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Outline

* Observation of H—bb decays with the ATLAS detector
Phys. Lett. B 786 (2018) 59

* Measurement of the VH—bb production as a function of the
vector-boson transfer momentum with the ATLAS detector

ATLAS-CONF-2018-053
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Observation of H—bb decays
with the ATLAS detector
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——bb

* Motivations: . ’
- largest Branching Ratio, o - - -
» driving uncertainty for the total b
Higgs boson width;
* measurement of the Yukawa H—bb
Coupling to down type quarks. st ° £704
1%
H—ccC
* Main challenge: % |
* large QCD background. H_;%,/f

b H—TauTau |

p g < 6%
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p % I H—WW

jets 21%
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Al LAS detector

25m

Tile calorimeters
LAr hadronic end-cap and
forward calorimeters

Pixel detector -

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker

Few key ingredients for searching for H—bb:
- high b=-tagging efficiency from the tracker;

- good energy resolution from the calorimeters.
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Higes production at the LHC

proton - (anti)proton cross sections
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Most sensitive production H—bb. Small cross-section.
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Search for VH—bb

» ) b-jets per event.

* O or | more additional jet (in the 2-lepton channel also 2 or more).

» 3 decay channels according to the number of charged leptons (0, 1, 2).

O-Lepton |-Lepton 2-Lepton

- Target: mainly Z—=vv but also W=V » Target: mainly W=V - Target: mainly Z— |

* Eymiss trigger * Lepton or Eymsss trigger * Single lepton triggers

- Lepton veto * prter> 25 (27) GeV for M (e) - 2 lep same flav opposite charge
 Reconstructed Ermiss > |50 GeV. « ptW> |50 GeV * pr£> 150 GeV
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Multivariate analysis

Several discriminating variables (mos, dRos, pTY) t0 discriminate between signal and background:

|, construct a BDT to improve sensitivity:;

2. perform separate training for each signal region;

3. transform BDT output to optimise signal sensitivity;
4.

use a binned maximum likelihood fit to extract the signal strength (H).
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BDT,,, output

|IOP HEPP | Luca Ambroz | 8th-10th April 2019 )



I~ o B I I LR — T T
~\‘9 - ATLAS +\E/’:taH bb (1=1.16 .

S 1400 5 13 Tev, 70.8 b I VH, H = bb (u=1.16) —

S - ? [ Diboson i

| 1 i} I 1 lepton, 2 jets, 2 b-tags & B

1200: pY > 150 GeV [ Single top E

| - W+HF CR Multijet 7
C Il Z+ijets .

800 Uncertainty —

o e Pre-fit background |

600 — ) —]

L] ' [ep} ntlL BRI L LA L L L B L L |
- Simultaneous fit of |4 analysis S5 - oamas et
- [ (5=13Tev,79.8 0" =Dib’°s:n bb (1=1.16) 0
' . E . 0 lepton, 2 jets, 2 b-tags & B T = L L B B L B B I -
reglons. g 10 §_P¥215069V [ Single top 3 o T
e B W+jets ] % TE * g
: lzj+ietst int : g 05 B ool bbb b b b b ba oy A
. : ‘ R Uncertainty -1 0.8 06-04 02 0 02 04 06 08 1
- 8 signal regions across the 10" - Peibacgrurd BT, utput
three lepton channels. : 5 [amas T o T
10? % 10°E =13Tev,70.81" =\|;::)’°Z; bb (“=1'16)—5
. g E 2 leptons, 2 jets, 2 b-tags B Z+jets 3
° 4 | 3 T pY > 150 GeV f ]
top control regions. oL msngetos ]
T 0o B A N LA L B BRI B B BRI B § XY Uncertainty §
D E ! = === Pre-fit back d
© 2W + Heavy Flavours s st
>/ R T P T DU R T ST P 10° =
' o -1 08 06-04-02 0 02 04 06 08 1 3
control regions. l BT, output :
10 =
- In O lepton channel Z + S A ———
s '0F amas ;5:.‘1. bb ( 116)§ 1
' ~ :r=1TV,.fb'1 _’_> p=t. - : L e O s o B s I B 1 |
Heavy Flavours estimated AL S A S e S S
fy he 2 | h T =Sngloton T MRS o M)
E Multijet 3 60_5__||le\\\\||||||||||||\J\\\\\\|||||||||l__
rom t S epton channel. - B Wajets ] © 1 08-06-04-02 0 02 04 06 08 1
= Il Z+jet _
5 U*r-ll:eftainty BDTVH output
100 g™t e Pre-fit background "= o = ——
— VH,H = bb x20 3 0 T ATLAS —e— Data 3 i
..... : _g 1400;@:13T9V,79.8fb'1 -XH,Hﬁbb(u=1.16)—:
102 — 31200—_ 2 leptons, 2 jets, 2 b-tags I Single top =
3 - 75GeV < p: < 150 GeV Uncertainty 7
1000: ewCR s Pre-fit background {
815J""§; 800 Wmm -
C 1 et g T C : : ]
3 ] C ] _
<l ST T T S NS R P T R 600 i b e
e -1 08 06-04-02 0 02 04 06 08 1 n E o
BDT,,, output 400 m Evveew, sevend _:
200 =
* Systematics described by nuisance parameters. of
S 15 F T | x | | 3
% 1 w @ ————nvuganay S5 f
* Normalisation of signal and main bkgs left free floating. oS B
0 50 100 150 200 250 300
m,, [GeV]

IOP HEPP | Luca Ambroz | 8th-10th April 2019



VH—Dbb results

* Measured signal strength (M) forVH—bb with 80fb-! of data:

Phys. Lett. B 786

(2018) 59
* Observed significance 4.90 (expected 4.30).
* Contributions for the individual lepton channels:
. : | Po Significance
Signal strength Signal strength
Exp. Obs. Exp. Obs.
0-lepton 1.041055 9.5-107* 5.1-100* 3.1 3.3
1-lepton 1.0910745 8.7-107% 4.9.-107° 24 26
2-lepton 1.3810715 4.0-107° 33.100" 26 34

VH, H — bb combination 1.1670351 7.3-100° 5.3.1077 4.3 49
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Systematic uncertainties
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H—bb combination

* The VH,VBF and ttH analysis of Run-1 and Run-2 have beed combinea:
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* The result Is the observation of H—bb decays at 540 (5.50 expected).
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Measurement of the VH—bb production as a
function of the vector-boson transfer momentum
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VH—bb differential measurement

- Definition of five fiducial differential cross section regions (51X5 framework)
according to pt of the W/Z boson:

VH o
| Sensitivity only
from the 2
. WH 7H lepton channel
{py [0, 75[] —»[p‘T" [0, 75[]

A py [75, 15()[]

pY. [150,250(]
p¥ [250, oo

* Analysis strategy kept the same as the “observation

\
/|

{pY. 150,250

—p} [250, o0

* New assessment of signal systematics.

* pr¥regions potentially sensitive to BSM physics.
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Measured cross-sections

g - ATLAS VH, H—bb, V—leptons cross-sections: =
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Results compatible with the Standard Model

IOP HEPP | Luca Ambroz | 8th-10th April 2019



Fffective Field Theories

- The SM Lagrangian can be expanded with and Effective Field Theory parametrisation:

Lerr = Lsm + Z Y09 /A

 The cross-sections measured are ~ T T T T T T T
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Conclusions
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* H—bb decays at 540 (5.50 expected) have been
observed with the ATLAS detector:
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