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SIMPLIFIED DARK MAITER MODELS AT THE LHC

QMM 1 Less complete MOTQ F’QTQW\@.&QTS
Dipole
» Run 2 searches focus on simplified models Kun 2

“Sketches of models”

Dark Matter Dark
Effective Field Theories Photon

More
complete

» Many DM models include a mediator, which can decay to dark matter
» If a mediator is produced from SM particles, it should decay to them!

Minimal
Supersymmetric
Standard Model

Simplified
Dark Matter

» Note: searches tend to be signature-based ] P A\ Mol
» Many different model interpretations are possible Interactions g Complete
» Benchmark models for LHC searches in Run 2: arXiv:1507.00966 " Modds
TSRS, § Universal
X+MET 4 D"X resonance 4 This &QL‘{! . Dimensions
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LHCDMWG (arXiv:1506.03116)
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Dijet, dilepton...
(mediator search)

DM candidate pair recoiling against X
(X=jet, H, W, Z, y...) |
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https://arxiv.org/abs/1507.00966
https://arxiv.org/abs/1506.03116
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DIJET SEARCHES AT COLLIDERS noher 12

» Dijet final state has a broad range of interpretations: . 25
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History lesson:
Dijet exclusion limits at the beginning of Run 2
arXiv:1604.08907
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https://arxiv.org/abs/1604.08907
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DIJET RESONANCES

» Bump hunt: looking for an excess in the invariant

mass distribution

» Assuming a smoothly-falling QCD background 1
» QCD multijet background estimated with a fit to

the data

» ATLAS: sliding-window fit (SWiFt)
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ATLAS preliminary full Run 2 result: ATLAS-CONF-2019-007
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-007/
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CMS DIJET SEARCH WITH ALTERNATIVE BACKGROUND ESTIMATION

»  Fit with functional form for 1.5 TeV < mj < 2.4 TeV

»  M;; > 2.4 TeV: data-driven background prediction
using control regions
» Higher sensitivity to broad resonances
» More robust in high-mass tail of mj; distribution

Thousands of Events/bin

» Signal region (SR): |An;| < 1.1
» Sharp trigger turn-on for relatively low dijet mass
(mj; = 2prcosh(|An;|/2)

» CRiigdle: 1.1 < |Ar]jj| <1.5
» Constrains systematic uncertainties

»  CRhigh: 1.5 < |Ar]jj| <26
» Used to predict QCD background
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Preliminary full Run 2 results:
CMS-PAS-EXO-19-012/
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-012/
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CMS DIJET SEARCH WITH ALTERNATIVE BACKGROUND ESTIMATION

CMS Preliminary

4

» Transfer factor correction done using simultaneous fit to SR and CRs
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Ratio of expected limits from Fit Method / Ratio Method

Background estimated in SR using transfer factor “R":

Prediction __ Data
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Neryg

)
R —
aux. NCRmiddle
Data
C = Raux.
o Simulation
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137 fb" (13 TeV)

Wide PF-jets
m; > 1.53 TeV
| <25, |An| < 1.1

%ey - -qq(6.0TeV)

e Data
— Fit Method
x?>/NDF = 40.34/ 38
1 Ratio Method
x2/NDF = 40.33/ 32
--90g (2.0 TeV)
qg (4.0 TeV)

Dijet mass [TeV]
Data-driven “ratic” method yields
significant improvement in expected
Limiks for wide resonances
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CMS HIGH-MASS DIJET LIMITS

Exclude Z' with SM-like couplings below 2.9 TeV and between 3.1 TeV and 3.3 TeV

4

4

Wide Jet 1:
pt=35TeV
Mass = 1.8 TeV

PF Jet 3,
pt=1.71TeV
eta=0.21

phi =245

CMS Experiment at LHC, CERN
Data recorded: Sat Oct 28 12:41:12 2017 EEST
Run/Event: 305814 / 971086788
Lumi section: 610

Dijet Mass = 8.0 TeV

Interesting event with two 1.¥ TeV wide jets!
Theory paper: arXiv:1810.09429

Exclude dark matter mediator with mass < 4.7 TeV with I'/M = 0.25

PF Jet 1,
pt=2.19 TeV

PF Jet 2,
pt=2.01 TeV
eta = 0.29

phi = -1.27

PF Jet 4,
pt=1.40 TeV
eta=-0.74

phi=-1.17

Wide Jet 2:
pt =34 TeV
Mass = 1.8 TeV

K. Whalen (DM@LHC 2019)
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https://arxiv.org/abs/1810.09429
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THE TROUBLE WITH (TRADITIONAL) DIJETS

» Nothing exciting at high-mass end of the spectrum (yet)

» Previous collider results could probe lower masses, but

high couplings o 18.8 fb™' (8 TeV)
. I 1 1 1 1 1 | 1 1 I 1
CMS \ CDF 106 pb” (1997) CMS 19.7 b (2015) ,
\ pp, Vs = 1.8 TeV, [23] pp, Vs =8 TeV, [19]
2 \

WHAT IF NEW PHYSICS
IS HIDING DOWN HERE?!?!

| CDF 1.13 fb™ (2009)
) pp, Vs = 1.96 TeV, [23] /

B
—
Ol

» Many interesting new techniques

... Coupling g

employed in Run 2 to search for low-mass,
weakly-coupled dijet resonances

ATLAS 20.3 fb" (2015)
pp, Ys =8 TeV, [14]
(Gaussian resonance shapes)

1000 2000 3000
7 My [GeV]
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B-TAGGED

DIJETS

c X Ax e x B[pb]

Low-mass region: f

di-b-jet trigger

Pr » 150, 50 Gey 1O
LOY, b—-&aggms e‘ﬁ* 0.

Hégkw ss trigger:

» b-tagging in the trigger reduces event rate
» — lower trigger thresholds = lower masses
» Interesting for models with enhanced coupling to heavy flavour
» ATLAS search sensitive to “intermediate” (~0.5-1 TeV) mass region
» CMS sets limits down to 325 GeV
19.7 fb" (8 TeV)
- O i o [ | | '.J //I | T | T | [ | I I",'I I I |
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O 3 B "-7'.‘. ".w." ‘\‘ . SR1 SR2 B
0.2- | :

Low-mass trigger:
pr 2 0, 70 G&\; 0.1
|Anjil < 1.7 A

1¥% b-tagqing e(f% ‘

0.04"
0.03L

0.021

_______

-
.

.
R

L

pr > 160, 128 GreV,

[Aru_jl < 2.2
49% b-5&99w\9 @f‘f o

e

New! Offline b

ATLAS: Phys. Rev. D 98 (2018) 032016
CMS: Pths Rev. Lett. 120 (2018) 201801

e e = S —
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95% expected — - Z width

---- CMS dijet, 8 TeV
' CMS dijet, 13 TeV

CMS dijet w/ISR, 13 TeV -
-+ ATLAS dijet, 8 TeV

tagging with deep learning
neural network dramatically
improves ATLAS limits!
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ATLAS: EXOT-20192-03

—— Phys. Rev. D 98, 032016 (36.1 fb™")
Phys. Rev. D 98, 032016 (Scaled to 139 fb™")
— — Current Result (139 fb™")
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-33/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-057/
https://indico.cern.ch/event/783977/contributions/3455119/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2019-03/
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NEW TECHNIQUES: TRIGGER-LEVEL DIJET SEARCHES ~ [Pomevion svzvrran]

5 10° =
» Bandwidth & detector readout limitations force prescaling of single-jet o T ATLAS
i t - bel 0.5 TeV cA0E s=13 TeV, 29.3 fb"

» Throw away lots of dijet events below mj; ~ 1 TeV!

I IV'IIIII|

» This gets worse as the instantaneous luminosity increases! s
black - blue =

lIlII| IIIllIIII IIIIIIIII lIlIIIII| lIIIIIlI| IIIllllll

10° =
- discarded due bo
- 10* prescale
JHEP 08 (2018) 130 - i = . -
EHfffiZM 36 fb! (13 TeV) 27 fb™' (13 TeV) — e [Trigger-level jets
> B e > [ ' ' ' ' ' | ' ] 103 Offline jets, single-jet triggers
8 1.2 CMS — 8 1.2 CMS — = —— Offline jets, single-jet triggers, prescale-corrected
9 : : 9 : : B | | | | | | | | ]
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- : - 1 Wouldnt ik be nice f we
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_I ] ] | | ] ] | ] | ] i | | ] | ] | | ] | | . .
0 2000 3000 ° @ 1000 nstead...?
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“Traditional” high-mass dijet search

K. Whalen (DM@LHC 2019)


http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-056/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-20/
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TRIGGER-LEVEL ANALYSIS [ i

» Gain more data at low thresholds by recording trigger-level objects containing limited information
» Jet four-momentum, identification variables
» No tracking, muon, calorimeter cell info

» Eventsize < 5% of typical fully-built event

» ATLAS end-of-fill strategy:
» Exploit additional level-1 rate available at end of fill as instantaneous luminosity falls off

p— 30 T T T p— 3.5 T T T T T
T ATLAS Trigger Operation = ATLAS Trigger Operation Calibration
= HLT stream rates §, O 39l HLT stream bandwidths mmm Trigger-level analysis
O 25 pp data, September 2018, Vs=13 TeV 4 = | ppdata, September 2018, Vs=13 TeV wsm B-physics and LS
© . . = Main physics
£ Jo| = somsemiis 525 —press
20+ - o ,
@ Main physics % B Other physics
0 mmm Express o 2.0k
— 15| (— Other physics -'5’
i' mam  Monitoring 8. 15
Calibration g T
10+ -
T 1.0}
5 N
S 0.5
0 0.0

19:00
Time [h:m]

15:00 17:00

09:00 11:00 13:00 15:00 19:00

Time [h:m]

17:09°

Huqe increase it briqgqer rake s x
7 9 Minimal increase in output to disk!
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerOperationPublicResults
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NEW TECHNIQUES: TRIGGER-LEVEL DUET ANALYSIS  [one iersssoraria o 2 0aee"

1.0——

» Trigger-level analysis requires a precise understanding of the jet calibration 5 1.008 ATLAS
: : : . . : S _ -1
» Reproduces offline calibration as closely as possible (no tracking info) 5 1006 \{|3§/:|1<30T%V’ 293
. . . . 81.004 -
» Excellent agreement between trigger and offline dijet invariant mass = 1,002

Jebt calibraki ( ATL. AY

EM-scale jets Jet-area based Absolute MC-based [ Global sequential
] pileup correction calibration | | calibration

Jet finding applied to Applied as a function of Corects the jet 4-momentum Reducés ﬂavOr
topological clusters event pileup pr density to the particle-level energy dependence and
at the electromagnetic scale and jet area only scale. Both the energy and energy leakage using 0.99 - I
direction are calibrated calorimeter variables only 5x10°? 10° 2%10°
e eeessssssessasnnnnns m, [GeV]
‘ ST : _ Derived for
_)[ e intercalibratior ; Trlgggrto offllne. Re5||<.1tl;a|:.n31tu offline jets o° 02__| T e o e e e o e e N L B e e e O L e
| data-derived correction | calibration 2 ATLAS 95% CL upper limits -
. . mmmmm Derived specifically - -
Corrects the scale of forward Corrects trigger-level jets A smooth residual : : 0.18 Vs = —— TLA Observed —
b Vel 1 SIHOOH _ for trigger jets s=13TeV
jets in data to that of central to the scale of offline jets, calibration is derived by - === TLA Expected (+ 1-26) -
jets, using the pr balance ratio applied only to data fitting in-situ measurements 0.16— 36fb ' | 29.3fb " ) P B —
between data and simulation, and applied only to data - —e— Dijet Observed —
applied only to data 0.14—|y*| < 0.3 | |y*| <0.6 —
» ATLAS sets limits on couplings for resonance masses between 450 - 1800 GeV 0-12¢ -
. . . . 0.1 _
» Two signal regions corresponding to two trigger thresholds (75 & 100 GeV) - -
0.08F- ‘ =
. 0.06 —
» CMS sets limits down to 600 GeV - -
0.04— -
O 02 : | PR I SO W N SRR N TN AN T TN SO (N SN WO TR NN NN SN W N SRR :
7400 600 800 1000 1200 1400 1600 1800 2000

New! CMS 3-jet scouting: CMS-PAS-EXO-19-004

K. Whalen (DM@LHC 2019) m,,, [GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-20/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-056/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-004/index.html

SEARCHES FOR DARK MATTER MEDIATORS WITH DIJET FINAL STATES AT THE LHC 13

e e — o — —— o s e — e — —— o s e —— S — S —— S —————— E—— S —————————

N Ew AP P RU AC H ES: D IJ ET+ IS R ATLAS: Phys. Lett. B 795 (2019) 56, resolved dijet (inclusive & b-tagged) + photon, 80 fb-1

» Sensitivity of traditional searches limited by trigger thresholds to mj; ~ 2pymin

q q
» Extend dijet resonance search to even lower masses and smaller couplings by triggering X
on initial-state radiation (e.g. photon or jet) and search for recoiling dijets
» Drawback: smaller cross-section due to ISR requirement
a q
» New ATLAS result with 2015-2017 data sets limits on mediator masses down to 225 GeV! N
(oN 0_35 || LI LI LI LI LI LI LI LI I
60-35_'|""|""|""""""|""|""|""|'_ (@)) —I ! ! ! ! I I—
0.3 Vs =13 TeV —— Observed - 03 s =13 TeV —— Observed _
[ Flavour inclusive ===== Expected (+ 1-20) - 2Db-tags === Expected (+ 1-20) 7
0.25 :— 79.8 b~ 76.6 b~ —: 0.25 :_ 79.8 b 76.6 b’ _:
- ¥ brigger | dijeb+y brigger - oof ¥ trigger| dijet+y trigger -
0.15[~ — 0.15 -
0.1 — 0.1 —
:..I....I....I....I....I....I....I...-I----I--: :|||||||||||||||||||||||||||||||||||||||||||ll:
200 300 400 500 600 700 800 900 1000 200 300 400 500 600 700 800 900 1000
m,. [GeV] m,, [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-05/
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N Ew AP P RUAC H ES_ D IJ ET+ IS R CMS dijet + ISR photon (2016 data): arXiv:1905.10331
: ATLAS: Phys. Lett. B 788 (2019) 316: boosted, 2015-2016 data
ATLAS-CONF-2018-052: boosted b-tagged, 2015-2017 data (in backup)

e e

» Boosted dijets allow to push the mass range even lower

J. Dolen
. . . . . o N Trimming, Filtering - Recluster jet with smaller distance

» Interesting analysis techniques differing from traditional dijet searches! parameter. Condition based subjet removal.

Trimming:
Recluster /" Re;':}%‘]’:t:m

» Jet substructure techniques used to select large-R jets with two-pronged i —
substructure Keep N
hardest

» Jet grooming is critical! Pruning - Recluster jet. Remove soft large angle particles.

» ATLAS: trimming Ao csteng
large angle
» CMS: soft-drop mass consttuens

BDRS, MMDT, Soft Drop, JHU top tagger, CMSTT -
Recursively decluster jet. Remove sub-clusters not
satisfying algorithm condition. Stop declustering when
both subjets satisfy condition.

) \! Remove sub-
q W q f clusters not
% ¥ satisfyin
. v, Decluster sor?:e ’
~ .-
) . |terat|vely cntenon
Stop when
both subjets
satisfy
criterion

K. Whalen (DM@LHC 2019)



http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-052/
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BOOSTED DIJET+ISR: BACKGROUND ESTIMATION [cvsbeosted diet + isvjet: e 01 (20151097

35.9 fo”' (13 TeV)

E 108§ ICIMIS T '= \(/)\II(()DI)(kl-flactc;r 0.74) I ;:i(r:%';e-t(qq) e =
i e o0 1 — 150 Gov__
» Data-driven method used to estimate the QCD background > 10 — o bae t (fof =
;ij 10° —§
» Energy correlation function N21(1609.07483) used to discriminate 2- 10° =
pronged signal jets from 1-pronged QCD 10¢
» Correlated with jet mass and pr 10°
» Decorrelate to avoid sculpting the mass distribution (DDT method:
16 03 ° O O O 2 7) é 1.21 e Han
. X10%: value of N S ol v ¢TIt e
jet Jet - e S g 100 150 200 250
()

s PT ) where a cubt would

mg, (GeV)

retain 10% of — —_— s
p = almz / pr2) backqround ICMS dijet + ISR photon (2016 data): arXiv:1 905.1033‘3
.

35.9 fb” (13 TeV)
1 [ rrrrrrrrrrr[rrrrrrr
. CMS ¢ Data _
Total background
------- Nonresonant backgrounds
[ Resonant backgrounds
togev — 90 9, =1/6
Z|25GeV —Hﬁa g'q= 1/6
L Z'SOGeV — qq, g'q= 1/6
" @ Total background uncertainty __|

» Transfer factor method used to estimate the QCD background
» Control region: events failing the substructure (NPDT) selection

—
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~
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Jeb mass modelling
down to 10 GeV!

“fail”
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https://arxiv.org/abs/1609.07483
https://arxiv.org/abs/1603.00027
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-001/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-027/
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BOOSTED DIJET+ISR RESULTS

» Dijet + ISR searches probe the lowest mass range

yet at the LHC!
» CMS: 10 GeV (ISR photon), 50 GeV (ISR jet)
» ATLAS: 100 GeV (ISR photon, jet)

» New: b-tagged search (poster by Y. Ng)

» We are doing a good job of searching in that
uncovered corner of parameter space...
» Unfortunately no significant excesses yet!

35.9 b (13 TeV)

I Indlrect Constralnt Y memms ATLAS ISR Jet & Y- Run 2

i - T T I | | I T T 1

wfd

=2 CMS 95% CL Upper limits

9 —e— Observed limit == UA2 :

-'(7)' Tr ... Expected limit ... CDF: Run 1 Z
2 : - 08% EXpected =+ =11 CDF:Run2 :':_ / :
é — 95% Expected ;7 i
9 - —— - Indirect constraint: Z " CMS ISR Jet: Run 2 -7 i
- /; _

@ . i
@)

_ T

(@))

Z' mass (GeV)

K. Whalen (DM@LHC 2019)


https://indico.cern.ch/event/783977/contributions/3455123/

m, [TeV]
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SUMMARY: COMPLEMENTARITY OF DIJET SEARCHES

» Dijet searches cover a wide range of parameter

space in the coupling - Z' mass plane

» Also: excellent complementarity with other dark

matter search channels!
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0 0.5 1 1.5 3.5 4

— Dijet

Dijet, 37.0 fb
PRD 96, 052004 (2017)

Dijet TLA, 29.3 fb™’
PRL 121 (2018) 0818016

Dijet+ISR, 79.8 fo'
PLB 795 (2019) 56

Boosted dijet+ISR, 36.1 fb
PLB 788 (2019) 316

Boosted di-b+ISR, 80.5 fb
ATLAS-CONF-2018-052

tt resonance

36.1fb™
EPJC 78 (2018) 565

bb resonance

36.1fb™
PRD 98 (2018) 032016

ErTniss+X

ET*+y, 36.1 fb'

Eur. Phys. J. C 77 (2017) 393

ET*+jet, 36.1 b’
JHEP 1801 (2018) 126
ET**+Z(ll), 36.1 fb
PLB 776 (2017) 318
ET**+V(had), 36.1 fb”
JHEP 10 (2018) 180

ATLAS Exotics summary plots

CMS Exotica public results

S ——————— S —— - S R —

CMS Preliminary EPS 2019

95% CL exclusions

Iz /My <~100%

==c CMS Dijet %, 13 TeV
— [arXiv:1803.08030]

Iz /My <~30%

CMS Broad Dijet, 13 TeV
[arXiv:1806.00843]

T,/ M, <~10%

CMS Dijet, 8 TeV
[arXiv:1604.08907]

CMS Dijet, 13 TeV
1 [EXO-19-012]
10

[Nucl. Phys. B 400, 3 (1993)]

CDF Run1
[arXiv:hep-ex/9702004]

_ UA2

. CDF Run2
[arXiv:0812.4036]

1000 2000
M. [GeV]

High-mass dijet

100 200
Boosted dijet +
ISR photon / jet

| ) ) PR T T
810 20 30 Z width (all T',/M,)
[arXiv:1404.3947]

Remember! Exclusion Limits showin for a
_particular model (94=0.26). Unexcluded
7 parameter space is larger for weaker
aca-u,pi.w\gs.
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ATLAS Boosted Dijet, 13 TeV

" [arXiv:1801.08769]

ATLAS Dijet+ISR y, 13 TeV

" [arXiv:1901.10917]

ATLAS Dijet TLA, 13 TeV
[arXiv:1804.03496]

ATLAS Dijet, 13 TeV

" [arXiv:1703.09127]

CMS Dijet b tagged, 8 TeV
[arXiv:1802.06149]

CMS Dijet Scouting '16, 13 TeV
[arXiv:1806.00843]

CMS Boosted Dijet, 13 TeV
[EXO-18-012]

CMS Boosted Dijet+y, 13 TeV
[arXiv:1905.10331]

I,/ M, <~5%
CMS fi, 13 TeV
[arXiv:1810.05905]

Y width (all T/My)
[arXiv:1404.3947]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
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OUTLOOK ON RUN 3

» Run 3: slow and steady progress from the
LHC

» Small energy increase: 13 —> 14 TeV Lot — sz JRERCUANE ss IR C
I | N . I N M splice consolidation et imit HL-LHC 2C:Oml7n;|
) S ower luminos |ty d ou b INng time 7Tey B8TeV bun:;sc::‘l:;::‘ton "r;‘;ﬁ::‘m‘m interaction Installation luminosity

Civil Eng. P1-P5 ﬁ .
2020 202 2022 2023

radiation

» Now is the time to focus on improvements to

experiment damage ATLAS - CNS
squeeze the most out of our data! o — . ey,
EXd 300 b g

» Boosted object tagging
» ATLAS gFEX: large-R jets in L1 trigger

« We are here!

Y THEN WHY ARE |
Mo, 1 DRoPPED | THEN WY IRE |

T Two BLOLKS FOR 1T HERE?
POWN THE O
. STREET! /. .

» More trigger-level searches to maximize

2 E;Z DI You DRoP |/
: b T T HERE?

1M LOOKING e —
{ FOR MY QUARTER ) - -

I DROPPED! [

"y
N
.
O
’

statistics
» e.g.dijet+ISRTLA

‘-.-'_.‘bom'& be this quy at

) | the start of Run 3!
Invest in trigger and
# Perﬁformomce woTk
NOw!

» Improved trigger tracking to reject pileup
» e.g. FTK(ATLAS fast tracking in
hardware)

K. Whalen (DM@LHC 2019)
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DARK MATTER MODELS AT THE LHC (RUN 1)

» Effective field theories (EFT)

» Run 1 DM searches at the LHC
» Contact interactions More parameters
» Described in terms of effective energy scale and mpy
)

nvalid at large momentum transfer: problematic in
Run 2 (13 TeV LHC)

Less complete

Dipole
Interactions

“Sketches of models”

Dark
Photon

More
complete
Dark Matter
Effective Field Theories

Minimal
Supersymmetric
Standard Model

Simplified
Dark Matter
Models

Contact
Interactions

SM DM

/
Higgs
SM DM

LHCDMWoG (arXiv:1506.03116)

Complete
Dark Matter
Models

Universal
Extra
Dimensions
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https://arxiv.org/abs/1506.03116
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DIJET ANGULAR ANALYSIS

» Discrepancies in angular distributions could indicate new physics
0.2

1/6 61 A0 e/ dxdijet

0.15

0.1FE==i

0.05

-== AL (Cl) =14 TeV
-m AL (Cl) =14 TeV
-~ A; (GRW) =10 TeV
==i=1* Mggy (n__ =6 ADD) = 8 TeV
— My (DM g _=1.0)=5TeV

4.8 < ij <5.4TeV

O —h
o Ul . o1 N
%,l

Data
NLO QCD + EW
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
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ATLAS B-TAGGING EFFICIENCY

Event Tagging Efficiency

0.7

0.6

0.5

0.4

0.3

0.2

0.1
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- Z'2b-tag Online: Online+offline: __
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DIJET TRIGGER-LEVEL ANALYSIS: END-OF-FILL STRATEGY

[AE’LAS trigger operation public resulis]

E—

e

————

» Additional lower-threshold triggers enabled at end-of-fill when more rate available at level-1 due to decreased instantaneous
luminosity
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o
o

L1 rate [kHZ]

Q0
o

@)
o

40}

20}

ATLAS Trigger Operation

L1 trigger rates (Trigger-Level Analysis)
' pp data, September 2018, vs=13 TeV
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerOperationPublicResults
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DIJET TRIGGER-LEVEL ANALYSIS: RATE & BANDWIDTH [ vigeropemion s s

ATLAS Trigger Operation

HLT Stream Rates (incl. overlap)
pp Data June 2017, Vs = 13 TeV

Main Physics (full EB)
@ B-physics and LS (full EB)
@ Express (full EB)
@ Other Physics (full EB)
@ Trigger Level Analysis (partial EB)
Detector Calibration (partial EB)
@ Detector Monitoring (partial EB)

ATLAS Trigger Operation
HLT Output Bandwidth
pp Data June 2017, Vs = 13 TeV

Main Physics (full EB)

@ B-physics and LS (full EB)

@ Express (full EB)

@ Other Physics (full EB)

@ Trigger Level Analysis (partial EB)
Detector Calibration (partial EB)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TriggerOperationPublicResults
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CMS SOFT-DROP JET MASS

» Jet mass modelling using soft drop tested down to 10 GeV
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SMP-16-010/
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Phys. Lett. B 788 (2019) 316: 2015-2016 data

ATLAS RESULT: BOOSTED DIJET + ISR

» Dijet + photon / jet (combination):

0)0'04:1 I L I I B N N Y Y I B B 1:
0.35 :_ A TLAS — Observed 95% CL Iimit_:
' - \s =13 TeV, 36.1 figt e Expected 95% CL limit
0.3 " Expected limit +1 ¢ =
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0.25 -
0.2F E
0.15 E
0.1 E
0.05- E
O:| ] | ] | | | ] ] | | | ] ] | | ] ] I | ] ] | ] ] ] | ] I:
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-01/
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BOOSTED, B-TAGGED DIJET+ISR [arias con 2015.052]

» Preliminary ATLAS result sets limits on Z' masses as low as 100 GeV

O 04_ T 1 —r Tt | T 1 1 [ T T Tt 1 T T 1]
— o
» Also sensitive to enhanced production of boosted H = bb . ATLAS Preliminary -
» At high pr, Higgs boson production is sensitive to the top-quark 0-35:_ /s=13 TeV, 80.5 fb™ -
loop in the gluon-fusion production mode 0 33_ E
» New physics could result in enhanced boosted Higgs production L -
0.251
g ¢ g q > > q i
+ t A t 02 _:
g int——------ h g e e e m e oo h 0.15¢ —
0.1~ »
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I 68% and 95% bands
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-052/
https://arxiv.org/abs/1312.3317
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ATLAS DARK MATTER SUMMARY
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