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Exercise 1

construct the leading order x SCET Lagrangian in

the presence of a quark mass with scaling a m a

and b innit

Solution

The projection operators Pn andPa included in the definitions

of En and yn imply that In n 0 and Turn 0 Hence

the mass term gives

m 44 m Enyn Yu u

From page 42 we see that 1 m always comes together
with iDt 1 It follows that for m A

Lc x In f in Do n x

0

In list m We x dt Wetlid m n xttñ

pureglueterms

For mn it on the other hand the mass term acts as a

power correction and does not contribute at leadingorder
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Exercise 2

Derive the form of the SCET vectorcurrent at position
0 and show that it is gauge invariant

Solution

We found that

Wct
n x s Wct

n x

i Uus x Wct
n x

In an analogousway

EWe x 5We x

U
E We x Utus Xt

So the current

EWe x 81 Wct n x

is not invariant under ultra soft gaugetransformations
since

Utus Xt Uas x_ 1 for 0

However when collinear and anti collinear fields are
combined in a hard interaction the anti collinear
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fields themselves must be multipole expanded To see

this consider the following vertex

9
If
1110

n q 5q go 15 Cns 9 8

A1 R C NR p'd n g nip tf aq tip Y p
C f p p't e

N N no to a

mustbeexpanded

To expand away pi n p I we must expand the collinear

fields in x

Wisn x Wisn x txt t X 2 Wisn x txt t

T
powersuppressed

Likewise we must expand the anti collinear fields in Xt
The correct leading order scet current operator at x o

is therefore

InWo x txt 81 Wisn x txt

This is invariant under ultra soft gaugetransformations

i 15Well Tx 81 Exigyused
Wisn x txt
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Exercise3

Work out the analytic form of the solution of the RG
evolution equation for the Wilson coefficient Cry at
leading order in RG improved perturbationtheory

Solution

The general solution to the RGE is

Cr Q µ C Q gun
a
initial condition

exp Tausplay's en dulaws
UxMin mn

We use the definition of the β function

β as µ date
de

to change variables from µ to scr We find

µ Xsf
en en 2 end

Y
2 da

scan
β a

and therefore
as p α

enUupain f dα
sun
βCa cusp a en 2

da

scan
Bay told
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We now define the functions
LsCr

Sp rim f da cusp a

Bea f
da

asCr
Pla't

as v

Ns r

Ap rim f d cusp a

as r
Pla

Ns r

Artrip f da tu la
as r

Pla

In terms of these objects the exact solutionreads

Uuling exp 2Setup In Ga anGuy ar Guy

Th sinceMaeQ

see eg Section 3.1 in hep ph 0607228

We now work out a perturbative approximation to this result

using the expansions

Plas 2ns B Y t p 411 t

Tousp as to YE t ti É t

tu last 8 45 8 411 t
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The one loop coefficients are

Bo 13É I ng to 405 8 6Cf
T
lightquarkflavors

Using these expansion to evaluate the integrals one obtains

artist Ii Len 1 ask
ash
45

t

artist Len 1 ask
ash
45

t

Oh O as 0 as
Lo NLO NNLo

in RG improved perturbationtheory

The solution for the Sadako exponent Sp is more

involved One finds

sperm yip
I

largerthanOhl
users

l f lur
Lo

E Y i rt lur It lir
0 IIs no

with
r ascot

as r
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The presence of a super leading term is

characteristic of Sudakov problems

At leading order in RG improved perturbationtheory
we finally obtain

uremia e sieur

1 0


