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c- | approaches iIn DM detection

o EFT approaches are suitable with scattering processes b/w DM and nucleons.

DM DM oM oM
aquark quark

or or
gluon gluon Nucleon Nucleon

K. Ishiwata et al (1409.8290),
Marco Cirelli et al (1307.5955), Kathryn M. Zurek et al (1506.04454),

Andrea De Simone and Thomas Jacques (1603.08002)
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c- | approaches iIn DM detection

o EFT approaches are suitable with scattering processes b/w DM and nucleons.

® Mediators can be directly produced in the early Universe or at the LHC.

DM

/-D\M‘ Mainly spin 1/2, 0, |

Integrating out mediators leads to the effective operators for Direct Detection.
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We consider Scattering of dark matter and nucleon

in the spin-2 mediator model with the effective operators

and compute differential event rates for direct detection.



Spin-2 Mediator Model

na . . .
L. — Csm prSM CDM GHvTOM GH"": massive spin—2 mediator
int — Y — L

A A

1., energy—momentum tensor

H. M. Lee, M. Park and V. Sanz (1306.4107, 1401.5301)

For example, Randall-Sundrum model in extra dimension

_— _—

Massless MasSi e SM particles,
Massless graviton is gravit& /g" aviton| dark matter and
SM

: massive graviton are
localized on UV brane &
’ localized on IR brane
/ /

UV brane IR brane
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Spin-2 Mediator Model

We consider the tree-level scattering amplitude b/w DM and quark though
a massive spin-2 mediator
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Spin-2 Mediator Model

We consider the tree-level scattering amplitude b/w DM and quark though
a massive spin-2 mediator

_ LCDMCSM (QTDMTSM,W - 1TDMTSM)

2m, A2

U
traceless part




DM energy-momentum tensor

H. M. Lee, M. Park and V. Sanz
(1306.4107, 1401.5301)

v 1
. T~ = __'L_‘x(]@)( — 6(f; + ky) + 16mx)“x(k1)
Fermion § Zji 1
DM T/icy = —Z’I,_Lx(kQ) (’Yu(klv + k21/) + fYI/(kl,U + k2ﬂ) o énﬂ’/(%l + k2))ux(k1)
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~ 1
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Matching from Quark to Nucleon

(N (p2) ]T¢ IN(p1)) = —Fs(QQ)WNQ_LN (p2)un(p1) (=== : Gravitational form factors)
- U, . 1 1
(N (pa) TN () = —2AW) + BEDTY + o anlon) [~ 2B(6) (s — 190007)
1
+C(q2) quqv — _nw/q2 u (pl)
p=(p1+p2)/2 O 0t = a”)
q=P2—P1

N FTN(QQ)TLJLVV with A(¢*) = —Fr(¢®)/2, B(¢°) = C(¢*) =0

by holographic QCD 7. Abidin and C. E. Carlson (0903.4818)
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The twist-2 operators for nucleons with zero momentum transfer,

quark : (N(p)|TgV|N(p)) — mLN (pupy — im?vguy) (q(2) + 6_7(2)) un(p)un(p)

, - 1
second moments of the PDF/ dr x[q(x) + q(x)]
0

1 1

gluon : (N(p)| T, [N () = —— (pups = 7migw ) CQ v (D)un() |

second moments of the PDF dr x g(x)
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cffective Operators

Elastic scattering of WIMP & Nucleon L, (7) = ¢ \P;(f)OX\I/X(f) UV (Z)ON YN (T),

N Non-relativistic Operators
Effective operator : Z (cgn)(’)g") + P (’)gp)) P
i=1 O1 = I
02 _ (U‘L)Q
O; is formed from the O, and Oy 7
O3 = iSy-(— x7")
mn
The complete set of Hermitian quantities for Os = 55w .
Galilean invariance 05 = iS, - (L« i
myn
= 4 .,a 4q
i gt=g+-1 5. &y oma T
my zluN O = Sy ?7L
Oy = S, -t
N :reduced mass of DM and nucleon
where
N and so on

Fitzpatrick et al (1203.3542, 1308.6288) 7/14



cffective Operators in Spin-2 Model

F (xx) (NN) dm,myOP"

F (xx) (K, Nio"*q\N) AmZ O — 16m2m3,05'"
F (BuXi0"Pqpx) (NN) —4mA, O + 16m, m3 O
F (xio**q,X) (Nz'a_’“qAN) 16m, my (2O — m3,05 1)
F (P)Zi“pqp) (K,,z"/)‘qN) —4m, my(FONT — 4m3,051)
S (S*S)(NN) 2my O

S Z(S*G’MS — S@MS*)(N”}/“N) 4m5mNC’){VR

V NN 2my f (€1, €5) ONR

\Y% ef‘,QNiaaAq/\N 4imA4; (§N - (€12 X %))

V kljg,/NZ'O'VAQ)\N mX ((jQOll\IR — 4m?VC’)3NR)

Spin-2 mediator model has dimension-8 operator.
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Result : Effective Lagrangian

Unsuppressed operator for
spin—independent DM—nucleon

Fermion DM (ﬂ scattering
22 —2 =0 —)
2 ot e (14 Ly ) _Zp Low _gp o - 29 p oNe
peft 2mzN? ! 3mg  3m} 30 _‘1 . s m,my 4
8m q? 4m 4m
-— T<1 + q—) ONR + —2F,O0NR + — F;OYRONR
m, 8my m, m,
Scalar DM
2 2 s —
C5C, MMy 7 g ®
L off = 6—— ) ——=F¢| 1- O
S 2mg? [ T( m§> S( 2m§>] 1

dp ) d*p -
N and /(2 E 2Ea§j) per each nucleon & DM state are to be multiplied.
i
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Heavy DM and Direct Detection

Current Exp.
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Relic Density condrtion

DM SM
Annihilation cross section > <
DM SM
3
Lo , N omd miNE (L om
Spm = 5 @ YYxx—ue TV Ty Ae (4m?2 — mz,)? + ['Zme, m?2 m?2
p—wave
3
N.c2c? mb m2\ 2 2m>
4 c=S+p S (0 (0
_ S — 3+
Som=0 @ (Vs e 360 A* (mZ, — 4m?%)? + I'Zm2, < m%) ( m%)
d—wave
3
AN, c? 6 m2\ 2 2m?
Spm = 1 (OU)XX—HMZ = Y 2 mX - _g 3+ Qw
27mAY (4m35 — mZ)? + Teme, m3 ms

H. M. Lee, M. Park and V. Sanz (1306.4107, 1401.5301)
11/14



Relic Density Condition
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® The relic region below mpm=250 GeV is excluded by direct detection,
except the resonance region.

¢ [f we consider gluon contribution, relic density lines will be lower.
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S| scattering cross section

Spin-independent scattering cross section in the spin-2 med. model
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Summary

VWe have presented the effective interactions up to dimension-8
between DM and the SM quarks due to the massive spin-2
mediator.

VWe have shown the differential event rates for DM-nucleon
scattering. (Xe and Ge are expected to have large event rate)

VWe have imposed the bounds from direct detection, relic density
condition as well as LHC dijet searches on to the parameter space.

The gluon coupling can be sizable. (work In progress)



