/G OZ+X others
Ve tau/anti- tau_BA’ '_3%\ Iﬁ ------ % _0.6%
S 6% :_\.
q s H 2 gluons _
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H
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9 TOOO0 g TOOO———



Differential Measurements and STXS
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e Fiducial and differential cross sections:

- Measure the rate of Higgs boson
production in a certain region(s) of

phase space, e.g. in different regions of

Higgs boson pr.

Inclusive in Higgs boson production

mode.

Example: STXS stage 1.1 for ggF production
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Example: Fiducial
cross section as a
function of number
of jets in the
H—-ZZ—-420 final
state.

* Simplified Template Cross Sections
(STXS). Dividing phase space into bins:
According to production mode, and
kinematic distributions like number of
jets, pt(H), and m;; (where applicable).
Designed to reduce impact of
theoretical uncertainties on the results.

Bins are merged if lack of statistics,
called different “stages” of STXS.

Defined set of regions allows for
combination of different Higgs channels

and across ATLAS and CMS.
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Higgs to bosons: H— Yy
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* Events divided the into different categories
depending on YY quality and associated obijects.

- Fit peak in the invariant mass spectrum, myy, on top of

a continuous background from non-resonant Yy
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H—YY EFT Interpretation and H-c coupling constraint

CMS

ATLAS

EXPERIMENT

Ratio to SM
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Cyi [10°) NS
- Put constraints on the Wilson coefficients of 5 10 o
the chosen base for the Effective Field Theory, C,yy [107 I
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Higgs to bosons: H—=ZZ—4/0

CMS

ATLAS

EXPERIMENT

do;,y/dp_(H) (fo/GeV)

Ratio to NNLOPS

* Full Run 2 dataset analysed

107"

—_
<
N

—
S
W

0 50

by both experiments.

- Measurements of total

and differential cross
sections, and STXS.

Global signal strength
(u =0/ Osm):

- ATLAS: u = 1.04+0.125

- CMS: u = 0.94%0-11 59
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H—yYy and H2ZZ—40

CMS

ATLAS

EXPERIMENT

O ppsh [PP]

* Combination of the Yy and 42 channels yield the
best values for the mass. Higgs boson width
probed in the H—ZZ channel (through
measurement of off-shell production):

- mu: 125.2620.21 GeV, (CMS)
124.97+0.24 GeV (ATLAS).

- Th:0.08 <TH<9.16 MeV (CMS),

[ < 14.4 MeV (ATLAS).

* Measurements of total and differential On.

- Good agreement in e.g. pt(H) distribution with
NNLOPS prediction (normalised to total OR).
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Higgs and 3rd generation fermions: ttH

CMS

ATLAS

EXPERIMENT

Events / Bin

Data / Pred.

* The H-top coupling can only be directly
probed in the Higgs boson production.

Top quark too heavy for the H—tt decay.
* Using the H—=bbWW,t1,Y¥Y,ZZ decays.

- First results on full Run 2 in the
ttH(— YY) and ttH(— ZZ) channels.

* Signal strength from combination of
channels (Run | plus part of Run 2):

L= 1.32+028 4,5, (ATLAS)

1 = 1.26+031 4,56 (CMS)
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Higgs and 3rd generation fermions: H—bb and H—717

CMS

ATLAS

EXPERIMENT

e H—bb and H— 11 observed with more than 50

significance by both experiments.

* H— 17 result on 77.4 fb-! by CMS.

* H—bb can mostly be accessed in associated

- Measurements in STXS bins, results split by
production mode and limits are placed on the Ky
and Kr coupling modifiers.

production,VH most sensitive.

- Differential cross section measurement for VH
production has sensitivity to ptV.

- Results interpreted in EFT, limits placed on new
H-WV interaction coefficient chHw.

- More details in talk by Luca Ambroz this afternoon.
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Higgs and 2nd generation fermions: H—cc ATLAS

Events

EXPERIMENT

35.9fb" (13 TeV)
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* CMS has searched for H—cc in VH production.

- Analysis separated according to number of
leptons, and depending on whether the c-quarks
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Higgs to 2nd and |st generation: H— uu and H—ee ATLAS

EXPERIMENT

. ATLAS-CONF-2019-037
Recently released results for a search for H— uu using 10000 e e

the full Run 2 dataset.
- Small BR(H=uu) = 2-10-.

Full Run2 ¢ Data

— Background model

— Signal (H— ee BF=2%)
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Higgs Couplings from Combination ATLAS
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Search for Lepton Flavour Violating Decays ATLAS

EXPERIMENT

CMS-PAS-HIG-18-017

* Lepton flavour violating decays H—et and H— ut have been = combined 359 17 (13 ToV)
. . ) —— Observed
sfearc:ed for by CdZII‘jIS (high mass Higgs boson) and ATLAS ?0_1:_ grggmary Efxge(seegted
. - O EX
(for the observed Higgs boson). 3 | ] 26 Expected
- Using 36 fb-! of data, limits represent a significant = |
improvement on Run | results. 5 I

* No signal is observed, limits are placed on the branching ratio 5
(ATLAS) or the cross section times branching ratio (CMS). &
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- BR(H—et1) and BR(H— ut) both constrained to be less than I
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. . . . . g la > ¢ ———— — —-
* Accessing the Higgs boson self-coupling, A, is essential to oo0een H
. . /b
exploring the electroweak symmetry breaking. 1 |
. . . . . 8 -« ——————-
- Determines the characteristic Mexican-hat shape of the Higgs field 1000000 H
potential, V(¢p) = -u2¢? + Ap*. .
1 M o . . . hﬁffg‘o* _______ H
* Self-coupling can only be directly accessed in di-Higgs production. "85 /b
Small cross section. —— AN ;
- Destructive interference between diagrams proportional to Higgs-
heavy-quark coupling squared, and the self-coupling diagram. 8 CTEEEEE H
* Potential enhancement of cross section from decays of a new __@
. . . H H \\\
SPIn-O or SPln'2 Pal"tICIG. X./,’ 8 G660 S
CMS prelimi X H
preliminary 35.9fb (13 TeV)
3 II! o) B . ' ' ' ' I ' I = T LI | L | L | TorTrTTTTT
10 O ATLAS ] ATLAS —o— Obsens
= - _ ) T . \s=13TeV, 27.5-36.1 fb" _ | (s=13Tev, 275-36.1107 o peced s |
g T et T 10 Bop sy eaas T Eecssn
? 102 E ; [ 68 % expected - %) - [ Spin'o . i Obs. Exp. Exp.stat |
° = - [L] 95%expected = 1 | i HH-> bbtt 125 15 12
> T IR ) .~ —— RS1 Radion o 3 — - _
a o el g : e HH-> bbbb 128 21 18
T TR O © C ] L ]
5;. 1 T . ' A = A - HH— bbyy i 20.3 26 26 |
§ ------------ — 10—15_ q HHwwww 160 120 77
% 5 - ] HH— W'Wyy I 230 170 160 |
Z}% 1 0—2 ;_ : HH— bbW*W I 305 305 240 |
§ ‘ comines| cs 10 88
B 91 PO BN DV FOUR O Y . ' R
300 400 500 600 700 800 900 1000 3x10? 10° 2%10° 3x10° 95% CL upper limit on o, (pp — HH) normalised to o> .
CMS-PAS-HIG-18-013 Mx. im0 [GEV] mg [GeV]

arXiv:1906.02025 23


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-013/index.html
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* Recent result on search for VBF production of
HH using full Run 2 dataset, 126 fb-!.

Using the decay H—bb for both Higgs bosons.

* Use results to set limits on the VVHH quartic
coupling, cav.

Events / 40 GeV

Data / Pred.

C2v

< -1.02 and ¢y > 2.71 are excluded.

Results also used to set limits on new particles,

looking for a peak in the m4, spectrum.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-030/
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* One of the key deliverables for the upgraded High Luminosity LHC (HL-LHC) will
be able to measure di-Higgs production, ~40 significance expected with 3000 fb-!.

* Expected sensitivity to the self-coupling modifier Kx using 3000 fb-!:
- Inthe range 0.1 < kKxn<2.3 at 95% C.L. (0.5 < kx < |.5 at 68% C.L.).

* Expect O(%) precision on the most accessible Higgs boson couplings.

- Many limited by uncertainties from theoretical considerations.

12

-2AIn(L)

10

0

ATLAS and CMS
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Vs =14 TeV, 3000 fb™' per experiment

HL-LHC prospects
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Conclusions ATLAS

Hard to summarise the rich field of EW and
Higgs physics in a short time. < A
- Apologies to all the people whose results were
omitted in this presentation!
Standard model EW measurements are
starting to probe very rare processes.

- Observed electroweak production of di-boson
pairs, will soon have sensitivity to probe Vector
Boson Scattering processes.

A few results have started appearing on the full Run 2 dataset, for Higgs analyses most
notably H—=YyY and H>ZZ—42¢ results.

- For the more intricate Higgs boson channels and Higgs boson combinations we can
expect to see results appearing in the upcoming year.
- Results in STXS bins, and interpreted in Effective Field Theories. Ideally a combination of
Higgs boson and SM electroweak measurements are used as inputs.
New physics can hide in the details, increased precision can be as important as direct
searches for new particles to find deviations from the standard model.

(FLIP TANEDO / QUANTUM DIARIES)

Still to see the full impact of the Run 2 dataset!
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