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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:
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Violation:

U(1)B
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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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Confining gauge theory with vector-like fermions



Accidental symmetries:

• Dark-Baryon number

• Dark-Species number 

B = ✏i1i1...inQ{↵1
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Dark baryons robustly cosmologically stable:
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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 so 2 DM 
particles can annihilate. DM cannot be asymmetric.

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


- Light Dark Quarks: (mQ < ⇤DC)
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[Antipin, MR, Strumia Vigiani, 2015]

http://arxiv.org/abs/arXiv:1811.06975
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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
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Detailed predictions depend on the strongly coupled 
dynamics of SU(N) or SO(N) gauge theories:

- Spectrum of lightest hadrons

- Electric and magnetic dipole moments

- Annihilation cross-section
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Determines DM thermal abundance and indirect detection. 
Possible non-standard cosmologies.



Light Composite Fermions
[MR, 2008.12291]

https://inspirehep.net/literature/1813658
https://inspirehep.net/literature/1813658


Confinement w/out SB�

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

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

’t Hooft argued that theories may confine without chiral 
symmetry breaking. In this case matching global 
anomalies requires the existence of massless composite 
fermions in the chiral limit.
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https://inspirehep.net/literature/144074
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0

- Light composite fermions:



Light composite fermions can be excellent DM candidates.

As pions they behave as mostly as elementary particles at 
energies below . 

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

⇤

⌦(Mi,⇤) = ⌦SM (Mi) +O

✓
M2

i

⇤2

◆

<latexit sha1_base64="nSUhYiYSkThM7BcRDe2O5fJDo7A="></latexit>

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.



SU(N) + 3 adj
Standard pattern of symmetry breaking:

SU(3)

SO(3)

<latexit sha1_base64="nmwqX96gQ2EiRzQGYSvoxHxRs18=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSLUTUm0oIKLght3VmraQlvKZDpph04ezEyEEOqvuHGhiFs/xJ1/46TNQlsPXO7hnHuZO8eNOJPKsr6NldW19Y3NwlZxe2d3b988OGzJMBaEOiTkoei4WFLOAuoopjjtRIJi3+W07U5uMr/9SIVkYfCgkoj2fTwKmMcIVloamKWeJzBJm07l/HSaNu+yNjDLVtWaAS0TOydlyNEYmF+9YUhinwaKcCxl17Yi1U+xUIxwOi32YkkjTCZ4RLuaBtinsp/Ojp+iE60MkRcKXYFCM/X3Rop9KRPf1ZM+VmO56GXif143Vt5lP2VBFCsakPlDXsyRClGWBBoyQYniiSaYCKZvRWSMdRpK51XUIdiLX14mrbOqXate3dfK9es8jgIcwTFUwIYLqMMtNMABAgk8wyu8GU/Gi/FufMxHV4x8pwR/YHz+APCFk6k=</latexit>

The lightest fermion is the “gluequark”:

5 NGB

M ⇠ ⇤

<latexit sha1_base64="GDV1sOG/OIYvwMi+nXj4uzZ7YvM=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUlEUMFFwY0LhQr2AU0Ik8mkHTqZhJmJWEJ/xY0LRdz6I+78G6dtFtp6YOBwzj3cOydIOVPatr+t0srq2vpGebOytb2zu1fdr3VUkklC2yThiewFWFHOBG1rpjntpZLiOOC0G4yup373kUrFEvGgxyn1YjwQLGIEayP51dqd77YUcxWLkXtrciH2q3W7Yc+AlolTkDoUaPnVLzdMSBZToQnHSvUdO9VejqVmhNNJxc0UTTEZ4QHtGypwTJWXz26foGOjhChKpHlCo5n6O5HjWKlxHJjJGOuhWvSm4n9eP9PRhZczkWaaCjJfFGUc6QRNi0Ahk5RoPjYEE8nMrYgMscREm7oqpgRn8cvLpHPacM4al/dn9eZVUUcZDuEITsCBc2jCDbSgDQSe4Ble4c2aWC/Wu/UxHy1ZReYA/sD6/AFSYpP7</latexit>

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

hV a
i V

a
j i / �ij

<latexit sha1_base64="dnwyM3j5CQWWnTow9rCQK4QagCs=">AAACGXicbVDLSgMxFM3UV62vqks3wSK4KjNSUMFFwY3LCvYBnTpkMrdt2kxmSDJCGfobbvwVNy4Ucakr/8Z0OgttPRByOOdeknP8mDOlbfvbKqysrq1vFDdLW9s7u3vl/YOWihJJoUkjHsmOTxRwJqCpmebQiSWQ0OfQ9sfXM7/9AFKxSNzpSQy9kAwE6zNKtJG8su1yIgYccOueeCmbZvfIlXPRjWUU6wi7AXA980dTr1yxq3YGvEycnFRQjoZX/nSDiCYhCE05Uarr2LHupURqRjlMS26iICZ0TAbQNVSQEFQvzZJN8YlRAtyPpDlC40z9vZGSUKlJ6JvJkOihWvRm4n9eN9H9i17KRJxoEHT+UD/h2ISd1YQDJoFqPjGEUMnMXzEdEkmoNmWWTAnOYuRl0jqrOrXq5W2tUr/K6yiiI3SMTpGDzlEd3aAGaiKKHtEzekVv1pP1Yr1bH/PRgpXvHKI/sL5+AAoAoPg=</latexit>

[Contino, Mitridate, Podo, MR, 2018]

 i = V a
i �

µ⌫Ga
µ⌫

<latexit sha1_base64="8oVwdGtGIftOSzBSmCEUmYngqXk=">AAACFHicbZDLSgMxFIYzXmu9VV26CRZBEMqMFFRQKLjQZQV7gU47nEnTNjTJDElGKEMfwo2v4saFIm5duPNtTC+Cth4I+fj/c0jOH8acaeO6X87C4tLyympmLbu+sbm1ndvZreooUYRWSMQjVQ9BU84krRhmOK3HioIIOa2F/auRX7unSrNI3plBTJsCupJ1GAFjpSB37Jc1Cxi+rLbAXr5mXQGt1BeJL5Mhvg5+sAU4yOXdgjsuPA/eFPJoWuUg9+m3I5IIKg3hoHXDc2PTTEEZRjgdZv1E0xhIH7q0YVGCoLqZjpca4kOrtHEnUvZIg8fq74kUhNYDEdpOAaanZ72R+J/XSEznrJkyGSeGSjJ5qJNwbCI8Sgi3maLE8IEFIIrZv2LSAwXE2ByzNgRvduV5qJ4UvGLh/LaYL11M48igfXSAjpCHTlEJ3aAyqiCCHtATekGvzqPz7Lw575PWBWc6s4f+lPPxDVNCnmM=</latexit>

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


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

DM is typically heavy. 



↵2↵⇤
⇤3

�a
3�

a
30W

b
µ⌫W

b µ⌫

<latexit sha1_base64="q67++Qx1JS4tJD+VRg5N0F4K7oQ="></latexit>
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<latexit sha1_base64="+FFcTix6KEZQSc5e2HLkvj+ux4U="></latexit>

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

by  composite fermions triplets of SU(3).

�

(N2 � 1)

(�n)i = Tr[Gµ↵1 . . . G
↵n
⌫ (�µ⌫)Vi]

<latexit sha1_base64="K+8eayIT/THwPUcORQ/4ntvRgLM="></latexit>

Mn = cnMV

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

cn = O(1)

<latexit sha1_base64="e6jKX5jNFZEKkfqBPiHshjJNj5c=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSxCvZRECiooFLx4s4L9gDaEzXbbLt1swu5GKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzAtizpR2nG8rt7K6tr6R3yxsbe/s7tnF/aaKEklog0Q8ku0AK8qZoA3NNKftWFIcBpy2gtH11G89UKlYJO71OKZeiAeC9RnB2ki+XSS+QFco7RLM0e2k7J74dsmpODOgZeJmpAQZ6r791e1FJAmp0IRjpTquE2svxVIzwumk0E0UjTEZ4QHtGCpwSJWXzk6foGOj9FA/kqaERjP190SKQ6XGYWA6Q6yHatGbiv95nUT3z72UiTjRVJD5on7CkY7QNAfUY5ISzceGYCKZuRWRIZaYaJNWwYTgLr68TJqnFbdaubirlmqXWRx5OIQjKIMLZ1CDG6hDAwg8wjO8wpv1ZL1Y79bHvDVnZTMH8AfW5w/tcpJ9</latexit>

Phenomenology radically different. 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:

https://inspirehep.net/literature/1731548
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.

• 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. Possible effects for CMB and BBN.

For small splittings heavier states co-annihilate.

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>

�! Mi ⇠ 1TeV

<latexit sha1_base64="iNzimcSJrzop/S3OptuxBVEpgfk=">AAACDXicbVC7SgNBFJ2Nrxhfq5Y2g1GwkLArARUsAjY2QoS8ILuE2ckkGTKPZWZWCUt+wMZfsbFQxNbezr9xkmyhiQcuHM65l3vviWJGtfG8bye3tLyyupZfL2xsbm3vuLt7DS0ThUkdSyZVK0KaMCpI3VDDSCtWBPGIkWY0vJ74zXuiNJWiZkYxCTnqC9qjGBkrddyjgEnRV7Q/MEgp+QBvOzTQlEM/OE0DxWGNNMYdt+iVvCngIvEzUgQZqh33K+hKnHAiDGZI67bvxSZMkTIUMzIuBIkmMcJD1CdtSwXiRIfp9JsxPLZKF/aksiUMnKq/J1LEtR7xyHZyZAZ63puI/3ntxPQuwpSKODFE4NmiXsKgkXASDexSRbBhI0sQVtTeCvEAKYSNDbBgQ/DnX14kjbOSXy5d3pWLlassjjw4AIfgBPjgHFTADaiCOsDgETyDV/DmPDkvzrvzMWvNOdnMPvgD5/MHB02bgw==</latexit>



�������

�	


�� ���

�� ���

� ���

�� ��� �� ��� ��
�-��

�-��

�-��

�-��

�-��

�-��

�-��

�-��

�-��

�-��

�-��

�-��
��������� 	
������

For large compositeness scale multiple photon lines. 

Triplets around 1 TeV will be seen at FCC or even HL-LHC.

Wino



SO(N) + (N-4) x F + 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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<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.



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.

�

• 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. Explicit 
examples can be constructed in SUSY theories. Adding 
scalars is expected to lead to new classes of theories.

�
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- Heavy Dark Quarks: (mQ > ⇤DC)

[Mitridate, MR, Smirnov, Strumia, 2017]
[Contino, Mitridate, Podo, MR, 2018]
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