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Events / 2.5 GeV

Measurements in dlboson flnal states

¢ Not favoured in terms of branching ratio but have other advantages

> Clean signal peak, fully reconstructed, extracted from well
understood backgrounds, also in multi-jet environments
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> Can probe all major production modes (ggF, VBF, VH, ttH)
= Can measure the mass (42, yy), an important parameter

* Measurements in diboson final states contributed significantly
to the understanding of the Higgs properties in Run-1

> Run-2: ATLAS analyzed 36.1 fb"' so far (2015+2016) and measured
fiducial & differential cross-sections, couplings, mass
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e Not favoured in terms of branching ratio but have other advantages

o Clean signal peak, fully reconstructed, extracted from well
understood backgrounds, also in multi-jet environments

LHC HIGGS XS WG 2010
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= Can measure the mass (42, YY), an important parameter - — =
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> Run-2: ATLAS analyzed 36.1 fb' so far (2015+2016) and measured ™7, R T
fiducial & differential cross-sections, couplings, mass See talks by ol b ]

D. Sperka, S.Menary

|. Nomidis, LPNHE-Paris Higgs Measurements in the di-boson final state

o - B norm. to SM prediction

3



ATLAS-CONF-2018-004

Signal consists of two prompt isolated leptons produced
with a small opening angle and missing transverse energy

{
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e Goal is to probe the Higgs production modes

e Study ggF and VBF production

e Events with 0,1 and =2 jets studied separately (0,1j for ggF, =2j for VBF, pr'¢t>30 GeV)

e Suppressing the background and constraining its normalization are key elements

e Differences with the Run-1 analysis

* 0j: b-jet veto (20<p7¢'<30 GeV) for suppression of top : Ny
background (large increase in Run-2 due to larger 4/s) 150
and additional control region to constrain its normalization 0%
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H>WW*": backg -

e Dominant processes: WW, -t-t/tW, Z/v*_;TT m Normalization ConStrained from data
in dedicated control regions (CRs)
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Ay Ay

e Other dibosons WZ, ZZ, Wy) | VBF-like CRs |

o Evaluated with MC simulation normalized to best prediction
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H—=>WW~*: results New! Best H—= WW™ measurements

Run-| Run-2 I5 fb!
_ ATLAS+CMS CMS
e Signal strength: e S
_ +0.12 +0.18 _ +0.22 . ‘
Meep = L2175 (stat.) 5 57(sys.) = 1217557 ~0.17
_ +0.30 _ +0.37 +0.4 +0.8
> Uncertainties in good agreement with expectations
e = 1.00+0.10(staz.) +0.18(sys) = 1.0070:3] - H—DW/ZZ* “ combination
ponr = 1.00703] (stat.) +0.25(sys) = 1.00%045 99F & ATLAS Preliminary
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over - Baoww+ = 0.507935(stat.) £ 0.18(sys.) pb = 0.5070 50 pb | —— Saipmdchon, |
' ' 1 ¥ Cross section normalized to SM
S — Lo, 1, Gross section nommalizedio OM |
rel — 68%CL ATLAS Preliminary | = e
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z ~°f K Bestfit k oé g5F_ **+ Combined 95% CL (s=13Tev,36.1 16" 3
T oo > No strong correlation L et Hosry and HoZZ'al 3
e% 1.0} . _ e H—22"~~41 68% CL m, = 125.00 GeV, ly <25
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0 [ . . . = [ SM prediction =
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H—yy/ZZ" x-sections inclusive in production | /™2, oo
S yy: arXiv:1802.04146 | _ _ _
Fiducial measurements 4e: JHEP 10 (2017) 132| £ 2 ey
e Inclusive: (0-BR)pp—H-f) = Nsignal / (L-€) %12 @‘ " e Q - $
Compare with best available predictions in the phase space 5 @.@ $ S
directly accessible by our detectors o ?.? " e o
04t ! -3
* Differential: d(o-BR)/dx , TR L S
X pTH, yH, Niets, ij1’2, pTHjj, cos0*, mj, Adj, Hr, ... 2 o Ho vy, B e |
Observables sensitive to new physics and interesting NG +
for tests of the QCD calculations | i
o Doubly-differential: d?(c-BR)/(dpt™-dniets) 3 s B
To disentangle the large correlations between Njers and p1''s p—-ﬁL—J?-‘* S

Largely model-independent measurements; potential

= L ATLAS

T T T
= gg—H default MC + XH

modelling bias on the corrections/unfolding procedure is L Ty
evaluated and is insignificant in most of the bins considered LRSS H—YY, do/dpT-vs-jets
L + | == ]
10_15_ I 3
Good agreement overall with the SM predictions S . 5 I
. . . 10’3;-
= Theory calculations still more precise than current s s —
experimental measurements i = == = e ——. s——
. . . ) . % & %% s T35 70 p‘y?o [G;\(ﬁ 0359 700 0205035 200 <035
> Comparisons will become more interesting with more data o S
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1 0.4 // Wé
* BR(H—VY)~0.227% , BR(H—4£)~0.0125% § oo 4asereimna o.s;
3 o.sfémTu;?/tlon (;21: :
* Acceptance correction (fiducial = full phase 7 . & . . . |
space) calculated with MC simulated events =,5 E ]
generated with (N)NLO precision 04 ;
0.3 ? beccccccc NURRNNS
0.2F =
e A(H—vyy)~50%, A(H—41£)~42% 01 /////////
. \ g eI [T B SN BNV !
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yH Tk X { { { { ]
0_giiATLASPreIiminary W
- Simulation NH =y
Opp—H): 57.0 *6-05 g (stat.) #9353 (syst.) pb 08 13Tev IRz -
0.7F
. 06; \\\\\\\\\\\\\\\\\\\\\\\\\ f
theory: 55.0 + 2.5 pb [LHC HXS WG, arXiv:1610.07922] 05
. . 04/////////
| 3 TeV measurement in perfect agreement with theory 0
0.2F
: : : N 010
* Results in bins of ptH, yH, niets, pi? @nti-ktjets of pr>30 GeV) A T :
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H—yy/ZZ" x-sections inclusive in production

Combination of the diphoton and four-lepton measurements:
Excellent compatibility of 42/yy

e Statistical uncertainties ~20-30%

e Systematics from luminosity (4%),

background estimation (yy, 2-6%), jet
reconstruction experimental

uncertainties (3-6%, >10% for njets>2)
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measurements (>40% for all observables)

p-values [o] P M [ Nes Py
NNLOPS (@N3LO) 29 92 § 45 5
HRes (NNLO+NNLL) 5 - F - -
RADISH + NNLOJET 29 - f - -
SCETLIB — 91 | - 21

MADGRAPHS_AMC@NLO (@N3LO) -

— 57 —

Higgs Measurements in the di-boson final state

p-values neglect theoretical uncertainties
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H—vy/ZZ" x-sections inclusive in production

Combination of the diphoton and four-lepton measurements:
Mild excess at the high pt | pP' | njets

e Statistical uncertainties ~20-30%

: : : - T
e Systematics from luminosity (4%), p-values [%] pr Dl Nies prp |
. . O/ . t NNLOPS (@N3LO) 29 92 45 5 |
backgrounq estimation (vy, 2-6%), je HREs (NNLO+NNLL) T
reconstruction experimental RADISH + NNLOJET 29 - -
SCETLiB — 91 —

uncertainties (3-6%, >10% for njets>2)
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p- -values neglect theoretical Uncertainties
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Summary

Ll
|

e With Run-2 data, we are entering the precision era; analysis of the diboson final states is
allowing measurements with precision better than Run-1

e Analysis of the 2015+2016 dataset (36 fb~") is a milestone in preparation for the Run-2 legacy
physics results

* Methodology is established - high quality results already improve on the Run-1
measurements

New ATLAS measurements

® Analysis of ggF and VBF production in the H=>WW?” channel yields most sensitive single-
channel measurements so far in Run-2

e Cross-section in agreement with the SM predictions

¢ Inclusive production in the 4£ and yy channels: independent measurements with minimal
theory assumptions

e Now combined to obtain differential measurements (do/dx, x: pt, y", njets, pr') :
* No significant deviations from the SM seen

e More data will allow interesting tests of QCD calculations

|. Nomidis, LPNHE-Paris Higgs Measurements in the di-boson final state
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Additional mate_ria
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H—->WW”* event ’selction

Category Niet =0 ‘ Njet = 1 ‘ Njet 22, VBF
Two isolated, different-flavour, leptons (£ = e, u) with opposite charge
lead sublead
Preselection pr>22GeV, pr > 15 GeV

Errrniss, track > 20 GeV

mee > 10 GeV

Background rejection

Ag(LL, EX') > 7/2 | max (mf) >50 GeV

Npjet, (pr>20 Gev) = 0

p%f > 30 GeV Mmer <myz — 25 GeV
H->WW*— evuy mee <55 GeV Central Jet Veto
topology Aper < 1.8 Outside Lepton Veto
Discriminant Variable mr BDT
BDT input variables mji, Ayji, mee, Apee, mr, ), Ce, Z&j mej,
CR ]Vjet = 0 ]Vjet =1 A’jet > 2, VBF
55 < Mmep < 110 GeV Mep > 80 GeV
WW Adpe <2.6 - |mer — mz| > 25 GeV
b-jet veto
mrf > 50 GeV
Np.jet,(20 GeV<pr<30 Gev) > 0 No-jer (pr>30 aevy = 1 Np.j 20 Gev) = 1
oL (R0 GeV<pr<30 GV Np-jet, (20 GeV<pr<30 Gev) = 0 e (pr=20 GeV)
Top-quark Ag(Le, EITniSS) > /2 max (m%) > 50 GeV Central Jet Veto
prff > 30 GeV Mer <mz — 25 GeV
Aper < 2.8 Outside Lepton Veto
no E* 2k requirement Outside Lepton Veto
mee < 80 GeV Central Jet Veto
Z > T1T

A(bgg > 2.8 ‘

My > my — 25 GeV
Npjet,(pr>20 Gev) = 0
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Process Matrix Element PDF PS Precision o
(Alternative) (Alternative)
gek E%VLYSIESG [f_(?]( v2 PDF4LHCI15 NNLO [7] PYTHIA 8 [§] N3LO QCD + NLO EW [10-14]
(MG5_aMC@NLO [22, 23]) (HERWIG 7 [24])
VBF POWHEG-BOX v2 PDF4LHCI15 NLO PYTHIA 8 NNLO QCD + NLO EW [10, 15-17]
(MG5_aMC@NLO) (HERWIG 7)
VH POWHEG-BOX v2 [25] PDF41L.HC15 NLO PYTHIA 8 NNLO QCD + NLO EW[26-28]
qq > WW SHERPA 2.2.2 [29, 30] NNPDF3.0NNLO [31] SHERPA 2.2.2 [32,33] NLO [34]
(POWHEG-BOX v2,
MG5_ AMC@NLO) (HERWIG++ [24])
gg > WW SHERPA 2.1.1 [34] CT10 [35] SHERPA 2.1 NLO [36]
WZ/Nvy*lZ7Z. SHERPA 2.1 CT10 SHERPA 2.1 NLO [34]
Vy SHERPA 2.2.2 NNPDF3.0NNLO SHERPA 2.2.2 NLO [34]
(MG5_aMC@NLO) (CSS variation [32, 37])
tt POWHEG-BOX v2 [38] NNPDF3.0NLO PYTHIA 8 [39] NNLO+NNLL [40]
SHERPA 2.2.1 (HERWIG 7)
Wt POWHEG-BOX vl [41] CT10 [35] PYTHIA 6.428 [42] NLO [41]
(MG5_aMC@NLO) (HERWIG++)
Z+jets SHERPA 2.2.1 NNPDF3.0NNLO SHERPA 2.2.1 NLO [43]
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Higgs mass measurement

Measuring the only free parameter of the Higgs sector of the SM:

e Combined 4£+yy fit, modelling correlated systematics

e 4¢ measurement drives the overall performance, combination
with yy improves significantly the precision

e Excellent agreement with the combined ATLAS+CMS Run-1

measurement

41 limited by statistics

YY limited by photon energy scale systematics

14 '

——
ATLAS Preliminary
Vs =13 TeV, 36.1 fb"

-2In(A)

12
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LI |

.
124 125
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126
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Higgs Measurements in the di-boson final state

o> Preliminary result with
inflated photon systematics;

Events/ 2.5 GeV

}; woghes / GeV

L — — T
- ATLAS Preliminary ~* Dsia
- 1s=13TeV, 36.1 fb" — Fit
201~ 422" 2020 [] Background
15/
10}~
o
1“‘.*‘.".'?:1 oL AT TP PP .
fio 115 120 125 130 135
m,, [GeV]
700}~ —e— Data ATLAS Preliminary
B Ba;hgr(p.l‘\d 5« 13TeV.36.1 ' |
o0 :gg'&““"""’" m, = 125.11 GeV
t In(1+ &0) waighted sum

. i e
improvements underway! i 3
g
¢ 2
' .
m,, [GeV]
e ]
ATLAS Preliminary
{5 =13 TeV, 36.1 fb’ == Toial Stat. Syst.
Total  Stat. Syst.
|
LHC Run 1 —— 125.09 + 0.24 ( + 0.21+ 0.11) GeV
H—Z2*—4l = 124.88 + 0.37 ( + 0.37 + 0.05) GeV
Hoyy . 1125.11 + 0.42 ( + 0.21 + 0.36) GeV
Combined l T 124.98 + 0.28 ( + 0.19 + 0.21) GeV
A l A A l A ' l ' A A l A A l A A l A
124 124.5 125 125.5 126 126.5
my, [GeV]
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