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Comparison  
to measurements

Asymptotic safety  
of gravity + matter

Transplanckian scales: Planck scale:electroweak scale 

Quantum gravity  
fluctuations switch off; 
Planck-scale values of  

several SM couplings fixed/bounded

[AE, Held ‘17]



=  UV completion through scale-invariant regime
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=  UV completion through scale-invariant regime
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metric fluctuations
[Codello, Percacci, Rahmede ’08]

[Wetterich, ’93; Reuter ’96]

functional RG techniques

Asymptotic safety

indications for AS in QG in truncations of the space of couplings  

with matter
[AE, Gies, Litim, Morris, Pawlowski, Reuter, Saueressig, Vacca, Wetterich…]

[AE, Pawlowski, Percacci, Saueressig…]



asymptotic safety =  UV completion through scale-invariant regime
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interacting Renormalization Group fixed point

QG contribution to Standard Model matter couplings (@ 1 loop)

QG effect:  
like change in canonical dimension: 
triggers asymptotic freedom for fi < 0

�gi = fg gi +#ig
3
i
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gauge couplings 

Yukawa couplings �y = fyy +#yy
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Higgs quartic �� = f��+#��
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Asymptotically safe gravity - impact on matter

truncations of gravity dynamics fi = fi(G, ...)
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gauge couplings fg< 0
[Daum, Harst, Reuter ’10; 


Folkerts, Litim, Pawlowski ’11; 

Harst, Reuter ’11, 


Christiansen, AE ’17, 

AE, Versteegen ’17, 


Christiansen et al. ’17]
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Asymptotically safe gravity - impact on matter

Yukawa couplings 
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fy< 0
restricts micr. grav. parameter space

[AE, Held, Pawlowski ’16;

AE, Held, ’17, ’18]

10 1026 1051 1076

120

150
161
175
195

0

0.2

0.4

0.6

0.8

1

1.2

RG scale k in GeV

M
t/G
eV

y t
(k
)

predictive trajectory Mt,pole=171 GeV

free trajectories

UV unsafe trajectories

Aaron Held’s talk 
@ 14.40 (this session)

``retrodiction” of top and 
bottom mass from 
asymptotic safety



Asymptotically safe gravity - impact on matter

fλ > 0

Higgs quartic 

�� = f��+#��
2

<latexit sha1_base64="/+uHzPzEIrO/NVEq3f5fTvejrNk=">AAACJHicbVBdS8MwFE3n15xfVR99CQ5BEEY7BBUUhr74OMG6wVpLmqZbWJqWJBVG2Z/xxb/iiw9OfPDF32K2VZibB0LOPfceknuClFGpLOvLKC0tr6yuldcrG5tb2zvm7t6DTDKBiYMTloh2gCRhlBNHUcVIOxUExQEjraB/M+63noiQNOH3apASL0ZdTiOKkdKSb166AVHIz12mPSEawisYzVQFgSfQrfq/RXE/1n2zatWsCeAisQtSBQWavjlywwRnMeEKMyRlx7ZS5eVIKIoZGVbcTJIU4T7qko6mHMVEevlkyyE80koIo0TowxWcqLOOHMVSDuJAT8ZI9eR8byz+1+tkKjr3csrTTBGOpw9FGYMqgePIYEgFwYoNNEFYUP1XiHtIIKx0sBUdgj2/8iJx6rWLmnV3Wm1cF2mUwQE4BMfABmegAW5BEzgAg2fwCt7ByHgx3owP43M6WjIKzz74A+P7B25cpCk=</latexit><latexit sha1_base64="/+uHzPzEIrO/NVEq3f5fTvejrNk=">AAACJHicbVBdS8MwFE3n15xfVR99CQ5BEEY7BBUUhr74OMG6wVpLmqZbWJqWJBVG2Z/xxb/iiw9OfPDF32K2VZibB0LOPfceknuClFGpLOvLKC0tr6yuldcrG5tb2zvm7t6DTDKBiYMTloh2gCRhlBNHUcVIOxUExQEjraB/M+63noiQNOH3apASL0ZdTiOKkdKSb166AVHIz12mPSEawisYzVQFgSfQrfq/RXE/1n2zatWsCeAisQtSBQWavjlywwRnMeEKMyRlx7ZS5eVIKIoZGVbcTJIU4T7qko6mHMVEevlkyyE80koIo0TowxWcqLOOHMVSDuJAT8ZI9eR8byz+1+tkKjr3csrTTBGOpw9FGYMqgePIYEgFwYoNNEFYUP1XiHtIIKx0sBUdgj2/8iJx6rWLmnV3Wm1cF2mUwQE4BMfABmegAW5BEzgAg2fwCt7ByHgx3owP43M6WjIKzz74A+P7B25cpCk=</latexit><latexit sha1_base64="/+uHzPzEIrO/NVEq3f5fTvejrNk=">AAACJHicbVBdS8MwFE3n15xfVR99CQ5BEEY7BBUUhr74OMG6wVpLmqZbWJqWJBVG2Z/xxb/iiw9OfPDF32K2VZibB0LOPfceknuClFGpLOvLKC0tr6yuldcrG5tb2zvm7t6DTDKBiYMTloh2gCRhlBNHUcVIOxUExQEjraB/M+63noiQNOH3apASL0ZdTiOKkdKSb166AVHIz12mPSEawisYzVQFgSfQrfq/RXE/1n2zatWsCeAisQtSBQWavjlywwRnMeEKMyRlx7ZS5eVIKIoZGVbcTJIU4T7qko6mHMVEevlkyyE80koIo0TowxWcqLOOHMVSDuJAT8ZI9eR8byz+1+tkKjr3csrTTBGOpw9FGYMqgePIYEgFwYoNNEFYUP1XiHtIIKx0sBUdgj2/8iJx6rWLmnV3Wm1cF2mUwQE4BMfABmegAW5BEzgAg2fwCt7ByHgx3owP43M6WjIKzz74A+P7B25cpCk=</latexit>

[Narain, Percacci ’09, 
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(top-mass dependence)
[Shaposhnikov, Wetterich ’09; Bezrukov, Kalmykov, Kniehl, Shaposhnikov ’12]
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(top-mass dependence)

near-flat potential at Planck scale 
extended Higgs sector: 
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[AE, Hamada, Lumma, Yamada ‘17
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[Shaposhnikov, Wetterich ’09; Bezrukov, Kalmykov, Kniehl, Shaposhnikov ’12]
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gauge couplings 
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fλ > 0
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Aaron Held’s talk 
@ 14.40 (this session)

• asymptotic freedom in non-Abelian gauge couplings preserved 
• upper bound on Abelian gauge coupling 
• top & bottom Yukawa ``retrodicted” 
• vanishing Higgs quartic and Higgs portal couplings at Mpl
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indications for phenomenological viability of ASQG
& enhanced predictive power of asymptotic safety

Quantum gravity  
fluctuations switch off; 
Planck-scale values of  

several SM couplings fixed/bounded

ASQG effects on SM in truncated RG flows

indications that:!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>



Summary

Comparison  
to measurements

Asymptotic safety  
of gravity + matter

Transplanckian scales: Planck scale:electroweak scale 
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gauge couplings 

Yukawa couplings �y = fyy +#yy
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2

<latexit sha1_base64="/+uHzPzEIrO/NVEq3f5fTvejrNk=">AAACJHicbVBdS8MwFE3n15xfVR99CQ5BEEY7BBUUhr74OMG6wVpLmqZbWJqWJBVG2Z/xxb/iiw9OfPDF32K2VZibB0LOPfceknuClFGpLOvLKC0tr6yuldcrG5tb2zvm7t6DTDKBiYMTloh2gCRhlBNHUcVIOxUExQEjraB/M+63noiQNOH3apASL0ZdTiOKkdKSb166AVHIz12mPSEawisYzVQFgSfQrfq/RXE/1n2zatWsCeAisQtSBQWavjlywwRnMeEKMyRlx7ZS5eVIKIoZGVbcTJIU4T7qko6mHMVEevlkyyE80koIo0TowxWcqLOOHMVSDuJAT8ZI9eR8byz+1+tkKjr3csrTTBGOpw9FGYMqgePIYEgFwYoNNEFYUP1XiHtIIKx0sBUdgj2/8iJx6rWLmnV3Wm1cF2mUwQE4BMfABmegAW5BEzgAg2fwCt7ByHgx3owP43M6WjIKzz74A+P7B25cpCk=</latexit><latexit sha1_base64="/+uHzPzEIrO/NVEq3f5fTvejrNk=">AAACJHicbVBdS8MwFE3n15xfVR99CQ5BEEY7BBUUhr74OMG6wVpLmqZbWJqWJBVG2Z/xxb/iiw9OfPDF32K2VZibB0LOPfceknuClFGpLOvLKC0tr6yuldcrG5tb2zvm7t6DTDKBiYMTloh2gCRhlBNHUcVIOxUExQEjraB/M+63noiQNOH3apASL0ZdTiOKkdKSb166AVHIz12mPSEawisYzVQFgSfQrfq/RXE/1n2zatWsCeAisQtSBQWavjlywwRnMeEKMyRlx7ZS5eVIKIoZGVbcTJIU4T7qko6mHMVEevlkyyE80koIo0TowxWcqLOOHMVSDuJAT8ZI9eR8byz+1+tkKjr3csrTTBGOpw9FGYMqgePIYEgFwYoNNEFYUP1XiHtIIKx0sBUdgj2/8iJx6rWLmnV3Wm1cF2mUwQE4BMfABmegAW5BEzgAg2fwCt7ByHgx3owP43M6WjIKzz74A+P7B25cpCk=</latexit><latexit sha1_base64="/+uHzPzEIrO/NVEq3f5fTvejrNk=">AAACJHicbVBdS8MwFE3n15xfVR99CQ5BEEY7BBUUhr74OMG6wVpLmqZbWJqWJBVG2Z/xxb/iiw9OfPDF32K2VZibB0LOPfceknuClFGpLOvLKC0tr6yuldcrG5tb2zvm7t6DTDKBiYMTloh2gCRhlBNHUcVIOxUExQEjraB/M+63noiQNOH3apASL0ZdTiOKkdKSb166AVHIz12mPSEawisYzVQFgSfQrfq/RXE/1n2zatWsCeAisQtSBQWavjlywwRnMeEKMyRlx7ZS5eVIKIoZGVbcTJIU4T7qko6mHMVEevlkyyE80koIo0TowxWcqLOOHMVSDuJAT8ZI9eR8byz+1+tkKjr3csrTTBGOpw9FGYMqgePIYEgFwYoNNEFYUP1XiHtIIKx0sBUdgj2/8iJx6rWLmnV3Wm1cF2mUwQE4BMfABmegAW5BEzgAg2fwCt7ByHgx3owP43M6WjIKzz74A+P7B25cpCk=</latexit>

fg< 0

fλ > 0

Aaron Held’s talk 
@ 14.40 (this session)

• asymptotic freedom in non-Abelian gauge couplings preserved 
• upper bound on Abelian gauge coupling 
• top & bottom Yukawa ``retrodicted” 
• vanishing Higgs quartic and Higgs portal couplings at Mpl

!
<latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit><latexit sha1_base64="PK/tsUo1vMvjkGPCMjA+Mw/ffqg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiqLeiF48VjC20oWy2m3bpZjfsTpQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmlldW19o7xZ2dre2d2r7h88GJVpygKqhNLtiBgmuGQBchSsnWpGkkiwVjS6mfqtR6YNV/IexykLEzKQPOaUoJU6Xc0HQyRaq6detebVvRncZeIXpAYFmr3qV7evaJYwiVQQYzq+l2KYE42cCjapdDPDUkJHZMA6lkqSMBPms5Mn7olV+m6stC2J7kz9PZGTxJhxEtnOhODQLHpT8T+vk2F8GeZcphkySeeL4ky4qNzp/26fa0ZRjC0hVHN7q0uHRBOKNqWKDcFffHmZBGf1q7p3d15rXBdplOEIjuEUfLiABtxCEwKgoOAZXuHNQefFeXc+5q0lp5g5hD9wPn8ALJiRYA==</latexit>

indications for phenomenological viability of ASQGThank you & stay tuned!

& enhanced predictive power of asymptotic safety

Quantum gravity  
fluctuations switch off; 
Planck-scale values of  

several SM couplings fixed/bounded

ASQG effects on SM in truncated RG flows

indications that:!
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