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(a) T decays (b) lattice (c) PDFs (d) eTe™ jets

m Many measurements dominated by systematic
uncertainties, and many correlated inputs

m Some recent precise determinations noticeably different
than the average
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Overall uncertainty largely determined by the precise lattice result

We provide a new, independent determination from the static
energy on the lattice
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Calculation for a wide range of gauge couplings.

(8 = 6.664,6.740, 6.800, 6.880, 6.950, 7.030, 7.150, 7.280 ;
corresponds to lattice spacings 3.994/r¢ < a~! < 6.991/r()
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Calculation for a wide range of gauge couplings. Need to
normalize the results calculated at different lattice spacings to a
common value at a certain distance (0.954 at r = ()

Corrected for lattice artifacts:

- Replace r by improved distance r; = (47TC'L(7"))_1

Necco Sommer'01

—
—

d’k 7N kT
CL(T) — (27_‘_)3D00(k0 — 07 k‘)@

(Dgg is the tree-level gluon propagator)
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Calculation for a wide range of gauge couplings. Need to
normalize the results calculated at different lattice spacings to a
common value at a certain distance (0.954 at r = ()

Corrected for lattice artifacts:

- Replace r by improved distance r; = (47TC'L(7"))_1

Necco Sommer'01

d’k N\ ik
CL(T) — (27_‘_)3D00(k0 — 07 k‘)@

(Dgg is the tree-level gluon propagator)

- Fit lattice data to the form const — a/r +or +a’(1/r — 1/r)
and subtract the last term from the lattice data

Aubin et al.’04, Booth et al.’92
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Calculation for a wide range of gauge couplings. Need to
normalize the results calculated at different lattice spacings to a
common value at a certain distance (0.954 at r = ()

Corrected for lattice artifacts:

- Replace r by improved distance r; = (47TC'L(7"))_1

Necco Sommer'01

d’k N\ ik
CL(T) — (27_‘_)3D00(k0 — 07 k‘)@

(Dgg is the tree-level gluon propagator)

- Fit lattice data to the form const — a/r +or +a’(1/r — 1/r)
and subtract the last term from the lattice data
Aubin et al.’04, Booth et al.’92

Both methods lead to the same results, within errors
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Eo(r) ~ —Cp 2t/
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e Static energy in perturbation theory
ag(l/r
Eo(r) ~ —CF S(T/ ) (1 + + + O(Oz?,ozg Inas) + - )

3-loop Smirnov Smirnov Steinhauser’08’10 Anzai Kiyo Sumino’10

Virtual emissions that change the color state of the pair (Ultrasoft
g/uons) Identified: Appelquist Dine Muzinich’'78 Calculated: Brambilla Pineda Soto Vairo '99 Kniehl

Penin '99

By () = - Crosi/n) {1 11749 | g (O‘S(l/r)y

r 47 47

+ [1421 In 3%(21/r) n 53945] (O‘u/”)?) }
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— Static energy in perturbation theory
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FOR FUNDAMENTAL PHYSICS

Eo(r) ~ —Cp Oés(i/"'“) (14 O(as) + O(a?) +0(a2, aInay) + - - )

1-loop: Fischler'77 Billoire’80 2-loop: Peter’'96'97 Schroder’98 Kniehl Penin Steinhauser Smirnov'01

3-loop Smirnov Smirnov Steinhauser’08’10 Anzai Kiyo Sumino’10

Virtual emissions that change the color state of the pair (Ultrasoft
g/UO”S) Identified: Appelquist Dine Muzinich’'78 Calculated: Brambilla Pineda Soto Vairo '99 Kniehl
Penin '99

Ultrasoft effects are conveniently calculated with effective theory
potential Non-Relativistic QCD, also used to perform its

resummation leading: Pineda Soto'00 sub-leading: Brambilla XGT Soto Vairo'07'09
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FOR FUNDAMENTAL PHYSICS

Eo(r) ~ —Cp Oés(i/"'“) (14 O(as) + O(a?) +0(a2, aInay) + - - )

1-loop: Fischler'77 Billoire’80 2-loop: Peter’'96'97 Schroder’98 Kniehl Penin Steinhauser Smirnov'01

3-loop Smirnov Smirnov Steinhauser’08’10 Anzai Kiyo Sumino’10

Virtual emissions that change the color state of the pair (Ultrasoft
g/UO”S) Identified: Appelquist Dine Muzinich’'78 Calculated: Brambilla Pineda Soto Vairo '99 Kniehl
Penin '99

Ultrasoft effects are conveniently calculated with effective theory
potential Non-Relativistic QCD, also used to perform its

resummation leading: Pineda Soto'00 sub-leading: Brambilla XGT Soto Vairo'07'09

Eqy known at 3 loop +sub-leading ultrasoft log res. (N°LL)
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singularity) is enough to describe lattice at short distances
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USing ro = 0.468 £ 0.004 fm Bazavov et al. (HotQCD Coll)11 Obtain
TOAMS > AMS

Xavier Garcia i Tormo QWG9. IHEP Beijing - April 25 2013 - 10 / 16



— Comparison: o, extraction

EEEEEEEEEEEEEEEEEEEE
FOR FUNDAMENTAL PHYSICS

Perturbative expression depends on roAgg

Assume pert. theory (after cancelling leading renormalon
singularity) is enough to describe lattice at short distances
(r < 0.579) and use comparison to extract oAy

USing ro = 0.468 £ 0.004 fm Bazavov et al. (HotQCD Coll)11 Obtain
TOAMS > AMS

Find values of rgAgg that are allowed by lattice data

Xavier Garcia i Tormo QWG9. IHEP Beijing - April 25 2013 - 10 / 16



— Comparison: o, extraction

EEEEEEEEEEEEEEEEEEEE
FOR FUNDAMENTAL PHYSICS

Perturbative expression depends on roAgg

Assume pert. theory (after cancelling leading renormalon
singularity) is enough to describe lattice at short distances
(r < 0.579) and use comparison to extract oAy

USing ro = 0.468 £ 0.004 fm Bazavov et al. (HotQCD Coll)11 Obtain
TOAMS > AMS

Find values of rgAgg that are allowed by lattice data

Agreement with lattice improves when perturbative order
is increased
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1. Vary o (scale of the coupling in the pert. exp) around
natural value

2. Fit roAgg for each value of ¢ and at each order in pert. th.
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1. Vary o (scale of the coupling in the pert. exp) around
natural value

2. Fit roAgg for each value of ¢ and at each order in pert. th.

3. Select o's for which x? decreases when increasing pert.
order

In that o range, use reduced y? as weight of fit values roArg
and take the average. This gives our central value for roAgm
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tree level 0.395

1 loop 0.848

2 loop 0.636

NZLL 0.756

3 loop 0.690

3 loop + lead. us. res. | 0.702
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Accuracy roM\irg

tree level 0.395

1 loop 0.848

2 loop 0.636

NZLL 0.756
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Accuracy ro\yig

tree level 0.395

1 loop 0.848

2 loop 0.636

N2LL 0.756

3 loop 0.690

3 loop + lead. us. res. | 0.702

N3@) L accuracy: aiﬂg@Hn] In" ag with n > 0

NSLL (3loop +sub-lead. us. res.) also known, but depends on
additional constant Ky ~ Agg (to be fit to the data). x* as a
function of rgAgzg is very flat, cannot improve extraction. Data
not accurate enough to be sensitive to sub-leading us logs

Take 3 loop + lead. us. res. as our best result
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Error assigned to the result must account for uncertainties due
to neglected higher order terms in the perturbative expansion
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Error assigned to the result must account for uncertainties due
to neglected higher order terms in the perturbative expansion

- Weighted standard deviation
- Difference with weighted average at previous order

- Additionally, redo analysis with alternative weight
assignments (p-value, constant). Results are compatible.
Quote error to cover whole range
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Error assigned to the result must account for uncertainties due
to neglected higher order terms in the perturbative expansion

- Weighted standard deviation
- Difference with weighted average at previous order

- Additionally, redo analysis with alternative weight
assignments (p-value, constant). Results are compatible.
Quote error to cover whole range

Cross-check: redo full analysis with energy normalized in units of

1

dEqy(T)
2 0
—|p=r; = 1
" dr ‘ !

Gives compatible results (comes from the same lattice data set in
terms of r/a. But error analysis for the normalization of the energy for
each lattice spacing is different in the two cases)
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Final result:
ToAM—S = 0.70 £ 0.07,

which corresponds to
as (1.5GeV,ny = 3) = 0.326 £+ 0.019

— s (Mg,ny =5) = 0.115675 005,
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s (M) = 0.1156 603,
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s (M) = 0.1156 603,
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as(Q)

0.2

0.1

2 5 10 20 50 100 200

Q (GeV)
Determinations entering the world average gethkeos  This result
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Comparison with other recent lattice determinations

@ « ETM'12

@®— PACS-CS'0¢

@ « JLOQCD'1C
—— HPQCEcorreIator;]'O

—@— HPQCLC\yson IoopsllO

o . BBGPSV(this talk)

0.11C 011 0114  0.11€ 0116 012 012  0.124

- as(Mz)
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Comparison with a few recent determinations using other
techniques

—@— PDG'12 averac

—— NNPDF (Ball et al.'1)
’ @ « MSTW (Martin et al.'09
@ « ABM11 (Alekhin et al."12

@ «  thrust(Gehrmann et al."]).
@ «  thrust(Abbate et al.'1{

T decay FOPTPich'1)) ‘
/ T decay CIPT(Pic%'l]) ’ @

7 decay(Abbas etal.'l} w—=_@@

7 decay CIPT(Boito etal.'13 @
7 decay FOPTBoito etal.'12 Q@ '

o . BBGPSV(this talk)
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- We have obtained a determination of as by comparing
lattice data for the short-distance part of the QCD static
energy with perturbation theory
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We have obtained a determination of a;; by comparing
lattice data for the short-distance part of the QCD static
energy with perturbation theory

The result is at 3-loop (plus resummation of ultrasoft logs)
accuracy

Natural scale of our determination corresponds to the

inverse of the typical distance of the lattice data, i.e.
around 1.5 GeV

Result: s (1.5GeV, ny = 3) = 0.326 £ 0.019

— a5 (Mz,ny =5) = 0.115615-502
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- We have obtained a determination of as by comparing
lattice data for the short-distance part of the QCD static
energy with perturbation theory

- The result is at 3-loop (plus resummation of ultrasoft logs)
accuracy

- Natural scale of our determination corresponds to the

inverse of the typical distance of the lattice data, i.e.
around 1.5 GeV

- Result: ay (1.5GeV,ny = 3) = 0.326 & 0.019
— a5 (Mz,np =5) = 0.1156" 50055

- Updated analysis (in the near future), also including lattice
data at shorter distances. Reduced error for our oy
extraction is conceivable

Xavier Garcia i Tormo QWG9. IHEP Beijing - April 25 2013 - 16 / 16



	darkblueIntroduction
	
	
	
	darkblueLattice data
	
	
	darkblueStatic energy in perturbation theory
	darkblueComparison: s extraction
	
	
	
	
	
	darkblueConclusions

