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Abstract

The corelator of two heavy:-light HQET currents is considered within OPE. The
perturbative contribution is calculated up to 3 loops, and up to m? id the light
auark s 5. The quark condensate contribution (dimension 3) s caleulated up to 3
Jope dad e e ctdomien G {dmenion ) 1 o Bl el
condensates up to dimens luded, at the tree level
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1 Introduction

Q0D s rle 1] we aplid 10 B mowon wihis arvers approaches, mch
hod of moments [2-5] and Borel sum rules [6-11]. The two-loop
u/vrlurhau\'r correction to the correlators calculated in [12] (see also [3,9]) is
used in all of these analyses, except the earliest ones.

T all these relativistic QD sum rules, simplifications due to the large scale
ade obvious in non-

much of what we
now call HQET, including the static-quark propagator and the scaling law
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Taking the discontinuity (2. 5) we obtain the spectral density of the bare cor-

or. Then we re-ex (1) and bare light-quark masses meo via
S ones (), and muliply oy 25 (a(4), s obaining the renormlioed
spectral density. It s finite at < — 0. If we neglect light-quark masses, the
result is
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The two-loop result was found in [23].

Mltplying chis pectral dnsity at s = s by C2(my) and by C2(my)
(see. (2.22), (2.23), we obtain (2.20) the QCD spectral densities for the corre-
Iaton of Voagidiad! e trasevers vacoe ciress. They e analytically
calculated in [2s] using the method of regions. We have reproduced the
terms (where & = 2/my + O((w/my)?)) of equations (9), (10), (13), (14) of
s paper This g w0 ou-sivil chacks of the NN, st of [28,32,33)

i present paper. It is certainly easier to obtain these 5 terms within
s we do here, because QCD spectral densities for all currents are
obtaned from one univrsal HQET spectral density. On the other hand, re
producing 5 and 5* terms found in (28] within HQET is difficult, because
matching coefficients of operators appearing at 1/my and 1/m} levels are not
currently known with the two-loop accuracy.

The contribution to the spectral density linear in the light-quark mass is
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HQET

Single heavy antiquark @ momentum P = Mv + p

M — on-shell mass, p < M, light fields p; < M

static field h = —hy

Leading order in 1/M: heavy-quark spin does not interact,
can be rotated (heavy-quark spin symmetry)

It can even be switched off (superflavor symmetry), scalar
heavy antiquark ¢*

v rest frame: free propagator §(7)Sy(z°)

So(t) = —if(t)  So(p) =

no loops



Heavy-light current

Jo = a0 = Zj(evs(1))j (1)
(Tjo(x)70(0)) = (& )To(°)

i/dd (Tjo(2)70(0))e™* = Ty (p°)
~ T duw .
p(w) :/0 dt TLo(t)e™* Iy (t) :/_ d_H()(w)e—zwt

o 2T
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Iy =A+ By Jio = 5

Jo I, =+A+ B

Renormalization po(w) = Z7 (as(u))p(w; )



Correlator
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(w) <—p(w)
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0
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po(w) =

Borel transform Bgll(w) = —ill(T = 1/E)



OPE

—w> A

M(w; p) = Z Ci(w; 1) {(Oi(p))

O; include light-quark masses
» even dimensions: 9

» odd dimensions: 1

dim | 0| 1 2 3 4

pert | 1| m | m? Y m?|m? mY mi|m* m?Yy mi > m;
quark aq mqq, 30 migigi
gluon GGl

D. Broadhurst, A. G. (1992): perturbative terms up to
dimension 3 and the gg up to 2 loops, gluon condensates of

dimension 6 from at 1 loop QCD results of S. Generalis
(1984)



Renormalization: dimension 3

dcllOO;M +7305 =0
m? 3Ym O 0
O3 = mzm? Y3 = 0 3 0
aq Y m
y=l+as4+a’+- A =al+--

V. Spiridonov, K. Chetyrkin (1988), ...
P. Baikov, K. Chetyrkin (2018)



Renormalization: dimension 4

d(mO;;)
dOy
dlog +70: =0
>omi
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GGl
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B 0 4%, 0 0
4= v 5 0 0
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Perturbative contribution

IBP reduction A.G. (2000) GRINDER (REDUCE);

R. Lee (2012) LITERED (MATHEMATICA)

Non-trivial master integrals M. Beneke, V. Braun (1994);
A.G. (2000); A. Czarnecki, K. Melnikov (2002)




Spectral density
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Spectral density

» Up to 2 loops agrees with D. Broadhurst, A.G. (1992)

» This (leading in m) spectral density, when multiplied
by the corresponding QCD/HQET matchings, agrees
with the leading 1/M terms in A. Czarnecki,

K. Melnikov (2002)



Quark condensate

B
LN

An independent confirmation of 2v; — 4, at 3 loops
(it starts from a?)




Gluon condensate

1-loop term =0
In fixed-point gauge the static quark
does not interact with gluons

0 T

This term in massless S(z,0) vanishes
after vacuum averaging




Higher dimensional quark condensates

0 vt

Nonlocal quark condensate

S. Mikhailov, A. Radyushkin (1986)

_ qq i

(4ol 0J7(0)) = — 92 fo(a®) — 2 i )
Expansion in local condensates up to dimension 8:
A.G. (1995). Anomalous condensate:

A= Z<QDQDBD7D5D€7[O[7I87A//}/6’YE]q)



Higher dimensional gluon condensates

—w>m
H( ) HG —|— HQ Z an
=) (@Qr Q= chn( )G
1 2
dk = dn Vin (E - log 2 ) + C;Q‘n



Dimensional regularization of IR singularities

D. Broadhurst, S. Generalis (1984-1985)
Hard region: Taylor expand integrand in m

H(UJ) = Za’n(w)Gn Qk = % Z ’Yk’nGn
dy—d»,

() = 00() = = 37 byl )

dk::dn

= a,(w) — Z M’Y}m

de
dp=dn

Dimension 6 agrees with the QCD results of S. Generalis
(1984)



Sum rules

(r) = / " o paea(w)e ™ + s (r)

= / dw p(w)e T
0
Model: p(w) = |F|*6(w — A) + pa<a(w)(w — w,)
[FPe = / dw pa<a(w)e™ " + Tazs(7)
0

_ dﬂdzg(T)

]F|2AeAT:/ dw ppert (w)we ™" 7
0 T



Matching and running

HQET HQET QCD
n =3 n =4 ng=2>5
N F(p) ™Me F(u) ™ fp, fpe F
e~ 1/

» HQET running
2 loops X. Ji, M. Musolf (1991)
D.Broadhurst, A. G. (1991)
3 loops K. Chetyrkin, A.G. (2003)
» HQET-1/HQET-2 matching
3 loops A.G., A. Smirnov, V. Smirnov (2006)
» QCD/HQET matching
2 loops D.Broadhurst, A. G. (1995), A. G. (1998)

3 loops S.Bekavac, A. G., P. Marquard, J. Piclum,
D. Seidel, M. Steinhauser (2010)



Conclusion

» Coeflicient functions of all operators up to dimension 4
up to 3 loops

» Coefficient functions of quark condensates up to
dimension 8 at the tree level

» Coefficient functions of gluon condensates up to
dimension 8 at 1 loop



