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Introduction



Strong Coupling Values From Different Experiments

as (M%)
P 0.1217 4 0.0017
World average by Bethke (2009) 0.1184 + 0.0007
Lattice QCD (HPQCD collab., 2008) |0.1183 4+ 0.0008
Zy decays (Baikov et al, 2008) 0.1190 + 0.0026
Jet cross section in pp collisions (2009)| 0.116177 0018

Small Tension!



Semihadronic tau decay ratio

['(r — had v, (7))

RT — —
[(T — e fie pr (7))
R, =R>+RY +R?
RYT4 = RY + RA
1-B.-B, 1 B \
R, = B, =B 1.9726 = 3.640 == 0.010

- REES g 479 G091
RS = 0.1615 4 0.0040




Semihadronic tau decay ratio

RY T = 3|V,4q|?Sew (1 + 80 + 6L, + 02 + np)

RV T4 =3.479+0.011

Sew = 1.0198 + 0.0006
8., = 0.001 =+ 0.001

6y = (—4.3£2.0) x 10~*
Snp = (—5.9+ 1.4) x 10-3 — (of the order of J( s uncertainty)

Vud = 0.97418 £ 0.00027

Massless pQCD contribution: 0p = 0.204 £ 0.004



Evaluation of R_

M: ds s \? S 1

with TI(s) = |Viua 2(ITY, (s) + TT2a4(5)) + [Vius |2(I1Y, (5) + I ()




Evaluation of R_

M: ds s \? S 1

with TI(s) = |Viua 2(ITY, (s) + TT2a4(5)) + [Vius |2(I1Y, (5) + I ()

Cauchy Theorem:

—1 ds s \? S s
i 1 14+2-2 )1
i = o fg ME( M?) ( i M2> (5)

T T
5| =2

Partial Integration:

! %Q1—@%1+m%D@wM%

T

R = —
271 T
|z|=1

2
with the Adler function: D(Qz) = —Q2 dHC(K;? )




Change of notation:
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using: R7‘./+A :3|Vud|2 ew 1+5O+5éw+52+5NP

and with: Q’ — 1 — D(Q? anonically normalized
3| Vud|?Sew Adler function

(massless pQCD)



Contour Improved Perturbation Theory (CIPT)
and
Fixed Order Perturbation Theory (FOPT)

0y = i d—x(l —2)3(1 + 2) D(—zM?)
2T x

2| =1
\ “pinched”

n—1
FOPT = D(Q%) =3 a"(4?) 3 enun log™ (Q%/11%) /
n=1 m=0
— 4
DRG(QQ) _ Z Cn.0 an(QQ)
(M)CIPT < et

4
D(Q®) =) & an(Q%) (modified)

a(Q?) = a(Q?)/m



Keep in mind:

* The way you use the Renormalization Group is crucial:
- CIPT and FOPT leads to different results

» Discrimination criterion: behavior under renormalization scale variations
- CIPT



Modified CIPT



Modified CIPT  Derivative Expansion for the Adler Function

Instead of the usual power expansion
2 3

cira+coa” +cz3a” + ...

we use a non-power series of the form:

cia; +caas+c3as+ ...

(=)™  d™a

where the tilde coupling are defined as ¢ —
ik "= Gl d(log Q)

normalized such that a,, = a”™ + O(an+1)



Modified CIPT  Derivative Expansion for the Adler Function

Instead of the usual power expansion

cla—l—c2a2—|—03a3+...

we use a non-power series of the form:

cia; +caas+c3as+ ...

a1 = a

~ 1

az = —%ﬁ(a)

1

as m (a)ﬁ(a)

iy —6—/138,{/3"@)/3(@2 + 8'(a)?B(a))

with  3(a) = da__ _ —(Boa® + Bra’ + Baa* + Bz a®).

dlog p?



Modified CIPT  Derivative Expansion for the Adler Function

e Itis just a rearrangement of the series. Both series are in principle
equal

* Knowing the first n coefficients of the first series we can obtain the
first n coefficients of the second one

 However, perturbation series in QFT are suppose to be asymptotic

at best
» \Worse, we are forced to truncate the series at n = 4;

cla+02a2+03a3+...+cna"#61&1+62&2+63&3+...+En&n

The difference is relevant for big values of a !!



If we postulate a skeleton expansion the use of derivatives in the coupling is natural:

 J¢ > T dt
Ouet(QH) = | — F2(t) an(te©Q*)+ Y 9, —Lay(t;e€ QY |Fo(ty, ..., 1)
t = 0 t;

0 ‘ | =1 J

2 2 2 112 da 1 2/ 12 /12 d*a
—a(Q7) = a(Qp) + log(Q /QO)W + 5y log™ (€ /QO)d(log 2L + ..
N YQ Y N y T

NCLZ Nag



Modified CIPT Numerical Relevance

(extracting « from experiments)

o™ (M?) = 0.341 £ 0.005°*P + 0.006<°
= (0.341 £ 0.008

aS(M?) = 0.347 + 0.005°%P £ 0.014°"e°
= 0.347 £ 0.015 (FOPT: 0.326)

a) significant shift of center value (~ experimental error)
b) lower uncertainty (within the method)



Modified CIPT Evaluation

1 dx -
0y = o jl§ ?(1 —2)*(1 4 x) D(—xM?)
|z|=1
4
with D(Q%) =) & an(Q?)
n=1

C1,0 = 1, C2.0 = 16398, C30 — 63710, C40 = 49076,
¢1=1, & =1.6398, & = 3.4558, &4 = 26.385.

We evaluate the tilde couplings along a circular contour of radius M?



Modified ciPT  EXtraction of the strong coupling from
6o = 0.204 £ 0.004
5 1 2 3 4 |30 | a
CI {0.1513 0.0308 0.0128 0.0090|0.20380.347 /7
CI ]0.1484 0.0372 0.0104 0.0078|0.2039 |[0.341 /7

C1,0 = 1, C2.0 = 16398, C30 — 63710, C4.0 = 49076,
c1=1, & =1.6398, & =3.4558, &4 = 26.385.

» The extracted value of a is reduced by about 2%
» The last term of the series is about 10% smaller




Modified CIPT  Renormalization Scale and Scheme Dependence

* Renormalization scale dependence: £ | a(EM?) |bg, CI|dy,CI
0.7]0.3831 /7 | 0.2009 | 0.2020
1 10.3400/7|0.1984 | 0.2031
0.2812/7{0.1907 | 0.1991

Uncertainty in g : CIPT - 0.0102
mCIPT - 0.0040
Important
ion 1l
CIPT - 0.013 Reduction !l!

Uncertainty incs :
(at the tau scale)

mCIPT - 0.005

Taking as a measure of the scale dependence of Jg its range of variation when & varies between 0.7 and 2

(Renormalization Scheme dependence in CIPT and mCIPT are almost equal)



From the point of view of the standard power series for the Adler function,
MCIPT includes higher order terms:

Re-expanding in powers of a we obtain non-zero coefficients c, , for n=5 to
8, €.9. C; o =300

How does this coefficient compare to the exact one? ?
But, we can test the method for the known coefficients:
Fromc,,and ¢, 2 C30= 2.92 (exact: 6.3710)

Fromc,, C,pand c;y =2 C, o= 22.7 (exact: 49.076)
Includes significant part !! (a factor ~2.2 smaller in both cases)

(Using the same correction factor we obtain the prediction c; ;=300 x 2.2 = 660)



Modified CIPT ~ Uncertainty in the extraction of ag

CIPT: Acos?e —(.013 and Aascteme — (.004

oSN (M?) = 0.347 4 0.005°*P + 0.014¢°
= (0.347 £ 0.015.

Modified CIPT: Aa’®e = 0.005 and AaS°teme — (.004

o (M2) = 0.341 4 0.005%*P + 0.0061¢°
= 0.341 + 0.008.

* If we consider the difference between CIPT and Modified CIPT
as the theoretical uncertainty,
we get the same theoretical uncertainty as in mCIPT, i.e. 0.006



Modified CIPT ~ Uncertainty in the extraction of ag

After RG evolution (4-loops) up to the Z scale:

oY (MZ) = 0.1211 £ 0.0006°*P + 0.0007*7¢° + 0.0005°"°!
= 0.1211 =+ 0.0010,



Strong Coupling Values From Different Experiments

as(M3)
RY*+4 in CIPT 0.1217 £ 0.0017
E i ot E 0.1211 4 0.0010
World average by Bethke (2009) 0.1184 + 0.0007
Lattice QCD (HPQCD collab., 2008) |0.1183 &+ 0.0008
Zo decays (Baikov et al, 2008) 0.1190 £ 0.0026
Jet cross section in pp collisions (2009) | 0.116170-00%%



related issue: ~ Electron-Positron hadronic ratio R+ .- (s)

—s+1ie
~ 1 dz -~
Ris) =5 [ SDE)

. The renormalization group is valid in the Euclidean space
. If we expand R(s) and D(Q?) in powers of the coupling, they differ in the
so-called w=-terms, which are numerically important

Using the tilde expansion we get a new expansion of R

—Ss—+1e A ~
R(s) = QLM / %a(z) 3 (n(__?)%mlm {1 (—s — i2)}

Minkowskian coupling Old question:

Which is a good expansion parameter for R(s)?



Conclusions

* Modified CIPT: a new method for the calculation of R .
» It reduces the renormalization scale dependence by more than 50%

- lower uncertainty
 The last term of the series is reduced by about 10%
 We obtain a new expression for the electron-positron hadronic ratio

« The extracted value of a, from R_ (V+A) in modified CIPT is lower
than in CIPT

oSN (M?) =0.347£0.015  — o™ (M?) = 0.341 + 0.008 (1.8% lower)
A (M2) = 0.1217 + 0.0017 — ™I (M2Z) = 0.1211 = 0.0010 (0.5% lower)

Work to be done: apply this approach in other sum rules!



Backup slides



0.015-

0.010 -

0.005 -

Comparison of a,, and a”

partrea (n = 2) imaginary part (n = 2)
L 0.010 [T T T T T
0.005 - -
N 1
L \ J
0.000
\ 1
-0.005 -
[ ~ /
0.000 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 700107 wwwwwwwwwwwwwwwwwwwwwwwwwwwwww 1
- 2 1 0 1 2 3 -3 -2 -1 0 1 2 3
0 0

Real and Imaginary part of a,(M?2e'?) (solid line)

as a function of § compared to a™(M?2e"?) (dashed line)

In both cases we take a(M?) = 0.340/m



0.0025

0.0020

0.0015

0.0010

0.0005

0.0000

—0.0005
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0.0001
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—0.0001

Comparison of a,, and a”

partrea (n = 3)

: : —— ———— :
o . S ]
: 2 N ]
[ a A\ ]
g 4 1
L - ]
L1 [ [ 1 1]
-3 -2 -1 0 1 3

[
partrea (n=4)
T sl LA —
[ 20T~ ]
[ s N B
L - N ]
oo v R L]
-3 -2 -1 0 1 3

0.0015

0.0010
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0.0000

-0.0005

—-0.0010

-0.0015
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0.0002

0.0001

0.0000

-0.0001

-0.0002

-0.0003

imaginary part (n = 3)
T T T T 7T L B

[T T T T
‘ T TS :
:\\ - | | | \:
-3 -2 -1 1 2 3
imaginary part (n = 4)
—— e
:\\\\\\\\\\\ \\\\\\\\\\\:
-3 -2 -1 1 2 3



Modified CIPT

0o = 0.204 £+ 0.004

Extraction of the strong coupling from

Guess of the next perturbative coefficient using Fast Apparent Convergence: cso = 275
cy; = —25.4
00 1 2 3 4 D DD D a
CI |0.1513 0.0308 0.0128 0.0090 (0.0038) |0.2038 (0.2077)||0.347 /7
CI 0.1484 0.0372 0.0104 0.0078 (—0.0001) 0.2039 (0.2037) 0.341/7'('

|
Il



