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Introduction

General motivation

m Beside the quark masses, as(my) is

the single free parameter of QCD.

The oy is the least well-known
interaction coupling in the SM.
— Its large uncertainty propagates to all
calculations of observables at LHC [1].

Its running is predicted by QCD.
— Any deviation could provide a hint to
new physics [2].

“Improving the precision of ag and
my by a factor of two to three
could be sufficient to establish or
refute SM vacuum stability at the
50 level” [3].

— Is that reachable at LHC?
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m Measure consistently a
large number of
observables at the LHC.
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QCD interpretation

Factorisation [4]
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FO predictiovns in pQCD
m oy enters both collinear PDFs and the FO prediction.

m CMS has relied on NNLOJET+fastNLO+xFitter to extract as(my) from jet
data [5, 6, 7].

m Not shown in this formula: non-perturbative (NP) effects.
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FO predictions in pQCD

m oy enters both collinear PDFs and the FO prediction.

m CMS has relied on NNLOJET+fastNLO+xFitter to extract as(my) from jet
data [5, 6, 7].

m Not shown in this formula: non-perturbative (NP) effects.

Inclusive jet at 13 TeV [8]

as(mz) = 0.1166 = 0.0014 (fit) £ 0.0007 (model) & 0.0004 (scale) & 0.0001 (param)
= 0.1166 =+ 0.0017 (total)

— dominated by the fit (exp. + NP) uncertainty!
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State of the art

Overview

m Inconsistent choices in

analysis strategies may
lead to tensions in the
interpretation.

— Different ways to
mitigate the tensions have
been applied, but all reduce

the potential sensitivity.

Statistical correlations
between observables
obtained from the
same data are missing.
— e.g. between jet and
dijet spectra.
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Combined inclusive jet [10]

as(mz) = 0.11759 £ 0.0009 (fit) 150008 (model)T5-00% (scale) oS00 (param)

= 0.1175970 001 (total)

— the fit uncertainty was improved
(at the cost of the scale uncertainty & using an aggressive decorrelation scheme among various

systematic uncertainties)
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Plan

Work packages

@ Consistently measure a large
number of observables sensitive to
as [11, 12],

® Improve the treatment of
non-perturbative (NP) effects [13,
14, 15],

® Implement “errors on errors” in the
minimisation [16, 17].




Plan

Work packages

@ Consistently measure a large
CMS code number of observables sensitive to
as [11, 12],

® Improve the treatment of
non-perturbative (NP) effects [13,
14, 15],

® Implement “errors on errors” in the
minimisation [16, 17].

@ Provide tools that allow extensions
(additional final states & other
LHC experiments) [18, 19].
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Summary & Conclusions

m State of the art: Increasing
number of LHC-based ags(my)
extractions, with O(2.3%)
precision.

m Task: Simultaneous as(my)
extraction, combining multiple LHC
observables (CMS first, extendable
to other exps.) with proper control
of NP effects, improved
experimental & theoretical
uncertainties, etc.

m Partners: leading exp./th. experts
on QCD jets and as(mz).

m Deliverables: O(1%) as(mz)
extraction from LHC data + public
code for analysis & as(my) fitting.
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code for analysis & as(my) fitting.

Merci pour votre attention!
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Detailed plan

Simultaneous measurement of many differential observables
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Simultaneous measurement of many differential observables

Measurement Statistical correlations _
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Simultaneous measurement of many differential observables

Measurement Statistical correlations _
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Detailed plan
Upgrade of the fitting tool

Fitting tool

" ”n
Errors on errors

m Not all systematic uncertainties are
known to the same level of
accuracy.

m Novel approach to allow for pulling i
parameters without preventing fit L

convergence.

m Need to implement in chosen
software. I DON'T KNOW HOW To PROPAGATE
ERROR CORRECTLY, S0 I JUST PUT

ERROR BARS ON ALL MY ERROR BARS.
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OME+PS+MPI+HAD
NP — +PS-+MPI+
OME+PS
NP effe
eftects m Corrects for HAD and MPI.
m Usually obtained from the envelope 1 Tev
- - e
of the results obtained with a(n s P comecton = wncerany ]
. = 1.08f — N : 3
arbitrary) set of MC generators and 8 "¢ v R Y ]
9 1.06 —— Pythia 8 (CUETP8M1 —
tunes. g r — Pzth:gs§CUETP8M2; ]
Z 1.04F Herwig 7 NLO (CHB3) J
il === T POWHEG+Herwig++ (EE5C) 1
E POWHEG+Pythia 8 (CUETP8M1)
1.02F POWHEG+Pythia 8 (CUETP8M2) ]
1.00F g
0.98F E
0.96F =
0.94F — <05
[ anti-kt (R=0.4 *<0.5 ]
0.92f 2Mkr (R=04) e
500 1000 2000 5000

m 2 (GeV)




Nature (figure from Ref. [13])

NP — 9ME+PS+MPI4+HAD
OME+PS

m Corrects for HAD and MPI.

m Usually obtained from the envelope
of the results obtained with a(n
arbitrary) set of MC generators and
tunes.

@ Better identify the set of MC
generators / tunes.

NP effects

® Treat effect as migrations rather
than with a bin-by-bin correction.

©® Introduce a breakdown of
uncertainties.

NP correction

1.08
1.06
1.04
1.02
1.00

0.98¢

0.96
0.94
0.92

Detailed plan

Treatment of NP corrections

13 TeV

T

|f!v|vvv|vvv_||\\\|\\\|\\

NP correction + uncertainty
Herwig 7 LO (CH3)

Herwig++ (EE5C)

Pythia 8 (CUETP8M1)

Pythia 8 (CUETP8M2)

Herwig 7 NLO (CHB3)
POWHEG+Herwig++ (EE5C)
POWHEG+Pythia 8 (CUETP8M1)
POWHEG+Pythia 8 (CUETP8M2)

anti-kr (R=0.4)

500 1000 2000



Expected precision

Wild guess of expected precision

Taking the smallest value in the breakdown of uncertainties from recent
published values:

Expected precision

as(mz) = 0.1177 £ 0.0005 (fit) = 0.0002 (model)
+ 0.0004 (scale) £ 0.0001 (param)
= 0.117? £ 0.0007 (total)




Expected precision

Wild guess of expected precision

Taking the smallest value in the breakdown of uncertainties from recent
published values:

Expected precision

as(mz) = 0.1177 £ 0.0005 (fit) = 0.0002 (model)
+ 0.0004 (scale) £ 0.0001 (param)
= 0.117? £ 0.0007 (total)

m The theory uncertainty based on variations of the scale is known to be a
poor approximation.

m In the recent years, theorists have progressed on getting theory nuisance
parameters.

— In this LOI, we focus on the experimental aspects, but plan to collaborate
closely with theorists to apply the most recent developments.




Partners

Partners Participating and partner institutions

CMS Klaus Rabbertz et al. (KIT), Panagiotis Kokkas et al. (loaninna),
Mikko Voutilainen et al. (HIP), Laurent Favart et al. (ULB-IIHE,
Belgium), Xiao Meng et al. (Zhejiang, China)

ATLAS Bogdan Malaescu et al. (LPNHE), Stefan Kluth (MPI)

theorists Pier Monni & Alex Huss (CERN), Frank Tackmann & Giulia
Marinelli (DESY), Thomas Cridge (Antwerp), Felix Hekhorn
(Jyvaskyla)
QCD PDG editors K. Rabbertz (KIT), G. Zanderighi (MPI Munich)
— include additional channels (e.g. tt +jets), combining with ATLAS, theory
nuisance parameters
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Simultaneous unfolding
Typical analysis strategy

Data reduction in a nutshell

@ Apply a common selection to real
and simulated samples.
® Calibrate the samples.

Typical lysi g
strategy © Use simulated samples to construct

a migration matrix.

@ Invert this migration matrix and
apply to real data (unfolding).




Simultaneous unfolding

. . Typical analysis strategy
Data reduction in a nutshell

@ Apply a common selection to real
and simulated samples.

® Calibrate the samples.
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Simultaneous unfolding
Typical analysis strategy

Data reduction in a nutshell

@ Apply a common selection to real
and simulated samples.

CMS Simulation

® Calibrate the samples. § 2000 WS TS TR T T T
Typical analysis . ; kR0
strategy © Use simulated samples to construct o | Fbimn
. . . ~ 100 5,
a migration matrix. 2000
1000
@ Invert this migration matrix and 200
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Unfolding 100
2000 e
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x (unknown) unbiased measurement 1000 e B
y biased measurement 200 - 5
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Application

Inclusive jet (4 x 4 block)
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Migrations

CMS Simulation Preliminary
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CMS Simulation Preliminary 13 TeV

s y E Pre-unfolding correlations
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Application

CMS Simulation Preliminar 13 TeV . .
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Application

Post-unfolding correlations
x=(ATV,'A)1ATV, 1y
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Application

Post-unfolding correlations

x=(ATV, "A)TTATV, "y ,
From the simulated data
Vi = A_lVyAT_1 m With infinitely large statistics, one
can use independent statistical

CMS Simulation Preliminary 13Tev
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Application
A o spectra to Rij Fif\)a?correlations

m Goal is to extract z = f(x) and its
correlations.

m Apply a rotation R to diagonalise

Vx and generate N events z,: CMS Simulation Preliminary 13Tev
B 2000 . . A
g 1000 E: E: a 0.8
Application 5/ . NN 0 maX(O k) = 40 " ' ' ¢ ' -
n,i sV 5 vy & o ] i o
“1er e 1000 4 4 4

Z, = f (X +R dn) 0 ; 7 704

m Under the Gaussian hypothesis, the idf o "l 02

covariance may be obtained using 0
the formula given on the last slices. 02
4 -0.4
-0.6
o 038

100
100 1000100 1000100 1000100 1000 1000 1000 1000
gen

P'Y) (Gev) HS2() (Gev)




Application
A o spectra to Rij Fif\)a?correlations

m Goal is to extract z = f(x) and its
correlations.

m Apply a rotation R to diagonalise
Vi and generate N events z,: CMS Simulation Preliminary 13 Tev
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ATLAS

CERN

Acronyms

CMS

EEC

FO

HAD

LHC
LOI

MC
ME
MPI

A Toroidal LHC ApparatuS. 21-23, 41

European Organisation for Nuclear Research.

21-23
Compact Muon Solenoid. 10, 11, 20-28, 41

energy energy correlator. 42-46
fixed order. 10, 11
hadronisation. 36-38

Large Hadron Collider. 2-9, 17-28
letter of intent. 32-34, 39, 40

Monte Carlo. 36-38
matrix element. 36-38

multi-parton interaction. 36-38

NP

PDF
PDG
pQCD
PS

QCD

SM

TA

VA

WIP

Acronyms |

non-perturbative. 10, 11, 17-20, 24-28,
36-38

parton distribution function. 10, 11, 42-46
Particle Data Group. 21-23, 41
perturbative QCD. 10, 11, 21-23

parton shower. 36-38

quantum chromodynamics. 2-5, 21-28, 41
standard model. 2-5

transnational access. 21-23

virtual access. 21-23

work in progress. 32-34
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