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» Gravitational waves from binary black
hole mergers and the binary
neutron star inspiral are recently
observed directly on earth by

LIGO Scientic and Virgo collaboration,
which initiates a new era for fundamental
physics and astronomy. (Abbott et al., PRL
(2016), Abbott et al., PRL (2017))

» Physical properties of graviton remain
untouched.

> A full theory of quantum gravity is far from available.

> General relativity as an effective theory can be used in making
predictions. (Donoghue, PRD (1994) .)

> Various predictions based on perturbative quantum gravity are\reported:
QG corrections to Newton's law of universal gravitation, QG corrections

to bending of light, etc. (Donoghue, PRL (1994), Bjerrum-Bohr, et al.,
PRL(2015)) |
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> J/W—y+graviton provides a possible channel to study the quantum nature

of graviton.



background filed method: DeWitt, PR (1967)

Juv = Nuv + thw g“" = T]"W — kh*V + thﬂﬂh:{ +

! T

classical background quantum fluctuation

fermion-gravity coupling:
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Effective Lagrangian:
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1
—(e (rapv :

1 Ls
Lvi = _EFPVFP Ty e

Loon = r{ - ihg (8,GeorG™ — 8,GoomG™)
+ %hm (0aG70° G + 07 GEOPG™ — 9, G 9P G — 97 G0 G™) |
Lann = ﬁ-,{ - %hﬁ (8, A, 0" AY — 8,A,0"A")
+ %hpa (BaATO" AP + 07 AP A" — D, ATOPA® — 7 A,0°AF) |,
Lrr = QDY — m,
Lrrpag =K {—%ETE’}’”%{’ (huw — hamu) AV} .

1 -
Lrroy =k {—geﬂ)’}‘”T“%ﬁ (e — RigMur) GW} :
Lo i
Lrru = ﬁ?{ghﬁ (i B0 — mabnlr) — 5%5’7 M bhy,
i (1. . 1
+ Ew (_F}"P"TH - ET rq,u.l?) ?-.‘{’aphpv}!



NRQCD factorization:
M(J/® — yh) = (A + (0%)B,) (0] xTo" ¢ [T/ W) = é (A, + (v)B,) /(O)y =C\/(O)y
perturbative matching:

M(cz — Yh) =/2Neep, (COetel + COP - ek - e, PPV +COP - ) Pre
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Ward identities leads to:
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representative diagrams at next-to-leading order in a;
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analytic results: ¢c@ — (

1
Cros + E{’UE}) Qcek,

numerical inputs: (PDG and Bodwin et al., PRD (2008))

a =730 x 1073, ag(m) = 0.31,
k=2821x 107" GeV!, M = 3.096 GeV
Ty =929 x 1077 GeV,

(O (*S1))y = 0.440 GeV?, (v)7, = 0.225.

numerical results:
D(J/¥ — vh) = 5.5 x 107*2GeV

Br(J/¢ — 7 + graviton) = 5.9 x 1038



massive gravity
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vDVZ discontinuity
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As a application of perturbative quantum gravity and
NRQCD, we calculated the NLO QCD correction and
relativistic correction to the process J/W—y+graviton .
The branch ratio is about 5.9 x 10738,

We also generalized the calculations to the case of
massive gravity. It is found that the longitudinal
polarizations are not decoupled at massless limit, which
reveals the well-known vDVZ discontinuity.
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Thanks for your attention!




