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The Importance Of Systematic Uncertainties

 Higgs boson production at LHC is rare
» Required time to accumulate data, first for the discovery

Status for inclusive cross-section

» New era for Higgs studies: : Hoyy Hodl Hotr HEbb e
Higgs channel -1 —1 -1 VH VBF H—bb ML
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Systematic uncertainty reduction,
Rey for precision measutrements
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The Importance Of Theory Uncertainties

Phys. Lett. B 786 (2018) 59 An
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Main (ranked by impact on )

uncertainties in VH with Higgs to bb: Theory uncertainties => largest impact
_ on HH cross-section limit
signal (=) and background () (after data stat)
modelling
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-58/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-04/

Three Background Estimation Methods

» Theory/Modelling uncertainty definition depends on analysis strategy for
each process

1) Monte-Carlo based prediction 2) Functional form fit to data
(main focus) => Backup <=
N - e L L
é 35001 ATLAS $ Data _i
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3) Fully data driven estimate
« Binned templates from data
in control-regions
« Uncertainty = data-stat
=> Not covered <=
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2012-27/

Theory uncertainties: concept
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Theory/Modelling Uncertainties For MC Predictions

Theoretical point of view

Theory uncertainties
cover various physical processes

« Perturbative QCD effects:
» Matrix Element or Hard Scattering
— » Initial State Radiation (ISR)

» Final State Radiation (FSR)

Non-perturbative QCD:
;o > Hadronization and hadronic decays
T o __—> Underlying Events (UE) and
Multiple-Parton Interaction (MPI)

PDF uncertainties
Not covered
See Maria’s and James’ talks
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https://indico.cern.ch/event/796574/contributions/3375762/attachments/1917513/3170770/Ubiali_HC2019_short.pdf
https://indico.cern.ch/event/796574/contributions/3375764/attachments/1917467/3170688/pdfps-at-higgs-couplings.pdf

Input For The Estimation Of The Uncertainty

 Perturbative QCD effects:

* Non-perturbative QCD:

X X » Matrix Element or Hard Scattering
X X X > Initial State Radiation (ISR)

XX
X X>

X X X > Final State Radiation (FSR)

Hadronization and hadronic decays

Underlying Events (UE) and Multiple-
Parton Interaction (MPI)

« Various inputs available to estimate theory uncertainties:
» Renormalization i and factorization uy scales (%) Clear decomposition does
» Shower tunes and hdamp (%) not necessarily exist !
> “2-point comparisons’: difference between 2 generators (%)
* Impact on ttH system p. of:
ATL-PHYS-PUB-2016-005
8 o wmsommranny | ocowae 4 8 [ amassmisrreimay §  F asssmmoemey mgunnes 3
g 18 5o 13Tev :E:EEE::" % sol— Vs=13Tev —— MG5_aMC@NLO + Pythiag | i 145— Vs =13 TeV TU::H‘? —f
% : _IEEE:’, "EE g —— MGS5_aMC@NLO + Herwig++ _| % , ; : g:%g;wn _z
¢ s pgand pp nminy 2-point shower | & °g =L Shower tunes  “yhy’ =
e H R g - 1§85 B Tk =
TOF e © modelling o " --
° % M 4= s -
4 b ™) ; i - T, =
2 R~ e : I 2;— "*——n,_L_____"____ ;
. Fusc soee o [ Leading source J | et
= £ ! | L L L = ¢ E _-F|—Tk++.47_""-’_fﬁ+.+.+.++|ﬁ == .+. = ) = ¢ ‘ ‘ ) 50 : —3200
0 50 100 150 200 i Syslseum N [Ge\sﬂuo 50 100 150 200 & syi?(gm pT[Ge\aqun 0 50 10 150 20 {tH system p_[GeV]
More on Parton-Shower ? See James’ and Keith's talks
N I
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https://cds.cern.ch/record/2120826
https://indico.cern.ch/event/796574/contributions/3375764/attachments/1917467/3170688/pdfps-at-higgs-couplings.pdf
https://indico.cern.ch/event/796574/contributions/3375763/attachments/1917535/3170809/Hamilton-Higgs-Couplings-2019.pdf

A Few Doors Ahead

 Perturbative QCD effects: * Non-perturbative QCD:
X » Matrix Element or Hard Scattering » Hadronization and hadronic decays
X > Initial State Radiation (ISR) X » Underlying Events (UE) and Multiple-
X > Final State Radiation (FSR) Parton Interaction (MPI)

* |deal case: decompose uncertainty across all physical effects
» Reduce impact of single uncertainties

« Make use of the increasing availability of data:

P 102; T T T T . [I)ata T T ; - - - : -
I o /2-p0|nt uncertainties for Higgs signal: A
g F romdmeesn T3 > H—yy, 4l differential well established
P e : > ttH and H—bb differential starting

VH(bb) '}

\_Can start constraining Higgs models ?

phase space o

107
1.58

Data

e » Models tuned in process phase-space

e e ]

........... : > More data => phase-space closer to Higgs ?

/
2-point uncertainties for Higgs backgrounds: }

Prediction  Prediction

Data
|
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-15/

Theory uncertainties: parametrization
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Theory Uncertainties Effects On The Analysis

Analysis point of view

~ Eur.Phys.). C75 (2015) 153 0 —Higgs )
3 M——tﬁmk@romd
; P T s [
o le Hl@gs w‘a>ss % W‘:iadmgion O
(process) ‘ \ : + > £
? ‘ N I ******"‘..ﬁ—-;-.-w-* B
@IRZ - J_‘ - - 7 0“\ 0%2 D%:! D‘,d 0‘,5 U‘E 0‘7 n,‘a 0‘9 71
Rl Angle -Hig?s decays BoT oupu
,IJ__, oee |Phys. lett. B784(2018) 173
observable 1 -/
4 A 4 : h (In most cases: uncertainty on h
Uncertainty on

Uncertainty on . p.d.f “shapes” in categories
. acceptance in and . o :
cross-section : Often: involve combination with
across categories : :
\_ ) \_ ) \_machine-learning )

Theory uncertainties cover unknowns in a
multi (large)-dimensional phase-space

i ~
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-13/
http://inspirehep.net/record/1320562

Theory Uncertainties Effects On The Analysis

« Distributions in all control and signal regions fitted simultaneously

> Binned Likelihood Fit

i € bins

£(u,8) = [ | Poiss (Wiaca | 1- Niig(6) + Niry (8)) [ | POF(®)
Y

= Nowinal
/\— Alternative

Higas mass

Theory uncertainties = Nuisance Parameters:
» Distribution smoothly drifted from nominal to
alternative prediction
» Post-fit uncertainty from Likelihood profiling
» Can be reduced by data in control regions
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Assume Gaussian penalty:
» 0 =nominal model
» 1o = alternative generator
» Sort of arbitrary choice
favoring nominal model
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Background Theoretical Uncertainties

« Covering multi-aspects => require several independent uncertainties:
» Decompose => reduce impact of single uncertainties, avoid large “over-constraints”

* Implementation analysis dependent

A snapshot
Origin based decomposition: Observable based decomposition:
» Generator / PartonShower / Radiation > Isolating effects along ‘analysis’ observables
> Generator or PartonShower + Scales then treated uncorrelated
> ... » In general max available variation in
observable spectrum
Example: top backgrounds in ttH(bb) Example: Higgs mass and p (V) in VH(bb)
Pre-fit impact on p: Al Au
8 79 = §+Ae 9 = G-Ae _1 _05 él 05 1 _?.1\ T _\0‘0\5 1T ? T T IO‘OS\ T \0‘I1\ ‘
o P t-ft H t LI | T T 171 ‘ T T 11 ‘ LI I T T 17T I T 1T
Q| 0= 8+AD 0= B.AD | ATLAS it 7257 | ?n:
2| _e Nuis. Param. Pul (s =13TeV,36.1 " ZHjets m, shape | 'V % —— ‘ 3
S | ‘ i % | Q
O|  tit+21b: SHERPASF vs. nominal | | ; -0— | * ) AAAA I ]
) tt+>1b: SHERPA4F vs. nominal . —.— VH acceptance (PSIUE) " K /é I ‘ £
~ tf+21b: PS & hadronization § . _H VH acceptance (QCD scales) E 7 //’E - | : N~
2 tt+>1b: ISR/ FSR ——— ez [A ] A @
> ttH: PS & hadronization ‘ 3 Vs =13 TeV “.—o— Pull: 8 - 8)/A6 B
g [.-.] ATLAS 79.8 b +1o Postfit Impact on p 2
U; |\I\I‘IIII|IIII|IIII|III\|\I\I|IIIIIIIII| m.=125 GeV :-10P03tﬁllmpactonu U';
E -2 -15 -1-05 0 05 1 15 2 ||H\\\\\\\\\\\\\\H\H\|||H\\HH\HH\ E
a (6-6,)/A0 15 -1 05 0 05 1 15 2 &
N f {_'
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03/

Background Theoretical Uncertainties

“over-constraints”

Strong reduction of the uncertainty (usually
In CR) transported to the signal region
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03/

Background Theoretical Uncertainties

« Covering multi-aspects => require several independent uncertainties:
» Decompose => reduce impact of single uncertainties, avoid large “over-constraints”

* Implementation analysis dependent

A snapshot
Origin based decomposition: Observable based decomposition:
» Generator / PartonShower / Radiation > Isolating effects along ‘analysis’ observables
> Generator or PartonShower + Scales then treated uncorrelated
> ... » In general max available variation in
observable spectrum
Example: top backgrounds in ttH(bb) Example: Higgs mass and p (V) in VH(bb)
Pre-fit impact on p: Al Au
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03/

Background Theoretical Uncertainties

« Covering multi-aspects => require several independent uncertainties:
» Decompose => reduce impact of single uncertainties, avoid large “over-constraints”

« Implementation analysis dependent

A snapshot

Observable based decomposition:

> Isolating effects along ‘analysis’ observables
2d

e variation in

Origin based decomposition:
> Generator / PartonShower / Radiation
> Generator or Parton§ 2
>

Example: top backgrou

Pre-fit impact on p:
6=08+A0  6=08-A0 1

| p(V) in VH(bb)

u
0 0.05 0.1

Post-fit impact on p:

|\I\I|IIII|IIIIIIII:|-I.III|\III|IIIIIIIII|
-2 -15 -1 -05 0 05 1 15 2
(6-6,)/A0

m,=125 GeV : -1o Postfit Impact on p
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g tt+>1b: SHERPA4F vs. nominal ; ‘ £
~ f+21b: PS & hadronizati . N~
G| oo . JBoth approach have their goods and bads 2
3 HH:PS & hacronizaten E do be placed undet a common umbrella ? e o 5
o +1o Postfit Impact on p —!
2 2
£ £
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-04/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-03/

Signal Theory Uncertainties

 Higgs signal cross-section uncertainties generally from scale variations

« Example ggH cross-section uncertainty VS impact of data stat on H—yy:

Up to
now

ATL-PHYS-PUB-2018-054

| THEO UNC
|Exp DATA
Statunc2% 5050 o0 e
QCD scale ggF XS = |
52 |
signal BR |
T | In H—yy
om0 ctincy = l} Impact of o(ggH) uncertainty and of data-stat closing up
luminosity g Il
QCD scale ggF, 1 [/r//
QCD scale ggF, jet-bin 01 4 [ They Wi II equal ize at H L'LHC ]

Impact of dominant
uncertainties on

—e—FPull + 10 Postfit impact
ATLAS Preliminary

Projection from Run 2 data
{s=14TeV, 3000 fbo'
o b b b a by

-1 05 0 05 1
(0-0,)1A0

E—
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-054/

Signal Theory Uncertainties

« Signal uncertainties reduced with “fiducial” or Simplified Template Cross-Section:

Finer description ~~ Overall ~  Migration  Acceptance

Measurement
In a certain volume

Impact of u and ur on prediction decomposed: Variation of acceptance changing
> Keep only “migrations” with null total impact shower model or tunes
Measurement region SM prediction Result Stat. unc. Syst. unc. [fb]
(lyu| < 2.5, H — bb) [fb] [fb] [fb] Th. sig. Th. bkg.  Exp.

IHlustration from

3-POI scheme
W — (v; pY > 150 GeV 311 =) 14) 35 = 14| = Ol=|] 2= 9= VH(bb) STXS
Z — vy, 75 <p¥ <150Gev | 506 =« 4.1 81 =+ 45| = 35|+ 10 = 21|+ 19 JHEP 05 (2019) 141
Z — L, vv; py > 150 GeV 237 +130]284 + 81|+ 64|24+ 36|+ 23
Removed Kept

Thomas CALVET Higgs Couplings - Oxford 01/10/2019


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-50/

Conclusions

ATL-PHYS-PUB-2018-010

—+— DBackground model —#— ttH model [inclusive)
Fakes

| e = S » Theory uncertainties are in phase to

JES/JER & Datz statistics
Lurminos by ~#— MC statistics

S o become main limitation

N —+— ttH model (acceptance)
10% 4

ATLAS Simulation Preliminary

] ——
i .

1071 A, /
|

- —r e e e wel®l  Data-driven background and experimental uncertainties
15 s «— Data-stat

10¢

ttH theory uncertainties

Expected uncertainty on p

10-7

I | | | ) | |
36.1 80.0 150.0 300.0 1000.0 3000.0

Integrated luminosity [fo ']

* Many probes on the market:
» Scale variations, Monte-Carlo generator choice, Parton-Shower model/tune, ...
> Better disentangle physical stages => better understanding of the uncertainty
> Differential measurements still stat limited; approaching constraints soon ?

 Better uncertainty decomposition: reduced single systematic uncertainty impact
» Cover several shapes and acceptances
» Signal theory uncertainties reduced with fiducial/STXS
> But important for interpretation
» Origin or/and observable based decomposition ?

> Avoid propagation of constrain between different physics
L
9 Thomas CALVET Higgs Couplings - Oxford 01/10/2019



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-010/

Thank you for your attention
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Backup
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Theory/Modelling In Parametric Fits To Data

Science Vol. 338 no. 6114
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Theoretical modelling 0.5

F't.H:lL-I:IIEI enerpy scale & resolution 0.1
110 120 130 140 150 160 ;:'“'1 — 111-::'

myy [GeV]
« H—yy signal: impact of photon reconstruction on width and position
« H—yy backgrounds: uncertainty on signal = potential bias from function choice

Spurious signal test T

EI i ATLAS ' Simulation — expl --bem3 |

1) Generate background | -* o4f Central-lowp, o et

A Only MC (—‘—) 0_2:_ Uncertainty === bias criteria _:
2) Fit with S+B functions R \__\“__.33—%“" ]

3) Observed signal yields L= o e

= “spurious signal” -0_2;— ‘\ bias >10%signal ] . d_;

= Jor bias >20% bkg => rejecte =

06 s30T a4 156138 TS0 T T TR

>

Di-photon mass
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2012-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-08/

Additional references

« Status table p2
> H—vyy full run 2: ATLAS-CONF-2019-029
> H—41 full run 2: ATLAS-CONF-2019-025
> H—11 36.1 fb~1: Phys. Rev. D 99 (2019) 072001

* Racing p14 H—yy:
» Run 1: Phys. Rev. D. 90, 112015 (2014)
» Early Run 2: Phys. Rev. D 98 (2018) 052005
» Full Run 2 (see above)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-029/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-025/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-08/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-21/

