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Full LHC Run 2

» With LHC'’s exceptional
performance from 2015-2018
each experiment has ~140/fb
of proton-proton collision data
at 13 TeV, from which to
harvest Higgs bosons!

Events/2.5 GeV

» LHC operated at twice design
(1) luminosity in 2018!

» Very impressive! Thank you S Pty 2018 007 B0l e ST +CMS Preliminary 137 b (13 TeV)
J12536GeV  AICategories

/(548 woighed |
e —

é‘su’uus

E — s 3
ZraoProiminary 7TV S

B component

L

Total Integrated Luminos

F & component subtracted |

o
a5 0B 18 BT AT 1B 18
Month in Year

160
CMS-PAS-HIG-19-001 m,, (GeV)



Overview

» Review of the new SM Higgs boson 359187 (13 TeV)

measurements shown at ICHEP
2020

» Start at the largest coupling

CMS Preliminary
m,, = 125.38 GeV

» End with the first evidence of second
generation coupling (H>uu in CMS)

Vector bosons
3" generation fermions
2™ generation fermions

. ’ SM Hig
» A few words on HH and self-coupling fogs boson
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» Sample of new BSM searches

particle mass (GeV)
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H->vy Analysis Strategies pOUBLE

>

NEW! 6

The di-photon signal is very well reconstructed and triggerable because of the precision of the CMS and
ATLAS electromagnetic calorimeters.

» Pre-select events with two isolated photon candidates

Since this Higgs decay signature directly anchors the trigger and reconstruction, boTh expenmems can probe
all four of the production channels (and single top+Higgs production tool).

» Identify isolated electrons and muons as well as jets with minimally sufficient pr.

Optimize categories per class Fit the data per category
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-026/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-015/

H->vy Overall Results

» Assuming SM coupling and excluding theory
uncertainties both experiments achieve
about 8% uncertainty on the signal strength
of H>yy production.
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ATLASP';“MW\M ! i Total ! Stat. -Syysl 1 SM'
ATLAS H->yy STXS Results
» With such large datasets and signal yields, we are o
measuring the Higgs boson's kinematics differentially.
From 44 target bins, 27 merged bins are measured.
CMS has similar results.

Compatibility with SM p-value 60%.



https://indico.cern.ch/event/868940/contributions/3813459/
https://indico.cern.ch/event/868940/contributions/3813520/

T’rH MultiLepton, CMS

» Higgs decays of H>WW,
H->ZZ and H>TT with 2-4 ’.'“" o "“"m‘;‘,.,'::""mm
leptons (e, U, THadron) Are ' e
targeted.

» In both ttH and tH production

Nb> 1

» Number of jets and b-jets are
used for further
categorization.

» BDTs and ANNs are used to
separate signal from
background in these
categories.

HIG-19-008 Bin number


https://indico.cern.ch/event/868940/contributions/3813524/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-008/

ttH MultiLepton, CMS
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VBF, H>WW, ATLAS

» This analysis is anchored in an » Confrols regions employed/fit

c
. . e . . . s ATLAS Prelimit
electron-muon pair arriving fo constrain normalization :,:, Fibrotiieiishades
4 8 v 10t
from the leptonic decays of > Z+jets 2
AYES
» Top quark

» VBF topology is ensured by
requiring that there are at
least two jets and that the di-
jet mass is greater than 120 » This is @ major improvement
GeV. to the analysis

» A DNN is utilized to isolate VBF
signal process

Observed (exp)

g
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s
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significance
7.00 (6.20)

(exp syst.) *017 (sig. theo.) -8 (bkg. theo.).

pvee = 1.04 1030

FO.13 (eqnp ) +0.09
oz (stat.) Zgiog

ICHEP talk by | Miiovic, ATLAS:CONF-2020:045 DNN output in SR

(Tot. - Bkg.) / Bkg.



https://indico.cern.ch/event/868940/contributions/3813459/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-045/

CHEP talk by S Kyria

H->ZZ-> 41 Anomalous Couplings, CMS new

12

New results from CMS take CMS Preliminary 137 fo! (13 TeV),

advantage of:

» Full Higgs decay
information in 7z4l
(angular distributions)

» FullRun 2 dataset
Results interpreted as bofl

» Anomalous amplitude
couplings
» Effective Field Theory

Anomalous couplings to
gluons

» Compatible with SM



https://indico.cern.ch/event/868940/contributions/3813532/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-009/

» Trigger and categorize on the leptonic
decay products of W/Z

» Isolate signal regions requiring two b-jets
and frain BDTs in all signal regions.

» Fit fogether with numerous control regions
targeting background processes.

V(leptonic)H>bb, ATLAS
[

ATLAS
V5=13TeV, 139 fb”!

Total signal strength

Tot. ( Stat., Syst.
0.18 042 +0.14
1.02 57 (Y541, Jo3

VH,H = bb, V - leptons cross-sections.
® Observed ==Tot.unc. == Stat. unc.
= Expected [ Theo. unc.

)


https://indico.cern.ch/event/868940/contributions/3813469/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-51/

VBF+Y H->bb, ATLAS New! 14

The Hy final state is forbidden in ggH and so it provides an opportumtv to measure other
production modes without cont@mination given enough data.

» This analysis requires a high pT photon at the levell trigger and then 4 jets (E>35 GeV) at the
high level trigger.
> Atleast two of these jets must have large (>700 GeV) invariant dijet mass.

» Final selection also include lepton vetoes and two b-ets. Obs (exp)
» ABDTis used to categorize events, while background is estimated in a fit to the data.
» Uncertainty dominated by statistics (~0.8), bkg norm (~0.5) and spurious signal (~0.25). | 30 ( | OO')
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-044/
https://indico.cern.ch/event/868940/contributions/3813469/
https://indico.cern.ch/event/868940/contributions/3813469/
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https://indico.cern.ch/event/868940/contributions/3813518/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-010/
http://cds.cern.ch/record/2694158/

H->1T1 - CP Violation Search Results ™,

t _ K CPodd
an ¢TT — " Wn(SM) ¢ = (4 £ 17 (stat) = 2(bin-by-bin) + 1 (syst) + 1(theory))°

CMS Preliminary 137 fb”' (13 TeV) CMS Prelimina 137 fb~ ! (13 TeV)
F T T T

PP + TP + up -4~ Data - Bkg.
Bkg. uncert.

=
S
2
t
5]
>
(i}
o
2
£
=
(3]
=
o
2
2
7]
X
<C

L
—45 0
¢pre(degrees)

Pure CP-odd H1T are excluded
at more that 3 sigma C.L



https://indico.cern.ch/event/868940/contributions/3813565/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-006/

H->pp, CMS and ATLAS SO .

» Select events with two well-isolated opposite-signed muons.

» Classify events on the topology of the production modes. This is th ivsis siraf f i
> ggH. VBF, VH and ttH are targeted by both collaborations. R elonal pebgicTedy Tor
ATLAS categories and for CMS in
> VBF, VH, and tH fopologies are new features in both analyses.
ggH, VH, and ttH.
Isolate signal with binary BDT Extract signal strength and » VBFin CMS has separate freatment.

background shape in fit fo data
137 o' (13 TeV)
NNl beliad
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VBF H->up in CMS @

Unlike all other analysis

reg|ons the uncertainty on the signal Region (SR): Sidebands (SB):
preciciicqie] th M in [115,135] Min [110,115) or (135,150]
the estimate from directly 4 137" (13 TeV) 137 16" (13 TeV)
fitting the data. 'k CMS Preliminary s Mo 't CMS Preliminary +oaa  Wzrew

VBF-SR Run2 ZpEw  [@ov VBF-SB Run2 oy [TopQuark
B Top Quark [EDiboson o298 Goy  Moboson
—VBF —ggH

>

» Uncertainties on Drell-Yan
(amc@NLO) and electroweak
Z+di-jet (MadGraph+herwig)
simulation

m, = 125.38 GeV

» Normalization motivated by
theory

» Substantiated by CMS SM
precision measurements

> ERLC 78 (Jul 2018) 580

L
5 b 0 12 0o 12
» Shape differences from: VBE DNN bin VBF DNN bin

» Different parton showering
simulations


http://dx.doi.org/10.1140/epjc/s10052-018-6049-9

H->uu - ATLAS Results

» AtmH =125.09 GeV, ATLAS reports an observed
(expected) excess with a significance of 2.00 (1.70).
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https://indico.cern.ch/event/868940/contributions/3813477/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2019-14/
https://arxiv.org/abs/2007.07830

4 First evidence of H> roces
H>uu - CMS HH P o

» CMS observes (expects) 3.00 (2.50) at 125.38 GeV

» Including the Run 1 analysis in the combination 9+0 41 (stat)+ 17(sys)
increased significance 1% on expected and observed. 0.39 16
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https://indico.cern.ch/event/868940/contributions/3813523/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-006/

Updated Combination, ATLA NEW!

v/ Included, will full Run 2 dataset (139 fb")
Included with 2015-2016 data only

2241

bb i WW | multidep | inv

WH 630 520
IH 5.00 5.40

Overall signal strength

m 0.04 (stat.)|  0.03 (exp. +0.02 (bkg. th.)

21

29 merged STXS bins

Floating SM coupling fits (kappa-framework)
Limits on BSM

First observation of WH!

Constraints of two-Higgs-doublet models in the
(cos(B - a), tan B) plane for the
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https://indico.cern.ch/event/868940/contributions/3813475/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/

Very compatible with SM

ATLAS Preliminary
e 13Tor 1300

= 12503GoV. I, <25

b, -5

ATLAS Preliminary
Vs=13TeV, 24.5- 139 b
m,=125.09 GeV, y, | <25

68% CL—=—

95% CL——
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0.5 1
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https://indico.cern.ch/event/868940/contributions/3813476/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/

HH->bbZZ>bb4l, CMS o

» Based strongly on CMS H>ZZ->4|

analysis
» Add two jets compatible with b- fo! (13 TeV)
jets ous
minary

» Cut tightly on 4l mass

» HH->bbZZ->bb4lin CMS
» Obsat95% CL: -9 <k.< 14
» Exp at 95% CL: -10.5 <kx< 15.5
First results with this
channel in the

04 06 08 1
BOT score

non-resonant HH
search at LHC!



https://indico.cern.ch/event/868940/contributions/3813525/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-006/

BSM Higgs
» New full Run 2 ATLAS searches

» ZI>4l+ livv, high mass (Al
» Yy .high mass (A

JEP ¢
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H
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TRIPLE

ATLAS Preliminary +
Vs=13 TeV, 139 fb

25

Data
Background-only fit
Generic NWA signal at 0.4 TeV.
Generic NWA signal at 1 TeV
c NWA signal at 2 TeV.



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-032/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-037/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-039/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-037/
https://indico.cern.ch/event/868940/contributions/3813508/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-039/

137 b (13 TeV)
Summary iy ity
» The excellent performance of the LHC has
delivered an enormous dataset, from which we
gre elucidating precise features of the Higgs
0SON.

» The lower mass particles with proportionally smaller
couplings are coming into view.
2
» CMS 30 observed, ATLAS 20 observed, y=1.2 for both

» The global si?nol strength has reached a statistical
precision of 4% challenging the theory error on the
prediction.

» Both experiments are exploring more detailed
kinematic regions sensitive to BSM effects through STXS.

» Ahead we look forward to understanding the
Higgs potential itself.

» Hoping for the unexpecting, | look forward to the
future:

12 14 16 18 2 22 24 26
Cross-section normalized to SM value




Thank you!
Be safe.
Questions?

27
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Higgs Boson Mass Measurements 29

» Given the excellent resolution in the 4l and yy channels CMS and ATLAS have both made very
precise measurements of the mass.

» The Higgs mass completes the SM predictions for coupling strengths and cross sections for single
Higgs boson production.

~Total = Stat. only

Total  (stat. oo

Run1:5.11°(7 TeV) + 197" B TeV) ~Total []stat. Only
2016: 359" (13 TeV)
Total (Stat. Only)
Run 1 oy 124702034 (+031) GeV

Run 1 Ho 2241

Run 1 Combined

Run 152 Combined

ATLAS + CMS Run 1
Run 142016

124 125 127 128
Phys. Lett. B 784 (2018) 345 m,; [GeV]

LI T T 5
Phos. Lef™B 80372020) 735428 m, (GeV)

CHEP talk \. Laudrain


https://indico.cern.ch/event/868940/contributions/3813466/

Standard Higgs Boson Mass Choices 20

» Given the excellent resolution in the 4l and yy channels CMS and ATLAS have both made very
precise measurements of the mass.

» The Higgs mass completes the SM predictions for coupling strengths and cross sections for single
Higgs boson production.

~~Total * Stat. only

Toial (stat. ony)

~Total []stat. Only

Run 142 Hodl Run 1 Combined
Run 142 Hoyy et
Run 1Combined
Run 2 Combined
Run 142 Combined
ATLAS + CMS Run 1

2016 H- 22541 262021 (£019) GeV

2016 Combined 16(£0.13) GV

Run + 2016
123 124
Phys. Lett. B 784 (2018) 345

Phys. Left B 803 (2020) T35428°

128
m,, [GeV]

CHEP talk \. Laudrain


https://indico.cern.ch/event/868940/contributions/3813466/

Run 2 H>ZZ7->4| Mass, ATLA

» Updated result is fully compatible with previous ATLAS results and combinations.

31

T T T T
QIE.?ZS ir(z‘iminaw 25 0a ATLAS Preliminary
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—=— Observed: Stat+Sys
124.80 77 (Stat) 7 (Sys)

b 124.95 1 (Stat) 5% (Sys.)

pwr——— 12534 00 (stat) 27 (5ys)

s 124.59 71 (Stat) 077 (Sys.)

Combined 12492 717 (Stat) = (Sys)

160 126 127
m, [GeV] m, [GeV]



https://indico.cern.ch/event/868940/contributions/3813466/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-005/

Simplified Template Cross Section (STXS) 5,
» Many target bins: 43 total bins (44 for ATLAS Stage 1.2
with tHW, tHgb)

» Some STXS signal regions are inaccessible (e.g. |8
low yield) or too similar from some other bins.

» These bins are left unmeasured or merged with
adjacent or similar bins.

> Mergmg schemes are uniquely constructed per

10 bins (4 rest bins) “ 5 bins (+1 tH bin)



H->vy Signal/Bkg BDTs SOUBLE

NEW! &8
» Both collaborations train BDTs in STXS events classes.
» Further division info categories based on the score (see dashed lines below).

ATLAS CMS




H->vy Mass Distributions pDOUBLE

NE\N‘. 34

» For all categories the invariant mass distributions are then fit to extract signal and background
estimates simultaneously.

» Below are the fit results with fitted signal modifiers for each production mode (AHAS A== AelZih—
» All channels in both experiments have visible excess above fitted background.




H->vy Overall Results

» Assuming SM coupling and excluding theory
uncertainties both experiments achieve
about 8% uncertainty on the signal strength
of H>yy production.

1 = 1031535 = 1.0375% (theo) 15 s (syst) "y  (stat)

4 Data ATLAS Preliminary
Vs=13TeV, 139 o T T T T

- Background m, = 125.09 GeV ATLas priminary so. @t [l
Signal + Background 4 .tq0ries H:y‘l:r::\:,:zasgo'g Gev
In(1+S/B) weighted sum

S = Inclusive agF +bbH

Tol St Syst
102011 (£008,+ 77 )
vBF 1365 G5 (£0.18,% 030)

] 233+ 0% (£ 05 .+ 83)

0841 05 (+ 052 00)

092+ 0 (2 0% .+ §%)

L
160 3 4 5
m,, [GeV] o,/




CMS H->vy STXS Results

» Of the 43 target bins, 17 bins are measured.

» STXS bins are merged until their expected
uncertainty is less than 150% of the SM prediction.

» Good agreement with the SM.

137fb" (13 TeV)

Observed

1o (st © syst)

+1o (syst) : . Parameter of interest
Uncartainty on SM pred. - T~ Constrained to SM

> Merge all 2 jet bins with mjj>350 GeV

» Merge all bins with pT (H) > 200 GeV
» VBF

» Reduced fo three bins in total
» Only 1 bin per process for WH, ZH, ttH, and tH
» “Rest bins" of VBF fixed fo SM

Ratio to SM

» Minimal splitting scheme shown in backup



CMS H->vy STXS Results

» Of the 43 target bins, 24 bins are measured.

» Selected by ensuring correlations among
parameters is less than 0.75.

» Good agreement with the SM.

VBF and ggH main di-jet topology bins
are measured together.

More merging the VIepH sector
WH pT (V) split at75 GeV
» “Rest bins” of VBF fixed to SM

Maximal splitting scheme already shown



H->77->41 Anomalous Couplings, CMS ~ ,, ww

» New results from CMS take 1371 (13 700)
advantage of:

= a ~a
Ca94 GG

» Full Higgs decay
information in 774l (angular i
distibutions) » Anomalous couplings to

gluons
» FullRun 2 dataset
» Results interpreted as both

» Anomalous amplitude
couplings 5 CMS Proiiminary 137 157 (13 Te)

» Compatible with SM

» Effective Field Theory

CHEP tglk b



https://indico.cern.ch/event/868940/contributions/3813532/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-009/
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https://indico.cern.ch/event/868940/contributions/3813476/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/
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https://indico.cern.ch/event/868940/contributions/3813476/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-049/

HH->bbzZ>bb4l, CMS [

» Based strongly on CMS H>ZZ->4l analysis
» Add two jets compatible with b-jets
» Cut tightly on m4l mass

» HH->bbZZ->bb4lin CMS
» Observed at 95% CL: -9 <k.< 14

» Expected at 95% CL: -10.5 <ka< 15.5

First results in any
non-resonant HH
search in this
channel at LHC!

1378 (13 TeY)

95% L on y(pp—+HH) (1]




H>uu, CMS

» VBF
Samples for Zj-EW

» MadGraph+Herwig
simulation (nominal)

Mad mph+PWhm
with dipole rec
ONas
alternative/syst

» In data-driven
method statistical
uncertainty is 60%

Uncertainty source Ay
Total uncertainty +0.44
+0.41
+017
+0.07
+0.12
+0.10

-039
-016
—006
—010
—011

Statistical uncertainty
Total systematic uncertainty
Size of simulated samples
Total experimental uncertainty
Total theoretical uncertainty

S/(S+B) Weighted Events / GeV

Data-Bkg.

[ CMs Preliminary ¢ Data
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IAAARR AR

T ISARARARARE)
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Wzjew [@ovy

[ Top Quark [WDiboson
—VBF —ggH

Post-fi
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[AAARsanng

CMS Preliminary ¢ Data

Al categories —— S4B (u=1.19)
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H->uu, CMS, VBF SRs per Year

35.9 b (13 TeV) 41517 (13 Tev) 59.8 b (13 TeV)
T T Mk ks s el ks e aal T e
CMS Preliminary ¢ bata WHom CMS Preliminary $ Data WMo CMS Preliminary 4 Data |
VBF-SR 2016 Wzev  [Hov VBF-SR 2017 Wziew VBF-SR 2018 Mzew oy
my=12538GeV  [topquark  [Moioson m,=12538GeV  [lTop auark m=12538GeV  [Wtopauarc  [iboson
—ver — oot —ver —agH —ver — g
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H->uu, CMS Categories 4

CMS Preliminary 137 b (13 TeV) CMS Preliminary 137 b (13 TeV)
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H->uu, ATLAS Categor
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H->1T - CP Violation Search (CMS) ™,

» The hypothetically » Only Thth and p Th channels are considered.
allowed Yukawa

couplings are:

» The system is boosted to the zero momentum frame (ZMF) of the
charged decay products.
» The angle, @cp, is measured as shown. This angle is sensitive to ®r.

» Where the first term is CP- DNN for signal isolation; @cp, shape is in each bin

even (SM) and the
second is CP-odd.

» The aim of this type of
search is to measure the

ratio of the coupling
strengths where:

137 fb ! (13 TeV)

» 0is CP-even
> 90" is CP-odd

Bin number




ttH Multilepton Systematics, Fit Results

Source Apyr/ pun [%] - Apn /1 (%] Apuw / puw (%] Dpinz/ puz [%)

Trigger efficiency 23 8.1 12 19
e, preconstruction and identification efficiency 29 7.1 17 32
T, identification efficiency 46 9.1 17 13
b tagging efficiency and mistag rate 3.6 13.6 13 29
Misidentified leptons and flips 6.0 36.8 2.6 14
Jet energy scale and resolution 3.4 8.3 11 12
MC and sideband statistical uncertainty 7.1 272 24 23
Theory-related sources 4.6 18.2 2.0 4.2
Normalization of MC-estimation processes 13.3 12.3 139 113
Luminosity 22 46 18 3.1

Statistical uncertainty 209 48.0 59 5.8




ttH Multilepton Systematics, Fit Results g

CMS Preliminary 137 b’ (13 TeV CMS Preliminary 137 b (13 TeV)

T e e
pp = tH + ttH
H— WW/ZZ/tt

pp — tH + ttH
H— WW/ZZ/tt

Observed
— 68% CL region
---95% CL region
@ Best fit +SM expected

Observed

— 68% CL region

---95% CL region

@ Best fit + SM expected
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VH(H—cc) General Analysis Strategy

49
g q
g oS o6 it » Resolved-jet topology
S 12| Profiminary et B i i
£ erged (0R <0.8) > H(ljggs decay products resolved in two AK4 (R=0.4) jets
4| ZHevents  “merged-jet” regime (di-jet)

» Probe larger fraction of the available signal cross-
section (95% of events have pr(V)<200 GeV)

» DeepCSV tagger (CvsL, CvsB)

» Merged-jet topology
» Asingle AK15 (R=1.5) jet fo reconstruct the H—cc

0 250 350 450 decay
Higgs boson p, [GeV] » Allows fo better exploit the correlations between the
Channel Resolved-jet Merged-jet two charms
Z(w)H(cc): pr(Z) > 170 » DeepAK15 tagger
oL GeV

W(ev)H(ce): | pri(W)>100  pi(V) > 200
L (e GeV

Z(#£)H(cc): pr(Z) > 50
2L GeV




VH(H->cc) Combination

50
95% C.L. Exclusion Limits
> C binati Resolved-jet Boosted-jet Combination
ompinarion:
L CON IS oL i 2L All. Ch.

» Resolved-jet: p1(V) < 300 GeV GeV

GeV 454183 73342 7922 72351 5742507 3741603041 (17)
» Merged-jet: p1(V) > 300 86 75 83 93 70

GeV
» Systematics: correlated,

but: c/cc-tagging
efficiency & PDF, uR, uF
for V+jets

» Validation with VZ(Z—cc)
> UVZiZsco)= 0.55708084

» 0.70 obs. (1.30 exp.)

T
% CL upper limiton




Two Higgs doublet models

125 GeV Higgs boson is (so far) consistent with predictions

&

However an extended Higgs sector is strongly motivated

(Hierarchy problem, baryon asymmetry, dark matter/energy... )
Many BSM theories require 2 Higgs doublets ¢; and ¢, (2HDM:s)

333,

2 important free parameters : o« and tan 3
(mixing angle of h and H, and ratio of the VEVs of ¢; and ¢,



https://indico.cern.ch/event/868940/contributions/3813527/attachments/2082859/3499527/dmoran_ichep.pdf

EFT Higgs Basis Definitions

» From yellow report 4
2.2 2 72y, 2
gv - g +g-)v
- (1 +6c,) T WiW, +(1+dc,) g +g)v 1 ) z,2,
92 92 z 2
+ww o Wit Wi + € 5 Wit Wi, + cung (W,;auwpt + h.c.)
2 /2

g +g
2

g

4
2

+¢:00° 2,0, 2, + ¢,099 2,0, Ay

2
e
GGl + Cyy ZAIWA!W +Cay

+Cgq

2 2
~ 9s ~a Fa ~ € A
+cggZG;wGw +Cyy ZAWAW

2

g +
Zy Ay + ¢ 2y,




