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Introduction



Can we solve QCD?

When we first learn about quarks, we get 
told we can never see them


Internet Scam?



From: Andre Ouedraogo andreouedraogo@hotmail.fr
Subject: [SPAM:XXXXXXXXX] ***JUNK MAIL*** waiting for your response

Date: August 28, 2013 at 5:25 PM
To:

Dear friend,
  I am Andre Ouedraogo, a banker by profession from Burkina Faso in West Africa and currently holding the post of Director Auditing
and Accounting unit of the bank. It's my urgent need for a foreign partner that made me to contact you for this business. I have the
opportunity of transferring the left over funds ($11.5 million) of one of my bank clients who died along with his entire family on 31 July
2000 in a plane crash. You can confirm the genuineness of the deceased death by clicking on this website. 
http://news.bbc.co.uk/1/hi/world/europe/859479.stm
I need a foreign partner who will support me because i can not claim this money alone without a foreign partner since the deceased
client (the owner of the fund) was a foreigner.

This fund ($11.5 million) will be shared between us in the ratio of 60/40. I agreed that 40% of this money will be for you as a respect to
the provision of a foreign account while 60% will be for me and I want to assure you that this transaction is absolutely legal and risk
free since i work in this bank and i have all the necessary information that might be needed. Before we proceed, i would like to know
your ability to handle this over there in your country.
Please tell me more about the political/economic stability/monetary policy of your country. I need to know all these because i don't
want to have problem with the Government of your country.

Kindly update me with the
following information because i want to know you more before we proceed on this transaction. Hope you will understand the
importance of this request.

1. Your full name........................
2. Your age/sex ..........................
3. your occupation ................
4. Your residential address ..................
5. Your nationality ..............
6. Your private phone number ..................
7. Your fax number ...................

I will be waiting for your response.
Thanks for your understanding.
Have a great day.
  Yours.
Andre Ouedraogo



Can we solve QCD?

When we first learn about quarks,           
we get told we can never see them


Internet Scam?

Confinement!

β<0 and asymptotic freedom 

only suggestive, doesn’t prove confinement


Another puzzle: proton and pion are made of 
same quarks


why pion ≈ massless ≪ proton?

very mysterious!
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Feeling better
Qualitative picture makes us feel better

Confinement


dual Meißner effect (Mandelstam)

assume monopole condensation

quarks confined by electric flux tube


Chiral symmetry breaking (Nambu)

massless QCD invariant under 
SU(Nf)LxSU(Nf)RxU(1)B

assume broken to SU(Nf)VxU(1)B

pion = Nambu-Goldstone boson = massless


but still not derived from QCD!



Feeling even better

but not there yet

Progress in understanding QCD

Confinement (Seiberg-Witten)


N=2 SYM has Coulomb branch u=TrΦ2

singularities = massless monopole/dyon

N=1 perturbation W = µu - (u-Λ2)M+M- 

M+=M-=√µ≠0: monopole condensation!

can further perturb to N=0 with mλ≠0


Chiral symmetry breaking

N=2 doesn’t have χS 

N=1 (Seiberg) has too unusual phases

W =
p
2Q̃i�Q

i
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Main result

We start with N=1 QCD à la Seiberg

Most schemes to bring N=1 to N=0 do not 
have sufficient predictive power

Anomaly mediation (AMSB) is uniquely suited 
thanks to its UV insensitivity

Even with infinitesimal AMSB, the theory 
collapses to expectations in non-SUSY QCD

N=1 SUSY + AMSB: great tool to study non-
SUSY gauge theories in 4D

Now we can “derive” χSB from QCD!



Outline

Introduction


Anomaly Mediated Supersymmetry Breaking


SU(Nc) QCD


confinement and χSB in SO(Nc) QCD


chiral SU(Nc) with anti-symmetric tensor


chiral SU(Nc) with symmetric tensor


Conclusion



Anomaly-Mediated

Supersymmetry Breaking

Randall, Sundrum (1998)

Giudice, Luty, HM, Rattazzi (1998)



Our Needs

We’d like to connect N=1 SUSY results by 
Seiberg to non-SUSY gauge theories


decouple gauginos and squarks!

SUSY breaking mλ and 


But we need to deal with composites such as 
mesons and baryons

In particular, we need to know signs of their 
mass-squared to understand symmetry 
breaking patterns and universality classes

mQ̃
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Gaugino Mass Perturbation
Series of papers by N. Evans, S. Hsu, M. 
Schwetz + S. Selipsky (1995)

Gaugino mass: 


non-perturbative superpotential is a function 
of 


but Kähler potential arbitrary function of S


we don’t even know the sign of meson mass2

avoid problem with large enough quark mass

can’t discuss chiral symmetry!

S =
8⇡2

g2
+ i#+ ✓2
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external symmetry
external symmetries constrain how symmetry 
breaking parameters enter Lagrangian

e.g. quark mass in chiral Lagrangian


quark mass M “transforms” as (Nf,Nf*) under 
SU(Nf)LxSU(Nf)R

Chiral Lagrangian a function of 


switch from UV to IR description, but we 
know how symmetry breaking works 
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background spacetime

Good example of external symmetry is 
general coordinate invariance

consider QCD in a background metric


switch from UV to IR description

we know how chiral Lagrangian couples to 
the background spacetime!
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Sequestering

SUSY breaking

gauge theory

supergravity
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“superspacetime background”


all effects of SUSY breaking encoded in 

it can be removed by conformal 
transformation  if no mass params 

E
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“superspacetime background”


dimensionful parameters receive SUSY 
breaking

Weyl compensator
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Superconformal Anomaly

Cutoff scale also acquires SUSY breaking


determined only by physics at the energy 
scale of interest

UV insensitivity!
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Cutoff scale also acquires SUSY breaking


determined only by physics at the energy 
scale of interest

UV insensitivity!

Superconformal Anomaly
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AMSB Summary

Tree-level piece on dimensionful parameters


loop-level piece from running


determined only by physics at the energy 
scale of interest

UV insensitivity!
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Surprising result: AMSB depends only on 
physics at the energy scale of interest

No matter how complicated the UV physics is, 
they all disappear from low-energy soft 
SUSY breaking

e.g., decouple a massive matter field:


Changes the beta function

one-loop threshold correction precisely 
account for the change in gaugino mass
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decouple a massive 
matter field

two-loop threshold 
correction precisely 
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Ỹ

Graph 5-5
τ̃

Ỹ
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FIG. 5. Diagrams that contribute to the h4 threshold correction that exclusively include scalars. These diagrams may be
defined in terms of the integral I(m,n, l) as defined in the text. Where X̃ is shown, it corresponds to both X̃1 and X̃2, as
appropriate. Also, the three point scalar couplings shown here are the vertices hM τ̃X̃Ỹ ∗. As described in the text, this vertex
can be replaced with the ετ̃X̃X̃ vertex, yielding additional diagrams.
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Graphs 2-3, 2-4, and 2-5 cancels Graph 2-1. Then we are
left with two-loop diagrams from Fig. 5 and Fig. 6, all
of which contribute below threshold. We split our com-
putation into three parts. First, there are diagrams in
which all trilinear vertices are of the form h0M τ̃X̃Ỹ , and
supersymmetry-breaking comes from a pair of mass in-
sertions Mm3/2 on the scalar lines. Second, there are dia-
grams with a single ε trilinear vertex and a single Mm3/2

insertion. Finally, there are the same diagrams which ex-
isted above threshold, where two trilinear vertices are of
the form h0εm3/2τ̃X̃1X̃2. Using the integrals I(m, n, l),
F (m, n, l), and G(m, n, l) as defined in the Appendix, we
write down the values for the Feynman diagrams in a
compact form in Table II.

Expanding the integrals and summing all contri-
butions, we find exact cancellation, matching Equa-
tion (9.8) and verifying ultraviolet insensitivity. In par-
ticular, the cancellation among the O(ε0) terms looks like

0 = i(h∗
0h0)

2
m2

3/2

(4π)4(M2)2ε
(−5 + 10 − 5) (9.20)

where the contributions are respectively from graphs with
zero, one, or two h0εm3/2τ̃X̃1X̃2 vertices. (Table VII
gives O(ε0) expansions for the integrals, but the spurion
computation assures us that the cancellation is exact,
and it does indeed extend to all orders in ε.)

Now it is instructive to revisit our puzzle of Section III.
When we found a vanishing threshold correction and a re-
sulting lack of ultraviolet insensitivity, it was because we
had not calculated all contributions to the scalar mass.
In the language of this section, we calculated the first sec-
tion of Table II, along with a cross-term from Graph 4-1

and Graphs 2-4 and 2-5. We then added in a contribution
from the A-term by hand. This gave an erroneous result.
We have seen that the correct procedure is to calculate
the entirety of Table II, and see that the contributions
sum to zero.

5. Finite Computation for (h∗h)2

In contrast to the DRED calculation above, we present
an additional calculation that does not depend on this
type of regularization. In the language of section III,
this calculation corresponds one where we have implic-
itly used a holomorphic regularization scheme. So, we
may compare this calculation to the spurion calculation
done with holomorphic regularization. This provides an
additional demonstration of the ultraviolet insensitivity.

As described in section III, we must keep all inte-
grals in four-dimensions, paying attention to the finite-
ness of the integrals. By integrating out the cut-off de-
pendent supersymmetry-breaking operators, we recover
the anomaly mediated piece of Equation (1.2). If we
choose Pauli-Villars as our holomorphic regulator, this

Graph 5-1 4M2 I(3, 1, 1)
Graph 5-2 24M6 I(5, 1, 1) + 12M6 I(4, 2, 1) + 4M6 I(3, 3, 1)
Graph 5-3 12M4 I(3, 2, 1) + 12M4 I(4, 1, 1)
Graph 5-4 4M2 I(4, 1, 0) + 2M2 I(3, 2, 0)
Graph 5-5 6M4 I(3, 2, 1) + 6M4 I(4, 1, 1)
Graph 5-6 2M4 I(3, 3, 0) + 12M4 I(5, 1, 0)
Graph 5-7 4M4 I(3, 3, 0)
Graph 6-1 −8M2 F (4, 1, 1)
Graph 6-2 −24M4 F (5, 1, 1)
Graph 6-3 4M6 G(3, 3, 1)

Graph 5-2 24εM4 I(4, 1, 1) + 8εM4 I(3, 2, 1)
Graph 5-3 12εM2 I(3, 1, 1) + 4εM2 I(2, 2, 1)
Graph 5-5 4εM2 I(2, 2, 1) + 4εM2 I(3, 1, 1)
Graph 5-6 8εM2 I(4, 1, 0)
Graph 5-7 4εM2 I(3, 2, 0)
Graph 6-2 −16εM2 F (4, 1, 1)

Graph 5-2 8ε2 I(3, 1, 1)
Graph 5-3 4ε2 I(2, 1, 1)
Graph 5-5 2ε2 I(2, 1, 1)
Graph 5-6 2ε2 I(3, 1, 0)
Graph 5-7 ε2 I(2, 2, 0)
Graph 6-2 −4ε2 F (3, 1, 1)

TABLE II. Below-threshold contributions to (h∗
0h0)

2 terms
in the scalar mass-squared. The three sets of values represent
diagrams in which zero, one, or two trilinear vertices are of
the form h0εm3/2τX1X2. The integrals I(m,n, l), F (m,n, l),
and G(m, n, l) are defined in the Appendix. We have pulled
out a common factor i(h∗

0h0)
2m2

3/2.

τ̃

X̃

τ̃

X̃ Ỹ⊗

hAτXX hM

Graph 7-1

FIG. 7. Additional diagram for the finite h4 calculation.
It is effectively a two loop diagram, as there is a one loop
suppression through the A-term vertex.
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FIG. 8. Diagrams that contribute to the cancellation in g′4. These diagrams all contain the heavy fields X̃ and Ỹ .
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This formula is valid only to lowest order in GF2, but to all orders (and
even non-perturbatively) in the non-gravitational interactions responsible
for the spontaneous breakdown of supersymmetry.

It is convenient for some purposes to express mg in terms of the
expectation values (s) and (p) of the spinless auxiliary gravitational fields.
Note that for the vacuum state to have zero spacetime curvature, the
vacuum energy density F2/2 of matter fields must be balanced by the
negative vacuum energy of gravitation and its interaction with the hidden
sector fields, which is given in terms of (5) and (p) by Eqs. (31.2.18) and
(31.2.16) as -(4/3)((s)2 + (p)2), so

F2/2 = (4/3)((s)2 + (p)2). (31.3.18)

We can therefore write Eq. (31.3.17) as

It is sometimes convenient to introduce a complex gravitino mass, defined
as

(31.3.20)

whose absolute magnitude is the physical gravitino mass (31.3.19).

31.4 Anomaly-Mediated Supersymmetry Breaking

In Section 28.3 the possibility was raised that supersymmetry may be
broken in some sort of hidden sector of superfields that do not carry
the SU(3) x SU(2) x 1/(1) quantum numbers of the standard model, and
communicated to observable particles gravitationally. In this section we
will deal with one class of supersymmetry-breaking effects in the mini-
mum supersymmetric standard model, those of first order in K = ^JSnG.
This includes the gaugino masses and the parameters A\j and B in the
Lagrangian density (28.4.1). Other supersymmetry-breaking effects such
as squark and slepton squared masses are of second order in K, and will
be taken up in Section 31.7, when we consider gravity-mediated super-
symmetry breaking using the general supergravity formalism described in
Section 31.6.

We can find the effects of gravity-mediated supersymmetry breaking to
first order in K by simply replacing the component fields of the gravi-
tational supermultiplet in the interaction (31.1.34) with their expectation
values. The only ones of these component fields that can acquire non-
vanishing vacuum expectation values from the spontaneous breakdown
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<latexit sha1_base64="NncQKsWrgtXRUb+4g0NXt8tTywk=">AAAB3nicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBePCZgFkhB7Oj1Jk56F7jdCCLl6EfGi4Cf5C/6NncVDXAoaiqpq3qvnJ1JodJxPK7OxubW9k93N7e0fHB7lj0+aOk4V4w0Wy1i1faq5FBFvoEDJ24niNPQlb/njm7nfeuBKizi6w0nCeyEdRiIQjKKR6k4/X3Dsile+8orkN3FtZ4ECrFDr5z+6g5ilIY+QSap1x3US7E2pQsEkn+W6qeYJZWM65NPFejNyYaQBCWJlXoRkoa7laKj1JPRNMqQ40j+9ufiX10kx8HpTESUp8ogtBwWpJBiTeVcyEIozlBNDKFPCbEjYiCrK0FwkZ6p/9yP/k2bRdkt2pV4qVK9XR8jCGZzDJbhQhircQg0awIDDE7zCm3VvPVrP1ssymrFWf05hDdb7FxFtiNo=</latexit>

0

<latexit sha1_base64="NncQKsWrgtXRUb+4g0NXt8tTywk=">AAAB3nicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBePCZgFkhB7Oj1Jk56F7jdCCLl6EfGi4Cf5C/6NncVDXAoaiqpq3qvnJ1JodJxPK7OxubW9k93N7e0fHB7lj0+aOk4V4w0Wy1i1faq5FBFvoEDJ24niNPQlb/njm7nfeuBKizi6w0nCeyEdRiIQjKKR6k4/X3Dsile+8orkN3FtZ4ECrFDr5z+6g5ilIY+QSap1x3US7E2pQsEkn+W6qeYJZWM65NPFejNyYaQBCWJlXoRkoa7laKj1JPRNMqQ40j+9ufiX10kx8HpTESUp8ogtBwWpJBiTeVcyEIozlBNDKFPCbEjYiCrK0FwkZ6p/9yP/k2bRdkt2pV4qVK9XR8jCGZzDJbhQhircQg0awIDDE7zCm3VvPVrP1ssymrFWf05hDdb7FxFtiNo=</latexit>

run-away

moduli
Nc � 1

<latexit sha1_base64="8upp88UkWFwMThYzPuXseJH4zCc=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHw4jATA0luQS+eJIKTBJIQeno6SZOehe43Qgj5AS8iXhT8IH/Bv7GzeIhLQUNRVc179fxECo2O82ll1tY3Nrey27md3b39g/zhUUPHqWLcY7GMVcunmksRcQ8FSt5KFKehL3nTH13P/OYDV1rE0T2OE94N6SASfcEoGsm77bELt5cvOHa1Ur6sFMlv4trOHAVYot7Lf3SCmKUhj5BJqnXbdRLsTqhCwSSf5jqp5gllIzrgk/mKU3JmpID0Y2VehGSuruRoqPU49E0ypDjUP72Z+JfXTrFf6U5ElKTII7YY1E8lwZjM+pJAKM5Qjg2hTAmzIWFDqihDc5Wcqf7dj/xPGkXbLdnVu1KhdrU8QhZO4BTOwYUy1OAG6uABAwFP8ApvVmA9Ws/WyyKasZZ/jmEF1vsXfdOKQA==</latexit>

Nc

<latexit sha1_base64="eVcRIpvi+2rD0sPnTXXN2qoiKgM=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBdPEtEskITQ0+lJmvQsdL8RQsjdi4gXBb/IX/Bv7Cwe4lLQUFRV8149P5FCo+N8Wpm19Y3Nrex2bmd3b/8gf3jU0HGqGK+zWMaq5VPNpYh4HQVK3koUp6EvedMfXc385gNXWsTRPY4T3g3pIBKBYBSNdHfTY718wbErXvnCK5LfxLWdOQqwRK2X/+j0Y5aGPEImqdZt10mwO6EKBZN8muukmieUjeiAT+YLTsmZkfokiJV5EZK5upKjodbj0DfJkOJQ//Rm4l9eO8XA605ElKTII7YYFKSSYExmbUlfKM5Qjg2hTAmzIWFDqihDc5Ocqf7dj/xPGkXbLdmV21Kherk8QhZO4BTOwYUyVOEaalAHBgN4gld4s3zr0Xq2XhbRjLX8cwwrsN6/AKbtic4=</latexit>

Nc + 1

<latexit sha1_base64="/INnkk3ze8qGiqb/z+NGE2sgwe4=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUEQhGEmBpLcgl48SQQnCSQh9PR0kiY9C91vhBDyA15EvCj4Qf6Cf2Nn8RCXgoaiqpr36vmJFBod59PKrK1vbG5lt3M7u3v7B/nDo4aOU8W4x2IZq5ZPNZci4h4KlLyVKE5DX/KmP7qe+c0HrrSIo3scJ7wb0kEk+oJRNJJ322MXbi9fcOxqpXxZKZLfxLWdOQqwRL2X/+gEMUtDHiGTVOu26yTYnVCFgkk+zXVSzRPKRnTAJ/MVp+TMSAHpx8q8CMlcXcnRUOtx6JtkSHGof3oz8S+vnWK/0p2IKEmRR2wxqJ9KgjGZ9SWBUJyhHBtCmRJmQ8KGVFGG5io5U/27H/mfNIq2W7Krd6VC7Wp5hCycwCmcgwtlqMEN1MEDBgKe4BXerMB6tJ6tl0U0Yy3/HMMKrPcvet2KPg==</latexit>

Nc + 2

<latexit sha1_base64="wM6vbeVn/4i4urz2pzD8YvJCedM=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUEQhGEmBpLcgl48SQQnCSQh9HR6kiY9C91vhBDyA15EvCj4Qf6Cf2Nn8RCXgoaiqpr36vmJFBod59PKrK1vbG5lt3M7u3v7B/nDo4aOU8W4x2IZq5ZPNZci4h4KlLyVKE5DX/KmP7qe+c0HrrSIo3scJ7wb0kEkAsEoGsm77bGLYi9fcOxqpXxZKZLfxLWdOQqwRL2X/+j0Y5aGPEImqdZt10mwO6EKBZN8muukmieUjeiAT+YrTsmZkfokiJV5EZK5upKjodbj0DfJkOJQ//Rm4l9eO8Wg0p2IKEmRR2wxKEglwZjM+pK+UJyhHBtCmRJmQ8KGVFGG5io5U/27H/mfNIq2W7Krd6VC7Wp5hCycwCmcgwtlqMEN1MEDBgKe4BXerL71aD1bL4toxlr+OYYVWO9ffFeKPw==</latexit>

3

2
Nc

<latexit sha1_base64="AzWtAS/fuc7AwtLGxtuXaLUI0Aw=">AAAB7nicdVDJSgNBFHwTtxiXjHr00hgET8NMEkhyC3rxJBHMAkkYejo9SZOehe6eQBjmN7yIeFHwU/wF/8bO4iEuBQ1FVTXv1fNizqSy7U8jt7W9s7uX3y8cHB4dF82T046MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetObhd+dUSFZFD6oeUyHAR6HzGcEKy25ZnHgC0zSSpaWM3TnEtcs2VajXqvUy+g3cSx7iRKs0XLNj8EoIklAQ0U4lrLv2LEaplgoRjjNCoNE0hiTKR7TdLluhi61NEJ+JPQLFVqqGzkcSDkPPJ0MsJrIn95C/MvrJ8qvD1MWxomiIVkN8hOOVIQW3dGICUoUn2uCiWB6Q0QmWPdX+kIFXf27H/qfdMqWU7Ua99VS83p9hDycwwVcgQM1aMIttKANBBJ4gld4M2Lj0Xg2XlbRnLH+cwYbMN6/AIjujuQ=</latexit>

3Nc

<latexit sha1_base64="GASKdCkhMGX8J+w86wnzcRo8VxY=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNEwWSHILevEkEZwkkITQ09OTNOlZ6H4jhJAf8CLiRcEP8hf8GzuLh7gUNBRV1bxXz0uk0Og4n1ZmY3Nreye7m9vbPzg8yh+ftHScKsZdFstYdTyquRQRd1Gg5J1EcRp6kre98fXcbz9wpUUc3eMk4f2QDiMRCEbRSG6Z3A7YIF9w7HqtWq6VyG9StJ0FCrBCc5D/6PkxS0MeIZNU627RSbA/pQoFk3yW66WaJ5SN6ZBPFyvOyIWRfBLEyrwIyUJdy9FQ60nomWRIcaR/enPxL6+bYlDrT0WUpMgjthwUpJJgTOZ9iS8UZygnhlCmhNmQsBFVlKG5Ss5U/+5H/ietkl2s2PW7SqFxtTpCFs7gHC6hCFVowA00wQUGAp7gFd4s33q0nq2XZTRjrf6cwhqs9y9sdIo1</latexit>

no χSB

free

magnetic

IR

fixed point

IR free

IR free

χSB

IR

fixed point

m=0

???

χSB

IR

fixed point

Banks-Saks

fixed point

χSB



3Nc/2 < Nf < 3Nc
theories flow to IR fixed point

d=3R/2


NSVZ exact beta function vanishes

loop-level AMSB power suppressed


IR fixed point with “emergent SUSY”=SCFT

ZQ(µ) = ZQ̃(µ) =

✓
µ

µ0

◆(3Nc�Nf )/Nf

ZQ,Q̃(µ
0),

ZM (µ) =

✓
µ

µ0

◆(6Nc�4Nf )/Nf

ZM (µ0),

Zq(µ) = Zq̃(µ) =

✓
µ

µ0

◆(2Nf�3Nc)/Nf

Zq,q̃(µ
0)

<latexit sha1_base64="dGbJp4MG5AIlR2sUuVMXD/SLBVw="></latexit>

m�(µ) = �m�0
⇤
g2(µ0)� g2⇤
2g2(µ)

✓
µ

µ0

◆�0
⇤

<latexit sha1_base64="5gv2l2SqSgw+EFq23J04uoTWrSs="></latexit>

� = �0
⇤(g

2 � g2⇤)

<latexit sha1_base64="eXdPdcrrVdq4Ob6wCsZigJbDROM=">AAAB+3icdVDLSgMxFM3UV62vUZe6CBaxFhxmxkLbhVB047KCtYU+hkyamYZmHiQZoZRu/BU3Im4U/Ad/wb8xndZFfRwIOZxzQu49bsyokKb5qWWWlldW17LruY3Nre0dfXfvTkQJx6SBIxbxlosEYTQkDUklI62YExS4jDTd4dXUb94TLmgU3spRTLoB8kPqUYykkhz9sOMSieAFTO8TpwgLfs8+851izz519LxpVCvl84oNfxPLMFPkwRx1R//o9COcBCSUmCEh2pYZy+4YcUkxI5NcJxEkRniIfDJOZ5/AYyX1oRdxdUIJU3UhhwIhRoGrkgGSA/HTm4p/ee1EepXumIZxIkmIZx95CYMygtMiYJ9ygiUbKYIwp2pCiAeIIyxVXTm1+vd+8H9yZxtWyajelPK1y3kJWXAAjkABWKAMauAa1EEDYPAAnsAreNMm2qP2rL3Mohlt/mYfLEB7/wK5m5Ib</latexit>



3Nc/2 < Nf < 3Nc (revised)
loop-level AMSB power suppressed


IR fixed point with “emergent SUSY”=SCFT

if SUSY breaking operators are irrelevant


I don’t know how to compute         
non-perturbatively

based on Banks-Zaks fixed point analysis in 
the large Nc limit, it appears


1.5Nc<Nf<1.62Nc: chiral symmetry breaking

1.62Nc<Nf<1.65Nc: SCFT

1.65Nc<Nf<3Nc: CFT

�0(g⇤)

<latexit sha1_base64="s+hDqHBipYk35+REoxntpgWZAYI=">AAAB6HicdVDJSgNBFHzjGuMW9eilMYjRwzAjCUluQS8eI5gFkhB6Oj1Jm57pofuNEEL+wYuIFwW/xl/wb5wsHuJS0FBUVfNePS+SwqDjfForq2vrG5uprfT2zu7efubgsG5UrBmvMSWVbnrUcClCXkOBkjcjzWngSd7whtdTv/HAtREqvMNRxDsB7YfCF4xiIrXaHkd6lut3L867maxjl0ulYqFAfhPXdmbIwgLVbuaj3VMsDniITFJjWq4TYWdMNQom+STdjg2PKBvSPh/PFp2Q00TqEV/p5IVIZupSjgbGjAIvSQYUB+anNxX/8lox+qXOWIRRjDxk80F+LAkqMm1NekJzhnKUEMq0SDYkbEA1ZZjcJp1U/+5H/if1S9vN2+XbfLZytThCCo7hBHLgQhEqcANVqAEDBU/wCm/WvfVoPVsv8+iKtfhzBEuw3r8AX7uMfQ==</latexit>

m�(µ) = �m�0
⇤
g2(µ0)� g2⇤
2g2(µ)

✓
µ

µ0

◆�0
⇤

<latexit sha1_base64="5gv2l2SqSgw+EFq23J04uoTWrSs="></latexit>

� = �0
⇤(g

2 � g2⇤)

<latexit sha1_base64="eXdPdcrrVdq4Ob6wCsZigJbDROM=">AAAB+3icdVDLSgMxFM3UV62vUZe6CBaxFhxmxkLbhVB047KCtYU+hkyamYZmHiQZoZRu/BU3Im4U/Ad/wb8xndZFfRwIOZxzQu49bsyokKb5qWWWlldW17LruY3Nre0dfXfvTkQJx6SBIxbxlosEYTQkDUklI62YExS4jDTd4dXUb94TLmgU3spRTLoB8kPqUYykkhz9sOMSieAFTO8TpwgLfs8+851izz519LxpVCvl84oNfxPLMFPkwRx1R//o9COcBCSUmCEh2pYZy+4YcUkxI5NcJxEkRniIfDJOZ5/AYyX1oRdxdUIJU3UhhwIhRoGrkgGSA/HTm4p/ee1EepXumIZxIkmIZx95CYMygtMiYJ9ygiUbKYIwp2pCiAeIIyxVXTm1+vd+8H9yZxtWyajelPK1y3kJWXAAjkABWKAMauAa1EEDYPAAnsAreNMm2qP2rL3Mohlt/mYfLEB7/wK5m5Ib</latexit>

m�(µ)

µ
! 0

<latexit sha1_base64="U/Vta05MHcmb+JcZOjST6b2DQoE=">AAACB3icdVDLSgMxFM34rPU16tJNsAh1M8xIS9td0Y3LCvYBnTJkMpk2NDMZkoxShvkAN/6KGxE3Cu78Bf/G9OGiPi4kHM45l+QcP2FUKtv+NFZW19Y3Ngtbxe2d3b198+CwI3kqMGljzrjo+UgSRmPSVlQx0ksEQZHPSNcfX0717i0RkvL4Rk0SMojQMKYhxUhpyjPLbigQziLPZXopQGU3Ss/yTN85dAUdjhQSgt9B2zNLttWo12vVKvwNHMueTQkspuWZH27AcRqRWGGGpOw7dqIGGRKKYkbyoptKkiA8RkOSzXLk8FRTAQy50CdWcMYu+VAk5STytTNCaiR/alPyL62fqrA+yGicpIrEeP5QmDKoOJyWAgMqCFZsogHCguofQjxCuhilqyvq6N/54P+gc245FatxXSk1LxYlFMAxOAFl4IAaaIIr0AJtgMEDeAKv4M24Nx6NZ+Nlbl0xFjtHYGmM9y/Oe5nD</latexit>

m2
Q(µ)

µ2
! 0

<latexit sha1_base64="E6u6iH1dw0GzVSFamg0/4LzZnlw=">AAACBXicdVBJSwMxGM3UrdZt1KOXYFHqZZgpLW1vRS8eW7ALdNohk2ba0MxCklHKMGcv/hUvIl4UvPoX/Demi4e6fJDweO99JO+5EaNCmuanlllb39jcym7ndnb39g/0w6O2CGOOSQuHLORdFwnCaEBakkpGuhEnyHcZ6biTq5neuSVc0DC4kdOI9H00CqhHMZKKcvRz2+MIJ/6g6DQLth9fpIm6B8UU2pyOxhJxHt5B09HzplGrVivlMvwNLMOcTx4sp+HoH/YwxLFPAokZEqJnmZHsJ4hLihlJc3YsSITwBI1IMk+RwjNFDaEXcnUCCefsig/5Qkx9Vzl9JMfipzYj/9J6sfSq/YQGUSxJgBcPeTGDMoSzSuCQcoIlmyqAMKfqhxCPkapFquJyKvp3Pvg/aBcNq2TUmqV8/XJZQhacgFNQABaogDq4Bg3QAhg8gCfwCt60e+1Re9ZeFtaMttw5BiujvX8Bb0aYYw==</latexit>

HM + Bea Noether

Digvijay Roy Varier


in preparation

Friedland, de Gouvêa, HM

hep-th/9810020



Nf

Λ

Nf

m=∞

11

2
Nc

<latexit sha1_base64="9eRUVYkfzFv+1rAqHSJJHwSm4qw=">AAAB73icdVDJSgNBFHwTtxi3UY9eGoPgaZiJgSS3oBdPEsEskIShp9OTNOlZ0t0TCMN8hxcRLwr+ib/g39hZPMSloKGoqua9el7MmVS2/WnkNja3tnfyu4W9/YPDI/P4pCWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3vhm7renVEgWhQ9qFtN+gIch8xnBSkuuafZ8gUnqOFlaytCdS1yzaFu1auWqWkK/iWPZCxRhhYZrfvQGEUkCGirCsZRdx45VP8VCMcJpVuglksaYjPGQpot9M3ShpQHyI6FfqNBCXcvhQMpZ4OlkgNVI/vTm4l9eN1F+tZ+yME4UDclykJ9wpCI0L48GTFCi+EwTTATTGyIywvoASp+ooKt/90P/k1bJcspW7b5crF+vjpCHMziHS3CgAnW4hQY0gcAUnuAV3oyJ8Wg8Gy/LaM5Y/TmFNRjvX/eFjx0=</latexit>

m≠0

3Nc

<latexit sha1_base64="GASKdCkhMGX8J+w86wnzcRo8VxY=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNEwWSHILevEkEZwkkITQ09OTNOlZ6H4jhJAf8CLiRcEP8hf8GzuLh7gUNBRV1bxXz0uk0Og4n1ZmY3Nreye7m9vbPzg8yh+ftHScKsZdFstYdTyquRQRd1Gg5J1EcRp6kre98fXcbz9wpUUc3eMk4f2QDiMRCEbRSG6Z3A7YIF9w7HqtWq6VyG9StJ0FCrBCc5D/6PkxS0MeIZNU627RSbA/pQoFk3yW66WaJ5SN6ZBPFyvOyIWRfBLEyrwIyUJdy9FQ60nomWRIcaR/enPxL6+bYlDrT0WUpMgjthwUpJJgTOZ9iS8UZygnhlCmhNmQsBFVlKG5Ss5U/+5H/ietkl2s2PW7SqFxtTpCFs7gHC6hCFVowA00wQUGAp7gFd4s33q0nq2XZTRjrf6cwhqs9y9sdIo1</latexit>

3

2
Nc

<latexit sha1_base64="AzWtAS/fuc7AwtLGxtuXaLUI0Aw=">AAAB7nicdVDJSgNBFHwTtxiXjHr00hgET8NMEkhyC3rxJBHMAkkYejo9SZOehe6eQBjmN7yIeFHwU/wF/8bO4iEuBQ1FVTXv1fNizqSy7U8jt7W9s7uX3y8cHB4dF82T046MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetObhd+dUSFZFD6oeUyHAR6HzGcEKy25ZnHgC0zSSpaWM3TnEtcs2VajXqvUy+g3cSx7iRKs0XLNj8EoIklAQ0U4lrLv2LEaplgoRjjNCoNE0hiTKR7TdLluhi61NEJ+JPQLFVqqGzkcSDkPPJ0MsJrIn95C/MvrJ8qvD1MWxomiIVkN8hOOVIQW3dGICUoUn2uCiWB6Q0QmWPdX+kIFXf27H/qfdMqWU7Ua99VS83p9hDycwwVcgQM1aMIttKANBBJ4gld4M2Lj0Xg2XlbRnLH+cwYbMN6/AIjujuQ=</latexit>

0

<latexit sha1_base64="NncQKsWrgtXRUb+4g0NXt8tTywk=">AAAB3nicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBePCZgFkhB7Oj1Jk56F7jdCCLl6EfGi4Cf5C/6NncVDXAoaiqpq3qvnJ1JodJxPK7OxubW9k93N7e0fHB7lj0+aOk4V4w0Wy1i1faq5FBFvoEDJ24niNPQlb/njm7nfeuBKizi6w0nCeyEdRiIQjKKR6k4/X3Dsile+8orkN3FtZ4ECrFDr5z+6g5ilIY+QSap1x3US7E2pQsEkn+W6qeYJZWM65NPFejNyYaQBCWJlXoRkoa7laKj1JPRNMqQ40j+9ufiX10kx8HpTESUp8ogtBwWpJBiTeVcyEIozlBNDKFPCbEjYiCrK0FwkZ6p/9yP/k2bRdkt2pV4qVK9XR8jCGZzDJbhQhircQg0awIDDE7zCm3VvPVrP1ssymrFWf05hDdb7FxFtiNo=</latexit>

0

<latexit sha1_base64="NncQKsWrgtXRUb+4g0NXt8tTywk=">AAAB3nicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBePCZgFkhB7Oj1Jk56F7jdCCLl6EfGi4Cf5C/6NncVDXAoaiqpq3qvnJ1JodJxPK7OxubW9k93N7e0fHB7lj0+aOk4V4w0Wy1i1faq5FBFvoEDJ24niNPQlb/njm7nfeuBKizi6w0nCeyEdRiIQjKKR6k4/X3Dsile+8orkN3FtZ4ECrFDr5z+6g5ilIY+QSap1x3US7E2pQsEkn+W6qeYJZWM65NPFejNyYaQBCWJlXoRkoa7laKj1JPRNMqQ40j+9ufiX10kx8HpTESUp8ogtBwWpJBiTeVcyEIozlBNDKFPCbEjYiCrK0FwkZ6p/9yP/k2bRdkt2pV4qVK9XR8jCGZzDJbhQhircQg0awIDDE7zCm3VvPVrP1ssymrFWf05hDdb7FxFtiNo=</latexit>

run-away

moduli
Nc � 1

<latexit sha1_base64="8upp88UkWFwMThYzPuXseJH4zCc=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHw4jATA0luQS+eJIKTBJIQeno6SZOehe43Qgj5AS8iXhT8IH/Bv7GzeIhLQUNRVc179fxECo2O82ll1tY3Nrey27md3b39g/zhUUPHqWLcY7GMVcunmksRcQ8FSt5KFKehL3nTH13P/OYDV1rE0T2OE94N6SASfcEoGsm77bELt5cvOHa1Ur6sFMlv4trOHAVYot7Lf3SCmKUhj5BJqnXbdRLsTqhCwSSf5jqp5gllIzrgk/mKU3JmpID0Y2VehGSuruRoqPU49E0ypDjUP72Z+JfXTrFf6U5ElKTII7YY1E8lwZjM+pJAKM5Qjg2hTAmzIWFDqihDc5Wcqf7dj/xPGkXbLdnVu1KhdrU8QhZO4BTOwYUy1OAG6uABAwFP8ApvVmA9Ws/WyyKasZZ/jmEF1vsXfdOKQA==</latexit>

Nc

<latexit sha1_base64="eVcRIpvi+2rD0sPnTXXN2qoiKgM=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBdPEtEskITQ0+lJmvQsdL8RQsjdi4gXBb/IX/Bv7Cwe4lLQUFRV8149P5FCo+N8Wpm19Y3Nrex2bmd3b/8gf3jU0HGqGK+zWMaq5VPNpYh4HQVK3koUp6EvedMfXc385gNXWsTRPY4T3g3pIBKBYBSNdHfTY718wbErXvnCK5LfxLWdOQqwRK2X/+j0Y5aGPEImqdZt10mwO6EKBZN8muukmieUjeiAT+YLTsmZkfokiJV5EZK5upKjodbj0DfJkOJQ//Rm4l9eO8XA605ElKTII7YYFKSSYExmbUlfKM5Qjg2hTAmzIWFDqihDc5Ocqf7dj/xPGkXbLdmV21Kherk8QhZO4BTOwYUyVOEaalAHBgN4gld4s3zr0Xq2XhbRjLX8cwwrsN6/AKbtic4=</latexit>

Nc + 1

<latexit sha1_base64="/INnkk3ze8qGiqb/z+NGE2sgwe4=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUEQhGEmBpLcgl48SQQnCSQh9PR0kiY9C91vhBDyA15EvCj4Qf6Cf2Nn8RCXgoaiqpr36vmJFBod59PKrK1vbG5lt3M7u3v7B/nDo4aOU8W4x2IZq5ZPNZci4h4KlLyVKE5DX/KmP7qe+c0HrrSIo3scJ7wb0kEk+oJRNJJ322MXbi9fcOxqpXxZKZLfxLWdOQqwRL2X/+gEMUtDHiGTVOu26yTYnVCFgkk+zXVSzRPKRnTAJ/MVp+TMSAHpx8q8CMlcXcnRUOtx6JtkSHGof3oz8S+vnWK/0p2IKEmRR2wxqJ9KgjGZ9SWBUJyhHBtCmRJmQ8KGVFGG5io5U/27H/mfNIq2W7Krd6VC7Wp5hCycwCmcgwtlqMEN1MEDBgKe4BXerMB6tJ6tl0U0Yy3/HMMKrPcvet2KPg==</latexit>

Nc + 2

<latexit sha1_base64="wM6vbeVn/4i4urz2pzD8YvJCedM=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUEQhGEmBpLcgl48SQQnCSQh9HR6kiY9C91vhBDyA15EvCj4Qf6Cf2Nn8RCXgoaiqpr36vmJFBod59PKrK1vbG5lt3M7u3v7B/nDo4aOU8W4x2IZq5ZPNZci4h4KlLyVKE5DX/KmP7qe+c0HrrSIo3scJ7wb0kEkAsEoGsm77bGLYi9fcOxqpXxZKZLfxLWdOQqwRL2X/+j0Y5aGPEImqdZt10mwO6EKBZN8muukmieUjeiAT+YrTsmZkfokiJV5EZK5upKjodbj0DfJkOJQ//Rm4l9eO8Wg0p2IKEmRR2wxKEglwZjM+pK+UJyhHBtCmRJmQ8KGVFGG5io5U/27H/mfNIq2W7Krd6VC7Wp5hCycwCmcgwtlqMEN1MEDBgKe4BXerL71aD1bL4toxlr+OYYVWO9ffFeKPw==</latexit>

3

2
Nc

<latexit sha1_base64="AzWtAS/fuc7AwtLGxtuXaLUI0Aw=">AAAB7nicdVDJSgNBFHwTtxiXjHr00hgET8NMEkhyC3rxJBHMAkkYejo9SZOehe6eQBjmN7yIeFHwU/wF/8bO4iEuBQ1FVTXv1fNizqSy7U8jt7W9s7uX3y8cHB4dF82T046MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetObhd+dUSFZFD6oeUyHAR6HzGcEKy25ZnHgC0zSSpaWM3TnEtcs2VajXqvUy+g3cSx7iRKs0XLNj8EoIklAQ0U4lrLv2LEaplgoRjjNCoNE0hiTKR7TdLluhi61NEJ+JPQLFVqqGzkcSDkPPJ0MsJrIn95C/MvrJ8qvD1MWxomiIVkN8hOOVIQW3dGICUoUn2uCiWB6Q0QmWPdX+kIFXf27H/qfdMqWU7Ua99VS83p9hDycwwVcgQM1aMIttKANBBJ4gld4M2Lj0Xg2XlbRnLH+cwYbMN6/AIjujuQ=</latexit>

3Nc

<latexit sha1_base64="GASKdCkhMGX8J+w86wnzcRo8VxY=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNEwWSHILevEkEZwkkITQ09OTNOlZ6H4jhJAf8CLiRcEP8hf8GzuLh7gUNBRV1bxXz0uk0Og4n1ZmY3Nreye7m9vbPzg8yh+ftHScKsZdFstYdTyquRQRd1Gg5J1EcRp6kre98fXcbz9wpUUc3eMk4f2QDiMRCEbRSG6Z3A7YIF9w7HqtWq6VyG9StJ0FCrBCc5D/6PkxS0MeIZNU627RSbA/pQoFk3yW66WaJ5SN6ZBPFyvOyIWRfBLEyrwIyUJdy9FQ60nomWRIcaR/enPxL6+bYlDrT0WUpMgjthwUpJJgTOZ9iS8UZygnhlCmhNmQsBFVlKG5Ss5U/+5H/ietkl2s2PW7SqFxtTpCFs7gHC6hCFVowA00wQUGAp7gFd4s33q0nq2XZTRjrf6cwhqs9y9sdIo1</latexit>

no χSB

free

magnetic

IR

fixed point

IR free

IR free

χSB

IR

fixed point

m=0

???

χSB

IR

fixed point

Banks-Saks

fixed point

χSB



phase transition?

one may worry about phase 
transition when m≈Λ

but they are both 
holomorphic quantities

can’t compare |m| and |Λ|

On the complex plane of m, 
Λ are isolated points

no phase transition, 
continuously connected

“holomorphy argument”

m =
W

M2
Pl

, ⇤b0 = µ exp�
✓
8⇡2

g2
+ i#

◆

<latexit sha1_base64="WYLOO0xR8iF2Xs7XwzI/P+WMGW4="></latexit>

m



confinement and χSB
Csáki, Gomes, HM, Telem, 2106.10288 + more



confinement vs screening

We’ve derived χSB in SU(Nc) QCD

it has no confinement

massless quarks in the fundamental rep 
can screen any color charges

Wilson loop is perimeter law


SO(Nc) QCD with quarks in vector rep

cannot screen Z2 center (e.g. spinor rep)

rigorous definition of confinement

can we see an interplay with χSB?



Nf Nf

m=∞

11

2
Nc

<latexit sha1_base64="9eRUVYkfzFv+1rAqHSJJHwSm4qw=">AAAB73icdVDJSgNBFHwTtxi3UY9eGoPgaZiJgSS3oBdPEsEskIShp9OTNOlZ0t0TCMN8hxcRLwr+ib/g39hZPMSloKGoqua9el7MmVS2/WnkNja3tnfyu4W9/YPDI/P4pCWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3vhm7renVEgWhQ9qFtN+gIch8xnBSkuuafZ8gUnqOFlaytCdS1yzaFu1auWqWkK/iWPZCxRhhYZrfvQGEUkCGirCsZRdx45VP8VCMcJpVuglksaYjPGQpot9M3ShpQHyI6FfqNBCXcvhQMpZ4OlkgNVI/vTm4l9eN1F+tZ+yME4UDclykJ9wpCI0L48GTFCi+EwTTATTGyIywvoASp+ooKt/90P/k1bJcspW7b5crF+vjpCHMziHS3CgAnW4hQY0gcAUnuAV3oyJ8Wg8Gy/LaM5Y/TmFNRjvX/eFjx0=</latexit>

m≠0

3(Nc � 2)

<latexit sha1_base64="RJoRx808aktUF2/+Xb8OdXKk4hY=">AAAB5XicdVDJSgNBFHzjGuMW9eilMQjx4DCTBJLcgl48SQSzQBJCT6cnadKz0P1GCCGf4EXEi4K/4y/4N3YWD3EpaCiqqnmvnhdLodFxPq219Y3Nre3UTnp3b//gMHN03NBRohivs0hGquVRzaUIeR0FSt6KFaeBJ3nTG13P/OYDV1pE4T2OY94N6CAUvmAUjdQq5G577DJ/0ctkHbtSLhXKefKbuLYzRxaWqPUyH51+xJKAh8gk1brtOjF2J1ShYJJP051E85iyER3wyXzLKTk3Up/4kTIvRDJXV3I00HoceCYZUBzqn95M/MtrJ+iXuxMRxgnykC0G+YkkGJFZZdIXijOUY0MoU8JsSNiQKsrQHCZtqn/3I/+TRt52i3blrpitXi2PkIJTOIMcuFCCKtxADerAQMITvMKbNbAerWfrZRFds5Z/TmAF1vsXtLSK4w==</latexit>

0

<latexit sha1_base64="NncQKsWrgtXRUb+4g0NXt8tTywk=">AAAB3nicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBePCZgFkhB7Oj1Jk56F7jdCCLl6EfGi4Cf5C/6NncVDXAoaiqpq3qvnJ1JodJxPK7OxubW9k93N7e0fHB7lj0+aOk4V4w0Wy1i1faq5FBFvoEDJ24niNPQlb/njm7nfeuBKizi6w0nCeyEdRiIQjKKR6k4/X3Dsile+8orkN3FtZ4ECrFDr5z+6g5ilIY+QSap1x3US7E2pQsEkn+W6qeYJZWM65NPFejNyYaQBCWJlXoRkoa7laKj1JPRNMqQ40j+9ufiX10kx8HpTESUp8ogtBwWpJBiTeVcyEIozlBNDKFPCbEjYiCrK0FwkZ6p/9yP/k2bRdkt2pV4qVK9XR8jCGZzDJbhQhircQg0awIDDE7zCm3VvPVrP1ssymrFWf05hDdb7FxFtiNo=</latexit>

0

<latexit sha1_base64="NncQKsWrgtXRUb+4g0NXt8tTywk=">AAAB3nicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBePCZgFkhB7Oj1Jk56F7jdCCLl6EfGi4Cf5C/6NncVDXAoaiqpq3qvnJ1JodJxPK7OxubW9k93N7e0fHB7lj0+aOk4V4w0Wy1i1faq5FBFvoEDJ24niNPQlb/njm7nfeuBKizi6w0nCeyEdRiIQjKKR6k4/X3Dsile+8orkN3FtZ4ECrFDr5z+6g5ilIY+QSap1x3US7E2pQsEkn+W6qeYJZWM65NPFejNyYaQBCWJlXoRkoa7laKj1JPRNMqQ40j+9ufiX10kx8HpTESUp8ogtBwWpJBiTeVcyEIozlBNDKFPCbEjYiCrK0FwkZ6p/9yP/k2bRdkt2pV4qVK9XR8jCGZzDJbhQhircQg0awIDDE7zCm3VvPVrP1ssymrFWf05hDdb7FxFtiNo=</latexit>

run-away

Coulomb
Nc � 3

<latexit sha1_base64="akIFPLh+J1mk9yEigGVMYHJGqEI=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHw4jCTBJLcgl48SQQnCSQh9HR6kiY9C91vhBDyA15EvCj4Qf6Cf2Nn8eBW0FBUVfNePT+RQqPjfFiZtfWNza3sdm5nd2//IH941NRxqhj3WCxj1fap5lJE3EOBkrcTxWnoS97yx1dzv3XPlRZxdIeThPdCOoxEIBhFI3k3fXZR6ucLjl2rVkrVIvlNXNtZoAArNPr59+4gZmnII2SSat1xnQR7U6pQMMlnuW6qeULZmA75dLHijJwZaUCCWJkXIVmo33I01HoS+iYZUhzpn95c/MvrpBhUe1MRJSnyiC0HBakkGJN5XzIQijOUE0MoU8JsSNiIKsrQXCVnqn/1I/+TZtF2y3bttlyoX66OkIUTOIVzcKECdbiGBnjAQMAjvMCrNbAerCfreRnNWKs/x/AN1tsngMeKQg==</latexit>

Nc � 2

<latexit sha1_base64="k0gNcqWcohMn3lGPeeNN+5DC97o=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHw4jATA0luQS+eJIKTBJIQejo9SZOehe43Qgj5AS8iXhT8IH/Bv7GzeIhLQUNRVc179fxECo2O82ll1tY3Nrey27md3b39g/zhUUPHqWLcY7GMVcunmksRcQ8FSt5KFKehL3nTH13P/OYDV1rE0T2OE94N6SASgWAUjeTd9thFsZcvOHa1Ur6sFMlv4trOHAVYot7Lf3T6MUtDHiGTVOu26yTYnVCFgkk+zXVSzRPKRnTAJ/MVp+TMSH0SxMq8CMlcXcnRUOtx6JtkSHGof3oz8S+vnWJQ6U5ElKTII7YYFKSSYExmfUlfKM5Qjg2hTAmzIWFDqihDc5Wcqf7dj/xPGkXbLdnVu1KhdrU8QhZO4BTOwYUy1OAG6uABAwFP8ApvVt96tJ6tl0U0Yy3/HMMKrPcvf02KQQ==</latexit>

Nc � 1

<latexit sha1_base64="8upp88UkWFwMThYzPuXseJH4zCc=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHw4jATA0luQS+eJIKTBJIQeno6SZOehe43Qgj5AS8iXhT8IH/Bv7GzeIhLQUNRVc179fxECo2O82ll1tY3Nrey27md3b39g/zhUUPHqWLcY7GMVcunmksRcQ8FSt5KFKehL3nTH13P/OYDV1rE0T2OE94N6SASfcEoGsm77bELt5cvOHa1Ur6sFMlv4trOHAVYot7Lf3SCmKUhj5BJqnXbdRLsTqhCwSSf5jqp5gllIzrgk/mKU3JmpID0Y2VehGSuruRoqPU49E0ypDjUP72Z+JfXTrFf6U5ElKTII7YY1E8lwZjM+pJAKM5Qjg2hTAmzIWFDqihDc5Wcqf7dj/xPGkXbLdnVu1KhdrU8QhZO4BTOwYUy1OAG6uABAwFP8ApvVmA9Ws/WyyKasZZ/jmEF1vsXfdOKQA==</latexit>

3

2
(Nc � 2)

<latexit sha1_base64="ZpgJeABX7j1+LLTSvufmXrRwrUE=">AAAB8XicdVDJSgNBFHzjGuM2xqOXxiDEg8NkEkhyC3rxJBHMAkkYejo9SZOehe4eMQz5EC8iXhT8EX/Bv7GzeIhLQUNRVc179byYM6ls+9NYW9/Y3NrO7GR39/YPDs2jXEtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vfHVzG/fUyFZFN6pSUz7AR6GzGcEKy25Zq7nC0zS0jR1poUbl1w4566Zt61atVKqOug3KVr2HHlYouGaH71BRJKAhopwLGW3aMeqn2KhGOF0mu0lksaYjPGQpvONp+hMSwPkR0K/UKG5upLDgZSTwNPJAKuR/OnNxL+8bqL8aj9lYZwoGpLFID/hSEVoVh8NmKBE8YkmmAimN0RkhPUJlD5SVlf/7of+Jy3HKpat2m05X79cHiEDJ3AKBShCBepwDQ1oAoEHeIJXeDOk8Wg8Gy+L6Jqx/HMMKzDevwDeFY+S</latexit>

3(Nc � 2)

<latexit sha1_base64="RJoRx808aktUF2/+Xb8OdXKk4hY=">AAAB5XicdVDJSgNBFHzjGuMW9eilMQjx4DCTBJLcgl48SQSzQBJCT6cnadKz0P1GCCGf4EXEi4K/4y/4N3YWD3EpaCiqqnmvnhdLodFxPq219Y3Nre3UTnp3b//gMHN03NBRohivs0hGquVRzaUIeR0FSt6KFaeBJ3nTG13P/OYDV1pE4T2OY94N6CAUvmAUjdQq5G577DJ/0ctkHbtSLhXKefKbuLYzRxaWqPUyH51+xJKAh8gk1brtOjF2J1ShYJJP051E85iyER3wyXzLKTk3Up/4kTIvRDJXV3I00HoceCYZUBzqn95M/MtrJ+iXuxMRxgnykC0G+YkkGJFZZdIXijOUY0MoU8JsSNiQKsrQHCZtqn/3I/+TRt52i3blrpitXi2PkIJTOIMcuFCCKtxADerAQMITvMKbNbAerWfrZRFds5Z/TmAF1vsXtLSK4w==</latexit>

no χSB

free

magnetic

IR

fixed point

IR free

IR free

χSB

m=0

???

χSB

Banks-Saks

fixed point

χSB
Nc � 4

<latexit sha1_base64="DFNeu8/kC0IZuPKNlZPkOXTb844=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHw4jATA0luQS+eJIKTBJIQejo9SZOehe43Qgj5AS8iXhT8IH/Bv7GzeIhLQUNRVc179fxECo2O82ll1tY3Nrey27md3b39g/zhUUPHqWLcY7GMVcunmksRcQ8FSt5KFKehL3nTH13P/OYDV1rE0T2OE94N6SASgWAUjeTd9thFqZcvOHa1Ur6sFMlv4trOHAVYot7Lf3T6MUtDHiGTVOu26yTYnVCFgkk+zXVSzRPKRnTAJ/MVp+TMSH0SxMq8CMlcXcnRUOtx6JtkSHGof3oz8S+vnWJQ6U5ElKTII7YYFKSSYExmfUlfKM5Qjg2hTAmzIWFDqihDc5Wcqf7dj/xPGkXbLdnVu1KhdrU8QhZO4BTOwYUy1OAG6uABAwFP8ApvVt96tJ6tl0U0Yy3/HMMKrPcvgkGKQw==</latexit>

Nc � 5

<latexit sha1_base64="B/czTNxr3kfyDVfenEx77n26UeM=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHw4jCJkSS3oBdPEsGJgSSEnp6epEnPQvcbIYT8gBcRLwp+kL/g39hZPMSloKGoqua9el4ihUbH+bQyK6tr6xvZzdzW9s7uXn7/oKnjVDHusljGquVRzaWIuIsCJW8litPQk/zeG15N/fsHrrSIozscJbwb0n4kAsEoGsm96bGzi16+4Ni1auW8WiK/SdF2ZijAAo1e/qPjxywNeYRMUq3bRSfB7pgqFEzySa6Tap5QNqR9Pp6tOCEnRvJJECvzIiQzdSlHQ61HoWeSIcWB/ulNxb+8dopBtTsWUZIij9h8UJBKgjGZ9iW+UJyhHBlCmRJmQ8IGVFGG5io5U/27H/mfNEt2sWzXbsuF+uXiCFk4gmM4hSJUoA7X0AAXGAh4gld4s3zr0Xq2XubRjLX4cwhLsN6/AIO7ikQ=</latexit>

Nc

<latexit sha1_base64="eVcRIpvi+2rD0sPnTXXN2qoiKgM=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBdPEtEskITQ0+lJmvQsdL8RQsjdi4gXBb/IX/Bv7Cwe4lLQUFRV8149P5FCo+N8Wpm19Y3Nrex2bmd3b/8gf3jU0HGqGK+zWMaq5VPNpYh4HQVK3koUp6EvedMfXc385gNXWsTRPY4T3g3pIBKBYBSNdHfTY718wbErXvnCK5LfxLWdOQqwRK2X/+j0Y5aGPEImqdZt10mwO6EKBZN8muukmieUjeiAT+YLTsmZkfokiJV5EZK5upKjodbj0DfJkOJQ//Rm4l9eO8XA605ElKTII7YYFKSSYExmbUlfKM5Qjg2hTAmzIWFDqihDc5Ocqf7dj/xPGkXbLdmV21Kherk8QhZO4BTOwYUyVOEaalAHBgN4gld4s3zr0Xq2XhbRjLX8cwwrsN6/AKbtic4=</latexit>

2 branches
2 branches

3

2
(Nc � 2)

<latexit sha1_base64="ZpgJeABX7j1+LLTSvufmXrRwrUE=">AAAB8XicdVDJSgNBFHzjGuM2xqOXxiDEg8NkEkhyC3rxJBHMAkkYejo9SZOehe4eMQz5EC8iXhT8EX/Bv7GzeIhLQUNRVc179byYM6ls+9NYW9/Y3NrO7GR39/YPDs2jXEtGiSC0SSIeiY6HJeUspE3FFKedWFAceJy2vfHVzG/fUyFZFN6pSUz7AR6GzGcEKy25Zq7nC0zS0jR1poUbl1w4566Zt61atVKqOug3KVr2HHlYouGaH71BRJKAhopwLGW3aMeqn2KhGOF0mu0lksaYjPGQpvONp+hMSwPkR0K/UKG5upLDgZSTwNPJAKuR/OnNxL+8bqL8aj9lYZwoGpLFID/hSEVoVh8NmKBE8YkmmAimN0RkhPUJlD5SVlf/7of+Jy3HKpat2m05X79cHiEDJ3AKBShCBepwDQ1oAoEHeIJXeDOk8Wg8Gy+L6Jqx/HMMKzDevwDeFY+S</latexit>

Λ

IR

fixed point

IR

fixed point



Nf = Nc-2
for Mij=QiQj≠0 with 
rank M=Nf, SO(Nc) is 
broken to SO(2)

Coulomb branch

two singularities




dyons: 




monopoles: 




both monopoles and 
meson condense!

u = detM = 0

<latexit sha1_base64="wZbr0I91RMX3qnUQbnqHue9+Txs=">AAAB63icdVDLSgMxFL1TX7W+qi7dBIvgapiphbaLQtGNG6GCfUBbSyaTaUOTmSHJCGXoV7gRcaPgv/gL/o3pw0V9HAgczjnh3nO9mDOlHefTyqytb2xuZbdzO7t7+wf5w6OWihJJaJNEPJIdDyvKWUibmmlOO7GkWHictr3x1cxvP1CpWBTe6UlM+wIPQxYwgrWR7pNa2pMC+VRPb2rOIF9w7GqlfFEpot/EtZ05CrBEY5D/6PkRSQQNNeFYqa7rxLqfYqkZ4XSa6yWKxpiM8ZCm812n6MxIPgoiaV6o0VxdyWGh1ER4JimwHqmf3kz8y+smOqj0UxbGiaYhWQwKEo50hGbFkc8kJZpPDMFEMrMhIiMsMdHmPDlT/bsf+p+0irZbsqu3pUL9cnmELJzAKZyDC2WowzU0oAkEJDzBK7xZwnq0nq2XRTRjLf8cwwqs9y8pQY4o</latexit>

q±i

<latexit sha1_base64="ziROZcHS7AqW1eC4qjcbXTtJ8Dc=">AAAB5HicdVDJTgJBFHyDG+KGevTSkZh4mswgCXAjevGIiSwJIOlpeqBDz2L3GxNC+AMvxnjRxO/xF/wbewAPuFTSSaWqOu/V82IpNDrOp5VZW9/Y3Mpu53Z29/YP8odHTR0livEGi2Sk2h7VXIqQN1Cg5O1YcRp4kre88VXqtx640iIKb3ES815Ah6HwBaNopNZ9X9x146CfLzh2tVK+qBTJb+LazhwFWKLez390BxFLAh4ik1TrjuvE2JtShYJJPst1E81jysZ0yKfzJWfkzEgD4kfKvBDJXF3J0UDrSeCZZEBxpH96qfiX10nQr/SmIowT5CFbDPITSTAiaWMyEIozlBNDKFPCbEjYiCrK0NwlZ6p/9yP/k2bRdkt29aZUqF0uj5CFEziFc3ChDDW4hjo0gMEYnuAV3izferSerZdFNGMt/xzDCqz3L9eKi7Y=</latexit>
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Nf < Nc-2

add mass mq to some of the quarks

can show monopole VEVs persist mq➝∞

demonstration of confinement and chiral 
symmetry breaking for all Nf ≤ Nc-2

1.2 1.4 1.6 1.8 2.0 2.2 2.4

0.06

0.08

0.10

0.12

0.14

0.16

0.18

0.1

0.15

0.2
0.25
0.3
0.35
0.4

Nc=13, NF=Nc–2
mass for last flavor

µ=0

µ=m

E
/Λ

Mi/Λ

µ=50Λ



Chiral SU(Nc)

with A + (Nc-4) F*

Csáki, HM, Telem, 2104.10171



conjectures
A + (Nc-4)F*: anomaly free chiral gauge th

SU(Nc-4) x U(1) global symmetry


1. massless composite fermions:           satisfy 
’t Hooft anomaly matching conditions without 
breaking any global symmetries (E. Eichten, R. 
D. Peccei, J. Preskill, and D. Zeppenfeld 
(1986))


2. condensate       breaks SU(Nc)gxSU(Nc-4)xU(1) 
to SU(Nc-4)xU(1)xSU(4)g with massless 
(½Nc(Nc+1),Nc) fermion           (S. Dimopoulos, 
S. Raby, L. Susskind (1980)) “tumbling"

AF̄{i,F̄j}

<latexit sha1_base64="NaF0FBeZx0lCjS0RM3RfCYxC8sU=">AAAB/XicdVDLSgMxFL1TX7W+Rl0KEiyCCxmmtdB2VxXEZQX7gE4ZMmmmjc08SDJCGQY3/oobETcK/oK/4N84fYjUx4HAyTkn5N7jhJxJZZofWmZhcWl5JbuaW1vf2NzSt3eaMogEoQ0S8EC0HSwpZz5tKKY4bYeCYs/htOUMz8d+65YKyQL/Wo1C2vVw32cuI1ilkq3vnyLLwSK+SOzYitlx8n29sZLE1vOmUa2UTypF9JsUDHOCPMxQt/V3qxeQyKO+IhxL2SmYoerGWChGOE1yViRpiMkQ92k8mT5Bh6nUQ24g0uMrNFHnctiTcuQ5adLDaiB/emPxL68TKbfSjZkfRor6ZPqRG3GkAjSuAvWYoETxUUowESydEJEBFpiotLBcuvrXfuh/0iwahZJRvSrla2ezErKwBwdwBAUoQw0uoQ4NIHAPj/ACr9qd9qA9ac/TaEabvdmFOWhvnwcjlXk=</latexit>
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<latexit sha1_base64="To05Hccr2nXfEw6L3E3ho5rED00=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQW2u6qgrisYB/QhjKZTtqhk0mcmQgl5CfciLhR8GP8Bf/G6cNFfRwYOJxzhnvP9WPOlHacT2tldW19YzO3ld/e2d3bLxwctlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj6+mfvuBSsUicacnMfVCPBQsYARrI3kXqOdjmV5n/ZRl/ULRsWvVynm1hH4T13ZmKMICjX7hozeISBJSoQnHSnVdJ9ZeiqVmhNMs30sUjTEZ4yFNZ6tm6NRIAxRE0jyh0UxdyuFQqUnom2SI9Uj99KbiX1430UHVS5mIE00FmQ8KEo50hKa90YBJSjSfGIKJZGZDREZYYqLNdfKm+nc/9D9plWy3bNduy8X65eIIOTiGEzgDFypQhxtoQBMI3MMTvMKbxa1H69l6mUdXrMWfI1iC9f4F6m2OEg==</latexit>
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<latexit sha1_base64="NaF0FBeZx0lCjS0RM3RfCYxC8sU=">AAAB/XicdVDLSgMxFL1TX7W+Rl0KEiyCCxmmtdB2VxXEZQX7gE4ZMmmmjc08SDJCGQY3/oobETcK/oK/4N84fYjUx4HAyTkn5N7jhJxJZZofWmZhcWl5JbuaW1vf2NzSt3eaMogEoQ0S8EC0HSwpZz5tKKY4bYeCYs/htOUMz8d+65YKyQL/Wo1C2vVw32cuI1ilkq3vnyLLwSK+SOzYitlx8n29sZLE1vOmUa2UTypF9JsUDHOCPMxQt/V3qxeQyKO+IhxL2SmYoerGWChGOE1yViRpiMkQ92k8mT5Bh6nUQ24g0uMrNFHnctiTcuQ5adLDaiB/emPxL68TKbfSjZkfRor6ZPqRG3GkAjSuAvWYoETxUUowESydEJEBFpiotLBcuvrXfuh/0iwahZJRvSrla2ezErKwBwdwBAUoQw0uoQ4NIHAPj/ACr9qd9qA9ac/TaEabvdmFOWhvnwcjlXk=</latexit>



SUSY + AMSB, Nc odd

non-perturbative run-away superpotential


SU(Nc-4)xU(1) broken to Sp(Nc-5)xU(1)

massless fermions (Nc-4,Nc)

Pouliot

(1995)
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revised tumbling

 breaks SU(Nc)gxSU(Nc-4)xU(1) to 
SU(4)gxSU(Nc-4)xU(1)


 breaks it further to 
SU(4)gxSp(Nc-5)xU(1)


SU(4)g becomes strong and A(4) and F*(4*) 
condense

AF̄i

<latexit sha1_base64="To05Hccr2nXfEw6L3E3ho5rED00=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQW2u6qgrisYB/QhjKZTtqhk0mcmQgl5CfciLhR8GP8Bf/G6cNFfRwYOJxzhnvP9WPOlHacT2tldW19YzO3ld/e2d3bLxwctlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj6+mfvuBSsUicacnMfVCPBQsYARrI3kXqOdjmV5n/ZRl/ULRsWvVynm1hH4T13ZmKMICjX7hozeISBJSoQnHSnVdJ9ZeiqVmhNMs30sUjTEZ4yFNZ6tm6NRIAxRE0jyh0UxdyuFQqUnom2SI9Uj99KbiX1430UHVS5mIE00FmQ8KEo50hKa90YBJSjSfGIKJZGZDREZYYqLNdfKm+nc/9D9plWy3bNduy8X65eIIOTiGEzgDFypQhxtoQBMI3MMTvMKbxa1H69l6mUdXrMWfI1iC9f4F6m2OEg==</latexit>

F̄[i,F̄j]

<latexit sha1_base64="HQNyf74jGEEj5UQ/N6o5wD9znlY=">AAAB+HicdVDLSsNAFL3xWesr6krcDBbBhYSkFtruioK4rGAf0IYwmU7asZMHMxOhhuCvuBFxo+BX+Av+jelDoT4ODJw55wxz73EjzqQyzQ9tYXFpeWU1t5Zf39jc2tZ3dpsyjAWhDRLyULRdLClnAW0opjhtR4Ji3+W05Q7Px37rlgrJwuBajSJq+7gfMI8RrDLJ0fe7LhbJReokHXaSfl9u7NTRC6ZRrZRPK0X0m1iGOUEBZqg7+nu3F5LYp4EiHEvZscxI2QkWihFO03w3ljTCZIj7NJkMnqKjTOohLxTZCRSaqHM57Es58t0s6WM1kD+9sfiX14mVV7ETFkSxogGZfuTFHKkQjVtAPSYoUXyUEUwEyyZEZIAFJirrKp+t/rUf+p80i4ZVMqpXpULtbFZCDg7gEI7BgjLU4BLq0AAC9/AIL/Cq3WkP2pP2PI0uaLM3ezAH7e0T+IeTzg==</latexit>



SUSY + AMSB, Nc even

non-perturbative run-away superpotential


SU(Nc-4)xU(1) broken to Sp(Nc-4)

no massless fermions

Pouliot

(1995)
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revised tumbling

 breaks SU(Nc)gxSU(Nc-4)xU(1) to 
SU(4)gxSU(Nc-4)xU(1)


 breaks it further to SU(4)gxSp(Nc-4)


SU(4)g becomes strong and A(4) and F*(4*) 
condense

AF̄i

<latexit sha1_base64="To05Hccr2nXfEw6L3E3ho5rED00=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQW2u6qgrisYB/QhjKZTtqhk0mcmQgl5CfciLhR8GP8Bf/G6cNFfRwYOJxzhnvP9WPOlHacT2tldW19YzO3ld/e2d3bLxwctlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttj6+mfvuBSsUicacnMfVCPBQsYARrI3kXqOdjmV5n/ZRl/ULRsWvVynm1hH4T13ZmKMICjX7hozeISBJSoQnHSnVdJ9ZeiqVmhNMs30sUjTEZ4yFNZ6tm6NRIAxRE0jyh0UxdyuFQqUnom2SI9Uj99KbiX1430UHVS5mIE00FmQ8KEo50hKa90YBJSjSfGIKJZGZDREZYYqLNdfKm+nc/9D9plWy3bNduy8X65eIIOTiGEzgDFypQhxtoQBMI3MMTvMKbxa1H69l6mUdXrMWfI1iC9f4F6m2OEg==</latexit>
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<latexit sha1_base64="HQNyf74jGEEj5UQ/N6o5wD9znlY=">AAAB+HicdVDLSsNAFL3xWesr6krcDBbBhYSkFtruioK4rGAf0IYwmU7asZMHMxOhhuCvuBFxo+BX+Av+jelDoT4ODJw55wxz73EjzqQyzQ9tYXFpeWU1t5Zf39jc2tZ3dpsyjAWhDRLyULRdLClnAW0opjhtR4Ji3+W05Q7Px37rlgrJwuBajSJq+7gfMI8RrDLJ0fe7LhbJReokHXaSfl9u7NTRC6ZRrZRPK0X0m1iGOUEBZqg7+nu3F5LYp4EiHEvZscxI2QkWihFO03w3ljTCZIj7NJkMnqKjTOohLxTZCRSaqHM57Es58t0s6WM1kD+9sfiX14mVV7ETFkSxogGZfuTFHKkQjVtAPSYoUXyUEUwEyyZEZIAFJirrKp+t/rUf+p80i4ZVMqpXpULtbFZCDg7gEI7BgjLU4BLq0AAC9/AIL/Cq3WkP2pP2PI0uaLM3ezAH7e0T+IeTzg==</latexit>



Chiral SU(Nc)

with S + (Nc+4) F*

Csáki, HM, Telem, 2105.03444



conjectures
S + (Nc+4)F*: anomaly free chiral gauge th

SU(Nc+4) x U(1) global symmetry


1. massless composite fermions:           satisfy 
’t Hooft anomaly matching conditions without 
breaking any global symmetries (E. Eichten, R. 
D. Peccei, J. Preskill, and D. Zeppenfeld 
(1986))


2. condensate       breaks SU(Nc)gxSU(Nc+4)xU(1) 
to SU(Nc)xSU(4) with massless (Nc*,4) fermion 
(S. Dimopoulos, S. Raby, L. Susskind (1980)) 
“tumbling"

SF̄[i,F̄j]

<latexit sha1_base64="B/gzEDeMejfcViwkp2oB6pz+OUc=">AAAB+3icdVDLSsNAFL3xWesr6lIXg0VwISGphba7oiAuK9oHtCFMppN27OTBzEQoIRt/xY2IGwX/wV/wb0wfIvVxYODMOWeYe48bcSaVaX5oC4tLyyurubX8+sbm1ra+s9uUYSwIbZCQh6LtYkk5C2hDMcVpOxIU+y6nLXd4PvZbd1RIFgY3ahRR28f9gHmMYJVJjn5wjbouFslF6iQddpJ+327t1NELplGtlE8rRfSbWIY5QQFmqDv6e7cXktingSIcS9mxzEjZCRaKEU7TfDeWNMJkiPs0mcyeoqNM6iEvFNkJFJqocznsSzny3SzpYzWQP72x+JfXiZVXsRMWRLGiAZl+5MUcqRCNi0A9JihRfJQRTATLJkRkgAUmKqsrn63+tR/6nzSLhlUyqlelQu1sVkIO9uEQjsGCMtTgEurQAAL38Agv8Kql2oP2pD1Powva7M0ezEF7+wRTy5R/</latexit>

SF̄i

<latexit sha1_base64="41PJGj0DThqTf7YglGtWwUn5vjI=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQW2u6KgrisaB/QhjKZTtqhk0mcmQgl5CfciLhR8GP8Bf/G6cNFfRwYOJxzhnvP9WPOlHacT2tldW19YzO3ld/e2d3bLxwctlSUSEKbJOKR7PhYUc4EbWqmOe3EkuLQ57Ttjy+nfvuBSsUicacnMfVCPBQsYARrI3m3qOdjmV5l/ZRl/ULRsWvVynm1hH4T13ZmKMICjX7hozeISBJSoQnHSnVdJ9ZeiqVmhNMs30sUjTEZ4yFNZ6tm6NRIAxRE0jyh0UxdyuFQqUnom2SI9Uj99KbiX1430UHVS5mIE00FmQ8KEo50hKa90YBJSjSfGIKJZGZDREZYYqLNdfKm+nc/9D9plWy3bNduysX6xeIIOTiGEzgDFypQh2toQBMI3MMTvMKbxa1H69l6mUdXrMWfI1iC9f4FBeiOJA==</latexit>



SUSY + AMSB
dual Spin(8) with Nc+4 qi and one spinor p


rank M=Nc+4, U≠0, integrate out qi and p


SU(Nc+4)xU(1) broken to SO(Nc)

no massless fermions

SCFT if N≤16 + R-charge by a-minimization

Mij = SF̄{i,F̄j}, U = detS
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⇤̃

m

! 2(N�17)
N�11

<latexit sha1_base64="z8y/s252S9tjsf3Ez/64Bq8O4j0="></latexit>

Pouliot

Strassler

(1995)



revised tumbling

 in the  channel breaks 
SU(Nc)gxSU(Nc+4)xU(1) to 
SO(Nc)gxSU(Nc+4)xU(1)


 is singlet under SO(Nc)g and 
condenses, breaks it further to SO(Nc+4)

SS

<latexit sha1_base64="pxlyvKboUCW/uBOPGi9dD00Be5Y=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBePkZgFkhB6Oj1Jk56F7jdCCLl7EfGi4Bf5C/6NncVDXAoaiqpq3qvnJ1JodJxPK7OxubW9k93N7e0fHB7lj0+aOk4V4w0Wy1i1faq5FBFvoEDJ24niNPQlb/njm7nfeuBKizi6x0nCeyEdRiIQjKKR6nVS7+cLjl3xyldekfwmru0sUIAVav38R3cQszTkETJJte64ToK9KVUomOSzXDfVPKFsTId8ulhwRi6MNCBBrMyLkCzUtRwNtZ6EvkmGFEf6pzcX//I6KQZebyqiJEUeseWgIJUEYzJvSwZCcYZyYghlSpgNCRtRRRmam+RM9e9+5H/SLNpuya7clQrV69URsnAG53AJLpShCrdQgwYwGMITvMKb5VuP1rP1soxmrNWfU1iD9f4FOXSJhA==</latexit>

F̄{i,F̄j}

<latexit sha1_base64="V6q00NGOzJAdwdvzU84SU+3QZIw=">AAAB+nicdVDLSsNAFL3xWesr6rKbwSK4kJDUQttdURCXFewDmhIm00k7dvJgZiKUmIW/4kbEjYIf4S/4N6YPhfo4MHDmnDPMvceNOJPKND+0peWV1bX13EZ+c2t7Z1ff22/JMBaENknIQ9FxsaScBbSpmOK0EwmKfZfTtjs6n/jtWyokC4NrNY5oz8eDgHmMYJVJjl6wXSySi9RJ7ISdpN+3GztNHb1oGrVq5bRaQr+JZZhTFGGOhqO/2/2QxD4NFOFYyq5lRqqXYKEY4TTN27GkESYjPKDJdPQUHWVSH3mhyE6g0FRdyGFfyrHvZkkfq6H86U3Ev7xurLxqL2FBFCsakNlHXsyRCtGkB9RnghLFxxnBRLBsQkSGWGCisrby2epf+6H/SatkWGWjdlUu1s/mJeSgAIdwDBZUoA6X0IAmELiHR3iBV+1Oe9CetOdZdEmbvzmABWhvn8bvlNo=</latexit>



Nf

Λ

Nf

m=∞

11

2
Nc

<latexit sha1_base64="9eRUVYkfzFv+1rAqHSJJHwSm4qw=">AAAB73icdVDJSgNBFHwTtxi3UY9eGoPgaZiJgSS3oBdPEsEskIShp9OTNOlZ0t0TCMN8hxcRLwr+ib/g39hZPMSloKGoqua9el7MmVS2/WnkNja3tnfyu4W9/YPDI/P4pCWjRBDaJBGPRMfDknIW0qZiitNOLCgOPE7b3vhm7renVEgWhQ9qFtN+gIch8xnBSkuuafZ8gUnqOFlaytCdS1yzaFu1auWqWkK/iWPZCxRhhYZrfvQGEUkCGirCsZRdx45VP8VCMcJpVuglksaYjPGQpot9M3ShpQHyI6FfqNBCXcvhQMpZ4OlkgNVI/vTm4l9eN1F+tZ+yME4UDclykJ9wpCI0L48GTFCi+EwTTATTGyIywvoASp+ooKt/90P/k1bJcspW7b5crF+vjpCHMziHS3CgAnW4hQY0gcAUnuAV3oyJ8Wg8Gy/LaM5Y/TmFNRjvX/eFjx0=</latexit>

m≠0

3Nc

<latexit sha1_base64="GASKdCkhMGX8J+w86wnzcRo8VxY=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNEwWSHILevEkEZwkkITQ09OTNOlZ6H4jhJAf8CLiRcEP8hf8GzuLh7gUNBRV1bxXz0uk0Og4n1ZmY3Nreye7m9vbPzg8yh+ftHScKsZdFstYdTyquRQRd1Gg5J1EcRp6kre98fXcbz9wpUUc3eMk4f2QDiMRCEbRSG6Z3A7YIF9w7HqtWq6VyG9StJ0FCrBCc5D/6PkxS0MeIZNU627RSbA/pQoFk3yW66WaJ5SN6ZBPFyvOyIWRfBLEyrwIyUJdy9FQ60nomWRIcaR/enPxL6+bYlDrT0WUpMgjthwUpJJgTOZ9iS8UZygnhlCmhNmQsBFVlKG5Ss5U/+5H/ietkl2s2PW7SqFxtTpCFs7gHC6hCFVowA00wQUGAp7gFd4s33q0nq2XZTRjrf6cwhqs9y9sdIo1</latexit>

3

2
Nc

<latexit sha1_base64="AzWtAS/fuc7AwtLGxtuXaLUI0Aw=">AAAB7nicdVDJSgNBFHwTtxiXjHr00hgET8NMEkhyC3rxJBHMAkkYejo9SZOehe6eQBjmN7yIeFHwU/wF/8bO4iEuBQ1FVTXv1fNizqSy7U8jt7W9s7uX3y8cHB4dF82T046MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetObhd+dUSFZFD6oeUyHAR6HzGcEKy25ZnHgC0zSSpaWM3TnEtcs2VajXqvUy+g3cSx7iRKs0XLNj8EoIklAQ0U4lrLv2LEaplgoRjjNCoNE0hiTKR7TdLluhi61NEJ+JPQLFVqqGzkcSDkPPJ0MsJrIn95C/MvrJ8qvD1MWxomiIVkN8hOOVIQW3dGICUoUn2uCiWB6Q0QmWPdX+kIFXf27H/qfdMqWU7Ua99VS83p9hDycwwVcgQM1aMIttKANBBJ4gld4M2Lj0Xg2XlbRnLH+cwYbMN6/AIjujuQ=</latexit>

0

<latexit sha1_base64="NncQKsWrgtXRUb+4g0NXt8tTywk=">AAAB3nicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBePCZgFkhB7Oj1Jk56F7jdCCLl6EfGi4Cf5C/6NncVDXAoaiqpq3qvnJ1JodJxPK7OxubW9k93N7e0fHB7lj0+aOk4V4w0Wy1i1faq5FBFvoEDJ24niNPQlb/njm7nfeuBKizi6w0nCeyEdRiIQjKKR6k4/X3Dsile+8orkN3FtZ4ECrFDr5z+6g5ilIY+QSap1x3US7E2pQsEkn+W6qeYJZWM65NPFejNyYaQBCWJlXoRkoa7laKj1JPRNMqQ40j+9ufiX10kx8HpTESUp8ogtBwWpJBiTeVcyEIozlBNDKFPCbEjYiCrK0FwkZ6p/9yP/k2bRdkt2pV4qVK9XR8jCGZzDJbhQhircQg0awIDDE7zCm3VvPVrP1ssymrFWf05hDdb7FxFtiNo=</latexit>

0

<latexit sha1_base64="NncQKsWrgtXRUb+4g0NXt8tTywk=">AAAB3nicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBePCZgFkhB7Oj1Jk56F7jdCCLl6EfGi4Cf5C/6NncVDXAoaiqpq3qvnJ1JodJxPK7OxubW9k93N7e0fHB7lj0+aOk4V4w0Wy1i1faq5FBFvoEDJ24niNPQlb/njm7nfeuBKizi6w0nCeyEdRiIQjKKR6k4/X3Dsile+8orkN3FtZ4ECrFDr5z+6g5ilIY+QSap1x3US7E2pQsEkn+W6qeYJZWM65NPFejNyYaQBCWJlXoRkoa7laKj1JPRNMqQ40j+9ufiX10kx8HpTESUp8ogtBwWpJBiTeVcyEIozlBNDKFPCbEjYiCrK0FwkZ6p/9yP/k2bRdkt2pV4qVK9XR8jCGZzDJbhQhircQg0awIDDE7zCm3VvPVrP1ssymrFWf05hDdb7FxFtiNo=</latexit>

run-away

moduli
Nc � 1

<latexit sha1_base64="8upp88UkWFwMThYzPuXseJH4zCc=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHw4jATA0luQS+eJIKTBJIQeno6SZOehe43Qgj5AS8iXhT8IH/Bv7GzeIhLQUNRVc179fxECo2O82ll1tY3Nrey27md3b39g/zhUUPHqWLcY7GMVcunmksRcQ8FSt5KFKehL3nTH13P/OYDV1rE0T2OE94N6SASfcEoGsm77bELt5cvOHa1Ur6sFMlv4trOHAVYot7Lf3SCmKUhj5BJqnXbdRLsTqhCwSSf5jqp5gllIzrgk/mKU3JmpID0Y2VehGSuruRoqPU49E0ypDjUP72Z+JfXTrFf6U5ElKTII7YY1E8lwZjM+pJAKM5Qjg2hTAmzIWFDqihDc5Wcqf7dj/xPGkXbLdnVu1KhdrU8QhZO4BTOwYUy1OAG6uABAwFP8ApvVmA9Ws/WyyKasZZ/jmEF1vsXfdOKQA==</latexit>

Nc

<latexit sha1_base64="eVcRIpvi+2rD0sPnTXXN2qoiKgM=">AAAB4HicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQCa3oBdPEtEskITQ0+lJmvQsdL8RQsjdi4gXBb/IX/Bv7Cwe4lLQUFRV8149P5FCo+N8Wpm19Y3Nrex2bmd3b/8gf3jU0HGqGK+zWMaq5VPNpYh4HQVK3koUp6EvedMfXc385gNXWsTRPY4T3g3pIBKBYBSNdHfTY718wbErXvnCK5LfxLWdOQqwRK2X/+j0Y5aGPEImqdZt10mwO6EKBZN8muukmieUjeiAT+YLTsmZkfokiJV5EZK5upKjodbj0DfJkOJQ//Rm4l9eO8XA605ElKTII7YYFKSSYExmbUlfKM5Qjg2hTAmzIWFDqihDc5Ocqf7dj/xPGkXbLdmV21Kherk8QhZO4BTOwYUyVOEaalAHBgN4gld4s3zr0Xq2XhbRjLX8cwwrsN6/AKbtic4=</latexit>

Nc + 1

<latexit sha1_base64="/INnkk3ze8qGiqb/z+NGE2sgwe4=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUEQhGEmBpLcgl48SQQnCSQh9PR0kiY9C91vhBDyA15EvCj4Qf6Cf2Nn8RCXgoaiqpr36vmJFBod59PKrK1vbG5lt3M7u3v7B/nDo4aOU8W4x2IZq5ZPNZci4h4KlLyVKE5DX/KmP7qe+c0HrrSIo3scJ7wb0kEk+oJRNJJ322MXbi9fcOxqpXxZKZLfxLWdOQqwRL2X/+gEMUtDHiGTVOu26yTYnVCFgkk+zXVSzRPKRnTAJ/MVp+TMSAHpx8q8CMlcXcnRUOtx6JtkSHGof3oz8S+vnWK/0p2IKEmRR2wxqJ9KgjGZ9SWBUJyhHBtCmRJmQ8KGVFGG5io5U/27H/mfNIq2W7Krd6VC7Wp5hCycwCmcgwtlqMEN1MEDBgKe4BXerMB6tJ6tl0U0Yy3/HMMKrPcvet2KPg==</latexit>

Nc + 2

<latexit sha1_base64="wM6vbeVn/4i4urz2pzD8YvJCedM=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUEQhGEmBpLcgl48SQQnCSQh9HR6kiY9C91vhBDyA15EvCj4Qf6Cf2Nn8RCXgoaiqpr36vmJFBod59PKrK1vbG5lt3M7u3v7B/nDo4aOU8W4x2IZq5ZPNZci4h4KlLyVKE5DX/KmP7qe+c0HrrSIo3scJ7wb0kEkAsEoGsm77bGLYi9fcOxqpXxZKZLfxLWdOQqwRL2X/+j0Y5aGPEImqdZt10mwO6EKBZN8muukmieUjeiAT+YrTsmZkfokiJV5EZK5upKjodbj0DfJkOJQ//Rm4l9eO8Wg0p2IKEmRR2wxKEglwZjM+pK+UJyhHBtCmRJmQ8KGVFGG5io5U/27H/mfNIq2W7Krd6VC7Wp5hCycwCmcgwtlqMEN1MEDBgKe4BXerL71aD1bL4toxlr+OYYVWO9ffFeKPw==</latexit>

3

2
Nc

<latexit sha1_base64="AzWtAS/fuc7AwtLGxtuXaLUI0Aw=">AAAB7nicdVDJSgNBFHwTtxiXjHr00hgET8NMEkhyC3rxJBHMAkkYejo9SZOehe6eQBjmN7yIeFHwU/wF/8bO4iEuBQ1FVTXv1fNizqSy7U8jt7W9s7uX3y8cHB4dF82T046MEkFom0Q8Ej0PS8pZSNuKKU57saA48DjtetObhd+dUSFZFD6oeUyHAR6HzGcEKy25ZnHgC0zSSpaWM3TnEtcs2VajXqvUy+g3cSx7iRKs0XLNj8EoIklAQ0U4lrLv2LEaplgoRjjNCoNE0hiTKR7TdLluhi61NEJ+JPQLFVqqGzkcSDkPPJ0MsJrIn95C/MvrJ8qvD1MWxomiIVkN8hOOVIQW3dGICUoUn2uCiWB6Q0QmWPdX+kIFXf27H/qfdMqWU7Ua99VS83p9hDycwwVcgQM1aMIttKANBBJ4gld4M2Lj0Xg2XlbRnLH+cwYbMN6/AIjujuQ=</latexit>

3Nc

<latexit sha1_base64="GASKdCkhMGX8J+w86wnzcRo8VxY=">AAAB4nicdVDJSgNBFHwTtxi3qEcvjUHwNEwWSHILevEkEZwkkITQ09OTNOlZ6H4jhJAf8CLiRcEP8hf8GzuLh7gUNBRV1bxXz0uk0Og4n1ZmY3Nreye7m9vbPzg8yh+ftHScKsZdFstYdTyquRQRd1Gg5J1EcRp6kre98fXcbz9wpUUc3eMk4f2QDiMRCEbRSG6Z3A7YIF9w7HqtWq6VyG9StJ0FCrBCc5D/6PkxS0MeIZNU627RSbA/pQoFk3yW66WaJ5SN6ZBPFyvOyIWRfBLEyrwIyUJdy9FQ60nomWRIcaR/enPxL6+bYlDrT0WUpMgjthwUpJJgTOZ9iS8UZygnhlCmhNmQsBFVlKG5Ss5U/+5H/ietkl2s2PW7SqFxtTpCFs7gHC6hCFVowA00wQUGAp7gFd4s33q0nq2XZTRjrf6cwhqs9y9sdIo1</latexit>

no χSB

free

magnetic

IR

fixed point

IR free

IR free

χSB

IR

fixed point

m=0

???

χSB

IR

fixed point

Banks-Saks

fixed point

χSB



Conclusion
N=1 SUSY + AMSB: a great tool to study 
non-SUSY gauge theories

SU(Nc) QCD:


χSB (Nf≤3Nc/2), CFT (3Nc/2<Nf<3Nc)

derived χSB from QCD for the first time!


SO(Nc) QCD:

χSB and confinement by monopole 
condensation


chiral gauge theories:

different from past conjectures

seems to minimize massless fermions


