
On !eories of Dark Ma"er 

Pavel Fileviez Pérez

Department of Physics 
Center for Education and Research in Cosmology and Astrophysics

 GGI Lectures on #e !eory of Fundamental In$rac%ons 
Galileo Galilei Ins%tu$ for !eore%cal Physics, Florence, Italy,  Jan 24#, 2025



P. Fileviez Perez 

Main Goal

Discuss #eories for physics beyond 
#e Standard Model predic%ng 

a Dark Ma"er candida$ !
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SUSY

MSSM
<latexit sha1_base64="PfbNq+wKoNs6FBS78VAiUyr8gqs="></latexit>
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<latexit sha1_base64="Og8+Qz3a+IMSOg1ArrusF0ZcfT8="></latexit>
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<latexit sha1_base64="gf6X/MhtCfq/chpOGpiyZdiUqaw="></latexit>

(Lepton and Baryon numbers are explicitly broken)

<latexit sha1_base64="EA06ydcjtkuNXGGlHtLzYZMSoII=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJViE9tCSqFQvQqkXDwoV7Ae0sWy223bpZhN2N0IN/SVePCji1Z/izX/jts1BWx8MPN6bYWaeFzIqlW1/G6mV1bX1jfRmZmt7Zzdr7u03ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOmNrqZ+85EISQN+r8YhcX004LRPMVJa6prZ28t80Sk8xKf5avGmMOmaObtkz2AtEychOUhQ65pfnV6AI59whRmSsu3YoXJjJBTFjEwynUiSEOERGpC2phz5RLrx7PCJdayVntUPhC6urJn6eyJGvpRj39OdPlJDuehNxf+8dqT6F25MeRgpwvF8UT9ilgqsaQpWjwqCFRtrgrCg+lYLD5FAWOmsMjoEZ/HlZdI4KTnlUvnuLFepJnGk4RCOIA8OnEMFrqEGdcAQwTO8wpvxZLwY78bHvDVlJDMH8AfG5w+OjpEa</latexit>

M = (�1)3(B�L) DM
RpV vs RpC: V. Barger, P.F.P., S. Spinner, Phys. Rev. Le".
!e Fa$ of R-Pari', P.F.P., S. Spinner, Phys. Rev. D

<latexit sha1_base64="2E9b5HEg9aswAQZVuT26qDCWIO0="></latexit>⇣
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SUSY DM (WIMPS)

Neutralino DM
<latexit sha1_base64="EA06ydcjtkuNXGGlHtLzYZMSoII=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJViE9tCSqFQvQqkXDwoV7Ae0sWy223bpZhN2N0IN/SVePCji1Z/izX/jts1BWx8MPN6bYWaeFzIqlW1/G6mV1bX1jfRmZmt7Zzdr7u03ZBAJTOo4YIFoeUgSRjmpK6oYaYWCIN9jpOmNrqZ+85EISQN+r8YhcX004LRPMVJa6prZ28t80Sk8xKf5avGmMOmaObtkz2AtEychOUhQ65pfnV6AI59whRmSsu3YoXJjJBTFjEwynUiSEOERGpC2phz5RLrx7PCJdayVntUPhC6urJn6eyJGvpRj39OdPlJDuehNxf+8dqT6F25MeRgpwvF8UT9ilgqsaQpWjwqCFRtrgrCg+lYLD5FAWOmsMjoEZ/HlZdI4KTnlUvnuLFepJnGk4RCOIA8OnEMFrqEGdcAQwTO8wpvxZLwY78bHvDVlJDMH8AfG5w+OjpEa</latexit>

M = (�1)3(B�L)

<latexit sha1_base64="Xouni3kQ8s6wdLarb3giaCvoWIQ="></latexit>

�̃0
1 is the LSP and stable !

<latexit sha1_base64="ZRD8LuXp5e1qqcgOLx1MMYQBLMM=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KUmR6koKbtxZwT6gacNketsMnTycmQgl5Bvc+CtuXCji1pU7/8Zpm4W2HrhwOOde7r3HizmTyrK+jaXlldW19cJGcXNre2fX3NtvyigRFBo04pFoe0QCZyE0FFMc2rEAEngcWt7oauK3HkBIFoV3ahxDNyDDkA0YJUpLrnnq3AQwJG6KHcV4H1KH+ixz7Z6VYb9XwQ6He2yV7Qp2zZJVtqbAi8TOSQnlqLvml9OPaBJAqCgnUnZsK1bdlAjFKIes6CQSYkJHZAgdTUMSgOym05cyfKyVPh5EQleo8FT9PZGSQMpx4OnOgChfznsT8T+vk6jBRTdlYZwoCOls0SDhWEV4kg/uMwFU8bEmhAqmb8XUJ4JQpVMs6hDs+ZcXSbNStqvl6u1ZqXaZx1FAh+gInSAbnaMaukZ11EAUPaJn9IrejCfjxXg3PmatS0Y+c4D+wPj8AVXzm/M=</latexit>

⌦�̃0
1
h2  0.12

<latexit sha1_base64="USJQtPFQgAfsDGOIgspNDFTOgVI=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUSkupJSNy4r2Ac0IUwmk3bozCTMTIQQ6q+4caGIWz/EnX/jtM1CWw9cOJxzL/feE6aMKu0439ba+sbm1nZlp7q7t39waB8d91SSSUy6OGGJHIRIEUYF6WqqGRmkkiAeMtIPJ7czv/9IpKKJeNB5SnyORoLGFCNtpMCutQOPZ9DTiSnKIlK0p4FddxrOHHCVuCWpgxKdwP7yogRnnAiNGVJq6Dqp9gskNcWMTKtepkiK8ASNyNBQgThRfjE/fgrPjBLBOJGmhIZz9fdEgbhSOQ9NJ0d6rJa9mfifN8x0fO0XVKSZJgIvFsUZg+bVWRIwopJgzXJDEJbU3ArxGEmEtcmrakJwl19eJb2LhttsNO8v662bMo4KOAGn4By44Aq0wB3ogC7AIAfP4BW8WU/Wi/VufSxa16xypgb+wPr8ASZ/lHY=</latexit>

Bµ ! B̃
<latexit sha1_base64="qfNSEH4r/vzyJ9vaSkDi9OKK9a8=">AAAB/nicbVBNS8NAEN34WetXVDx5WSyCp5KoVE9S8OKxgm0KTQybzaZdursJuxuhhIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzIsyRpV2nG9raXlldW29slHd3Nre2bX39jsqzSUmbZyyVHYjpAijgrQ11Yx0M0kQjxjxouHNxPceiVQ0Ffd6lJGAo76gCcVIGym0D73Q5/nDOfR1aoqymBTeOLRrTt2ZAi4StyQ1UKIV2l9+nOKcE6ExQ0r1XCfTQYGkppiRcdXPFckQHqI+6RkqECcqKKbnj+GJUWKYpNKU0HCq/p4oEFdqxCPTyZEeqHlvIv7n9XKdXAUFFVmuicCzRUnOoHl1kgWMqSRYs5EhCEtqboV4gCTC2iRWNSG48y8vks5Z3W3UG3cXteZ1GUcFHIFjcApccAma4Ba0QBtgUIBn8ArerCfrxXq3PmatS1Y5cwD+wPr8AZoNlUU=</latexit>

W 3
µ ! W̃

<latexit sha1_base64="QWmqUjjEY/ro13GKy3HQke/Y0aY=">AAACAHicbVDLSsNAFL3xWesr6sKFm2ARXJVEpLqSgpsuK9gHtDFMJpN26GQSZiZCCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLzDl+wqhUtv1trKyurW9sVraq2zu7e/vmwWFXxqnApINjFou+jyRhlJOOooqRfiIIinxGev7ktvB7j0RIGvN7NU2IG6ERpyHFSGnJM49bXvpgW0MV66EsIFkrLxTPrNl1ewZrmTglqUGJtmd+DYMYpxHhCjMk5cCxE+VmSCiKGcmrw1SSBOEJGpGBphxFRLrZLEBunWklsMJY6OHKmqm/LzIUSTmNfL0ZITWWi14h/ucNUhVeuxnlSaoIx/OHwpRZOm7RhhVQQbBiU00QFlT/1cJjJBBWurOqLsFZjLxMuhd1p1Fv3F3WmjdlHRU4gVM4BweuoAktaEMHMOTwDK/wZjwZL8a78TFfXTHKmyP4A+PzB6etldE=</latexit>
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<latexit sha1_base64="QOi9dv5O0rfwn2deN5oEcTzw4pw=">AAACAHicbVDLSsNAFL3xWesr6sKFm2ARXJVEpLqSgpsuK9gHtDFMJpN26GQSZiZCCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLzDl+wqhUtv1trKyurW9sVraq2zu7e/vmwWFXxqnApINjFou+jyRhlJOOooqRfiIIinxGev7ktvB7j0RIGvN7NU2IG6ERpyHFSGnJM49bXvBgW0MV66EsIFkrLxTPrNl1ewZrmTglqUGJtmd+DYMYpxHhCjMk5cCxE+VmSCiKGcmrw1SSBOEJGpGBphxFRLrZLEBunWklsMJY6OHKmqm/LzIUSTmNfL0ZITWWi14h/ucNUhVeuxnlSaoIx/OHwpRZOm7RhhVQQbBiU00QFlT/1cJjJBBWurOqLsFZjLxMuhd1p1Fv3F3WmjdlHRU4gVM4BweuoAktaEMHMOTwDK/wZjwZL8a78TFfXTHKmyP4A+PzB3Kvla8=</latexit>
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<latexit sha1_base64="fsE4ChP9HcN64XW945/ng2l2U1Y="></latexit>
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<latexit sha1_base64="APwydcAITXFg6AdUqMgSaim4YN0=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwISERqYIgBTduhIr2AU0Mk8mkHTp5MDMRSsjHuPFX3LjwgQs3fovTNoK2PTBwOOde7pzjJYwKaZpfWmlhcWl5pbxaWVvf2NzSt3daIk45Jk0cs5h3PCQIoxFpSioZ6SScoNBjpO0NLkd++4FwQePoTg4T4oSoF9GAYiSV5OrntqTMJ5mN+zS/N10LzhFiaPMwu73Oof3LjgzDcPWqaZhjwFliFaQKCjRc/d32Y5yGJJKYISG6lplIJ0NcUsxIXrFTQRKEB6hHuopGKCTCycYhc3igFB8GMVcvknCs/t3IUCjEMPTUZIhkX0x7I3Ge101lcOZkNEpSSSI8ORSkDKrYo8agTznBkg0VQZhT9VeI+4gjLFWvFVWCNR15lrSODatm1G5OqvWLoo4y2AP74BBY4BTUwRVogCbA4BE8g1fwpj1pL9qH9jkZLWnFzi74B+37BwSXo78=</latexit>

�̃0
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1 ! SM SM, ...
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• G. Jungman, M. Kamionkowski, and K. Griest 
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SUSY DM

https://arxiv.org/pdf/2207.05103
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https://arxiv.org/pdf/2403.02455
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Co(abora)rs

Hridoy Debnath  
(CWRU) 

Kevin Gonzalez-Quesada  
(CWRU) 

Mark B. Wise 
(Caltech)

J. Butterworth  
(UCL)

Clara Murgui 
(CERN)
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Massive Neu&inos
Normal Hierarchy Inver$d Hierarchy
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Massive Neu&inos

• Majorana Fermions (Lep)n Number is broken by two units)

• Dirac Fermions (Lep)n Number is conserved or broken but 
not effec%ve Majorana masses )
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Majorana Neu&ino Masses 

• Type I Seesaw 
• Type II Seesaw 
• Type III Seesaw 
• Zee’s Model 
• Colored Seesaw 
• Witten’s Model 
… 
…

!eories: 

• B-L 
• Left-Right Symmetry 
• Pati-Salam 
• GUTs 
•  ….

Mechanics:
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Lep)n Number as Local Gauge Symme&y

Low Scale Seesaw<latexit sha1_base64="tZ+OMruLBflqPL53XVdua9HY/P0=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMJdkGgZ1MJGjGA+IDnD3maSLNm9O3f3hHAEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5fsSZ0o7zbWUWFpeWV7KrubX1jc0te3unpsJYUqjSkIey4RMFnAVQ1UxzaEQSiPA51P3B+divP4BULAxu9TACT5BewLqMEm2ktr3XuhbQI+3k4mqE+3dF3OJwj52CW2zbeafgTIDniZuSPEpRadtfrU5IYwGBppwo1XSdSHsJkZpRDqNcK1YQETogPWgaGhAByksmL4zwoVE6uBtKU4HGE/X3REKEUkPhm05BdF/NemPxP68Z6+6pl7AgijUEdLqoG3OsQzzOA3eYBKr50BBCJTO3YtonklBtUsuZENzZl+dJrVhwS4XSzXG+fJbGkUX76AAdIRedoDK6RBVURRQ9omf0it6sJ+vFerc+pq0ZK53ZRX9gff4Ag5GVlA==</latexit>

⌦DMh2  0.12

P.F.P., M.B.Wise
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Lep)n Number as Local Gauge Symme&y

Anomaly Cancellation:
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P. F. P., S. Ohmer, H. H. Patel, Phys. Lett. B735, 283


M. Duerr, P. F. P., M. B. Wise, Phys. Rev. Lett. 110, 231801

P. F. P., M. B. Wise, JHEP1108, 068


Solu%ons:

P. F. P., Physical Review D 110, 035018 (2024)

- Vec)r-like lep)ns

- Four representa%ons

- Minimal Model
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H. Debna#, P.F.P., K. Gonzalez-Quesada, Physical Review D 109, 115030 (2024)

<latexit sha1_base64="4r+Ob/PCqj4cP/mtQ48MW3Gml18=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0Vw05DEUnUhFN24rGBroQ1hMp20QyeTMDMplNA/ceNCEbf+iTv/xmkaUKsHLvdwzr3MnRMkjEpl259GaWV1bX2jvFnZ2t7Z3TP3DzoyTgUmbRyzWHQDJAmjnLQVVYx0E0FQFDDyEIxv5v7DhAhJY36vpgnxIjTkNKQYKS35ptknjPlOLW/uVe3MN6u2dVl367YLbcvO8U2cglRBgZZvfvQHMU4jwhVmSMqeYyfKy5BQFDMyq/RTSRKEx2hIeppyFBHpZfnlM3iilQEMY6GLK5irPzcyFEk5jQI9GSE1ksveXPzP66UqvPAyypNUEY4XD4UpgyqG8xjggAqCFZtqgrCg+laIR0ggrHRYFR2Cs/zlv6TjWk7DatzVq83rIo4yOALH4BQ44Bw0wS1ogTbAYAIewTN4MTLjyXg13hajJaPYOQS/YLx/Ad+5kog=</latexit>

`1 � `2 = �3

<latexit sha1_base64="RjH95sKa+YT9M0gaeG+PGskhaUw=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBHctCap1rooFN24rGAf0IYwmU7aoZMHMxMhhPorblwo4tYPceffOE0jqOiByz2ccy9z57gRo0Iaxoe2tLyyurZe2Chubm3v7Op7+10RxhyTDg5ZyPsuEoTRgHQklYz0I06Q7zLSc6dXc793R7igYXArk4jYPhoH1KMYSSU5emlIGHPMZiXrVrNSO7EcvWxUjZplNkyoSAZFLgzrzLKgmStlkKPt6O/DUYhjnwQSMyTEwDQiaaeIS4oZmRWHsSARwlM0JgNFA+QTYafZ8TN4pJQR9EKuKpAwU79vpMgXIvFdNekjORG/vbn4lzeIpdewUxpEsSQBXjzkxQzKEM6TgCPKCZYsUQRhTtWtEE8QR1iqvIoqhK+fwv9J16qa9Wr95rTcuszjKIADcAiOgQnOQQtcgzboAAwS8ACewLN2rz1qL9rrYnRJy3dK4Ae0t09hbJNS</latexit>

`1 = �`2 = �3/2 (Majorana DM)
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<latexit sha1_base64="+SJWr1PyPTBrjCiArv6aaze592o="></latexit>

SU(3)C ⌦ SU(2)L ⌦ U(1)Y ⌦ U(1)`

<latexit sha1_base64="9mUdS+MVm/D8fTe0R6Sh5ySjJgE="></latexit>

L � y  ̄L RS
⇤ + y⌘ ⌘̄R⌘LS

⇤

H. Debna#, P.F.P., K. Gonzalez-Quesada, Physical Review D 109, 115030 (2024)

<latexit sha1_base64="auNyziDCkc+/9vkbS1EG4HGDMqY="></latexit>

+ y��̄R�LS
⇤ + ���

T
LC�LS

⇤ + �
0

��
T
RC�RS + h.c.
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Neu&ino Masses 

H. Debna#, P.F.P., K. Gonzalez-Quesada, Physical Review D 109, 115030 (2024)

Since the scale for spontaneous L violation must be  
below the multi-TeV scale one has a Low Scale Seesaw !
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Dark Ma"er

H. Debna#, P.F.P., K. Gonzalez-Quesada, Physical Review D 109, 115030 (2024)

<latexit sha1_base64="3VaL9XQHUrWgFM0oo451Zdr819E=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoSKUGZHqRil048JFBXuBdhwyaaYNzVxIMkIpBTe+ihsXirj1Jdz5NmbaWWj1QMjH/59Dcn4v5kwqy/oycguLS8sr+dXC2vrG5pa5vdOUUSIIbZCIR6LtYUk5C2lDMcVpOxYUBx6nLW9YS/3WPRWSReGtGsXUCXA/ZD4jWGnJNfe6ZMDQBUov9xodo9KMju5qrlm0yta00F+wMyhCVnXX/Oz2IpIENFSEYyk7thUrZ4yFYoTTSaGbSBpjMsR92tEY4oBKZzzdYYIOtdJDfiT0CRWaqj8nxjiQchR4ujPAaiDnvVT8z+skyj93xiyME0VDMnvITzhSEUoDQT0mKFF8pAETwfRfERlggYnSsRV0CPb8yn+heVK2K+XKzWmxepnFkYd9OIAS2HAGVbiCOjSAwAM8wQu8Go/Gs/FmvM9ac0Y2swu/yvj4Bp0WlZY=</latexit>

� = �L + (�L)
C
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Dark Ma"er

The scale for spontaneous L violation must be below the multi-TeV scale ! 

H. Debna#, P.F.P., K. Gonzalez-Quesada, Physical Review D 109, 115030 (2024)
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Direct de$c%on:

H. Debna#, P.F.P., K. Gonzalez-Quesada, Physical Review D 109, 115030 (2024)
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H. Debna#, P.F.P., K. Gonzalez-Quesada, Physical Review D 109, 115030 (2024)
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How do we test the theory of 

P. F. P., Physical Review D 110, 035018 (2024)

<latexit sha1_base64="8MpgaNJahj11UH+R6hg7vJnmHT4=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9SQFLx6r2A9oY9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91hPXRsTqAccJ9yM6UCIUjKKVWl2V9u4fRa9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZuRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5O+kJzhnJsCWVa2FsJG1JNGdqEijYEb/HlZdI8r3jVSvXuoly7zuMowDGcwBl4cAk1uIU6NIDBCJ7hFd6cxHlx3p2PeeuKk88cwR84nz82FY9+</latexit>

⌫iR

Minimal number of fields ) cancel 
a( lep)nic and baryonic gauge anomalies 

Minimal Model
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Lep)n Number as Local Gauge Symme&y

Low Scale Seesaw<latexit sha1_base64="tZ+OMruLBflqPL53XVdua9HY/P0=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMJdkGgZ1MJGjGA+IDnD3maSLNm9O3f3hHAEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5fsSZ0o7zbWUWFpeWV7KrubX1jc0te3unpsJYUqjSkIey4RMFnAVQ1UxzaEQSiPA51P3B+divP4BULAxu9TACT5BewLqMEm2ktr3XuhbQI+3k4mqE+3dF3OJwj52CW2zbeafgTIDniZuSPEpRadtfrU5IYwGBppwo1XSdSHsJkZpRDqNcK1YQETogPWgaGhAByksmL4zwoVE6uBtKU4HGE/X3REKEUkPhm05BdF/NemPxP68Z6+6pl7AgijUEdLqoG3OsQzzOA3eYBKr50BBCJTO3YtonklBtUsuZENzZl+dJrVhwS4XSzXG+fJbGkUX76AAdIRedoDK6RBVURRQ9omf0it6sJ+vFerc+pq0ZK53ZRX9gff4Ag5GVlA==</latexit>

⌦DMh2  0.12

P.F.P., M.B.Wise



Dark Ma"er 
and 

Baryon Number



P. Fileviez Perez 

P.F.P., M.B.Wise

<latexit sha1_base64="O8xn19QYFpwpd/C4ZXlwQVdggYI=">AAAB9HicbVDLSsNAFJ34rPVVdelmsAh1E5ImtG6EUhe6rGDaQhvCZDpth04mcWZSKKHf4caFIm79GHf+jdMHotYDFw7n3Mu994QJo1JZ1qextr6xubWd28nv7u0fHBaOjpsyTgUmHo5ZLNohkoRRTjxFFSPtRBAUhYy0wtH1zG+NiZA05vdqkhA/QgNO+xQjpSX/JujiIb3ySvZFUA8KRcu0HMcpV6Fluq5j2y60TWuOb1IESzSCwke3F+M0IlxhhqTs2Fai/AwJRTEj03w3lSRBeIQGpKMpRxGRfjY/egrPtdKD/Vjo4grO1Z8TGYqknESh7oyQGsq/3kz8z+ukqn/pZ5QnqSIcLxb1UwZVDGcJwB4VBCs20QRhQfWtEA+RQFjpnPI6hJWXV0mzbNoVs3LnFmv1ZRw5cArOQAnYoApq4BY0gAcweACP4Bm8GGPjyXg13hata8Zy5gT8gvH+BS4GkRY=</latexit>

G� = U(1)B

Baryon Number as Local Gauge Symme&y

Relation between proton stability and DM !

The Proton is stable in these theories ! 



Baryon Number as Local Gauge Symme&y



P. Fileviez Perez 

P. F. P., S. Ohmer, H. H. Patel, Phys. Lett. B735, 283


M. Duerr, P. F. P., M. B. Wise, Phys. Rev. Lett. 110, 231801

P. F. P., M. B. Wise, JHEP1108, 068


Solu%ons:

P. F. P., Physical Review D 110, 035018 (2024)

- Vec)r-like fermions

- Four representa%ons

- Minimal Model
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How do we test the theory of 

P. F. P., Physical Review D 110, 035018 (2024)

Fields needed for anomaly cancellation !
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SU(3)C ⌦ SU(2)L ⌦ U(1)Y ⌦ U(1)B
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Yukawa interactions:

P. F. P., Physical Review D 110, 035018 (2024)

The Proton is stable  
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�e ̄LeR�+ h.c.



Physical States:
P. F. P., Physical Review D 110, 035018 (2024)
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� MZB = 3gBvS/2
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<latexit sha1_base64="weL6QBiVHc8qMz0072CtD4KqJPE=">AAACGXicbZDLSgMxFIYzXmu9jbp0EyyCIJYZkepGKbpxWdFeoFNKJk3b0ExmSM4IZehruPFV3LhQxKWufBsz7SDaeiDh5/vPITm/HwmuwXG+rLn5hcWl5dxKfnVtfWPT3tqu6TBWlFVpKELV8IlmgktWBQ6CNSLFSOALVvcHV6lfv2dK81DewTBirYD0JO9ySsCgtu0cYQ/325f43NwO9jSX2IM+A2LYoWG32KOh/mH5tl1wis648KxwM1FAWVXa9ofXCWkcMAlUEK2brhNBKyEKOBVslPdizSJCB6THmkZKEjDdSsabjfC+IR3cDZU5EvCY/p5ISKD1MPBNZ0Cgr6e9FP7nNWPonrUSLqMYmKSTh7qxwBDiNCbc4YpREEMjCFXc/BXTPlGEggkzDcGdXnlW1I6LbqlYujkplC+yOHJoF+2hA+SiU1RG16iCqoiiB/SEXtCr9Wg9W2/W+6R1zspmdtCfsj6/ASb8nVQ=</latexit>

� hB = h0 sin ✓B + hS cos ✓B



P. Fileviez Perez 

- J. Bu"erwor#, H. Debna#, P. F. P., Y. Yeh, Physical Review D110, 075001(2024)

Collider Bounds



“Cucuyo” Higgs 
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“Cucuyo” Higgs decays

- J. Bu"erwor#, H. Debna#, P. F. P., Y. Yeh, Physical Review D110, 075001(2024)
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Dark Matter

Neutral and Stable 

More relevant free parameters of the theory:  

.

𝜒 = 𝜒𝐿 + (𝜒𝐿)𝐶

𝑔𝐵,  𝑀𝜒,  𝑀𝑧𝐵 
, 𝑀h𝐵

 𝑎𝑛𝑑 𝜃𝐵

<latexit sha1_base64="jk9wp719AsjYrdTC2G/OYZyE6Qw="></latexit>

Z2 : �L ! ��L,� ! ��, L ! � L, R ! � R, ⇢L ! �⇢L



Relic Density
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Relic Density - H. Debna#, P. F. P., K. Gonzalez-Quesada, arXiv:2409.17976



Direct Detection

- H. Debna#, P. F. P., K. Gonzalez-Quesada, arXiv:2409.17976



Gamma Lines 
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Gamma Lines 

• Effective  couplings:𝑍𝐵𝛾𝛾,  𝑍𝐵𝛾𝑍

- H. Debna#, P. F. P., K. Gonzalez-Quesada, arXiv:2409.17976



𝜒𝜒 → 𝛾𝛾

- H. Debna#, P. F. P., K. Gonzalez-Quesada, arXiv:2409.17976
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MhB = 150 GeV



𝜒𝜒 → 𝛾𝑍
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Total Flux
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Co(ider Signatures
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Summary
- We discussed theories for physics beyond the Standard Model predicting 
a dark matter candidate below the multi-TeV scale.

- We discussed theories where the baryon (or lepton) number is a local gauge symmetry 
broken at the low scale. These theories predict a dark matter candidate from 
anomaly cancellation. We have shown the constraints from the cosmological bounds 
on the dark matter relic density, direct detection and collider experiments.

- We have discussed in detail the predictions for gamma lines and show that 
the predictions could be tested in the near future at gamma-ray telescopes 
such as CTA.

- There is a hope to test these theories at colliders. In the first case, one has a 
theory for neutrino masses and dark matter. In the second case, one has a 
theory for proton stability and dark matter.


