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Searches for (WIMP) dark matter

* Indirect detection « Collider production * Direct detection
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Interpreting searches

« We don’t know the correct theory of particle dark matter

« Search results should be presented within a general
framework that allows a large number of theories to be
constrained

« Interpret results from
1. Direct detection searches
2. LHC monojet searches
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Direct detection searches
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« Limits are quoted in terms of ,,: the ‘WIMP-nucleon cross
section’
- Is this limit applicable to all theories...? No...
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Direct detection searches: assumptions

« Many assumptions made: Spin-independent / spin-dependent /...
« Also assumes a ‘contact interaction’
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Gy ~ gngx ~ gn (1_|_ Q ny )

Q2 m, m?,

- Contact interaction if m, > Q = \/2m, Er ~ 50 MeV

« Lots of theories satisfy this constraint
- A useful way to parameterize the results
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Dark matter searches at LHC
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« Monojet search: look for a hard jet and missing energy

« Make use of effective field theory (EFT) to place a limit on
the ‘contact interaction scale’ A.

Christopher M¢Cabe IPPP - Durham University



Effective field theory (EFT)
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« Parameter of interest is A

: m
- A related to parameters in the full theory: A = Z
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This is not a new idea

+ Fermi could describe 3-decay without knowing the TW* mass

or the gauge couplings:

G _
L= —1; [yt (1 = 4°)] [P, (1 —7°)¢] where Gp

75

« Itis a very useful idea - we
don’t need to know all details of
the full theory

« Can (in principle) constrain
many different theories:

2
gweak

My

Name| Operator |Coeflicient
D1 XXqq mq /M3
D2 XVxdq | img/M?
D3 XX@°q | img/M?
D4 | x¥xav’q | mg/M?E
D5 | Xy*Xxqwg | 1/M:
D6 | X"V xqwe | 1/M?
D7 | xv*xaqvu’q | 1/ME
D8 [xv*y°xav°a| 1/M?
D9 | xo"'xqouwq l/M*2
D10 (XowY°X@0apq| i/M?
D11 | xxGwG" | as/4M?
D12 | Xv°xGuw G | ias/4M3
D13 | xxGwG* | ics/AM?
D14 | x7°XxG WG | a,/4M?

Name| Operator |Coeflicient
C1 x'xaq mq/M?
C2 | x'xav’q | img/M?
C3 | x'Ouxayiq | 1/M2
C4 |x'0uxqy"~°q| 1/M2
C5 | x'xGuwG* | as/AM?
C6 XTxGWéW o /AM?
R1 x*qq mg/2M?
R2 X2q7v%q img/2M?
R3 | X2GuG* | as/8M?
R4 | x2GG" | ias/8M?

Goodman et al:1008.1783
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When is EFT valid?

« Back of the envelope estimate:
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Requires m,» > Q) ~ TeV
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When is EFT valid?

« Better estimate: Compare a ‘simplified model’ with EFT result

q 9 X q 9 X
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« Assumptions:
1. s-channel axial-vector mediator
2. Equal coupling to all quarks
3. No coupling to leptons or SM gauge bosons

« For those who like Lagrangians:

. , 1 i
LD g Z X" X+ 962,070 vs LD 5" XX X
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When is EFT valid?
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« Region I: EFT limit is good mmeqa 2 3 TeV
« Region Il: EFT limit is too weak
« Region lll: EFT limit is too strong mmeq < 500 GeV
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Region I: when EFT applies

« Mediator mass is large:
20F - .. T
Mmed 2, 3 TeV - Rioo farge T =\
«  What about the couplings? 15} Theary s non- |
| perturbative
. Mmed S oL T T T T
V 9q9x = A \i 10+
...they must be large :
. . 5t it applics |
« Compare with known couplings: - EFT limit applies
Getrong = 1.2 0 .......
Gweak ~ 0.6 10 100 1000
mpwMm [GeV]

Jhypercharge ~ 0.4
Couplings of this size typical in strongly interacting theories
EFT limit applies to a small class of theories
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Region lI: EFT limit conservative

« The mediator s-channel production is resonantly enhanced
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Region lll: EFT limit too strong

« Mediator mass is small:
Mmed S D00 GeV

« Events with a light mediator
are much softer

1/c do/dMET

Limit on g stronger, so limit on A ~
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Other problems

« Comparison with direct detection

- Naive application of EFT limit gives the impression that
colliders give a stronger limit when mpy < 1 TeV
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Other problems

90% CL limit on A [GeV]

Comparison with direct detection
- Important to remember the dependence on Mmmed

Scattering cross section o,, X A4
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As mmeq decreases, direct detection limit is stronger
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Beyond EFT: simplified models

« Another way to present the results:
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« Shows that searches are complementary
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Beyond EFT: simplified models

« Difficulty: representing results in 4D parameter space
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« Best way to present the results not optimized - in progress!
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Summary

« Important to interpret dark matter searches in the right
framework

« Direct detection experiments constrain the ‘WIMP-nucleon
cross section’

- Very useful: constrains a large number of theories

« LHC monojet searches have been interpreted in an EFT
framework

- Limited use: constrains few theories and comparison with
direct detection limits is too naive

« Need to go beyond EFT - ‘simplified models’ capture more
physics but at the expense of extra parameters
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