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INDICATIONS FOR DARK MATTER:

I e e e e e A s —rrr
oo~ (@) Curvature 11 (b) Dark Energy

» Indications for new, unknown
matter outside of SM

» Dark matter candidates offered by
SM extensions:

» AXions

» Sterile neutrinos

» Weakly interacting Massive
Particles (W.|.M.P)
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EVIDENCE FOR DARK MATTER:

X)/nq(x=1) [GeV]

Equilibrium
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Supported by the relic

density calculation
A well motivated DM Candidate searched for by many experiments

» Weakly interacting Massive
Particles (W.I.M.P)
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HOW CAN WE FIND DARK MATTER?

» Three different approaches to look oM oM
for DM
1. Indirect 3.DM
detection: production:
Fermi LAT, Collider
PAMELA experiments:
ATLAS, CMS

SM object SM object
—

2. Direct detection:
LUX, LZ, SuperCDMS
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DARK MATTER DETECTION THROUGH COLLIDER PRODUCTION

» Or we can... produce them!

» Collider production:

DM
» Strength: DM/SM interactions production:
and decay channels Collider
experiments:
» Weakness: No information ATLAS
about the found “Dark matter” EXPERIMENT

's lifetime, to be complemented
by DD/ID.
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CLASSIC COLLIDER DARK MATTER SEARCHES: (A.K.A: MONO-X)

» DM invisible in the ATLAS detector:

» Look for MET + something

Proton

» Mono-X DM search signature :

Anything-visible (X)

Jet/Higgs/ W/Z/ Z'/
Quantum-T-Rexes

"emy,  OM Bkg+ DM signal Proton

MET

» E.G: Mono-jet, mono-photon, mono-W
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MONO-PHOTON AND MONO-JET
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» Challenges: Precise object calibration, SM background prediction and MET measurement.

» Fake particles vetoed, various control regions used to measure SM background prediction.
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MONO-BOSON (W.Z,Z)

Mono-W/Z/2'
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MONO-HIGGS(VISIBLE)

Mono-Higgs(->yy) Mono-Higgs(->bb)

(Phys. Rev. D 96 (2017) 112004) (ATLAS-CONF 201 8 039)
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First 79.8 fb-1 results
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DARK MATTER SEARCHES THROUGH MEDIATOR

» “For DM to be made from quarks, it means that there is a process that can
decay back into quarks.”

» Can we look for the simplified force mediator instead?

» Mono-X analyses » Two Body Decays

® X q SM

> ,
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DARK MATTER SEARCHES THROUGH MEDIATOR

» “For DM to be made from quarks, it means that there is a process that can
decay back into quarks.”

» Can we look for the simplified force mediator instead?

Search Strategy: » Two Body Decays

9 SM
Z)

Bump (might be DM mediator )

-

SM backgro und~

Mij
Look for a bump on top of SM background!



DARK MATTER SEARCH IN THE ATLAS EXPERIMENT YVONNE NG @ UCI 2018-11-29 12

DIJET AND DI-B JETS

» Little is known about the force mediators, based on different assumptions, different
signatures are preferred.

Dijet Di-b jets

(Phys Rev D % (2017) 052004) (Phys Rev D 98 (2018
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TRIGGER LEVEL ANALYSIS (TLA)

» ATLAS storage limit-> We don't store events below a jet pT threshold

» TLA: "By storing partial information in events, we can go below
the usual trigger and look for Z' lower in mass than dijet. ”

Bump =possibly DM mediator

Can either store large
amount of data for a
small number of

events....
Enormous —_— /
amount of

data read in

Not \

toring

at L1 trigger
level *\

... or small amount of

. data for many, many
S M b aC kg roun d dandwidth events

Mjj Fixed amount of

1500GeV TLA Cartoon by Katherine Pachal
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TRIGGER LEVEL ANALYSIS (TLA) RESULTS

» (Phys. Rev. Lett. 121 (2018)
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CAN WE GO EVEN LOWER IN THE Z° SEARCH MASS?

etiSR:

Dijet/TLA: Dij

Average net PT=0

» A HIGHMASS !
ol 1500GEV AND UP

2. Other jet pT = trigger

1. One jet pT at trigger

1. A photon at trigger

LOW MASS 7' !
100-1200GEV

~ 2.Balanced by 2 softer jets
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DIJET-ISR

Dijet-ISR Resolved

(ATLAS-CONF-2016-070)
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Z' Mass range 169- 1500 GeV. Exciting new paper coming soon!!

Dijet-ISR Boosted Btagged

(ATLAS-CONF-2018-052)
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Z' Mass range 70- 230 GeV. First ever b-tagged result!
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IS THAT ALL? OTHER DARK MATTER SEARCHES IN THE ATLAS DETECTOR

» Other Mono-X signatures:
» Mono-H to invisible particles
» DM with heavy flavor quarks
» Other two-body decays:
» di-leptons
» Supersymmetry (SUSY)

» Many SUSY searches that looks for gravitino, neutralino etc are natural candidates of
DM.
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DARK MATTER SUMMARY

O 1 1 1 ] 1] I LI | ' llTlllllllllllllllIIlllll

@ L ATLAS Prellmlnary (s=13TeV,36-37.0f" 7

95% CL upper limits
— Observed

e e e ) _ === Expecled
0-5 """"""""""""""" ‘ Dijet 8 TeV

! i R 4 203"
04 ------ NS - s, Fav, D &1, 05207 (2915)
F

- Booslec dije! + ISR
0 . 3 :te)!: miwi 00769

—— Resolved dijel + ISR (y)
ATUAS-OONF- 2016070

— Resolved dijel + ISR (j)

155m"
ATLAS GONF-2016-072

— Dibjel
243830110
Snvs, Pav. D S8 (2018) 022015

—— Dijet TLA
36829710
s, Fev, Letl. 121 (2018) 08130

- -,

m, [TeV]

i S ——

0.2

0.1

= tt resonances
3611

Zun. Fhys. J.C 78 12013) 565

0.05 Axial vector mediator Y1zl < U ot — Dijet
. Dirac POMT y . o izl < 0.8 ;r.}obfbé;v. D 96, D520€4 (21 7)
0.04F ™= eVv,gy=1. \,J ~| — Dijet angular
rom’

=nys, Fev, D96, 052004 (2217)

0.03 : . 4 . S — P S W AR Y ERTTTTRRTE (TR TTTTT (oo an

100 200 1000 2000
m, [GeV]

Excluded the Z' Mass Range from 50GeV to 5000GeV+

7,
74

77

() —
o0 — B

O
»

&
N
wi

15

LG

-0,gx=1

ediator, Dirac D

-

TR L T T T T P e

w-
)

m,. [TeV

—T1 ] &= Dijet

Dijet fz = 13 TeV, 37.0 fb"
PRD 96, 052004 (2017)

Dijet TLA 5 = 13 TeV, 29.3 fb"'
PRI 121 (2018) DR1RN1A

Dijet + ISRY¥E =13 TeV, 155 fo
ATLAS-CONF-2016-070

= tt resonance

Y= =13 TeV 36.1 ib"
EPJC 78 (2018) 565

B Dibjet
Ys=13TeV 361 fb"
PRD 98 (2018) 032076

e E? =4X
ry¥E=13TeV, 361 1"
Eur Phys.J. C 77 (2017) 393
ET +et¥s=13TeV, 361"
JHEP 180° (2018) 125
Ef +Z()¥E='3TeV, 361"
PLB 776 (2017) 318
ET+V(had) fE = 13TeV, 36.1 fo
ATLAS-CONF-2018-005

Extra exclusion phase space from the mono-X and dijet searchess
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DM SEARCHES IN ATLAS
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» ATLAS DM searches makes

model assumptions, it is
complementary to ID + DD in
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CONCLUSION

» No signs of DM yet! But in ATLAS, we have:
» More data than ever

» Continuous advancements in our search
techniques

» Expect to gain sensitivity in all variable phase
space

» Future of DM searches in ATLAS:
» Long lived particle signature searches

» Moving towards more detailed models

CNRY

“We're quietly confident that it smells of cinnamon.”
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BACK UP
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MONQO-RIGGS(INVISIBLE)

Mono-Higgs(->Invisible Decay)

(arXiv:1807.11471/HIGG-2018-54 )
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