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A brief review of AMSB



SUSY Breaking 
Sector

Theory of 
Interest

Breaking Mediated by Gravity

Universal coupling of gravity at all scales
 ➔ UV insensitivity of SUSY breaking mechanism

We can express everything just in terms of d.o.f. at that energy scale

We can determine the IR of a SUSY theory 
➔ We can determine the IR of the AMSB theory



Weyl Compensator Formalism
Spurion superfield for 
superconformal anomaly

Shows up at tree level if there are 
dimensionful parameters

And there are loop level masses and 
trilinear couplings



Sfermions Gauginos

Superpartner Decoupling

When theory is asymptotically free, sfermion 
masses are positive and vacuum is stabilized 

When 𝑁𝑓 < 3𝑁𝑐 we get 
positive mass superpartners

Integrate them out ➔ vacuum looks like non-SUSY theory!

𝑆𝑈(𝑁𝑐) with 𝑁𝑓 flavors



Let’s try to use it to make conclusions 
about QCD!

AMSB provides a UV insensitive way of breaking 
SUSY to obtain an IR theory with the right degrees 
of freedom to match onto the non-SUSY theory!



The question of a Phase Transition

𝑚
Λ

𝑚 ≪ Λ

Controlled 
Expansion

𝑚~Λ

????

𝑚 ≫ Λ

Non-SUSY 
Theory



Analogy: BCS to BEC Crossover



“The AMSB Conjecture”

There exists some class of strongly coupled theories that are 
continuously connected to their AMSB counterparts such that they 
share the same vacuum universality class.

When and how this conjecture fails is itself an active 
area of research!



Could we use SQCD to understand the IR behavior of regular QCD?

There’s an issue ➔ The IR of SQCD looks very different!
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Magnetic Theory:
Chiral Symmetry Breaking Minimum
Exact non-perturbative Superpotential 
after integrating out dual squarks



Near conformal fixed point, deviations 
in anomalous dimensions can be 
parametrized by:

Know how to determine if 
fixed point is perturbative

Potential with 𝜇 ≃ ෨𝜙 (e.g. Coleman-Weinberg)

Get a 𝜒𝑆𝐵 minimum that scales 
like:



Dependence 
on Initial 
Conditions



What about the upper 
edge of the conformal 
window? 

Electric theory is 
naively a non-starter, 
no Superpotential 
and no full-rank 
meson But Seiberg duality would 

suggest that we could 
equivalently work in the 
theory dual to the 
Magnetic theory!



AMSB Minimum of Twice-Dual

Integrate out Quarks

Normally 𝑁 serves as a 
Lagrange multiplier 
superfield

But with AMSB it can get a full rank 
VEV, giving a mass to the quarks

Mass term breaks 
conformal 
invariance

Treat as a 
deformation from 
the conformal fixed 
point (valid for 
small M VEV)

Note that 𝑀 here 
receives no 
wavefunction 
renormalization



We get a minimum:

Following the same procedure, we get a potential dominated by:

Analogous dependence on initial conditions as in 
Magnetic description!

Numerical plot of full potential



What we’ve learned* about the Conformal 
Window in ASQCD

Electric & 
Twice Dual

Dual 
Magnetic

Can directly show that AMSB is relevant and 
produces chiral symmetry breaking minimum

𝑁𝑓 =
3

2
𝑁𝑐

𝑁𝑓 = 3𝑁𝑐

Interpolation



New Calculations: Condensates
D. Kondo, H. Murayama, BN
2505.XXXX



Squark and Quark Condensates

The Squark Condensate can be 
identified with the Meson VEV

The quark condensate can be considered 
the F-term

Can get from minimum via 
F-term EOM



The Path Integral as a Generating Functional 
for the Gauge and Gaugino Condensates

Promote to spurion 
chiral superfield

Scalar component sources 
gauge condensate

F-component sources gaugino 
condensate



Since we know the minimum, we 
can explicitly compute the path 
integral in terms of the effective IR 
theory!

Exchange holomorphic 
coupling for the dynamical 
scale



Expectations from Large N



Expectations of scaling relationship between 
super-partner condensates

In non-SUSY limit, QCD condensates source 
the superpartner condensates



Results
*We have full analytic results – I just show leading power law 
for brevity

*Note this is in terms of SUSY scale not QCD scale



Note on QM gaugino condensate 

Leading order piece vanishes, 
consistent with surrounding phases



Comparison to expectations for Large N
Need to express in terms of ‘t Hooft 
coupling to take the proper limit

Difference between holomorphic and 
canonical coupling is crucial!

This was missed by Martin & Wells (1998) who then 
mistakenly had 𝑓𝜋

2 ∝ 𝑁𝑐
0 in softly-broken SUSY theories. 

This was seen as a “no-go” that halted interest. When done properly, we find 
the proper scaling in the 
large N limit!





Gluon Condensate Scaling



More than we could hope for: 
Scalar Masses
D. Kondo, H. Murayama, BN
2505.XXXX



The light scalars in real QCD 𝑓0(500) was controversial, but now 
established
See for instance the review by Peláez 
arXiv:1510.00653

Finite quark masses give an opposite 
shift between scalar and pseudoscalar 
masses

Find that 𝑐′ ~ 2.3

Fit that difference like so:



Expanding around the ASQCD minima

We have the full potentials and explicit 
minima, so we can perturb around them and 
derive the chiral Lagrangian from first 
principles!

We can calculate the masses of the light 
scalar and pseudoscalar excitations.

A priori our conjectures said nothing about 
away from the vacuum, but we shockingly 
find agreement with real QCD!



Quantitative Prediction for Real 
QCD!
We can calculate the light scalar and 
pseudoscalar masses explicitly from first 
principles for generic 𝑁𝑓, 𝑁𝑐

Taking some specific examples and matching 
the same sort of sum rule:



Summary

• AMSB is a promising way to learn about strong coupling
• We can derive observed features of QCD from first principles
• We can do analytic QCD calculations that have never been 

done before
• We make new predictions about scaling behavior not captured 

with traditional methods
• We can do precision model building with strongly coupled 

sectors



Thank you!
Questions?
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