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The High-Luminosity LHC program and the ATLAS detector upgrade
A quick look at the object reconstruction and identification performance
Higgs physics at HL-LHC, production modes, couplings and signal strengths

Strategy and methodology for the extrapolation studies at HL-LHC

\/ Coupling to bosons
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H—yy, HZZ—41, HoWW

‘/ Yukawa couplings

4

H— 1T, H—= p. top-Yukawa couplings (ttH—bb, ttH—=ZZ/WW/TT, ttH— YY)

‘/ Wrapping-up and conclusions
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HL-LHC installation

Peak luminosity (cm™ s™)

U (pile-up)

Current 1.3 103 ~40
HL-LHC baseline 5.-1034 | 40
HL-LHC ultimate 7.5- 103 200

|
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| Increased instantaneous luminosity
|

and mean number of interactions
per bunch-crossing (pile-up)

Integrated luminosity collected
during HL-LHC ~ 3000 fb-!

Precision measurements on the
Higgs sector (couplings, self-
couplings,VBF production), rare-




c-jet rejection

s/ Important to keep good control over performance of
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HL-LHC environment and object pewformam:e
s/ Very challenging environment at HL-LHC — detector
requirements to maximize benefits from high luminosity

large integrated radiation dose

mitigation of pile-up effects

sustain large event rate with more sophisticated
trigger and data acquisition systems

physics objects (identification and reconstruction,
background rejection)

4

track resolution, pile-up jet rejection, background
rejection for b-tagging, identifications of electrons

and photons
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Higqgs precision measurements at HL-LHC
‘/ Higgs boson studies are a major target for the physics program at HL-LHC

p large statistics collected (3000 fb-') will be very useful to test the Higgs properties and to have a
global picture of its couplings to initial and final state particles

- achieve high-precision measurements on coupling strengths and access to sensitivity for
possible deviations to SM values revealing New Physics

-  sensitivity to rare decays (H—]/Qy, H—ZY), couplings with 2nd generations (H— M) and
shape of the Higgs potential (HH)

) significant increase in production cross section from /s=13 TeV to v/s=14 TeV

p for many channels, the foreseen sensitivity extracted from past extrapolation studies is already
by far superseded

p studies on Higgs properties will be included in YR2018
- extrapolation on current Run 2 analyses with scaling of luminosity and signal/background
yields to account for the new conditions. Systematics model kept the same as in Run 2

analyses

- additional scaling of systematic uncertainties currently being discussed in ATLAS and CMS to
reach a common procedure for the two experiments and to prepare floor for combination

- additional studies based on the smearing function approach that will be also discussed later
in this talk



Signal strength and couplings - resulks for HL-LHC

V' ATLAS public results on couplings at HL-LHC — ATL-PHYS-PUB-2014-016 |

extrapolation from Run | using <p>=140

b Run I: Ap/p (H=YY)=23%, Ap/p (H—ZZ)=24%, Aply - § 1;—:Zf’:fzirz.“:i%sxErf.J'm'“afy 7273
(H—WW)=33% = e

BR, =0

B Expected precision on couplings to W/Z around 3%, to
muons ~7%, to T, b, t approximately 10% @ 3000 fb-!

Vs=14TeV
— det =300 fb™
— det = 3000 fb™
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p  will supersede
results based on
Run | extrapolation
presented here
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Strategy and methodology for extrapolation studies

Smearing functions Run 2 extrapolation

‘/ Kept analysis strategy as in Run 2 YR
\/ ATLAS uses generator-level 14 TeV samples

\/ Scale luminosity and signal/background cross

‘/ Particles (e, Y, T, missing energy, jets) at section yields to match HL-LHC conditions
event-generator level are smeared in pT and (3000 fb-! and 14 TeV)
energy according to functions that take into
account the upgraded detector layout \/ At a later stage, apply HL-LHC detector
performance

P Smearing functions extracted from fully-
simulated samples in HL-LHC
configuration

Systematics uncertainties

\/ Agree on scenarios for experimental

p gauge impact of upgraded detector and (optimistic, pessimistic) systematic
optimized object performance uncertainties
p requires a full re-analysis p talk by S. Pagan Griso and M. Narain at

the plenary session yesterday
‘/ Pile-up included in the simulation (<p>=140

and <p>=200) p difficult to predict evolution vs luminosity
of systematic uncertainties which do not
B Theoretical systematic uncertainties: same as have statistical component (modeling, ...)
Run |/ Run 2 analysis, reduced by 1/2 or
absent (same approach for the Run 2 B main tOpiC of this talk is review of main
extrapolation treatment) systematic uncertainties of various Higgs
channels with a special focus on theory
% uncertainties




Higgs couplings to bosons



State-of-the art: H->yy & H-ZZx->41

ATLAS-CONF-2017-047
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— ATLAS
(s=13Tev,36.1 1"  ~* Total +—e— Stat.
 H =y, my = 125.09 GeV Total  Stat. Exp. Theo.
+06 +06 +01 +041
l'ltop — e Mop = 05 g6 [-0.5 ~01 -0.0 }
+0.9 +08 +02 +0.2
Moy = d 4 Moy = 07 g [—0.8 ~02 -0.1 ]
+0.6 +065 +03 +03
Boee - —e—H K, = 20 [-0.5 ~02 -02 ]
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0 1 2 3 4 5 6 7
Signal strength
v H-oyy
p  expected uncertainty on MY at HL-LHC: 2%
(ggF), 5% (VBF), 10% (VH)
p limited by photon resolution uncertainties
and background modeling uncertainties
p going from NNLO to N3LO description
reduces theory uncertainties significantly
P more on ttHYY extrapolation in this talk
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= ATLAS Preliminary
- Vs =13 TeV, 36.1 b’
: H—yy and H—>ZZ*—4l
: my; =125.09 GeV, |y, |<2.5
VBF | : |
I Measurement  Fed
VH | .
' ' Stat. uncertainty
; Syst. uncertainty D
ttH : . .= SM prediction I
Ll
| 1 | 1 I 1 | | 1 l 1 | 1 | I 1 | | 1 I 1 | | | I 1 1 | 1
—1 0 1 2 3 4 5
‘/ Ho 77 >4 Cross section normalized to SM

P expected statistical uncertainty on M at

HL-LHC: 2% (ggF) and 9% (VBF), 17%
(VH)

p dominant uncertainties in Run 2: QCD

scales (ggF) and jet-bin migration (VBF
and VH)

p dedicated discussion later in the talk on

systematic uncertainties affecting
extrapolation



Gluon fusion]

ATLAS

Simulation Preliminary

QCD scale uncertainty on total xsec prediction ggF (H4l)

PDF4LHC uncertainties EV5

Signal BR uncertainty

| ]
]
Underlying event tune and parton shower uncertainty ggF :

Uncertainty on alphas

ggF QCD resummation uncertainty

MSS IhchcMass

QCD scale uncertainty ggF (0->1 jet migration)

r_bbH_ggH

Underlying event tune and parton shower uncertainty VBF
QCD scale uncertainty ggF (1->2 jet migration)

lying event tune and parton shower uncertainty AZNLO FSR
pT-bins migration uncertainty ggF (pTH120)

QCD scale uncertainty ggF (VH->VBF migration)

Underlying event tune and parton shower uncertainty VH

Run Z|

\'s=13TeV, 36.1 fb™

T— —— Au

—@— Pull

- +10 Postfit Effect on &
|:| -1o Postfit Effect on &

ggF -2 -1 0 1 2

(6 - 6,)/A8

* Exp. stat error on U
at HL-LHC: 2% (ggF)

H=sZZx=54-| ATLAS-PHYS-PUB-AAA

B Ranking plot reported with Run 2 statistics
(36 fb') - amplitude of uncertainties not
significantly reduced at HL-LHC

p H—ZZ using 80 fb! data is public
(ATLAS-CONF-2018-018) - results will
be re-discussed with updated analysis

B Ranking for theory uncertainties-only, all
uncertainties included in the fit results

B |mpact of experimental uncertainties on |
smaller than that of signal theory
uncertainties (accuracy on cross-section
dominated by luminosity determination)

B Second largest source of theory uncertainty
related to PDF

p they mostly impact signal normalization
and have negligible impact on ggF cross
section measurement

B Main source of signal theory uncertainty for
cross section (UE and PS uncertainty)

10



Vector boson fusion ]
TR —

ATLAS

-0.1 -0.

H->ZZx=54-1

05 O

MVBF

0.05 0.1

Simulation Preliminary

QCD scale uncertainty ggF (0->1 jet migration)
Underlying event tune and parton shower uncertainty VBF
ggF QCD resummation uncertainty
QCD scale uncertainty ggF (VH->VBF migration)
pT-bins migration uncertainty ggF (pTH60)
pT-bins migration uncertainty ggF (pTH120)

Signal BR uncertainty

lying event tune and parton shower uncertainty AZNLO FSR
Uncertainty on alphas

PDF4LHC uncertainties EV5

QCD scale uncertainty on total xsec prediction ggF (H4l)
QCD scale uncertainty ggF (1->2 jet migration)
MSS IhchcMass

Finite quark mass uncertainty ggF

QCD scale uncertainty on total xsec prediction VBF

(Run Z]

T —

\'s=13 TeV, 36.1 fb™

VBF D

—@— Pull

- +10 Postfit Effect on &
|:| 1o Postfit Effect on &

-1 0 1 2
6 - 6,)/A6

-

)

)

4

ATLAS-PHYS-PUB-AAA

Ranking for theory uncertainties-only, all
uncertainties included in the fit results

QCD uncertainties with 0-1 jet bin
migration has the largest impact at Run 2

migration realized when ggF events with
one or more jets enter in the
background in the VBF category

this uncertainty affects the signal
strength and the cross section
measurement precision

Second important uncertainty due to
modeling of UE and PS

uncertainty on the acceptance (affect
signal strength and cross section)

* Exp. stat error on M at
HL-LHC: 9% (VBF)
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Associated production |  H=>ZZx*x->41 ATLAS-PHYS-PUB-AAA

ATLAS Aty

Simulation Preliminary -0.1 0 0.1

QCD scale uncertainty ggF (1->2 jet migration)

QCD scale uncertainty ggF (0->1 jet migration)

ggF QCD resummation uncertainty

QCD scale uncertainty on total xsec prediction VH

pT-bins migration uncertainty ggF (pTH120)

®» Ranking for theory uncertainties-only, all
uncertainties included in the fit results

pT-bins migration uncertainty ggF (pTH60)

ng event tune and parton shower uncertainty AZNLO FSR

Underlying event tune and parton shower uncertainty VH

®» QCD uncertainties with |-2 jet bin migration
has the largest impact at Run 2

QCD scale uncertainty on total xsec prediction ggF (H4l)

Uncertainty on alphaS

Signal BR uncertainty

p  affect signal strength and cross section
measurement

Finite quark mass uncertainty ggF

MSS lhchcMass

PDF4LHC uncertainties EV5

PDF4LHC uncertainties EV4

e Y |

|
|
| / —e— rul
T - +10 Postfit Effect on &

|:I -1o Postfit Effect on G
vg = 13 Tev’ 36'1 fb-1 | | | | | | | | | | | | | | | | | | |

VH ) 1 0 1 > * Exp. stat error on M at
R HL-LHC: 17% (VH)
(0 - 6,)/A0
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HoWiW—ev uv (VBF
ATL-PHYS-PUB-2016-018

s/ VBF signature is kinematically distinctive - presence  §

of two energetic final state quark jets at very high
rapidity gap - corresponding H boson centrally
produced

detector layouts because of the several objects in
the final state which are affected by pile-up

Assuming Run | detector performance for e/J -
results for <p>=200

no other jets present between the VBF jets

Drell-Yan and multi-jet background suppressed
by requiring Er™!ss>20 GeV

\/ QCD scale on the VBF jets dominates the
systematic uncertainties - theoretical computation
will improve with time and will reduce the
uncertainty

B Results will be extrapolated - very important to

VBF H=>WW?* production mode very useful to test

prodm&&iam)

account for background systematics (WW modeling

for O-jet category)

Evoma 508 GV

- ATLAS Simulation 0w
200 | (s=14TeV, 3.0 ab” BZ+jets [JW+jets
. VBFH — WW — evuv MogFH § ;VBFH i
150F -
1001 -
50:_ ------ 1: _:
% 1000 2000 3000  §
m; [GeV]}
E ATLAS Slimlljlafioﬁ | Dtli | .IWZ/Izz 3
200[ Vs=14 Tev, 3.0 ab™ ot Do ToP14
- VBFH— WW — evuv MggFH | ;VBFH i
150[- -
100+ .
0] o R I .







Source of uncertainty Oy
Total 0.39
Statistical 0.24
Systematic 0.31
Experimental uncertainties
Jets 0.03
E}mss 0.03
Leptons 0.01
b-jets
b-tagging c-jets 0.04
light jets 0.04
extrapolation 0.01
Pile-up 0.01
Luminosity 0.04

Theoretical and modelling uncertainties

Signal

Floating normalisations 007

Z+jets 0.07
W+jets 0.07
1t 0.07
Single top-quark 0.08
Diboson 0.02
Multijet 0.02

MC statistical

VH->bb JHEP 12 - 2017 (024)

s/ Systematic uncertainties are dominant in Run 2 analysis

p signal modeling uncertainties (dominated by extrapolation
uncertainties from high pt(V) to inclusive phase-space and
parton shower/modeling for the signal)

(statistical component from floating
normalization will reduce with large data statistics provided by
HL-LHC)

p b-tagging calibration experimental uncertainties

p limited size of simulation statistics

L IR UL SR BB BURLELI B BLELE BURELELN BLBLRLEL B
o . ATLAS VH, H(bb)  1s=13 TeV, 36.1 fb"
‘/ Larger statistics will —Total =—Stat
have more power to (Tot.) (Stat., Syst.)
constrain nuisance WH T 135 1088 (1040 058 )
parameters
v/ Stat-only increase ZH h— 112 9% (593,595 )
on the uncertainty et
on M:0.24 (36 fb’! lo- . 1024 105
M ( ) Comb. . Hes @ w042 (1020 &LP
— 0.03 (HL-LHC) i1 T —— e

-1 0 1 2 3 4 5 6 7 8

— S— | Best fit u’® for m =125 GeV
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H=>T T ATLAS-CONF-2018-021

Impact= Aoy, /oy, ‘/ Several channels with taus + VBF and boosted

01 005 0 005 01 0.15 signatures, 36 fb! : 4,10 (with 36 fb™)
. RN AR ERERE RN E N SRR NN ARREE N
I . L .

QCD calc-of ggF, p' = 120 GeV 2 | ‘/ Error on cross-section dominated by

E Z .
s 7 e
“t energy resolution, comp. 0 —-o—»//// } modeling on nggs Pt

Boosted Z— 77 NF p experimental uncertainties on jet energy

resolution, missing energy and light-flavour
jet mistag rate (moderately constrained,
will get worse with larger data statistics)

LR, /) ‘.
g QCD calc. of ggF, top mass —- Stat.err on O
. 7// . (B6):0.60
gz lution. soft t 5 ' ! S S I LR MR I B IR SR B
resolifon, sotterm : % * : —~0.1 (HL- ATLAS Preliminary s=13 TeV, 36.1fb™
b-mistag rate, comp. 0 ,//A * LHC) —total —stat. -~ SM exp. total (stat., syst.)
' /4‘ ' '
7, T 2.49 +1.38 +0.77 , +1.15
Jet energy scale, comp. 7 ,///: - el e e mad ('0-74 -0.91 )
: 7
Parton shower modeling ;/é T T +1.49 +0.84 +1.22
in VBF production : 7 'ep “had - e — 3.07 5 (-0.83 102 )
' 2
e P U
A TLAS e Normalization s Tleprlep 6.76 +§$g ( +1.45 ' +2.39 )
Preliminary 777772 +% Impact . N i o s
[ -1olmpact A e =l e e i i e S A O A A oo e R e e L T
's=13Tev,364fp " Ll 1. 00 § Combination (- 3.71 Yoo (l?f:g 4 : 
m, = 125 GeV -1 056 0 0.5 1 1.5 ¢ T R T P D T T P T I |

GH *TT p
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H=> 1t 1t New for YR!

\/ Low BR (0.02) and significant irreducible background from Z/y— UM - high statistics needed

p fundamental to achieve excellent mass resolution in HL-LHC environment

p  analysis is carried out with smearing function approach at HL-LHC

\/ Analysis strategy optimized wrt results documented in ATLAS scoping document
p upgraded smearing functions and detector performance with state-of-the-art parametrizations

P event classification splitting the sample in different S/B regions and ML fit to m(UM) to estimate
signal yields
ATL-PHYS-PUB-2018-006
P smearing function approach validated against full simulation MC

ATLAS Srmuiston Prommmand § = H-puy sn.gnal.5|gnal from gluon-fusion and \{ector
s =14 TeV, 3000 fo", u>=200 3 § boson fusion is expected to be observed with >9
[JH—pu (ggF+VBF) 5 %
B WW+t+2Z/y* ¢ . . |
WWi i W Total uncertainty on signal strength U at 3000 fb- '
- ww 4 o : \
‘ expected to be around |3% (dominant
uncertainties: muon reco/id efficiency, muon

momentum scale/resolution)

* Events/2.0 GeV

B Theory uncertainties dominated by scales and PDF

i for various production modes
80 100 120 140 160 180 200 220 240 260 § B |

17




Top-Yukawa couplings

Top-Yukawa observation has recently been published by ATLAS and CMS
way before this was foreseen by their corresponding projections!

e —

18



\/ Current analysis is already limited by large tt 0 = 8+A8

+HF (mostly tt+= Ib) and ttH modeling
systematics

P two-point systematics extracted from
comparison of MC predictions with
different matrix-element and parton
shower schemes

p constraints of modeling uncertainties
observed in Run 2 analysis

p current model will result in even large
constraints of nuisance parameters when
Asimov data statistics reaches HL-LHC
level

B Current analysis cannot be extrapolated to
such a high luminosity as the systematics
scheme (2-point systematics) breaks

EEH->bb

Pre-fit impact on pu:

0 = D+A0 0 = B-A0
Post-fit impact on u:
0 = 0-A0

—o— Nuis. Param. Pull

PRD 97,07,2016 (2018)

An
-4 -05 0 05 1

LI l LI I LILLL I LI I LI l L

ATLAS
{s=13TeV, 36.1 fb"

ti+=1b: SHERPASF vs. nominal
tt+=1b: SHERPA4F vs. nominal
tt+=1b: PS & hadronization
tt+=1b: ISR/ FSR

ttH: PS & hadronization

|

“LI"

b-tagging: mis-tag (light) NP |
K(tt+=1b) = 1.24 = 0.10

Jet energy resclution: NP |
ttH: cross section (QCD scale)
it+21Db: tt+23b normalization
ti+=1c: SSERPASF vs. nominal
ti+=1b: shower recoil scheme
tt+21c: ISR/ FSR

Jet energy resolution: NP
tf+light: PS & hadronization
W1 diagram subtr. vs. nominal
b-tagging: efficiency NP |
0-tagging: mis-tag (c) NP |

E; : soft-term resolution
b-tagging: efficiency NP Il

\ * Run 2 results: p=0.8410.29(stat)+0.56 (sys) l

i

ofe e 7

T

IRSERE

L J
lllllllllllllllllllllllllllllllllllllll

-2 -1.5

-1 05 0 05 1 15 2
(8-0,)/A0
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&&H-?ML o& R«’;w\ 2. awi ex%rapoia&mn ak HL-LHC

ATLAS-PHYS-PUB-AAA

Background model ttH model (inclusive) R
101 Fakes ttV model u

Flavour tagging tt model ; ttH

JESJER Data statistics % -0.1 -0.05 0 0.05 0.1

- Luminosity MC statistics
Other systematics
Other Higgs model total
ttH model (acceptance)

ATLAS Simulation Preliminary

ttH cross section (scale variations)

ttZz modelmg (generator)

Jet energy scale (flavor comp. 2LSS

ttH modeling (parton shower)

=
o
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Jet energy scale (pileup subtraction)
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four top production cross section

_ _\_‘\‘;‘ Non-prompt stat. in 4th bin of 3L SR
10 N ' | ' ttZ cross'se
36.1 80.0 150.0 300 0 1000.0 3000.0 i oat
3 minosity
Integrated luminosity [ ~ ] pileup reweighing

rare top decay cross section

ttH modeling (shower tune)

ttZ modeling (shower tune)

\/ Largest signal theory uncertainty (QCD/PDF scale o
variations) for y=0'0°M related to assumed oM Non-prompt stat. in 3rd bin of 3L SR _

Diboson modeling '—'—

Non-prompt stat. in 5th bin of 2LSS SR

s/ Large contributions also from signal acceptance (PS
modeling) which affects 0 in the numerator of the

Jet energy scale variation 1 |

—— Pull ATLAS Simulation

signal strength (main component of “ttH model 1 stendard deviton Preliminary
retit Impact on MttH -
acceptance”) I Postfit Impact on ﬁm_l \{g =14 TeV, 3000 fb !
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
‘/ S . ific of th 15 -1-05 0 05 1 15
ome systematic components are specific of the @ - 6,)/a0

ttH—ML channel (fake estimation) and some

others are correlated with ttH—YY (JES, JER + Ne&.wy ﬁfc}r \/Q!
signal systematics)
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Expected uncertainty on p

&&Hwyy o& f?;um 2, aw:l e&ro\pom&mn ak HL-LHC

Background model
Flavour tagging
JES/JER Data statistics

- Luminosity MC statistics
Other systematics
Other Higgs model total

ttH model (acceptance)
ttH model (inclusive)

(-
o
[

| llIllIIl

[
o
o

ATLAS Simulation Preliminary

| Illlllll

-
9
(=]

| llIIllI

[ I [
3000.0

I
1000.0

36.1 80.0 150 O 300 0

Integrated luminosity [fb~']

Similar conclusions can be drawn for
ttH—yy

ttH—YY guides the precision among all
ttH-initiated states

dominated by theory uncertainties on ttH
cross section prediction

large contribution also from parton
shower modeling on the ttH signal

N —

New for YR!

ATLAS-PHYS-PUB-AAA

~

Au
-01 -005 0 0.05 0.1

ttH cross section (scale variations - .
ttH modeling (parton shower -I I_

)
)

Spurious signal (ttH lep. cat.) = E
)

ttH

Spurious signal (tH lep. cat. 0
Luminosity

H — yy branching ratio

Spurious signal (tH lep. cat. 1)
Jet energy scale (flavor comp.)
Flavor tagging (b-jet, variation 0)
Jet energy scale (pileup subtraction)
Spurious signal (ttH had. cat. 4)
photon identification

Heavy flavor content

Background yield (ttH lep. cat.)
Jet energy scale variation 1

ely resolution (material)

PDF eigen variation 4

ely resolution (smearing) } I
Background yield (ttH had. cat. 2) I

PDF eigen variation 2
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Role of the systematics uncertainties in the extrapolation

\/ The current approach assumes same
(experimental) systematics as in Run 2

‘/ Need to project current systematic
uncertainty schemes from Run 2 to HL-
LHC

p  statistical component of systematics

scales with luminosity = negligible at
HL-LHC

p  hard to predict theory/MC

advancements for modeling (e.g.
ttH—bb,VH—bb)

P new methods may reduce systematics
components

p  impact of larger pile-up at HL-LHC also

to be accounted for

‘/ Ongoing discussion between ATLAS and
CMS experts to define a common
treatment of uncertainties (S. Pagan Griso

and M. Narain’s talks in yesterday’s plenary ) 4

D  systematics will be discussed on a case- §

by-case basis - if needed, prefit
projections will be taken into account

s/ Let’s use b-tagging as an example...

relatively different approaches in ATLAS and CMS
to evaluate b-, c- and light-flavour jet systematic
uncertainties on efficiencies and scale factors

e.g. for b-jets ATLAS is dominated by ttbar
modeling systematics (comparison of MC
generators) while CMS uses comparison of
calibration methods (ttbar vs dijet)

need to converge on common approach/value of
the uncertainty to ensure coherence of results

0.04 [

0.02 _ ............. ______________________ ......... ...... ..... "gh”om’a’d _______ ..... |
0.01 56730 100200 1000 2000
Jet P, (GeV]
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Wra\!ﬂpuf\g*up and conclusions

m Very rich physics program at HL-LHC profits from the upgraded ATLAS detector

‘/ Higgs physics is fundamental for the HL-LHC program

4

potential to improve precision on Higgs couplings and have sensitivity to possible New Physics
contributions

rare processes (rare decays, couplings to 2nd generation, double Higgs production) getting
accessible

‘/ ATLAS and CMS are currently working on YR2018 project

4
4

extrapolation of Run 2 analysis to HL-LHC conditions
definition of conservative and optimistic scenarios for systematics uncertainties underway

common treatment of systematic uncertainties in ATLAS and CMS being defined - strong need
to harmonize approaches to exercise the coupling combination

opportunity for fruitful and enriching discussion within and across experiments!
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H=>ZZx->4L and H->yy (differential)

\/ Differential cross section allows to probe the high pT phase space (pQCD) and to be sensitive to
possible deviations from SM - treatment of systematics uncertainties in H—=ZZ—4l and H— Yy

T -
lepton efficiency, unfolding method, modeling of qq—Z2Z (H—ZZ—4l) | /

optimistic scenario: Run 2 experimental uncertainties are halved (H—=ZZ—4l)
H—YY - sys uncertainties from Run 2: bkg modeling and ¥ energy resolution
background modeling (H—YY), will reduce with larger data stats at HL-LHC

results for pessimistic/optimistic scenarios (p|Ie up jets faklng Y for ¥ energy resolution)
' i asmemsicmawensssn AT AS-TDR-027,

AR o S E Tr T rrr T
. ATLAS Simulation Preliminary - Stat. ATLAS Simulation Preliminary H ZZ_,4| —_— ATLAS TDR 026

Projected HL-LHC sensitivity Syst. Pro]ected HL-LHC sensitivity 13 0.. H—2Z" — 4]

M

Heyy V5« 14TeV La3ab”, pw«200 . Stat. + syst.  H—syy,{s=14TeV,L=3ab’, u=200 - 14 TeV, 3000 fb™’ -1
Pessimistic pleup scenarnio vl Opu"mstnc pileup scenaric B - |
0.08}— — Expeciation HL-LHC —
Pessimistic resolution scenario Optimistic resolution scenario - [[] Sys!. uncenainties -1
- Total unc. Fun 2, 36 1™
------ PowHeg (geF) +XH
0.06 .- H] . {i]_ R XH = VBF +WH+ZHeltHebioH
- | - 1}
0.04{— [}] : L@ ]
- ‘- —
L 002? :..‘.... —_
. - R R -1
‘ ‘ I | I | l I 0 _“‘b.~..._{--....{'.'.'.'.»-.»'..'1‘.-'.4"'.’"1' """ 3.'.'.‘.'.7‘fr"-"-""""'-'i---?:-'-'l
a e . ) ) ) 4 s'tat»sys'+lumi_:
. __] [ | | [T ] 30 FOptimistic scenario -~ sys+lumi
E . ook <~ lumi
= = mm HRes 2.3

100

200




Source Uncertainty in fiducial cross section
Diphoton  VBF-enhanced Njepon = | t7H-enhanced  High EF"™
Fit (stat.) 17% 22% 712% 176% 53%
Fit (syst.) 6% 0% 27% 138% 13%
Photon energy scale & resolution 4.3% 3.5% 3.1% 10%% 4.1%
Background modelling 4.2% 7.8% 26.7% 138%% 12.2%
Photon efficiency 1.8% 1.8% 1.8% 1.8% 1.9%
Jet energy scale/resolution - 8.9% - 4.5% 6.9%
b-jet flavor tagging - - - 3% -
Lepton selection - . 0.7% 0.2% -
Pileup 1. 1% 2.9% 1.3% 2.5% 2.5%
Theoretical modeling 0. 1% 4.5% 4.0% 8.1%% 31%
Signal composition 0. 1% 4.5% 3.1% 8.1% 25%
Higgs boson p¥ & |yy| 0.1% 0.9% 0.2% 0.7% 0.1%
UE/PS - 0.3% 0.7% 1.1% 31%
Luminosity 3.2% 3.2% 3.2% 3.2% 3.2%
Total 1 8% 26% 77% 224% 63%
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A skebch of the ATLAS Phase-1I Upgrade

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

\ .-| # Upgrade trigger system

~

¢ track trigger

¢ modification of the
data acquisition
system to deal with
the high rate at HL-
LHC

. J
r N
# Inner tracker (all-silicon,

pixel and strip sensors)
extended to |n|=4

\ J
I l' \ A\ ( N
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector Q Upgrade electronics for
Liquid-Argon

electromagnetic and for

Tile hadronic calorimeter
\_ y

~\

-
: # High-granularity timing
9 New muon trigger detector (still under

chambers in the barrel . :
discussion)
\ J
CERN-LHCC-2015-020  AT) AS.TDR-025 (Strip ~ ATLAS-TDR-030 (Pixel
(Scoping Document, SD) TDR) TDR)
EXPERIMENT
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EEH->bb

Uncertainty source Ap

tt + > 1b modeling +0.46 —-0.46
Background-model statistical uncertainty +0.29 —0.31
b-tagging efficiency and mis-tag rates +0.16 —-0.16
Jet energy scale and resolution +0.14 -0.14
ttH modeling +0.22 —-0.05
tt + > 1c¢ modeling +0.09 —-0.11
JVT, pileup modeling +0.03 —-0.05
Other background modeling +0.08 —0.08
tt + light modeling +0.06 -0.03
Luminosity +0.03 -0.02
Light lepton (e, ) id., isolation, trigger +0.03 —0.04
Total systematic uncertainty +0.57 -0.54
tt + > 1b normalization +0.09 -0.10
tt + > 1c¢ normalization +0.02 —-0.03
Intrinsic statistical uncertainty +0.21 —-0.20
Total statistical uncertainty +0.29 —-0.29
Total uncertainty +0.64 —-0.61
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Boosted cat.

VBF cat.

Combination

H=>T T

—l—H-l-lﬂﬂ-l-Fﬁ-rFFFrFH—'—H-lTﬂ-l-l-!-FFr!ﬁ—FrF!—lj
ATLAS Preliminary {s=13TeV, 36.1fb™

—total —stat. -~ SM exp.
total (stat., syst.)

[ — 3.92 +1.54 (4-0.78 +1.33)

-1.33 0.77 ' -1.08

NS +1.61 +0.89 +1.34
3.37 4l (-0.85 ' _1.13
-9 - +1.06 +0.60 +0.87
3.71 “y'es (-0.59 ' 0.74 )

hl—l—l—l—l—l—l—hl—l—l—l—llll

T
0O 2 4 6 8 10 12 14 16 18 20

Ofyosrr LPD]
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ATLAS Simulation Preliminary

s =14 TeV: [Ldt=300 fb™" ; [Ldt=3000 fb™

(VBF-like

(WH-like

(ZH-like

(ttH-like

H—// (comb.)
(VH-like)

(ttH-like)

(VBF-like)
(ggF-like)
H—=WW (comb.)

N N N N N N

)
)
(VBF-like)
H—ZYy (incl.)
_s hh (comb.)
H== bb (WH-like)
(ZH-like)

H—tt (VBF-like)
H—uu (comb.)
(incl.)

(ttH-like)
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Vector boson ‘f”s‘*m’\ - HoZZ—-41 ATL-PHYS-PUB-2016-008

\/ Vector boson fusion (VBF) signature is

kinematically highly distinctive, marked by the § 0-09§—I - ATLas Islirlnlullaltilolnl|5rlellilmlirlmérlyl | —i
presence of two energetic final state quark jet at|< 0.08F — VBF125 =
very high rapidity gap - corresponding H boson *g 0.07F — ggF125 =
centrally produced S 0.06F e —
g 0055 =
p Important role of pile-up jet suppression in the [z = 1
forward region cg, 0'04; ...... E
Z 0.03:— =
s/ Assuming Run | detector performance for e/ -|  0.02 -
results for <p>=200 0.01F- :
0908060402 0 02 04 06 08 1
- Selection requirements: same selection as in
Run | VBF H—=ZZ analysis + m(jj)>130 GeV BDT score
J Multivariate approach employed to separate VBF § i i ——
from gluon-fusion + 2jets Higgs production and ~ § | <U>=200, stat+sys Stat+sys
qq—ZZ ¢
; Significance 7.2
- definition of the signal region exploited by a ;
cut on BDT to improve resulting VBF H—4| ¢ A/ 0.18
significance ¢
Impact of increasing jet tracking coverage in the
- QCD scale variation systematic uncertainty forward region (N=2.4=>4) improves the expected
i cluded precision on Ap/ from 22% to 14%

SR S g ~ _ _ - " ~ - _ - L L= o T g - g . Lo=_- -
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