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III Brief Encounter with Heavy Quark EffectiveTheory

o EFT describing bound states of a heavy quark Q
c b c with light quarks and gluons B DM Abc

o example of a two scale problem

Ma AQCD
a

hard soft Qed interactions
non perturbative

o example of an EFT where the heavy particle cannot

be removed entirely from the effective Lagrangian
instead we only integrate out its hard far off shell
fluctuations

will encounter many features that will be useful

for the construction of SCET

o when a heavy quark is bound to light partous by
soft interactions new symmetries arise which are
not manifest in QCD but will be manifest in

HQET at Leading order

broken by calculable perturbative corrections hard

gluons and power corrections n Aaa Ma
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o physical picture

brownmuck softgluons cannotresolve
spin flavor of heavyquark

Compton wave

lengthandmagn
moment Mma a heavy quarkmomentum is

approximately conserved

Pat
may

t ksize n da i n

4 velocity of softresidual
boundstate ve momentum

van v1 k
ma

ol to
m

conserved in heavy quark limit ma o

o which dots can be integrated out
s far off shell fluctuations with Kt Ocana
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Construction of HQET

step 1 pull out a phase factor corresponding to the
static momentum moot and split up the
4 component Dirac spinor Ya into two
2 component spinors

carrymomentum ke

Ya x e g hix to x
initial state heavyquarkwith

Hhv ha if the the

explicitly

h x e
MQ 1 8 ya x

2
fieldredefinition

Hou eine 1 4 x

hadron velocity it enters as a label on the fields

step 2 insert this decomposition into theDiracLagrangian

La Tali D Ma Ya

hit to e
Q lip ma e

ma
hot Ho



14

hit to lip mad ma hot Hu

hi id ho t to lid 2ha Ho

to id Hu t to id her

step 3 simplify the Dirac structures

It 8 1 1 get 1 It 0,83 It
up
It

2

I K Y up
it

1 1 8 1 1 1 1 spit upx 1 1 1 1 8ft y
v1 8ft 0

spatial projection

in the hadron rest frame

Vt 1 8 8ft 0,8

La hi iv D ho t fol iv D 2ha Ho

to id Hu t to iDltho
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step 4 integrate out high frequency modes on ma

corresponding to hard quantum fluctuations

field Ho has mass Lma while he is massless

in addition we split up AM AM At
and integrate out hard gheous hard soft

integrate out Ho in the functional integral

foy eifdx
face

e
fix Lotta i end

where

Lott to iv Dsher tho iPst am I iv Ds iDst ho

enA Trent 2mg iv Ds irrelevant constant

softgluonfieldand

iDt i 2Mt gsAT ta

o when hard gon effects are included thefunctional
integral is no longer gaussian and cannot be
evaluated in closed form s set Anna o and

come back to hard gluon effects later
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o functional determinant I is gauge invariant and

evaluating it in temporal gauge v As o shows

that

la A Tren 21ha iv 2

infinite field independent constant
which can be dropped

integrate out Ho using equations of motion

Sha
Sf

0 Hr
2mgI iv g iDt her

pluging this solution back into the Lagrangian

yields the above result for Lot

Step 5 The effective action soft fix Sofie
contains non localities at the scale Ax u Inna

as expected inverse derivative Sincederivatives acting
on ho produce the residual momentumkm Olha
and since the covariant derivative only contains the

soft gluon field AY Olha see below we can

expand
1

2mat iv Ds 21 É
iv Ds
2MQ
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This leads the local effective Lagrangian

Lott hi iv Ds hu t 2in hi iDst i Dst ho t O mtg

H Georgi PLB 240 1990 447

Note also that

Hr Inna iDst hr t O ing

TE
is power suppressed relative to the field ha

New symmetries of QCD in the heavy quark limit Maso

I Haet hi iv Ds kv hi iv I gs v Agta ho

s independent of the heavy quark mass ma and

spin no Dirac matrices

sucanal spin flavor symmetry

N Isgur M B Wise PLB 232 119891113
11 237 1990 527
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Feynman rules of HQET

propagatorv F
v Kt ie

k k
rigsut ta vertexv s s

µ a

First order power corrections and hard gluoneffects

Using that

8,85 8,8 18m81 guv ion
we find

Loft hi iv Ds her use its't iDst ig Got

2in holiest hot to 6 Gigha t

n a

nonrelativistic kinetic chromomagnetic interaction

energy Ilana withheavy quarkspin

Ol ma terms break the spin flavor symmetry
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Implications for spectroscopy

MBA

me
1 01 9

B my
a 3

1 61 1

Mox My
exp

142MeV
46MeV

May MB Y Mao M etc

all works well

Hard gluon corrections can introduce nontrivialWilson

coefficients for the sgubleadin terms but Lorentz

invariance ensures that the kinetic operator is not
renormalized The chromomagnetic operator gets

multiplied by

Omagh It I Caland
µ

t 2 CatG Ola

E Eichten B R Hill PLB243 1990 427

s perturbative matching calculation

i i Otmar

Qc

Ggg g
gI
HQÉT
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HQET power counting

It is useful to derive counting rules in the Haet expansion

parameter I I al byexpressing all dimensionful
quantities in powers of the hard scale ma Eg

residual momentum kl n Aa A ma n d

aint

For the fields the power counting follows from the

propagators

Lol't hold told o 4,4 e
k

v kine n p

wit n i n I
hun 4312

and for the soft gluons

Lol't ASTx Ashby o f dk
is

a J x225 Katie 9Mt 1 3
Kkk

un n Iz u I

AI N R

This ensures a homogeneous power counting for the
covariant derivative iDI n d These rules are those

implied by naive dimensional analysis
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It follows that the first few terms in the effective
HQET Lagrangian scales as

Leg n n t in d t

Sheet f d x Leff x n N t had ON
v54

as it should be

Decoupling transformation

Let us now reconsider the leading order Lagrangian

of HQET
SHEET to iv Dsk

Whenever the coupling to thegauge field involve the
covariant derivative dotted into a 4 vector here oil
this coupling can be removed by a field redefinition
Let us define

hold soy egg
hew field

Sulx I expfigsIdt v As x tut unitary
operator

softWilson line alongdirection vr
time like I
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The symbol I means that gauge fields are ordered

from left to right in the order of decreasing t values
Using that

x v x v1 t XI with v Xt o

we have
V X

Sulx I expfigsIdt v As x tut

iv 2 Sulx gs v As x Su x

or iv D SoCx o important

It follows that
y
oppositeordering

Haet hi Sto iv D S hi

hi
Iyo

iv 2 hi hi iv 2 hi
freetheory

What does this mean In the heavy quark limit

soft gluons can be decoupled from the heavy quark

by means of a field redefinition The new fields
hi no longer interact they are sterile But how

then do heavy quark interact with other particles
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In fact they interact like Wilson lines e.g

Is Als her EsAlsSo hi

heavy quark behave like Wilson lines

along the time like direction or Eichten Hill 1ggot

A particularly interesting example are flavor changing
heavy quark currents such as I 8161 8s b which

mediate semileptonic decays such as Blu Detail er

In HQET these currents match onto

I 811185 b E Ci hebme p hot I tho MN 19911

T
pert QCD

After soft gluon decoupling the effectivecurrents are

hi I tho hit til St so hi
Tontivial coupling to gluons
unless v v zero recoil

Note

Sits v
u v closed Wilson loop

with a cusp at
with angle O

O

coshD pit v v
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In 1987 several years before HQET Korchevesky Rad

yushkin showed that Wilson loops with cusps require
UV renormalization governed by a universal cusp
anomalous dimension

Tcusp as 0 Ffs O cothO 1 0 as

Tousp la 0 0 0 to all orders v v

non renormalization theorem

In the context of HQET the's velocity dependent

anomalous dimension of heavy quark currents was

calculated by Falk Georgi Grinstein Wise in 1990

Final comment

We will see that Wilson lines and the cusp anomalous

dimension play a most important role in SCET There
we will encounter light like Wilson lines for which
v1 s nM with n o


