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INntroaduction

Higgs decays at m«=125GeV

* The Higgs boson has been discovered in
decays to vector bosons (yy,ZZ*, WW?).

Direct couplings to quarks are not yet

\ 3%
observed. u
3%
* The couplings should increase with the , \Other
mass of the quarks, making the bottom 4 1%

and top couplings the largest.

 The b-H coupling is measured from VH
(V=W,Z) production and H—bb decays

nggs golden channels

1

* The t-H coupling is measured in ttH
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The LHC and ATLAS

 The LHC Run Il started in 2015 with an increased intensity delivering now about 40 proton
interactions per bunch crossing. The total delivered luminosity more than doubled the Run | amount.
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H— DD searches




VH(bb) analysis strategy

« This search exploits a clean signature of leptons in the final state: large missing energy
(Z—vv), one isolated lepton (W—1lv), or two isolated leptons (Z—1l)

« At least two jets with pt>20 GeV are required in the central region and used for Higgs
reconstruction

wwbb : [arXiv: 1708'03299]
O-lepton | | > - — .
channel

Q\‘

1-lepton
channel

[1bb /

2-|epton v\rw<, ,‘ | | 6\/‘
channel 9 : | -

\ X Event recorded by ATLAS W|th one |solated
‘\’1< electron and two b-tagged jets.
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VH(bb) MVA analysis

e A multivariate discriminator (BDT) is trained using several event
variables, including m(bb), to score events depending how signal-
like they are.

Table 5: Variables used for the multivariate discriminant in each of the categories.

Variable O-lepton 1-lepton 2-lepton
p%. =B~ x x
EE"SS X X X
P X X X : :
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- (| Background (test sample) | | * Background (training sample)
QRiZI’ 22))| X X X 5 1: Kolmogorov-Smirnov test: signal (background) probability = 0.001 (0.206)
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m(bb) distributions

[arX1v:1708:03299

* The signal contribution is small compared to the background from W/Z + jets
and t-t processes.

« The observed data distributions are well modeled by the simulation of the

backgrounds.
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VH(bb) search results

[arXiv:1708:03299]

« Afitincluding all backgrounds is performed on the BDT distributions. The different colors
show the contributions from different backgrounds, mainly W/Z+jets and tt.

 The datais in good agreement with the background plus signal model. A small excess of
signal-like events with a strength of u=1.2 is observed, where u is the ratio of the observed

over the predicted SM rate.
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VH(bb) search results

* To better observe the excess of events we combine all regions according to their log(S/B)
value (left plot below).

e A cut-based analysis is also perfomed as a cross-check. The m(bb) distribution after
subtracting the background is shown in the right plot below. [arXiv 1708'03299]
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The red distribution is the excess above the background consistent with a Higgs
of mass 125 GeV.
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VH(bb) signal strength

e Signal strengths in each channel can be determiend from a fit with multiple floating
normalization parameters then a combined fit is also performed.

* pyy is defined as the ratio of the observed signal strength over the expected SM prediction.

|arX1v:1708:03299]
"""" RN ILLALEL ILLLIL IR I BN I
ATLAS VH, H(bb)  Vs=13 TeV, 36. 1 b
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i bb — . :
Best fit u;, for m=125 GeV background-only hypothesis with a

probability of only 1.9x104. The excess

The signal strength in all channels and the has a significance of 3.5 sigma.
combination is within the expected value for This is the first evidence at the LHC
the SM. for the Higgs-quark couplings.
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VH(bb) combination: Run [+Run I

[arXiv:1708:03299]

 The 13 TeV results are combined with previous searches
using the 7 and 8 TeV data.
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VBF, H—= DD

* The search in the VBF production
mode requires 4 jets with pT>50 GeV.

* The two forward jets are identified as
the VBF jets and the two central jets a
the Higgs decay.

11V

o | | 3 L ATLAS oA

« A multivariate algorithm (BDT) is used to 5 0150 . cam IS8 TpV{20.2 b=

discriminate background using the £ [ g .

measured Higgs and VBF candidate et ot E

information. T :

* Regions inthe BDT discriminator are i Z

separated based on the signal purity. 005 B

« Contribution from ggF process is about 10% C 0 D O o 11 HH
in the IV region after full selection. 05 L L 1

[JHEP11(2016)112]  w=E0Tresponse
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VBF, H—=bb results

[JHEP11(2016)112]
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* The data are consistent with background events mainly from
QCD multijet processes.

* An upper limit of 4.4 on the cross section for this process
with respect to the SM cross section is set at 95% CL.
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VBF+y, H—=Dbb results

* A photon with pt>30 GeV and 4 jets with pr>40
GeV are required. Two central b-tagged jets are
identified as the Higgs.

 The energetic photon enables an efficient trigger
and leads to about one order of magnitude
reduction in the non-resonant bb production
compared to the inclusive VBF production.
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ttH searches

search modes:
e H-obb

%
* H—multilepton




ttH, H—=bDb

ATLAS-CONF-2016-080
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signal background

- Events with one lepton or two leptons are selected

- Exclusive regions are defined according to the number of leptons, jets, and b-tagged jets
- # of jets: 4, 5, or >=6 (1-lepton), 3 or >= 4 (dilepton)
- #0ofb-jets: 2,3,>=4
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ttH, H—=bb results
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ttH, H—=vyy
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36.1 fb-

The search is performed by requiring two isolated
photons with Et/m,,>0.35 (0.25) for the leading (sub-
leading) photon, driven by the trigger selection.

Events are categorized into events with leptons
(>=1 e or p) or fully hadronic (>=3 jets).

In both cases, at least 1 b-jet is required. Fully
hadronic events are further categorized using BDT.

 The observed signal strength is consistent
with both a background-only and a
pbackground+signal hypothesis

MitH = 0.5 +/-0.6
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ttH, H—=multilepton

* The search targets the decays of the Higgs
boson to W bosons or tau leptons. In addition to
the leptons, at least one b-tagged jet is required

------------ —WW* 1+1-,ZZ*  inthe event.

Most categories are dominated by WW*, except
the 2I11T,9 Where 1T is of same size. The ZZ*
channel contributes only a few %.

t
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ttH combination results

ttH(H—vY)
(13Tev1331fb')

ttH(H-WW/tv/ZZ)
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ttH(H—bb)
(13Tev132’)

ttH combination
(13 TeV)

ttH combination
(7-8TeV, 45-2031™")

ATLAS-CONF-2016-058
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+1.2 12 +02
0.3 5 t1.o , 02 )
—— 1.3 07 +1.1
. =1 25 i'1.1 (fo.7 , iro.9 )

ATLAS Preliminary Vs=13TeV, 13.2-13.3 b

>

10

best fit p_ for m =125 GeV
iy

13.2 fb

The combined ttH signal strength is found to be consistent with the SM prediction
M= 1.8 +/- 0.7 and corresponds to a significance of 2.80 .

The current combination uses only ~13 fb-1 of 36 fb-1 available.
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summary

e The coupling of the Higgs to the quark sector is an
important part of the ATLAS program. The couplings to
heavy quarks (top and bottom) are the most viable due to
their large masses and coupling values.

 We observe for the first time in the LHC evidence for direct
decays of H to bb.

e Direct searches for the t-H coupling have been pertormed
using the ttH process and several Higgs decay modes. The
sensitivity in this search is close to 3 sigma and will improve
after updating to the full data-set.

e Current results are consistent with the SM expectations.

 More precise measurements are expected with new Run |l
data in the near future and will probe the Higgs-quark
sector for possible New Physics.

Thanks.
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