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Rotation curves, structure formation, weak lensing, BBN 
and CMB measurements agree on the existence of a non-
relativistic, non-baryonic and collision-less component of 
matter.
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Observations don’t give many hints on what DM is:



DARK MATTER STABILITY:
The proton lifetime is long:

⌧p > 1034 y
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This follows from accidental baryon number 
conservation of the SM lagrangian:

qqql
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Violation:
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New ``dark’’ forces:

DM is an accidentally stable dark-hadron

Cosmological stability of DM is often obtained imposing 
ad hoc global symmetries. In supersymmetry:

R-parity:

Can DM be accidentally stable as the proton?
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The visible sector couples minimally to the dark 
sector through gauge and Yukawa interactions:
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Confining gauge theory with vector-like fermions



Accidental symmetries:

• Dark-Baryon number

• Dark-Species number 

B = ✏i1i1...inQ{↵1

i1
Q↵2

i2
. . . Q↵n}

in

Qi ! ei↵iQi
M = Q̄iQj

Qi ! ei↵Qi

Dark baryons robustly cosmologically stable:

⌧p ⇠ 8⇡⇤4
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Models
- Q-complex (SU(N) fundamental)
Baryons and anti-baryons are different particles that can 
be produced thermally or through an asymmetry. 

- Q-real (SO(N) fundamental)
Baryon and anti-baryons are the same particle. 

No asymmetry and weak direct detection constraints.

- Q-adjoint
DM is a bound state of dark quarks and dark gluons.

[Contino, Mitridate, Podo, MR, 2018]

[Antipin, MR, Strumia Vigiani, 2015]
[Mitridate, MR, Smirnov, Strumia, 2017]

http://arxiv.org/abs/arXiv:1811.06975
http://arxiv.org/abs/arXiv:1811.06975
http://arxiv.org/abs/arXiv:1811.06975


Effective DM coupling is perturbative.

Cosmology non-standard and model dependent:

rDC ⇠ (↵DCmQ)
�1

Strongly coupled dynamics, DM simple.

- Light Dark Quarks:

- Heavy Dark Quarks:

(mQ < ⇤DC)

(mQ > ⇤DC)

• rDC < ⇤�1
DC

• rDC > ⇤�1
DC

“Coulomb” 

“Quarkonium”

⇤DC ⇠ mQexp


� 6⇡

11C2(G)↵DC(mQ)

�



- Light Dark Quarks: (mQ < ⇤DC)

0

{ ⇠ 100MeV

⇠ m2
⇡

mB

mD⇡

mDb

mDb0

mQ

⇤DC

[Antipin, MR, Strumia Vigiani, 2015]

http://arxiv.org/abs/arXiv:1811.06975


SU(N) gauge theory with NF light flavors.

Dark-quarks are vectorial with respect to SM.      

Fermions SM SU(n)TC

 L
P

i ri n
 R

P
i r̄i n̄

X

i

d[ri] = NF

SU(NF )⇥ SU(NF )

SU(NF )

Nambu-Goldstone bosons:

h ̄i ji ⇠ 4⇡f3�ij

AdjSU(NF ) =
KX

i=1

ri ⇥
KX

i=1

r̄i � 1

Vacuum does not break electro-weak symmetry.                

SU(N)



• Dark-Baryons

Lightest multiplet has minimum spin. Flavor rep:

DM candidate: I=0,1,2,...

NDC = 3 NDC = 4

QDB = T 3
DB + YDB = 0

YDB = 0

Stable pions behave as elementary minimal dark matter 
candidates.

• Dark-Pions

Strumia, Cirelli ’05

�SI = 0.12± 0.03⇥ 10�46 cm2

(see however 1503.04203)
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MI=1 ⇡ 3TeV



SU(N) classification:

- SU(N) asymptotically free 

- No Landau poles below the Planck scale.

- Lightest dark-baryon with Q=Y=0

- No unwanted stable particles




DB

SM
g2

g2

geff ⇠ 4⇡

D⇡

If DM is asymmetric its mass could be up to 1 TeV.

Thermal abundance:

h�vreliann ⇠ 4⇡

M2
B
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Weak direct detection constraints unless there are 
Yukawa couplings. Interesting dipoles:
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Dark glueballs

Dark mesons

Dark baryons
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- Heavy Dark Quarks: (mQ > ⇤DC)

[Mitridate, MR, Smirnov, Strumia, 2017]
[Contino, Mitridate, Podo, MR, 2018]
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Non standard cosmological histories:

•⇤DC <
mQ

25

Dark quarks freeze-out in the perturbative regime.  A 
fraction recombines into baryons after dark confinement.

⌦DM = pB⌦Q+Q̄ pB = O(1)

Late time decays of glueballs further dilute abundance.

At temperatures below confinement baryons can re-
annihilate reducing the abundance
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In the non-relativistic regime thermal abundance of DM 
can be obtained for masses  ~10 TeV.

[Mitridate, MR, Smirnov, Strumia, 2017]

http://arxiv.org/abs/arXiv:1811.06975


Light Composite Fermions
[MR, 2008.12291 + work in progress]

https://inspirehep.net/literature/1813658


Confinement w/out SB�

Previous works assumed QCD-like dynamics where 
confinement is accompanied by chiral symmetry breaking. 

’t Hooft argued that theories may confine without chiral 
symmetry breaking. In this case matching anomalies of 
global symmetries requires the existence of massless 
composite fermions in the chiral limit.

['t Hooft '80]

Recently new anomaly matching condition from gauging of 
higher form symmetries have also been discovered.

[Gaiotto et al. '14]

https://inspirehep.net/literature/144074
https://inspirehep.net/literature/1334564


The lightest composite fermion is accidentally stable as a 
consequence of fermion parity. 

It decays through higher dimension operators to SM:
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We will consider theories where composite fermions can 
acquire a small mass due to explicit breaking of global 
symmetries.

<latexit sha1_base64="VMdB9ha22Oy+yLV5n5BFiQbQfFw="></latexit>

1

⇤d1+d2�4
UV

O
d1
DMO

d2
SM

Lifetime enhanced by  compared to baryons.⇤/MDM

Ex: d1 + d2 = 6
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- Confinement w/out SB:�



Light composite fermions are excellent DM candidates.

As pions they behave as elementary particles at energies 
below . 

The annihilation x-sec of a composite fermion is the same 
as in the SM to leading order:

⇤

Compositeness effects are however crucial:

- Singlets interactions depend entirely on compositeness 
effects.

- Higher dimensional operators control decays of 
accidentally stable heavier states.

Thermal abundance reproduced in the TeV range.
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SU(N) + 3 adj
Standard pattern of symmetry breaking:

SU(3)

SO(3)
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The lightest fermion is the “gluequark”:

5 NGB

If V is a triplet of SU(2) this realizes a composite “Wino”.

[Contino, Mitridate, Podo, MR, 2018]
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<latexit sha1_base64="QQtf1KCK6/+0w097bvS/WFkLsxg=">AAACFXicbZDLSgMxFIYzXmu9VV26CRbBhZQZEXShUHChywr2Ap1pOZOmbWiSGZKMUIa+hBtfxY0LRdwK7nwb03YEbf0h8PGfczg5fxhzpo3rfjkLi0vLK6u5tfz6xubWdmFnt6ajRBFaJRGPVCMETTmTtGqY4bQRKwoi5LQeDq7G9fo9VZpF8s4MYxoI6EnWZQSMtdqFY7+iWYvhy1orBTbCvmY9Aa3UF4kvkxG+bv9gC3C7UHRL7kR4HrwMiihTpV349DsRSQSVhnDQuum5sQlSUIYRTkd5P9E0BjKAHm1alCCoDtLJVSN8aJ0O7kbKPmnwxP09kYLQeihC2ynA9PVsbWz+V2smpnsepEzGiaGSTBd1E45NhMcR4Q5TlBg+tABEMftXTPqggBgbZN6G4M2ePA+1k5Lnlrzb02L5Iosjh/bRATpCHjpDZXSDKqiKCHpAT+gFvTqPzrPz5rxPWxecbGYP/ZHz8Q1xy575</latexit><latexit sha1_base64="QQtf1KCK6/+0w097bvS/WFkLsxg=">AAACFXicbZDLSgMxFIYzXmu9VV26CRbBhZQZEXShUHChywr2Ap1pOZOmbWiSGZKMUIa+hBtfxY0LRdwK7nwb03YEbf0h8PGfczg5fxhzpo3rfjkLi0vLK6u5tfz6xubWdmFnt6ajRBFaJRGPVCMETTmTtGqY4bQRKwoi5LQeDq7G9fo9VZpF8s4MYxoI6EnWZQSMtdqFY7+iWYvhy1orBTbCvmY9Aa3UF4kvkxG+bv9gC3C7UHRL7kR4HrwMiihTpV349DsRSQSVhnDQuum5sQlSUIYRTkd5P9E0BjKAHm1alCCoDtLJVSN8aJ0O7kbKPmnwxP09kYLQeihC2ynA9PVsbWz+V2smpnsepEzGiaGSTBd1E45NhMcR4Q5TlBg+tABEMftXTPqggBgbZN6G4M2ePA+1k5Lnlrzb02L5Iosjh/bRATpCHjpDZXSDKqiKCHpAT+gFvTqPzrPz5rxPWxecbGYP/ZHz8Q1xy575</latexit><latexit sha1_base64="QQtf1KCK6/+0w097bvS/WFkLsxg=">AAACFXicbZDLSgMxFIYzXmu9VV26CRbBhZQZEXShUHChywr2Ap1pOZOmbWiSGZKMUIa+hBtfxY0LRdwK7nwb03YEbf0h8PGfczg5fxhzpo3rfjkLi0vLK6u5tfz6xubWdmFnt6ajRBFaJRGPVCMETTmTtGqY4bQRKwoi5LQeDq7G9fo9VZpF8s4MYxoI6EnWZQSMtdqFY7+iWYvhy1orBTbCvmY9Aa3UF4kvkxG+bv9gC3C7UHRL7kR4HrwMiihTpV349DsRSQSVhnDQuum5sQlSUIYRTkd5P9E0BjKAHm1alCCoDtLJVSN8aJ0O7kbKPmnwxP09kYLQeihC2ynA9PVsbWz+V2smpnsepEzGiaGSTBd1E45NhMcR4Q5TlBg+tABEMftXTPqggBgbZN6G4M2ePA+1k5Lnlrzb02L5Iosjh/bRATpCHjpDZXSDKqiKCHpAT+gFvTqPzrPz5rxPWxecbGYP/ZHz8Q1xy575</latexit><latexit sha1_base64="QQtf1KCK6/+0w097bvS/WFkLsxg=">AAACFXicbZDLSgMxFIYzXmu9VV26CRbBhZQZEXShUHChywr2Ap1pOZOmbWiSGZKMUIa+hBtfxY0LRdwK7nwb03YEbf0h8PGfczg5fxhzpo3rfjkLi0vLK6u5tfz6xubWdmFnt6ajRBFaJRGPVCMETTmTtGqY4bQRKwoi5LQeDq7G9fo9VZpF8s4MYxoI6EnWZQSMtdqFY7+iWYvhy1orBTbCvmY9Aa3UF4kvkxG+bv9gC3C7UHRL7kR4HrwMiihTpV349DsRSQSVhnDQuum5sQlSUIYRTkd5P9E0BjKAHm1alCCoDtLJVSN8aJ0O7kbKPmnwxP09kYLQeihC2ynA9PVsbWz+V2smpnsepEzGiaGSTBd1E45NhMcR4Q5TlBg+tABEMftXTPqggBgbZN6G4M2ePA+1k5Lnlrzb02L5Iosjh/bRATpCHjpDZXSDKqiKCHpAT+gFvTqPzrPz5rxPWxecbGYP/ZHz8Q1xy575</latexit>

http://arxiv.org/abs/arXiv:1811.06975


Complicated strong dynamics: perturbative annihilation, re-
annihilation after confinement, entropy injection…

DM is typically heavy. 

Abundance:
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⌧30
⇠ ↵2
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⇠ 10�28
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◆7 ✓1011 GeV

⇤
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<latexit sha1_base64="+FFcTix6KEZQSc5e2HLkvj+ux4U="></latexit>

Poppitz and Ryttov (1904.11640) argued that this theory 
may confine without SB. Anomalies can be matched 

by  composite fermions triplets of SU(3).

�

(N2 � 1)

Mn = cnMV

<latexit sha1_base64="dCQ3PbPT4XkdFZiZVonUTq86g14=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoIJCwYuXQgXTFtoQNttNu3SzibubQgn9HV48KOLVH+PNf+O2zUFbH8zweG+GnX1BwpnStv1tFdbWNza3itulnd29/YPy4VFLxakk1CUxj2UnwIpyJqirmea0k0iKo4DTdjC6m/ntMZWKxeJRTxLqRXggWMgI1kbyGr5At4iY3vBbfrliV+050CpxclKBHE2//NXrxySNqNCEY6W6jp1oL8NSM8LptNRLFU0wGeEB7RoqcESVl82PnqIzo/RRGEtTQqO5+nsjw5FSkygwkxHWQ7XszcT/vG6qwysvYyJJNRVk8VCYcqRjNEsA9ZmkRPOJIZhIZm5FZIglJtrkVDIhOMtfXiWti6pTq14/1Cr1mzyOIpzAKZyDA5dQh3toggsEnuAZXuHNGlsv1rv1sRgtWPnOMfyB9fkD8k+Q6w==</latexit>

Radically different phenomenology: For SU(3) with 3 adjoints 
triplets of SU(2) this leads to 8 Wino-like fermions. 
Compositeness effects allow the heavier states to decay:

<latexit sha1_base64="pEBV6r/vjTNjTuxRHX1k75+nYgk="></latexit>

�i
n = Tr[Gµ↵1 . . . G

↵n
⌫ (�µ⌫)V i]

<latexit sha1_base64="UAcr1IbtknUaMSsLl5Eu2t9DjVU=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0UQxJCIoguFghsXChVsWmhjmEwm7dDJJMxMhBK6deOvuHGhiFv/wJ1/47TNQlsP3MvhnHuZuSdIGZXKtr+N0tz8wuJSebmysrq2vmFubrkyyQQmDZywRLQCJAmjnDQUVYy0UkFQHDDSDPqXI7/5QISkCb9Tg5R4MepyGlGMlJZ8E3ZCwhSC1/Di8MZ3oXufIzqc9IOehS3frNqWPQacJU5BqqBA3Te/OmGCs5hwhRmSsu3YqfJyJBTFjAwrnUySFOE+6pK2phzFRHr5+JIh3NNKCKNE6OIKjtXfGzmKpRzEgZ6MkerJaW8k/ue1MxWdeTnlaaYIx5OHooxBlcBRLDCkgmDFBpogLKj+K8Q9JBBWOryKDsGZPnmWuEeWc2LZt8fV2nkRRxnsgF2wDxxwCmrgCtRBA2DwCJ7BK3gznowX4934mIyWjGJnG/yB8fkDEB+YpQ==</latexit>

�L = �MV V
aiV ai + h.c.

↵2↵⇤
⇤3

�i
3�

i
30W

b
µ⌫W

b µ⌫

<latexit sha1_base64="ONDfmYJ5niJrATq3q6WsSV6EI6g="></latexit><latexit sha1_base64="ONDfmYJ5niJrATq3q6WsSV6EI6g="></latexit><latexit sha1_base64="ONDfmYJ5niJrATq3q6WsSV6EI6g="></latexit><latexit sha1_base64="ONDfmYJ5niJrATq3q6WsSV6EI6g="></latexit>

https://inspirehep.net/literature/1731548


Diverse and rich pheno:

•⇤ > 1011 GeV

<latexit sha1_base64="xCTlLkvAR06ONVY76KmJbJUpGEM=">AAACDnicbVC7SgNBFJ2NrxhfUUubwRCwCGFXAiqIBCy0sIhgHpCNYXb2bjJkdnaZmRXCki+w8VdsLBSxtbbzb5w8Ck08MHA45x7u3OPFnClt299WZml5ZXUtu57b2Nza3snv7jVUlEgKdRrxSLY8ooAzAXXNNIdWLIGEHoemN7gc+80HkIpF4k4PY+iEpCdYwCjRRurmi66XcA7aLWH3xsR8coEd+z51nJFbSl0Z4itojLr5gl22J8CLxJmRApqh1s1/uX5EkxCEppwo1XbsWHdSIjWjHEY5N1EQEzogPWgbKkgIqpNOzhnholF8HETSPKHxRP2dSEmo1DD0zGRIdF/Ne2PxP6+d6OC0kzIRJxoEnS4KEo51hMfdYJ9JoJoPDSFUMvNXTPtEEqpNgzlTgjN/8iJpHJedSvnstlKons/qyKIDdIiOkINOUBVdoxqqI4oe0TN6RW/Wk/VivVsf09GMNcvsoz+wPn8AtIiaoA==</latexit>

All triplets are stable:

• 109 GeV . ⇤ . 1011 GeV

<latexit sha1_base64="o6fAjr4YniJezCkDxq/UNmWyAvo="></latexit>

Lifetime longer than age of universe but fraction decays.

8X

i=1

M2
i ⇡ (3TeV)2

<latexit sha1_base64="8K5nr73JsoYW82GevbDGrZ/NicA=">AAACFHicbVDLSsNAFJ3UV62vqks3g0WoKCWpBSsoFNy4ESr0BU0aJtNpO3QmCTMTsYR+hBt/xY0LRdy6cOffOG2z0NYDFw7n3Mu993gho1KZ5reRWlpeWV1Lr2c2Nre2d7K7ew0ZRAKTOg5YIFoekoRRn9QVVYy0QkEQ9xhpesPrid+8J0LSwK+pUUgcjvo+7VGMlJbc7IktI+7G9Moad8rw1qWdIrRRGIrgAebP7NPYFhzWSGN83Cm62ZxZMKeAi8RKSA4kqLrZL7sb4IgTX2GGpGxbZqicGAlFMSPjjB1JEiI8RH3S1tRHnEgnnj41hkda6cJeIHT5Ck7V3xMx4lKOuKc7OVIDOe9NxP+8dqR6ZSemfhgp4uPZol7EoArgJCHYpYJgxUaaICyovhXiARIIK51jRodgzb+8SBrFglUqXNyVcpXLJI40OACHIA8scA4q4AZUQR1g8AiewSt4M56MF+Pd+Ji1poxkZh/8gfH5A9s3nM0=</latexit>

<latexit sha1_base64="Nw3bBukHTbwoHptiIcLv44pMcaY="></latexit>

h�vrelieff ⇡
8X

i=1

⇡↵2
2

M2
i

<latexit sha1_base64="w5AzOhYODJ16i6lDPWm0WxoC/y8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEF1ISUXThouDGjVChL2hCmEyn7dCZJMxMhBqKv+LGhSJu/Q93/o3TNgttPXDhcM693HtPmHCmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqjiVhDZIzGPZDrGinEW0oZnmtJ1IikXIaSsc3kz81gOVisVRXY8S6gvcj1iPEayNFNgHdwHzFBPI9U4zTwpUp81xYJedijMFWiRuTsqQoxbYX143JqmgkSYcK9VxnUT7GZaaEU7HJS9VNMFkiPu0Y2iEBVV+Nr1+jI6N0kW9WJqKNJqqvycyLJQaidB0CqwHat6biP95nVT3rvyMRUmqaURmi3opRzpGkyhQl0lKNB8Zgolk5lZEBlhiok1gJROCO//yImmeVdyLinN/Xq5e53EU4RCO4ARcuIQq3EINGkDgEZ7hFd6sJ+vFerc+Zq0FK5/Zhz+wPn8ANDuUZg==</latexit>

Mi ⇠ 1TeV



• 105 GeV . ⇤ . 109 GeV

<latexit sha1_base64="gajOURx0ZlaYiBNgA6/IHn7TqFI="></latexit>

•⇤ . 105 GeV

<latexit sha1_base64="2Epld+xGXqvQis8dhu5rx43KlYY=">AAACF3icbVC7SgNBFJ31GeNr1dJmMAgWIexKRAWLgIUWFhHMA7JrmJ3cJENmdpeZWSEs+xc2/oqNhSK22vk3Th6FJh4YOJxzD3fuCWLOlHacb2thcWl5ZTW3ll/f2Nzatnd26ypKJIUajXgkmwFRwFkINc00h2YsgYiAQyMYXI78xgNIxaLwTg9j8AXphazLKNFGatslL0g4B+0VMcbejQl2CPY4KKWYwK5zn55kXjH1pMBXUM/adsEpOWPgeeJOSQFNUW3bX14noomAUFNOlGq5Tqz9lEjNKIcs7yUKYkIHpActQ0MiQPnp+K4MHxqlg7uRNC/UeKz+TqREKDUUgZkURPfVrDcS//Naie6e+SkL40RDSCeLugnHOsKjknCHSaCaDw0hVDLzV0z7RBKqTZV5U4I7e/I8qR+X3HLp/LZcqFxM68ihfXSAjpCLTlEFXaMqqiGKHtEzekVv1pP1Yr1bH5PRBWua2UN/YH3+AIlnnks=</latexit>

Heavier states decay after freeze-out modifying 
abundance:

For small splittings heavier states co-annihilate.

Possible effects from energy injection at CMB and BBN.

<latexit sha1_base64="fLWFomLntaS7ghJqFLnJsw8rzwk=">AAACFXicbVDLSsNAFJ3UV62vqks3g0WoUEpSFbtQKLhxU6jQFzRpmEwn7dCZJMxMxBL6E278FTcuFHEruPNvnD4W2nrgwuGce7n3Hi9iVCrT/DZSK6tr6xvpzczW9s7uXnb/oCnDWGDSwCELRdtDkjAakIaiipF2JAjiHiMtb3gz8Vv3REgaBnU1iojDUT+gPsVIacnNFqquBW0Zczeh19a4W6661EZRJMIHmD+zC4ktOKyT5hiedktuNmcWzSngMrHmJAfmqLnZL7sX4piTQGGGpOxYZqScBAlFMSPjjB1LEiE8RH3S0TRAnEgnmX41hida6UE/FLoCBafq74kEcSlH3NOdHKmBXPQm4n9eJ1Z+2UloEMWKBHi2yI8ZVCGcRAR7VBCs2EgThAXVt0I8QAJhpYPM6BCsxZeXSbNUtC6K5t15rnI1jyMNjsAxyAMLXIIKuAU10AAYPIJn8ArejCfjxXg3PmatKWM+cwj+wPj8AX8lnRw=</latexit>

M1

8X

i=1

Mi ⇡ (3TeV)2

<latexit sha1_base64="srUfv3SzXV4lSQ2rYq6SC8hUw3o=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0GwCGHXB1qkCNjYCBHyguyyzE4myZCZ2WVmVghLaht/xcZCEVu/wM6/cZIsookHLhzOuZd77wljRpV2nC8rt7S8srqWXy9sbG5t79i7e00VJRKTBo5YJNshUoRRQRqaakbasSSIh4y0wuH1xG/dE6loJOp6FBOfo76gPYqRNlJgH7peKfUkh3XSHFfgbeDCCjzzSvBHDOyiU3amgIvEzUgRZKgF9qfXjXDCidCYIaU6rhNrP0VSU8zIuOAlisQID1GfdAwViBPlp9NXxvDYKF3Yi6QpoeFU/T2RIq7UiIemkyM9UPPeRPzP6yS6d+WnVMSJJgLPFvUSBnUEJ7nALpUEazYyBGFJza0QD5BEWJv0CiYEd/7lRdI8LbsXZefuvFitZHHkwQE4AifABZegCm5ADTQABg/gCbyAV+vRerberPdZa87KZvbBH1gf3yXgmAA=</latexit>

1TeV < M1 < 3TeV
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For large compositeness scale multiple photon lines @ 1 TeV. 

Composite triplets will be seen at FCC or even HL-LHC!

WinoIndirect Detection:



SO(N) + (N-4) x F + 1 adj

 ij = F i
↵A↵�F

j
�

<latexit sha1_base64="I+gLbOhzkZfvrSTmQHAP2LcwHOs=">AAACGHicbZDLSgMxFIYz9VbrrerSTbAIruqMFFRQqAjFZQV7gc50OJOmbdrMhSQjlKGP4cZXceNCEbfd+Tam0y609YfAx3/O4eT8XsSZVKb5bWRWVtfWN7Kbua3tnd29/P5BXYaxILRGQh6KpgeSchbQmmKK02YkKPgepw1veDetN56okCwMHtUooo4PvYB1GQGlLTd/ZlclaydsML7BlTZzbeBRH/Ctm8zI9qiCMa64KbQHbr5gFs1UeBmsORTQXFU3P7E7IYl9GijCQcqWZUbKSUAoRjgd5+xY0gjIEHq0pTEAn0onSQ8b4xPtdHA3FPoFCqfu74kEfClHvqc7fVB9uVibmv/VWrHqXjoJC6JY0YDMFnVjjlWIpynhDhOUKD7SAEQw/VdM+iCAKJ1lTodgLZ68DPXzolUqXj2UCuXreRxZdISO0Smy0AUqo3tURTVE0DN6Re/ow3gx3oxP42vWmjHmM4foj4zJD1rxn/o=</latexit>

Anomaly free global symmetry SU(N-4) x U(1).

Anomalies can be matched by:

LM = a1MATr[MF ]
2 + a2MA|TrMF MF |+ h.c.

<latexit sha1_base64="JQPVjMEgjrQnzqVD6v6E7rBJdA8="></latexit>



 = 6 = 1� 5

<latexit sha1_base64="2YfhxmjrkQCy7YU/ROfMSgPuQS4=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUnEJ1gouHFZwT6gCWUynbRDJ5kwMxFCqL/ixoUibv0Qd/6N08dCWw9cOJxzL/feEyScKe0431ZhZXVtfaO4Wdra3tnds/cPWkqkktAmEVzIToAV5SymTc00p51EUhwFnLaD0e3Ebz9SqZiIH3SWUD/Cg5iFjGBtpJ5d9hqK1dAFqiHXEwlPFTrv2RWn6kyBlok7JxWYo9Gzv7y+IGlEY004VqrrOon2cyw1I5yOS16qaILJCA9o19AYR1T5+fT4MTo2Sh+FQpqKNZqqvydyHCmVRYHpjLAeqkVvIv7ndVMdXvk5i5NU05jMFoUpR1qgSRKozyQlmmeGYCKZuRWRIZaYaJNXyYTgLr68TFqnVfesen1/VqnfzOMowiEcwQm4cAl1uIMGNIFABs/wCm/Wk/VivVsfs9aCNZ8pwx9Ynz8RKJMc</latexit>

•NF = 3 : V

<latexit sha1_base64="jnxpZkpRePA9V3EXzcn9mcit1Fw=">AAAB/XicbVDJSgNBEK1xjXEbl5uXxiB4CGFGAy4oBATxJBHMAplh6Ol0kiY9C909QhyCv+LFgyJe/Q9v/o2dZA6a+KDg8V4VVfX8mDOpLOvbmJtfWFxazq3kV9fWNzbNre26jBJBaI1EPBJNH0vKWUhriilOm7GgOPA5bfj9q5HfeKBCsii8V4OYugHuhqzDCFZa8sxdx084p8opolvv+vLYKZ6jumcWrJI1BpoldkYKkKHqmV9OOyJJQENFOJayZVuxclMsFCOcDvNOImmMSR93aUvTEAdUuun4+iE60EobdSKhK1RorP6eSHEg5SDwdWeAVU9OeyPxP6+VqM6pm7IwThQNyWRRJ+FIRWgUBWozQYniA00wEUzfikgPC0yUDiyvQ7CnX54l9aOSXS6d3ZULlYssjhzswT4cgg0nUIEbqEINCDzCM7zCm/FkvBjvxsekdc7IZnbgD4zPH/7Rk6A=</latexit>
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�=200 TeV
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<latexit sha1_base64="ixT8G8/DrmyWDfKzOPyusqv0/CI=">AAAB/3icbVDLSgMxFM3UV62vUXHlJlgEN5ZJqehCoeLGTaGCfUA7Dpk004ZmMkOSEcpQ8FfcuFAQt/6GO//GtJ2Fth64cDjnXu69x485U9pxvq3c0vLK6lp+vbCxubW9Y+/uNVWUSEIbJOKRbPtYUc4EbWimOW3HkuLQ57TlD28mfuuRSsUica9HMXVD3BcsYARrI3n2Qc1DpzXv7Ap7CNa8a1PNh7JnF52SMwVcJCgjRZCh7tlf3V5EkpAKTThWqoOcWLsplpoRTseFbqJojMkQ92nHUIFDqtx0ev4YHhulB4NImhIaTtXfEykOlRqFvukMsR6oeW8i/ud1Eh1cuCkTcaKpILNFQcKhjuAkC9hjkhLNR4ZgIpm5FZIBlphok1jBhIDmX14krXIJVUoI3VWK1cssjzw4BEfgBCBwDqrgFtRBAxCQgmfwCt6sJ+vFerc+Zq05K5vZB39gff4APBqTiA==</latexit>

M1 �M5 = a1MAM
2
V



•NF = 5 : L+ L̄+N

<latexit sha1_base64="gGcSVSPKpfolLYR13uQQmFFQgoA=">AAACB3icbVDLSsNAFJ3UV62vqEtBBosgtJREKj5QKAjiopQK9gFNCJPppB06eTAzEUrozo2/4saFIm79BXf+jdM2C209cOFwzr3ce48bMSqkYXxrmYXFpeWV7GpubX1jc0vf3mmKMOaYNHDIQt52kSCMBqQhqWSkHXGCfJeRlju4HvutB8IFDYN7OYyI7aNeQD2KkVSSo+9bbswYkVYR1pybq5MLq1gtJJaLOKyOCjVHzxslYwI4T8yU5EGKuqN/Wd0Qxz4JJGZIiI5pRNJOEJcUMzLKWbEgEcID1CMdRQPkE2Enkz9G8FApXeiFXFUg4UT9PZEgX4ih76pOH8m+mPXG4n9eJ5bemZ3QIIolCfB0kRczKEM4DgV2KSdYsqEiCHOqboW4jzjCUkWXUyGYsy/Pk+ZxySyXzu/K+cplGkcW7IEDcARMcAoq4BbUQQNg8AiewSt40560F+1d+5i2ZrR0Zhf8gfb5A/kil3U=</latexit>

 = 15 = 2⇥ 10 � 3±1 + 30 + 2± 1
2

<latexit sha1_base64="99LTPHJ/xUHnGwg+BBuWQyBTF3M="></latexit>

�LM = MLLL̄+MNN
2 + yLHN + ỹL̄H̃N

<latexit sha1_base64="5eFTN5GCLSq5qpaSgr3Ta1BvA8Q="></latexit>

Composite neutralino system + triplets with hypercharge. 
DM is the lightest neutral Majorana fermion. 
Phenomenological predictions for direct detection, CP 
violating effects etc., calculable in terms of ,a1,2

For  the system reduces to :MN � ML NF = 4

 = 10 = 10 + 30 + 3±1

<latexit sha1_base64="OAK3aAzYCTeSGw/bH8TgdTmZU3c=">AAACBXicbVDLSgMxFM3UV62vUZe6CBZBEMqMLaigUHDjsoJ9QGcYMmmmDU0yQ5IRytCNG3/FjQtF3PoP7vwb03YW2nrghsM593JzT5gwqrTjfFuFpeWV1bXiemljc2t7x97da6k4lZg0ccxi2QmRIowK0tRUM9JJJEE8ZKQdDm8mfvuBSEVjca9HCfE56gsaUYy0kQL70Gsoeg1dx1TgnMKqeapB5iUcuuPALjsVZwq4SNyclEGORmB/eb0Yp5wIjRlSqus6ifYzJDXFjIxLXqpIgvAQ9UnXUIE4UX42vWIMj43Sg1EsTQkNp+rviQxxpUY8NJ0c6YGa9ybif1431dGFn1GRpJoIPFsUpQzqGE4igT0qCdZsZAjCkpq/QjxAEmFtgiuZENz5kxdJ66zi1iqXd7Vy/SqPowgOwBE4AS44B3VwCxqgCTB4BM/gFbxZT9aL9W59zFoLVj6zD/7A+vwBnIWVeA==</latexit>

Triplets are almost degenerate with lifetime controlled by 
the singlet.



SUSY example
Canonical example of confinement without SB exist in 
SUSY gauge theories:

�
<latexit sha1_base64="NlaIRbYEizyKxgWnnSDwrKSXDf4=">AAACCXicdVDdSsMwGE39nfNv6qU3wSF4MUrbzdXdTbzxcoL7gbaMNEu3sPSHJBVG2RMI3upreCfe+hS+hY9g2k1Q0QMhh++c5CTHTxgV0jDetZXVtfWNzdJWeXtnd2+/cnDYE3HKMenimMV84CNBGI1IV1LJyCDhBIU+I31/epXr/TvCBY2jWzlLiBeicUQDipHMRy6e0GGlaujWebPVsqEidr1hWYrUDaNhNaGpGwWqYInOsPLhjmKchiSSmCEhHNNIpJchLilmZF52U0EShKdoTBxFIxQS4WXFW+dusTl87HtZnmrXishakTeHp8o/gkHM1YokLMzf78tQKMQs9JUzRHIifmv58C/NSWVw4WU0SlJJIrwIClIGZQzzWuCIcoIlmymCMKfqJxBPEEdYqvLKqqKvHuD/pGfppqGbN1a1fbksqwSOwQk4AyawQRtcgw7oAgwm4AE8giftXnvWXrTXhXVFW545Aj+gvX0CmLCX0Q==</latexit>

NF = N + 1
<latexit sha1_base64="D9bqCQzNgJB6u9seUg1IMWrba/s=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoBchKIinEME8IAlhdjKbDJmdXWd6hbDkJ7x4UMSrv+PNv3GS7EETCxqKqm66u/xYCoOu++0sLa+srq3nNvKbW9s7u4W9/bqJEs14jUUy0k2fGi6F4jUUKHkz1pyGvuQNf3gz8RtPXBsRqQccxbwT0r4SgWAUrdSsdG+vSOXU6xaKbsmdgiwSLyNFyFDtFr7avYglIVfIJDWm5bkxdlKqUTDJx/l2YnhM2ZD2ectSRUNuOun03jE5tkqPBJG2pZBM1d8TKQ2NGYW+7QwpDsy8NxH/81oJBpedVKg4Qa7YbFGQSIIRmTxPekJzhnJkCWVa2FsJG1BNGdqI8jYEb/7lRVI/K3luybs/L5avszhycAhHcAIeXEAZ7qAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w85uI7E</latexit><latexit sha1_base64="D9bqCQzNgJB6u9seUg1IMWrba/s=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoBchKIinEME8IAlhdjKbDJmdXWd6hbDkJ7x4UMSrv+PNv3GS7EETCxqKqm66u/xYCoOu++0sLa+srq3nNvKbW9s7u4W9/bqJEs14jUUy0k2fGi6F4jUUKHkz1pyGvuQNf3gz8RtPXBsRqQccxbwT0r4SgWAUrdSsdG+vSOXU6xaKbsmdgiwSLyNFyFDtFr7avYglIVfIJDWm5bkxdlKqUTDJx/l2YnhM2ZD2ectSRUNuOun03jE5tkqPBJG2pZBM1d8TKQ2NGYW+7QwpDsy8NxH/81oJBpedVKg4Qa7YbFGQSIIRmTxPekJzhnJkCWVa2FsJG1BNGdqI8jYEb/7lRVI/K3luybs/L5avszhycAhHcAIeXEAZ7qAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w85uI7E</latexit><latexit sha1_base64="D9bqCQzNgJB6u9seUg1IMWrba/s=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoBchKIinEME8IAlhdjKbDJmdXWd6hbDkJ7x4UMSrv+PNv3GS7EETCxqKqm66u/xYCoOu++0sLa+srq3nNvKbW9s7u4W9/bqJEs14jUUy0k2fGi6F4jUUKHkz1pyGvuQNf3gz8RtPXBsRqQccxbwT0r4SgWAUrdSsdG+vSOXU6xaKbsmdgiwSLyNFyFDtFr7avYglIVfIJDWm5bkxdlKqUTDJx/l2YnhM2ZD2ectSRUNuOun03jE5tkqPBJG2pZBM1d8TKQ2NGYW+7QwpDsy8NxH/81oJBpedVKg4Qa7YbFGQSIIRmTxPekJzhnJkCWVa2FsJG1BNGdqI8jYEb/7lRVI/K3luybs/L5avszhycAhHcAIeXEAZ7qAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w85uI7E</latexit><latexit sha1_base64="D9bqCQzNgJB6u9seUg1IMWrba/s=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBAEIeyKoBchKIinEME8IAlhdjKbDJmdXWd6hbDkJ7x4UMSrv+PNv3GS7EETCxqKqm66u/xYCoOu++0sLa+srq3nNvKbW9s7u4W9/bqJEs14jUUy0k2fGi6F4jUUKHkz1pyGvuQNf3gz8RtPXBsRqQccxbwT0r4SgWAUrdSsdG+vSOXU6xaKbsmdgiwSLyNFyFDtFr7avYglIVfIJDWm5bkxdlKqUTDJx/l2YnhM2ZD2ectSRUNuOun03jE5tkqPBJG2pZBM1d8TKQ2NGYW+7QwpDsy8NxH/81oJBpedVKg4Qa7YbFGQSIIRmTxPekJzhnJkCWVa2FsJG1BNGdqI8jYEb/7lRVI/K3luybs/L5avszhycAhHcAIeXEAZ7qAKNWAg4Rle4c15dF6cd+dj1rrkZDMH8AfO5w85uI7E</latexit>

Ex: SU(N) [Seiberg 90’s]

<latexit sha1_base64="jptAmHHqW+wQV8UnDZcadU4IJ8w=">AAACHnicbVBPS8MwHE39O+e/qkcvwSF4Gq0M9Dj04nED5wZrV9Is27IlaU1SYZR+ES9+FS8eFETwpN/GrOtBNx8EXt77PZLfC2NGlXacb2tldW19Y7O0Vd7e2d3btw8O71SUSExaOGKR7IRIEUYFaWmqGenEkiAeMtIOJ9czv/1ApKKRuNXTmPgcDQUdUIy0kQK7dt+jnqLcI7GiLBK9lI4D1+tHWsFxIDLY7KVGyOZKfhFZYFecqpMDLhO3IBVQoBHYnyaPE06Exgwp1XWdWPspkppiRrKylygSIzxBQ9I1VCBOlJ/m22Xw1Ch9OIikOULDXP2dSBFXaspDM8mRHqlFbyb+53UTPbj0UyriRBOB5w8NEgZ1BGdVwT6VBGs2NQRhSc1fIR4hibA2hZZNCe7iysukfV51a1XXbdYq9auijxI4BifgDLjgAtTBDWiAFsDgETyDV/BmPVkv1rv1MR9dsYrMEfgD6+sHW0ujGg==</latexit>

qi ⇠ ✏ij1...jnQj1 . . . Qjn
<latexit sha1_base64="j1+yqKGkgF6nziugb4dDfhQV20M=">AAACA3icbVBNS8NAEN3Ur1q/op7Ey2IRPJVECnosevEitGBtoUnLZrNpt93dhN2NUELx4l/x4kFBvPonvPlv3LY5aOuDgcd7M8zMCxJGlXacb6uwsrq2vlHcLG1t7+zu2fsH9ypOJSZNHLNYtgOkCKOCNDXVjLQTSRAPGGkFo+up33ogUtFY3OlxQnyO+oJGFCNtpJ59dNvN6HDiKcpho0s9TVlIssakO+zZZafizACXiZuTMshR79lfXhjjlBOhMUNKdVwn0X6GpKaYkUnJSxVJEB6hPukYKhAnys9mL0zgqVFCGMXSlNBwpv6eyBBXaswD08mRHqhFbyr+53VSHV36GRVJqonA80VRyqCO4TQPGFJJsGZjQxCW1NwK8QBJhLVJrWRCcBdfXiat84pbrbhuo1quXeV5FMExOAFnwAUXoAZuQB00AQaP4Bm8gjfryXqx3q2PeWvBymcOwR9Ynz8YkJew</latexit>

M ij ⇠ QiQ̃j



This theory breaks spontaneously supersymmetry when 
SUSY masses are included. This can be established 
studying the low energy magnetic dual theory:

Degenerate masses:

SU(NF ) ! SU(NF � 1)
<latexit sha1_base64="MwRHjMh39e3DyGuDOLtWaGVVDXs=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EitAtLIoIuXBQEcSUVTVtoQ5hMJ+3QyYWZiVBD8VXcuFDEre/hzrdx2mahrT8MfPznHOac3084k8qyvo2FxaXlldXCWnF9Y3Nr29zZbcg4FYQ6JOaxaPlYUs4i6iimOG0lguLQ57TpDy7H9eYDFZLF0b0aJtQNcS9iASNYacsz9++c8o13VemoGE3x2K54ZsmqWhOhebBzKEGuumd+dboxSUMaKcKxlG3bSpSbYaEY4XRU7KSSJpgMcI+2NUY4pNLNJtuP0JF2uiiIhX6RQhP390SGQymHoa87Q6z6crY2Nv+rtVMVnLsZi5JU0YhMPwpSjvSp4yhQlwlKFB9qwEQwvSsifSwwUTqwog7Bnj15HhonVduq2renpdpFHkcBDuAQymDDGdTgGurgAIFHeIZXeDOejBfj3fiYti4Y+cwe/JHx+QMTxpMC</latexit><latexit sha1_base64="MwRHjMh39e3DyGuDOLtWaGVVDXs=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EitAtLIoIuXBQEcSUVTVtoQ5hMJ+3QyYWZiVBD8VXcuFDEre/hzrdx2mahrT8MfPznHOac3084k8qyvo2FxaXlldXCWnF9Y3Nr29zZbcg4FYQ6JOaxaPlYUs4i6iimOG0lguLQ57TpDy7H9eYDFZLF0b0aJtQNcS9iASNYacsz9++c8o13VemoGE3x2K54ZsmqWhOhebBzKEGuumd+dboxSUMaKcKxlG3bSpSbYaEY4XRU7KSSJpgMcI+2NUY4pNLNJtuP0JF2uiiIhX6RQhP390SGQymHoa87Q6z6crY2Nv+rtVMVnLsZi5JU0YhMPwpSjvSp4yhQlwlKFB9qwEQwvSsifSwwUTqwog7Bnj15HhonVduq2renpdpFHkcBDuAQymDDGdTgGurgAIFHeIZXeDOejBfj3fiYti4Y+cwe/JHx+QMTxpMC</latexit><latexit sha1_base64="MwRHjMh39e3DyGuDOLtWaGVVDXs=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EitAtLIoIuXBQEcSUVTVtoQ5hMJ+3QyYWZiVBD8VXcuFDEre/hzrdx2mahrT8MfPznHOac3084k8qyvo2FxaXlldXCWnF9Y3Nr29zZbcg4FYQ6JOaxaPlYUs4i6iimOG0lguLQ57TpDy7H9eYDFZLF0b0aJtQNcS9iASNYacsz9++c8o13VemoGE3x2K54ZsmqWhOhebBzKEGuumd+dboxSUMaKcKxlG3bSpSbYaEY4XRU7KSSJpgMcI+2NUY4pNLNJtuP0JF2uiiIhX6RQhP390SGQymHoa87Q6z6crY2Nv+rtVMVnLsZi5JU0YhMPwpSjvSp4yhQlwlKFB9qwEQwvSsifSwwUTqwog7Bnj15HhonVduq2renpdpFHkcBDuAQymDDGdTgGurgAIFHeIZXeDOejBfj3fiYti4Y+cwe/JHx+QMTxpMC</latexit><latexit sha1_base64="MwRHjMh39e3DyGuDOLtWaGVVDXs=">AAAB/XicbZDLSsNAFIZPvNZ6i5edm8EitAtLIoIuXBQEcSUVTVtoQ5hMJ+3QyYWZiVBD8VXcuFDEre/hzrdx2mahrT8MfPznHOac3084k8qyvo2FxaXlldXCWnF9Y3Nr29zZbcg4FYQ6JOaxaPlYUs4i6iimOG0lguLQ57TpDy7H9eYDFZLF0b0aJtQNcS9iASNYacsz9++c8o13VemoGE3x2K54ZsmqWhOhebBzKEGuumd+dboxSUMaKcKxlG3bSpSbYaEY4XRU7KSSJpgMcI+2NUY4pNLNJtuP0JF2uiiIhX6RQhP390SGQymHoa87Q6z6crY2Nv+rtVMVnLsZi5JU0YhMPwpSjvSp4yhQlwlKFB9qwEQwvSsifSwwUTqwog7Bnj15HhonVduq2renpdpFHkcBDuAQymDDGdTgGurgAIFHeIZXeDOejBfj3fiYti4Y+cwe/JHx+QMTxpMC</latexit>

Mij = 0
<latexit sha1_base64="eHqQEV8eau5Ycfb9WNsXAyQw4ho=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoePEiVLAf0Iay2W7atZtN3J0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeUEihUHX/XaWlldW19YLG8XNre2d3dLefsPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M0nro2I1T2OEu5HtK9EKBhFK7Vuu5l4GF+53VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6b3jsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPAzoZIUuWKzRWEqCcZk8jzpCc0ZypEllGlhbyVsQDVlaCMq2hC8+ZcXSeO04rkV7+6sXL3M4yjAIRzBCXhwDlW4gRrUgYGEZ3iFN+fReXHenY9Z65KTzxzAHzifP52hj6g=</latexit><latexit sha1_base64="eHqQEV8eau5Ycfb9WNsXAyQw4ho=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoePEiVLAf0Iay2W7atZtN3J0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeUEihUHX/XaWlldW19YLG8XNre2d3dLefsPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M0nro2I1T2OEu5HtK9EKBhFK7Vuu5l4GF+53VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6b3jsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPAzoZIUuWKzRWEqCcZk8jzpCc0ZypEllGlhbyVsQDVlaCMq2hC8+ZcXSeO04rkV7+6sXL3M4yjAIRzBCXhwDlW4gRrUgYGEZ3iFN+fReXHenY9Z65KTzxzAHzifP52hj6g=</latexit><latexit sha1_base64="eHqQEV8eau5Ycfb9WNsXAyQw4ho=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoePEiVLAf0Iay2W7atZtN3J0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeUEihUHX/XaWlldW19YLG8XNre2d3dLefsPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M0nro2I1T2OEu5HtK9EKBhFK7Vuu5l4GF+53VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6b3jsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPAzoZIUuWKzRWEqCcZk8jzpCc0ZypEllGlhbyVsQDVlaCMq2hC8+ZcXSeO04rkV7+6sXL3M4yjAIRzBCXhwDlW4gRrUgYGEZ3iFN+fReXHenY9Z65KTzxzAHzifP52hj6g=</latexit><latexit sha1_base64="eHqQEV8eau5Ycfb9WNsXAyQw4ho=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokIelAoePEiVLAf0Iay2W7atZtN3J0IJfRPePGgiFf/jjf/jds2B219MPB4b4aZeUEihUHX/XaWlldW19YLG8XNre2d3dLefsPEqWa8zmIZ61ZADZdC8ToKlLyVaE6jQPJmMLye+M0nro2I1T2OEu5HtK9EKBhFK7Vuu5l4GF+53VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6b3jsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPAzoZIUuWKzRWEqCcZk8jzpCc0ZypEllGlhbyVsQDVlaCMq2hC8+ZcXSeO04rkV7+6sXL3M4yjAIRzBCXhwDlW4gRrUgYGEZ3iFN+fReXHenY9Z65KTzxzAHzifP52hj6g=</latexit>

[Intriligator-Seiberg-Shih, ’06]

Massless particles:

NGB:

Goldstino:

Fermions: M̃ab
<latexit sha1_base64="Bsprz0iOg2AjEdPcLgMXQs4lA6o=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoAcPAS9ehAjmAckaZmd7kyGzD2Z6lbDsf3jxoIhX/8Wbf+Mk2YMmFjQUVd10d3mJFBpt+9sqrayurW+UNytb2zu7e9X9g7aOU8WhxWMZq67HNEgRQQsFSugmCljoSeh44+up33kEpUUc3eMkATdkw0gEgjM00kMfhfQhu80HGfPyQbVm1+0Z6DJxClIjBZqD6lffj3kaQoRcMq17jp2gmzGFgkvIK/1UQ8L4mA2hZ2jEQtBuNrs6pydG8WkQK1MR0pn6eyJjodaT0DOdIcORXvSm4n9eL8Xg0s1ElKQIEZ8vClJJMabTCKgvFHCUE0MYV8LcSvmIKcbRBFUxITiLLy+T9lndsevO3XmtcVXEUSZH5JicEodckAa5IU3SIpwo8kxeyZv1ZL1Y79bHvLVkFTOH5A+szx//NZLN</latexit><latexit sha1_base64="Bsprz0iOg2AjEdPcLgMXQs4lA6o=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoAcPAS9ehAjmAckaZmd7kyGzD2Z6lbDsf3jxoIhX/8Wbf+Mk2YMmFjQUVd10d3mJFBpt+9sqrayurW+UNytb2zu7e9X9g7aOU8WhxWMZq67HNEgRQQsFSugmCljoSeh44+up33kEpUUc3eMkATdkw0gEgjM00kMfhfQhu80HGfPyQbVm1+0Z6DJxClIjBZqD6lffj3kaQoRcMq17jp2gmzGFgkvIK/1UQ8L4mA2hZ2jEQtBuNrs6pydG8WkQK1MR0pn6eyJjodaT0DOdIcORXvSm4n9eL8Xg0s1ElKQIEZ8vClJJMabTCKgvFHCUE0MYV8LcSvmIKcbRBFUxITiLLy+T9lndsevO3XmtcVXEUSZH5JicEodckAa5IU3SIpwo8kxeyZv1ZL1Y79bHvLVkFTOH5A+szx//NZLN</latexit><latexit sha1_base64="Bsprz0iOg2AjEdPcLgMXQs4lA6o=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoAcPAS9ehAjmAckaZmd7kyGzD2Z6lbDsf3jxoIhX/8Wbf+Mk2YMmFjQUVd10d3mJFBpt+9sqrayurW+UNytb2zu7e9X9g7aOU8WhxWMZq67HNEgRQQsFSugmCljoSeh44+up33kEpUUc3eMkATdkw0gEgjM00kMfhfQhu80HGfPyQbVm1+0Z6DJxClIjBZqD6lffj3kaQoRcMq17jp2gmzGFgkvIK/1UQ8L4mA2hZ2jEQtBuNrs6pydG8WkQK1MR0pn6eyJjodaT0DOdIcORXvSm4n9eL8Xg0s1ElKQIEZ8vClJJMabTCKgvFHCUE0MYV8LcSvmIKcbRBFUxITiLLy+T9lndsevO3XmtcVXEUSZH5JicEodckAa5IU3SIpwo8kxeyZv1ZL1Y79bHvLVkFTOH5A+szx//NZLN</latexit><latexit sha1_base64="Bsprz0iOg2AjEdPcLgMXQs4lA6o=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoAcPAS9ehAjmAckaZmd7kyGzD2Z6lbDsf3jxoIhX/8Wbf+Mk2YMmFjQUVd10d3mJFBpt+9sqrayurW+UNytb2zu7e9X9g7aOU8WhxWMZq67HNEgRQQsFSugmCljoSeh44+up33kEpUUc3eMkATdkw0gEgjM00kMfhfQhu80HGfPyQbVm1+0Z6DJxClIjBZqD6lffj3kaQoRcMq17jp2gmzGFgkvIK/1UQ8L4mA2hZ2jEQtBuNrs6pydG8WkQK1MR0pn6eyJjodaT0DOdIcORXvSm4n9eL8Xg0s1ElKQIEZ8vClJJMabTCKgvFHCUE0MYV8LcSvmIKcbRBFUxITiLLy+T9lndsevO3XmtcVXEUSZH5JicEodckAa5IU3SIpwo8kxeyZv1ZL1Y79bHvLVkFTOH5A+szx//NZLN</latexit>

q � q̃
<latexit sha1_base64="KwgTkwO2NFHZgfNdIfGn8JC1uCw=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURQQ8eCl48VrAfkIay2WzapZvddHcilNCf4cWDIl79Nd78N27bHLT1wcDjvRlm5oWp4AZc99spra1vbG6Vtys7u3v7B9XDo7ZRmaasRZVQuhsSwwSXrAUcBOummpEkFKwTju5mfueJacOVfIRJyoKEDCSPOSVgJX980QMuIpaPp/1qza27c+BV4hWkhgo0+9WvXqRoljAJVBBjfM9NIciJBk4Fm1Z6mWEpoSMyYL6lkiTMBPn85Ck+s0qEY6VtScBz9fdEThJjJkloOxMCQ7PszcT/PD+D+CbIuUwzYJIuFsWZwKDw7H8ccc0oiIklhGpub8V0SDShYFOq2BC85ZdXSfuy7rl17+Gq1rgt4iijE3SKzpGHrlED3aMmaiGKFHpGr+jNAefFeXc+Fq0lp5g5Rn/gfP4AdlyRVw==</latexit><latexit sha1_base64="KwgTkwO2NFHZgfNdIfGn8JC1uCw=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURQQ8eCl48VrAfkIay2WzapZvddHcilNCf4cWDIl79Nd78N27bHLT1wcDjvRlm5oWp4AZc99spra1vbG6Vtys7u3v7B9XDo7ZRmaasRZVQuhsSwwSXrAUcBOummpEkFKwTju5mfueJacOVfIRJyoKEDCSPOSVgJX980QMuIpaPp/1qza27c+BV4hWkhgo0+9WvXqRoljAJVBBjfM9NIciJBk4Fm1Z6mWEpoSMyYL6lkiTMBPn85Ck+s0qEY6VtScBz9fdEThJjJkloOxMCQ7PszcT/PD+D+CbIuUwzYJIuFsWZwKDw7H8ccc0oiIklhGpub8V0SDShYFOq2BC85ZdXSfuy7rl17+Gq1rgt4iijE3SKzpGHrlED3aMmaiGKFHpGr+jNAefFeXc+Fq0lp5g5Rn/gfP4AdlyRVw==</latexit><latexit sha1_base64="KwgTkwO2NFHZgfNdIfGn8JC1uCw=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURQQ8eCl48VrAfkIay2WzapZvddHcilNCf4cWDIl79Nd78N27bHLT1wcDjvRlm5oWp4AZc99spra1vbG6Vtys7u3v7B9XDo7ZRmaasRZVQuhsSwwSXrAUcBOummpEkFKwTju5mfueJacOVfIRJyoKEDCSPOSVgJX980QMuIpaPp/1qza27c+BV4hWkhgo0+9WvXqRoljAJVBBjfM9NIciJBk4Fm1Z6mWEpoSMyYL6lkiTMBPn85Ck+s0qEY6VtScBz9fdEThJjJkloOxMCQ7PszcT/PD+D+CbIuUwzYJIuFsWZwKDw7H8ccc0oiIklhGpub8V0SDShYFOq2BC85ZdXSfuy7rl17+Gq1rgt4iijE3SKzpGHrlED3aMmaiGKFHpGr+jNAefFeXc+Fq0lp5g5Rn/gfP4AdlyRVw==</latexit><latexit sha1_base64="KwgTkwO2NFHZgfNdIfGn8JC1uCw=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBiyURQQ8eCl48VrAfkIay2WzapZvddHcilNCf4cWDIl79Nd78N27bHLT1wcDjvRlm5oWp4AZc99spra1vbG6Vtys7u3v7B9XDo7ZRmaasRZVQuhsSwwSXrAUcBOummpEkFKwTju5mfueJacOVfIRJyoKEDCSPOSVgJX980QMuIpaPp/1qza27c+BV4hWkhgo0+9WvXqRoljAJVBBjfM9NIciJBk4Fm1Z6mWEpoSMyYL6lkiTMBPn85Ck+s0qEY6VtScBz9fdEThJjJkloOxMCQ7PszcT/PD+D+CbIuUwzYJIuFsWZwKDw7H8ccc0oiIklhGpub8V0SDShYFOq2BC85ZdXSfuy7rl17+Gq1rgt4iijE3SKzpGHrlED3aMmaiGKFHpGr+jNAefFeXc+Fq0lp5g5Rn/gfP4AdlyRVw==</latexit>

a, b > 1
<latexit sha1_base64="CHHOyP+vMnZWftcrfFHrH9BXCmw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD2IFLx4rGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo9up33pCpXkiH8w4xSCmA8kjzqixkk/PwhuvV625dXcGsky8gtSgQLNX/er2E5bFKA0TVOuO56YmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt2Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zz0uUJmxNgSyhS3txI2pIoyY/Op2BC8xZeXyeN53XPr3v1FrXFdxFGGIziGU/DgEhpwB03wgQGHZ3iFN0c6L8678zFvLTnFzCH8gfP5A9fHjgQ=</latexit><latexit sha1_base64="CHHOyP+vMnZWftcrfFHrH9BXCmw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD2IFLx4rGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo9up33pCpXkiH8w4xSCmA8kjzqixkk/PwhuvV625dXcGsky8gtSgQLNX/er2E5bFKA0TVOuO56YmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt2Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zz0uUJmxNgSyhS3txI2pIoyY/Op2BC8xZeXyeN53XPr3v1FrXFdxFGGIziGU/DgEhpwB03wgQGHZ3iFN0c6L8678zFvLTnFzCH8gfP5A9fHjgQ=</latexit><latexit sha1_base64="CHHOyP+vMnZWftcrfFHrH9BXCmw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD2IFLx4rGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo9up33pCpXkiH8w4xSCmA8kjzqixkk/PwhuvV625dXcGsky8gtSgQLNX/er2E5bFKA0TVOuO56YmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt2Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zz0uUJmxNgSyhS3txI2pIoyY/Op2BC8xZeXyeN53XPr3v1FrXFdxFGGIziGU/DgEhpwB03wgQGHZ3iFN0c6L8678zFvLTnFzCH8gfP5A9fHjgQ=</latexit><latexit sha1_base64="CHHOyP+vMnZWftcrfFHrH9BXCmw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REBD2IFLx4rGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo9up33pCpXkiH8w4xSCmA8kjzqixkk/PwhuvV625dXcGsky8gtSgQLNX/er2E5bFKA0TVOuO56YmyKkynAmcVLqZxpSyER1gx1JJY9RBPjt2Qk6s0idRomxJQ2bq74mcxlqP49B2xtQM9aI3Ff/zOpmJroKcyzQzKNl8UZQJYhIy/Zz0uUJmxNgSyhS3txI2pIoyY/Op2BC8xZeXyeN53XPr3v1FrXFdxFGGIziGU/DgEhpwB03wgQGHZ3iFN0c6L8678zFvLTnFzCH8gfP5A9fHjgQ=</latexit>

<latexit sha1_base64="nmWV4WgoML3/Sed5J/O3d0+huVg=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0UQhJqIoguFghsXFir0BUkok8mkHTqTxJmJUEI/w42/4saFIm6782+ctllo64GBwznncuceP2FUKsv6NgpLyyura8X10sbm1vaOubvXknEqMGnimMWi4yNJGI1IU1HFSCcRBHGfkbY/uJ347SciJI2jhhomxOOoF9GQYqS01DVP2zfQZTofIPgIa9BVlAVE0xPo3s/kzBUcNsTI4bDmdc2yVbGmgIvEzkkZ5Kh3zbEbxDjlJFKYISkd20qUlyGhKGZkVHJTSRKEB6hHHE0jxIn0sulhI3iklQCGsdAvUnCq/p7IEJdyyH2d5Ej15bw3Ef/znFSFV15GoyRVJMKzRWHKoIrhpCUYUEGwYkNNEBZU/xXiPhIIK91lSZdgz5+8SFpnFfuiYj2cl6vXeR1FcAAOwTGwwSWogjtQB02AwTN4Be/gw3gx3oxP42sWLRj5zD74A2P8AwCHneA=</latexit>

W = �qMq̃ + ⇤Tr[mM ]

<latexit sha1_base64="ZM6UQu0p7iSztjo5S6KPXdvOehI="></latexit>

qi = q̃i =

r
m⇤

�
�i1



Upon breaking explicitly SUSY composite fermions and NGBs 
acquire mass and can realize composite DM.

EX: V+N

NGB:
<latexit sha1_base64="36miNxdVRiMu8eEQx8Veot2B/yo=">AAAB7XicbVBNSwMxEJ2tX7V+tOrRS7AIQqFsbEEPHgpePFZwbaFdSjbNtqHZ7JJkhbL0N3jxoCBe/T/e/Dem7R609cHA470ZZuYFieDauO63U9jY3NreKe6W9vYPDsuVo+NHHaeKMo/GIlbdgGgmuGSe4UawbqIYiQLBOsHkdu53npjSPJYPZpowPyIjyUNOibGS16g1anhQqbp1dwG0TnBOqpCjPah89YcxTSMmDRVE6x52E+NnRBlOBZuV+qlmCaETMmI9SyWJmPazxbEzdG6VIQpjZUsatFB/T2Qk0noaBbYzImasV725+J/XS0147WdcJqlhki4XhalAJkbzz9GQK0aNmFpCqOL2VkTHRBFqbD4lGwJefXmddC7ruFnH+L5Zbd3keRThFM7gAjBcQQvuoA0eUODwDK/w5kjnxXl3PpatBSefOYE/cD5/AMHhjcw=</latexit>

3 + 3 + 1

Fermions: <latexit sha1_base64="HJFb3VxqIisyFt0Shg/ZLP3BKIo=">AAAB+nicbVBNSwMxEM3Wr1q/Vj16CRZBKJSNVvSgUPDisYL9gHYp2TRtQ7PZJZktlKX/xIsHBfHqL/HmvzFt96CtDwYe780wMy+IpTDged9Obm19Y3Mrv13Y2d3bP3APjxomSjTjdRbJSLcCargUitdBgOStWHMaBpI3g9H9zG+OuTYiUk8wibkf0oESfcEoWKnruo0OiJAb3LjDpHRZuuq6Ra/szYFXCclIEWWodd2vTi9iScgVMEmNaRMvBj+lGgSTfFroJIbHlI3ogLctVdRu89P55VN8ZpUe7kfalgI8V39PpDQ0ZhIGtjOkMDTL3kz8z2sn0L/xU6HiBLhii0X9RGKI8CwG3BOaM5ATSyjTwt6K2ZBqysCGVbAhkOWXV0nzokwqZUIeK8XqbZZHHp2gU3SOCLpGVfSAaqiOGBqjZ/SK3pzUeXHenY9Fa87JZo7RHzifP4ekkhQ=</latexit>

V ⇥ V = 1 + 3 + 5

The existence of scalars can be dangerous for cosmological 
stability:

<latexit sha1_base64="lc0+nrF6rVio4l5DYSJirL73YRM=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0VwFTIi6MJFwU0XRSqYttDEMJlM2qGTBzMToYT+hRt/xY0LBXHbnX/jtM1CWw8MHM65hzv3BBlnUtn2t1FZW9/Y3Kpu13Z29/YPzMOjjkxzQahDUp6KXoAl5SyhjmKK014mKI4DTrvB6Hbmd5+okCxNHtQ4o16MBwmLGMFKS75puZHABCJYuC2dCrFfOJ3JxFWMhxR2Hhm8gy1XskGMNW/6Zt227DngKkElqYMSbd+cumFK8pgminAsZR/ZmfIKLBQjnE5qbi5phskID2hf0wTHVHrF/K4JPNNKCKNU6JcoOFd/JwocSzmOAz0ZYzWUy95M/M/r5yq69gqWZLmiCVksinIOVQpnJcGQCUoUH2uCiWD6r5AMsS5K6SprugS0fPIq6V5Y6NJC6P6y3rgp+6iCE3AKzgECV6ABmqANHEDAM3gF7+DDeDHejE/jazFaMcrMMfgDY/oDtzieyw==</latexit>
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SUMMARY

• If confinement takes place w/out SB the lightest 
composite fermion is the DM candidate. Phenomenology 
radically different interpolating between elementary and 
composite DM. Experimentally accessible and novel 
signatures.

�

• Stable DM candidates automatically arise if DM is 
charged under a dark gauge group. Dark baryons are 
simplest DM candidates. Many models are possible with 
different phenomenology from WIMPs. 

• Better understanding of strong dynamics is necessary to 
determine when confinement w/out SB takes place. Adding 
scalars is expected to lead to new classes of theories.
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