SEARCH FOR THE VECTOR BOSON FUSION
PRODUCED STANDARD MODEL HIGGS BOSON

DECAYING TO BOTTOM-QUARKS WITH THE ATLAS
DETECTOR

Introduction

Reasons for this search E3 3:ATLA§ and CMS
» The measurement of the Higgs boson’s coupling has been investigated L LHC Run 1 ]
mainly in the bosonic sector (clear signatures), but it's challenging for 2'5f ]
fermionic decays [1,2]. P SR
+ The “Vector Boson Fusion” (VBF) mechanism has a peculiar topology, that o,
can be exploited in order to enhance the signal to background ratio. B
« Higgs boson’s decay into a bottom pair has the highest Branching Ratio S
(~58% ). ;
i
The analysis on these channels conducted on Run-1 (2012) data [3] has shown :
the main problems affecting such a search: trigger acceptance and background 0.5¢
modelling. The analysis on Run-2 (2016) data has been aimed to target the weak o 68% GL v 95% CL 4 Bestfit & SM expected ]
points and sensibly enhance the sensitivity. T Y- R — 2
Ky
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The peculiar topology of the VBF process: The signal extrapolation is performed with a simultaneous fit (profile likelihood
- Events with 4 jets: 2 in the central region of the detector (b-jet), approach) on all the BDT categories. Systematic uncertainties are included in
stemming from the bottom quarks; 2 in the forward/backward region the fit as additional nuisance parameters (introduce Gaussian constraints).
(VBF-jet), produced from light quarks.
. Li.ttle additional-hgdronic ac’Fivity in the central reg_ion of the detector. - T Resonant components of the fit
+ Big pseudo-rapidity separation between the VBF-jets. § or AtiAs 1  are taken from Monte Carlo
_ . _ PR 1 simulations :
Used topqlogical triggers to better |Qent|f¥ the VBF §|gnature - E% i Category IV ] - VBF (ggF) Higgs = bb
* During Run_-1 (2012) : Topologlcal triggers available only for a limited - ] « EWK (QCD)Z = bb + jets
amount of time of the data-taking period (~20%). i 1
® During Run'2 (2016) . TOpO|Ogica| triggers available for the fU” data' ; For the non-resonant background
taking pgripq. Diff_erent trigger categories according_ to the _position and a2 there are not Monte Carlo samples
the multiplicity of jets (used only the two most sensible regions). g with enough statistics :
* The background has been
STTTeemessmsesmeemmeisesemmmsssesseemmsssssodemessesceeeseeesaoooeoees parameterized with functions
Baseline mepu o dedicated VBF triggers o ;
~20% i ~60% VBF ~15% Background parameterization :
VBWD 1 VBF v VBF ! * During Run-1 (2012) : used a different function (Bernstein polynomial)
>z > >, for each BDT region.
: DJBVBF . 4 b 5 * During Run-2 (2016) : used a common function (Bernstein polynomial)
; 4 central jets 55 2 central + 1 fwd jets | 1 central + 2 fwd jets ! for all the BDT regions and linear corrections (first degree polynomial),
- ] S : one for each BDT region.
Expected additional gain during 2017, due to the introduction at Trigger level of _
a new component; Results from the Run-1 (2012) analysis
* L1Topo : provides topological selections based on L1 Trigger Objects.
The analysis of Run-1 (2012) data E z::_ - (;ateg;ory :v o A;'LA; o _
produced results in agreement with < "} _ PPCIE
MVA the Standard Model: I le-eTev. 20210
& 150f *
" . s [Aad T T = 0logy =-0.8+£2.3 05+ gara E
Additional signal/background R =8 Tov 20 T . Bt
discrimination obtained by means of = T”°™ o 1 Th fh £ | — non-resonant component (bkg) T
multivariate analysis techniques S ggF H — bb 1 'ne gceuracy ot the measurement IS, ol e
o - 2 VBF H — bb . limited by the systematic uncertainty @ L 1RUT v 40T qub bt by b
(Boosted Decision Tree) 0.1 - : o . SRS K 25 ANNLIE ¥ 3 .2 ATUS A% ARANS AL LA A3 0 VMG
i i 1 (main contribution coming from the R N VAL, A, T, S S
Input variables: : _.:.:_5"': : 1 . background parameterization). m_ [Gev]
+ Related to the peculiar VBF e R o ]
topology s - ] Source of uncertainty Uncertainty on y
+ Uncorrelated to the m,, RSl _;r;"_... ] — MVA | Cut-based
i i 0. 0. 0. - . o Detector-relat +0.2/—0.3 | +1.6/—1.2
invariant mass spectrum w— BDT response Experimental uncertainties MO ot ié. . ié.l
. . MC signal modelli +0.1 +1.3
Events categorized according to the output of the multivariate discriminating Theoretical uncertainties Z yi:fina e +0.6/—0.5 1.4
variable N t back d modell; Choice of function £1.0 +1.0
 Run-1 (2012) analysis : used 4 BDT categories On-resonant backerouhid modettie i jeband statistics 1.7 e
* Run-2 (2016) analysis : used 8 BDT categories (4 for each Trigger Statistical uncertainties +1.3 '
category) | Total | +23 | +4.6/-44 |
The results obtained with the analysis of Run-1 (2012) data show the possibility of extracting a signal from this production E} :gpzzzg:xgigggzﬂggg8‘21222
channel. A further request to enhance the purity of the event selection exploits the presence of a highly impulsive photon in 3 https://ar : .org/abs/1606.02181
the central region of the detector [4]. The ATLAS experiment published the first results for this new channel [5]. [4] http j// xIV- g/ b /0710.2809
» We are evaluating the possibility of combining this new channel with the Run-2 (2016) search. [4] https://arxiv.org/abs '
[5] ATLAS-CONF-2016-063
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