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Interplay between gravity and matter in asymptotic safety

Towards experimental tests of quantum gravity
➡ How to connect quantum gravity with experimental tests?
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Dark Matter Asymptotically 
Safe Gravity

• Asymptotically safe gravity can lead to theoretical 
constraints on Dark Matter candidates

• Active searches of dark matter could work as 
indirect tests of asymptotically safe gravity

‣ Popular candidate for ultra-light 
 (non-thermally produced) dark matter

‣ Typical ALP-photon interaction: 
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Dark Matter Asymptotically 
Safe Gravity

• Asymptotically safe gravity can lead to theoretical 
constraints on Dark Matter candidates

• Active searches of dark matter could work as 
indirect tests of asymptotically safe gravity

‣ Viable phenomenology

‣ DM via hidden gauge sector

Ruling out vector dark matter models in ASQG

Frandsen, et.al. (2023)

<latexit sha1_base64="F/wmT8RIfXSI7eYuZiCjUejl+5k="></latexit>

LUD(1)
DM = �1

4
Vµ⌫V

µ⌫ + (DµS)
⇤(DµS)� V (�, S)

<latexit sha1_base64="SKk+ajxxiQm9mLJwwP3Bte2b904="></latexit>

LSUD(2)
DM = �1

4
V a
µ⌫V

a,µ⌫ + (DµS)
†(DµS)� V (�, S)

Quick detour in the dark side of asymptotically safe gravity



Dark Matter Asymptotically 
Safe Gravity

• Asymptotically safe gravity can lead to theoretical 
constraints on Dark Matter candidates

• Active searches of dark matter could work as 
indirect tests of asymptotically safe gravity

GPB, et.al. (2024)

‣ Viable phenomenology

‣ DM via hidden gauge sector

Ruling out vector dark matter models in ASQG

Frandsen, et.al. (2023)

<latexit sha1_base64="F/wmT8RIfXSI7eYuZiCjUejl+5k="></latexit>

LUD(1)
DM = �1

4
Vµ⌫V

µ⌫ + (DµS)
⇤(DµS)� V (�, S)

<latexit sha1_base64="SKk+ajxxiQm9mLJwwP3Bte2b904="></latexit>

LSUD(2)
DM = �1

4
V a
µ⌫V

a,µ⌫ + (DµS)
†(DµS)� V (�, S)

Quick detour in the dark side of asymptotically safe gravity



Dark Matter Asymptotically 
Safe Gravity

• Asymptotically safe gravity can lead to theoretical 
constraints on Dark Matter candidates

• Active searches of dark matter could work as 
indirect tests of asymptotically safe gravity

‣ Viable phenomenology

‣ DM via hidden gauge sector

Ruling out vector dark matter models in ASQG

Frandsen, et.al. (2023)
GPB, et.al. (2024)

<latexit sha1_base64="F/wmT8RIfXSI7eYuZiCjUejl+5k="></latexit>

LUD(1)
DM = �1

4
Vµ⌫V

µ⌫ + (DµS)
⇤(DµS)� V (�, S)

<latexit sha1_base64="SKk+ajxxiQm9mLJwwP3Bte2b904="></latexit>

LSUD(2)
DM = �1

4
V a
µ⌫V

a,µ⌫ + (DµS)
†(DµS)� V (�, S)

Quick detour in the dark side of asymptotically safe gravity



Dark Matter Asymptotically 
Safe Gravity

• Asymptotically safe gravity can lead to theoretical 
constraints on Dark Matter candidates

• Active searches of dark matter could work as 
indirect tests of asymptotically safe gravity

‣ Viable phenomenology

‣ DM via hidden gauge sector

Ruling out vector dark matter models in ASQG

Frandsen, et.al. (2023)
GPB, et.al. (2024)

<latexit sha1_base64="F/wmT8RIfXSI7eYuZiCjUejl+5k="></latexit>

LUD(1)
DM = �1

4
Vµ⌫V

µ⌫ + (DµS)
⇤(DµS)� V (�, S)

<latexit sha1_base64="SKk+ajxxiQm9mLJwwP3Bte2b904="></latexit>

LSUD(2)
DM = �1

4
V a
µ⌫V

a,µ⌫ + (DµS)
†(DµS)� V (�, S)

Quick detour in the dark side of asymptotically safe gravity



Massive Neutrinos: another missing ingredient in the SM

• In the SM, neutrinos show up only as left handed fermions 

• This chiral nature, combined with SM symmetries and (perturbative) renormalizability, 
restrict neutrinos to be massless particles



Massive Neutrinos: another missing ingredient in the SM

• In the SM, neutrinos show up only as left handed fermions 

• This chiral nature, combined with SM symmetries and (perturbative) renormalizability, 
restrict neutrinos to be massless particles

• But this is not the final word in neutrino physics…

➡ Observed phenomena: neutrinos oscillation

Neutrinos that are emitted with a given flavour (e.g. in the Sun) 
are detected with different flavours



Massive Neutrinos: another missing ingredient in the SM

• In the SM, neutrinos show up only as left handed fermions 
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restrict neutrinos to be massless particles

• But this is not the final word in neutrino physics…

➡ Observed phenomena: neutrinos oscillation

Neutrinos that are emitted with a given flavour (e.g. in the Sun) 
are detected with different flavours

➡ Explanation: Neutrinos are massive particles  
(with mass basis different from flavour basis)
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Figure from A. Gouvea 2004

• But this is not the final word in neutrino physics…

✴  Recent upper bounds from DESI survey
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Massive Neutrinos: another missing ingredient in the SM

• What is the origin of neutrino masses?

• Is it possible to explain the the large 
hierarchy between neutrino masses 
and other fermion masses?

Figure from A. Gouvea 2004

• But this is not the final word in neutrino physics…

✴  Recent upper bounds from DESI survey
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Neutrino masses Asymptotically 
Safe Gravity

• Many alternatives in the market (Dirac neutrinos, 
See-Saw, Weinberg operator…). Is there a theoretical 
principle to select a few of them?

• Active experiments to test the nature of neutrino masses 
could work as indirect tests of asymptotically safe gravity

See also: A. Held Ph.D. thesis, 2019

See also: 
 

Domenech, Goodsell and Wetterich, 2021 
Chikkaballi, Kowalska and Sessolo, 2023 
 

For massive neutrinos with see-saw scale
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In the rest of this talk, I will discuss three scenarios for massive neutrinos in ASQG

• Scenario I:  
Massive neutrinos from Weinberg operator 
(without right-handed neutrinos)

• Scenario II: 
Majorana massive neutrinos from see-
saw mechanism (type I)

• Scenario III:  
Pseudo-Dirac massive neutrinos

➡ Incompatible with asymptotically safe gravity
➡ Indication that extra degrees of freedom are 

necessary for UV completion
➡ Not incompatible with EFT perspective

➡ Compatible with asymptotically safe gravity
➡ No upper or lower bound from this scenario
➡ We can tune the relevant parameters to embed 

this scenario into asymptotically safe gravity

Neutrino Masses in Asymptotically Safe Gravity

➡ Compatible with asymptotically safe gravity

➡ Upper bound on the see-saw scale: 
<latexit sha1_base64="yBc0wcbefSN7hlL8ma6NwhW3H3Q="></latexit>

mR . 1014 GeV (assuming m⌫,obs ⇠ 10�10 GeV)
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Working hypothesis:

Neutrino Masses in Asymptotically Safe Gravity

“Asymptotically Safe Gravity is Near-Perturbative”

Strong evidence from pure gravity and gravity + “minimal matter”
Falls, Litim, Nikolakopoulos and Rahmede, 2013 
Falls, Litim and Schröder, 2018 
Eichhorn, Lippoldt, Pawlowski, Reichert and Schiffer, 2018 
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Massive Neutrinos from Weinberg operator

• The Weinberg operator is the dimension-5 operator:
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C) + h.c.
� ✴     is a mass scale to keep     Dimensionless 

We will also use it to define the renormalization 
group flow

<latexit sha1_base64="VlmICHo5vGyyP8g1/JSS1MRCVSQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjXG/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+hmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVu656jatK7SKPowgncArn4MEN1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/zd+M3w==</latexit>

k
<latexit sha1_base64="mxtoeb/hKa+YlvP5gxycCxDCiik=">AAAB7HicbVBNS8NAEN3Ur1q/qh69LBbBg5RERD0WvHisYGqhDWWznbRLN5uwOxFq6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777ZRWVtfWN8qbla3tnd296v5ByySZ5uDzRCa6HTIDUijwUaCEdqqBxaGEh3B0M/UfHkEbkah7HKcQxGygRCQ4Qyv53SdA1qvW3Lo7A10mXkFqpECzV/3q9hOexaCQS2ZMx3NTDHKmUXAJk0o3M5AyPmID6FiqWAwmyGfHTuiJVfo0SrQthXSm/p7IWWzMOA5tZ8xwaBa9qfif18kwug5yodIMQfH5oiiTFBM6/Zz2hQaOcmwJ41rYWykfMs042nwqNgRv8eVl0jqve5d17+6i1jgr4iiTI3JMTolHrkiD3JIm8QkngjyTV/LmKOfFeXc+5q0lp5g5JH/gfP4A49iOrA==</latexit>

⇣



Massive Neutrinos from Weinberg operator

• The Weinberg operator is the dimension-5 operator:
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• Neutrino mass arises from the Higgs vacuum expectation value
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Massive Neutrinos from Weinberg operator

• Usually considered as part of the SMEFT (as a lepton number violating term)

• The Weinberg operator is the dimension-5 operator:
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Can we make sense of this scenario beyond the EFT paradigm? 
(Gravity induced UV completion?)
➡ We look at the beta function of     including quantum gravity contributions 
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Massive Neutrinos from Weinberg operator
Can we make sense of this scenario beyond the EFT paradigm? 
(Gravity induced UV completion?)
➡ We look at the beta function of     including quantum gravity contributions 
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➡ Gravity acts against relevance of the Weinberg operator
✴  The inclusion of a cosmological constant does not change this picture, unless we allow 

“unrealistic” fixed point values of the gravitation couplings (e.g.                   )
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Massive Neutrinos from Weinberg operator
Can we make sense of this scenario beyond the EFT paradigm? 
(Gravity induced UV completion?)

➡ The Weinberg operator scenario does not become UV complete under the impact of gravity

➡ Asymptotically safe gravity seems to require new degrees of freedom in the neutrino sector

➡ This results does not rule exclude the Weinberg operator in a EFT setting

➡ We look at the beta function of     including quantum gravity contributions 
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➡ The only fixed point is at 
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➡ Non-trivial trajectories require:
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➡ Gravity acts against relevance of the Weinberg operator
✴  The inclusion of a cosmological constant does not change this picture, unless we allow 

“unrealistic” fixed point values of the gravitation couplings (e.g.                   )
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Majorana Neutrinos and See-Saw Mechanism

• A popular scenario for massive neutrinos is based on the see-saw mechanism
<latexit sha1_base64="QnrVae4GUHzUWBODhnRQnC8Xjek="></latexit>
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Majorana Neutrinos and See-Saw Mechanism

• A popular scenario for massive neutrinos is based on the see-saw mechanism
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Majorana Neutrinos and See-Saw Mechanism

• A popular scenario for massive neutrinos is based on the see-saw mechanism
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➡  Mass matrix

• The eigenstates of the mass matrix are Majorana fermions (neutrinos ~ anti-neutrinos)
➡  Smoking gun signature for Majorana neutrinos: neutrinoless double beta decay

✴ Searches at various experiments:  
NEMO-3; 
NEXT-100;KamLAND-Zen; 
EXO-200; CUORE; GERDA



Majorana Neutrinos and See-Saw Mechanism

• A popular scenario for massive neutrinos is based on the see-saw mechanism
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➡  Mass matrix

• Eigenvalues of the mass matrix and the see-saw mechanism
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• The eigenstates of the mass matrix are Majorana fermions (neutrinos ~ anti-neutrinos)
➡  Smoking gun signature for Majorana neutrinos: neutrinoless double beta decay

✴ Searches at various experiments:  
NEMO-3; 
NEXT-100;KamLAND-Zen; 
EXO-200; CUORE; GERDA



Majorana Neutrinos and See-Saw Mechanism

• A popular scenario for massive neutrinos is based on the see-saw mechanism
<latexit sha1_base64="QnrVae4GUHzUWBODhnRQnC8Xjek="></latexit>

L⌫ � mR

2

�
⌫̄R⌫

C
R + h.c.

�
+ y⌫

⇣
L̄H̃⌫R + h.c.

⌘
! L⌫ � mR

2

�
⌫̄R⌫

C
R + h.c.

�
+mD (⌫̄L⌫R + h.c.) + · · ·

<latexit sha1_base64="+UN/Iamd4DubKcDZZbkBMWuqMT0=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDEQ9gVUY9BLx4jMQ9MljA7mU2GzM4uM71iWPIXXjwo4tW/8ebfOHkcNLGgoajqprsrSKQw6LrfztLyyuraem4jv7m1vbNb2NuvmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggGN2O/8ci1EbG6x2HC/Yj2lAgFo2ilhzbyJ8yq1etRp1B0S+4EZJF4M1KEGSqdwle7G7M04gqZpMa0PDdBP6MaBZN8lG+nhieUDWiPtyxVNOLGzyYXj8ixVbokjLUthWSi/p7IaGTMMApsZ0Sxb+a9sfif10oxvPIzoZIUuWLTRWEqCcZk/D7pCs0ZyqEllGlhbyWsTzVlaEPK2xC8+ZcXSf2s5F2UvLvzYvl0FkcODuEITsCDSyjDLVSgBgwUPMMrvDnGeXHenY9p65IzmzmAP3A+fwCb0pDN</latexit>

SSB
<latexit sha1_base64="Q6d6dStaeGIKUefKK0fvoPH9XfI=">AAACEnicbVDLSsNAFJ34rPVVdelmsAjqoiRF1I1Q0EWXFewDmhIm00k7OJnEmZtiCfkGN/6KGxeKuHXlzr9x+lho64ELh3Pu5d57/FhwDbb9bS0sLi2vrObW8usbm1vbhZ3dho4SRVmdRiJSLZ9oJrhkdeAgWCtWjIS+YE3/7mrkNwdMaR7JWxjGrBOSnuQBpwSM5BWOQ+8aX2I3UISmTpa6+l5BWs4yPPRcmeCB5wJ7gLSaeYWiXbLHwPPEmZIimqLmFb7cbkSTkEmggmjdduwYOilRwKlgWd5NNIsJvSM91jZUkpDpTjp+KcOHRuniIFKmJOCx+nsiJaHWw9A3nSGBvp71RuJ/XjuB4KKTchknwCSdLAoSgSHCo3xwlytGQQwNIVRxcyumfWLSAZNi3oTgzL48TxrlknNWcm5Oi5WTaRw5tI8O0BFy0DmqoCqqoTqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voD6zPHxv6nbY=</latexit>

mD =
1p
2
y⌫vH<latexit sha1_base64="esFE/4HVgCMIK30kE7mbz6k1gpM=">AAACJXicbVDLSgMxFM3U9/iqunQTLIoLKTMi6kJB0IUboYq1QmcYMpnbNjSTGZKMWIb+jBt/xY0Liwiu/BUztYhaD4ScnHsuufeEKWdKO867VZqYnJqemZ2z5xcWl5bLK6s3KskkhTpNeCJvQ6KAMwF1zTSH21QCiUMOjbB7WtQbdyAVS8S17qXgx6QtWItRoo0UlI8uAk9k+BjbXghtJvI0Jlqy+77t4C0cB1fY8+ziKh5nxgUi+vYE5YpTdYbA48QdkQoaoRaUB16U0CwGoSknSjVdJ9V+TqRmlEPf9jIFKaFd0oamoYLEoPx8uGUfbxolwq1EmiM0Hqo/O3ISK9WLQ+M083XU31oh/ldrZrp16OdMpJkGQb8+amUc6wQXkeGISaCa9wwhVDIzK6YdIgnVJljbhOD+XXmc3OxW3f2qe7lXOdkZxTGL1tEG2kYuOkAn6BzVUB1R9ICe0AsaWI/Ws/VqvX1ZS9aoZw39gvXxCV2uorE=</latexit>

M⌫ =

✓
0 mR

mR mD

◆
➡  Mass matrix

• Eigenvalues of the mass matrix and the see-saw mechanism
<latexit sha1_base64="f+7QkWqwotFyWxql9xTYpAC5qQk="></latexit>

m1,2 =
mR

2
± 1

2

q
mR + 4m2

D

<latexit sha1_base64="6cQZQUn6/S4nIvUEbKxRIQHWDb4=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCuCiJiLos6MJlLfYBTQiT6SQdOpMJMxOlhLrxV9y4UMStf+HOv3HaZqGtBy4czrmXe+8JU0aVdpxva2FxaXlltbRWXt/Y3Nq2d3ZbSmQSkyYWTMhOiBRhNCFNTTUjnVQSxENG2uHgauy374lUVCR3epgSn6M4oRHFSBspsPd50IBeHEMeXEOvQeO+RlKKBxjYFafqTADniVuQCihQD+wvrydwxkmiMUNKdV0n1X6OpKaYkVHZyxRJER6gmHQNTRAnys8nH4zgkVF6MBLSVKLhRP09kSOu1JCHppMj3Vez3lj8z+tmOrr0c5qkmSYJni6KMga1gOM4YI9KgjUbGoKwpOZWiPtIIqxNaGUTgjv78jxpnVbd86p7e1apnRRxlMABOATHwAUXoAZuQB00AQaP4Bm8gjfryXqx3q2PaeuCVczsgT+wPn8AAOiV5g==</latexit>

mR � mD )

<latexit sha1_base64="/n4wPPOmxeUQzdGgjJD8HgGXXUw=">AAACHnicbZDLSgMxFIYzXmu9jbp0EyyKuCgzxduyoAuXtdgLdMYhk2ba0GRmSDJimc6TuPFV3LhQRHClb2N6AbX1QMjP959Dcn4/ZlQqy/oy5uYXFpeWcyv51bX1jU1za7suo0RgUsMRi0TTR5IwGpKaooqRZiwI4j4jDb93MfQbd0RIGoU3qh8Tl6NOSAOKkdLIM08OBtyzB9BBcSyie8i9quPkh7D0A51AIJxy7/K2lOmrmnlmwSpao4Kzwp6IAphUxTM/nHaEE05ChRmSsmVbsXJTJBTFjGR5J5EkRriHOqSlZYg4kW46Wi+D+5q0YRAJfUIFR/T3RIq4lH3u606OVFdOe0P4n9dKVHDupjSME0VCPH4oSBhUERxmBdtUEKxYXwuEBdV/hbiLdBZKJ5rXIdjTK8+Keqlonxbt6+NC+WgSRw7sgj1wCGxwBsrgClRADWDwAJ7AC3g1Ho1n4814H7fOGZOZHfCnjM9vIB+h1A==</latexit>

|m1| ⇡ mR

|m2| ⇡
m2

D

mR

➡ The mass of the light neutrino gets suppressed by a factor
<latexit sha1_base64="b3e14gj6CxngGgCPcr4SNh1nh2o=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSKIh7oroh4LevBYxX5AuyzZNNuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhQln2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFaF1EvNYtUKsKWeS1g0znLYSRbEIOW2Gg5uJ3xxSpVksH80oob7APckiRrCxki+C2zMRPKAO58gLSmW34k6BFomXkzLkqAWlr043Jqmg0hCOtW57bmL8DCvDCKfjYifVNMFkgHu0banEgmo/mx49RsdW6aIoVrakQVP190SGhdYjEdpOgU1fz3sT8T+vnZro2s+YTFJDJZktilKOTIwmCaAuU5QYPrIEE8XsrYj0scLE2JyKNgRv/uVF0jiveJcV7/6iXD3N4yjAIRzBCXhwBVW4gxrUgcATPMMrvDlD58V5dz5mrUtOPnMAf+B8/gAThpDs</latexit>

mD/mR ⌧ 1

• The eigenstates of the mass matrix are Majorana fermions (neutrinos ~ anti-neutrinos)
➡  Smoking gun signature for Majorana neutrinos: neutrinoless double beta decay

✴ Searches at various experiments:  
NEMO-3; 
NEXT-100;KamLAND-Zen; 
EXO-200; CUORE; GERDA



Majorana Neutrinos and See-Saw Mechanism

Can we accommodate such scenario within asymptotically safe gravity? 



Majorana Neutrinos and See-Saw Mechanism

Can we accommodate such scenario within asymptotically safe gravity? 

• Yes! We can construct explicit RG trajectories that are UV complete for all couplings

➡  The Majorana mass is relevant at a 
fixed point with  
 
Thus, we have enough freedom to 
accommodate non-vanishing Majorana 
masses in the infrared

<latexit sha1_base64="Xze+i6Ul1c9uTVUeiBOPjdFgNNk=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRZBeii7UtSLUPDisYr9kHYt2TTbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bweh66reeqNIskvdmHFNf4IFkISPYWOlB9O4ey+gKub1iya24M6Bl4mWkBBnqveJXtx+RRFBpCMdadzw3Nn6KlWGE00mhm2gaYzLCA9qxVGJBtZ/ODp6gE6v0URgpW9Kgmfp7IsVC67EIbKfAZqgXvan4n9dJTHjpp0zGiaGSzBeFCUcmQtPvUZ8pSgwfW4KJYvZWRIZYYWJsRgUbgrf48jJpnlW884p3Wy3VylkceTiCYzgFDy6gBjdQhwYQEPAMr/DmKOfFeXc+5q05J5s5hD9wPn8A496PFQ==</latexit>

m⇤
R = 0



Majorana Neutrinos and See-Saw Mechanism

Asymptotically safe gravity generates an upper bound on the see-saw scale



Majorana Neutrinos and See-Saw Mechanism

Asymptotically safe gravity generates an upper bound on the see-saw scale

• An upper bound arises as follows:
<latexit sha1_base64="A2T/P+de1rRknUVtGWmcfJufyXQ="></latexit>

m⌫,obs = |m2| ⇡
m2

D

mR

<latexit sha1_base64="1NGEBVxbWhdPR2tjbolH6o2loMQ="></latexit>

) m⌫,obs ⇡
y2⌫ v

2

H

2mR

<latexit sha1_base64="Xx18fvQXsgxaaH3Ejqx6ZhzMY0E="></latexit>

) mR ⇡ y2⌫ v
2

H

2m⌫,obs
<

y2⌫,upper v
2

H

2m⌫,obs



Majorana Neutrinos and See-Saw Mechanism

Asymptotically safe gravity generates an upper bound on the see-saw scale

• An upper bound arises as follows:
<latexit sha1_base64="A2T/P+de1rRknUVtGWmcfJufyXQ="></latexit>

m⌫,obs = |m2| ⇡
m2

D

mR

<latexit sha1_base64="1NGEBVxbWhdPR2tjbolH6o2loMQ="></latexit>

) m⌫,obs ⇡
y2⌫ v

2

H

2mR

<latexit sha1_base64="Xx18fvQXsgxaaH3Ejqx6ZhzMY0E="></latexit>

) mR ⇡ y2⌫ v
2

H

2m⌫,obs
<

y2⌫,upper v
2

H

2m⌫,obs

<latexit sha1_base64="MyLH0dALbirUTaLio6oE3FYAgTU=">AAACBHicbVDLSsNAFJ3UV62vqMtuBoPgopZERd0IBTcuK9gHNDFMppN26GQSZiZCCF248VfcuFDErR/hzr9x2mahrQcunDnnXubeEySMSmXb30ZpaXllda28XtnY3NreMXf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRtcTv/NAhKQxv1NZQrwIDTgNKUZKS75ZdQOikJ/BK+haMLs/hccw1E+3BjPftOy6PQVcJE5BLFCg6Ztfbj/GaUS4wgxJ2XPsRHk5EopiRsYVN5UkQXiEBqSnKUcRkV4+PWIMD7XSh2EsdHEFp+rviRxFUmZRoDsjpIZy3puI/3m9VIWXXk55kirC8eyjMGVQxXCSCOxTQbBimSYIC6p3hXiIBMJK51bRITjzJy+S9kndOa87t2dWo1bEUQZVcACOgAMuQAPcgCZoAQwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8AxsCViw==</latexit>

�y = #y3 � fy y

<latexit sha1_base64="BYvw/GdCqAAGhBJUvNVayCfFJCs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvHhswX5AG8pmO2nXbjZhdyOE0l/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MFmCfkSHkoecUWOlRtYvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NPqDKcCZyWeqnGhLIxHWLXUkkj1P5kfuiUnFllQMJY2ZKGzNXfExMaaZ1Fge2MqBnpZW8m/ud1UxPe+hMuk9SgZItFYSqIicnsazLgCpkRmSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVu656jatK7SKPowgncArn4MEN1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/4xeM7Q==</latexit> y

Parametrised quantum 
gravity contribution

➡             from “background computation”
<latexit sha1_base64="N+onb5fKuNRP7ZAACsL3H9/10sA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqCcpePFYwX5AG8pmO2mXbjZhdyOE0B/hxYMiXv093vw3btsctPpg4PHeDDPzgkRwbVz3yymtrW9sbpW3Kzu7e/sH1cOjjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mt3O/+4hK81g+mCxBP6JjyUPOqLFSNxxm5Ia4w2rNbbgLkL/EK0gNCrSG1c/BKGZphNIwQbXue25i/Jwqw5nAWWWQakwom9Ix9i2VNELt54tzZ+TMKiMSxsqWNGSh/pzIaaR1FgW2M6Jmole9ufif109NeO3nXCapQcmWi8JUEBOT+e9kxBUyIzJLKFPc3krYhCrKjE2oYkPwVl/+SzrnDe+y4d1f1Jr1Io4ynMAp1MGDK2jCHbSgDQym8AQv8OokzrPz5rwvW0tOMXMMv+B8fAP48Y6Y</latexit>

fy > 0



Majorana Neutrinos and See-Saw Mechanism

Asymptotically safe gravity generates an upper bound on the see-saw scale

• An upper bound arises as follows:
<latexit sha1_base64="A2T/P+de1rRknUVtGWmcfJufyXQ="></latexit>

m⌫,obs = |m2| ⇡
m2

D

mR

<latexit sha1_base64="1NGEBVxbWhdPR2tjbolH6o2loMQ="></latexit>

) m⌫,obs ⇡
y2⌫ v

2

H

2mR

<latexit sha1_base64="Xx18fvQXsgxaaH3Ejqx6ZhzMY0E="></latexit>

) mR ⇡ y2⌫ v
2

H

2m⌫,obs
<

y2⌫,upper v
2

H

2m⌫,obs

<latexit sha1_base64="MyLH0dALbirUTaLio6oE3FYAgTU=">AAACBHicbVDLSsNAFJ3UV62vqMtuBoPgopZERd0IBTcuK9gHNDFMppN26GQSZiZCCF248VfcuFDErR/hzr9x2mahrQcunDnnXubeEySMSmXb30ZpaXllda28XtnY3NreMXf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRtcTv/NAhKQxv1NZQrwIDTgNKUZKS75ZdQOikJ/BK+haMLs/hccw1E+3BjPftOy6PQVcJE5BLFCg6Ztfbj/GaUS4wgxJ2XPsRHk5EopiRsYVN5UkQXiEBqSnKUcRkV4+PWIMD7XSh2EsdHEFp+rviRxFUmZRoDsjpIZy3puI/3m9VIWXXk55kirC8eyjMGVQxXCSCOxTQbBimSYIC6p3hXiIBMJK51bRITjzJy+S9kndOa87t2dWo1bEUQZVcACOgAMuQAPcgCZoAQwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8AxsCViw==</latexit>

�y = #y3 � fy y

<latexit sha1_base64="BYvw/GdCqAAGhBJUvNVayCfFJCs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvHhswX5AG8pmO2nXbjZhdyOE0l/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MFmCfkSHkoecUWOlRtYvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NPqDKcCZyWeqnGhLIxHWLXUkkj1P5kfuiUnFllQMJY2ZKGzNXfExMaaZ1Fge2MqBnpZW8m/ud1UxPe+hMuk9SgZItFYSqIicnsazLgCpkRmSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVu656jatK7SKPowgncArn4MEN1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/4xeM7Q==</latexit> y

Parametrised quantum 
gravity contribution

➡             from “background computation”
<latexit sha1_base64="N+onb5fKuNRP7ZAACsL3H9/10sA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqCcpePFYwX5AG8pmO2mXbjZhdyOE0B/hxYMiXv093vw3btsctPpg4PHeDDPzgkRwbVz3yymtrW9sbpW3Kzu7e/sH1cOjjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mt3O/+4hK81g+mCxBP6JjyUPOqLFSNxxm5Ia4w2rNbbgLkL/EK0gNCrSG1c/BKGZphNIwQbXue25i/Jwqw5nAWWWQakwom9Ix9i2VNELt54tzZ+TMKiMSxsqWNGSh/pzIaaR1FgW2M6Jmole9ufif109NeO3nXCapQcmWi8JUEBOT+e9kxBUyIzJLKFPc3krYhCrKjE2oYkPwVl/+SzrnDe+y4d1f1Jr1Io4ynMAp1MGDK2jCHbSgDQym8AQv8OokzrPz5rwvW0tOMXMMv+B8fAP48Y6Y</latexit>

fy > 0

✴ See Marc Schiffer’s talk



Majorana Neutrinos and See-Saw Mechanism

Asymptotically safe gravity generates an upper bound on the see-saw scale

• An upper bound arises as follows:
<latexit sha1_base64="A2T/P+de1rRknUVtGWmcfJufyXQ="></latexit>

m⌫,obs = |m2| ⇡
m2

D

mR

<latexit sha1_base64="1NGEBVxbWhdPR2tjbolH6o2loMQ="></latexit>

) m⌫,obs ⇡
y2⌫ v

2

H

2mR

<latexit sha1_base64="Xx18fvQXsgxaaH3Ejqx6ZhzMY0E="></latexit>

) mR ⇡ y2⌫ v
2

H

2m⌫,obs
<

y2⌫,upper v
2

H

2m⌫,obs

Assuming 
<latexit sha1_base64="Kls5wWMxNWY0ckERwZIBwcEGvVI=">AAACFXicbVDLSgNBEJz1bXxFPXoZDIKIhl0R9RjwoEcFkwjZGGYnHR2cmV1mesWw7E948Ve8eFDEq+DNv3GS7MFXQUNR1U13V5RIYdH3P72x8YnJqemZ2dLc/MLiUnl5pWHj1HCo81jG5iJiFqTQUEeBEi4SA0xFEprRzdHAb96CsSLW59hPoK3YlRY9wRk6qVPeVp0s1Ol2iHCHWRzZPKehFYoG/mW2E/h5WFjH0Mg75Ypf9Yegf0lQkAopcNopf4TdmKcKNHLJrG0FfoLtjBkUXEJeClMLCeM37ApajmqmwLaz4Vc53XBKl/Zi40ojHarfJzKmrO2ryHUqhtf2tzcQ//NaKfYO25nQSYqg+WhRL5UUYzqIiHaFAY6y7wjjRrhbKb9mhnF0QZZcCMHvl/+Sxm412K8GZ3uV2lYRxwxZI+tkkwTkgNTICTkldcLJPXkkz+TFe/CevFfvbdQ65hUzq+QHvPcvD/Ceqg==</latexit>

m⌫,obs ⇠ 10�10 GeV

<latexit sha1_base64="Tpn7CRAj66YrEZckU34P6QYoQcQ=">AAACC3icbVA9SwNBEN3z2/gVtbRZEgQRCXcS1FKw0FLFfEAuhr3NJFmye3fszonhuN7Gv2JjoYitf8DOf+MmptDEBwOP92aYmRfEUhh03S9nZnZufmFxaTm3srq2vpHf3KqaKNEcKjySka4HzIAUIVRQoIR6rIGpQEIt6J8N/dodaCOi8AYHMTQV64aiIzhDK7XyBdVKrzPqSzDGCEU99zb1ypl/4CPcY3oO1ayVL7oldwQ6TbwxKZIxLlv5T78d8URBiFwyYxqeG2MzZRoFl5Dl/MRAzHifdaFhacgUmGY6+iWju1Zp006kbYVIR+rviZQpYwYqsJ2KYc9MekPxP6+RYOekmYowThBC/rOok0iKER0GQ9tCA0c5sIRxLeytlPeYZhxtfDkbgjf58jSpHpa8o5J3VS6e7o/jWCI7pED2iEeOySm5IJekQjh5IE/khbw6j86z8+a8/7TOOOOZbfIHzsc3E5+aXg==</latexit>

mR . 1014 GeV

<latexit sha1_base64="MyLH0dALbirUTaLio6oE3FYAgTU=">AAACBHicbVDLSsNAFJ3UV62vqMtuBoPgopZERd0IBTcuK9gHNDFMppN26GQSZiZCCF248VfcuFDErR/hzr9x2mahrQcunDnnXubeEySMSmXb30ZpaXllda28XtnY3NreMXf32jJOBSYtHLNYdAMkCaOctBRVjHQTQVAUMNIJRtcTv/NAhKQxv1NZQrwIDTgNKUZKS75ZdQOikJ/BK+haMLs/hccw1E+3BjPftOy6PQVcJE5BLFCg6Ztfbj/GaUS4wgxJ2XPsRHk5EopiRsYVN5UkQXiEBqSnKUcRkV4+PWIMD7XSh2EsdHEFp+rviRxFUmZRoDsjpIZy3puI/3m9VIWXXk55kirC8eyjMGVQxXCSCOxTQbBimSYIC6p3hXiIBMJK51bRITjzJy+S9kndOa87t2dWo1bEUQZVcACOgAMuQAPcgCZoAQwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8AxsCViw==</latexit>

�y = #y3 � fy y

<latexit sha1_base64="BYvw/GdCqAAGhBJUvNVayCfFJCs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvHhswX5AG8pmO2nXbjZhdyOE0l/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MFmCfkSHkoecUWOlRtYvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NPqDKcCZyWeqnGhLIxHWLXUkkj1P5kfuiUnFllQMJY2ZKGzNXfExMaaZ1Fge2MqBnpZW8m/ud1UxPe+hMuk9SgZItFYSqIicnsazLgCpkRmSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVu656jatK7SKPowgncArn4MEN1OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/4xeM7Q==</latexit> y

Parametrised quantum 
gravity contribution

➡             from “background computation”
<latexit sha1_base64="N+onb5fKuNRP7ZAACsL3H9/10sA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahp5KIqCcpePFYwX5AG8pmO2mXbjZhdyOE0B/hxYMiXv093vw3btsctPpg4PHeDDPzgkRwbVz3yymtrW9sbpW3Kzu7e/sH1cOjjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A2mt3O/+4hK81g+mCxBP6JjyUPOqLFSNxxm5Ia4w2rNbbgLkL/EK0gNCrSG1c/BKGZphNIwQbXue25i/Jwqw5nAWWWQakwom9Ix9i2VNELt54tzZ+TMKiMSxsqWNGSh/pzIaaR1FgW2M6Jmole9ufif109NeO3nXCapQcmWi8JUEBOT+e9kxBUyIzJLKFPc3krYhCrKjE2oYkPwVl/+SzrnDe+y4d1f1Jr1Io4ynMAp1MGDK2jCHbSgDQym8AQv8OokzrPz5rwvW0tOMXMMv+B8fAP48Y6Y</latexit>

fy > 0

✴ See Marc Schiffer’s talk



Majorana Neutrinos and See-Saw Mechanism

Asymptotically safe gravity generates an upper bound on the see-saw scale

• An upper bound arises as follows:• An upper bound arises as follows:
<latexit sha1_base64="A2T/P+de1rRknUVtGWmcfJufyXQ="></latexit>

m⌫,obs = |m2| ⇡
m2

D

mR

<latexit sha1_base64="1NGEBVxbWhdPR2tjbolH6o2loMQ="></latexit>

) m⌫,obs ⇡
y2⌫ v

2

H

2mR

<latexit sha1_base64="Xx18fvQXsgxaaH3Ejqx6ZhzMY0E="></latexit>

) mR ⇡ y2⌫ v
2

H

2m⌫,obs
<

y2⌫,upper v
2

H

2m⌫,obs

Assuming 
<latexit sha1_base64="Kls5wWMxNWY0ckERwZIBwcEGvVI=">AAACFXicbVDLSgNBEJz1bXxFPXoZDIKIhl0R9RjwoEcFkwjZGGYnHR2cmV1mesWw7E948Ve8eFDEq+DNv3GS7MFXQUNR1U13V5RIYdH3P72x8YnJqemZ2dLc/MLiUnl5pWHj1HCo81jG5iJiFqTQUEeBEi4SA0xFEprRzdHAb96CsSLW59hPoK3YlRY9wRk6qVPeVp0s1Ol2iHCHWRzZPKehFYoG/mW2E/h5WFjH0Mg75Ypf9Yegf0lQkAopcNopf4TdmKcKNHLJrG0FfoLtjBkUXEJeClMLCeM37ApajmqmwLaz4Vc53XBKl/Zi40ojHarfJzKmrO2ryHUqhtf2tzcQ//NaKfYO25nQSYqg+WhRL5UUYzqIiHaFAY6y7wjjRrhbKb9mhnF0QZZcCMHvl/+Sxm412K8GZ3uV2lYRxwxZI+tkkwTkgNTICTkldcLJPXkkz+TFe/CevFfvbdQ65hUzq+QHvPcvD/Ceqg==</latexit>

m⌫,obs ⇠ 10�10 GeV

<latexit sha1_base64="Tpn7CRAj66YrEZckU34P6QYoQcQ=">AAACC3icbVA9SwNBEN3z2/gVtbRZEgQRCXcS1FKw0FLFfEAuhr3NJFmye3fszonhuN7Gv2JjoYitf8DOf+MmptDEBwOP92aYmRfEUhh03S9nZnZufmFxaTm3srq2vpHf3KqaKNEcKjySka4HzIAUIVRQoIR6rIGpQEIt6J8N/dodaCOi8AYHMTQV64aiIzhDK7XyBdVKrzPqSzDGCEU99zb1ypl/4CPcY3oO1ayVL7oldwQ6TbwxKZIxLlv5T78d8URBiFwyYxqeG2MzZRoFl5Dl/MRAzHifdaFhacgUmGY6+iWju1Zp006kbYVIR+rviZQpYwYqsJ2KYc9MekPxP6+RYOekmYowThBC/rOok0iKER0GQ9tCA0c5sIRxLeytlPeYZhxtfDkbgjf58jSpHpa8o5J3VS6e7o/jWCI7pED2iEeOySm5IJekQjh5IE/khbw6j86z8+a8/7TOOOOZbfIHzsc3E5+aXg==</latexit>

mR . 1014 GeV



Majorana Neutrinos and See-Saw Mechanism

Asymptotically safe gravity generates an upper bound on the see-saw scale

• An upper bound arises as follows:

Excluded if we impose from Davidson-Ibarra bound 
(thermal leptogenis)

• An upper bound arises as follows:
<latexit sha1_base64="A2T/P+de1rRknUVtGWmcfJufyXQ="></latexit>

m⌫,obs = |m2| ⇡
m2

D

mR

<latexit sha1_base64="1NGEBVxbWhdPR2tjbolH6o2loMQ="></latexit>

) m⌫,obs ⇡
y2⌫ v

2

H

2mR

<latexit sha1_base64="Xx18fvQXsgxaaH3Ejqx6ZhzMY0E="></latexit>

) mR ⇡ y2⌫ v
2

H

2m⌫,obs
<

y2⌫,upper v
2

H

2m⌫,obs

Assuming 
<latexit sha1_base64="Kls5wWMxNWY0ckERwZIBwcEGvVI=">AAACFXicbVDLSgNBEJz1bXxFPXoZDIKIhl0R9RjwoEcFkwjZGGYnHR2cmV1mesWw7E948Ve8eFDEq+DNv3GS7MFXQUNR1U13V5RIYdH3P72x8YnJqemZ2dLc/MLiUnl5pWHj1HCo81jG5iJiFqTQUEeBEi4SA0xFEprRzdHAb96CsSLW59hPoK3YlRY9wRk6qVPeVp0s1Ol2iHCHWRzZPKehFYoG/mW2E/h5WFjH0Mg75Ypf9Yegf0lQkAopcNopf4TdmKcKNHLJrG0FfoLtjBkUXEJeClMLCeM37ApajmqmwLaz4Vc53XBKl/Zi40ojHarfJzKmrO2ryHUqhtf2tzcQ//NaKfYO25nQSYqg+WhRL5UUYzqIiHaFAY6y7wjjRrhbKb9mhnF0QZZcCMHvl/+Sxm412K8GZ3uV2lYRxwxZI+tkkwTkgNTICTkldcLJPXkkz+TFe/CevFfvbdQ65hUzq+QHvPcvD/Ceqg==</latexit>

m⌫,obs ⇠ 10�10 GeV

<latexit sha1_base64="Tpn7CRAj66YrEZckU34P6QYoQcQ=">AAACC3icbVA9SwNBEN3z2/gVtbRZEgQRCXcS1FKw0FLFfEAuhr3NJFmye3fszonhuN7Gv2JjoYitf8DOf+MmptDEBwOP92aYmRfEUhh03S9nZnZufmFxaTm3srq2vpHf3KqaKNEcKjySka4HzIAUIVRQoIR6rIGpQEIt6J8N/dodaCOi8AYHMTQV64aiIzhDK7XyBdVKrzPqSzDGCEU99zb1ypl/4CPcY3oO1ayVL7oldwQ6TbwxKZIxLlv5T78d8URBiFwyYxqeG2MzZRoFl5Dl/MRAzHifdaFhacgUmGY6+iWju1Zp006kbYVIR+rviZQpYwYqsJ2KYc9MekPxP6+RYOekmYowThBC/rOok0iKER0GQ9tCA0c5sIRxLeytlPeYZhxtfDkbgjf58jSpHpa8o5J3VS6e7o/jWCI7pED2iEeOySm5IJekQjh5IE/khbw6j86z8+a8/7TOOOOZbfIHzsc3E5+aXg==</latexit>

mR . 1014 GeV



Pseudo-Dirac Massive Neutrinos

• A different perspective on neutrinos with Majorana masses

<latexit sha1_base64="esFE/4HVgCMIK30kE7mbz6k1gpM=">AAACJXicbVDLSgMxFM3U9/iqunQTLIoLKTMi6kJB0IUboYq1QmcYMpnbNjSTGZKMWIb+jBt/xY0Liwiu/BUztYhaD4ScnHsuufeEKWdKO867VZqYnJqemZ2z5xcWl5bLK6s3KskkhTpNeCJvQ6KAMwF1zTSH21QCiUMOjbB7WtQbdyAVS8S17qXgx6QtWItRoo0UlI8uAk9k+BjbXghtJvI0Jlqy+77t4C0cB1fY8+ziKh5nxgUi+vYE5YpTdYbA48QdkQoaoRaUB16U0CwGoSknSjVdJ9V+TqRmlEPf9jIFKaFd0oamoYLEoPx8uGUfbxolwq1EmiM0Hqo/O3ISK9WLQ+M083XU31oh/ldrZrp16OdMpJkGQb8+amUc6wQXkeGISaCa9wwhVDIzK6YdIgnVJljbhOD+XXmc3OxW3f2qe7lXOdkZxTGL1tEG2kYuOkAn6BzVUB1R9ICe0AsaWI/Ws/VqvX1ZS9aoZw39gvXxCV2uorE=</latexit>

M⌫ =

✓
0 mR

mR mD

◆
<latexit sha1_base64="f+7QkWqwotFyWxql9xTYpAC5qQk="></latexit>

m1,2 =
mR

2
± 1

2

q
mR + 4m2

D
<latexit sha1_base64="ljuH2I+01QuYy1CVDimLckfxmb0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvHisYj+gDWWz3bRLN9mwO1FK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B06hUM95gSirdDqjhUsS8gQIlbyea0yiQvBWMbqZ+65FrI1T8gOOE+xEdxCIUjKKVOt17MRgi1Vo99coVt+rOQJaJl5MK5Kj3yl/dvmJpxGNkkhrT8dwE/YxqFEzySambGp5QNqID3rE0phE3fjY7eUJOrNInodK2YiQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfiThJkcdsvihMJUFFpv+TvtCcoRxbQpkW9lbChlRThjalkg3BW3x5mTTPq95l1bu7qNTO8jiKcATHcAoeXEENbqEODWCg4Ble4c1B58V5dz7mrQUnnzmEP3A+fwCMdZFd</latexit>) <latexit sha1_base64="C0FDKJtFM9Lv9CnhXK1/10QDeEA=">AAACFnicbVBLSwMxGMz6rPW16tFLsAgeatkVUY8FPXisxT6guyzZNN2GJpslySpl6a/w4l/x4kERr+LNf2PaLqKtAyHDzHwk34QJo0o7zpe1sLi0vLJaWCuub2xubds7u00lUolJAwsmZDtEijAak4ammpF2IgniISOtcHA59lt3RCoq4ls9TIjPURTTHsVIGymwjz1Jo75GUop76JW9MuTBFfSiyNz1qeDVfxKBXXIqzgRwnrg5KYEctcD+9LoCp5zEGjOkVMd1Eu1nSGqKGRkVvVSRBOEBikjH0BhxovxsstYIHhqlC3tCmhNrOFF/T2SIKzXkoUlypPtq1huL/3mdVPcu/IzGSapJjKcP9VIGtYDjjmCXSoI1GxqCsKTmrxD3kURYmyaLpgR3duV50jypuGcV9+a0VC3ndRTAPjgAR8AF56AKrkENNAAGD+AJvIBX69F6tt6s92l0wcpn9sAfWB/fqxqdvw==</latexit>! mD � mR )

<latexit sha1_base64="mq1slldRIKSaOCFM68eyzA6CT8s=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXpUyKqBuhoAuXVewDOsOQSTNtaDIzJBmhTOcD3Pgrblwo4tYPcOffmLaz0NYDgcM553Jzjx9zprRtf1tLyyura+uFjeLm1vbObmlvv6WiRBLaJBGPZMfHinIW0qZmmtNOLCkWPqdtf3g18dsPVCoWhfd6FFNX4H7IAkawNpJXKo+Fl6JKLRvDSyi8a+jEAjqBxCRFWVrLjHZnUnbVngIuEpSTMsjR8EpfTi8iiaChJhwr1UV2rN0US80Ip1nRSRSNMRniPu0aGmJBlZtOj8ngsVF6MIikeaGGU/X3RIqFUiPhm6TAeqDmvYn4n9dNdHDhpiyME01DMlsUJBzqCE6agT0mKdF8ZAgmkpm/QjLApglt+iuaEtD8yYukVauisyq6PS3XK3kdBXAIjsAJQOAc1MENaIAmIOARPINX8GY9WS/Wu/Uxiy5Z+cwB+APr8wdPAJnT</latexit>

|m1,2| = mD ± 1

2
mR



Pseudo-Dirac Massive Neutrinos

• A different perspective on neutrinos with Majorana masses

• The eigenstates of the mass matrix are called pseudo-Dirac 
They behave almost like a Dirac neutrino, but not exactly

<latexit sha1_base64="esFE/4HVgCMIK30kE7mbz6k1gpM=">AAACJXicbVDLSgMxFM3U9/iqunQTLIoLKTMi6kJB0IUboYq1QmcYMpnbNjSTGZKMWIb+jBt/xY0Liwiu/BUztYhaD4ScnHsuufeEKWdKO867VZqYnJqemZ2z5xcWl5bLK6s3KskkhTpNeCJvQ6KAMwF1zTSH21QCiUMOjbB7WtQbdyAVS8S17qXgx6QtWItRoo0UlI8uAk9k+BjbXghtJvI0Jlqy+77t4C0cB1fY8+ziKh5nxgUi+vYE5YpTdYbA48QdkQoaoRaUB16U0CwGoSknSjVdJ9V+TqRmlEPf9jIFKaFd0oamoYLEoPx8uGUfbxolwq1EmiM0Hqo/O3ISK9WLQ+M083XU31oh/ldrZrp16OdMpJkGQb8+amUc6wQXkeGISaCa9wwhVDIzK6YdIgnVJljbhOD+XXmc3OxW3f2qe7lXOdkZxTGL1tEG2kYuOkAn6BzVUB1R9ICe0AsaWI/Ws/VqvX1ZS9aoZw39gvXxCV2uorE=</latexit>

M⌫ =

✓
0 mR

mR mD

◆
<latexit sha1_base64="f+7QkWqwotFyWxql9xTYpAC5qQk="></latexit>

m1,2 =
mR

2
± 1

2

q
mR + 4m2

D
<latexit sha1_base64="ljuH2I+01QuYy1CVDimLckfxmb0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvHisYj+gDWWz3bRLN9mwO1FK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B06hUM95gSirdDqjhUsS8gQIlbyea0yiQvBWMbqZ+65FrI1T8gOOE+xEdxCIUjKKVOt17MRgi1Vo99coVt+rOQJaJl5MK5Kj3yl/dvmJpxGNkkhrT8dwE/YxqFEzySambGp5QNqID3rE0phE3fjY7eUJOrNInodK2YiQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfiThJkcdsvihMJUFFpv+TvtCcoRxbQpkW9lbChlRThjalkg3BW3x5mTTPq95l1bu7qNTO8jiKcATHcAoeXEENbqEODWCg4Ble4c1B58V5dz7mrQUnnzmEP3A+fwCMdZFd</latexit>) <latexit sha1_base64="C0FDKJtFM9Lv9CnhXK1/10QDeEA=">AAACFnicbVBLSwMxGMz6rPW16tFLsAgeatkVUY8FPXisxT6guyzZNN2GJpslySpl6a/w4l/x4kERr+LNf2PaLqKtAyHDzHwk34QJo0o7zpe1sLi0vLJaWCuub2xubds7u00lUolJAwsmZDtEijAak4ammpF2IgniISOtcHA59lt3RCoq4ls9TIjPURTTHsVIGymwjz1Jo75GUop76JW9MuTBFfSiyNz1qeDVfxKBXXIqzgRwnrg5KYEctcD+9LoCp5zEGjOkVMd1Eu1nSGqKGRkVvVSRBOEBikjH0BhxovxsstYIHhqlC3tCmhNrOFF/T2SIKzXkoUlypPtq1huL/3mdVPcu/IzGSapJjKcP9VIGtYDjjmCXSoI1GxqCsKTmrxD3kURYmyaLpgR3duV50jypuGcV9+a0VC3ndRTAPjgAR8AF56AKrkENNAAGD+AJvIBX69F6tt6s92l0wcpn9sAfWB/fqxqdvw==</latexit>! mD � mR )

<latexit sha1_base64="mq1slldRIKSaOCFM68eyzA6CT8s=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXpUyKqBuhoAuXVewDOsOQSTNtaDIzJBmhTOcD3Pgrblwo4tYPcOffmLaz0NYDgcM553Jzjx9zprRtf1tLyyura+uFjeLm1vbObmlvv6WiRBLaJBGPZMfHinIW0qZmmtNOLCkWPqdtf3g18dsPVCoWhfd6FFNX4H7IAkawNpJXKo+Fl6JKLRvDSyi8a+jEAjqBxCRFWVrLjHZnUnbVngIuEpSTMsjR8EpfTi8iiaChJhwr1UV2rN0US80Ip1nRSRSNMRniPu0aGmJBlZtOj8ngsVF6MIikeaGGU/X3RIqFUiPhm6TAeqDmvYn4n9dNdHDhpiyME01DMlsUJBzqCE6agT0mKdF8ZAgmkpm/QjLApglt+iuaEtD8yYukVauisyq6PS3XK3kdBXAIjsAJQOAc1MENaIAmIOARPINX8GY9WS/Wu/Uxiy5Z+cwB+APr8wdPAJnT</latexit>

|m1,2| = mD ± 1

2
mR



Pseudo-Dirac Massive Neutrinos

• A different perspective on neutrinos with Majorana masses

• The eigenstates of the mass matrix are called pseudo-Dirac 
They behave almost like a Dirac neutrino, but not exactly

➡ Small lepton number violation (Dirac neutrinos features lepton number conservation)

➡ Almost maximal mixing between left-handed and right-handed neutrinos 
(Dirac neutrinos features maximal mixing)

➡ Oscillation between both chiral components, even with a single generation  
(Dirac do not oscillate in the single generation case (degenerate states))

<latexit sha1_base64="esFE/4HVgCMIK30kE7mbz6k1gpM=">AAACJXicbVDLSgMxFM3U9/iqunQTLIoLKTMi6kJB0IUboYq1QmcYMpnbNjSTGZKMWIb+jBt/xY0Liwiu/BUztYhaD4ScnHsuufeEKWdKO867VZqYnJqemZ2z5xcWl5bLK6s3KskkhTpNeCJvQ6KAMwF1zTSH21QCiUMOjbB7WtQbdyAVS8S17qXgx6QtWItRoo0UlI8uAk9k+BjbXghtJvI0Jlqy+77t4C0cB1fY8+ziKh5nxgUi+vYE5YpTdYbA48QdkQoaoRaUB16U0CwGoSknSjVdJ9V+TqRmlEPf9jIFKaFd0oamoYLEoPx8uGUfbxolwq1EmiM0Hqo/O3ISK9WLQ+M083XU31oh/ldrZrp16OdMpJkGQb8+amUc6wQXkeGISaCa9wwhVDIzK6YdIgnVJljbhOD+XXmc3OxW3f2qe7lXOdkZxTGL1tEG2kYuOkAn6BzVUB1R9ICe0AsaWI/Ws/VqvX1ZS9aoZw39gvXxCV2uorE=</latexit>

M⌫ =

✓
0 mR

mR mD

◆
<latexit sha1_base64="f+7QkWqwotFyWxql9xTYpAC5qQk="></latexit>

m1,2 =
mR

2
± 1

2

q
mR + 4m2

D
<latexit sha1_base64="ljuH2I+01QuYy1CVDimLckfxmb0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBg5RERD0WvHisYj+gDWWz3bRLN9mwO1FK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B06hUM95gSirdDqjhUsS8gQIlbyea0yiQvBWMbqZ+65FrI1T8gOOE+xEdxCIUjKKVOt17MRgi1Vo99coVt+rOQJaJl5MK5Kj3yl/dvmJpxGNkkhrT8dwE/YxqFEzySambGp5QNqID3rE0phE3fjY7eUJOrNInodK2YiQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfiThJkcdsvihMJUFFpv+TvtCcoRxbQpkW9lbChlRThjalkg3BW3x5mTTPq95l1bu7qNTO8jiKcATHcAoeXEENbqEODWCg4Ble4c1B58V5dz7mrQUnnzmEP3A+fwCMdZFd</latexit>) <latexit sha1_base64="C0FDKJtFM9Lv9CnhXK1/10QDeEA=">AAACFnicbVBLSwMxGMz6rPW16tFLsAgeatkVUY8FPXisxT6guyzZNN2GJpslySpl6a/w4l/x4kERr+LNf2PaLqKtAyHDzHwk34QJo0o7zpe1sLi0vLJaWCuub2xubds7u00lUolJAwsmZDtEijAak4ammpF2IgniISOtcHA59lt3RCoq4ls9TIjPURTTHsVIGymwjz1Jo75GUop76JW9MuTBFfSiyNz1qeDVfxKBXXIqzgRwnrg5KYEctcD+9LoCp5zEGjOkVMd1Eu1nSGqKGRkVvVSRBOEBikjH0BhxovxsstYIHhqlC3tCmhNrOFF/T2SIKzXkoUlypPtq1huL/3mdVPcu/IzGSapJjKcP9VIGtYDjjmCXSoI1GxqCsKTmrxD3kURYmyaLpgR3duV50jypuGcV9+a0VC3ndRTAPjgAR8AF56AKrkENNAAGD+AJvIBX69F6tt6s92l0wcpn9sAfWB/fqxqdvw==</latexit>! mD � mR )
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Pseudo-Dirac Massive Neutrinos

• A different perspective on neutrinos with Majorana masses

• The eigenstates of the mass matrix are called pseudo-Dirac 
They behave almost like a Dirac neutrino, but not exactly

➡ Small lepton number violation (Dirac neutrinos features lepton number conservation)

➡ Almost maximal mixing between left-handed and right-handed neutrinos 
(Dirac neutrinos features maximal mixing)

➡ Oscillation between both chiral components, even with a single generation  
(Dirac do not oscillate in the single generation case (degenerate states))
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✴ Experimental searches at JUNO and DARWIN Franklin, Perez-Gonzalez and Turner, 2023 
de Gouvêa, et. al., 2022 
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Can we accommodate such scenario within asymptotically safe gravity? 

• Yes! Again, we can construct explicit RG trajectories that are UV complete for all couplings

➡  The Majorana mass is relevant at a fixed 
point with  

➡  We can work with trajectories connected 
to              in the neutrino Yukawa sector 
 
There enough room to choose the 
Majorana mass to be much smaller than 
the Dirac mass
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Can we accommodate such scenario within asymptotically safe gravity? 

• Yes! Again, we can construct explicit RG trajectories that are UV complete for all couplings

➡  This scenario does not allow us to 
extract new theoretical bounds from 
asymptotically safe gravity

➡  The Majorana mass is relevant at a fixed 
point with  

➡  We can work with trajectories connected 
to              in the neutrino Yukawa sector 
 
There enough room to choose the 
Majorana mass to be much smaller than 
the Dirac mass
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Summary

The interplay between massive neutrinos can 
give valuable information about the landscape 
of asymptotically safe gravity
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Summary

➡ Incompatible with asymptotically safe gravity ➡ Indication that extra degrees of freedom 
are necessary for UV completion➡ Not incompatible with EFT perspective

Neutrino masses from Weinberg operator

The interplay between massive neutrinos can 
give valuable information about the landscape 
of asymptotically safe gravity

Neutrino masses Asymptotically 
Safe Gravity

➡ Compatible with asymptotically safe gravity

Majorana neutrinos and the see-saw mechanism
➡ Upper bound on the see-saw scale:
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Summary

➡ Incompatible with asymptotically safe gravity ➡ Indication that extra degrees of freedom 
are necessary for UV completion➡ Not incompatible with EFT perspective

Neutrino masses from Weinberg operator

➡ No upper or lower bound from this scenario➡ There is enough room to tune the free 
parameters in harmony with asymptotic safety

Pseudo-Dirac massive neutrinos

The interplay between massive neutrinos can 
give valuable information about the landscape 
of asymptotically safe gravity

Neutrino masses Asymptotically 
Safe Gravity

➡ Compatible with asymptotically safe gravity

Majorana neutrinos and the see-saw mechanism
➡ Upper bound on the see-saw scale:
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Thank you for your attention!


