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Requirements, improvements, challenges in Higgs physics at HL-LHC

* We are required to improve, and that poses a challenge...
® on the detectors

e on the analyses To exploit the full potential of the HL-LHC,

Improvements are mandatory in all aspects

e on the theory

In this presentation:

e Plans for detector upgrade

® Projected performance of object reconstruction

e Projected analysis results for interesting channels

e Theory dependence of measurements

For expected results with <3000 fb”/, see talks (29/9) by
A. Perieanu (CMS) and O. Boeriu (ATLAS)
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e Measure the couplings of the Higgs boson with few per-cent accuracy
LHC HL-LHC

ol (1 =
1.255" [ 300 fb™, w theory E
1.2k 300 fb™', w/o theory -
115 +  Standard Model =
The larger dataset will 1 15_ .
improve mostly the fermion E Small experimental uncertainties
coupling measurements 1.05F for vector boson couplings, so
which generally benefit = larger dependence on theoretical
from higher statistics 1= uncertainties
0.95 —
0.9F s .-
- ATLAS Simulation Preliminary
0.85 ~ ATLPHYSPUB-2014016 \s =14 Tev, e
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e Access to rare decays and Higgs-pair production

Measurements are extremely important to BSM phenomenology

e Also: direct searches for heavy Higgs partners
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e Aiming to increase the dataset from 300 fb-! to 3000 fb-! after 10 years of operation (2026-2037)

e Instantaneous luminosity must go up to 5-7.5 x 10%* cm?s!, extreme pile-up conditions with
up to 140-200 interactions per bunch crossing on average ({i/)) and high radiation levels

e Detector and trigger improvements are mandatory in order to keep the same level of
performance and precision physics capability
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= Due to aging that would degrade the performance dramatically

= Current detectors simply cannot handle {(u) of 140 or above
Life in 2030 with (u) ~ 140 without upgrades

e Trigger: pr thresholds will rise, will be losing interesting events

® Inner tracker: performance will drop dramatically for efficiency; much higher fake rates

14 TeV, 3000 o', PU = 140
T T | T T T T | T T T T | T T T T | T T T T —
CMS Simulation  __ e agetk H— z2* - 2024 1
CERN-LHCC-2015-010 —— Phasell: H—ZZ* — 2e2u

——— Phase | agei1k: Z/ZZ — 2e2u
—— Phase ll: Z/ZZ — 2e2u

e Degradation of primary vertex
reconstruction and identification will have
strong impact on b-tagging performance
and pile-up jet suppression
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e Calorimeters: swamped with noise \signal with upgraded detecto

600
¢ Challenge on jet energy resolution and

. 400
missing Er

- / and aged detector

100 150 200 250 300
Moo, [GeV]

200

signal without upgrades —

¢ Physics example: highly reduced yields for
one of the ‘golden’ channels, H—>ZZ—4¢ 0

The upgraded detectors should help to maintain similar levels of performance as today.
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Very similar planning between the two experiments g W CMS,CERN-LHCC-2015-010
for the Phase-Il upgrade; different scenarios studied I T T T T S
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* Replacement of inner detectors with all-Si trackers

e Better radiation tolerance, high granularity;
maintain efficiency and acceptable fake rate

N
o
S

T 1T 1

ny
o
o,

3y N |

* Considering extending coverage of tracking detectors up to as far as |n|=4
e Tracker extension extremely useful for pile-up mitigation in the forward region

e Smarter and faster electronics for trigger at level-1 to keep the pr thresholds low
¢ Increased latency (10-30 psec) and output rate (400-1000 kHz) for L1 trigger

e Upgrades to muon systems

e For better performance and triggering at large |n|, already in Phase-I upgrade for
ATLAS, later for CMS

e Forward calorimetry

* CMS to replace endcap calorimeter with Scobine documents:
“HGCAL” (with good timing) CMS: CERN-LHCC-2015-019

ATLAS: CERN-LHCC-2015-020

e ATLAS considering new high-granularity
calorimeter and dedicated timing detector

|. Nomidis, Carleton U Higgs physics at the HL-LHC 6



Performance at high pile=up

, : : Scoping documents:
- .
Detector response modelled with full Geant4 simulation of benchmark CMS: CERN.LHCC.2015.019

processes (e.g. ttbar, Z—{¢) ATLAS: CERN-LHCC-2015-020

¢ Pile-up assumed to be (u)=140/200 and is added by overlaying minimum-
bias events in generated processes
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Pile-up mitigation _

e Ciritical aspect for almost all analyses

e Basic approach: associate tracks of jet with the

primary vertex

e Tracker extended in |n| helps

e Other ideas to mitigate pile-up:

e With timing information from the

calorimeters

With longer beam spot
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e ATLAS:

Resolution and efficiency are extracted from fully-simulated benchmark processes
Corrections functions are applied on generator-level objects to emulate detector response

Performance of upgraded detector most times is similar as today, so keeping systematics
at the same level

Quoting results with full theoretical uncertainties (as in Run-I or with best available), also
reduced to 50% and 0%

e CMS:

For combination results: projecting current analyses to 3 ab™!, assuming same performance
as today

Quoting results with total systematics as in Run-I (‘scenario 1°) or with theoretical
uncertainties reduced by 50% and systematics scaled by 1/,/Lint (‘scenario 2’)

For dedicated analyses (HH): detector response extracted from fully-simulated benchmark
processes, using smearing functions on generator-level objects or Delphes fast simulation

Full simulation for H—=ZZ*—4%{

|. Nomidis, Carleton U Higgs physics at the HL-LHC



COU pllng preC|S|OnS ATLAS Simulation Preliminary
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Signal strength precisions

e Signal strength () used to express compatibility of oxBR measurements with theory

¢ Goal is to minimize the uncertainty of the measurements (Ap/p) — QCD+PDF uncertainties
become significant

ATLAS Simulation Preliminary

Vs =14 TeV: [Ldt=300 fb" ; [Ldt=3000 fb’

Hoyy  (comb) é ATL-PHYS-PUB-2014-016

H— ZZ (comb.)

H— WW (comb.)

H— Zy (incl.)

H— bb (comb.)

H—uu (comb.)

H—stt (VBF-like) &g
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Au/n

CMS NOTE-13-002

LbYH| 99 | WW | ZzZ bb TT Zy uu inv.
300 [6,12] | [6,11] | [7,11] | [11,14] | [8, 14] | [62, 62] | [40,42] | [17, 28]
3000 [4, 8] [4, 7] [4, 7] [5, 7] [5,8] | [20,24] | [20,24] | [6,17]

CMS Projection

| | | | | | | | | | | | | | | | | | | |
Expected uncertainties on 1 3000 fb"at Vs =14 TeV Scenario 1
Higgs boson signal strength F— 3000 fb"at Vs =14 TeV Scenario 2
H—vy : i
Scenario 1
H—>WWw ‘ | Systematics as in Run-1
H— 7Z ! | :
Scenario 2
H s bb . Theoretical unc. scaled by
' " 50%, other systematics
Ho 1 : , scaled by JLint
| | | | | | | | | | | | | | | | | | |
0.00 0.05 0.10 0.15

expected uncertainty

Very similar precisions for ATLAS and CMS projections.
Some large differences (H—TT, H—bb) due to more channels used in the combination for CMS

Higgs physics at the HL-LHC



‘Golden’ channels: H»+ZZ"—4¢ (t=e,p) and H—vy

e Clean signal peaks on top of smooth background continuum; good performance even in these

extreme conditions

e Can provide clean observation of all production modes

H - ZZ* _} 4& TeV 3000 fb PU = 140

oF 1Background .

ttH .

—

P P S S SN U S o S WP
‘POO 105 110 115 120 125 130 135 140

ATL-PHYS-PUB-2013-014 m,[GeV]
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- ATLAS Simulation Preliminary

g [1L=3000b", s =14 TeV -
- VBF-like category -

20F §VBF

e Must disentangle ggF/VBF production modes - IWH

15F “ZH

- FttH

® Must control the background from pile-up jets in the forward region 1o- %%Ekground

Entries/1GeV
N
(€] ]

e Analysis approach: using BDT method for optimal signal/ 5F ! E
background separation et LL s
‘POO 105 110 115 120 125 130 135 14
* Nice case study to quantify benefit from upgraded detector: s v 3
extended tracking scenarios (‘reference’, ‘middle’) greatly help in - ATLAS Simulation VEr125 l Testing Training

ggF125 [ Testing « Training

(1/N) dN / dx

reducing pile-up background, pile-up background doubles in the
modest scenario (‘low’)

5=14Tev, [Lat=30ab" .
Reference scenario—

BDT bin 3 2 1

o _ = o N N
©® O N A O oo NN NP

* Notice vulnerability of measurements to large theoretical
uncertainties (QCD scale for ggF+jets with VBF signature)

© © o
N oo

U/O-flow

Pile-up impurity (%) K " b6 reeponse

Scoping scenario Bin1 Bin2 Bin3 without theo. unc. with theo. unc.

VBF Sample Aufp AT (fo™')  Z,-value (0)  Au/u AT (f67')  Z,-value (o)
Reference 2.0 4.6 13.1

, 0.134 — 11.41 0.167 — 7.64

Middle 3.0 6.4 236 4437 125 10.86 0.174 350 7.48
Low 02 120 3887 4440 425 9.84 0.186 1000 6.75

ggF Sample
Reference 23.2 379 52.1
Middle 240 434 650 U =200
Low 412 594 762 ATL-PHYS-PUB-2016-008
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e Particularly challenging due to large backgrounds (dominant systematic uncertainty)

* Good benchmark for performance at HL-LHC conditions: depends on performance of Ex™ss,
central-jet veto, b-tagging for forward jets (ttbar veto)

® Deficiencies of more modest upgrade scenarios result in larger background contributions that
cannot be recovered with larger integrated luminosity

e Careful analysis optimization carried out assuming the predicted performance shows that we
can achieve 2.7-70 significance depending on the upgrade scenario and size of theoretical
uncertainties, reaching a precision of 39-16%, respectively

ATL-PHYS-PUB-2016-018

- ATLAS Simulation
200 =14 Tev, 3.0 ab"
- VBF H — WW — evuy

150f

Events / 40 GeV

100}

50F

0 100
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Dtt .w2/zz

BEww  [Single Top _
B Z+jets [[JW+jets
MagFH ¢ ;VBFH

200
m, [GeV]

Syst. unc. ggF (%) | VBF (%)

QCD Nje; cross-section 43 1

QCD acceptance 4 4

{ ’u> =200 PDF 8 3

UE/PS 9 3

Total 44 6

Scoping scenario Ay Significance (o)

Signal unc. Full 1/2 None | Full 1/2 None
Reference 0.20 0.16 0.14 | 5.7 7.1 8.0
Middle 0.25 0.21 020 | 44 5.2 5.4
Low 039 032 030 | 27 3.3 3.5

Higgs physics at the HL-LHC
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s 19 Ef L dt = 3000 fb” W — ww, m, =125 GeV E? ; = 800F s=14 TeV, 3000 fb" Poom o f o (s=1aTev — Background
E 108 —Z-u . . 2 700:_ e Data (Bkg. Only) 1 . 60001 f Lat = 3000 fo’ .._...i\f,rﬁ;gf?tal ~
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o 107 BWW= uvuy E . " 600F :lHSig%alme = ' 40001 ATLAS Simuiation ~
E ' - [ Z Signal x 10 ] " - Prefimina H-2y, Z—uulee
10° E 500K B 2000_— T ]
ATLRl 15-043 ; .
: : ATLaPHYS PUB- 20I4 006 -
3003 ' > 1s0E- -
200F : g 1§g§ =
_ :mo---wwH
10780 100 120 140 160 180 200 ! 60 80 100 120 140 160 180 | U
m, [GeV] . My (GeV) 1 g w0 NS
* Probe coupling to 2nd : @ Probe for Yukawa couplings : & % ++ Lt r
generation fermions = I B SS————nn A |
. @ ATLAS anticipates to set the : m, [GeV]
* ATLAS: 70 observation for (uy:  limit of the BR(H—J/p y)at :® Probe for new physics in the
~140, measurement of 25% : 15xSM expectation . loop; important for coupling
(stat.) ® 17% (syst.) precision: measurement
: @ First limit set from ATLAS i
* CMS expects 14/20% un- : at600xSM + & ATLAS: 3.90 observation for

certainty with scenario 2/1 [*]+  (PRL 114 (2015) 121801) + {W~140, measurement of 25%
. (stat.) ® 17% (syst.) precision
e Rare Higgs decays are sensitive probes for new physics

¢ CMS expects 20/24% un-
¢ QObservation at the SM rate for H—=pp, H—Zy will only be certainty with scenario 2/1 [*]

possible with the HL-LHC dataset (] CMS NOTE- 1 3-002
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e Significant contribution from theoretical uncertainties to the total uncertainty, can be up to 50%

CMS Projection CMS Projection
T T | T T T T | T T T T [ T I I I [ I I T T I T T T T T T T T T T T T T T I T T
Expected uncertainties on = 300017 at ¥s =14 Te Scenario | Expected uncertainties on —1 3000 6" at s = 14 TeV Scenario 1
Higgs boson signal strength F— 3000 at s =14 TeV No Theory Unc. Higgs boson couplings — 3000t at Vs = 14 TeV No Theory Unc.
H—vyy i i Scenario 1 Ky — Scenario 1
o | | Systematics as in Ryn-1 Kw : : Systematics as in Run-1
_ K : :
Hes 77 : : Scenario 3 K : : Scenario 3
No theoretical unc. No theoretical unc.
K | |
H— bb : | b
K I I
H—n1t } | K, -
| | | | | | | | | | | | | | | | | | | | | CMS NOTEl- I 3-002
0.00 0.05 0.10 015 0.00 0.05 0.10 0.15
expected uncertainty expected uncertainty

¢ To reach the ultimate precision on Higgs measurements, improvements are required also on the
theoretical calculations for the signal processes

e Uncertainties for background processes also relevant for specific channels: e.g. electroweak unc.
for high mass ZZ (H—4¢{), V/tt+heavy flavour production for VH/ttH (H—bb)

|. Nomidis, Carleton U Higgs physics at the HL-LHC | 6



“Theory uncertainties

e What must be achieved for theory calculations in order to have a smaller than 10%
contribution to the total uncertainty

¢ Need for improved PDFs and QCD calculations

® ggH: clearly needing higher order calculations for multi-jet final states

|. Nomidis, Carleton U
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Scenario Status Deduced size of uncertainty to increase total uncertainty
2014 by <10% for 300 fb~! by <10% for 3000 fb~!

Theory uncertainty (%) [10-12] Kgz /ng /lyz Kgz /Lyz /ng Az /ltg
g9 = H

PDF 8 2 - - 1.3 - - - -

incl. QCD scale (MHOU) 7 2 - - 1.1 - - - -

pr shape and 0j — 1j mig. || 10-20 - | 3.5-7 - - | 1.5-3 - - -

1j — 2j mig. 13-28 - - 6.5-14 - | 3.3-7 - - -

1) — VBF 2j mig. 18-58 - - - - - 6-19 - -

VBF 2j — VBF 3j mig. 12-38 - - - - - - 6-19 | -
VBF

PDF 3.3 - - - - - 2.8 - -
ttH

PDF 9 - - - - - - - 3

incl. QCD scale (MHOU) 8 - - - - - - - 2

ATL-PHYS-PUB-2014-016
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e Access to AvnH is a unique way to fully establish the Higgs field potential, particularly interesting
for BSM...

, Decay Channel | Branching Ratio | Total Yield (3000 fb~!)
J/ bb + bb 33% 4.1x 10
A . bb+WHrW~ | 25% 3.1x 10
HHH bb + 1™ 7.4% 9.0 x 103
o(pp—HH)~40 fbo @ NNLO! I BN WW~ + 1717 | 5.4% 6.6 x 10°
\ ZZ + bb 3.1% 3.8 x 10°
\ ZZ+WrW~ | 1.2% 1.4 x 103
\ yy + bb 0.3% 3.3 x 102
vy +yy 0.0010% 1
. . . . 14 TeV
® Considering decays with high BR: bb+tt and bb+yy S 1.4 CMS Phase Ul Simulation
channels are our best chances to observe a signal S qof  Phase Il U140
L E e Phase Il PU200 T
1_— [}
* Must have excellent performance in b-tagging, y resolution, 08f
T-efficiency and fake rate aTev M0 i
__é“ 1em ‘C‘IJV;‘SJ ‘S‘i T JI ‘"'?: CEL g L L T T T T )4:_ +M"+ + + o~¢¢+
_ _ _ 14 TeV = E imu at|on OO A I ' -
£0.07p CERN-LHCC-2015-010 e § fjetp 230GeV : E
© -~ CMS Simulation © | phasel,PU=50; e -
0.06— —e— Sig. : Phase | 50 PU Q—  Ooml<18 """ """" ' U I5|0I - I1(I)OI - I1éOI — I2(I)OI - I25|0I |
S —e— Sig. - Phase | aged 140 PU Dy D 1smiad e - CERN-LHCC-2015-019 14 ToV
0.05 g Phase II, PU=140: 1 o 10g
- —e— Sig. : Phase Il 140 PU S [ em<1s8 ‘ 1 ®© - CMS Phase I/ll Simulation
. D om18<i<24 1% e Phase | PU50
0.04 S | A 24<hi<B0 gL 1< 4L e Phase Il PU140 T
- — L R 7 S R 4w 3 e Phase Il PU200
0.03- . 202k . i
C - SRS 107
0.021 —— —— - Phase II, PU=200: -
- —— — . I - e hi<18 ] +" l A
001 — : R i T R R oty BT i e
OE | I | | | | 10'3‘\ \l\\ | 5 111 | DI 11 | 1111 | 1111 ; L 111 ; 1111 E + + T+
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~The ultimate goal for -LHC: | -

{
|
|

H H—bb yy Wy=140 HH—-bb TT

Vs=14 TeV, PU=140 . s=14 TeV, PU=140
2 I UL UL I I UL I IR LR L IR %) S L T L
e —e— Toy data . T E i ion = = HH->7t bb 3
§ sob- CMS Slmulatlon _co!:nbinedﬁt E § 5 - CMS Simulation O i
i O . ¢ (R HH->bbyy : w10 E
qé 40 _ J * ry - IF\:ii?rlasr:)tnt::l? bkg_: 10* :
(] 7] =
o] i 1 C
E s0p + E !
Z C i E
201 * T H \L e 107
resonant background from ttH + H ] 0
0:'.'."."?'.'."."'.'.' ......... _: 1 A
100 105 11|O 11|5 1é0 1é5 1:|’>O 1LI35 14|fO 145 150 -0.3 -0.2 -0.1 0 0.1 0.2
PAS FTR-15-002 ,, [GeV/c?] PAS FTR-15-002 pgpt
e Observation at the SM rate possible for ¢ Dominated by large backgrounds but
ATLAS and CMS with the HL-LHC dataset important for combination
e Expectations: CMS 1.60, ATLAS e Expectations: CMS 0.90, ATLAS
[CMS-PAS-FTR-15-002], [ATL-PHYS-PUB-2014-019) [CMS-PAS-FTR-15-002], [ATL-PHYS-PUB-2015-046]

e Combination of both channels provides and expected significance of 1.90 for CMS

e With better performance than the conservative estimates used in the projections and with
more channels in the combination (bb+WW, bb+bb), there is good chance to observe first
hints for HH production at the HL-LHC
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Summary

|
!
|
|

e Look to the future of Higgs physics with measurements at the HL-LHC
What we aim to achieve:
e Access almost all decays of the Higgs boson and measure couplings with <5% precision

® First measurements of Higgs-pair production for a more complete understanding of the
electroweak symmetry breaking mechanism

What we need:

® Detector upgrades and more advanced and pile-up
robust algorithms

e Smarter analysis techniques to cope with the extreme
background conditions

¢ Reduced theoretical uncertainties

Disclaimer: New results and updated upgrade plans to be
presented at ECFA next week
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Additional mate_ria | .
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e Largest BR but studies limited to VH and ttH production mode due to large backgrounds

e Important to probe coupling to fermions and constrain BR for BSM

e Not observed yet... Possible at the LHC but multiple analyses must be combined to exceed 50

e ATLAS expects >90 just in VH, V leptonic modes

Events / 20 GeV

|. Nomidis, Carleton U

Run-1-like analysis projected at much higher pile-up

MVA techniques, improved b-tagging and jet calibration

ATL-PHYS-PUB-2014-01 |

1) Conservative scenario:

2) Realistic / optimistic scenario:

2500—
2000—
15005—
1ooo§—

500F

[ T T T I T T T T
- ATLAS Simulation

Preliminary

C (s=14TeV, 3000 ft', <u> = 140
" 2lep, 2 jets, 2 tags, pZ > 200 GeV

=
N [

100

T I T T T T |
AzHx10
B3 Diboson

One-lepton Two-lepton | One+Two-lepton
Stat-only Significance 154 11.3 19.1
[stats €TTOT +0.07 —0.06 | +0.09 —0.09 +0.05 —0.05
Theory-only  fiTheory €rror +0.09 —0.07 | +0.07 —0.08 +0.07 — 007
Significance 2.7 8.4 8.8
Scenario | flw/Theory €rror | +0.37 —0.36 | +0.15 —0.15 +0.14 - 0.14
fwo/Theory €1T0T | +0.36 —0.36 | +0.14 —0.12 |  +0.12 - 0.12
Significance 4.7 - 9.6
Scenario Il fiw/Theory €rror | +0.23 —0.22 +0.13 - 0.13
fiwo/Theory €rTor | +0.21 —0.21 +0.11 = 0.11

¢ CMS demonstrates an ultimate precision of Ap/p ~ 5-7%
to be achieved with the combination of VH with ttH using
multiple decay channels

channels combined for H—bb measurements
(vv, ee, uu, ev, uv with 2 b-jets) xx

VH-tag

CMS NOTE-13-002

ttH-tag

(¢ with 4, 5 or >6jets) x (3 or >4 b-tags);
(¢ with 6 jets with 2 b-tags); (/£ with 2 or >3 b-jets)

Higgs physics at the HL-LHC
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14 TeV
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¢ Important to probe coupling to fermions 08:_‘ CERN-LHCC-2015-019
* Expecting impact on Et™ss and 1-lepton “F
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0.2
® CMS detailed performance studies with Z—=T1T Ol L L
#PU interactions
. . . . o 10
e Upgrades will allow to maintain efficiency at T | CMS Phase I Simulation
same levels g * Pracal PUa0
$ TE o Phase Il PU200
¢ Fake rate will double in the high pile-up T
107 &

conditions, but can keep it relatively stable with

Increasing W) * o oecssenes®
10 §_ M’+ ‘+¢w ++

e ATL-PHYS-PUB-2014-018 10°F || | | | |
> 600 T T T80 100 150 200 250
O - imulation Prelim. -1t fE+single-top | #PU int ti
= 5oof—ATLéfTSev,3lootom-‘P | Egaker =Othersg| ° ! BF H _’T|ep Thad reractions
; C T,y + €T, VBF —100xH = 1t o
§ 4005 -4 & ATLAS projections with same MVA approach as in Run-1:
¥ o (y=140.
- H : e WV/o theory uncertainties: Apy/p ~ 24% in the extreme
: background scenarios... could be reduced to 8%-18%,
100; depending on the forward tracker coverage scenario /
% 50 100 150 200 250 300 pile-up jet rejection

MMC m(t) [GeV]
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Uncertalntles in varlous channels

ATLAS -0.2 -0.1

H—YY, ATLAS- CONF 2016- Qﬁ%
0.1

Preliminary

EM energy resolution

o

7

ggH pert. QCD

v id efficiency P

o

bkg ggH fwd Iow-pTt

luminosity

BR(H—yy)
ggH Pdf

ggH jet bin (2))

underlying event

bkg ggH centr. Iow-pTt
bkg ggH fwd high-pTt

EM energy scale

o
R

m,, = 125.09 GeV

Prefit Impact onpu
v} Postfit Impact onpt

15 -1

-05 O 0.5 1 1.5

(0 -0,)/A0

Source

Uncertainty on fiducial cross section (%)

b-jet tagging eMiciency 0
Z+HF normalisation

4ot tagging efficiency 0
b-jet tagging efficiency 1
2-leplon I normalisstion
Zojers m. <hape

tf normalisation (3-jet)
We+HF normalisation
Wajets p!

Zojets p:

2-4apion p‘:

0-lepton 7+ HF normalisation
Single top Wi p;

Single tep tch, acc

ti normalisation

c4et lagging efficiency 2
ZoHF normalisation (2-jet)
Light-flavour taggng elficiency 0
b | P

Single top t-ch p:

E; ™ soft term resolution
Wejots m, shapo

Single lop W m shape
b-jots response

Jet energy resolution

-0.2 -0.1

0 0.1 0.2

IIIIIIIIIIII

llllll

llllil

Vs =13 TeV e Pull: (0 - 0,100
A TLAS 2 i Normalisation
. . J-Ldt =13.21b +c Postit Impacton p
Preliminary|m,z1zs cev ] -t Postit Inpact on
IlllllllIl|IIIIIIl'I]IIIIIIIIIIIIIIIIIIII'
Signal

Baseline | VBF-enhanced | single-lepton

Fit (stat.) 34.5 35.0 52.9
Fit (syst.) 9.0 11.1 9.3
Photon efficiency 1.4 4.4 4.4
Jet energy scale/resolution - 9.4 -

Lepton selection - - 0.8
Pileup 1.1 2.0 1.4
Theoretical modelling 4.3 9.4 8.4
Luminosity 2.9 2.9 2.9
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Cross section (scale)
Cross section (PDF)
Branching ratio
Acceptance (scale)
3-jet acceptance (scale)
py shape (scale)
Acceptance (PDF)

1’"‘[: shape (NLO EW correction)

Acceptance (parton shower)

0.7% (4qq), 2
1.9% (qqg— WH), 1.6% (qq— ZH), 5% (g9)

7% (g99)

1.7 %
1.4%-5%
1.4%4.7%

S

4%-7.5%

VH(bb), ATLAS-CONF-2016-0
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Uncertainties in various channels

|

H—WW, Phys. Rev. D 92, 012006 (2015)

TABLE X. Signal-yield uncertainties (in %) due to the model-
ing of the gluon-fusion and vector-boson-fusion processes. For
the n; =0 and nj; =1 categories the uncertainties are shown
for events with same-flavor leptons; for events with different-
flavor leptons the uncertainties are evaluated in bins of myy

and p+2. For the n; > 2 VBF category the uncertainties are

shown for the most sensitive bin of BDT output (bin 3). Impact on [t Impact on 6
Systematic source Postfit Ay Plot of postfit £ Aj Pull, Constr.,
nj=0 n;j=1 n;>2 n;>2 g "0 (o) A
Uncertainty source J J I = T = + - 7 i
ggl VBF — ;
ggF H, PDF variations on cross section —0.06 +0.06 e — —0.06 +1
Gluon fusion ggF H, QCD scale on total cross section—0.05 40.06 —(— —0.05 +1
Total cross section 10 10 10 79 WW, generator modeling —0.05 +0.05 . — 0 +0.7
.. Top quarks, generator modeling on atop+0.03 —0.03 —— —0.40 +0.9
Jet binning or veto 1 25 33 29 Misid. of p, OC uncorrelated corr. factor-0.03 +0.03 e 0.48 +0.8
Acceptance Integrated luminosity, 2012 ~0.03 +0.03 — 0.08  +£1
Scale 1.4 1.9 3.6 48 Misid. of e, OC uncorrelated corr. factor—0.02 +0.03 e —0.06 +0.9
PDF 3.2 2.8 29 - gegF H, PDF variations on acceptance —0.02 -+0.02 e —822 ié o
_ Jet energy scale, 1 intercalibration —0.02 40.02 —— : .
Generator 2.5 1.4 4.5 VEBF H. UE/PS 002 10,02 — 0.96 11
UE/PS 6.4 2.1 1.7 15 geF H, QCD scale on €; —0.01 +0.03 — —81(; 12-95
. Muon isolation efficiency —0.02 +0.02 —— :
Vector-boson quI(?n V'V, QCD scale on acceptance —0.02 40.02 e 0.09 +1
Total cross section 2.7 2.7 2.7 2.7 ooF H, UE/PS 009 — 0 +0.9
Acceptance gegF H, QCD scale on acceptance —0.02 +0.02 e 0 +1
Scale - - - 3.0 Light jets, tagging efficiency +0.02 —0.02 e 0.21 +1
PDF _ - - 3.0 ggF H, generator modeling on acceptane-0.01 —0.02 e 0.10 +1
Generator _ _ _ 4.9 ggF H, QCD scale on n; > 2 cross sectio+0.01 40.02 e —0.04 +1
UE/PS ) ) ) 14 Top quarks, generator modeling on atop—+0.01 40.02 —— —0.16 +1
Electron isolation efficiency —0.02 +0.02 e —0.14 +1

-0.1-0.05 0 0.05 0.1
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