- - 3 B oy L s il e ke’ i : . et {
' BT - . : Ttk observed
. - don R ' ’ y .." . E S \ s : -H
' b JPLE . Y ' !’_{,,_i»—r’f‘r

. Q.. . » g ..'. - ; _. “IPRLL B y —
. ..0. .‘;. % - J . ' ' ;'. ‘. - . " ' ' / 2 ‘. ., : .O. | | 100 - | ijﬁ,"—“f/

P e . p & ¥

e B A R B Fho b o™ o expected
y . . : . . ‘ » _ = . '.' . ..- - - .. .. . : . £ g . P = L 't - - o 1rom
¥ . o _‘l. : w - 3 > & . gl R : .. ] . ,. .‘.‘- - )
T B o, v - R0 AT e N -~ uminous disk

L . J;f AL = -
Dark Matter:
Collider vs. Direct Searches

"

Thomas Jacques

UNIVERSITE | 2015-03-02 v
DE GENEVE | La Thuile '

~
- .

. ) Center for Astroparticle Physics
2, (o GENEVA A

!

. o o'zl
R ’,' s “a \
Y . ¢
» . > »
. ‘e N
- - .

»
-t



Dark Matter Searches

Production: N\
Accelerator Searches

Regardless of the
underlying particle

physics, there are several =
complementary ways to | 2%
search for DM e
@R
@D QO
. . al
Each technigue has its
own strengths and i X SM
//f'
challenges T S
Annihilation:

Indirect Detection



What exactly are we constraining”?

[e.g.D1, M3

| etc. operators _~ S
e Simplified

S Models

e.q. Z’, Scalar

singlet DM Full
Models

e.g. MSSM, U
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—ffective Field Theories
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—ffective Operators and Direct Detection

Spin Independent scattering rate:

dR OS] | fn(A—Z))ZFQ(E’R) /oo -

ke 7 ]
dER QleuXN( fp Umin

f ()
g

U

d>v

applies to the scalar DM-nucleon coupling;
But other DM-nucleon operators lead to the same non-relativistic operator,

)N, (V") (N7 N), (6" 8)(NN), i(6* 8, ¢) (N7*N)

SO constraints on ogy still apply after renormalisation.
Similarly, spin dependent scattering comes from operators:

(X" ) (N7 y°N)  (Xo™ x) (N N)



—ffective Operators and Direct Detection
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—ffective Operators and
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Fundamental Limit to Validity

- In s-channel:
) 2mMpM :
n S g dRONG SR e
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= ke q
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—ffective Field Theories

DOQL, Jet,
Y, elc.
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Measuring the Validity

Calculate or measure the fraction of events that pass the
condition Qi <A, for a given choice of A and mpm, and assuming g =1.
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Rescaling the Limits

* For a given./gsmgpm, cut all events that don't pass
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—ffective Operators and
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SO what now? -

EFTs "\

e.g. D1, M3 ]

etc. operators o i NN
Simplified

Models
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'singlet DM _~" Ful

i Models

V,S

e.g. MSSM, U
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90% CL limit on A [GeV]

Resonances & Widths
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Constraining Simplified Models
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reatment of the width
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O summarise

- Effective Field Theories are a powerful tool allowing
comparisons between different classes of experiment

- Facllitates complementary and powerful comparisons
between Direct Detection and LHC constraints

- At LHC energies, the approximation begins to break down,
and remain fully valid only for large couplings

- Truncation can make EFT constraints robust, but weaker:;
Simplified Models will give stronger constraints at LHC

energies
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