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Supersymmetric QCD
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Condensed matter



What resides inside neutron stars?

Supernova remnant RCW103



QCD matter” : frontier in quark physics
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Meeting point for ... observation and theory

Equation of state
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Superstringy mathematics resolves
mysteries in strongly correlated systems

Road map ‘ Is superstring useful? / pages
Duality connecting theories 5 pages

Challenge to neutron stars 7 pages




’ Superstring gets useful in these 7 years
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‘ Isolation between particle and nuclear physics

Quarks and gluons

@ Lattice QCD

Nucleons and hadrons

1 Nuclear physics

Atomic nuclei, neutron stars

Superstring
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1.3 QcDis strongly coupled, hard to calculate

QCD action for quarks and gluons: simple but highly nonlinear
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14 Useful superstring as a math tool

Solve equivalent system via duality

Problems : Strong coupling, many body, solitons, ...

Note: no need for theories to be really stringy.

QCD Insulator | Hypothetical higher dim. gravity
Glueball Phonon Graviton excitation
Meson Exciton U(N;) gauge theory
Baryon Impurity Soliton
Deconfinement Conduction Black hole

Finite temp Heat bath

Quark density  electrons
Plasma Thermalize

Hawking temp
Electric field in U(Ny)
Event horizon formation



1.5 Superstring: better than simulations?

Superstring Lattice
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1.6

Ex) Proton radius from superstring

Radii of proton/neutron

[Sakai,Sugimoto,KH (0806.3122)]

Superstring | Experiment
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1 Ex) Nuclear force from superstring
[Sakai,Sugimoto,KH (0901.4449)]
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Superstringy mathematics resolves
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‘ Duality

Strongly coupled (correlated) Weakly coupled,

. solvable
Too nonlinear to solve

Too many DoF



9 Holographic equivalence

@ @ Describe multi vortices.

A) Field theory of order parameter

o Q 5= [ (006 p.0F = V(loD)
Q

@ B) Particle-like vortices

5= [a

For full equivalence?

> XGy@)+ > V(X (1) = Xy (D))
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Explicit examples:
Topological number fixed? ADHM construction of instantons
) Nahm construction of monopoles
Near-vortices?
Vortices on top of each other?

Low energy excitations only?



Stringy duality: Gauge/gravity duality

D-brane = vortices in superstring theory (e

* Characterized by mass and charges

= Gauge theories on the D-branes

D-Brane
Superstrings and New Perspecti

Gauge/Gravity duality:

A) Gauge theory Strongly coupled, large N
1 4 v
SZ_@/CZZC’BI‘FMVF’U’ + ...

B) Gravity Weakly coupled, curved higher dimensional space
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9.4 D-brane giving the duality

Quantizing strings defined in 10D spacetime

Open string —— Massless gauge field
Closed string —— Massless graviton

D-branes = Object on which open strings can end
Nc parallel Dp-branes

Open string theory

on the Dp-brane is :

SU(Nc) gauge theory

In p+7 dimensions
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9.4 D-brane giving the duality

Quantizing strings defined in 10D spacetime

Open string —— Massless gauge field
Closed string —— Massless graviton

D-branes = Object on which open strings can end
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9.4 D-brane giving the duality

Quantizing strings defined in 10D spacetime

Open string —— Massless gauge field
Closed string —— Massless graviton

D-branes = Object on which open strings can end

= Source of closed strings

= Source of gravity

= Extended blackhole
“blackbrane” in 10D
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3-1

A NEUTRON STAR: SURFACE and INTERIOR
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Neutron Vortex

Temperature 7

What resides inside the neutron stars?
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Nuclear Superfluid



3.2 From hypothetical QCD to real QCD

(1) Gauge theory with 4 supersymmetries (N=4 Super Yang-Mills)

(2) Supersymmetric gauge theory + quarks (N=2 Super QCD)

(3) Non-supersymmetric SU(N) gauge theory + quarks (Large N QCD)

(4) Non-supersymmetric SU(3) gauge theory + quarks (QCD)



3.3 The road to real QCD: (1)

(1) Gauge theory with 4 supersymmetries (N=4 Super Yang-Mills)
Gluon sector: gluons + 4 gluinos + 6 scalars

Quark sector: Not allowed

? Black hole in
Temp higher dimensions

Gluon plasma Q

Closed
string

Baryon chemical potential



The road to real QCD: (2)

(2) Supersymmetric gauge theory + quarks (N=2 Super QCD)
Gluon sector: gluons + 2 gluinos + 2 scalars

Quark sector: quarks + scalar quarks

A Open stri
Temp Quark-gluon
plasma

Unstable Closed
phrase string

Gluon plasma
+ mesons

>

Baryon chemical potential
[Ghoroku, Ishihara, Nakamura ‘07]




The road to real QCD: (3)

(3) Non-supersymmetric SU(N) gauge theory + quarks (Large N QCD)

Gluon sector: gluons + heavy gluinos

Quark sector: quarks

Temp

A

Quark gluon plasma

Gluon pla
+ meson

Hadron

Instability?

—>

Baryon chemical potential
[Aharony, Sonnenschein, Yankielowicz ‘06]



The road to real QCD: (4)

(4) Non-supersymmetric SU(3) gauge theory + quarks (QCD)

Gluon sector: gluons

Quark sector: quarks

A

Temp

Q
m Challenge m

—>

Baryon chemical potential




3.7 Various applications to cond-mat

Holographic superconductivity Holographic viscosity

M Q

Scalar condensation Gravity perturbation
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