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- . QCD Correlators
Adler function in large-f, at Higher Orders
Matthias Jamin

Begin with the conventional Adler function D(Q?):

472D(QP) = 1+ D(Q®?) = 1+ aq+0(&5)

— 2
where ag = os(Q°) /. Al e
large-Bg

D(@?) can be expressed through a Borel-integral: Soalar oo i
large-By

2 o Coupling evolution

N o c ~ : )
)= oo e ..
0

Adler function

with the large-Bo Borel-transform: (81 = 2w o =11/2 — N¢/3) Z:::;:zf:sr
(Beneke 1993; Broadhurst 1993)

IR renormalon poles
Borel models

e O = (“1)k
@ 0 & R—(—uP

k=2

Summary
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Introducing the scheme-invariant coupling Aqg in large-f:

1 B 1 [51
Aqg ?g+?C aMs

with C = —5/3 as well as A = AMSe~C/2 ~ 2 3AMS,

The Borel-integral can be expressed in scheme-invariant form:

D(@? = B 7 due2Y/(B1Aa) B[D(u)
with
BIOI) = 1555 X, e SR
Renormalon poles at all integer u=2,3,4,... (IR poles)
andu=-1,-2, . (UV poles).
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Scalar correlator in large-, at Higher Ordors

Matthias Jamin

The scalar correlator W(Q?) is defined as:

V(&P =) = i [ axe (@I} )19)

where, for example,

Adler function in

0 o = . large-fy
‘/(X) = (0 U(X)S(X) ’ Scalar correlator in

large-B
and m is a generic quark mass. Goupling evolution

C-scheme coupling

In large-Bo, W' (Q?) can be expressed as:  (MJ, Miravitilas 2016)  ¢-scheme auark mass

Adler function

A2 (1) Scalar correlator
\U (02) = L 1 ( )zym /ﬁ1 X Borel transforms
8 Q IR renormalon poles
2 bt Borel models
{ 1 + 7/du672U/(ﬁ1 AQ) E[\UH] (u) } Summary
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The RGI quark mass min full QCD is defined as:

A r(r:)/ﬁ1 ex| i Ym(a) _ ﬁ
las()l p{ 0/ola[ ) o

The scheme-invariant Borel-transform is found to be:
(Broadhurst, Kataev, Maxwell 2001)

m(u) =

BIV'I(0) = 3 Cr [(1- ) Go(u) 1]

2 2 & 2
Golu) = ———— 5+ 3 cy U
50 s L7 5 L prup

which explicitly displays the renormalon structure.
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Coupling evolution

Scale evolution of o is given by the B-function:

da
_ g2 _

with ag = as/7.
The scale invariant parameter A can be defined by:
a,
B 7 da

/\— 1"’1 1)(

where
T 1t [32
Ba)y B(a) B 2" B2a

is free of singularites as a — 0.

90 = B(ag) = B1a4+Pead+Psdg+. ...
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C-scheme coupling

However, A depends on the renormalisation scheme.

d=at+cd+ea+gat+....
Then, A transforms as: (Celmaster, Gonsalves 1979)
N = AeCt/Bt

This suggests to define a “novel” “C-scheme” coupling égz

1 B2 ~C B4 _ Q
A*C+*B1 naQ——ZC: B1|nK
1 aqQ
B> da
= —+=lhag—p1 | =
aq P " 10/ﬁ(a)

(Boito, MJ, Miravitllas 2016)
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The B-function of ég reads simply: (Brown, Yaffe, Zhai 1992)

dag . B1(a8)? dag
Q-2 =435 =" __—_o-Q
dQ Q By 5 dC
(1-526)
Relating a general coupling ag and a2 = ég:(’ reads:
5 ﬁ3 [32) < B4 ﬁg )—
ag=ag+ (-2 )8+ -2 —22 )2
e- e <ﬁ1 Bz 2B 243
Bs  BoBa  5B5 3BiBs 7ﬁ2>
T R B + ay+0(a
<3B1 62 32 B epr) @ (8)

The coupling ég at arbitrary C is obtained from a, via:

30 =45 + 2 c(ag)+ <ﬁ2c+‘31 ¢?) (28

B 5B1B2 B .
+(2E1 C+—g—=C+ 8103)( 8+ o((85)°)
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C-scheme coupling

amM,)

a(M) as a function of C for as(M;) =0.316(10).
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C-scheme quark mass

Scheme dependence of the C-scheme quark mass:

1.dmg  dag dQ 1 dmg 1. (38)
mg dC ~ dC da mg dQ 2 m\8q

RGI quark mass m also scheme invariant:
1= maS(Q) P exp / a[%" -2
pa B

Normalisation condition for m$:

S — ;C=0
mq™ = Mq

Mq

QCD Correlators
at Higher Orders

Matthias Jamin

Adler function in
large-fy

Scalar correlator in
large-f

Coupling evolution

C-scheme coupling

Adler function
Scalar correlator

Borel transforms

IR renormalon poles

Borel models

Summary

Universitat Wien

29 Januar 2019

10



Adler function RGRlLEeles)
) = Z Cn,1aré)
n=1

= ag+1.6408% +6.37185+49.08a4 + ...

47T2D(3Q) =

Expressed in terms of the coupling aq:
Dlag) = Y €n13Q
=1
= 8g+1.64025 +7.6823% +61.063% + ...

Analytically, the coefficient ¢4 1 is given by:
(Baikov, Chetyrkin, Kiihn 2008)

357259199 _ 1713103 CS + 4185 CS + 341654‘
8

1995
93312 432 &

Caq =
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STer: 1T e ] d(=1F-1 (o] (in full QCD)

NC m2

e {1+Z d,,1ao}

"

] (QZ) —

Expressed in terms of the RGI quark mass A

"

V() = g Tt @R 1+ T, et}

n=1

Expressed in terms of the coupling ag:
(1) =
(02) 81 202[ as(Q )]2%" /ﬁ1{1+2 ”ag}
n=1

Numerically, at Ny = 3:

Fy = 5.457, T, =2545, T3 =1424, T, =932.7.
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Iy

Analytically, the coefficient 74 is given by:
(Baikov, Chetyrkin, Kiihn 2006)

__ 49275071521973

_ 3285415

10679302931 - | 601705 -2 | 117947335
= T 8264970432 1889568 648 53 T~ 209952 20736
The even-integer {-function terms ({4 and {g) present in

both r3, r4 and ym,, B5 cancel each other.

Feature of the C-scheme conjectured on the basis of the
scalar quark and gluonium correlators. (MJ, Miravitllas 2018)

Since then demonstrated for several more physical quantities.
(Davies, Vogt 2018)

And proven for massless correlators up to six loops.
(Baikov, Chetyrkin 2018)
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Borel transforms T

Matthias Jamin

Conventional Borel transform for the Adler function:

b(e?) = / dte V3 B[D|(t)  (t=2u/By) IF.“;EZ
J

Adler function in

Modified Borel transform for the Adler function: targe-fo
Scalar correlator in

(Brown, Yaffe, Zhai 1992) large-fo
Coupling evolution
~ ¥ N t ﬁ2/ﬁ1 t ~n A C-scheme coupling
D( 02) = /dt e_t/ag (ﬁ) CB1 /2 Ct B[D] ( t) C-scheme quark mass
a
0 Q

Adler function
Scalar correlator

. | Borel transforms
Conventional Borel transform for the scalar correlator:

IR renormalon poles

o Borel models
N, ﬁ?z 2 (1) 5C "
2\ c ~ C\ Y /ﬁ1 —t/a ummar
W(O)—@@(nao) m {1+/dte OB[W](t)} g .y.“ .
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Structure of IR renormalon poles (Beneke 1999)

General term in the Operator Product Expansion:

A = o0 B
Co(ag) Co, -, o _ 6-d3 v ~oy
_ B (1 (2) z2
ZDO’ _ /\dde P13a [aq] 1[1+CodaQ+COd Q+...}

Take Ansatz for Borel transform of IR renormalon pole:

N dIR
BIDRIW) = (2 g7 1+ b1(p =)+ balp— P .|
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The imaginary ambiguity takes the form:

m|Df(20)| =

One can identify:

by =

272
B

+=7 dRe” ﬁ1ao(a) [1+bﬁ1( ~1)a

+bﬁ—‘2 —1)(y—2) 22
24(7 v—2)ag+...

_d
p_ 27

~)

2Cod

(v—1)

by =

B (

Fr=1(r-2)
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Assume ambiguity £iARA? for matrix element (Og).

Cancellation of ambiguities with PT entails:

2
A0) AR _ 27° (0) IR
CoIAR = BTCO ap

Universality of ambiguity for correlators A and B leads to:

©)(A 0)(g
79‘(’0)( )d,gR(A): 79‘(’0)( )d;,R(B)
Co,\A) Co4(B)

Example: Gluon condensate renormalon in large-f:

© _ Ne Ho _ 1 r_ 3CF _oc
Co" = Tgpz> Cee=g %® =g °
The invariant combination reads:
C(O) IR _ 3 2 —2C
C(O) d; = Bx 2(N —1)e
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Borel models

To incorporate known renormalon structure, use an
Ansatz for the Adler function:

(Beneke, MJ 2008)

B[D)(u) = B[DX|(u) + BIDS)(u) + B[D}V](u) + d§®
Fitting €1 1 to C4 1, the parameters are found to be:
Rt =274, df=-772,

dV = -212.1072,  of° =0.289.

The Borel model predicts: Cs5 1 ~ 329 = c51 ~ 264.
(BJ08: ~ 280)

Imposing d in the scalar correlator model yields C ~ —1.6.
(Boito, MJ, Miravitllas: in preparation)
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e The C-scheme coupling ég was introduced to study

scheme dependence in Borel models for QCD correlators.

e Its corresponding 3-function ﬁ(é) is found to be
manifestly scheme invariant.

e Inthe C-scheme, the {4 term in 74 of the scalar correlator
cancels against the corresponding 4 term in Ss.

e Expressing the coupling prefactor in terms of ég resums
dominant corrections in the scalar correlator.
The remaining corrections are more “Adler function like”.
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e The C-scheme coupling ég was introduced to study

scheme dependence in Borel models for QCD correlators.

e Its corresponding f3-function j3(2) is found to be
manifestly scheme invariant.

e Inthe C-scheme, the {4 term in 74 of the scalar correlator
cancels against the corresponding {4 term in fs.

e Expressing the coupling prefactor in terms of ég resums

dominant corrections in the scalar correlator.
The remaining corrections are more “Adler function like”.

Thank You!
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