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Dark Matter at the LHC

Spin-1 mediator Spin-0 mediator

Like Drell-Yan Like Higgs (Yukawa!)

Simplified models with few free parameters:

M. Moy mediator-quark coupling, mediator-DM coupling

Search for associated production with one of many SM tags:
Jet, photon, Z, single/double top, b, H
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Monojet
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Monojet 4y g A

» At least one jet pT > 250 GeV
« Ap(jet, MET) >~ 0.4

(m_,, M, .)= (400, 1000) GeV
ADD, n=4, M_=6400 GeV

W(Iv)+j, lepton lost

+ MET >~ 250 GeV .
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https://doi.org/10.1007/JHEP01(2018)126

Monojet projections CMS CMS-PAS-FTR-16-005

CMS Preliminary Simulation 3000 fb (14 TeV)
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Analysis on 14 TeV samples, PUO 10° .. E
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http://cds.cern.ch/record/2274436?ln=en

Monojet projections CMS CMS-PAS-FTR-16-005

Axial- Pseudo | D>
vector scalar

CMS Preliminary Simulation 3000 fb™* (14 TeV) CMS Preliminary Simulation 3000 fb™ (14 TeV)

> Axialvector,g =1,g_ =025 — = Pseudoscalar, g =1.g_ =1 —
@ Db S . . _I (] 5 00 D r1 . SM _I
Q, current: control of systematics same as arXiv:1703.01651 U Q, current [arXiv:1703.01651] extrapolated to HL-LHC O
E current/2 0 E current/2
- current/4 - 500 arXiv:1703.01651 luminosity scaled
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« Standard DMWG coupling scenarios
* Bottom line: Systematics matter for mass exclusion
 (Already significantly reduced during Runll wrt to “current”)

June 18th, 2018 A. Albert - HL/HE-LHC DM overview 6


http://cds.cern.ch/record/2274436?ln=en

Monojet projections: ATLAS

Events / GeV
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Signal Region _
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B Z(— vv) +jets
B W= v) + jets
P Z(— ) + jets
B 1 + single top
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multijets + ncb
----- m(o, %)°) = (500, 495) GeV
(Mg M,o0)= (400, 1000) GeV
ADD, n=4, M_=6400 GeV

JHEP 01 (2018) 126

Rescale full 2016 result
Use extended binning
Validate with truth+smear approach

10 -
1 [ R SRS « Great opportunity for cross-comparison!
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https://doi.org/10.1007/JHEP01(2018)126

DM + Heavy flavour
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DM+TTbar

Higher BR g

arxiv:1611.09841

events/bin/(100 fb™")
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SM ttbar modes:

(Fully hadronic
* Semi-leptonic
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Projections ongoing
Dilepton final state

ATLAS: Truth + smear
CMS: DELPHES-based

Analyzers coordinate in
 technicalities (generators etc)
* interpretation (a+2HDM?)
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https://arxiv.org/pdf/1611.09841.pdf
http://10.1140/epjc/s10052-017-5486-1

DM+BBbar
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« Enhanced in a+2HDM at high tan(p)
B jets can be forward
 What can be gained from extended tracking?

ATLAS projections ongoing
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http://10.1140/epjc/s10052-017-5486-1

DM + Single TOp (l) Phys. Rev. D 96, 035031

Same simplified model also givesusDM +1top+W, q,b
e XS can be = same or greater than ttbar
« Signature very similar to DM+ttbar

===t/ + DM, all channels
t/t + DM, t-channel

—%— t/t + DM, tW-channel

—@— t/ + DM, s-channel

(b)

Cross section (pb)
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https://doi.org/10.1103/PhysRevD.96.035031

DM + Single TOp (") Phys. Rev. D 96, 035031

hadronic + semileptonic channel
T

1000 EL— .............................. ....................................... ................................... —
= tt + DM : : :

w/o analysis optimization e Expected, L= 355

200 ; _ _;1 |
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30% sensitivity improvement

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

o/0y,

Projections ongoing 5 5
ATLAS: 2r T
« 2L final state | 5 o a
 Exploit angular correlations 0ol | _
« Truth + smear 0.1 g..l.-.l..-.l..n.n.g.u,u..u,n..!...',!.l....'é,‘.f...f.'f .............................. SO ...................................

i | | | 11 |i | |
CMS 00555 20 30 4050 100 200 300 1000
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» Hadronic final state
» ttbar analysis strategy
« DELPHES
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https://doi.org/10.1103/PhysRevD.96.035031

DM + Single Top (lll)

gy =025, g;/ =1[FCNC]

0.8

Median expected 95% CL
EXp. 1 Gexpeﬁment
Observed 95% CL

Obs. £ 16y,

Single top signatures also from more exotic models
> 06
=
00 EX 0.4
~ FCNC Color charged scalar
g w; 1% d; X 02 .
—
<
™ " s
e
=
X x 2
S g t dj t :E)

Really “single” top = high boost — top jets? —

ATLAS projection ongoing
e truth + smear method

Data/Pred.

* Hadronic and leptonic channels
 HL and HE scenarios
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https://arxiv.org/pdf/1311.6478.pdf
http://dx.doi.org/10.1007/JHEP06(2018)027

Quadruple top: Find the mediator

Four tops: High multiplicities!
1 i
XX k
R 0.50¢ ~ COS20 A
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N ATLAS projection
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B ! SO RDNRUUS SOV, o » Focus on a+2HDM
= E 075} . ;
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http://cds.cern.ch/record/2144537
https://arxiv.org/pdf/1701.07427.pdf

Mono-Z, v, VBF DM
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Eur. Phys. J. C 78 (2018) 291
MOnO-Z Search for back-to-back Z and MET

Cleaner final state than monojet — cut tigher on topology

E.__>100 GeV
- 35.9 b (13 TeV
|pT,Z/ET,miss 1|<O'4 > :IIIIIIIII¢IDIatzIaIIIIIIII'(IIel:)
[ " ]
Ap (Z,ET’miss) > 2.6 (2 10° CMS =5sz 4
0 C ee+up 57 Other bkg. ]
GC) 10° Nonresonant |
Lﬁ ; Dre!I-Yan ;
10 _ %)Tll(,lr{yé)ctor coupling E
. . Mpy = 150 GeV, m_ =500 GeV 3
CMS Projection = \Bkg.une N
« Rescale Run-Il result > :
 Interpretation:
1072 E
 Standard spin-1 mediator L e
« 2HDM+pseudoscalar s PR S5
p § g e Extend
arxiv:1701.07427 e >
15 1Y N
3 4505_ \gc‘l“onrfediator, g_ =025 G/imozble”’e‘j \bf
ED ::Zg— Dirac DM, g, =1 E:EE‘:%‘_’1§1S-‘1 . go
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https://arxiv.org/pdf/1701.07427.pdf
http://dx.doi.org/10.1140/epjc/s10052-018-5740-1

arxiv:1407.7058

Monophoton and VBF: SU(2) Triplet DM  amiv:1407.7058

Looks just like Wino production
e Small mass gap between x*, x° = pion lost
e Constraints from disappearing tracks!

Monophoton

N Monophoton: y radiation not just ISR
i 100 TeV, 30 ab~ !
SR N N o i
i 100 Tev,3ab~ 1 -
al B e ATLAS projections ongoing
2 1vss. Rescaling Run-Il results
2 3 :
& | s 1 Monophoton: = 300 GeV reach if syst small
2 S e VBF: = 100-150 GeV reach
X _
0 . e SN \ ]
500 1000 1500 200

My [GeV]
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https://arxiv.org/pdf/1407.7058.pdf
https://arxiv.org/pdf/1407.7058.pdf

Vector-like fermions

=~ Monojet with soft leptons

Heavy fermions + scalar DM

CMS projection ongoing
DELPHES
1 or 2 soft leptons
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Dark photons
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Dark Photons

SM

DM

June 18th, 2018

SM

DM

Dark photon mixes with SM photon

£ s S e,

Two parameters: mixing strength € + mass
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Dark Photons = pu @ LHCb

90% CL exclusion regions on [m(A’), %]

~ 107
()
107
107° :
4 llten, Thaler, MW, Xue .
10 PRD 92 (2015) 115017 E
10 LHCb i
llten, Soreq, Thaler, MW, Xue [1603.08926] E:
10-9 scaled to 2016 data sample LUMI & trigger ?-
10710 - LHCb -
10-11 - Previous Experiments ;
10—12 ol ! Lol
1 10
m(A") [GeV |
*0 04 0 e+e-
D .—> D° + dark photon —>.D ete F(D*O N DOA’) , m,%l" 3/2
Relies on large D*° sample in Run 3 0 0 —e°| 1 — 5
['(D* — D%) Amy,
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Dark Photons = pu @ LHCb

90% CL exclusion regions on [m(A’),&?|
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— Large gains expected
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Dark Photons = pu @ LHCb

90% CL exclusion regions on [m(A’), &?]
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» Systematics cancel relative to SM y BG
(modulo lifetime effects)
e Trigger upgrade before Run 3

— Large gains expected
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Summary

e Rich DM program in Run-Il is being mirrored in projection studies
» Lots of opportunity for comparison between final states, methods, experiments

* Focus at this time on the upcoming yellow report: Many ongoing studies on track!
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Backup
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Mediators
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Mediator searches: Dijet, dilepton?

mﬂ' 0_4_' T I I I I I I I I TT IIIIII|IIIIIIIII|IIIIIIIII_L
— ATLAS Preliminary April 2018 ____lLarge-Rjet+ISR, 36.1 b™'
- 1 arXiv: 1801.08769 —
0.35—Vs=13TeV, 3.6-37.0fb _ Diet+ISR(y), 165"
- 05% CL - ATLAS-CONF-2016-070 ]
0.3 upper imits ____ Dijet+ ISR (jet), 155 b ]
R e ATLAS-CONF-2016-070 ]
q q - ____ Dijet TLA, 3.6-29.7 b~
0.25 arXiv: 1804.03496 —
- ____ Dijet,37.0 b —
- Phys. Rev. D 96, —
A 0.2— nﬁzgml:{;m?} -
0.151 E
q 9 0 1:_ =
E Axial vector mediator o E
—  Dirac Dark Matt —
0.05 - Mo =10 TeV | | -

100 200 300 1000 2000
m,, [GeV]

« What is the coupling reach?
* Open!
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Triplet DM

Summary of constraints (solid edge) and reaches (dashed edge)

|
LZ - : : Ref. [75]
antiprotons |- : - Ref. [23]
|
HESS GC y-line | | [ ] | ~ Ref. [23]
|
|
-
- B 14TeV@3ab! A .
Mmoot I LI 000N 100 TeV @3 ab! 3 7| s werk
| =
| —
Mono—photon = ~ this work
I 5
I | S
1 14 TeV | )
VBF ool ' 100 TeV . ~ this work
_______________ |
B '
|
Disappearing tracks :___::1 14Tev ' — this work
F=31100 TeV
_____________________________________________________ '_
IR N T NN TN TN MR NN NN M M N N SN S S N N S N [N N T T SN A |
500 1000 1500 2000 2500 3000 4000
M, [GeV]
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FTR-16-005

Table 3: Summary of the event selection criteria used to select monojet events for this analysis.

Event selection

AK4 jets pr (j1) > 250 for AV (200 for PS), || < 2.5
A¢ (jet, EXss) Ap > 0.5

veto electrons pr > 10,|n| <24

veto muons pr > 10,|n] <25

veto taus pr >18,|n| <23

b-jet veto ‘Loose’, pr > 15, || < 2.5

E%liss E%ﬂss > 200 GeV
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