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• Dijet azimuthal decorrelation observable  

• Measurement of azimuthal decorrelations 
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• Extraction of the strong coupling constant  
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QCD, !  and the RGEαS

9. Quantum chromodynamics 39

They are well within the uncertainty of the overall world average quoted above. Note,
however, that the average excluding the lattice result is no longer as close to the value
obtained from lattice alone as was the case in the 2013 Review, but is now smaller by
almost one standard deviation of its assigned uncertainty.

Notwithstanding the many open issues still present within each of the sub-fields
summarised in this Review, the wealth of available results provides a rather precise and
reasonably stable world average value of αs(M2

Z), as well as a clear signature and proof of
the energy dependence of αs, in full agreement with the QCD prediction of Asymptotic
Freedom. This is demonstrated in Fig. 9.3, where results of αs(Q2) obtained at discrete
energy scales Q, now also including those based just on NLO QCD, are summarized.
Thanks to the results from the Tevatron and from the LHC, the energy scales at which
αs is determined now extend up to more than 1 TeV♦.

QCD αs(Mz) = 0.1181 ± 0.0011

pp –> jets
e.w. precision fits (N3LO)  
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Figure 9.3: Summary of measurements of αs as a function of the energy scale Q.
The respective degree of QCD perturbation theory used in the extraction of αs is
indicated in brackets (NLO: next-to-leading order; NNLO: next-to-next-to leading
order; res. NNLO: NNLO matched with resummed next-to-leading logs; N3LO:
next-to-NNLO).

♦ We note, however, that in many such studies, like those based on exclusive states of
jet multiplicities, the relevant energy scale of the measurement is not uniquely defined.
For instance, in studies of the ratio of 3- to 2-jet cross sections at the LHC, the relevant
scale was taken to be the average of the transverse momenta of the two leading jets [434],
but could alternatively have been chosen to be the transverse momentum of the 3rd jet.
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Figure 9.2: Summary of determinations of αs(M2
Z) from the six sub-fields

discussed in the text. The yellow (light shaded) bands and dashed lines indicate the
pre-average values of each sub-field. The dotted line and grey (dark shaded) band
represent the final world average value of αs(M2

Z).

below, it may be worth mentioning that the collider results listed above average to a
value of αs(M2

Z) = 0.1172 ± 0.0059.

So far, only one analysis is available which involves the determination of αs from
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• Quantum Chromodynamics (QCD) is the theory of the strong interaction  

• Renormalization group equation (RGE) encodes the dependence of the 
coupling parameter on the energy scale "  (=running)  

• Values of "  are not predicted 

μ

αS(μ)

QCD Tests probe two aspects: 
• determination of the value at some fixed scale "  

• scale dependence of "

αS (μ = MZ)
αS (μ)

http://pdg.lbl.gov/2019/html/authors_2018.html
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001
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QCD, !  and the RGEαS

Renormalization group equation is affected by new physics 

At LHC we test running at highest scales 

Q [GeV]
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Figure 1: The next-to-leading order solutions to the renormalization group equation including a new fermion
with mass mX = 200 GeV transforming under representations of dimension 3, 8, 6 and 10, respectively.

At next-to-leading order, the transverse energy-energy correlation function can be ex-
pressed as a second-order polynomial in ↵s(Q), i.e. [18]

1

�

d⌃

d cos�
/

↵s(Q)

⇡
F (�)


1 +

↵s(Q)

⇡
G(�)

�
, (8)

where F (�) and G(�) are functions of the azimuth to be determined in the perturbative
calculation; and ↵s(Q) is the solution to Eq. 4, which at NLO is given by

↵s(Q) =
1

�0 log z


1�

�1

�
2
0

log (log z)

log z

�
; z =

Q
2

⇤2
QCD

. (9)

With these ingredients, one can obtain the theoretical predictions for the TEEC functions
using NLOJet++ [22, 23], together with the NNPDF 3.0 parton distribution functions [24]
In addition to the truncation in the fixed-order perturbative series, the resulting predictions
for the TEEC functions involve three additional approximations. The first approximation
is independent of BSM: we avoid from regions of phase space with significant collinear
enhancement since we do not include higher order resummation in the calculation. In
practice, this is accomplished by restricting cos� to be away from ±1. Next, we neglect
the impact of new fermions on the proton parton distribution functions (PDFs). This is
justified because the TEEC is a ratio of 3-jet to 2-jet cross-sections and so the e↵ects of
PDF variations largely cancel [18]. This is further supported by the fact that the theoretical
uncertainties due to the PDF were shown to be negligible in Ref. [19, 20]. A more detailed
analysis in Ref. [11] also found that the contribution from PDF variations was negligible for
ratio observables. The third approximation is that we neglect real emissions of new fermions.

4

BEYOND RGE
•RGE may be modified by New Physics

•At LHC we are testing the running at the 
highest scales available

ZDENEK HUBACEK, DIS 2019, TORINO 4

arXiv:1807.00894 [hep-ph]

arXiv:1807.00894 [hep-ph] 
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Jet Production at Hadron Colliders

• all LHC pp collisions involves QCD (PDFs, "  at the vertices)  

• Jets are copiously produced in the final states   
"  great for measuring and testing the properties of the coupling  

• New Physics could enter in the hard scatter  

αS

→

JET PRODUCTION AT HADRON COLLIDERS

•Virtually every pp collision at the LHC 
involves QCD (PDFs, 𝛂S at the vertices)

•Jets are copiously produced in the final 
states ⇒ great for measuring and testing 
the properties of the coupling

•New Physics could enter in the Hard 
Scatter

ZDENEK HUBACEK, DIS 2019, TORINO 5

• Every additional QCD branching will involve an additional power of the "  

• Ratios of cross sections (e.g. R3/2) directly sensitive to "  (3-jet cross section "  vs 2-jet cross section "  ) 

• Ratios of observables less sensitive to both experimental and PDF uncertainties due to cancellations 

αS

αS ∝ α3
S ∝ α2

S
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Dijet Azimuthal Decorrelations

• Another way to study the strong coupling  

• At leading order (LO), 2 jets are produced back-to-back in the azimuthal angle  

• Any additional radiation will cause the decorrelation  

• 3rd jet production (2→ 3 process) restricts the phase space to "  

• Lower values accessible only in 2→ 4 processes  
⇒by measuring " , higher order predictions can be tested 

Δϕ >
2π
3

ΔϕDIJET AZIMUTHAL DECORRELATIONS

•Another way to study the strong coupling

•At leading order (LO), 2 jets are 
produced back-to-back in the azimuthal 
angle

•Any additional radiation will cause the 
decorrelation

•3rd jet production (2→3 process) restricts 
the phase space to 𝚫𝛟>2𝛑/3

•Lower values accessible only in 2→4 
processes

ZDENEK HUBACEK, DIS 2019, TORINO 10
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DIJET AZIMUTHAL DECORRELATIONS

•Another way to study the strong coupling

•At leading order (LO), 2 jets are 
produced back-to-back in the azimuthal 
angle

•Any additional radiation will cause the 
decorrelation
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DIJET AZIMUTHAL DECORRELATIONS

•Another way to study the strong coupling

•At leading order (LO), 2 jets are 
produced back-to-back in the azimuthal 
angle

ZDENEK HUBACEK, DIS 2019, TORINO 7

Define  as azimuthal separation of 2 highest pT jetsΔϕ
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Dijet azimuthal decorrelation observable

• Dijet azimuthal decorrelations have been measured before (D0, CMS, ATLAS)  

• New ATLAS measurement presents a new observable based on ratios of cross sections 

• Studies energy and rapidity dependence 

Fraction of dijet events where "  between the two leading jets is smaller than some value "   
w.r.t. to the inclusive dijet cross section  

Δϕ Δϕmax

• Analysis of 2012 dataset, √s=8TeV,  = 20.2 fb-1  
• anti-kT jets with R=0.6 
• y* : study rapidity dependence  

• HT : one possible scale choice that can be related to the scale at which  is probed  
• Phase space cuts: 

ℒ

αS

M. Wobisch and K. Rabbertz,  
JHEP 12 (2015) 024 RΔϕ(HT, y*, Δϕmax) =

d2σdijet(Δϕ < Δϕmax)

dHTdy*
d2σdijet(inclusive)

dHTdy*

HT = scalar sum of all jets with pT>pT,miny* =
|y1 − y2 |

2
dijet rapidity separationATLAS MEASUREMENT

•2012 dataset, √s=8TeV, ℒ=20.2fb-1

•y* = |y1-y2|/2 to study rapidity 
dependence

•HT (scalar sum of all jets with pT>pTmin) is one 
possible scale choice that can be related to 
the scale at which 𝛂S is probed

•Phase space cuts:

ZDENEK HUBACEK, DIS 2019, TORINO 13

Binning:

Table 2: The HT, y⇤, and ��max regions in which R��(HT, y⇤,��max) is measured.

Quantity Value
HT bin boundaries (in TeV) 0.45, 0.6, 0.75, 0.9, 1.1,

1.4, 1.8, 2.2, 2.7, 4.0
y⇤ regions 0.0–0.5, 0.5–1.0, 1.0–2.0
��max values 7⇡/8, 5⇡/6, 3⇡/4, 2⇡/3

The pQCD calculations are carried out using N�����++ [27, 28] interfaced to F������ [29, 30] based on
the matrix elements for massless quarks in the MS scheme [31]. The renormalization and factorization
scales are set to µ� = µ� = µ0 with µ0 = HT/2. In inclusive dijet production at leading order (LO)
in pQCD this choice is equivalent to other common choices: µ0 = pT = (pT1 + pT2)/2 and µ0 = pT1.
The evolution of ↵S is computed using the numerical solution of the next-to-leading-logarithmic (2-loop)
approximation of the RGE.

The pQCD predictions for the ratio R�� are obtained from the ratio of the cross sections in the numerator
and denominator in Eq. (1), computed to the same relative order (both either to NLO or to LO). The
pQCD predictions for the cross section in the denominator by N�����++ are available up to NLO. For
��max = 7⇡/8, 5⇡/6, 3⇡/4 (2⇡/3) the numerator is a three-jet (four-jet) quantity for which the pQCD
predictions in N�����++ are available up to NLO (LO) [20].

The PDFs are taken from the global analyses MMHT2014 (NLO) [32, 33], CT14 (NLO) [34], and
NNPDFv2.3 (NLO) [35].2 For additional studies, the PDF sets ABMP16 (NNLO) [37]3 and HERA-
PDF 2.0 (NLO) [38] are used, which were obtained using data from selected processes only. All of these
PDF sets were obtained for a series of discrete ↵S(mZ ) values, in increments of �↵S(mZ ) = 0.001 (or
�↵S(mZ ) = 0.002 for NNPDFv2.3). In all calculations in this article, the PDF sets are consistently chosen
to correspond to the value of ↵S(mZ ) used in the matrix elements. The extraction of ↵S from the experi-
mental R�� data requires a continuous dependence of the pQCD calculations on ↵S(mZ ). This is obtained
by cubic interpolation (linear extrapolation) for ↵S(mZ ) values inside (outside) the ranges provided by the
PDF sets. The central predictions that are compared to the data use ↵S(mZ ) = 0.118, which is close to
the current world average, and the MMHT2014 PDFs. The MMHT2014 PDFs also provide the largest
range of ↵S(mZ ) values (0.108  ↵S(mZ )  0.128). For these reasons, the MMHT2014 PDFs are used to
obtain the central results in the ↵S determinations.

The uncertainties of the perturbative calculation are estimated from the scale dependence (as an estimate
of missing higher-order pQCD corrections) and the PDF uncertainties. The former is evaluated from
independent variations of µ� and µ� between µ0/2 and 2µ0 (with the restriction 0.5  µ�/µ�  2.0). The
PDF-induced uncertainty is computed by propagating the MMHT2014 PDF uncertainties. In addition, a
“PDF set” uncertainty is included as the envelope of the di�erences of the results obtained with CT14,
NNPDFv2.3, ABMP16, and HERAPDF 2.0, relative to those obtained with MMHT2014.

The pQCD predictions based on matrix elements for massless quarks also depend on the number of quark
flavors, in gluon splitting (g ! qq̄), nf, which a�ects the tree-level matrix elements and their real and

2 The NNPDFv3.0 PDFs [36] are available only for a rather limited↵S(mZ ) range (0.115–0.121); therefore, the older NNPDFv2.3
results are employed.

3 The ABMP16 analysis does not provide NLO PDF sets for a series of ↵S(mZ ) values; their NNLO PDF sets are therefore
used.

5
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• pQCD predictions from NLOJET++ interfaced to FASTNLO  

• Non-perturbative effects corrected using PYTHIA6 and HERWIG6 MC generators 

• NLO (LO) predictions for 3 (4) jet quantities depending on "   

• Scale choice: "  = "  = "   

• PDFs tested: MMHT2014, CT14, NNPDF2.3, ABMP16 (NNLO), HERAPDF2.0 
These sets provide range of "  values 

• Best fit obtained through "  minimization 

Δϕmax

μR μR HT /2

αS

χ2

Theoretical Predictions
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ATLAS Measurement
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Figure 1: The measurement of R��(HT, y⇤,��max) as a function of HT in three regions of y⇤ and for four choices
of ��max. The inner error bars indicate the statistical uncertainties, and the sum in quadrature of statistical and
systematic uncertainties is displayed by the total error bars. The theoretical predictions, based on pQCD at NLO
(for ��max = 7⇡/8, 5⇡/6, and 3⇡/4) and LO (for ��max = 2⇡/3) are shown as solid and dashed lines, respectively.
The shaded bands display the PDF uncertainties and the scale dependence, added in quadrature.

on the properties of the generated jets, to match these distributions in data, and to match the HT dependence
of the observed inclusive dijet cross section as well as the R�� distributions and their HT dependence. To
minimize migrations between HT bins due to resolution e�ects, the bin widths are chosen to be larger
than the detector resolution. The bin purities, defined as the fraction of all reconstructed events that are
generated in the same bin, are 65–85% for ��max = 7⇡/8 and 5⇡/6, and 50–75% for ��max = 3⇡/4 and
2⇡/3. The bin e�ciencies, defined as the fraction of all generated events that are reconstructed in the same
bin, have values in the same ranges as the bin purities. The corrections are obtained bin by bin from the
generated P����� events as the ratio of the R�� results for the particle-level jets and the detector-level jets.
These corrections are typically between 0% and 3%, and never outside the range from �10% to +10%.
Uncertainties in these corrections due to the modeling of the migrations by the simulation are estimated
from the changes of the correction factors when varying the reweighting function. In most parts of the
phase space, these uncertainties are below 1%. The results from the bin-by-bin correction procedure were
compared to the results when using a Bayesian iterative unfolding procedure [63], and the two results
agree within their statistical uncertainties.

The uncertainties of the R�� measurements include two sources of statistical uncertainty and 62 sources
of systematic uncertainty. The statistical uncertainties arise from the data and from the correction factors.
The systematic uncertainties are from the correction factors (two independent sources, related to variations
of the reweighting of the generated events), the jet energy calibration (57 independent sources), the jet
energy resolution, and the jet ⌘ and � resolutions. To avoid double counting of statistical fluctuations, the
HT dependence of the uncertainty distributions is smoothed by fitting either linear or quadratic functions
in log(HT/GeV). From all 62 sources of experimental correlated uncertainties, the dominant systematic
uncertainties are due to the jet energy calibration. For ��max = 7⇡/8 and 5⇡/6 the jet energy calibration

9

• Two sources of statistical uncertainties (data + unfolding correction factors)  
• 62 sources of systematic uncertainties  
• Dominant experimental correlated uncertainty is the jet energy calibration  

• In two highest "  intervals, uncertainties are typically 1.0 — 1.5%, always less than 3.1% 

• At lower "  they can be up to 4% — 9% 

Δϕmax

Δϕmax
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ATLAS Measurement
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Figure 2: The ratios of the R�� measurements and the theoretical predictions obtained for MMHT2014 PDFs and
↵S(mZ ) = 0.118. The ratios are shown as a function of HT, in di�erent regions of y⇤ (columns) and for di�erent
��max (rows). The inner error bars indicate the statistical uncertainties and the sum in quadrature of statistical and
systematic uncertainties is displayed by the total error bars. The theoretical uncertainty is the sum in quadrature of
the uncertainties due to the PDFs and the scale dependence. The inverse of the NLO K-factor is indicated by the
dashed line.

uncertainties are typically between 1.0% and 1.5% and always less than 3.1%. For smaller values of
��max they can be as large as 4% (for ��max = 3⇡/4) or 9% (for ��max = 2⇡/3). A comprehensive
documentation of the measurement results, including the individual contributions due to all independent
sources of uncertainty, is provided in Ref. [46].

6 Measurement results

The measurement results for R��(HT, y⇤,��max) are corrected to the particle level and presented as a
function of HT, in di�erent regions of y⇤ and for di�erent ��max requirements. The results are listed in
Appendix B in Tables 6–9, and displayed in Figure 1, at the arithmetic center of the HT bins. At fixed (y⇤,
��max), R��(HT, y⇤,��max) decreases with increasing HT and increases with increasing y⇤ at fixed (HT,
��max). At fixed (HT, y⇤), R�� decreases with decreasing ��max.

Theoretical predictions based on NLO pQCD (for ��max = 7⇡/8, 5⇡/6, and 3⇡/4) or LO (for ��max =

2⇡/3) with corrections for non-perturbative e�ects, as described in Section 3, are compared to the data.
The ratios of data to the theoretical predictions are displayed in Figure 2. To provide further information

10

Well described by the pQCD with corrections for non-perturbative effects  
Select data with stable predictions (NLO K-factor, " , "  scales well behaved) 
PDF uncertainty cancellations best for similar "  in numerator & denominator

μF μR
Δϕmax
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! !  ExtractionαS

• Use bins [0<y*<0.5] and [0.5<y*<1.0] for " < 7𝛑/8   

• "  extracted with "  minimization 
• 9 intervals in the range 262 < Q=HT < 1675 GeV  
• Single minimization for statistical,  experimental, non- 

perturbative and MMHT uncertainty 
• Additional minimization for PDF set & scale uncertainty  

Δϕmax

αs(HT /2) χ2
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α
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Q
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α
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m

Z
)
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ATLAS

αs from R∆φ

√s = 8 TeV

L = 0.010−20.2 fb
-1

RGE for

αs(mZ) = 0.1127

αs(mZ) = 0.1127

Figure 3: The ↵S results determined from the R�� data for ��max = 7⇡/8 in the y⇤ regions 0 < y⇤ < 0.5 and
0.5 < y⇤ < 1.0 in the range of 262 < Q < 1675 GeV. The inner error bars indicate the experimental uncertainties
and the sum in quadrature of experimental and theoretical uncertainties is displayed by the total error bars. The
↵S(Q) results (top) are displayed together with the prediction of the RGE for the ↵S(mZ ) result obtained in this
analysis. The individual ↵S(Q) values are then evolved to Q = mZ (bottom).

criterion, leads to the same conclusion as the suggestion of criterion (4), to use the data set with smallest
statistical uncertainty.

Based on the four criteria, ↵S is therefore extracted combining the data points in the rapidity regions
0 < y⇤ < 0.5 and 0.5 < y⇤ < 1 for ��max = 7⇡/8. Extractions of ↵S from the data points in other
kinematical regions in y⇤ and ��max are used to investigate the dependence of the final results on those
choices.

8 Determination of ↵S

The R�� measurements in the selected kinematic regions are used to determine ↵S and to test the QCD
predictions for its running as a function of the scale Q = HT/2. The ↵S results are extracted by using
������ [64], to minimize the �2 function specified in Appendix C. In this approach, the experimental and
theoretical uncertainties that are correlated between all data points are treated in the Hessian method [65]
by including a nuisance parameter for each uncertainty source, as described in Appendix C. The only
exceptions are the uncertainties due to the PDF set and the µ�,� dependence of the pQCD calculation.
These uncertainties are determined from the variations of the ↵S results, when repeating the ↵S extractions
for di�erent PDF sets and for variations of the scales µ�,� as described in Section 3.

Results of ↵S(Q) (with Q = HT/2, taken at the arithmetic centers of the HT bins) are determined from
the R�� data for ��max = 7⇡/8, combining the data points in the two y⇤ regions of 0 < y⇤ < 0.5

12

Table 5: Fit result for ↵S(mZ ), determined from the R�� data for ��max = 7⇡/8 with 0.0 < y⇤ < 0.5 and
0.5 < y⇤ < 1.0. All uncertainties have been multiplied by a factor of 103.

↵S(mZ ) Total Statistical Experimental Non-perturb. MMHT2014 PDF set µ�,�
uncert. correlated corrections uncertainty variation

0.1127 +6.3
�2.7 ±0.5 +1.8

�1.7
+0.3
�0.1

+0.6
�0.6

+2.9
�0.0

+5.2
�1.9

�0.0018, with an increased scale dependence, to ↵S(mZ ) = 0.1109+0.0071
�0.0031 with �2 = 13.8 for seven

degrees of freedom. If the data points for 1 < y⇤ < 2 are combined with those for 0 < y⇤ < 0.5 and
0.5 < y⇤ < 1, the result is ↵S(mZ ) = 0.1135+0.0051

�0.0025.

• Smoothing the systematic uncertainties
In the experimental measurement, the systematic uncertainties that are correlated between di�er-
ent data points were smoothed in order to avoid double counting of statistical fluctuations. For
this purpose, the systematic uncertainties were fitted with a linear function in log (HT/GeV). If,
alternatively, a quadratic function is used, the central ↵S(mZ ) result changes by �0.0006, and the
experimental uncertainty is changed from +0.0018

�0.0017 to +0.0017
�0.0016.

• Stronger correlations of experimental uncertainties
The largest experimental uncertainties are due to the jet energy calibration. These are represented
by contributions from 57 independent sources. Some of the correlations are estimated on the basis
of prior assumptions. In a study of the systematic e�ects these assumptions are varied, resulting
in an alternative scenario with stronger correlations between some of these sources. This changes
the combined ↵S(mZ ) result by �0.0004, while the experimental correlated uncertainty is reduced
from +0.0018

�0.0017 to +0.0012
�0.0013.

• Treatment of non-perturbative corrections
The central ↵S results are obtained using the average values of the non-perturbative corrections
from P����� tunes ABT1 and DW, and the spread between the average and the individual models is
taken as a correlated uncertainty, which is treated in the Hessian approach by fitting a corresponding
nuisance parameter. Alternatively, the ↵S(mZ ) result is also extracted by fixing the values for the
non-perturbative corrections to the individual model predictions from H����� (default) and P�����
with tunes AMBT1, DW, S Global, and A, and to unity (corresponding to zero non-perturbative
corrections). The corresponding changes of the ↵S(mZ ) result for the di�erent choices are between
�0.0004 and +0.0011.

• Choice of nf = 6 versus nf = 5
The choice of nf = 6 corresponds to the rather extreme approximation in which the top quark is
included as a massless quark in the pQCD calculation. The e�ect of using nf = 6 instead of nf = 5
in the pQCD matrix elements and the RGE and the corresponding impact on R�� are discussed in
Appendix A. The e�ects on the extracted ↵S results are also studied and are found to be between
+1.3% (at low HT) and �1.1% (at high HT) for the nine ↵S(Q) results. The combined ↵S(mZ ) result
changes by �0.0006 from 0.1127 (for nf = 5) to 0.1121 (for nf = 6).

• A scan of the renormalization scale dependence
Unlike all other uncertainties which are treated in the Hessian approach, the uncertainty due to the
renormalization and factorization scale dependence is obtained from individual fits in which both
scales are set to fixed values. To ensure that the largest variation may not occur at intermediate
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"  = 21.7 / 17χ2/ndf
Extra fit to all nine data points yields combined result
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Comparison with other extractions

Previous ATLAS results:  
Transverse energy-energy correlations √s= 7 TeV  
Physics Letters B 750 (2015) 427-447  
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Figure 4: The ↵S(Q) results from this analysis in the range of 262 < Q < 1675 GeV, compared to the results of
previous ↵S determinations from jet data in other experiments at 5 < Q < 1508 GeV [4–14]. Also shown is the
prediction of the RGE for the ↵S(mZ ) result obtained from the R�� data in this analysis.

9 Summary

The multi-jet cross-section ratio R�� is measured at the LHC. The quantity R�� specifies the fraction of
the inclusive dijet events in which the azimuthal opening angle of the two jets with the highest transverse
momenta is less than a given value of the parameter ��max. The R�� results, measured in 20.2 fb�1 of
pp collisions at

p
s = 8 TeV with the ATLAS detector, are presented as a function of three variables:

the total transverse momentum HT, the dijet rapidity interval y⇤, and the parameter ��max. The HT
and y⇤ dependences of the data are well-described by theoretical predictions based on NLO pQCD (for
��max = 7⇡/8, 5⇡/6, and 3⇡/4), or LO pQCD (for ��max = 2⇡/3), with corrections for non-perturbative
e�ects. Based on the data points for ��max = 7⇡/8 with 0 < y⇤ < 0.5 and 0.5 < y⇤ < 1, nine ↵S
results are determined, at a scale of Q = HT/2, over the range of 262 < Q < 1675 GeV. The ↵S(Q)

results are consistent with the predictions of the RGE, and a combined analysis results in a value of
↵S(mZ ) = 0.1127+0.0063

�0.0027, where the uncertainty is dominated by the scale dependence of the NLO pQCD
predictions.
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Summary

• Multijet cross section ratio "  measured by the ATLAS Collaboration at √s = 8 TeV 

• HT and y* dependence well described by the pQCD with corrections for non-perturbative effects  

• "  extracted over the range 262 < Q <1675 GeV  

• Combined analysis results in "  

• Result dominated by the scale dependence of the NLO pQCD predictions 

• Consistent with world average

RΔϕ

αS(HT /2)

αS(mZ) = 0.1127+0.0063
−0.0027



EPS 2019 − Ghent − 12th July 2019Eram Rizvi "13

Backup

EXTRACTED 𝛂S VALUES

ZDENEK HUBACEK, DIS 2019, TORINO 23

Extracted "  values  αS


