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Why ElectroWeak Loops?

Direct detection rates extremely sensitive
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D operators: unsuppressed interactions with light quarks
can be generated at low scale, but QCD cannot induce such a mixing
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Singlet Fermion WIMP

No renormalizable

interactions with SM Ferrmon Standard
SM Singlet = oty
A famous realization: % F?erlfjas Model

MSSM bino

Integrating out mediators at mass scale A\ (step 0)
Left with an EFT for DM+SM

Low, = Lon + X (i —my) x + 3 o O

a,d>4
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EFT for Direct Detection

Generated in many UV completions
(e.g. s-channel vector mediators, t-channel scalar mediator)

Focus on this 2 x (15 + 1) = 32 operators
and perform a complete RGE Analysis

FD and Procura, to appear in JHEP (arXiv:1411.3342)
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RGE - Fermion Singlet
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RGE - Fermion Singlet
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RGE - Fermion Singlet
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Yukawa Interactions

° Diagonal renormalization
different for each operator
» Operator Mixing

Inducing a Redundant Operator
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RGE for Fermion Singlet
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/ Mediator and Nuclear

l " . Scales Connected
»llln_

- applicable to UV complete models of fermion singlet
* bound effective couplings in a model independent fashion
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Spin-Independent DD

Coherent WIMP-Nucleus Scattering
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Spin-Independent DD

Coherent WIMP-Nucleus Scattering
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Spin-Independent DD

Coherent WIMP-Nucleus Scattering
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Spin-Independent DD

Coherent WIMP-Nucleus Scattering
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In what follows

Constrain parameter space
7" via direct detection bounds

Consider specific choice
Wilson coefficients at A
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D5 and D7 Operators
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DM and Heavy Quarks
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Operators defined at the mediator scale A

Operators with HQ mix onto D5 with light quarks



Il
B — e X7V X

cQ q;

VMQ%

30—
: Thermal Relic
’
f ! HQ
| 22TTTSS ~ ]
~ S l. ( — — — )
2 5| Y, o Cqo=Cy=Cp=1 ]
| 'I \\\ "
| 'I \4'
I ‘ /AN
1 N
| I ! \\\
! AN
2 0 I I ’ AN ]
. 1 ’ \
1 'l s
S l’ ,'l \\\
(N
o ! / .
N
|_ T P \
L : 1 s D S \\
< ] ': ! S SN
l' f Ry S~ AN
, -5 Fee ~ N
1 5 ! /’ / . s ~ ~ ]
. I / L S N s\
4 . ~ ~ \
] ¢ 7 1 ~ ~ N
P 7 7 g N\, S \
I 7 ! / \\ N \\
1 7 1 o ~ ~ N
] /I 'l \\ \\ \
H Il ! N ~ ‘\
§
{ ] J N N AN
’ (N N
" 1 I . \\ \\ \\
I i J AN AN N
N
H 11 ! N SN N
! [ / N N N
! [ ] N >
1 11 / (N N
I 1 I l' \\ \\
1 0 1 L 4 | L M—— L | I | a L o | L PR
10 50 100 500 1000 5000 10*

XENONI00 LUX

3
CURC IS

DM and Heavy Quarks

R+ cp @%ﬂ dp

Operators defined at the mediator scale A\

o 500 1000
m, [GeV]

50 100

LZ

75000 ‘1 0#

FD and Procura, to appear in JHEP (arXiv:1411.3342)



Leptophilic DM

D T s
Elepto T F X’Y“X Z (Cl lqi,’y,ul + Ce 6R/VM€R)

Operators defined at the mediator scale A



Leptophilic DM

D T s
£lepto T F X’Y“X Z (Cl ZZL/V,ul + Ce 6R"}/M6R>

Operators defined at the mediator scale A

Operators with HQ mix onto
D5 with light quarks



Leptophilic DM

D T s
£lepto T F X’Y“X Z (Cl lqi,/y,ul + Ce 6RWM€R>

Operators defined at the mediator scale A

15; ‘ 7
T Leptophilic .~
100 /S Tl (c1=c.=1) //"
| i e C i
— 5”"’ SO TR T \)’: \\\\\\
> 7 I/ \\\\\ A N
o ] L = YU O
R L
< o S N
o0/ 1/ NG e
1 H S NS T
g ; 10 50 100 500 1000 5000 10*
Operators with HQ mix onto m,[GeV]
D5 W|th I|ght quarks XENONI00 LUX FD and Procura, to appear in JHEP

XENONIT L7 (arXiv:1411.3342)



Plan for Today’s Talk

Conclusions and Outlook



Conclusions

direct indirect LHC
LR e B |
1 GeV mz Ty A 10 TeV  Energy
Mediators Scale

FD and Procura, to appear in JHEP (arXiv:1411.3342)



Conclusions

Match your favorite
DM Model onto the

SM, EFT
direct indirect LHC
L sea{::glcwes s!gallgﬁces- I energy
1 GeV mz Ty A 10 TeV  Energy

Mediators

Scale

FD and Procura, to appear in JHEP (arXiv:1411.3342)



Conclusions

Match your favorite

d
dZElMSEMX = yensw, cevsv, o = sw,csw, DM Model onto the
n - SM, EFT
direct indirect T LHC
L searches searches- energy
1 GeV mz i A 10 TeV  Energy
Mediators Scale

c = 0
EMSM, SMy T Om FD and Procura, to appear in JHEP (arXiv:1411.3342)



Conclusions

Match your favorite

d dc
(;ZE]IMSEN[X _ VEMSMX CEMSMX dlsl\g — ’YSMX CSMX DM MOdel onto the
n n SMX EFT

B o et LHC
Bl _direc e N

searches

1 GeV mz Ty A 10 TeV  Energy

Mediators Scale

c = 0
EMSM, SMy T Om FD and Procura, to appear in JHEP (arXiv:1411.3342)

Model-independent constraints to couplings at the scale A
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Extend the study for lighter mediators (A < | TeV)

Explicit Models

Apply results to Simplified Models and explore complementarity
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