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Outline

* Observation of H—bb decays with the ATLAS detector (L=79.8 fb-!)
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 (L=79.8 fb-!)

JHEP 05 (2019) [4]
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https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://link.springer.com/article/10.1007/JHEP05(2019)141

Observation of H—bb decays
with the ATLAS detector
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——bb

* Motivations:
» largest Branching Ratio;

» driving uncertainty for the total
Higgs boson width;

* measurement of the Yukawa
Coupling to down type quarks.

* Main challenge:
* large QCD background.
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Al LAS detector
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Higgs production at the LHC (@13 TeV)

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

* 0 or |+ more additional jets.

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

O-Lepton |-Lepton

2-Lepton

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

* Eymiss trigger * Lepton or Eymsss trigger

- Lepton veto « prter> 25 (27) GeV for U (e)
* Reconstructed Ermiss > |50 GeV - pTV> |50 GeV

LP2019 | Luca Ambroz | 5t-10th August 2019

- Target: mainly Z—l
* Single lepton triggers

- 2 lep same flay, opp charge in UM ch.
- pt£> 75 GeV




Multivariate analysis

Several discriminating variables (Meb, dRes, pTY..) to discriminate between signal and background:

|, construct BDTs to improve sensitivity;
2. perform separate trainings for each signal region;

3. use a binned maximum likelihood fit to extract the signal strength (M).

Variable O-lepton  1-lepton  2-lepton

co : T ] LI | LI I LI LI I LI | LI I LI ] LI I T |:
% — _miss - ~ ATLAS —o— Data B .
T = FEr x % 2  (S—13TeV 79.8 fb" Bl VH,H — bb (u=1.16) -
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Profile likellhood fit

- Simultaneous fit of |4 analysis regions:

O-Lepton |-Lepton 2-Leptons
prv > 150 prv> 150 @ /5<prV<  prv>150
GeV GeV 150 GeV GeV

2 jet SR SR SR SR
3(+) jet SR SR SR SR
2 jet W CR

3(+) jet W CR

‘ el events.
* W CR (mpp < 75 GeV, mep < 225 GeV).
* In O-Lep channel:

- / estimated with 2-Lep channel;

. estimated with [-Lep channel.
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VH—Dbb results

* Measured signal strength (M) for VH—=bb with /9.8 fb-! 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

An a|>/S|S ||m I-ted by Source of uncertainty o

Total 0.259

systematic uncertainties Sratistical 0.161

y Systematic 0.203

Experimental uncertainties

Jets 0.035

s 0.014

Fla\/our_—tagglng Leptons 0.009
: : b-tagging :

Ca|lbr‘aJEIOﬂS ight-flavour jets  0.00¢

extrapolation 0.008

Pile-up 0.007

Luminosity 0.023

S |gn al an CI BaCkg rFOun d Theoretical and modelling uncertainties

: = .
mOde”Iﬂg Signal 0.094

Floating normalisations 0.035
Z + jets 0.055
W + jets 0.060
tt 0.050
Single top quark 0.028
Diboson 0.054
Multi-jet 0.005

Limited MC statistics ~ +
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H—bb combination

* The VH,VBF+gglF and ttH analysis of Run-1 and Run-2 have been combined:

I I L I | I I

I I L L I I LI
H—bb \s=7 TeV, 8 TeV, and

I I I I | 1 1 I 1 1 I 1
ATLAS 13 TeV
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VBF+goF | g ° - 1.68 11> (Y00. ‘osr )
+0.56 0.28 +0.48
ttH|  ———— 1.00 “02 (D027, 046 )
0.22 0.14 +0.17
VH 194 098 “057 (Joia 5 016 )
Comb. Lo 1.01 13;;‘,’3 (:,8..115 ; fgf:g )
| | | | | | | | | | | | | | | | | | | | | | | | | |

0o 1 2 3 4 5 6 7
n

H—bb

* The result Is the observation of H—bb decays at 5.40 (5.50 expected).
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VH production

* The Run-2VH results have been combined:

"""""""" R L R D
ATLAS VH Is=13 TeV, 798fb1

— Total — Stat.
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! +1.30 +1.26  +0.32
H— ZZ |} ° a 094 " o (los5 014 )
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> e 10 025 (0165019 from VH—bb
Comb. H-o—H 113 0o (foies 047 )
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* The result i1s the observation of VH production at 5.30 (4.80 expected).

LP2019 | Luca Ambroz | 5t-10th August 2019



Measurement of the VH—bb production as a
function of the vector-boson transfer momentum
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VH—bb differential measurement

- After the observation of the VH production: differential measurement.

- Definition of five fiducial differential cross section regions (57XS framework)
according to pr of the W/Z boson:

ﬁ? 0.35_| T | T T | T T | T T | T TT | T TT L L T T |_
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BDT,,, output

* Analysis strategy kept the same as the "“observation analysis” (event selection, MVA training..)

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

g - ATLAS VH, H—bb, V—leptons cross-sections: =
Q | {s=13TeV, 79.8 b ® Observed ==Tot. unc. ==Stat. unc. ~ _|
>m9 10° & : = SM [0 Theo. unc. -
X — ! =
o B V=W I V=2 -
@ :
10% - , _
O 7 :
5 - T A =
° : =: -
10 . I -
- £ =
5 of : :
. A S
2 - &= ! =L '
© 0l- ; )
m 1

Results compatible with the Standard Model
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Fffective Field Theories

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

- The cross-sections measured are particularly
sensitive to these new coefficients:

%8 *CATLAS Simulation .
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« |-D fits of the coefficients have been
performed (e.g. Chw):
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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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' ° ° ° § ; VH, H—bb, V—leptons cross-sections: ;
* First VH—bb differential cross-section S e o ST e -
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Thank you for your attention
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Backup
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Detal

led BEvent Selection

. 0-lepton 1-lepton 2-lepton
Selection e sub-channel p sub-channel
Trigger s Single lepton Eiss Single lepton
Lebtons 0 loose leptons 1 tight electron 1 taght muon 2 loose leptons with pp > 7 GeV
P with pp > 7 GeV pr > 27 GeV pr > 25 GeV > 1 lepton with pp > 27 GeV
ET™ > 150 GeV > 30 GeV - -
Myy - - 81 GeV < My < 101 GeV
Jets Exactly 2 / Exactly 3 jets Exactly 2 / > 3 jets
Jot > 20 GeV for |n| < 2.5
sebpr > 30 GeV for 2.5 < |n| < 4.5
b-jets Exactly 2 b-tagged jets
Leading b-tagged jet pp > 45 GeV
Hrp > 120 GeV (2 jets), >150 GeV (3 jets) - E

min[Ap(ERS jets)]
AG(ET™>, bb)
Ap(by,by)
AG(ET™, pr)

> 20° (2 jets), > 30° (3 jets)
> 120°
< 140°
< 90°

\% .
pr regions

> 150 GeV

75 GeV < py < 150 GeV, > 150 GeV

Signal regions

my, > 75 GeV or my,, < 225 GeV

Same-flavour leptons
Opposite-sign charges (pp sub-channel)

Control regions

my, < 75 GeV and my,, > 225 GeV

Different-flavour leptons
Opposite-sign charges
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B-tagging efficiency Vs

Light-/C-rejection
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b-jet tagging efficiency

0.7 0.8 0.9 1
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v.and MET

* 2 b-jets.

» 0 additiondl jets.

% L L L L L B L L B L L L BN B L BRI B > qofE T > S B B B LR BN IR B L=
& C ATLAS —e—Data ] 3 = ATLAS —e-Data E &3 - ATLAS —e-Data -
R 10°g 5-13TeV, 70810 =\[')'i:,’°:0;> oo (n =1'16)—§ = C (s-13Tev, 79810 =\['):”°:; P (1=1-16) 3 2 u[ -1V, 79810’ =\|;'i't';°':; bb (”=1'16)_:
E = 0 lepton, 2 jets, 2 b-tags f 3 E 105 = 1 lepton, 2 jets, 2 b-tags ft — E = 2leptons, 2 jets, 2 b-tags B Z+jets E
S - pJ 2150 GeV [ Single top s S = p; 2150 GeV I Single top 3 S ft .
b 10% Bl Wi+jets - ke - Multijet 7 b 3 [ Single top N
- . B Z+jets 3 10t Bl W-jets _ 10°E B Wijets E
Uncertainty ] Fredees, B Z+jets = = Uncertainty ]
10—, Pre-fit bacEground - C__ Uncertainty ] O sy 00 e Pre-fit bacliground —
— VH,H — bb x10 = I L e P Pre-fit background | 10%E — VH,H > bb x80 —
7 10° BT —VH,H->bb x70 = 3
2 | 3 -

10 T R : 10

3 10 =
10 1
10
no T IR NN =L L L B B L B o2 I =L L L L B B B -0'1.5:‘-‘I""I""I'"'I'"'I""I'_.,'_"I"l"l"'-‘:
S__) 1E= INEIIPRESY SV SRS o SSS ] r;l_J 15‘ L aant S SENCCEIRNS N S N g r;l.) 1E 3 N ]
8 F ——— nal BhE s 5 R M s e = I M +
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= 150 200 250 300 350 400 450 500 = 150 200 250 300 350 400 450 - 100 150 200 250 300 350 400 450
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Correlation matrix STXS fit (5 POI)

| | I 1 <
>.
ZH, 75 < p! < 150 GeV ATLAS 0.8 5“
Vs=13TeV,79.8 0" _|F 155 =
VH, H — bb
ZH, 150<p¥<250 GeV —0.4
— 0.2
ZH, p!>250 GeV |  0.01 —0
WH, 150 < p¥ <250GeV | (.02 -0.07 0.12

WH, p¥ > 250 GeV 0.08 -0.16
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EFT coefficients | D fits

Coefficient Expected interval Observed interval
Results at 68% confidence level
CHW [—0.003, 0.002] [—0.001, 0.004]
(interference only  [—-0.002, 0.003] [—0.001, 0.005])
éw —0.066, 0.013]  [-0.078, —0.055] U [0.005, 0.019]
(interference only  [-0.016, 0.016] [—0.005, 0.030])
éw-¢g | —0.006,0.005] | [-0.002,0.007]
(interference only  [-0.005, 0.005] [—0.002, 0.008])
e [-1.5,03] | [-1.6,-0.9]1 U [-0.3,0.4]
(interference only [—0.4, 0.4] [-0.2, 0.7])
Results at 95% confidence level
CHW —0.018, 0.004] [-0.019,-0.010] [ [-0.005, 0.006]
(interference only  [—0.005, 0.005] [—0.003, 0.008])
s -0.078,0.024] [-0.090, 0.032]
(interference only  [—-0.033, 0.033] [—0.022, 0.049])
w—-¢s —0.034, 0.008] [-0.036,—0.024] | [-0.009, 0.010]
(interference only  [—-0.009, 0.010] [—0.006, 0.014])
e [-1.7,05] [-1.9,0.7]
(interference only [—0.8, 0.8] [-0.6, 1.1])
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