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Strong coupling

October 2015
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® c.w. precision fits (NNLO)
v pp —> jets (NLO)
v pp —> tt (NNLO)

03 |
02|

| Y P8y O
0.1 i ST
| QCD 0(M,) = 0.1181 + 0.0013

Q [GeV] 100 1000

Not a physical observable: scheme an scale dependent
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Key idea of the talk

Perturbative expansions in QFTs are (at best) asymptotic

Different schemes lead to different asymptotic series
& freedom to exploit and look for the optimal series
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A few definitions

The scale evolution is given by the QCD beta function ™

da 2 3 4 5 6
— dg — (CLQ) — 51 CZQ -+ 62 CLQ -+ 63 CLQ + 5461@ -+ €5CLQ “ .
| l
Baikov, Chetyrkin, Kiihn ’16
(mind the different conventions)

A scale invariant (but scheme dependent) QCD scale A can be defined as

— CLQ —_
1 _ B2 d
A= Qe 712 [ag] 1 exp — ,
/ Bla)_
where we introduced the combination
1 1 1
U T
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A few definitions

The scale evolution is given by the QCD beta function ™

-

daq 2 3 4 5 6
dQ — (aQ):51@@+6QQQ+63CLQ‘|‘54CLQ‘|‘€5CLQ...
|
Baikov, Chetyrkin, Kiihn ’16
(mind the different conventions)

A scale invariant (but scheme dependent) QCD scale A can be defined as

- aQ

— -2 da
A= Qe "2 lag| 1 exp > ) See next talk by J. Khiin!
J B,
where we introduced the combination
1 1 1
EENE T

In another scheme one would have

A = AeCt/B1
Celmaster & Gonsalves '79
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Why varying the scheme?

J//r> — f‘\
{

| Higher-lobp calculations allow us to
| gain a better understanding of the

1?
P
___series atintermediate orders. __J

J//rV — — T
f

I

Scheme variations give us an extra i,‘
handle on the perturbative series.

[
|

| Optimisation of the series in the spirit
of asymptotic expansions.

Applications (not limited to) tau decays
(FOPT vs CIPT), Higgs decays, ....
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Scheme variations
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Scheme variations

In the large-3, limit its convenient to redefine the coupling as

Beneke '99
QIC)_1,51C
AFQ_GJQFQ

1
— = 51(1I1
aqQ

We propose the following generalisation to the QCD coupling (C-scheme)

[ | ] ag )
L G, . Q C 1 B B2 da
- I = l . = - — 1 — ~
oo B nag 51( n - 2) o 2 C + ) nag — B 5(a)J
0

-
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Scheme variations

In the large-3, limit its convenient to redefine the coupling as

Beneke '99
Q'C)—l'ﬁlC
Ar2 —aQIQ

1
— = 51(1H
aqQ

We propose the following generalisation to the QCD coupling (C-scheme)

// / ] ) aQ \
1 52 R Q C 1 51 52 da
— Inag = In = 4 = —+—C+ —1 — _
aQ 51 Q 51 ( A 2 ) CLQ 2 1 t CLQ 51 5(&)
g 0 Y
CALQ — &Q(C)

In this new scheme the beta function takes the simple form:

dé Bra? A
a ~ 1
—Q dg - 5(CLQ) B BQQA
(1 A “@)
\__ )
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The coupling a(m?)

The new coupling as a function of C for a,(m?) = 0.3160(10)

PDG '16

0,3 | | | | I | | | | | | | | | | | | |
\ e = ao(C) [a(m?) = 0.1006(32)]7
0,25 —
02 _
= 1

<<

0,15 — —
0,1+ —
O , O 5 ] ] ] ] | ] ] | ] | ] ] ] ] | ] ] ‘ ] :::7
-2 -1 0 | 2

(From the numerical solution, not a perturbative result.)
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Relations between the different schemes
The perturbative relation between the two schemes up to fifth order is

ala) = a c1a® + coa’® + eza* + eqa’

The first four coefficients read

C1 — —%C
(3397 81 2
C2 = (2592 40 — 35 ¢ )
_ (741103 | 233 . 45 2 |, T29 3 | 445
C3 = (186624 F 155 C — 5 07+ 57 07 - 144<3)
797240925 869039 26673 ~2 | 351 3
C4 (80621568 i C ;g O+ C
6561 4 _ 445 (4C + 10375693 1335 534385 )
256 32 S3Y T 7373248 53 256 >4 20736 SO
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Application to tau decays
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Applications to hadronic tau decays

Braaten, Narison, Pich '92
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The Adler function in the C-scheme

Perturbative QCD contribution to the Adler function

T =@ (4)d
Gorishnii, Kataev, Larin '91
Surguladze&Samuel '91

&>®
o oo ol B+ Yoo ; oo

Baikov, Chetyrkin, Kihn ‘08

MS result

o0

lA?(aQ) = Z Cn,10¢0 = ag + 1.640 a2Q + 6.371 a% + 49.08 aé} + ...

n=1

In the C-scheme we have

— = T e ——— - — === S A — ——

D(ag) = ag + (1.640 + 2.25C) a2, + (7.682 + 11.38C + 5.063C"

+ (61.06 + 72.08C + 47.40C% + 11.39C”) ag + -
o T
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The Adler function in the C-scheme

Perturbative QCD contribution to the Adler function

T =@ (4)d
Gorishnii, Kataev, Larin '91
Surguladze&Samuel '91

k>®
R I e e g T B a§)+( %;1 Moo

Baikov, Chetyrkin, Kihn ‘08

MS result

o0

lA?(aQ) = Z Cn,10¢0 = ag + 1.640 a2Q + 6.371 a,?é + 49.08 afég + ...

n=1

In the C-scheme we have

— — ES

S

ﬂ

+ (61.06 + 72.06C
T (61.06+ 7208
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The Adler function in the C-scheme

Using the C dependence we are able to kill the fifth order contribution

0,2 |

C51 = 283
Beneke & Jamin '08

[a(m?) = 0.1006(32)] 1

\
\

L

D(anr,,C = —0.783) =

-0.0070 + 0.0067 |

Tau2016 - Beijing
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Dependence on the fifth order coefficient

0.20¢

018 —f
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(Shown only uncertainty due to truncation)
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Dependence on the fifth order coefficient

0.20¢
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Tau decays into hadrons

Perturbative contribution to the observable R,

- I'l7 — hadrons v, ]

R, =

Llr = e vevy

|

Prescriptions for the RG improvement

' Fixed Order PT (FOPT) |
i = 50

| 51(%’% — Za(so)nchn,k JkF?l’wi |

L n=1 k=1 y

a )

. Contour Improved PT (CIPT)
L = —SoX

©. @)

Z C”’l‘]?ngi (807 CLS)

n=1

| 0
5&1),’11)7,

\_
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_J Le Diberder & Pich '92
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Tau decays into hadrons

Perturbative contribution to the observable R,

['|7 — hadrons v, ]|

—~ NS ok 12 (1 5O L
7O ) N, S (Val? +[Vael) (1450 )

R, =

Prescriptions for the RG improvement

024 ——————————

( EiiegOOrder PT (FOPT) ) 0.02 '_Fcaﬂ e MS )

0.20 4
0 FO, 7 B 7
égw@ Za S0) chn’fj—lw | _. 0.18

_ y 0

014 | o

0.12
I'l7 — hadrons v, ] |

0.10 _ br = Ulr — e Uevy|

1 2 3 4 5
Perturbative order n
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Tau decays into hadrons: FOPT

Perturbative contribution to the observable

- I'l7 — hadrons v, ]

_ — N, ok 12 (1 4 (O ...
py = TR0 Y] S (Vaal? + Vaol?) (14(5)

MS FOPT result:

Srolag) = ag +5.202a% +26.37ad, +127.1ad + ...

C-scheme FOPT result:

50 (ag) = ag + (5.202 +2.25C) a2 + (27.68 + 27.41C + 5.063C>
+ (148.4 + 235.5C + 101.5C* + 11.39C*) ag + . . .

- R

———————
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i
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|
|
|
\
|
\
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Tau decays into hadrons: FOPT

FOPT results c5,1 = 283

0,3 1

[a(m?) = 0.1006(32)]

0,25

0,15

[\.)|||||
—_

o

—_

(\O

0,1_
C
5O —0.8%9) — 0.2047 & 0.0034 & 0.0
O lanr,, C = —0.882) = 0.2047 £ 0.0034 £ 0.0133
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Tau decays into hadrons

Perturbative contribution to the observable R -

['|7 — hadrons v, ]|
RT — —
Ll — e Ve vy

Prescriptions for the RG improvement

SRR —— T =
_._
' MS
022 _ClPT -——@-—- |
0.20 _
—~ 0.18 | _
S
2
0.16 _
[ ) 0.14 | 4 _
| CIPT
— 0.12 -
K v I R o I'l7 — hadrons v, ] |
(0) - 0.10 F T Ulr — e Uevy|
Ot = D en1 Ji (50, a,) } o
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Tau decays into hadrons: CIPT

CIPT results cs 1 = 283
093 | | | | | | | | | | | | | | | | |
- [a(m?) = 0.1006(32)] -
0.25 k -
s i 1
vbou 0.2 = -
0,15 —
0’1 ] | | | | | | | | | I | | | | | | | | | ]
2 -1 0 1 2

N

0% (ap ,C = —1.246) = 0.1840 + 0.0062 + 0.0084 )
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Conclusions
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Conclusions
~¥ The C-scheme gives an extra handle on the pt. series: optimisation
~¥ Can be applied to many different processes ... wiravitias 16

—3 Having the result for the fifth order coefficient would be excellent.

—3 Unfortunately, the CIPT vs FOPT problem persists

_ . | I -
69 (anr,C = —1.246) = 0.1840 % 0.0062 + 0.0084

|

k 5 (apr,C = —0.882) = 0.2047 + 0.0034 + 0.0133

| )

~p Optimised results corroborate renormalon models of the Adler function

" D(ap.,C = —0.783) = 0.1343 & 0.0070 & 0.0067 [this work]
D

A(CLM ) = 0.1354 4 0.0127 4 0.0058 [Renormalon based description]
Beneke & Jamin '08, DB, Beneke, Jamin "13

~ Uncertainties tend to be smaller with more terms in the pt. series.
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Extra
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Comparison

Comparison with MS la(m2) = 0.1006(32)]

Y ] * — -
- D(ap.) = 0.1316 £ 0.0029 = 0.0060 . MS |
|
| D(a.,C = —0.783) = 0.1343 £ 0.0070 % 0.0067 [this work]
E(CLMT) — 0.1354 + 0.0127 &+ 0.0058 [Renormalon based description]
\_ - 7 Beneke & Jamin ’08, DB, Beneke, Jamin '13J
\/ : W

| 5\ (anr. ) = 0.1991 £ 0.0061 = 0.0119. NS
5](301\)/[ (CLMT) = 0.2047 £ 0.0029 £ 0.0130 [Renormalon based description]
5\ (aar,C = —0.882) = 0.2047 + 0.0034 + 0.0133

5 (anyr.,C = —1.246) = 0.1840 + 0.0062 =+ 0.0084
\_ - y
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Tau decays into hadrons: FOPT
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