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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



Outline (Lecture I1)

e Review from Lecture 1
Done on the Board

e Hard Operator Examples ( See separate lecture notes. )

e OSCET Lagrangian

e Sudakov Resummation from RGE
(& One-loop Matching Example)

e Soft-Collinear Factorization

e e"e  — dijets & Factorization

On board (separate

. . L .
Quasi Parton Distribution Function } lecture notes. )



SCETT summary

usoft & collinear modes
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Symmetries: Gauge Invariance Vv

Reparameterization Invariance (RPI) n' < <> nt

7L, Tl Dbreak Lorentz invariance, restored within collinear cone

by RPI, three types
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Together:
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Sudakov LO_gS & RGE (Renormalization Group Equations)

UV renormalization in SCET
eg. ete” — dijets Xn’YﬁXn = (fn )VL (WTfn)

(Feynman gauge, UV: d = 4 — 2¢, IR: p? #£0,p°#0)
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RGE: square the amplitude: H = ‘C’ m ‘2
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One-Loop Matching Calculation [R: p* = p* #0

@ Locp + J= by el both theories

@ L(S(gET + O XnYi XA find C at O(a;)

(1—loop ren. QCD) — (1—loop ren. SCET) — Clloop<>zn7ﬁXﬁ>tree




One-Loop Matching Calculation [R: p* = p* #0

- b oeor
(QCD)  Laqop + J =iy S

(SCET)  Lseer + Cxadixa  findCat O(ay)

1 loop ren. QCD 1 loop ren. SCET CllOOp<Xn*ylxn>tree
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One-Loop Matching Calculation
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One-Loop Matching Calculation
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Once we know how this works, there is a much easier way to get this answer.

Result for C is independent of our choice of IR regulator. Use dim.reg. for IR too.
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Ultrasoft - Collinear Factorization
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Field Redefinition:
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Moves all usoft gluons to operators, simplifies cancellations



Field Theory gives the same results pre- and post- field
redefinition, but the organization is different

Ultrasoft - Collinear Factorization: also W, — Y, W,V

egl. XnV Xn = )Zn(Yerﬁ)WiXﬁ

usoft-collinear factorization is

simple in SCET

color transparency

note: not upset by d(w — in - 9y,
since ultrasoft gluons carry no in - 8, ~ A\’ momenta
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eg. e'e — 2 jets

n-collinear
jet

n-collinear
jet
event shape in
two jet region usoft particles

do 1
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do 1
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should specify “e” to go further. One example is thrust: 7=1-T <1

do 2 [ ot 20— 70 7 + / - — s+
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hard \ / \
perturbative perturbative <oft function
corrections jet functions
Homework:
Compute the jet function P,
at one-loo SCEL
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perturbative
partonic

d o fa fb ® 5_ ® F Cross section
N

Non-perturbative Factorization:

hadronization

parton distributions (eg. frag. functions)

eg. Inclusive Higgs production pp — Higgs 4 anything
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proton-proton collision 0~



Perturbative Factorization:  for multi-scale problems

beam hard jet pert. soft QCD
O fact :IaIb(X)H@HZJz@S D e
UB HH L HS
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