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Higgs boson @ ATLAS
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- w/ —— w10 3 2012 Discovery of the Higgs boson with m ~ 125 GeV.
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10,27 N | McFmM: 4 10° 2018 Observation of H — bb decay.
10 eV 10° o Why did it take so much time to get here?

Answer: QCDOLHC.

MCFM program > Particularly, parton shower and underlying event.
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https://arxiv.org/abs/1610.07922
https://arxiv.org/abs/1610.07922

adapted from SLAC-PUB 16160

Parton shower and underlying event

@ Protons with structure.
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Parton shower and underlying event

@ Protons with structure.
@ Two partons interacting.
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Parton shower and underlying event

@ Protons with structure.

@ Two partons interacting.
o Parton shower: initial state radiation.
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Parton shower and underlying event
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Protons with structure.
Two partons interacting.
Parton shower: initial state radiation.

Production of Higgs boson + tf + gluon.
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Parton shower and underlying event
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Protons with structure.

Two partons interacting.

Parton shower: initial state radiation.
Production of Higgs boson + tf + gluon.
Primary decays: t — Wb and H — bb.
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Parton shower and underlying event
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Protons with structure.

Two partons interacting.

Parton shower: initial state radiation.
Production of Higgs boson + tf + gluon.
Primary decays: t — Wb and H — bb.

Parton shower: final state radiation.
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Parton shower and underlying event
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Protons with structure.

Two partons interacting.

Parton shower: initial state radiation.
Production of Higgs boson + tf + gluon.
Primary decays: t — Wb and H — bb.
Parton shower: final state radiation.

Underlying event: proton remnants.

August 27th, 2018

3/14


https://arxiv.org/abs/1411.4085

Parton shower and underlying event
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Protons with structure.
Two partons interacting.

Parton shower: initial state radiation.

Production of Higgs boson + tf + gluon.
Primary decays: t — Wb and H — bb.

Parton shower: final state radiation.
Underlying event: proton remnants.

Hadronization.
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Protons with structure.

Two partons interacting.

Parton shower: initial state radiation.
Production of Higgs boson + tf + gluon.
Primary decays: t — Wb and H — bb.
Parton shower: final state radiation.
Underlying event: proton remnants.
Hadronization.

Hadron production.
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Protons with structure.

Two partons interacting.

Parton shower: initial state radiation.
Production of Higgs boson + tf + gluon.
Primary decays: t — Wb and H — bb.
Parton shower: final state radiation.
Underlying event: proton remnants.
Hadronization.

Hadron production.

Unstable hadron decays.
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Parton shower and underlying event adapted from SLAC-PUB 16160

@ Protons with structure.

@ Two partons interacting.

o Parton shower: initial state radiation.
4 o Production of Higgs boson + tf + gluon.
;, o Primary decays: t — Wb and H — bb.
ki‘| @ Parton shower: final state radiation.
: @ Underlying event: proton remnants.

@ Hadronization.

@ Hadron production.

o Unstable hadron decays.

o Electroweak.
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Protons with structure.

Two partons interacting.

Parton shower: initial state radiation.
Production of Higgs boson + tf + gluon.
Primary decays: t — Wb and H — bb.
Parton shower: final state radiation.
Underlying event: proton remnants.
Hadronization.

Hadron production.

Unstable hadron decays.

Electroweak.
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Jet reconstruction

Eur. Phys. J. C 77 (2017) 466 JHEP01(2015)069

Adapted from T. Gleisberg slides & e § o A s T LT
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£ 1 ! @ Jets are our windows into outgoing quarks and gluons.

A 1 I . . . .
: \ / @ Objective: calorimeter reconstructed jet pr = particle/parton level jet pr.

Effect propagated directly to invariant mass distribution: m,j.
Affecting low mass/response tail:
> final state radiation.
> muon inside the jet.
Affecting high mass/response tail:
> initial state radiation.
> underlying event.
> pileup.
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https://indico.cern.ch/event/429853/
https://link.springer.com/article/10.1140/epjc/s10052-017-5031-2
https://inspirehep.net/record/1318484

Evaluation of systematic uncertainty on PS and UE

e Usually evaluated by:
» comparing two/three different MC parton shower generators.

* caveat: changing also Hadronization and PDF.
» tunning the parameter in order to remove these effects.

* see backup.
e Uncertainty evaluated on:

» Acceptance (number of events).
» Shape of certain distribution(s).
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Evaluation of systematic uncertainty on PS and UE

e Usually evaluated by:
» comparing two/three different MC parton shower generators.
* caveat: changing also Hadronization and PDF.
» tunning the parameter in order to remove these effects.
* see backup.
e Uncertainty evaluated on:
» Acceptance (number of events).
» Shape of certain distribution(s).
@ Results coming up next from Higgs measurements and searches:

>

» Simulated samples used for systematic estimation for signal
(and background)

» Impact of the systematic uncertainty on parton shower and
underlying event.

» Signal strength parameter / limit.
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Evaluation of systematic uncertainty on PS and UE

e Usually evaluated by:
» comparing two/three different MC parton shower generators.
* caveat: changing also Hadronization and PDF.
» tunning the parameter in order to remove these effects.
* see backup.
e Uncertainty evaluated on: Outline
» Acceptance (number of events).
» Shape of certain distribution(s).

quarks: top, bottom
gauge bosons: W, Z, ~
leptons: 7, u

di-Higgs search

@ Results coming up next from Higgs measurements and searches:

>

vy vV VY

» Simulated samples used for systematic estimation for signal
(and background)

» Impact of the systematic uncertainty on parton shower and
underlying event.

» Signal strength parameter / limit.
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ttH production observation Phys. Lett. B 784 (2018) 173

| I I I I
ATLAS el Total Stat. B Syst = sm Uncertainty source ANoyiy[oin (%]
Vs=13TeV, 36.1 -79.8 fb"" Theory uncertainties (modelling) 11.9
Total  Stat. Syst. tt + heavy flavour 9.9
fiH (ob) I-ELA 079+ 28 (% 0% +053) itH 6.0
Non-ttH Higgs boson production modes 1.5
iH (multilepton) He=— 156+ 092 (+ 0%+ 0% Other background processes 2.2
Experimental uncertainties 9.3
ftH (v) ——— 139 gl (* 0% .+ 057 ) Fake leptons 5.2
Jets, Emiss 4.9
tHE@g <177 at68% CL Electrons, photons 3.2
"""" g e Luminosity 3.0
Combined H==H 132+ g% (018, 1) r-lepton 25
) Ll Ll Ll Ll Ll Flavour tagging 1.8
-1 0 1 2 3 4 MC statistical uncertainties 4.4

°
@ Uncertainty obtained from PYTHIA8 to HERWIG7 comparison:

> ttH(~~v) PS modelling uncertainty values 8% in signal and 4% in background.
» ttH(multilepton) PS uncertainty with about 10% uncertainty for both signal and background.

* multilepton = H - WW* , H — 77, H — ZZ* without ZZ* — 4/.
> ttH(bB) PS uncertainty with about 6% uncertainty for signal and 4 to 10% for background.
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H— bb observation
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oy

0.05 0.1
o

Wejets

Zijets m,, shape.

)

VH acceptance (QCD scales)

1

im,, shape
QCD scale for ggZH
24epton i m, shape

1

et tagging effiency 0
it tagging effciency 0

VH 2:403 ets ace. (QCD)

o [L=4.7,20.3,79.8 b @ /s =7,8,13 TeV, respectively.
o ;1= 0.98 & 0.14(stat.)T§ 1% (syst.)
@ Analysis dominated by the VH production.

@ VH signal:

PowHEG v2 + MINLO + PyTHIA 8.212 + AZNLO tune vs
PowHEG v2 + MINLO + HERWIGT7 vs MADGRAPH5S_AMC@QNLO +
PyTHIA 8.212

> Acceptance from PS/UE variation for:

> 2 jets 10 to 14%

3 jets 13%
> Fourth largest impact on signal strength: 5%.

bret

Singe top ccepiance (W — o)
B=13Tev ——
ATLAS ;
79.81b vz
Preliminary|m,-12s cev

@ Diboson background:
i 0- 000 SHERPA vs POWHEG+HERWIG++ vs POWHEG+PYTHIAS:

+10 Postft Impact on

i postimpacions > Acceptance from PS/UE variation for:

-15 -1 -05 0 05

Mério José Sousa (SDU)

EE— > 2 jets 5.6% (O-lep), 3.9% (1-lep) and 5.8% (2-lep)
3 jets 7.3% (O-lep), 11% (1-lep) and 3.1% (2-lep)
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http://cdsweb.cern.ch/record/2630338/files/ATLAS-CONF-2018-036.pdf

H— vy ATLAS-CONF-2018-028

L L Y B B B B B Source Uncertainty (%)
ATLAS Prelminary foi Total [ Stat. = Syst. = SM
Vs=13TeV,79.8 o' Fit (stat.) 10
H-yy, \yH\ <25 Total ( Stat. Syst. ) Fit (syst.) 8.3
9gF, 0j (=] 092 0% (+ o) Photon energy scale & resolution 4.0
gF, 1, 0<p''<60 GeV o 123 0% (1052 ‘04 ) Background modeling (spurious signal) 7.3
> 1, 0<pl; == 23 Zoer “oa1
oF, 1), 60<p<120 GeV  j—=mm~y 089 0% (o 0Emy Correction factor 5.2
. Photon isolation efficiency 4.6
F, 1j, 120<p!'<200 GeV =151 % (10N o -
e | RO
9oF, >=2j === 065 Iop (£047  Top ) Photon ID efficiency 13
ag—Hqa, 0<p! <200 GeV —e—- 140 70w ( Ton Ton ) Trigger efficiency 0.7
9gF + qg—Hqq, BSM-like —=s=—i 0.76 *o% ( oi *0.23) Dalitz Decays 04
VH, leptonic 138 o7 ( +0.65 +029 ) Theoretical modeling 131
’ | i:j: :2: :gi: Diphoton vertex selection 0.1
Top = 113 Zow ( lom low ) Photon energy scale & resolution 0.1
ol b b b b b b by
_2 1 0 1 2 3 4 5 Luminosity 2.0
(o xB)/(ox B)SM Total 14

@ Underlying event and parton shower uncertainties obtained by changing the default showering with PyTHIA
to HERWIG in signal samples and studying the effect.

> Uncertainty assessed between 1% and 18%, depending on the signal region.
> Impact of theoretical uncertainties (including UE/PS) on cross-section: about 0.4%.
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https://cds.cern.ch/record/2628771

H— ZZ

9gF-0/

ggF-1j »p;’-Low [

99F-1j-p}-Med

9gF-1j-pf-High |

9gF-2j

VBF-p/-Low |
VBF-pl-High |-~

VH-Had
VH-Lep
ttH

LU
— ATLAS Preliminary # expeceasu =
| H-ZzZ* WY Observed: Stat + Sys _
13 TeV, 79.8 b SM Prediction
{— Reduced Stage 1 - ly,| <25 omb) (@B, 0]
[ - g0s1es 720450 |
[ — - 100105 170220 |
- s0s55 120520 |
— 727 s |
- 60110 140530 |
[ il " a0se5  s2:27 |
il " B sz a4t
— 20100 35977
[ K 025 16500 |
5 g\ PR BRI B I é‘;g‘c“\ ‘m‘::% =
0 2 4 6 8 10
oB/(cB) o

ATLAS-CONF-2018-018

Experimental uncertainties %] Theory uncertainties %]
Measurement | Lum. e, i, Jets, flavour  Reducible | Z2Z* Signal
[-0.5ex] pileup  tagging backgr. | backer. PDF QCD scale Parton Shower Composition
Fiducial cross section
[28 43 <01 0.3 6 06 0.5 0.4 0.1
Per decay channel fiducial cross sections
I 28 39 <0.1 0.3 6 06 0.4 0.6 0.2
de 28 90 <0.1 1.0 16 06 0.8 05 0.1
22 27 86 <0.1 0.9 15 06 0.7 05 0.1
2021 28 36 <01 0.4 18 06 0.7 05 0.2
Stage-0 production bin cross sections

2ok 29 39 13 0.7 23 04 2.1 0.7 B

VBF 17 L5 105 05 23 23 9.5 5.1 -

VH 2.0 L7 7.8 18 56 21 149 3.1 -

itH 25 19 3.9 L5 19 03 8.8 9.6 -

Underlying event and parton shower uncertainties obtained by changing the default showering:

» ggF, VBF and VH: default PYTHIAS vs HERWIGH++.
> ttH: default PYTHIA8 vs HERWIGT.
> Including also changes in the AZNLO tune in PYTHIAS.

Mério José Sousa (SDU)

Impact on cross-section ranging from 0.7% to 9.6% depending on production process.
Impact on cross-section about 0.5% in all decay modes.
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ggF and VBF production with H—WW

— 2.0 T T T T T

g — 68%CL ATLAS Preliminary

= — 95%CL Vs=13TeV, 36.1 fb~!
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% 4+ SM

& 1of ]
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ATLAS-CONF-2018-004

Source

%]

Agver (%]
ovBr

Data statistics +46
CR statistics +8 +9
MC statistics +5 +£23
Theoretical uncertainties +8 +21
ggF signal +5 +15
VBF signal <1 +15
ww +5 +12
Top-quark +4 +4
Experimental uncertainties +9 +8
b-tagging +5 +6
Pile-up +5 +2
Jet +3 +4
Electron +3 <1
Misidentified leptons +5 +9
Luminosity +2 +3
TOTAL +17 +59

@ Underlying event and parton shower uncertainties obtained by changing the default showering:
> ggF, VBF signal and tt background: default PYTHIA8 vs HERWIGT.

> single top Wt background: default PYTHIA8 vs HERWIGH++.
» Diboson WW background: default SHERPA vs HERWIG++-.

@ Theoretical uncertainties (including PS/UE):

> About 5% from ggF signal, Diboson and top backgrounds in ggF category.
> Up to 15% in VBF category.

Mério José Sousa (SDU)
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H— 77 decay observation

QCD calc. of ggF, p' 2120 Gev
Jet energy resolution, comp. 0
Boosted Z — 17 NF

QCD calc. of ggF, p't > 60GeV
QCD calc. of ggF, 1- 2 jet mig
QCD calc. of ggF, top mass
ET"™ resolution, soft term
b-mistag rate, comp. 0

Jet energy scale, comp. 7

Parton shower modeling
in VBF production

ATLAS
Preliminary

s=13TeV, 36.1fb™
my, =125 GeV

Impact= Ao, ../ o0,

! OHorr

-0.1 -005 0 0.05 01 0.15
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Vi |
-

-

—e— Full
——o—— Normali

0777774 +1o Impact
] -ioImpact
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-1 -05 0
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Pull=(9-6,) /16

ATLAS-CONF-2018-021

T T T T T T T T T
ATLAS Preliminary Vs=13TeV, 36.1fb™"
—total —stat. —SM exp. total (stat., syst.)
+1.38 0.77 115
ThaaThag 249 4% (Co7s loer)
Teplad |\ gty 307 05 (Goas 1)
e e 676 28 (0 22
Combination ot 3.71 ‘;;’2 (js;} , ;;73:)
Il L Il Il

1 1 1 1 1
10 12 14 16 18 20
0y . [P0]

0O 2 4 6 8
]

@ Underlying event and parton shower uncertainties obtained by
changing the default showering:
> ggF, VBF and VH signal: default PYTHIA8 vs HERWIGT.
> V+jets background: default SHERPA vs PYTHIAS.

o Parton shower / underlying event uncertainty:
> 2-26% for ggF production, depending on the category.

> 2-18% for VBF production, depending on the category.
> Maximum impact on signal strength: 2.5% (from VBF).
August 27th, 2018
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H— up decay search

Events / GeV

Data/MC

ATLAS-CONF-2018-026

1010
LN L B L L B B B

ATLAS Preliminary -e- Data
10° Ys5=13 Tev, 79.8 fb* Dz
10° H - pp analysis @@ Diboson

76 <m,, <160 GeV Wl Top
10’ — ggF [x50]

— VBF [x50]
10° — VH [x50] °
1 ttH [x50]
_ -1 _

o ofL—79.8fb @ /s =13 TeV
10° @ Observed (expected) upper limit at 95% CL 2.1
102 (2.0) times SM expectation.

> ggF category: 15% to 25%.
> VBF category: about 5%.

80 90 100 110 120 130 140 150 160
Dimuon Invariant Mass [GeV]
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HH— bbbb search

arXiv:1804.06174

2015

mse [GeV]

Events / 25 GeV?

Source
Luminosity
Jet energy
b-tagging
b-trigger
Theoretical
Multijet stat
Multijet syst
tt stat
tt syst
Total
(]
50

2!
my [GeV]

@ Jet threshold: 40 GeV.

@ Two BSM signal samples:
> Signal Gkk — HH:
* MADGRAPH5_AMC@NLO + PyTHIA 8.186.

2016
Background  Scalar SM HH Gk  Background  Scalar SM HH  Gkx
- 2.1 2.1 2.1 - 2.2 2.2 2.2
- 17 7.1 3.7 - 17 6.4 3.7
13 12 14 13 12 14
4.0 2.3 1.3 2.6 2.5 2.5
23 7.2 .6 23 7.2 0.6
4.2 1.5
6.1 1.8
2.1 0.8
3.5 0.3
7.5 31 16 15 1.8 31 16 15
Observed —20 —1lo Expected +1lo0 +20
13.0 11.1 149 20.7 30.0 435

* Maximum of 2.30 observed @ mgi, = 280 GeV.

> Signal gg — Scalar — HH.
* MADGRAPH5_AMC@NLO + HERWIGH+.
@ Theoretical uncertainties (including PS/UE):

» PS/UE evaluating interchanging HERWIG++ with PyTHIA 8.186:

> Gkk: 0.6% ; Scalar: 23% ; HH SM: 7.2%

@ The observed 95% CL upper limit on the non-resonant production is 13 times the SM prediction.

Mério José Sousa (SDU)
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Summary

o Parton shower and underlying event affect all analysis, particularly those
from Higgs, that contain jets (for either identification of veto).

o A summary was presented on the state of the art of several Higgs
measurements and searches from the point of view of these
uncertainties.

o The lower the threshold for the transverse momentum of the jets
selected (identification or veto), the larger effects like the initial and
final state radiation and the underlying event will impact the final result
of the analysis.
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Summary

o Parton shower and underlying event affect all analysis, particularly those
from Higgs, that contain jets (for either identification of veto).

o A summary was presented on the state of the art of several Higgs
measurements and searches from the point of view of these
uncertainties.

o The lower the threshold for the transverse momentum of the jets
selected (identification or veto), the larger effects like the initial and
final state radiation and the underlying event will impact the final result
of the analysis.

Thanks for the opportunity to
present at this conference!
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BACKUP:

107!

102

109 |

pi > 100MeV, /5 = 7TeV.

—e— ATLAS
Pythia 8.145, default

SLAC-PUB 16160
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ldng,

N

1N,

MC / Data

Effect on number of charged particles

T T T T T T
Ng, 2 1, p, >500 MeV, |n] < 2.5
T > 30 ps (extrapolated)

ATLAS s =13 TeV

== Data
— PYTHIA 8 A2

- PYTHIA 8 Monash
EPOS LHC
QGSJET 1104

0.5]

B
20 40 60 80 100 120 140

Nen

Phys. Lett. B 758 (2016) 67

QCD@LHC 2018

PYTHIAS time line:

o PyTHIA 8.145 = November 2010
A2 = PyTHIA 8.185 = March 2014
Monash = PyTHIA 8.186 = July 2014

PYTHIA 8.212 = September 2015
PyTHIA 8.235 = March 2018

> latest version.

August 27th, 2018
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