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Gravitons in General Relativity

General Relativity:

2 f, fH
SHE + Sgf = /d‘*x{\/fg <—/€2R) + “}

5 gf

Gauge-fixing term: f, = 0¥ (h#,, — %cgfn,wh).

Weak-field approximation: g, = nu + khy , k= 2/Wp,.
® Massless gravitons.

® Not renormalizable: one-loop divergences contain higher-derivative terms R?, R3,.
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Gravitons in fourth-derivative gravity

There are various models beyond GR that introduce spin 2 and spin 0 mediators of the
gravitational interaction:

® Bigravity.
® Brane models such as ADD and RS.

® Fourth-derivative gravity.
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Gravitons in fourth-derivative gravity

There are various models beyond GR that introduce spin 2 and spin 0 mediators of the
gravitational interaction:

Stelle gravity:

2 R2 iR?2-R? K2
SHE + Sag + Ser = [ d*x{vV—g| —SR+ — +°3 M) — ——£,0%F
[Stelle (1978), Salvio and Strumia (2017)]
® Gauge-fixing term: f, = 0" (h/w — %Cgmw,h).

® Massive and ghost-like gravitons.

Renormalizable.

In the limit fy, fo — oo, we should recover GR.
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Muon anomalous magnetic moment

For a classical spin 1/2 particle, we have:

fis = g%g , Where g=2.

However, the experimental value of g differs from 2. For the muon, we have:

exp
exp __ &u
o

a = 116592071.5(14.5) x 107!

[Aguillard et al. (Muon g —2) (2025)]

2 .
We call 5, = g“2 the muon anomalous magnetic moment.
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Muon anomalous magnetic moment

-2
How do we compute a, = 8= 7

N —iet(p2)[*(p2, p1)u(p1)

e Corrected vertex: [*(pa, p1) = 7*F1(q?) + %B(qz)-

2m

® In the limit g> — 0, we obtain: g, =2+2FR(0) = a, = F»(0)
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For a minimally coupled graviton, we obtain 4
diagrams.

® |nteraction vertices have the same structure in
both GR and Stelle gravity, only the graviton
propagator changes.

(a) ® Diagram (a) does not contribute to a,.

(b) (c) (d)
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Graviton propagator

Guvpo = itngB;pg, j=2,1,0s,0w,0sw, Qws

[Nieuwenhuizen (1973)]

Model to t tos tow tows = tosw
Sets 1 &t 1 g3y 1 Ve 1
HE sf p? p? 2p? 2(cgr—2)? p? 2(cgr—2) p?
2p92 2 2
<3K2 MOZ +8§gf> — V3egrMp
S+ S.,+S 11 2 1 1 p2—Mg (cgr—2)
HE T 2ag T ogf  p2 T popmZ R7p* 202 T 2(pP—M2)  2cgr—22w7p* p?(P2—M)

: - o _ M, - o _ fEM,
® Ghost-like mode with mass M5 = 5E and scalar mode with mass Mg = 25E.
® Only spin 2 and spin Os contributions to a,,.

8/17



Graviton contribution for large masses

Spin 2 contribution to a,,.

Diagram General Relativity Stelle gravity (M3 > m?)
_ 53k2m? _ 5x2m? 1 5k2m? m? _ 35k2m? _ 5x2m?

(b) 57672 o6n7 & T ognz 108 2 57672 o6-2 108 €2

49k2m? 5:°m? 1 _ 5kr’m? m? 5k2m? 552m?
(c) 288n7 T 06n7 & 06n2 |08 2 6472 96n2 108 €2
(d) _ 5k2m? _ 25k2m?
19272 57672
5k2m? 5k2m?
(b) + (C) + (d) 9672 T 19242
M-?

2
=5 4 VEtlogAT, a=-—-7

M|
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Graviton contribution for large masses

Spin 0s contribution to aj,.

. . . 2 2
Diagram General Relativity Stelle gravity (Mg > m?)
7K2m? K2m? 1 K2m? m? K2m? K2m?
(b) 576n7 T 3g4n2 2 — 3g4n2 108 2 256n2 T 38472 108 €O
K2m? K2m? 1 K2m? m? _ K2m? K2m?
(c) — o7 ~ 1022 2 T 1o057 108 2 25672 T 38472 108 C0
5k2m? K2m? 1 K?m? m _ K2m? K2m?
(d) 115272 1 384727 — 384n2 108 2 256n2 T 38472 108 C0
H2m2 :‘62"72
(b) +(c) + (d) 38472 T 12872
1 2 Mo?
~=——— — v + log4m, o= —%
€ D—4 m
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Graviton contribution for small masses

Stelle graviton contribution to a,,.

Diagram Spin 2 (M3 < m?) Spin 0s (M2 < m?)
(b) _ Grim’ + 256k2m? _ 5ok’m?log o VGr>m? _ oKkim? cor’m? log co
187 38472 19272 2887 38472 38472
(C) 5./Cr*m? _ 5or’m? + 5ck2m? log ¢ _\/afizmz + wr’m® _ qr’m’log g
727 9672 9672 1441 19272 19272
(d) _S@RZmZ _ 25¢, k2 m? _ 25¢, K2 m? log & _\/aﬁ2m2 o coK>m? o cok’m? log ¢
1447 76872 38472 5767 38472 19272
2 2 2 2 2 2 2.2 2, 2
CQRK™m 5ok m 50Kk“m” log ¢ Cok™m cr-m” log ¢
(b) + (c) + (d) T 48w 256w 12872 T 192n T 128x?
C 7M22 C L/Ioz
2 = s 0 —
m? m?
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Final remarks

The Planck mass M, as the coupling constant makes the graviton contribution negligible
in both models:

o agM =116592033(62) x 101, [Aliberti et al. (2025)]

. a,iXP 116592071.5(14.5) x 10~ . [Aguillard et al. (Muon g — 2) (2025)]

e Our results are proportional to xk?m? = ‘Lﬂ 10749,

pl

Our calculations can be extended to spin 2 massive particles coupled to muons at another

scale \ instead of Wp/.
To ensure experimental compatibility of results: A > 4.8 x 103 GeV//c?.
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Conclusions

® We have made use of the muon anomalous magnetic moment to show the behavior
of models of quadratic gravity.

® The graviton contribution is negligible, as expected.

® The same calculations can be applied to other models of spin 2 particles, imposing
restrictions on their parameters.

® Further work is needed in order to fully recover the GR limit of Stelle gravity.
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Minimal coupling of gravitons

SI\/Iaxwell‘i‘smuon:/d4x\/7{_": Flw"i_w( e'u{’)/v M}_m> ¢}
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Nieuwenhuizen spin projectors and transfer operators

1

P/(L%);pa = % (T/w Tvo + TW TV/J) “"D_-1 T/w Tpm
P /(A}/);pcf = % (TupLW + T;w LVp + TVPLIW + Too Lup)a
P ;535;20 = ﬁ Ty Tpo,
Pt = LusLpo,
P ;(352”3 = \/% T/WLPU’
PO — Dl—lL“” T o
T = Mpw — %’ Lyw = p,;f;y.
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