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Graviton

* Graviton has considered to explain weak gravity naturally.

1. Extra Dimensions

Arkani-Hamed et al ('98), ~ Gravity becomes

weak as graviton
Randall & Sundrum ('99)

IS localized on UV | UV brane >< IR brane
\

brane.

AN
\

“
\

2. KK graviton

Higher dimensional graviton is expanded into massless graviton and Kaluza-
Klein gravitons.

Kaluza-Klein gravitons can be massive spin-2 messengers.

Also, it is localized on IR brane iIn RS model.
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Gravity-mediated DM

graviton dark matter
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DM annihilations

* KK graviton can mediate the annihilations of dark matter into the SM

particles.

® |f graviton mass is less then DM mass, 2 gravitons channel is open.

(DM
DM SM DM « G

/ )
DM SM DM @ G

DM

(Gvrel)DM,tot = (Gvrel)hh T (Gvrel)ZZ T (Gvrel)WW T (Gvrel)yy T (Gvrel)gg

+(0vrel)z/n/7 T (Gvrel)GG
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DM annihilations

®* We considered all spins of dark matter. t & U channels
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Indirect detection

® Astrophysical bounds are DM spin-dependent.
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H. M. Lee, M. Park and V. Sanz (1401.5301)

* Therefore, we can distinguish DM spins from Indirect detection.
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DM-nucleon scattering

®* The tree-level scattering amplitude b/w DM and quark through
a massive spin-2 propagator.

DM
G 1 2
greab(q) = —( GG + GG - ZGr G )
N(p1) - N (p2) 2 3
DM Y

GH = gt — 19
mg

It satisfies traceless and transverse condition. 7%, 45 =0, q“Puap =0

ICynC - 1
Integrated out M = MM (ZTDVMTSM MY _ TDMTSM)
2mEA2 Nk P
traoeless part trace
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Matching - Scalar form factor

®* Form factor for the scalar current
Y : SM quarks

_ qg=P1—P
Trace of the energy-momentum tensor : TV = —m, i, (py)u,(p;)

Matching from quark to nucleon : (N(p,) |m, wr| N(p,)) = Fy(g*)myiin(py)un(p;)

J. Zupan et al (1708.02678, 1710.10218)

If g=0, (N(p)|m,yyg|N(p)) = f7, myiin(pluy(p) Polooos | fl | o017
T P n

mass fraction of light ra | 0032 |Jra| 007

quarks in a nucleon 7 | 0020 | f7o | 0020

K. Ishiwata et al (1012.5455)
A. Corsetti et al (hep—ph/0003186)

H. Ohki et al (0806.4744)
H. Y. Cheng 1989
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Matching - Gravitational form factor

* Matrix elements of the energy-momentum tensor Gravitational form factor
W 2NN 1 2 [ A 2 2

(N(p) | T, | N(py)) = = —2A4g )T, + m—MN(pz) [B(q )Ep(ﬂqu + C(g)q,9, — 1,4 )] un(p1)
All defined inside nucleon.  mass fraction related to pressure distribution

spin information /
p'=(p+p)2

In the case of 5-dimensional AdS spacetime and the transverse-traceless gauge,

the remaining term is only A term in the 5D action.
Z. Abidin and C. E. Carlson (0903.4818)

Therefore, the traceless partis | (N(p) | TY, |IN(p))) = Fr(g*)T},

H=mz CTEQ

1, _ u(2)+u2) | 022+0034
(pﬂpy —— Ngﬂ,,> un(p)uy(p) d2)+d(2) | 0.11+003
4 s(2)+5(2) | 0026+0026
c(2)+c(2) | 0019+0019
1 b(2) 4+ b(2) | 001240012

and F7(0) =yw(2)+w(2) = J dx[y(x) +w(x)]
0 K. Ishiwata et al (1012.5455)

SeCO-ndwmoyrhenlts of PDF J. Huston et al (hep—ph/0201195)

F(0)

oy

If 9=0, (N(p)|TY,|N(p)) = —




Effective Operators
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iIn the Graviton mediator model
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my
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1. Momentum transfer ¢
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Fitzpatrick et al (1203.3542, 1308.6288)

2. Relative perpendicular velocity

viz=vy 4+ L
2y
3.Spinof WIMP S,

4. Spin of nucleon ?N
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Differential Event Rate

* We can calculate the recoil energy spectrum.
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Direct detection

* The same spin-independent scattering cross section for all the spins of DM

2
7
o N = W—XQ(Zfz?M + (A= Z)fPM)? Due to trace part of the T,

mwdscp | T————

A

= P (S s @@ Ie)+ Y ety

4mz, A2

Due to traceless part of the 7,
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Collider searches for quark coupling

®* There are ATLAS dijet constrains to BR(G — qq) .

ISR photon + dijet

Over 100 GeV
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Collider searches for quark coupling

®* There are ATLAS dijet constrains to BR(G — qq) .

Over 300 GeV

ISR photon + dijet
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Collider searches for other couplings

®* We can consider gauge bosons, lepton pair and Higgs pair final states

at the LHC K. Yamashita et al (1807.09643, 1701.07008)
. - today's talk

® In this case, these couplings would affect the DM phenomenology as

well as the LHC searches. C. Han, H. M. Lee, M. Park and V. Sanz (1512.06376)
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Relic density
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* The relic region below mpy=250 GeV is excluded by direct detection, except

the resonance region.

®* [t can be tested at the LHC and direct detection.

* In this result, we consider other couplings except quark to be zero.
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Conclusion

We considered gravity-mediated dark matter model (DM spin-0,1 and
112).

KK graviton can mediate DM annihilation into the SM. = Indirect detection

We considered dark matter and nucleon scattering (especially quark) via
graviton propagator. = calculated differential event rate with effective
operator = direct detection

We showed the relic density of dark matter has enough parameter space
consistent with indirect detection, direct detection and LHC dijet
searches.

Future work : KK graviton mediator in general warped backgrounds.



