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DM Pair Production at Colliders



Use colliders to constrain parameters in models
of DM in this case by considering the pair
production of DM particles along with a single
boson



Consider all effective operator for DM particles
to couple to EW bosons

Expect process pp - Boson+xx at LHC, Mono-
something +MET

Recast the Existing searches bound models

Synthesize Data with Indirect Searches
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Operators of Effective Dim 5

£ 35

Inserting Higgs vevs and expanding the covariant
derivative yields
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Notice a single parameter determines ratio of DM

couplings to W's and Z's. yy a yZ couplings genrated at
higher at loop order.



Dimension 6 and 7 Operators
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A Note on Gauge Invariance

The general gauge invariant operators are given by
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X-Section Dependence

Production xsec varies with DM particle mass

Production xsec varies with effective cut-off of
operator

Production xsec's vary with momentum
dependence of operator

*Gauge invariance demands correlations
across channels
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ATLAS ZZ Search

7 TeV, 4.6 inverse fb of data

two same-flavor opposite-sign electrons or muons,
each with p% > 20 GeV, |n*

dilepton invariant mass close to the Z boson mass:
mye € [76,106] GeV;

no particle-level jet with pi} > 25 GeV and
|7’ | <4.5;

(I — p%l)/pE < 0.4

—p¥¥ x cos(Ad(p4Y,p2)) > 75 GeV.
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Background 20.8 & 2.7 26.1 & 3.3 46.9 = 5.5
SM Z7Z — tlvy 178+ 1.8 21.6 &£ 2.2 39.3 £ 4.0
Total 38.6 £ 3.8 A7. 7T+ 4.6 86.2 £ 7.2
Data 35 H2 87

No signif. Deviation over SM process is observed.
Limits on DM operators may be set

Total # of events N<18 at 90% confidence



Fiducial Acceptance, A,
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Exclusions for Effective Gauge-
Boson Operators
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SI cross section limits (CL = 90%)
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SD cross section limits (CL = 90%)
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Mono-photon ATLAS 7 TeV 4.6 inv

fb

1 photon, pp > 150 GeV
Er > 150 GeV

< 1 jet with pr > 30 GeV
Aoy, Er) > 04

A¢(jy, Br) > 0.4

No electrons (muons) with pr > 20 GeV and || <

247 (pr > 10 GeV and || < 2.4)

Background source Events
Z(— vv)y 03 +16 =8
Z/y (— e0)y 0.4 402 =+0.1
W(— )y 24 +5  £2
W /Z+jets 18 +6

Top 0.07 +£0.07 +£0.01
Diboson 0.3 +£0.1 0.1
v+jets and multi-jet (1.0 +0.5
Total 137 +18 +9
Data 116
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m, =130 GeV

Limk on Larmbda [GaV]
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Annihilation Rate to Photons

IIIJLJIIC-L:' 6

'|I"'.."'..

{
\OV) o7 8

{JLJC? -

Em
wAl

3(-1??1,1 — m%)

{:I..lr‘_" I ;u'.iS )

"?'C S"

UE{LI_;G}

Ealﬂm:f:ﬂ'i

Am? 5

% rg. o gy
?Tfli:}- (LIE’“' +'I“35u')
2

3(4m3 — m%) el s,

: ki — ko)’
o 6 (K1 2
SJWHE-%ﬂfJ

Sm

1!3
’J"ﬂf

(4m3 —m3) e s,

(JE-.-_U: -+ :ILQS )"-‘

B k).
thmzﬂt‘ = (ks 2)



AB].E Contours {Gﬂv},
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Mono-W ATLAS 8 TeV 20.3 inv fb

e 1 Cambridge-Aachen jet with R = 1.2, pr > 250

GeV, n| <12, Jy>04
e T > 350 GeV

e < 1 narrow jet with pr > 40 GeV,|p| < 4.5,

A R(narrow jet, fat jet) > 0.9

e No electrons, muons, or photons with pr > 10 GeV
and |n| < 2.47, |n| < 2.5, and |n| < 2.37 respec-

tively

Look for Hadronically decaying
W boson

Process Fr = 350 GeV | Er > 500 GeV
2 — v 4ﬂ2tj§ 5411'T[]
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Limits on effective cut-off
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Mono Higgs

Higgs signals in four final state channels for h: bb, v,
and Z7Z4% — 4f and ZZ7 — £657.

arXiv:1312.2592 LMC, DiFrazio, Mulhearn, Shimmon, Tulin, Whiteson



A Menagerie of Models
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Example ZZ plus missing energy
final state
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Cross section sec limits for example
operators
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Results: Not So Great Models

a} Real scalar DM
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Mono-Boson Searches provide probes for
interesting models of DM in many possible
portals in key low background channels

Such Collider Searches Complement and/or
Supersede Indirect Searches

Many extensions are yet to be explored
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