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Figure 7. A relatively loose determination of a,(Q) at Q ~ 1 GeV leadsto |
a very tight determination of a,(Q) at large Q. For example, from the

T value of A% givenin Equation 58, the prediction for o, to be measured at
LEP (and HERA) is very precise:

04 1
Ass =200 MeV (0 ~ M;) ~0.11+0.01. 59.
140 MV Establishing that this prediction is experimentally true would be a very
03 | quantitative and accurate test of QCD, conceptually equivalent but more

reasonable than trying to see the running in a given experiment.
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LEP statistics (4 million events per experiment):
a plethora of detailed studies of pert. and non-pert. QCD.
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The QCD Running Coupling and its Measurement

Guido Altarelli
Dipartimento di Fisica ‘E. Amaldi’, Universita di Roma Tre

INFN, Sezione di Roma Tre, I-00146 Rome, Italy
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CERN, Department of Physics, Theory Division
CH-1211 Geneva 23, Switzerland

E-mail: guido.altarelli@cern.ch

In this lecture, after recalling the basic definitions and facts about the running coupling in QCD,
I present a critical discussion of the methods for measuring o and select those that appear to me

as the most reliably precise

1303.6065v1 [hep-ph] 25 Mar 2013
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mination). In my opinion one should select few theoretically simplest processes for measuring o
and consider all other ways as tests of the theory. Note that this is what is usually done in QED
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and consider all other ways as tests of the theory. Note that this is what is usually done in QED

In this lecture, after recalling the basic definitions and facts about the running coupling in QCD,
I present a critical discussion of the methods for measuring o and select those that appear to me

as the most reliably precise

Aocp counts less and less as Q increases. The absolute error on oy shrinks by a factor of about
one order of magnitude going from o (m;) to os(mz). Still I find a little suspicious that to obtain

‘ arXiv:1303.6065v1 [hep-ph] 25 Mar 2013

a better measurement of o (mz) you have to go down to lower and lower energy scales. And in
fact, in general, in similar cases one finds that the decreased control of higher order perturbative

and of non perturbative corrections makes the apparent advantage totally illusory. For o from R;
e
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case where a ZERO appears in the massless theory is unique in making the issue crucial. Many
distinguished people believe the optimistic version. I am not convinced that the gap is not filled
up by ambiguities of 0(A2,.,,/m2) from &,,;: the [ZERO/m?] terms in eq. 3.8 are vulnerable
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case where a ZERO appears in the massless theory is unique in making the issue crucial. Many
distinguished people believe the optimistic version. I am not convinced that the gap is not filled

up by ambiguities of O(Azgggfm%) from 626,,: the [ZERO/m?] terms in eq. 3.8 are vulnerable

In any case, one can discuss the error, but what is true and remarkable, is that the central value of o
from T decay, obtained at very small Q?, is in good agreement with all other precise determinations
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Beginning of this millenium:

Out of heoric efforts, the first differential NNLO calculations appear,
not only for e*e-, but also for DY and Higgs prod. at hadron colliders !

eg. very first as measurement at NNLO, 3-jet rate, in 2009: as(Mz) = 0.1175 £ 0.0025
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During the last ~decade:

A real explosion in the content of our tool-box;

again, thanks to many heroic efforts!

G. Dissertori
CERN Giulia Zanderighi compared some of them to the 7 wonders of the world......... (Moriond 2016)
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cvs 3 pb” at \'s=7TeV
lumi. uncertainty: + 4%
ocxB (W) — — 0.987 £ 0.009,, +0.051,,
cxB(W") —ha— 0.982+0.009 , +0.049 é
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T
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Ry HeH 0.981+0.010,,, +0.016,
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06 08 1 12 14

Ratio (CMS/Theory)

Amazing precision reached ( ~1% experimental ! )

put important constraints on theory (NNLO, PDFs)
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Very good agreement with QCD pred.,
---------------- such as LO (NLO) + PS matched
calculations.

Also important for searches for new
physics, where this is a background.

DY + jets: MADGRAPH (version 5.1.1.0), CTEQ6L1, normalized to incl. DY NNLO (FEWZ)

EW : WW, ZZ, WZ, W+jets, normalized to NLO (MCFM); ttbar normalized to NNLL incl. xsec
G. Dissertori
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Standard Model Production Cross Section Measurements Status: Nov 2015
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Ass =200MeV a very tight determination of a,(Q) at large Q. For example, from the
value of A% givenin Equation 58, the prediction for o, to be measured at
LEP (and HERA) is very precise:

o, (Q ~ M;) ~0.11+0.01. a ) A

140 MeV

0is(Q)

Establishing that this prediction is experimentally true would be a very
quantitative and accurate test of QCD, conceptually equivalent but more
reasonable than trying to see the running in a given experiment.
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Establishing that this prediction is experimentally true would be a very
quantitative and accurate test of QCD, conceptually equivalent but more
reasonable than trying to see the running in a given experiment. /
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