AdS/CFT Cotrespondence and the
Origin of Mass
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v Tdecays (N’LO)
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a DIS jets (NLO)

o Heavy Quarkonia (NLO)

o e'¢ jets & shapes (res. NNLO)
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It is possible to replace the higgs with a copy of QCD where \(

SU(2), x SU((2)p — SU(2)y

In a new strongly coupled sector — the higgs is a techni-quark meson

BUT why is it the lightest state? How could it possibly mimic the SM higgs so
A\ well
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1980s — a possible theory of everything... in 10
dimensions... with supersymmetry
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D-branes: there were always “silly” end point
boundary conditions on open strings...

Breaking Lorentz invariance turned out to be
important...

are the fundamental charges
for fields in the supergravity
theory
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1990s — 5 string theories to M-theory in 11d
- Geometrical Engineering/Brane world
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In the limit where T->
infinity.. Gravity and
gauge theory
decouple...

Yet share the same
symmetries...

Oh...

Maldacena proposed the two theories (10=5+5d gravity/string
& 4d YM) were dual — mathematically equivalent.

Large N strong coupling ™= \eakly coupled gravity




Holography

General Relativity predicts BLACK HOLES

‘tHooft argued that any
é- information dropped into a
. I black hole must be

e |ost to our Universe
(breaking QM unitarity)
(Hawking radiation is
purely thermal)

e spread over the surface
(Hawking radiation is non-
thermal)

If the surface can contain all the information of the contents
the real theory of the Universe must be 2 + 1 dimensional!



3+1d slices parallel to D3
on which field theory lives

Dilatations
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Become spacetime symmetry of AdS

P —e"p

1s a continuous mass dimension

p — RG Scale




The Magic

The SUGRA fields can be coupled in symmetry

dp?
2

invariant ways to gauge theory fields at any ds?® = + pPdr

u = const slice
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SUGRA field looks like a SOURCE ,OT Ra— - 3+1d slices parallel to D3

on which field theory lives

eg fermion mass

To be consistent with RG flow interpretation of u

Pspyaralu) must give RG flow of source... t A3
P

: 3!

CLAIM: The classical SUGRA EoM give i t >
non-perturbative RG flow of the field theory! \, ’ ’, b .
> - s .

In N=4 SYM Witten first checked there were supergravity fields to play the
role of all operators/sources... people have since used integrability checks

valid at all coupling strengths to prove the relations for many observables.
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A simple example is to just work
out the Klein Gordon equation
in AdS.. For example to describe
the RG flow of a mass term:

j diz m

m is the quark mass
c is the quark condensate

This pairing of solutions is
standard...
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v T decays (N3LO)

® Lattice QCD (NNLO)

a DIS jets (NLO)

o Heavy Quarkonia (NLO)

o e'e” jets & shapes (res. NNLO)
® 7 pole fit (N3LO)

v pp—> jets (NLO)

m has dimension 1+  condensate dimension 3 -y

The RG scale where y = 1 is special and gap equations
suggest the point of condensation...



Running Dimensions in Holography
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The normalizable solutions pick
out particular mass states... the
o and its radial excited states...

gy"q — p meson

(17”’7597 — a meson
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Electroweak Scale — Technicolour

The base idea is to repeat QCD
SU2), x SU(2)p — SU(2)y

The scale isset by v =fr...
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There is no scalar below this scale in QCD... dead?

Adding extra electroweak singlet quarks changes the running
of the technicolour gauge group...
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Walking Technicolor in the light of Z’ searches at the LHC
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Most likely the spectrum is in every case wrong! BUT if there
is one theory that works we hope to have captured it... lets
rule it out!



Exclusionon M, g frompp — Z'/Z" — 171~
for /s =13TeV at 36 fb—!, with S = 0.1, s =0

B 7' Exclusion
e 2" BExclusion
el o< 0

1000 1500 2000 2500 3000 3500 4000 4500
M, (GeV)

5000







ouplings

q°

YOVt — Ve UrVRYULtR

Wkin e tc ass is very hard... if M ~ 5 TeV then you need
W& 0 grow the techniquark condensate

strongg

Holographic
computation by
i NTeV Evans & Clemens

FIG. 7: g vs UV cut off A for consistent solutions with the
physical top mass on the TC dominated branch for N. = 3,
Ny = 2,4,8,11 from the top down. The shaded region is
excluded by the two loop dp contribution.







Superconducting Instability

In the presence of a Fermi surface any attractive interaction
will cause Cooper pair formation

_0, : : : :
nqy - q A chemical potential sources fermion density

(A%g~7 ¢ A vev for a temporal U(1) “number”
gauge field plays the same role

The Renormalization Group Approach

Study effective field theory as flow to the fermi

surface.

p* = (ko, k + 1) kol 1] < A

Take A —+ 0
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An A vev is a negative mass
squared for the scalar L -
describing some dimension 1/3
] & <0O>...

If it gets big enough it violates
the BF bound and causes
condensation...

The final state of the instability is
unclear at T=0

If introduce a temperature by a
black hole horizon in AdS a stable
ground state does exist o tes 1w 1w 200 200 208 M
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Psi represents the vev of

the di-quark condensing
operator....

K

~ bIn(T2 + p?)/A2’

b=11N./3 —2N;/3,

FIG. 5: Plot of the superconducting phase boundary at dif-
ferent G = 0.5,1,2,3,4,5,6,7 from bottom to top in the T
- p plane. The black region is expected to be the chirally
symmetric phase below a scale of p? + 72 = 1.
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FIG. 6: QCD phase diagram: the blacked out area is below A,
where chiral symmetry breaking is expected. The remaining
phase edges shows where the CFL phase is present for the
choices of k = 1, 10, 20 from bottom to top.







t of the SM

ng coupling; is the higgs

e We can mimic QCD
e We can explore simply technicolour like models

e Superconductivity is naturally reproduced also



