



































































































































1

Hard watching corrections

The 2 jet current carries a hard momentum transfer

of Q Unlike for the SCET Lagrangian we thus

expect that there should be a non trivial Wilson

coefficient Cy Q2 accounting for the effects of
hard gluons which have been integrated out i e

7814101 Cx Q 55We o 81 Wisn o

hardquantumfluctuations

This is indeed the correct relation but the question

arises how such a dependence of the Wilson

coefficient on q Po pet can arise since q
depends on the momenta of light particles in the
low energy EFT

This question is connected with another worry we

had when constructing SCET the presence of
fields ñ Ac it n.AE 1 with unsuppressed

power counting In fact the infinite set

5n lin.DE We o 81 Wt in Dc In o






































































































































2

of gauge invariant operators with me me No can

equally well arise in the matching condition for the
vector current at leading power in 1 Using the

relations

Wct in D We in 2

Wet in DetWe in g
t see P 8 lecture 5

these operators can be rewritten as

55We o in 51 81 in 2 Wt In o

Omim o

The most general leading order matching relation

is thus of the form

7814101 E 4 cnn.me 0min10

An equivalent way of writing this result uses the
non local expression

7814101

fat Pdt Ev taste EWe tin 81 Wien tan
a 00






































































































































3

Using the Taylor series

f th eᵗ f x ñ 2 flo

we find
00

Came fat fat v t t
it lit
my Ma0 00

We can now use the fact that the large component
of the total anti collinear momentum of each

jet or in each sector is fixed by kinematics
Let us call these momenta ñ Pc and n.PE We

can then use translational invariance to write

fat fat Ev taste EWe tin 81 We n tan

00

fat fat Ev t t eitih.PE e
itch Pc

o 00

5 WE O 81 Wisn o

Cv n Pe ñ Pc 5 We o 81 Wisn o

L






































































































































4

Type III reparameterization invariance requires that

the coefficient Cy can only depend on the product

of its two arguments as eigenvalue

n.PE ñ Pc q Q

Hence we have derived the matching conditionshown
on p 1

Note

In the literature the objects ñ Pc and n.PE are often
called label operators These operators project out

the large components of the sum of all anti collinear

particles in a given process






































































































































5

VI The Sudakov Form Factor in SCET

We now return to the case of the off shell Sudakov

form factor in QCD

tq

194 Ip
Pry P2

mi 0

this time performing the calculation in SCET and not

ignoring the numerator terms We thus evaluate the

quark matrix element

Cy Q2 9 pa 5 We o 81 Wien o q pal

at one loop order where Cv Q 1 Olas is the
hard matching coefficient

Collinear contribution

The SCET Feynman rules allow for a single one loop
diagram

r

Iff p
we work inFeynman gauge 5 1

P1 ctk I






































































































































6

We find
in Ktp

D f ññ Pa 81 kt pitio

igsta n
8 t Kitkat 81 a

α kith Pat uncpñ ktPr ñ Ktp t.pe
β 1913 Sabx gstb w̅ k k io

Twos of p 3 Lecture 6 part3

iCFg w̅ Cp unca It
ñ KtpaI 1 2 20 Ktp5 20 ñ k

If we multiply numerator and denominator by n.pe
we get

ñ KtPe 2kPat 2Pa Patw̅ K P1 P
2k Patñ k ñ kn.pe

Apart from the factor 2k Pat in the numerator which
we had previously ignored the loop integral coincides

with the integral I for the collinear region on page1

of lecture 4 Evaluating the integral leads to






































































































































7

Do ññ Pa 81 un p CFαs
4T

E In In 2 en 4

We work in the MS scheme where µ µ 4K ee

Anti collinear contribution

An analogous calculation leads to

Do ññ Pa 81 un Pe

In evil 2 en 4

Ultra soft contribution

The SCET Feynman rules allow for a single one loop
diagram

r

Patki
us
Patk we work inFeynman gauge 5 1

pi Welle

Recall that 4 momentum is not conserved at these vertices






































































































































8

We find

iÉÉ Pa
Dus f ññ Pa igstan ktp.it io

I

iñ ktP
Kttp io

95th β un p
ti gap ga
k tio

icegsuicp.tk rItfhuncpinhn

ñop noP2I 14 o 2kt p pi io 2K Pat Pitio

2Pa Pat
K io 2k.pe pit io 2k Pat pitio

This expression coincides with the inte ral Ius for the
ultra soft region on page4 of lecture 4 Evaluating the

integral one finds

Dus ññ Pa 81 un Pe

1 en en



g

Wave function renormalization

ZÉZÉ ññ pa 81 un Pe

same as inQCD
In Feynman gauge the WFR factor for an off shell quark
with momentum pr is someconstant

zq 1 l E h E d

We thus obtain

ññ Pa 81 un Pe 1 4 I I en en c

One loop SCET matrix element

Adding up all pieces we find at one loop order

q pa 5 We o 81 Wien o q pal

ññ Pa 81 un Pe

1 L en en en

1m 1m en

In Ink 8 c
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