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Outline (Lecture I)

e EFT concepts Done on the Board
Intro to SCET (S te lect tes. )
SCET degrees of freedom ee separate lecture notes.

e OSCETi1, momentum scales and regions

¢ Tield power counting in SCET

e Wilson lines, W, from oft shell propagators
e (auge Symmetry

¢ Hard-Collinear Factorization

e cg. Deep Inelastic Scattering
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Another SCET  SCETy

(not covered here)

Two jets and soft radiation with p | -type measurement
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n-Collinear Propagators

p2+z’6:ﬁ-p n-p—ﬁf+z’e
~ A kA2 — () same

S1Ze

i p i n-p

Collinear Fermions i = 2 paie T
i |
= — +o.

/20 . _
T, - — —|— 1€ S1e1( 7 -
thus we expect P= &) gn(n-p)

/d4a: e’?® (0|T¢n ()€, (0)[0) = Z;/L an_.|_pi€ SO
—— N——

A4 2 " :
must be A )\ 2 power counting

for the field

d*z ~ (dptdp~d’py)~!
A2 N0 (W2

This also implies: 7% &, =0  since p? = n® =0



775775

Projection: Take &, = — for spin
For spinors: QCD SCET P '<p
. @ QCD 1 ( g%\ P~ ((1)\
Un = u ut(p) = [pt) = \ﬁ \/pf = u,) = 5 |1
\ pt eits) \0/
Eid, _ PLEW] pTei®r 0
o 1 = - | =
o u(p) = Ip=) = 75 ( fqb) = up =\ (01)
Vi 1
Check:
s s 775775 SSW Wi,
Z Unthn = Z u A 4 9o P
agrees with numerator of propagator Z% nop
5 PIOPAS 2 p? + e



(Gauge Fields for SCETj

Collinear Gluons - same propagator as QCD
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Power Counting Summary

Type (pt,p~,pH) Fields Field Scaling
collinear (A%, 1, ) Enp A
(At Ay py AL ) (A%, 1,2
soft (A, A Q) Qs p \3/2
At A
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Power counting of fields and derivatives gives a power counting for operators

Power counting of operators yields a power counting for any Feynman graph

The power counting can be associated entirely to vertices and
is then gauge invariant
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Currents add any number of gluons
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momentum space Wilson line

position space Wilson line
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SCET Operator:

this is generic, gives an

operator “building block”

get a Wilson line W
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(Gauge symmetry
U(x) = exp [ia® (z)T4]
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Building Blocks: collinear gauge invariant
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Wilson Coefhicients and Hard-Collinear Factorization
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inclusive
factorization

Deep Inelastic Scattering e p—e X

[full analysis requires bit more knowledge, eg. SCET Lagrangian, here we cover
the key conceptual part, skipping softs, prefactors, tensor indices, etc.]
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Deep Inelastic Scattering e p—e X

QCD SCET
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(twist 2)
Add arbitrary perturbative corrections (any order in O¢g)
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hard perturbative corrections parton distribution function

= (prefactor)



A more detailed set of SCET lecture notes can be found
under “textbooks” in the 8.EFTx course.

All suggested homework problems can be accessed through
the chapter for this school in 8. EF'Tx. The homework
requires long answer (equation) solutions and is computer
graded, so you will get immediate feedback.

To access the materials in 8. EFTx:
first sign up for an edX account here,
then register for 8. EFTx here.



https://courses.edx.org/register
https://www.edx.org/course/mitx/mitx-8-eftx-effective-field-theory-2306#.U5IYjhaaEk0

