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Abstract: The theory of strong interactions is an elegant quantum field theory known as Quantum Chromodynamics (QCD). QCD is dece
simple to formulate, but notoriously difficult to solve. This simplicity belies the diverse set of physical phenomena that fall under its domain,
nuclear forces and bound hadrons, to high energy jets and gluon radiation. In this talk | show how systematic limits of QCD, known as ef
field theories, provide a means of isolating the essential degrees of freedom for a particular problem while at the same time supplying a p
tool for quantitative computations. The adventure will take us from the fine structure of hydrogen, to weak decays of B-mesons, to the behe
energetic hadrons and jets in QCD.
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==p Dynamics at long distance does not depend on the
details of what happens at short distance

In the quantum realm, A\ ~ % , wavelength and momentum

are related, so

== Low energy interactions do not depend on
the details of high energy interactions

Bad:

@ we have to work harder to probe the interesting physics at
short distances

GOOd: Newton didn’'t need quantum gravity
@® we can focus on the for projectile motion

relevant interactions & ,
degrees of freedom e
® calculations are simpler
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Examp le- Hydrogen

non-relativistic quantum mechanics

parameters: mass M,
charges Q. ,@p
coupling a = :
legrees of e 137
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Examp le: Hydrogen

non-relativistic quantum mechanics

parameters: mass T
charges Q. ,@p
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Why not quarks? QCD? b-quark charge? ¢ ?
Pirsa: 07040 7 . 0
mp-ratt}n : Splﬂ.’*

weak force?

Page 12/87












Pirsa: 07040001 Page 16/87



Bohr ~ mgﬂg

F=1
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Lamb Shift in NRQED soft

P ~ N
) - |
Two parts: g i

r = =

P -p
i) effective potentials ii) radiation in the bound
(short distance) state (long distance)
o8 = [ e L +.-.]+{m_§§|<n1pw cEk-Bﬂ)m(iE@kl%--]

Ll dependence cancels, but allows us to give separate meaning to
the two pieces

Hdistory:

® 1947 Bethe computed ii), with p© = m,
=g large log: ~ Lu( meg) = —2In(a)

M.

® 1949 French & Weisskopf
LAY Lamb & Kroll

(Fevnman. Schwineer)





















In QCD, the coupling, ¢g(#) , behaves in the opposite way to
QED, it gets weaker at short distances

lope is negative 1)” ‘ i
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i 10 . 106
Q [GeV] as i = (Q approaches a few
100 MeV (r — 1fm), the
Jarge change in the value coupling gets large i
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T o e Deep Inelastic Scattering
= on a proton

A factorization theorem

Fi(z,Q?) =1 [1dt H(¢/z,Q, p)

i) Firol&, 18
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mg analogy: Bragg scattering of
X-rays on a crystal, for this
Tl time scale the atoms are at rest
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Soft Collinear Effective Theory (SCET)

« @ —

Er. =2.6GeV > Aqcp ~ 0.3GeV mp = 2F;
organizes the interactions
A field theorv for Aqgcr
e in a series expansion in
Soft & C(Collinear E
interactions (analog of the non-relativistic

expansion in Q.M.)
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