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osition of pole of Im =p " Ntongl p
P P mpole = Mghort—distance T 'm ,; > °
propagator |
Contains renormalon
, in general short-distance
" d.mass n . masses depend on
> short distance schéme renormalization scale

(they “run”)
om defines the scheme

and running TS sch
scheme

Short-distance scheme
Standard mass for comparison Mg (M)
And free from renormalon ambiguities
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Charm mass determinations

Comparison of

different methods

“traditional lattice”

Inclusive B decays

Charmonium spectrum

relativistic sum rules,
vector correlator

Relativist sum rules from the vector correlator give
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the most accurate results



Bottom mass determinations

Comparison of different methods
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“traditional lattice”

Borel sum rules

| spectrum

relativistic sum rules

Relativist sum rules give the most There seems to be a tension with
accurate results Borel determination (heavy to light)
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Methods in perturbation theory

One can use four different expansion methods, equivalent in
perturbation theory, to test the convergence of the series expansion

All perturbative methods should give similar results when determining
the charm and bottom mass (within theoretical uncertainties)

We use different renormalization scales for ! 5 (denoted by p, )
and 74 (denoted by um )

Same analysis can be performed on the pseudo-scalar correlator, using
lattice simulation data for the corresponding moments
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Experimental data: charm
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Experimental data

[Dehnadi, Hoang,VM & Zebarjad O15][Dehnadi, Hoang, & VM O15]
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Experimental data: bottom

Babar data
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Experimental data: bottom

Perturbation theory

Experimental data
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Aren’t we comparing theory to theory?
63% of the first moment

o ; I
4% error gives a huge uncertainty to from region without data !

the first moment !!



High energy region
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High energy region
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Data shows an increasing pattern that meets pQCD prediction at || GeV

* Conservative continuum model: Rodel — piheory 4 49
* Size of systematic error in linear fit to data




High energy region contribution
Situation is less dramatic for
higher moments

For n > 2 we find issues with
perturbation theory

Therefore we use the 2
moments as our default

High-energy region contributes
“only” 39% of total error if 4%
error assigned to theory

n=| n=2
n=3 n=4

New experimental data in high-energy region: dramatic impact to precision!
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Cauchy root convergence test: S[a]=  a, V, = limsup(a,)/"
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"> divergent
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# =1 convergent
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Cauchy root convergence test: S[a]=  a, V, = limsup(a,)/"

n nll!

> 1 divergent
Vi = =17 inconclusive

<1 convergent
UL Sla”y
1.00) e S —
L | 1e0f e
0.95F e : | g
L e 5 1.95¢F
L 1 S 5
B R e —— ' »401..........................:
0 10 20 30 40 50 70 10 20 30 40 50
N
N

We do not known so many terms in QCD... need to adapt the test !
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For each pair (Um.,l ) we define
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from the mass extractions at O(! 2*'*°) and define the convergence parameter
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COnvergence test [Dehnadi, Hoang, & VM O

For each pair (Um.,l ) we define

me(me) = m@ +om® + 6m®@ + sm®

from the mass extractions at O(! 2123) and define the convergence parameter
s gence p

Sm@ (5m(2) )1/2, (5m(3) )1/3}

Ve = Max { m© "\ 'mo mo)

It is convenient to plot histograms, and see if there is a peaked structure
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Smaller value of V. means better convergence.
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For each pair (Um.,l ) we define

me(me) = m@ +om® + 6m®@ + sm®

from the mass extractions at O(! 2123) and define the convergence parameter
s gence p

Ve = max{

5m(1)
m (0)

Sm®@ \1/2 ,5m®) \l/3
(o) G )

It is convenient to plot histograms, and see if there is a peaked structure

&KDUP YHFWRIU
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means better convergence.



COnveI"gence test [Dehnadi, Hoang, & VM O

For each pair (Um.,l ) we define

me(me) = m© +om® 4+ 6m®@ + sm®

from the mass extractions at O(! 2*'*°) and define the convergence parameter

sm@d sm@ \v2  sm® \1/3
ve=max | o (o) (o)
c =MaxX1-© '\ mo —©)
It is convenient to plot histograms, and see if there is a peaked structure
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For our final analysis we discard series with V¢ ! "Vt (3% of series only)
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Exploration of scale variation
[Dehnadi, Hoang, & VM O15]

|t moment m.lm." #GeVs

l s(mz)=0.118¢
2GeV < Uy = U <4GeV

FixedOrdel
Linearizec
lterative

Contourlmprovec -
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%"J

me(c) i ] (|

correlated variation

2

GeV < U, = U, <4GeV

Charm mass scale is excluded
from the scale variation
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Exploration of scale variation
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charm mass scale should not be
excluded in the perturbative
extraction of the charm mass

Our default is iterative method

We implement a cut on badly convergent series (mild effect on error)

conclusions: independent variation of scales down to m¢(m;)
so that using different expansions does not matter
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Our default is iterative method

We implement a cut on badly convergent series (mild effect on error)

conclusions: independent variation of scales down to Mp(Mp)
so that using different expansions does not matter
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Final results

l s(mz) =0.1185+ 0.0021 world average with a tripled uncertainty

charm mass from Vector correlator

= 1.288 £ 0.020 GeV

charm mass from Pseudoscalar correlator

Me(M,) = 1.267 % (0.008)y + (0.035)er * (0.019) . * (0.002) o GeV
— 1.267 = 0.040 GeV

bottom mass from Vector correlator

mmy(Mp) =4 .176 + (0.004)sar + (0.019)yst & (0.010)er * (0.007),, * (0.0001)ggxGeV
= 4 .176 + 0.023 GeV
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Conclusions & Qubtlook

o Sum rules [arovi;de Ehe most accurake extractions

of the charm and bottom masses

o Double scale variation appears to provid@. best

uncertainty estimate (charm, bottom, pseudo)
e Pseudo-scalar correlator has worse convergence
o Comparisons with Lattice, &mgor&au& cross checlk

o Bottom: 2% moment smaller experimem&at error
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mass dependence on RHS !!  starts at O(! )
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Charm mass determinations

From QCD sum rules
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Bottom mass determinations

From QCD sum rules
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Pseudoscalar correlator and moments

L p()= i dxe” O[T j p(x)j p(0)] 0" i (X) =2 mqi @x)! 50(x)

Related to longitudinal part of Carries QCD anomalous dimension:
axial propagator same running as quark mass



Pseudoscalar correlator and moments

L p(s)= i dxe™!0|T jp(x)jp(0)|0" Jp(X) =2 mqiax)!5q(x)
Related to longitudinal part of Carries QCD anomalous dimension:
axial propagator same running as quark mass

P (s) = 1 p(s)! 1p(0)! ! 5(0)s We subtract two scheme-dependent

S? constants



Pseudoscalar correlator and moments

L p(s) =1 dxe" 1 0|T|p(x)jr(0)]0" Jp(X) =2 mgql@Xx)!5q(X)
Related to longitudinal part of Carries QCD anomalous dimension:
axial propagator same running as quark mass

P (s) = 1 p(s)! 1p(0)! ! 5(0)s We subtract two scheme-dependent

s constants
2\ — g P ook _ 9 : @kp 2k - 3 .
P(a@)= My a™ = 17 am a3 computed in pQCD at O(! ) [Meier et al. (2008)
" k=0

k=0



Pseudoscalar correlator and moments

L p(s) =1 dxe" 1 0|T|p(x)jr(0)]0" Jp(X) =2 mgql@Xx)!5q(X)
Related to longitudinal part of Carries QCD anomalous dimension:
axial propagator same running as quark mass
P (s) = 1 p(s)! 1p(0)! ! 5(0)s We subtract two scheme-dependent
s constants
2\ — g P ook _ 9 : @kp 2k - 3 .
P(a@)= My a™ = 17 am a3 computed in pQCD at O(! ) [Meier et al. (2008)
k=0 "~ k=0

: 2n : . .
VP — P ) Ron+a computed in the lattice [Allison et al. (2008)
n n -

My, charm eta mass



Pseudoscalar correlator and moments

L p(s) =1 dxe" 1 0|T|p(x)jr(0)]0" Jp(X) =2 mgql@Xx)!5q(X)
Related to longitudinal part of Carries QCD anomalous dimension:
axial propagator same running as quark mass
P (s) = 1 p(s)! 1p(0)! ! 5(0)s We subtract two scheme-dependent
s° constants
2\ — g P ook _ 9 : @kp 2k - 3 .
P(@)= Mg’ = 2k computed in pQCD at O(! ) [Meier et al. (2008)

> =
- 1602 _ [4m(p)

One can define, analogously to the vector correlator, the same expansions:

* Fixed order expansion

* Linearized expansion

* Iterative Linearized expansion
* Contour improved expansion



