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Lecture 1: strong coupling in QCD
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                   the AdS/CFT conjecture

Lecture 2: How holography works
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                   Dynamical chiral symmetry breaking
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                   Finite T and  
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The plan

Storytelling 
via ppt…

Calculations 
at the 
board…





Witten’s multi-trace prescription  hep-th/0112258 [hep-th]

Examples from NE  1601.02824 In a supersymmetric theory 
m2 = 0  the solutions are 
just L = m

c=0   -> m=0 for all g

The action integrated over r 
is – V and vanishes – SUSY.

We see adding m2 L2/g2 any g 
pins you at the origin m=0
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Here we calculate with a m2 but also 
an IR cut off so there is no BF bound 
violation

The action is non-zero and falls… Witten’s 
prescription gives NJL like behaviour…



If you remove the IR cut off so there is a 
BF bound violation and mIR is non-zero 
when mUV=0…

The NJL interaction makes the mass gap 
grow with g…

“NJL assisted” condensation…



Some example physics cases using AdS/QCD



Perfecting QCD with HDOs

The weakly coupled gravity dual should only 
live between the red lines… probably we need 
HDOs at the UV scale to include matching 
effects… and stringy effects in the gravity 
model….

Pretty good… but 
we’ve lost some 
predictivity….





Composite Higgs Models

Here the higgs is identified with the pions…

A baryon plays the role of a top like quark…  so an 
extra set of fermions are often introduced in a 
different representation…

Let’s not worry about SM symmetry groups but look 
at the strong dynamics sector of a model

We describe two representations by 2 L fields with 
different running masses appropriate to the rep



SU(4)  3 F   3 F   5 A2
In this model the A2 symmetry breaking generates the SM higgs and the Fs are to give 
F A2 F top partners

The lattice has simulated   (unquenched)  SU(4)  2 F  2 F   4 A2

The pattern is right…

The A2-F gap is very well 
described…

Adding extra flavours is not a 
huge change…

Scalar masses get lighter as 
add extra flavours
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SU(4)  3 F   3 F   5 A2

In this model the A2 symmetry breaking generates the SM higgs and the Fs are to give 
F A2 F top partners

The lattice has simulated   (unquenched)  SU(4)  2 F  2 F   6 A2

The pattern is right…

The A2-F gap is very well 
described…

Adding extra flavours is 
not a huge change…

Scalar masses get lighter 
as add extra flavours



Sp(4) + 4 Weyl fermions
The pseudo-reality means the flavour symmetry is U(4) on the 4 Weyl

The vacuum condensate is anti-symmetric in spin (2x2=1A+3S), anti-symmetric in colour, so 
anti-symmetric in flavour… possible vacua

Both break U(4)-> Sp(4)…. The first is SU(2)L invariant the second breaks SU(2)L

2.1 U(4) Global Symmetry136

Given thepseudo-real natureof thegauge theory wecan write the fermion fields in terms137

of 4 two-component spinors and it is helpful to pick the naming convent ion138

 i =

0

B
B
B
B
B
B
@

UCL

DCL

DR

UR

1

C
C
C
C
C
C
A

(2.2)

wherewehavewrit ten everything as right handed spinors by conjugat ing the left handed139

spinors.140

The theory has a U(4) global symmetry with generators141

T1− 3 =
1

2
p
2

0

@
⌧i 0

0 ⌧i

1

A , T 4− 6 =
1

2
p
2

0

@
⌧i 0

0 −⌧i

1

A , T 15 =
1

2
p
2

0

@ 2 0

0 − 2

1

A , T16 =
− 1

2
p
2

0

@ 2 0

0 2

1

A ,

(2.3)

for i = 1, 2,3, ⌧i are the Pauli mat rices and142
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Here if we were to consider embedding the theory in the standard model we might143

promote the left handed U,D doublet to be in the fundamental of SU(2) of the weak144

force. The elect roweak generators are then T1 + T4, T2 + T5, T3 + T6. We will always145

consider this gauging as a weak perturbat ion on the st rong gauge dynamics.146

– 5 –

NE, Porod, Erdmenger, Liu. 2404.14480



Biased  with 
SU(2)L 
preserving 
masses

NJL Competition Now one 
needs the 
full non-
abelian 
holographic 
model…





Example quasi-
normal mode 
spectrum from 
Hoyos and 
Landsteiner

0612169
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