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introduction - Why proton decay? L Rewt
> Large proton lifetime 7, 2 10%* yrs acts as amplification factor l// o Y ><: >{:}<
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= Near-Planckian physics from low-energy (M, ~ 1 GeV)
k3G (k) = (2+ 1a¢) GIE" (k) + O((GI{"™)?)
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~ 1GeV ~ 2 X 10*° GeV Hyper-K, JUNO, ... ~ 157 o | cc
MlG6UT J
~ 107 GeV ...4F independent of index structure ABCD (gravity is ‘blind’ to internal indices)
...explicit form of #4f calculated in Landau-deWitt gauge and using Litim regulator (agrees with Eichhorn/Gies "11)
» Folklore: Quantum gravity (QG) breaks any global (= ungauged) sym - ...term o gnAcc in 2nd line reg.-indep.

incl. baryon number B, which protects proton in SM.

cartoon: virtual black holes
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_ cf,eg, Manohar'18
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New (B-violating) physics scale, here: QG
(works, e.g., also for GUTSs) _‘ X Genera | |y 774|: > O
‘ ‘metric fluctuations suppress proton decay’
T
q/‘\ dim’less _ )
7’1 g Gyr (k) = Gar(k)k

x hence a fortiori: 2 + 14 > 0
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= naively‘unnatural’ GI1" (Mqg) < 1is actually
> Classic estimate: 7, qg ~ 10* yrs(Mx/Mpy)* zetdovich 76; Adams et 01; .
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‘natural’ if QFT(SM + metric) holds at Mqg < k <
kyy for kyy large enough

N.B.: Much milder assumption than (eff.) AS!
Caveats/assumptions:

x Einstein-Hilbert truncation should remain good approx-
imation

x B-violation from UV completion is (at most) ‘natural’

/
Gi" (kuy) ~ 1

» Caveat: ‘Naturalness’ assumption G717 (My) ~ 1.

This work: First-principles estimate of G117 (My)

— Assumption: QFT(SM + metric) holds at scales Mx < k < kyy Application to (effective) Asymptotic Safety:
non-perturbatively renormalizable, implement using functional RG > Neg|ECt running of gN (k), )\CC(k) for MQG < k < kUV

— Applicable, e.g., to (effective) Asymptotic Safet ¢ quaskiixed-point regime
o ° P g > Integrated flow: GII7 (My) = (Mx/kuy)? 4 GI (kyy)

= increased proton lifetime, e.g.:
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Model, computational set-up, technical background kuv ~ 10°Mx — 7p ~ 10” Ty class
Toy model QFT(SM + metric): » Corollorary: for kyy — oo (= strict AS limit), GW’ (Mx) =0
* 1p: contains all SM fermions » Interpretation: ASQG is B-conserving UV completion of GR
5 = Sgu + Skin,F + S4F Y = Nambu-Gor'kov spinor = counter-example to folklore?!
SEH = 16;(3 / VS(—R +2A) Dflm ”g‘“'“a”_dffur;iﬁg':];"ysr#;‘éii?;‘ﬂ;it’é?#ias“éé » More generally: ASQG compatible with global symmetry if
N * Sty = Suv My symmetry-preserving regularization and regulator can be found
SkinF = / NELNAY ot e et 'E N.B.: sufficient, but not necessary
good quantum number’ after all. — Truncation- indep ‘proof”: Use Quantum Action Principle for coarse-grained effective action I';
Syp = GABCD / @‘FA‘PBTCTD w ( $C> < GABCD most general 4-Fermi, T / D o~ 51®) (Bx—Dx)T, X[@] - IREY (B — D) (By—Dy)
prOton decay ~ qqql Grzadkowski et al."10

6l [D] = < (5[5’] (Px — X)L (D] + %Ri(y@x — Ox)(Py — (DY)) >

Pro pagato rs and vertices: N.B.: Landau-dewitt gauge: only spin-2 and spin-0 modes of metric fluct. k;®
v with
(FI®]) ) = e"? / DéeSIPIH(Px— )T HP| 3R (Bx—@x) (By=Py) 1]
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p* — 2Acc X X (811 Opiaps O £ ) Ward-Takahashi identity for B-symmetry
321G y P N.B.: Assuming reg. preserves B-symmetry, manifest for Dirac fermions (not possible in general for Weyl!)
h o _____1 h _ 5 1 Habz Similar derivations for other symmetries cf. Gies "12; Laporte et al. '21
—gp + §ACC
z‘ Yo, = 0eSking =0 = 0% =0
Yai o sy 25%‘55” —P_ = 3y e kin,F el k
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B B B Conclusion and outlook
_ _15(P5U)GABCD _ 1 ABCD ___ —lpABCD
4 YV 4F N 16 —4F 2~ 4F
¢ ¢ ¢ » ASQG can accomodate B symmetry = no proton-decay-mediating
D v D ) D 4-Fermi operators
Technique - Functional Renormalization Group (FRG): What happens if we throw a quark into a black hole in ASQG?
— - : » B violation is irrelevant perturbation in ASQG
o [®] 1. (5 Lh[®] | & [q)]) IR [P || _ . 51 Derges ekl Phys. e 02 Wetaner et Further consequences of interplay with GUTs in QG regime?
dlnk 2 orloll dInk | and refs. therein Interplay with other 4-Fermi operators (— xSB, ‘competing order’ problem)?
& (5 1 §°) |5k — RG scale; R — regulator » Technical ToDo list: gauge dependence, reg. dependence, ...

Minimal (‘quick and dirty’) version:

» Ansatz: [, = S| —
= v ZNy ON = ONK) e Acelk) Y= /2y Gr = Gr (k) Acknowledgements
» Draw one-loop diagrams with vertices and propagators from above
» Replace couplings and propagators with ‘dressed’ versions » G. P.de Brito and A. Held for helpful comments and discussions
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