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Outline

® Moftivation
® Loop effect in DM DD and results

® Summary



Dark Matter evidence and WIMP paradigm
® Why Dark Mattere Indirect evidence:
¢ velocities of galaxies in Coma cluster (Zwicky 1930’s)
¢ Galaxy rotation curves (Rubin 1960’s)
¢ Cosmic microwave background
¢ Sfructure formation

¢ Gravitational lensing



1970s -
Weak scale particles with EW strength couplings give

® What is DM¢ WIMP miracle:
correct abundance
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® Pofenftial to be probed by three fronftiers:

¢ Indirect detection

& colliders

& direct detection

Indirect detection
DM — SM

High energy photon, neutrino,
anti-matter

Direct
detection

Nuclear recoil

Collider detection

DM SM

Missing transverse energy
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Direct DM Detection

® Elastic scattering of WIMP off detector nuclei

¢ Recoil energy: Enr~% uv?~0(10) keV

- R ¢ Differential recoil rate:
dR Ny do QpX/ do
dEnr_ < dEnr > ’]”,QX d v ( )dq ( U)
C. Savage winP
velocity particle

distro. physics
® Particle physics cross section o

¢ spin-independent:

couple to mass of nuclei (o o« A?)
¢ spin-dependent:

couple to spin of nuclei
¢ dependent on WIMP models



WIMP models

Less complete

Dipole
Interactions
“Sketches of models”

More
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Dark Matter
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Dark
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Application to colliders

| DMEFT | Cao et al, 2009
1 Beltran et al., 2010
F )_(lec_loz q Goodman et al., 2010

(EFT valid onli if 02 « A21)

[Simplified DM models] Abdallah et al., 2014, 2015
— — Abercrombie et al., 2015
AXO01XS + 4440245

(unitarity and gauge invariance spoiledl)

4

Compiefe mOdeiS See Dr. Jinmian Li’s talk
(e.g. Higgs portal, 2HDM)




EFT for direct detection

® In DM-nucleon scattering, the momentum
transter g ~ 0(10) MeV

¢ EFT valid for a large range of parameters
& Non-relativistic limit

® DM-parton operators — non-relativistic DM-
nucleon operators



e.g. Dirac fermion DM y

dim-6 EFT operator DD suppression effect

/ xxqq
Xiysxqq
unsuppressed YXqiv=q
SI cross sectlon
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exchange ¢

or both,
rendering
weak DD

Qonstraints )




strong SI constraint on yy*xqy,q weak SD constraint on xy*ysxqy,¥sq
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® Plenty of DM-parton operators lead to highly suppressed
scattering rate



Not the End

® From tree to loop

X X X X X X

\/ \: > :/ \ g /
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VAN T ST

® Unsuppressed Sl interactions are generated

q

e.g. the case of pseudoscalar mediator:

XVs (/‘F mX)]/SX = —X (ﬁ — m)() X freytsis, Ligeti, 2010
pek, McKeen, Nelson, 2014

2 Arcadi, Lindner, Queiroz,
® The A enhancement compensates Rodejohann, Vogl, 2017

i Bell, Busoni, Sanderson, 2018
loop suppression e ;



® Effective Lagrangian from the loop process
X(@,)a(q) = x(0y)q(pg) With q =py — by =pg — g

ﬁ — ‘4 u (pq )ﬁf“ u (p'}') u (px ) Ha’,t U (pX_ ) + Bﬂ (pq ) u (pfj ) U (px )’U.- (p,\’_ )
+u(p :1 ) ( ¢l P ‘f?pm ) u(pq)u(p j\ Ju(py) + Du (p;_, ) Ul Py i:'p;: Ju(py)
+ Eu(p,)ulpg)u(p,)p, u(pg) + u(p,) (F 1y, + F sz) w(pq)W(py )P, u(py)
+ Gl BTy u(py)
Arcadi et al., 2017

® By making repeated use of the EoOM,

Cv.oXV'xq7.9 + Cs.4XXq9q

Cvg=A+meE +2m,m,(Fy + F3)
Cs,=B



® In the framework of simpliﬁed models |
TL, arXiv: 1804.02120

® Only dependent on m,, my.q = ms if setting all g, = g, = 1
® Quark bilinear scaled by SM quark mass

® Vector or axial-vector scenario highly constrained by 7' —dijet
seorch af LHC
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® After infegrating out the loop diagrams, the scalar
Interaction is

2

m -
E —UQQC(mDM, MMed; Mq) DM DM gq
0
q

® The vector interaction contributed by valence
quarks only, neglected

® Only heavy quark contribution relevant in the scalar

current
QY

mago QQ = — E G'L_“/G'L“/



® The loop-induced WIMP-nucleon Sl cross section:

2
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@ Ci coefficients in expression of Passarino-Veltman
functions



D2 : xvsx @ qq
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Myeq (GeV)

® Allowed region of Myseq VS.- Mppr, COMplementary
to Fermi-LAT (dwarf galaxies) and LHC (mono-jet)
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Still not the End

® Completion of simplified models restores gauge-
invariance, new degrees of freedom and additional
diagrams

® Contributions from twist-2 operators

D) —:au_ v 2) — ) W . i, L
Cq( )Xlal“fy’/xozy —+ O(g )X[a“[a”XOZV Oﬁu = 5(1 (()‘,% + 0, — 5,(11”,(9) q

® More accurate calculation regarding the DM-gluon
effective operator yxG,,G*"
(87

maq QQ — = E G;M/ G

approximation not appropriate when mg > myeq



® |t is necessary to calculate the two-loop diagrams and
read out the effective operator xxG,,G*" directly

Abe, Fujiwara, Hisano, 2018

® Use the Fock-Schwinger gauge for the gluon to extract
out the bilinear term of the gluon field strength from the
WIMP two-point function



Comparison

my=100 GeV, my=600 GeV, 6=0.1, ig=40, c1=c2=0, gy=1 (Type-ll)

Mmg=100 GeV, ma=600 GeV, 8=0.1, tg=40, c1=c2=0, gy=1 (Type-II)
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Summary

® The tree-level amplitude for the DM-nucleon elastic
scattering is usually suppressed.

® | oop diagrams induce unsuppressed S| conftribution.

® The loop corrections are essential fo discuss the
sensitivities of the DD experiments for the model
prediction.
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Thank you!



