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Iwo recent white papers

Simplified Models for Dark Matter and Missing Energy Searches at the LHC

Jalal Abdallah, Adi Ashkenazi, Antonio Boveia, Giorgio Busoni, Andrea De Simone, Caterina Doglioni, Aielet
Efrati, Erez Etzion, Johanna Gramling, Thomas Jacques, Tongyan Lin, Enrico Morgante, Michele Papucci,
Bjoern Penning, Antonio Walter Riotto, Thomas Rizzo, David Salek, Steven Schramm, Oren Slone, Yotam
Soreq, Alessandro Vichi, Tomer Volansky, Itay Yavin, Ning Zhou, Kathryn Zurek
http://arxiv.org/abs/1409.2893

Interplay and Characterization of Dark Matter Searches at Colliders and in Direct Detection Experiments
Sarah A. Malik, Christopher McCabe, Henrique Araujo, Alexander Belyaev, Celine Boehm, Jim Brooke,
Oliver Buchmueller, Gavin Davies, Albert De Roeck, Kees de Vries, Matthew J. Dolan, John Ellis, Malcolm
Fairbairn, Henning Flaecher, Loukas Gouskos, Valentin V. Khoze, Greg Landsberg, Dave Newbold, Michele
Papucci, Timothy Sumner, Marc Thomas, Steven Worm

http://arxiv.org/abs/1409.4075
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1307.2253

Contact interactions

DM DM

: DM DM _ DM SM _ :
Direct Indirect Particle Astrophysical
Detection Detection Colliders Probes
M SM DM SM DM DM

® Contact interactions (dimension-6 operator) form a simple framework for the

description of the collider and astro-particle experimental results and were widely
used in Run-| by both ATLAS and CMS.

v/9g
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1307.2253

EFT validity
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® ratio of valid events R = ZflQu<a 120GV < pr < 1 TeV :
Ooff 2500 - Inl <2 ]

® The collider limits do not satisfy - ;

the EFT validity condition.
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® How do the EFT limits compare
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s-channel simpl

models

1411.0535
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Yukawa couplings are taken proportional to the Higgs Yukawa couplings.
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1411.0535

Additional heavy sector particles

® |et us consider additional heavy degrees of freedom

— EFT Lagrangian

LEFT = g4

® Higher dimensional operators are relatively less suppressed at high energies

g
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compared to their 4-dimensional counterparts.
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® Setting NP = 2 TeV and assuming gnp is O(1), EFT can be used for values g; < ~O0.1

® Should a propagating resonance be found in the mono-jet channel, coupling
constraints on loop-induced heavy particles can be investigated.
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1410.6497

Scalar simplified models

Ls = Lsm+ 5 (uaﬁ) m¢¢ + XX — M XX — G OXX — ) gvif—m“f,
1

La = Lsu+5 (3 A)? —§mAA2+zx<’ﬁ‘x My XX — iy AXY X = > igv%flfvf’f.

fermions

fermions

® 5 parameters: DM mass, mediator mass, DM-mediator coupling,
flavor-universal SM-mediator coupling, mediator width

® Keeping the width as a free parameter allows for couplings to additional particles,
perhaps in an expanded dark sector.

® Fermion couplings follow Minimal Flavor Violation
® Mediator couplings to SM fermions are proportional to the Higgs Yukawa couplings.

® Dominant production at the LHC would be through ggF as the tree-level couplings to
light quarks are Yukawa-suppressed.
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1410.6497

Bounds from DD, ID, thermal relic

scalar pseudo-scalar

DD (LUX and CDMS-lite)  ID (Fermi, Dwarf spheroidal
in the bb channel)
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Heavy flavour searches

1410.6497

gomgv and width are
theoretically inconsistent

With MVEF, the mediator is most strongly coupled to the heaviest fermions.
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The b-tagged channel places significantly weaker constraints than the mono-jet or top

channels.
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1407.8257

Minimal Simplified Dark Matter models

X (mpwm) X (mpm) X (mom)
gpMm

'Cvector o — quZ/ZCj’y'uq — gDMZ//ﬂ_('Y“X
Z/ (Mmed) q
. _ I = MAD I = D
X (mom) Laxial 2 quzﬂfﬂ Y°q — gpmMZ, XV X
9q q
g q q

® s-channel vector and axial-vector simplified models

® |tis possible to have mixed vector and axial-vector couplings. However, such
interactions are suppressed by vpm? for the direct detection (vpm ~ 10°3).

® No additional visible or invisible decays contribute to the width.
Timed = T'(Z" = XX)O (Mimea — 2mpn) + > T(Z = G9)O (Minea — 2my)
;
® 4 parameters: Mmed, MDM, gq, £DM
® The results can be interpreted in the following way:
® mpm VS. Mmed, for fixed gq and gpom
® Med VS g€q—EDM, for fixed mpm

[ MpM VS gq=gDM, for ﬁXGd Mmed
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1407.8257

Minimal Simplified Dark Matter models
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EFT limitations

1407.8257

® EFT overstates the limit at low
Mmed or large mpm as the
suppressed off-shell mediator
production is not taken into
account.

® The underlying coupling
structure is not resolved by EFT.
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1410.7409

Implications from relic density

2% 2.4 x 10710 GeV 2

(0V)ann

DM interacts with the first-generation quarks. (0V)« = (0V)xx—uz + (V) 5 ad>

Planck measurement Q5h% = 0.1199 + 0.0027 Qpmh® ~

Besides that, there can be additional channels.

Let us assume the coupling to the first-generation quarks is no less than the coupling
to other SM fermions. an< S (o)t Y

quark gen. lepton gen.

(ov)s = 4{0ov),

1

) 1.0x 1077 GeV™? = —(00)ann < (00)x < (00)ann = 4.0 X 1077 GeV >

W~ |

(0V)ann =~ 4(ov), | EFT: Max A, min mpy.
Simp. model: Max M, min gmpy,p) and mpw.

Underproduction line | (0v)ann = (0v), | EFT: Min A, max mpy

Simp. model: Min M, max gpm,s) and mpy.

4000 ———r 400——m78 ———
D5 Operator D8 Operator

3000

3000 —— ' 14 TeV, 3000 fb-!

E 2000 5 2000 [ i |4 TeV, 300 fb"!
< < [3w50Signal, 5%Sys. =
1000 1000
95 % limit, 5% Sys, 8 TeV.
DM Underproduced
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1410.7409

Mediator width in the s-channel Z’

14 TeV, 25 fb-!

— mpy = 50GeV / — mpy = 50GeV
--=-- mpy = 400 GeV ====- mpym = 400 GeV

.......................................

20 25 3.0 35 40 2.0 25 3.0 35 40
log,o(M/GeV) log,,(M/GeV)

® The annihilation rate only depends on the product gpmgs, the mediator width depends
on each coupling individually.

® For fixed values of the mediator width, one can recast the limit on +/gomgr into a
bound on the ratio fix gi/gpwm.

L S vy
M M
r=— r=—
0NN e 3 100\ 8
———————————————————— I,
\\\ 7\
10 A 10 | / \\\\
T G N &
2pM — mpy = 50GeV ‘} gpM 1 .
011 ===- mpy = 400 GeV i
o 0.1 P |
10-2} Lo | , /7 —— mpy = 50GeV
~ - 1072} / ---- mpy = 400 GeV |
1073 : : : : : :
20 2.5 3.0 35 4.0 20 2.5 3.0 35 40
log,,(M/GeV) log,,(M/GeV)

® The widths are unphysical at large mediator masses (no solution exists).

B avoid using arbitrary mediator widths!
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1306.2629

Searches for narrow dijet resonances

® A naive hope is that limits set at higher +/s and with larger integrated luminosity
would supersede previous limits.

® However, backgrounds also increase so that the jet trigger thresholds need to be
increased.

® Consequently, the sensitivity to lighter resonances may decrease.
25— — —

20 ¢

1.5

8B

10

CDF 1.1 fb!
I .
05 CMS 20 fb ]
0.0 i T O T T B
0 500 1000 1500 2000 2500
MZ'B (GeV)

® The coupling reach is rather poor at 700-900 GeV and below 300 GeV.

® Non-conventional methods, such as data scouting, are important for extending the

LHC sensitivity in the sub-TeV mass range.
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DM forum

® Following the discussions at the DM@LHC Workshop in Oxford,a common forum
among ATLAS, CMS and theorists has been established with the following goals:

® Agree on a list of simplified models that both collaborations will use in Run-2.
® useful, minimal set of building blocks for reinterpretation
® practical for experiments, endorsed by theory community
® s-channel, t-channel, heavy flavor, mono-W/Z/y/H
Harmonize technical details (generator, parton matching, theory uncertainties).
Common treatment of EFT

Presentation of the results (complementarity of the searches)

Write a comprehensive document as a reference/explanation for ATLAS and CMS
collaborations, theory and non-collider communities.

14 - 17 December, 2014 David Salek 16


http://indico.cern.ch/event/312657/

next DM @ LHC Workshop

NI EF GRAPPA: ®

GRavitation AstroParticle Physics Amsterdam

' exact dates to be announced
Looking forward to seeing you in Amsterdam!

Massimo Catarinella CC BY-SA 3.0
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1310.4491

LO and NLO

¢ POWHEG BOX allows for generation of the signal to NLO accuracy.

® Including NLO corrections results in a small enhancement of the cross-section
compared to LO.

® dynamic scale Hr = \/méx +p7,, + P p=EHp/2 = ug = pr

® |t also leads to substantial reduction in the dependence on the choice of the
renormalisation and factorisation scales.

® |t leads to more robust bounds.

0.7: T T T T T : 0.7_ T T T T
5 0.6f CMS _f ~ o6l ATLAS
& : ] & :
~ 0.5¢ ] ~ 0.5f
& 0.45- : & 0.4:
Lo3t : o3t
0 g ; 7 ;
2 0.2} : 2 0.2}
Solf g, : 01t @,
13 | ' ' ] 11f _
1.2¢ 1 v (1)8 ] K = O'(pp — )+ ET,miss)NLO
M * E _ . 5:1
L.1} B 0.8} ] a(pp — ]+ ET,miss)LQ
1.0t ] 0.7¢ . . . . . 1
10 20 50 100 200 500 10 20 50 100 200 500
my [GeV] m, [GeV]

® Pathological cancellation of scale uncertainties with ATLAS cuts due to the symmetric
jet pT and MET cuts.
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Future projections
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Riggs portal DM
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