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Why WIMPS?

Focusing on WIMPS
e Structures — "cold” dark matter

e Wimp Miracle: Mpyr ~ 100GeV and a typical weak scale annihilation cross
section give naturally the observed Qpar

e Various detection channels:

o Indirect (cosmic rays, ecc...): E ~ O(10 — 100) GeV
o Direct Detection (recoil of target nuclei): £ ~ O(1 — 10) KeV,
o Production at colliders (e.g. pp — xx): E ~ TeV,

DM SM DM DM SM DM

DM SM SM' SM SM DM
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Present Direct Detection situation
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Main ldea

¢ |f DM interacts with quarks (or leptons) and gluons both direct
searches and collider production are valid
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Main ldea

If DM interacts with quarks (or leptons) and gluons both direct
searches and collider production are valid

How to search for dark matter at colliders? DM(=MET) plus mono-jet
or mono-photon

Minimal amount of assumptions (and knowledge) on the NP sector
Easy to construct effective operators involving DM+SM

X X q X
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Main ldea
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Representative sample of operators:
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E.g. s-channel exchange A ~ M/\/q4 g



Main Idea
Representative sample of operators:
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Main ldea

Representative sample of operators:

= 00 (@) 02 = 3300 (55

0
! 5 127

G*G )

1 ) 1 .
O3 = 15 (0V"x) (d9ua) Ox = P(X’YH’YSX)(Q'YMYSQ)
3 4

E.g. s-channel exchange A ~ M/./q4 gx
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-
Recent results (CMS)
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Uncertainties and Issues

e Number of operators
(independence between each
other and possible cancellations)
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Uncertainties and Issues

Name| Operator ~ Coefficient Name| Operator ~ Coefficient
» Number of operators o Mo e g 2002
. D2 | wfxaq  img /M3 Md | XPxq mg/2M2
(independence between each S I
other and possible cancellations) Do e mg/ME M6 [vrixete 1/
D5 | xxawa /M2 M7 | GG ou/8MP
D6 | X"y xqva /M2 M8 | X7°XGu G oy /SME
D7 | xv*xaw’e  1/M? M9 | GG oy /8M?
D8 [y xannte  1/M2 MI0 | \PXGGr oy /SM3
D9 | xo"xqouwq  1/M? ‘ et X' xdq mg /M2
D10 | o Xdouwa  i/M? 2 x'xar'e img/M?
DIl | xGuG"™  ay/AM? 3 | xfoxavq 1/M?
D12 | Y XGuGH i [AM? C4 | auayyPe 1M
D13 | WGuwG™ oy /AM? ‘ C5 | XIXGuWG"™ g /aM?
D4 | \1°XGu G o /AM? 6 | X\Gu G M2
DI5 | Xo"'xFLu M Rl X2aq my/2M?
D16 | X0 XFu D R2 av'q img/2M?
M1 YXaq mg/2M3 R3 | \*GuG"™  a/8M?
M2 | xyxdq img/2M} Re | 2GuG" oy /SM?

Goodman et Al. [1009.0008]

7of 12



Uncertainties and Issues

Name| Operator  Coefficient Name| Operator  Coefficient

* Number of operators i M X im/2
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Uncertainties and Issues
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Uncertainties and Issues

Name| Operator  Coefficient Name| Operator  Coefficient
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Three good examples |: isospin violating couplings

e DAMA and CoGeNT can be accomodate by different couplings to u
and d quarks

e ltis required f,/f, = —1.54
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MF et al. [1107.0715]
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Three good examples |: isospin violating couplings

e DAMA and CoGeNT can be accomodate by different couplings to u
and d quarks

e ltis required f,/f, = —1.54
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Rajaraman et al. [1108.1196]
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Three good examples Il: spin dependent

scattering

Collider bounds do not suffer from spin-spin suppression

x-Nucleon Cross Section (cm?)
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Three good examples lll: LEP(tons)

¢ Yet another way to alleviate the
tension between experiments

e Coupling to leptons only e.g.
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Three good examples lll: LEP(tons)

¢ Yet another way to alleviate the
tension between experiments
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e Coupling to leptons only e.g.

WIMP—proton cross section o, [cm?]

Spin—independent
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FERMI and Colliders?

Comparison is possible also with Indirect Detection experiments.
For example FERMI data (xx — 77, xx = %)
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FERMI and Colliders?

Comparison is possible also with Indirect Detection experiments.

For example FERMI data (xx — 77, xx = %)
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Conclusions

e Comparison of different types of experiments is possible with a
minimal set of assumptions

o Effective Operators are powerful (if handled with care)

e Is it all in the hands of experimental collaborations?
No! We just have to scratch our heads more (new signals, new
channels, old colliders)
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Conclusions

e Comparison of different types of experiments is possible with a
minimal set of assumptions

o Effective Operators are powerful (if handled with care)

e Is it all in the hands of experimental collaborations?
No! We just have to scratch our heads more (new signals, new
channels, old colliders)

e Questions? Ask Tim on Friday
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