of Lr
g S
&
& A5 -
a = =
gty Y
wr (5] 7 |
et Ry
\h i
3 o
<
“ -~
‘)’4 QF

Strong coupling determination from relativistic
quarkonium sum rules

Diogo Boito
University of Sao Paulo
University of Vienna

DB, Vicent Mateu, arXiv:1912:06237 PLB (2020),
DB, Vicent Mateu, arXiv:2001:11041 JHEP (2020)
DB, Vicent Mateu and Marcus V Rodrigues, in preparation

IFAES
Institut de Fisica May 2021

d’Altes Energies

H )



(s the whys and the hows

IFAE, May 2021 Diogo Boito



Theoretical uncertainty in a Higgs decay :

Decay H — bb
b b
H ------ < +  H oo <§g + H —--e-- @ +
b b b

Scalar qq correlator
Optical theorem %) = i [ do & @UT{i()71(0)}19)
['(H — bb) = ImIl/mpg

jlx) =mq : qGp(x) g (2):

CT— T
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Theoretical uncertainty in a Higgs decay 2

Decay H — bb (massless case)
N D=, g, — 2f
ImH(S)ZS—;mis 1—|—ch@? ST o
L n=0 i
17
1= co = 29.1467 c3 = 41.7576 cy = —825.747
1980 1990 1997 2006
2-loop 3-loop 4-loop 5-loop
NLO N2LO N3LO N4LO

With this information we can estimate even higher orders using
Borel-Padé approximants

what o
Estimated 6-loop (N5LO)
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Theoretical uncertainty in a Higgs decay

Decay H — bb

Truncation error vs. strong coupling error

128 | T | T | T I T I T | T | T |
1.25
T
S
I 1.22
=
O
-
- 119} Exact
3 .
= Borel S -
116 orel Sum d=my B
B y=myl2 U =2my _
113 I 1 I 1 I 1 l 1 I 1 I 1 I 1 I
1 2 3 4 5 6 7 8
Perturbative Order
e R ——— —SetAsNERRSSEREET
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Theoretical uncertainty in a Higgs decay

Decay H — bb

Renormalization scale variation

1 .26 '(l! | | I | | I | | I | | I
E 1 24E———'——rh—4'ﬁ BN e R
[
=
O -
-
. \
= - )
I 1.22} — Borel\Sum N3LO -
T -~ NLO '\ — NLO ’
-~ NNLO N°LO
1 .20 I [l Il:h"-. [l I 1 I [l l [l
0.5 1.0 1.5 2.0 2.5 3.0
p ! my
e Rmanaan

Ak N4LO we already have a very stable perturbative series
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Theoretical uncertainty in a Higgs decay S

Decay H — bb

Uncertainky is dominated by the masses and couplings

1.28 I | I | I 1 I | I | I | I | I
O
1.25 i i
W = —= ——— i B
O- g 009 & [ i
as O " 122_//A‘\4 |
3
I :
o ~ 0.7Y X" i
mp 0 3
- 1.16 Borel Sum @ p=my |
o ~ O 1% B u=my2 U =2mpy
H 1.13 ] ] | ] | 1 | 1 ] ] ] L | L |
1 2 3 4 5 6 7 8
Perturbative Order
A, :
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The strong coupling in 2021

0.35 AL I SR
i T decay (N3LO) Ha
low Q2 cont. (N3LO) e .
03 i DIS jets (NLO) 2 ]
Tl Heavy Quarkonia (NLO) .
e'e” jets/shapes (NNLO+res) F*
- pp/pp (jets NLO) F&+ 4
0.25 | EW precision fit (N>LOYy-e—
pp (top, NNLO) — 4
'R - | ]
< 02
3 !
0.15
0.1 T .
= (M%) =0.1179 £ 0.0010 ¥
0.05 .
1 10 10 1000
Q [GeV]
IFAE, May 2021

Overall picture is very consistent.

Discrepancies persist:
uncertainty has been enlarged.

The D¢ umaev%aém%

T was +/- 0,.0007 in 2014
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The strong coupling in 2021 1

]
Baikov 2008 IE—e—
Davier 2014 | F—8— rdecays
. i
. . ‘ . . Boito 2015 —or—
Tensions in deberminakions | [rin 2016 . &
Boito 2018 —e—H ow e
‘f‘r(}m sawe d&&& PDG 2018 —te
1
.................................... T O Y W
Mateu 2018 I — i QQ
Peset 2018 | -9 pound states
|
______________________________________ BRI S
BBGO6 —e—- *:
JR14 |—--|=
MMHT14 —o D&'(S
:
ABMP16 |——.+ 1 PDF fit
NNPDF31 : HeH b
CT14 —0— j
______________________________________ S T S S O
ALEPH (j&s) i ®
OPAL (j&s) I o |
) ay(mz) =0.1171 £200010 (ny =5, FOPT)
JADE (j&s) b & i
- . Dissertori (3j) —or— ete-
EVQV\& Sh&FQS gb\/ﬁ JADE (3j) | . — i jets
. Verbytskyi (2j) |-:-o—| &
Sjs&ema\hc:ati.v lower resulks ardos (EEC) . shapes
Teeeegy, | [Abbate () o i
Gehrmann (T) F—e@ 1
Hoang (C) —e—i : :
____________________________________ - ST UL S A B
Klijnsma (tf) —_— had
CMS (th) | o—: aclLOokl
, : collider
H1 (jets) I—OI—:FL
____________________________________ . | ]
\ PDG 2018 '1_ ¢ electroweak
Starting to be dominated Gitter 2018 i

lattice

i R B |
0.120 0.125 0.130

by Lattice L

I
0.110 0.115

PP (m ;) = 0.1179 + 0.0010
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The strong coupling in 2021 8

0.35 g T LSRR '
[ T decay (N3LO) e
low Q? cont. (N3LO) e
03 [ ) DIS jets (NLO) —— ]
Tt Heavy Quarkonia (NLO)
¢"e jets/shapes (NNLO+res) F* ]
pp/pp (jets NLO) H&a— -
025 EW precision fit (N>LOY—e— ]
pp (top, NNLO) = 4
<D i
2 o02f
3 i
0.15
0.1 |
- = (M%) =0.1179 £ 0.0010
0.05- e el el
1 10 100 1000

Lower energies Higher energies

Larger coupling, more Smaller coupling, less sensitive
sensitivity to QCD corrections. to QCD corrections, more
Larger M,ov\*[;:erﬁurba&iv& F"maﬁ Lon requ&r&d ﬁfrc}m <xp-
physics (OPE, DVs), Swall conbtamination from
Problems wikh F»&.. &k@.c:-rj MOM“FQrEurbo&Wﬁ Fkvsics,
(renormalons). pt. series is almost convergent
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Strong coupling from
quarkonium sum rules
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Sum rules

Vector correlator with massive quarks

| 1,,(q) = i/d4a:' eiqx<O\T{Ju($)Ju(O)T}‘O>
| | 3

Im(s A\
(once subtracted) dispersion relation

I(q*) = 1;17T2/ s(s }EQSZ(SJ)r i€) \

Sth

e —

Octe——qi+X (S)

ny
)
(wY
VN

Va)
N—

R, = 127ImlII(g?)

Octe—— putp—\5
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Sum rules 10

(once subtracted) ciisparsmm relation

I1(q?) q° /OO Rqq(s)

T 122 s(s — q? + i€)

Sth

e R —

Using analyticity and unitarity (dispersion relation): sum rules

Experimem& Tkeorj

. ds 12702Q% q»
M;/’ - /sn+1 Rgq(s) = : T, (s)

n! dsm 4 s=0

We restrict the sum rules to n < 4. Typical scale m,/n.

Relakivistic sum rules

IFAE, May 2021 Diogo Boito



Theory: QCD H

Small momentum expansion of the correlator

T X . n 1 rX,n
Hq ( - 12#2622 Z M
n—0
2MN2
MV,n _ 127 Qq i
1 n! dq?

Perturbative expansion

o 1 S as(Mg) |* xon
q

(2 — )Qn C; summing logs with p = m,(m,)
q

i=0 - -

Known up to O(a?) for n < 4

Also for scalar, pseudoscalar

and axial correlators
IFAE, May 2021 Diogo Boito



Theory: QCD 12

Perturbative expansion

~ 1 as(m,) ]’
MqX’n — Z { S< Q)} CX’T" summing logs with p = m,(m,)

Known up to O(a?) for n < 4

General expansion in terms of the two scales

T3 T3 e (e ) ()

b('um i=0 a=0 b=0

Highly sensitive to the mass, ideal for quark-mass determinations

IFAE, May 2021 Diogo Boito



Ratios of moments: strong coupling extraction 13

7 7) ’l].]

o~ g 5[] £ () ()

mb(/’ljm)] y i—0 T a=0 b=0 mb(

4 |

Strong mass dependence is eliminated

We consider dimensionless ratios of moments

X,n\
RX,n _ (Mq )
q = (M ij_l) L Central object of this part
q 0f the talk

..Ssimilar to the ones used in lattice studies of the PS correlators

Perturbative expansion
i [2—1]

-5 [ £ 5 )

1=0 k=0 7=0 /’Lm) mb(lum)

Residual (supprassecﬁ) mass dependence

IFAE, May 2021 Diogo Boito



Ratios of moments: strong coupling extraction 14

. . RX,’n = (MéX,n)%
Perturbative expansion T (M)
v oo (1) ] e e ) e
RV _ [ a] p(n lnj(_m )m (_ o )
b Zo 4 z?::o ?::0 PR (pn) b (fim,)

Residual (suppresseci) A SS ciepamdamce

Example

RY? = 1.0449[1 + 0.57448 a5 + (0.32576 + 2.3937 L, ) a;
— (2.1093 + 4.7873L,, — 6.4009L,, — 9.9736L2) a? +0O ()]

S

Almost insensitive to the quark mass (only through logs at O(a?))
Sensitive to the coupling.

Available at N°LO up to R}
Can be accurately determined from data.

IFAE, May 2021 Diogo Boito



Ratios of moments: strong coupling extraction 15

Perturbative expansion

RY? = 1.0449[1 + 0.57448 a5 + (0.32576 + 2.3937 L,,) a;
— (2.1093 + 4.7873L,,, — 6.4009L,, — 9.9736L2) a2 +O (ay)]

Typical size of pt. corrections: 13%, 7%, and 5% (for charm with n=1,2,3)

contributions: gluon-condensate known to NLO.

(ny)
2 1 Ol Qs (,uoz)
AME D) = o (768 ) [lax ()l + =5 fox ()

q

Added as an estimate of non-perturbative uncertainties.

Completely irrelevant for the bottom—quark case.

IFAE, May 2021 Diogo Boito



Theory errors: scale variation 10

S ) S T

i=0 k=0 j=0 Hm

Independent scale variation important for conservative error estimate

My < tas b < fmax  With fmax = 4 (15) GeV for charm (bottom)

With the following constraint

1/6 < (phm/pha) <& with & = 2 our (canonical) choice

L TRnEE e “etustammmetillT

Aways checking order-by-order converqence.
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Experimental ratios of moments: charm H

Resonance data Pt continuum (&heorj)

ds max (s > ds
Vin __ _
Mg = /Sn—l—l Rqg(s) = (resonan.) +/ gn+1 Rqq(s) +/S gn+1 Rqq(s)

Sth max

Combined R daka ,
/ > ds
S

R4
n—|—1 ECe q\\‘ a
o0 S . e S

Nown-charm background (theory) (rsecondary

charm production)

Parametrize the continuum contribution (highly linear dependence on the coupling)
(including mass corrections)

IFAE, May 2021 Diogo Boito



Experimental ratios of moments: charm 18

Resonance data Pt. continuum (Eheorsj)
Vi smax s * s * ds
Mq — (resonan.) -+ / ot qu(S) -+ / ot qu(S) — . ot 1 e
Sth Smax th
Combined R data Non-charm backqround (Ekeorj:

Combined R daka

Whole fit range Continuum region
A - -ttt L L T L
6_— 6 | | | | | | | | |
Sp
- ,|i !|
Riot 7F |!i-| ,:\' :\m " |
: iy |
3__ 8 |I lm
i I;Ii,\kl ”
o T
o I I I U B, v R P P NP ! RO PP I P P B P | B
2 - 6 8 10 5 6 7 8 9 10
E (GeV) E (GeV)

Exp moments determined from resonances and combined R data.
Correlations must be taken into account in the procedure.

Parametrize the continuum contribution (highly linear dependence on the coupling)
(including mass corrections)
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Experimental ratios of moments: charm o

Resonance data Pt. continuum (Eheorj)

V, Smax d o9 d >C ds
M, n_ (resonan.) +/ Snil R,z (s) _|_/ ° R (5) —/8 Ryds

Sth

th
Combined R daka

Non-charm backqround (theory;

Slightly update as compared with the original works.
Cross checked with other R-data combinations

Xn _ (MEJX’nﬁ
For the charm quark ratios we have (Aa =0.1181—a, " = (Y
RV = (1.770 — 0.705 A,) £ 0.017, [0rel = 0.98%
RY? = (1.1173 — 0.1330 A,,) % 0.0022, orel = 0.22%

RY® = (1.03535 — 0.04376 A,) & 0.00084.  [over = 0.104%)

Continuum conkribuktion
smaller for higher n N :
| Smiall uncertaintkies po\r&muv
due to onsi&ave correlation

among the moments M,
IFAE, May 2021
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Experimental ratios of moments: bottom 20

Resonance data PE. continuum (&hearj)
MV,’n RECEe dS >C dS
g = (resonan.) + g R,z (s) + g R,z (s)
Sth Smax

Combined R daka

For the bottom quark ratios we have

V.1 V.2 V.3
Rq Rq Rq
bottom | 0.8020(14) + 0.4083 A, 0.8465(20) + 0.14955 A,  0.8962(11) 4 0.06905 A,
Orel] — 0.55% Ore]l] — 0.23% Ore]l — 0.12%

Swaaller errors par&iattv due
to cancellations arising 5

L ' R ,n -
from the positive q

correlations between
momenks
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Results for charmonium sum
rules

g with ny =4 and RY'™ withn =1, 2, and 3

Vienna, March 2021 Diogo Boito



(s from charm moment ratios a2

Viexp __ V.,th
Rq o Rq

RV,Q
C
(1.1173 — 0.1330 A,,) + 0.0022
= 1.0449([1 + 0.57448 a5 + (0.32576 4 2.3937 L) a;

— (2.1093 + 4.7873L,,, — 6.4009L,, — 9.9736L7) a2 +O (a;)]

o Scan for different values of the renormalization scale
e Include (and remove) the gluon condensate
oVary the quark mass

IFAE, May 2021 Diogo Boito



Perturbative error analysis

IFAE, May 2021

0.1185

23

4.0F
3.5}
3.0}
2.5}
0.1154
2.0}

1.5}

0.1183

0.1193/ 1

0.1164

1/€ < (phm/ o) <&

PSS ————
The gray areas are not

tncluded in the amatsjsis

¢ =2
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Perturbative error analysis as

E=1—= tim = pa

1/€ < (pm/pa) <& . .
~ ¢ = 2 our (canonical) choice

Diagonal variation: errors
underestimated by a factor of up
to V2.0

:5 :
A" (my) from R

0.0030F ' ' ;

0.0025F :

0.0020f :

0.0015F i :

0.0010F :

£ 0.0005F :

Small variakions in the TR T Y.
cenkral values (Y0.8%) &
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Perturbative error analysis

Order by order convergence

IFAE, May 2021

0.16¢
0.155
0.14f
0.13f
0.125

0.11}

-5 -
o (m,) from R"

]

1 2
N"LO order

25
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Results

Results from the charm moment ratios

26

flavor Opert Oexp Omy Onp Ototal
1 0.1168 0.0010 70.0028 * 0.0003 0.0006 0.0030
charm |2 | 0.1168 | 0.0015 0.0009 0.0003 0.0007 (0.0019)
3 0.1173 0.0020 0.0005 0.0003 0.0006 0.0022
v
Trend to larger values
"= (my) from R""
0.120}
Ve , as(mz) = 0.1168 & 0.0019
0.116F
0.114f
0.112L 1' . .
R"" moment
IFAE, May 2021
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Results

flavor

Results from the charm and botkom moment rakios

Oexp Omy Onp Ototal
1 0.1183 0.0011 ~0.0089 0.0002 0.0000
bottom | 2 0.11861 0.0011 (0.0046 0.0001 0.0000
3 0.1194%  0.0013 [0.0029 0.0001 0.0000
1 0.1168 0.0010 "0.0028 0.0003 0.0006
charm | 2 0.11681 0.0015 0.0009 0.0003 0.0007 ).
3 0.1173° 0.0020 0.0005 0.0003 0.0006

Trend to larger values

IFAE, May 2021
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(Re)analysis of lattice data for
pseudo-scalar charm-quark moments

Diogo Boito



Results from lattice correlators

Data for moments of the pseudo-scalar corrents are available from the lattice

moment

6]

19)

[10]

[11]

[12]

P
MY

P1
R

P2
Re’

1.708(7)

1.709(5)

1.699(9)
1.199(4)
1.0344(13)

1.705(5)
1.1886(13)
1.0324(16)

1.188(5)
1.0341(19)

10]

1]

12]

28

We use the ratios and the 0-th moment to extract alpha_s and reassess pt. errors

IFAE, May 2021
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4.0-_ ........................... L- 4.0_ ........................... L-
3.5} \_/ ] 3.5}
: 0.1160 0.1164
3.0} ] 3.0}
I 0.1165 ] 01180
Hon 2.5:— o 0.1180 - Hon 2.5K 0.1187
2.0:- 01190 - 2 of \21"1 0.1195
1.5} - 1.5}
15 20 25 30 35 40 15 20 25 30 35 40
Ha Ha
inf :5)(mz) from M”° and R’
0.16p — :
: — M. 0.0030F
015__ . RP,] - -
- f),z 0.0025¢
0.14:— o RC -
I ¢ ] 00020 C
13 1] h :
019 - 0.0015f
o12f |11 Hl PEy 0.0010f
0.11F . 0.0005F
l l ] C
1 2 3
N"LO order
IFAE, May 2021

Results from lattice correlators

29

b
AOFT T T :
0.1140 '
0.1155 :
0.1165 -
2.0\ 01146 01175 /
1.5} ]
15 20 25 30 35 40

Mo
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30

Results from lattice correlators Larger errors duc

to wore

Maoezawa etk al i
conservative F&.

are even wmore

—

&heor:g Errors

conservative

Ref. Oégnf:5) (mz)  Opert  Olattice  Ome ONP Ttotal

Allison et al. |6] 0.1179 0.0019 0.0006 0.0003 0.0004 0.0020
McNeile et al. [9] 0.1180 0.0019 0.0005 0.0003 0.0004 0.0020
Maezawa et al. |10] 0.1171 0.0018 0.0008 0.0003 0.0004 0.0020
Petreczky et al. |11] 0.1177 0.0019 0.0005 0.0003 0.0004 0.0020

-5
" (m,) from R’

0120F 7 : :
ST T T ror 3
o116 L1l [T] -
0.114F __ Allison LD s
0.112F — McNeile .
0110_— Maezawa _E
- — Petreczky ;
0108F __ Nakayama E
1 [ | | |
0-106 0 1 2

R>" moment

IFAE, May 2021 Diogo Boito
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31
Main result

Extraction from charm-quark vector-current moment ratios:

Larger errors

as(mz) = 0.1168(10) ¢ (28)exp (6)np = 0.1168(30) [RCVJ],QJ
as(mz) = 0.1168(15) 5t (9) exp(7)np = 0.1168(19) [RY 2],
) (6)

as(mz) = 0.1173(20) ¢ (5) exp (6)np = 0.1173(22) [R}j’i’)]gs«\

Large values of 1

Very conservative errors (with diagonal scale variation error would be +/-0.0013)

Continuum contribution freated self-consistently (fixing it would give smaller errors).

IFAE, May 2021 Diogo Boito
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Standard perturbation theory 32

R=1 LO
+ | C10 NLO Qg
i Eanti + €20 NNLO o’
+ C32T0 + C31M f +  C30 04:8)’
o Cn’n_ln?; * Cn’n_zanL T + Cno oy
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large-(g

Gluon propagator with insertions of gg loops

------ o+ e e e

QT f ozsnf

asng ~ O(1) Bo,r = 6_7r

Leading nf terms

Large-nf resulk

IFAE, May 2021
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Standard perturbation theory

One chain
LO
R=1 NfLO
T C10
i 2
n—1
N [ Cn,n—lnf +

34

Two chains Three chains
Nf-NLO :Oés
Cop Nf-NNLO Jov?
1.3
C31Mf + €30 (%
)
Cn,n—2n? + - =+ Cn,0 ]04?

IFAE, May 2021
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large- 3 39

Gluon propagator with insertions of gg loops

------ o + e e

QT f ozsnf

asng ~ O(1) Bo,r = 6_7r

Leading nf terms

&-0-0

"Non-abelianization" of the result

ne — 6T 50 A set of non-abelian diagrams
! ncluded (running tOMF’LﬁMS)

IFAE, May 2021 Diogo Boito



large- g 35

Gluon propagator with insertions of gg loops

------ o+ e e e

QT f ozsnf

asng ~ O(1) Bo,f = 6_7r

Leading nf terms

O 03

"Non-abellanlzatlon" of the result

ne — 6T 50 A set of non-abelian diagrams
! ncluded (running t:ou,PLEMS)

IFAE, May 2021 Diogo Boito



Standard perturbation theory

One chain
LO
R=1 NfLO
T C10
i 2
n—1
B [ Cn,n—lnf +

34

=

|tEs

1.2

C20 1&g

1.3

C31M f +  C30 o
n—2 n
Cn,n—2nf =+ =+ Cn,0 ]CVS

IFAE, May 2021
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Renormalons 36

Perburbation &keorj s divergent T'n n!

OPE

n*
R ~ E raatl 4 eP/ o
n=0

Borel transform method
B[R] (t) — Z T'n nl which can be “summed’—> |

n=0

Singularities in the Borel plane: renormalons

1 2\
Uuv IR

IFAE, May 2021 Diogo Boito



large-5g results S

Large-5y calculation of heavy-quark current correlators

Results available in the literature only for the moments of the vector current

Jrn =y, Jh =vvst, 30 =9 and  §U = i),

We have calculated for the first time the corresponding result for A, S and PS cases

IFAE, May 2021 Diogo Boito



large-5g results

q g q q
j J J j

Summing n bubbles in the gluon propagator (Landau gauge) d = 4 — 2¢

........ = m@qu@

Dl (k) = (—k2;<i1+ne> (g“” kf;) -

f Resulk L
(Conkinuous) shift in the esult of cop

power of the momentum in

E,M&egraﬁmx

the denominator
e Extend v5 to D dim.

e Renormalization

2
e Expansion in ;5 ~ 0

IFAE, May 2021
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large-3y results 39

L q q
e Expansion in ;5 ~ 0 ; [

/ A%k, d%k,
(k14 q)2 — mg]™ (kg + q)2 — mg]™2[kT — mg]™s[k3 — m|"4 (k2 — k1)?]"s

Jo(ni, -+ ,ns5) =

After expanding and setting ¢° = 0

; B A%y Ak,
2(”17 “ o ,715)‘61:0 — [k,% L m%]’nl—}—ng [k.g _ m%]n2+n4[(k2 _ kl)Q]TL5
_ —7Td(—1>>‘1+)‘2+>‘3 (m(Q))d—Al—)\Q—A:s

DO+ s — d/2)T (g + Ag — d/2)T(d)2 — \3)T (A + Ag + Ag — d)
TOWT )T (M + A + 205 — A)D(d/2)

Al =N+ n3, Aa =no +ny and A3 = 05

IFAE, May 2021 Diogo Boito



large-5g results

Structure of the results for the moments M

| 37 gv(0)
MV: 12 2 N2 n
= PTG | )

Ay (1)

——

After renormalization and expressing everything in terms of the MS Mass

1 >° 1
A —1+—/ du e~ %/ B(@s(po)) 35( )—I—O( )
B0 3

Borel transform of the
moments

CGreneral structure of the Borel bransform of the moments

SV( )_ S_n_|_ 5/3:u0 ’ CSC(WU)FO?’_'_U) 3/2
n A% m? 4’“F(3/2+n+u)

IFAE, May 2021

(=1 +u)(u+1+n)N (u)

40
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large-3y results *

Anatomy of the result

Scheme and scale
independent

3\ " Csc(mu)l(n +u) |
2(—1 1+ n)NY
) 4’“F(3/2+n+u)ﬂ (Z1tu)(ut 1+ n) W

Polynomial of u

st (u) = B

u

72
Residual scale and
scheme dﬁp@.ﬂd@.ﬂt@.

w=-1,-2,-3.. w=2,34..

—_— >
Uu

UV renorm. IR renorm.

Non-trivial polynomials in u for each value of n

NV(u):u—g+29u2 L
! o 27 " 27 ' Similar resulks for A, S, PS
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Non-trivial checks of the correctiess of the results

e Reproduce all known leading-n ¢ terms in the QCD results.

e First IR renormalon at u = 2 (gluon condensate).

e PS n = 3 moment does not have a u = 2 renormalon which confirms that
calculation of the gluon condensate coefficient, which vanishes in this one

CasSeE.
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Ratios of moments

Borel representation of the ratios of moments

ﬁ |4 = o0
Ry = (%3) = _9n (0) 1 [1+i/ due™ /"W BY (u )+(’)< : )]

4 (gn1(0)) ™71 Ho &
Borel transform
BV( ) _ SX(“) L SX+1<U)
4 ' n n+1
Scheme ana scale
Explicitly independent
32\ Cse(mu)m®/2(—1 4 u)
14 B
B (S8 -
[F(n +u)(u+14+n)Ny(u) Tn+u+1)(u+2+ n)NY.;(u)
nl'(3/2 +n+ u) (n+1)IT(5/2+n+u)
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Cancellation of the u = — 1 renormalon
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mn
bobkom
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Signs of the leading IR
charm renormalon
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Toy extraction of ay in large-By with the Borel sum as “experiment”

0.130 p —
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Value used in the
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® Order3
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B Order5

Charm Ratios: as(mz) fits
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0.123 F
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Bottom Ratios: as(m>) fits

Value used in the
Borel Sum

® Order3
Order 4
B Order5

Trends in alpha_s values qualitatively corroborated by large-betaO results.

One order more in the pt. series should lead to more stable results.

IFAE, May 2021

Diogo Boito



clusions

Diogo Boito



Conclusions 48

as can be extracted reliably from R data with 4, and 5 active flavours.

Ratios of moments of bottomonium vector-current correlators ideal from
the theory view point, but larger exp. errors.

Ratios tend to have good perturbative expansion (renormalon cancelations).

The five loop result would still improve our results (stability and pt. errors)

At present, best determination from charm ratio with n=2:

ags(my) = 0.1168 + 0.0019

Our results are obtained with a conservative error estimate.

PS current moments (from lattice) give stable results but with larger uncertainty.

Our analysis of the perturbative error is more conservative than some of the
original studies
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