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Main point
very few methods to 
study strongly coupled 
systems, e.g., QCD
non-perturbative 
effects are essential
supersymmetry makes 
exact analytic studies 
of non-perturbative 
effects possible
small anomaly-
mediated SUSY 
breaking still allows 
for exact solutions
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QCD: theory of 

strong nuclear force



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 

understand 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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Credit: Kavli IPMU

proton and pions are made of the same quarks

why such different masses?



Credit: Kavli IPMU



elements in the Universe

Credit: Wikimedia Commons



elements in the Universe

Credit: Wikimedia Commons

Unless pions are light, we wouldn’t exist!



Feeling better
<M+>≠0

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 
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→q̄q↑ ↓= 0

pion = Nambu-Goldstone boson = massless
but still not derived from QCD!

<e–e–>≠0



Feeling even better

but not there yet

Progress in understanding QCD
Confinement (Seiberg-Witten)

N=2 SU(2) SYM a triplet field = vacua
SU(2) ➝ U(1): magnetic monopoles!
special points = massless monopole/dyon
N=1 perturbation: monopole condensation!

Chiral symmetry breaking
N=2 doesn’t have the chiral symmetry 
N=1 (Seiberg) has too unusual phases
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<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
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IR free
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???
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χSB

� ⇠ O(1)g4 �O(Nc)g
6

<latexit sha1_base64="XkO1PpO6eWK1H9t2fg8QNWl6wuo=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBahXTjMSGvbXdGNK61gH9Bph0yamYZmHiQZoZSCG3/FjYgbBT/BX/BvTB8u6uNA4HDOCffe48aMCmman1pqaXlldS29ntnY3Nre0Xf3GiJKOCZ1HLGIt1wkCKMhqUsqGWnFnKDAZaTpDi4mfvOOcEGj8FYOY9IJkB9Sj2IkleToh7ZLJIK2oAG8zll5v1uAJ4pdOTgP/e6Zo2dNo1Iul4pF+JtYhjlFFsxRc/QPuxfhJCChxAwJ0bbMWHZGiEuKGRln7ESQGOEB8slouv4YHiupB72IqxdKOFUXcigQYhi4Khkg2Rc/vYn4l9dOpFfujGgYJ5KEeDbISxiUEZx0AXuUEyzZUBGEOVUbQtxHHGGpGsuo07/vg/+TxqlhFYzKTSFbPZ+XkAYH4AjkgAVKoAouQQ3UAQYP4Am8gjftXnvUnrWXWTSlzf/sgwVo719WZJL1</latexit>
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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
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<latexit sha1_base64="XkO1PpO6eWK1H9t2fg8QNWl6wuo=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBahXTjMSGvbXdGNK61gH9Bph0yamYZmHiQZoZSCG3/FjYgbBT/BX/BvTB8u6uNA4HDOCffe48aMCmman1pqaXlldS29ntnY3Nre0Xf3GiJKOCZ1HLGIt1wkCKMhqUsqGWnFnKDAZaTpDi4mfvOOcEGj8FYOY9IJkB9Sj2IkleToh7ZLJIK2oAG8zll5v1uAJ4pdOTgP/e6Zo2dNo1Iul4pF+JtYhjlFFsxRc/QPuxfhJCChxAwJ0bbMWHZGiEuKGRln7ESQGOEB8slouv4YHiupB72IqxdKOFUXcigQYhi4Khkg2Rc/vYn4l9dOpFfujGgYJ5KEeDbISxiUEZx0AXuUEyzZUBGEOVUbQtxHHGGpGsuo07/vg/+TxqlhFYzKTSFbPZ+XkAYH4AjkgAVKoAouQQ3UAQYP4Am8gjftXnvUnrWXWTSlzf/sgwVo719WZJL1</latexit>

χSB χSB
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<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
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BCS-BEC cross over

Attractive interaction
𝑔

𝑚

SQCD&AMSB (ASQCD)

Soft mass

QCD?SQCD+deformation
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What we do is consistent with previous works

Focus on anomaly-mediated SUSY breaking

Pushed the method further


Exact solutions to Chiral gauge theories
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Global SUSY



<latexit sha1_base64="8c+KBS6jPKuCugaDlObkNS4R5ag="></latexit>

Pµ = E(1, 0, 0, 1)

{Qω, Q̄ε̇} = 2E

(
2 0
0 0

)

SUSY algebra
Poincaré: Momentum Pµ and 
Lorentz generators Mµ𝝼. Add 
spinorial charges Qα
Specialize to Pμ=E(1,0,0,1)

chiral multiplet:  
    

i.e., a Weyl fermion and a 
complex scalar

<latexit sha1_base64="gDUnJjtZUPveKxBAErOJBx+LVY8="></latexit>

b|h = → 1
2 ↑ = 0, |h = 0↑ = b†|h = → 1

2 ↑

vector multiplet:              

i.e., a Weyl fermion and a 
gauge field 

<latexit sha1_base64="QTRpQBNPX3BvxeeLzRkNI6Zkxu4="></latexit>

b|h = 1
2 → = 0, |h = 1→ = b†|h = 1

2 →
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[Pµ, Qω] = 0

[Mµε , Qω] =
1

2
(ωµε)ω

ϑQϑ

{Qω, Q̄ϑ̇} = 2Pµ(ω
µ)ωϑ̇

{Qω, Qϑ} = {Q̄ω̇, Q̄ϑ̇} = 0
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bi =
1→
4E

Q1,b
i† =

1→
4E

Q̄1̇

{b, b†} = 1

{h, b} = ↑1

2
b

{h, b†} =
1

2
b



Poincaré: Momentum Pµ and 
Lorentz generators Mµ𝝼. Add 
spinorial charges Qα
Specialize to Pμ=E(1,0,0,1)

<latexit sha1_base64="8c+KBS6jPKuCugaDlObkNS4R5ag="></latexit>

Pµ = E(1, 0, 0, 1)

{Qω, Q̄ε̇} = 2E

(
2 0
0 0

)

SUSY algebra
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[Pµ, Qω] = 0

[Mµε , Qω] =
1

2
(ωµε)ω

ϑQϑ

{Qω, Q̄ϑ̇} = 2Pµ(ω
µ)ωϑ̇

{Qω, Qϑ} = {Q̄ω̇, Q̄ϑ̇} = 0
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bi =
1→
4E

Q1,b
i† =

1→
4E

Q̄1̇

{b, b†} = 1

{h, b} = ↑1

2
b

{h, b†} =
1

2
b

helicity

+1
+1/2

0
–1/2

–1

b†

b†

chiral multiplet

= complex scalar + Weyl fermion

vector multiplet

= Weyl fermion + gauge field

b†

b†



N=1 superspace 
chiral superfield

introduce Grassman-odd coordinates θα
superspace: 

Covariant derivative

Can place a constraint
solution: 
where

Pµ = i∂µ

Mµn = i(xµ∂n� xn∂µ)

Qa =
∂

∂qa + iq̄ḃsµ
ḃa∂µ

(xµ,qa, q̄ȧ)

Da =
∂

∂qa� iq̄ḃsµ
ḃa∂µ

{Da,Qb} = {Da, Q̄ḃ} = 0
{Da, D̄ḃ} =�2i∂µ(sµ)aḃ

f(x,q, q̄) = f(y,q) = A(y)+
p

2qy(y)+q2F(y)
yµ = xµ� iqsµq̄, D̄ȧyµ = 0

D̄ȧf(x,q, q̄) = 0



vector superfield
introduce Grassman-odd 
coordinates θα
real (vector) superfield: 

gauge transformation:
Λ is a chiral superfield
Can eliminate C, χ, M:      
Wess-Zumino gauge
remaining dof: Aμ, λ, D
Field strength chiral superfield:

19

V (x,q, q̄) = C +qc+ q̄c̄+q2M + q̄2M⇤+qsµq̄Aµ +q2q̄l̄+ q̄2ql+q2q̄2D

Wa = D̄2DaV = la(y)+qbsµn
baFµn +qaD

(xµ,qa, q̄ȧ)

V = V aT a, L = LaT a

eV ! e�iL̄eV eiL

f! e�iLf
f†eV f : invariant



Kähler and superpotentials
Two ways to construct invariants (up to total 
derivatives)
full superspace integral of general superfield 
“Kähler potential”

chiral superspace integral of chiral superfield 
“superpotential”: holomorphic

gauge kinetic term

solve auxiliary fields

Z
d2qW (f) =

∂W
∂fi F

i +
1
2

∂2W
∂fi∂f jy

iy j

Z
d4qf†eV f = |DµA|2 + ȳi 6Dy+F†F +DaA†T aA+(

p
2A†laT ay+h.c.)

Z
d2q 1

g2W a
aW aa =� 1

4g2Fa
µnFµna +

1
g2l̄ai6Dla +

1
2g2DaDa

Da = g2A†T aA, Fi⇤ =
∂W
∂fi

V =
1

2g2DaDa + |Fi|2 =
g2

2
(A†T aA)2 +

����
∂W
∂fi

����
2



Renormalization
Start with the Wilsonian action at scale μ


non-renormalization theorem: only 
renormalization is Z, b0 = 3CA-ΣiTFi


holomorphy, and transivity at scale μ’= μe-t


to identify coupling constants, need to 
rescale fields to canonical normalization

However, rescaling fields yield anomalous 
Jacobians

Z
d4qÂ

i
Zif⇤i eV fi +

Z
d2q

✓✓
1
g2

0
� b0

8p2t
◆

WaW a +li jk
0 fif jfk

◆

Z
d4qÂ

i
f⇤

i eV fi +
Z

d2q
✓

1
g2

0
WaW a +li jk

0 fif jfk

◆



Renormalization

Konishi anomaly

rescaling anomaly

first rescale matter fields

then rescale the gauge field V→gcV

Z
d4qÂ

i
f⇤i eV fi +

Z
d2q

  
1
g2

0
� b0

8p2t�Â
i

T i
F

1
8p2lnZi

!
WaW a +Z�1/2

i Z�1/2
j Z�1/2

k li jk
0 fif jfk

!

Z
DV =

Z
D(esV )e+

R
d2qCA

1
8p22sWaW a

Z
Dfi =

Z
D(esfi)e�

R
d2qT i

F
1

8p22sWaW a

Z
d2q 1

g2
c
(D̄2e�gcV DaegcV)2 =�1

4
FµnFµn + · · ·

1
g2

c
=

1
g2

0
� b0

8p2t�Â
i

T i
F

1
8p2 lnZi�CA

1
8p2 lng2

c

Nima Arkani-Hamed and HM, arXiv:hep-th/9707133
Z

d4qÂ
i

Zif⇤i eV fi +
Z

d2q
✓✓

1
g2

0
� b0

8p2t
◆

WaW a +li jk
0 fif jfk

◆



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
possible with AMSB or U(1)R D-term

but the latter does not have gauging mass

mQ̃

<latexit sha1_base64="uLJP3EOuGKGpCivDSw0iEmLJA6g=">AAAB6nicdVDJSgNBFHwTtxi3qEcvjUHwNMzEQJJb0IvHBMwCyRB6enqSJj2L3W+EMOQnvIh4UfBj/AX/xsniIS4FDUVVNe/Vc2MpNFrWp5Hb2Nza3snvFvb2Dw6PiscnHR0livE2i2Skei7VXIqQt1Gg5L1YcRq4knfdyc3c7z5wpUUU3uE05k5AR6HwBaOYSU4wTAcopMfT1mw2LJYss16rXtXK5DexTWuBEqzQHBY/Bl7EkoCHyCTVum9bMTopVSiY5LPCINE8pmxCRzxdrDojF5nkET9S2QuRLNS1HA20ngZulgwojvVPby7+5fUT9GtOKsI4QR6y5SA/kQQjMu9NPKE4QznNCGVKZBsSNqaKMsyuU8iqf/cj/5NO2bQrZr1VKTWuV0fIwxmcwyXYUIUG3EIT2sDgHp7gFd4MaTwaz8bLMpozVn9OYQ3G+xe9yI6d</latexit>



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!

LQCD =
p
�g

✓
�1

2
gµ⇢g⌫�TrGµ⌫G⇢� + Q̄eµa�

aiDµQ

◆

<latexit sha1_base64="HpekH2Zm9xuvUORwJ98l+HVDLsw="></latexit>

L� =
p
�g

✓
f2
⇡

4
gµ⌫Tr@µU

†@⌫U + f⇡µ
2TrM†U + c.c.

◆

<latexit sha1_base64="LFFjLjaTKW543bpoHXbeXjoBRRg="></latexit>



Sequestering

SUSY breaking

gauge theory

supergravity

V = eK
⇣
|F |2 � 3 |W |2

⌘
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m3/2 = eK/2|W |
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no interaction

m =
W

M2
Pl
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Saved by

time diff

worked in summer 1998 
at CERN

left CERN with half-
finished draft

Giudice, Rattazzi@CERN

Luty@Maryland
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1630 citations



“superspacetime background”

all effects of SUSY breaking encoded in E
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it can be removed by conformal 
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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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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 
account for the change 
in the anomalous 
dimension and hence 
the scalar mass
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Ỹ

τ̃

X̃ X̃

X̃ X̃

Graph 5-6

τ̃ X̃ X̃ τ̃
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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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FIG. 6. Diagrams that contribute to the h4 threshold correction that include fermions.
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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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31.4 Anomaly-Mediated Super symmetry Breaking 337

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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What we do is consistent with previous works

Focus on anomaly-mediated SUSY breaking

Pushed the method further


Exact solutions to Chiral gauge theories
38



SU(Nc) QCD (Nc≥3)
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Nf < Nc
run-away superpotential for 

W = (Nc �Nf )

✓
⇤3Nc�Nf

detM

◆1/(Nc�Nf )

<latexit sha1_base64="+k1jt0q/2+HLONaAQSs5l9jZRB4="></latexit>

M ij = Q̃iQj

<latexit sha1_base64="+ijI3/KtnIeIgd9RLNJix51MPmg=">AAAB93icdVDJSgNBFHzjGuM26kXw0hgET8NMDCQ5CEEvXoQEzALZ6OnpSTrpWejuEYYh/ooXES8K/oW/4N84WTzEpaChqKrmvVd2yJlUpvmprayurW9sZray2zu7e/v6wWFDBpEgtE4CHoiWjSXlzKd1xRSnrVBQ7NmcNu3x9dRv3lMhWeDfqTikXQ8PfOYyglUq9fXj217CRhN0iTqKcYcmtUmPoVpv1NdzplEuFS9KefSbWIY5Qw4WqPb1j44TkMijviIcS9m2zFB1EywUI5xOsp1I0hCTMR7QZLb3BJ2lkoPcQKTPV2imLuWwJ2Xs2WnSw2oof3pT8S+vHSm31E2YH0aK+mQ+yI04UgGaloAcJihRPE4JJoKlGyIyxAITlVaVTU//vg/9Txp5wyoY5VohV7lalJCBEziFc7CgCBW4gSrUgcADPMErvGmx9qg9ay/z6Iq2+HMES9DevwDDMZJr</latexit>

ϕ

V

Supersymmetric
ADS potential

together with
AMSB

SU(Nf)LxSU(Nf)R➞SU(Nf)V
χSB! Proving Nambu

mesino loop➞WZW term

Nf=1 special

no NGB, gapped

M ij = �ij�2

<latexit sha1_base64="YdBigzywfYzCgkicKo6n0Ymvu98=">AAAB+nicdVDLSgMxFL1TX7W+Rl12EyyCq2GmFtouhKIbN0IF+4BOWzKZTBubeZBkhDJ24a+4EXGj4Ef4C/6N04eL+jgQODnnhNx7nIgzqUzzU8usrK6tb2Q3c1vbO7t7+v5BU4axILRBQh6KtoMl5SygDcUUp+1IUOw7nLac0cXUb91RIVkY3KhxRLs+HgTMYwSrVOrr+atewm4n6AzZLuUKz292NGS9Yl8vmEa1Uj6tFNFvYhnmDAVYoN7XP2w3JLFPA0U4lrJjmZHqJlgoRjid5OxY0giTER7QZDb6BB2nkou8UKQnUGimLuWwL+XYd9Kkj9VQ/vSm4l9eJ1ZepZuwIIoVDcj8Iy/mSIVo2gNymaBE8XFKMBEsnRCRIRaYqLStXLr6937of9IsGlbJqF6XCrXzRQlZyMMRnIAFZajBJdShAQQe4Ale4U271x61Z+1lHs1oizeHsATt/Qv/FJOu</latexit>

<latexit sha1_base64="zhF2CZX7oIT9GehFRNxr6UUv+3k="></latexit>

V = 2Nf

����
⇤3Nc�Nf

�Nc+Nf

����

2
Nc�Nf

�m(3Nc �Nf )

✓
⇤3Nc�Nf

�2Nf

◆ 1
Nc�Nf

+ c.c.

<latexit sha1_base64="R52h7muCFScoKU6w2GlW6NLPpNM="></latexit>

Mij = �ij

 ✓
Nc +Nf

3Nc �Nf

◆Nc�Nf ⇤3Nc�Nf

mNc�Nf

!1/Nc



Deriving Chiral Lagrangian
<latexit sha1_base64="M49rlKLxPBbb/KJopBw81c6UIgo="></latexit>

Q =

✓
v⇠T

0

◆
, Q̃ =

✓
v⇠
0

◆

<latexit sha1_base64="mSYqWN8lk1MoeqgZP0fGWM/RaUk=">AAACAHicdVC9TsMwGHTKXyl/AUYWQ4XEFCUIKB2QKlgYGApq2kptiRzXaa06cWQ7QFV1YeFVWBBiAYkn4BV4G9y0DOXnkz7rdHeWfefHjEpl259GZmZ2bn4hu5hbWl5ZXTPXN6qSJwITF3PGRd1HkjAaEVdRxUg9FgSFPiM1v3c20ms3REjKo4rqx6QVok5EA4qR0pRnbrsnzTsK0xW001VICH4LO94FdPV5dV3xzLxtFYuOXSzA38Cx7HTyYDJlz/xotjlOQhIpzJCUDceOVWuAhKKYkWGumUgSI9xDHTJIAwzhrqbaMOBCb6Rgyk75UChlP/S1M0SqK39qI/IvrZGo4Lg1oFGcKBLh8UNBwqDicNQGbFNBsGJ9DRAWVP8Q4i4SCCvdWU5H/84H/wfVfcs5sg4vD/Kl00kJWbAFdsAecEABlMA5KAMXYPAAnsAreDPujUfj2XgZWzPG5M4mmBrj/QuUCJWV</latexit>

U = ⇠⇠ ! gLUgTR

<latexit sha1_base64="vgs5zVPI3N+GvStb+3CAHqkkvHc=">AAACIXicdVDLSsNAANzUV62vqEcvi0UQkZCIWnsr9eLBQ5W+oGnDZrNNlm4e7m7UUvo1XvwUvYh4UfFnTNp6aNWBhWFmlt0ZO2JUSF3/VDJz8wuLS9nl3Mrq2vqGurlVF2HMManhkIW8aSNBGA1ITVLJSDPiBPk2Iw27d576jVvCBQ2DquxHpO0jN6BdipFMJEstm/cUmpy6nkSch3fQtS5hqkGvUz2E5k2MnNxsxuscjDKudd2p5iw1r2vFoqEXC/A3MTR9hDyYoGKpT6YT4tgngcQMCdEy9Ei2B4hLihkZ5sxYkAjhHnLJYNRwCPcSyYHdkCcnkHCkTuWQL0Tft5Okj6QnZr1U/MtrxbJ71h7QIIolCfD4oW7MoAxhOhd0KCdYsn5CEOY0+SHEHuIIy2TUtPpPP/g/qR9pxql2cnWcL5UnI2TBDtgF+8AABVACF6ACagCDR/AC3sGH8qA8K6/K2ziaUSZ3tsEUlK9vGiuiCA==</latexit>

⇠ ! gL⇠h
T , ⇠ ! h⇤⇠gTR

<latexit sha1_base64="dCTlicNK9QRSWzFzpgw93v8Z6Jc="></latexit>

|DµQ|2 +
���DµQ̃

���
2
=

v2

2
Tr@µU

†@µU
<latexit sha1_base64="wjPUb8aSaV9Ptflyem357qZv27M="></latexit>

f2
⇡ = 2v2 = 2

 ✓
Nc +Nf

3Nc �Nf

◆Nc�Nf ⇤3Nc�Nf

mNc�Nf

!1/Nc

<latexit sha1_base64="LYhaGQZV/I2vf7RxleXCtt3B6Vk="></latexit>

⇤3Nc�Nf = M3Nc�Nf e�8⇡2/g2

h(M)

= M3Nc�Nf e�8⇡2/g2

c(M)Z�Nf (g2c )
�Nc

= M3Nc�Nf e�8⇡2Nc/g
2

tH
(M)Z�NfNNc

c (g2
tH
)�Nc

<latexit sha1_base64="fQgj6vFLFrnQklWTKHE+o+uSImA=">AAAB8nicdVDLSgMxFM3UV62v0S7dBIvgapgpau2u6MaVVLAP6NQhk2ba0MxMSO4IpfRH3Ii4UfBD/AX/xvThoj4OBA7nnHDvuaEUXIPrflq5ldW19Y38ZmFre2d3z94/aOo0U5Q1aCpS1Q6JZoInrAEcBGtLxUgcCtYKh1dTv/XAlOZpcgcjybox6Sc84pSAkQK7GAW+5Pdl7EuVSkjxTUADu+Q61arnViv4N/Ecd4YSWqAe2B9+L6VZzBKggmjd8VwJ3TFRwKlgk4KfaSYJHZI+G89WnuBjI/VwlCrzEsAzdSlHYq1HcWiSMYGB/ulNxb+8TgbRRXfME5kBS+h8UJQJbKpN++MeV4yCGBlCqOJmQ0wHRBEK5koFU/27H/6fNMuOd+6c3Z6WapeLI+TRITpCJ8hDFVRD16iOGoiiEXpCr+jNAuvRerZe5tGctfhTREuw3r8ALZuQYQ==</latexit>

f2
⇡ / Nc

Martin & Wells didn’t realize this



<latexit sha1_base64="1m9i1h3qKPBBJ0VEfbz6waSXdeY="></latexit>

hTrGµ⌫G
µ⌫i = 32⇡2m

 ✓
Nc +Nf

3Nc �Nf

◆�Nc�Nf

⇤3Nc�NfmNf

!1/Nc

Non-perturbative Condensates
<latexit sha1_base64="R52h7muCFScoKU6w2GlW6NLPpNM="></latexit>

Mij = �ij

 ✓
Nc +Nf

3Nc �Nf

◆Nc�Nf ⇤3Nc�Nf

mNc�Nf

!1/Nc
<latexit sha1_base64="/Ec04T+iaXh/DiPvSiQ6MaEBslI="></latexit>

hq̄iqji = 4m�ij

 ✓
Nc +Nf

3Nc �Nf

◆�Nf ⇤3Nc�Nf

mNc�Nf

!1/Nc

<latexit sha1_base64="1OxGM/z22EIkhIW2c++7Ss96b/0="></latexit>

hTr��i = 32⇡2

 ✓
Nc +Nf

3Nc �Nf

◆�Nf

⇤3Nc�NfmNf

!1/Nc

<latexit sha1_base64="m+G1LRD3zVK1JUSLxaNlcj4qrsg="></latexit>

m2
⌘0 = 2m2 Nf (3Nc �Nf )2

(Nc �Nf )2(Nc +Nf )
/ N�1

c



Back to near SUSY

π8

η1
σ1

m

σ8

0- 0+

<latexit sha1_base64="YVwte+9+eu6Jn3Nv20BpGVyIqxI=">AAAB5XicdVDJSgNBFHzjGuMW9eilMQjxMsyIMckt6MWTRjALJDH0dHqSJj0L3W+EEPIJXkS8KPg7/oJ/Y2fxEJeChqKqmvfqebEUGh3n01paXlldW09tpDe3tnd2M3v7NR0livEqi2SkGh7VXIqQV1Gg5I1YcRp4kte9weXErz9wpUUU3uEw5u2A9kLhC0bRSI2b3HWH3TsnnUzWsUvFfL5UIL+JaztTZGGOSifz0epGLAl4iExSrZuuE2N7RBUKJvk43Uo0jykb0B4fTbcck2MjdYkfKfNCJFN1IUcDrYeBZ5IBxb7+6U3Ev7xmgn6xPRJhnCAP2WyQn0iCEZlUJl2hOEM5NIQyJcyGhPWpogzNYdKm+nc/8j+pndruuZ2/PcuWL+ZHSMEhHEEOXChAGa6gAlVgIOEJXuHN6lmP1rP1MosuWfM/B7AA6/0LPS6LPg==</latexit>

O(N0
c )

<latexit sha1_base64="xEshGsXZ9GybIRaKoxk+NmUaCKQ=">AAAB/HicdVDLSgMxFM34rPU16lKEYBHqpkzF2nZXdONKK9gHdMqQSTNtaOZBckcow7jxV9yIuFHwG/wF/8b04aI+DiQczjkh9x43ElyBZX0aC4tLyyurmbXs+sbm1ra5s9tUYSwpa9BQhLLtEsUED1gDOAjWjiQjvitYyx1ejP3WHZOKh8EtjCLW9Uk/4B6nBLTkmAfXtmAe5G1PEppcOV6qL5rakvcHcOyYOatQrZRK1TL+TYoFa4IcmqHumB92L6SxzwKggijVKVoRdBMigVPB0qwdKxYROiR9lkyGT/GRlnrYC6U+AeCJOpcjvlIj39VJn8BA/fTG4l9eJwav0k14EMXAAjr9yIsFhhCPm8A9LhkFMdKEUMn1hJgOiK4BdF9Zvfr3fvh/0jwpFM8KpZvTXO18VkIG7aNDlEdFVEY1dInqqIEoekBP6BW9GffGo/FsvEyjC8bszR6ag/H+BYFqlS8=</latexit>

O

✓
Nf

Nc

◆

I=0
S=0

I=1
S=0

I=1/2
S=±1

m [MeV]
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S=0
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<latexit sha1_base64="DUzSI5ysuFHZgTBWQHJQGXU3zcA=">AAAB/XicdVDLSsNAFJ3UV62vqEtBBotQEUJSrG0XQtGNywq2FdoaJtNJO3YmiTMToYTgxl9xI+JGwV/wF/wb07Qu6uPAwOGcM9x7jxMwKpVpfmqZufmFxaXscm5ldW19Q9/cako/FJg0sM98ceUgSRj1SENRxchVIAjiDiMtZ3g29lt3REjqe5dqFJAuR32PuhQjlUi2vsvtTkCvi/AE4gK3o1ubxvAQpuwmPrD1vGlUK6VStQx/E8swU+TBFHVb/+j0fBxy4inMkJRtywxUN0JCUcxInOuEkgQID1GfROn2MdxPpB50fZE8T8FUnckhLuWIO0mSIzWQP72x+JfXDpVb6UbUC0JFPDwZ5IYMKh+Oq4A9KghWbJQQhAVNNoR4gATCKiksl5z+fR/8nzSLhnVslC6O8rXTaQlZsAP2QAFYoAxq4BzUQQNg8ACewCt40+61R+1Ze5lEM9r0zzaYgfb+BRyJlDU=</latexit>

m2
⇡ = c(mqi +mqj )

<latexit sha1_base64="gqvYttmDtQ1PLlnDOdXU+/HKJZU=">AAACCXicdVBLTwIxGOziC/GFevTSSIyoCdklInAwIXrxiIk8EsBNt3Sh0u6ubdeEbPgFXvwrXozxookX/4L/xrLgAR9f0nQ6M0074wSMSmWan0Zibn5hcSm5nFpZXVvfSG9u1aUfCkxq2Ge+aDpIEkY9UlNUMdIMBEHcYaThDM7HeuOOCEl970oNA9LhqOdRl2KkNGWnD7ndlrTH0XUenkJul/R+BPF+ltvRrU1H+hCjm9GBnc6YuXKpUCgX4W9g5cx4MmA6VTv90e76OOTEU5ghKVuWGahOhISimJFRqh1KEiA8QD0SxUlGcE9TXej6Qi9PwZid8SEu5ZA72smR6suf2pj8S2uFyi11IuoFoSIenjzkhgwqH45rgV0qCFZsqAHCguofQtxHAmGly0vp6N/54P+gns9ZJ7nC5XGmcjYtIQl2wC7IAgsUQQVcgCqoAQwewBN4BW/GvfFoPBsvE2vCmN7ZBjNjvH8BVteYCw==</latexit>

m2
� = m2

8 + c0(mqi +mqj )

Found c’<0

c’=–2.2c



Nf = Nc+1
“Confinement without χSB”

W = �
detM

⇤Nf�3
� B̃MB

<latexit sha1_base64="KyL4OAurUiiEAqfgJHUnEPh7DJo="></latexit>

Bi = ✏ij1···jNc
Qj1 · · ·QjNc

<latexit sha1_base64="YOkJIhANFaXhRzpmlHRO+93TWgo=">AAACH3icdZDLSgMxFIYz9VbrbdSlm2ARXA0ztdB2IZS6cSUt2AvYOmQyaRubmQxJRijDPIwbX0UXIm4U+jamt0W9HAj8+f5zSP7jRYxKZdsTI7O2vrG5ld3O7ezu7R+Yh0ctyWOBSRNzxkXHQ5IwGpKmooqRTiQICjxG2t7oauq3H4mQlIe3ahyRXoAGIe1TjJRGrlmtuRRewi6JJGUaJBQ+uA7sYp8rqWVy4+I0zTXuE43TJZ9d55Zr5m2rUi5dlAvwt3Ase1Z5sKi6a752fY7jgIQKMyTlnWNHqpcgoShmJM11Y0kihEdoQJJZvhSeaeTDPhf6hArO6EofCqQcB57uDJAayp/eFP7l3cWqX+4lNIxiRUI8f6gfM6g4nC4L+lQQrNhYC4QF1T+EeIgEwkqvNKejL/PB/0WrYDlFq9Io5qu1xRKy4AScgnPggBKogmtQB02AwTN4A5/gy3gyXox342PemjEWM8dgpYzJN0xOom4=</latexit>

V = Nf�
2 |�|

2Nf�2

⇤2Nf�6
� �(Nf � 3)m�Nf + c.c.

<latexit sha1_base64="gzAUVL2G7+fFZQcmuUheZVsif2w="></latexit>

� = �1⇤

✓
2Nf � 3Nc

Nc

m

⇤

◆(Nf�Nc)/(2Nc�Nf )

⌧ ⇤

<latexit sha1_base64="wF8L4etDco/ncGdfq2sI7bXnu+M="></latexit>

ϕ

V

Supersymmetric
higher power potential

together with
AMSB

SU(Nf)LxSU(Nf)R➞SU(Nf)V

χSB! 

massless pions

massive baryons 
mB=κfπ≈4πfπ

W =
detM � B̃MB

⇤2Nc�1

<latexit sha1_base64="5FfQlNn17P9mnJGrZ/ql8NvfsJ8="></latexit>



“free magnetic phase”
SU(Nc) becomes strong, binds baryons, which 
break up into dual quarks

“magnetic” IR-free SU(Nf-Nc) gauge theory

λ dimensionless, only loop-level AMSB
Nf>1.48Nc, magnetic quark has mq2<0

leads to SU(Nf)xSU(Nf-Nc) symmetry
can’t match the anomalies w/o squarks

χSB is a local but consistent minimum

Bi1,···iNc = Qi1
↵1

· · ·QiNc
↵Nc

✏↵1···↵Nc = ✏i1···iNc iNc+1···iNf biNc+1···iNf

biNc+1···iNf
= q�1

iNc+1
· · · q

�Nf�Nc

iNf
✏�1···�Nf�Nc

<latexit sha1_base64="+QSFnjFYuhq7XVOVsL/eC6Xs5M4="></latexit>

W =
1

µ
M ijqiq̃j ! �M̃ ijqiq̃j

<latexit sha1_base64="yRf4MfgudPSO2ATyfQxuiXTuJZ8="></latexit>

Nc+2 ≤ Nf < 3Nc/2



χSB

baryon

condensate

χSB is a local minimum

but well-defined

and still useful m

χSB
Λ

+Csáki, Gomes, Noether, Varier
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<latexit sha1_base64="bgGy4woxFLepZJXlOerE/hPcpnU=">AAAB/XicdVDLSgMxFL3js9bXqEtBgkVwNcxorborunFZwT6gU0omzbShmcyQZIRSiht/xY2IGwV/wV/wb8xM66KiBxIO55yQe0+QcKa0635ZC4tLyyurhbXi+sbm1ra9s9tQcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC8zvzmPZWKxeJOjxLaiXBfsJARrI3UtQ98jkWfU+QHWI79RLEJym5f5nLXLrnOZYZTNCWVjLhlz/XOkOe4OUowQ61rf/q9mKQRFZpwrFTbcxPdGWOpGeF0UvRTRRNMhrhPx/n0E3RkpB4KY2mO0ChX53I4UmoUBSYZYT1Qv71M/Mtrpzq86IyZSFJNBZl+FKYc6RhlVaAek5RoPjIEE8nMhIgMsMREm8KKZvWf/dD/pHHieBWnfFsuVa9mJRRgHw7hGDw4hyrcQA3qQOARnuEN3q0H68l6sV6n0QVr9mYP5mB9fANnRpWw</latexit>
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<latexit sha1_base64="knkpB8Sg3EARNk1e1obUpd2oYVc=">AAAB+XicdVDLSgMxFM3UV62vUXe6CRbB1ZAp1bG7ohuXLdgHdErJZNI2NJMZkoxQhoK/4kbEjYI/4S/4N6bTuqjogcDhnBPuvSdIOFMaoS+rsLa+sblV3C7t7O7tH9iHR20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBJPbud95oFKxWNzraUL7ER4JNmQEayMN7BOfYzHiFDahrxkPadac+TKXBnYZOW7F8xCCyKnVap53uSCo6kHXQTnKYInGwP70w5ikERWacKxUz0WJ7mdYakY4nZX8VNEEkwke0SzffAbPjRTCYSzNExrm6koOR0pNo8AkI6zH6rc3F//yeqkeXvczJpJUU0EWg4YphzqG8xpgyCQlmk8NwUQysyEkYywx0aaskjn95z74P2lXHPfKqTar5frNsoQiOAVn4AK4wAN1cAcaoAUIeATP4A28W5n1ZL1Yr4towVr+OQYrsD6+Ae4Ik7Q=</latexit>

hQQ̃i

m

no similar issues

with SO, Sp

Nf>1.48Nc



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

m=0

???

χSB

Banks-Saks

fixed point

χSB

� ⇠ O(1)g4 �O(Nc)g
6

<latexit sha1_base64="XkO1PpO6eWK1H9t2fg8QNWl6wuo=">AAAB/nicdVDLSgMxFM3UV62vUZcuDBahXTjMSGvbXdGNK61gH9Bph0yamYZmHiQZoZSCG3/FjYgbBT/BX/BvTB8u6uNA4HDOCffe48aMCmman1pqaXlldS29ntnY3Nre0Xf3GiJKOCZ1HLGIt1wkCKMhqUsqGWnFnKDAZaTpDi4mfvOOcEGj8FYOY9IJkB9Sj2IkleToh7ZLJIK2oAG8zll5v1uAJ4pdOTgP/e6Zo2dNo1Iul4pF+JtYhjlFFsxRc/QPuxfhJCChxAwJ0bbMWHZGiEuKGRln7ESQGOEB8slouv4YHiupB72IqxdKOFUXcigQYhi4Khkg2Rc/vYn4l9dOpFfujGgYJ5KEeDbISxiUEZx0AXuUEyzZUBGEOVUbQtxHHGGpGsuo07/vg/+TxqlhFYzKTSFbPZ+XkAYH4AjkgAVKoAouQQ3UAQYP4Am8gjftXnvUnrWXWTSlzf/sgwVo719WZJL1</latexit>

χSB ?

ph
as

e 
tr

an
si

tio
n



confinement and χSB
Csáki, Gomes, HM, Telem, 2106.10288, 2107.02813



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?

Complete classification of t-confining theories

<latexit sha1_base64="b5bPjrw+CKC/ry4qcChpRrL1nd8="></latexit>

→Trei
∮
Adx↑ ↓ e→L

<latexit sha1_base64="SkE2H2CEh86ND8GaNiS6H2aUK04="></latexit>

→Trei
∮
Adx↑ ↓ e→A



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)
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Nf = Nc-2
for Mij=QiQj≠0 with 
rank M=Nf, SO(Nc) is 
broken to SO(2)
Coulomb branch
two singularities
u = detM = 0

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

dyons: q
±
i

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

u = detM = ⇤2Nf
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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
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Chiral gauge theories



Nature is chiral
Standard model is a chiral gauge theory
but chiral gauge theories are difficult to regularize
no lattice simulations yet!
tumbling hypothesis (Dimopoulos, Raby, Stuart)

gauge theory breaks itself in the Most 
Attractive Channel (MAC) until it becomes 
vector-like

SU(Nc) with A + (Nc-4) F*, global SU(Nc–4)xU(1)
MAC                  :SU(Nc)➝SU(4)xSU(Nc–4)
A=(6,1)+(4,(Nc–4)*), F*=(4*,(Nc–4))
SU(4) vector-like, SU(Nf) unbroken
massless composite fermions
never proven
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3

UV theory SUSY + AMSB Tumbling

NF Gglobal Hglobal mf = 0 Hglobal mf = 0

SU(NC) +A( ) + (NC → 4 +NF )F̃ (¯) +NFF ( ), NC =Odd [15, 20]

0 SU(NC → 4)↑U(1) Sp(NC → 5)↑U(1) + 1 SU(NC → 4)↑U(1)

1 SU(NC → 3)↑U(1)2 Sp(NC → 3)↑U(1) SU(NC → 4)↑U(1)

2 SU(NC → 2)↑ SU(2)↑U(1)2 Sp(NC → 3)↑U(1)2 SU(NC → 4)↑ SU(2)↑U(1) ( , 1)

SU(NC) +A( ) + (NC → 4 +NF )F̃ (¯) +NFF ( ), NC =Even [15, 20]

0 SU(NC → 4)↑U(1) Sp(NC → 4) none SU(NC → 4)↑U(1)

1 SU(NC → 3)↑U(1)2 Sp(NC → 4)↑U(1) none SU(NC → 4)↑U(1)

2 SU(NC → 2)↑ SU(2)↑U(1)2 Sp(NC → 4)↑ SU(2)↑U(1) none SU(NC → 4)↑ SU(2)↑U(1) ( , 1)

SU(NC) + S( ) + (NC + 4)F̃ (¯) [18]

0 SU(NC + 4)↑U(1) SO(NC + 4) none SU(NC + 4)↑U(1)

SO(10) +NFω(16) [19]

1 none none none none none

2 SU(2) SU(2) none SO(2) none

3 SU(3) SO(3) none SO(3) none

E6 +NFω(27) [This Work]

1 none none none none none

2 SU(2) none none SO(2) none

3 SU(3)

SU(3)

SO(3) noneU(1)↑U(1) Siii(i = 1, 2, 3)

none none

TABLE I. Conjectured global symmetries and massless fermion content of the non-supersymmetric chiral gauge theories.
Representations of massless fermions are shown in Young tableaux of unbroken non-abelian groups. The SUSY + AMSB
column shows the exact results valid for m → ! which extend continuously to m ↑ ! if there is no phase transition at m ↓ !.
The Tumbling column shows the hypotheses predicted by a sequential self-breaking of the gauge group by fermion bilinear
operators in the Most Attractive Channel (MAC).

SU(2) ↓ SO(2), while SUSY+AMSB suggests no global
symmetry left. The case NF = 3 is interesting. We
found three local minima, each with di!erent symmetry
breaking patterns. Any one of them could persist to the
non-SUSY limit m ↓ ↔. In particular, the case NF = 3
with unbroken SU(3) with massless composite fermions

in the Sijk = i j k representation was totally unan-

ticipated.

III. ANOMALY MEDIATION

With anomaly mediated supersymmetry breaking
(AMSB), we infinitesimally breakN = 1 supersymmetry.
All supersymmetry breaking is parametrized in terms of
the Weyl compensator superfield ” = 1 + ε

2
m where ε

is the usual Grassmann coordinate in superspace. All di-
mensionful fields in the supersymmetric Lagrangian are
multiplied by the Weyl compensator, producing a new



New BSM 

model building tools

SUSY + AMSB appears useful to gain insight 
into strong gauge dynamics
new possibilities:


massless composite fermions

light composite scalars

new symmetry breaking patterns

hidden jets must be re-studied

also many (in principle) testable predictions 
on dynamics


look forward to future developments on 
lattice
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Conclusions
SUSY + AMSB help us  
understand quantum dynamics
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Conclusions
SUSY + AMSB help us  
understand quantum dynamics
obtain results consistent with 
Yukawa, Nambu
no obvious signs of phase 
transition as SUSY breaking      
is increased
applied to systems not 
understood yet, results very 
different from past conjectures
can be applied to 2+1D, 1+1D 
systems (not yet)
interested in strongly-coupled 
dark sector
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