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Introduction: Dijet searches through the ages
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ntroduction: Dijet Search in a simplified DM Model

« Dijet resonance searches have been conducted in the QCD rich
environments of hadron colliders for the past 4 decades.

* Motivation: What can be
produced from quarks... . ... can also decay back to quarks.

7' - dark matter (axial-)vector mediator
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dduction: Dijet Search in a simplified DM Model

o 7 I
2 « Non-detection of a resonance at
o
D the mjj mass: limits on mediator
smooth QCD background: couplings to quarks for mediator
new physics appears as bump. .
o mass in range.
O
7))
= 250 p oo
ke 2 :
X gq _ ! CDF Run CMS
20 Ui s. 01377 ]
151 :
e
|'> S0
500 1000 1500 2000 1.0 |
mjj [GeV]
7! 05}
dark matter (axial-)vector mediator 00" lllll o B
0 500 1000 1500 2000 2500

Mz, (GeV)

Coupling-mass mapping of dijet peak searches, Bogdan A. Dobrescu and Felix Yu
Phys. Rev. D 88, 035021 — Published 26 August 2013; Erratum Phys. Rev. D 90, 079901 (2014)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.88.035021

Triggering at the LHC
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log scale

recorded data

trigger /
thresholds
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TR
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» Trigger reality:
* higher instantaneous luminosity;
increased trigger rates.

* raise trigger thresholds as data
processing limits reached.
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ysics (Jet) Data Recording at the LHC

ATLAS
. 2-Tier Trigger
conventional System
data stream
_ @ Single Jet
of;l(;m:, {)T Trigger rate
s

Recorded data:
entire detector
information for “offline”
jet reconstruction

HLT

420 - ~0.03 kHz
| j380* ®
Trigger
requirement:
1 HLT jet above
pT threshold
250 Level-1 ® -3kiz

J100*

40 MHz collision rate

Trigger requirement:
1 L1 Jet above pT
threshold

* 2016 triggers
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ysics (Jet) Data Recording at the LHC

Datascouting

stream Sinale J

_ ingle Jet

offline pT @ Trigger rate
[GeV]
Datascouting event size ~
PRE— : 0.5% main physics event size
L noHLT |
i trigger [: ~ Recorded data: | very low trigger bandwidth
: threshold §High-LeveI Trigger Jets | / aIIZ)WS decgrgased trigger
— i (from calorimeter S ————
information)

Level-1

100+ ® -3kH:

220

Trigger requirement:
1 L1 Jet above pT
threshold

40 MHz collision rate

N—

* 2016 triggers
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ysics (Jet) Data Recording at the LHC

TLA ~2 x normal

ATLAS Trigger Operation physics data taking rate
23.1% 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) Outing event size ~
@ Detector Monitoring (partial EB) ain physics event Size

TLA!

@ Single Jet
Trigger rate
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rates
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HLT Output Bandwid\t/h
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phySICS Main Physics (full EB)
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@ Express (full EB)
@ Other Physics (full EB)
@ Trigger Level Analysis (partial EB)
Detector Calibration (partial EB)

.................... High-Level Trigger
Jets

bandwidth

74.7%

220

Trigger requireme
1 L1 Jet above
threshold
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Trigger-Object Level Analysis (TLA)

Analysis
Components

event cleaning trigger jet calibration

mjj spectrum,
varyi '

data-driven background estimate

bump search

A\

observed excess: limit setting
evidence/discovery
of new particle axial-vector Z' gaussian signals of
mediator varying widths
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Trigger-Object Level Analysis (TLA)

Analysis
Components

event cleaning  trigger jet calibration Challenges

. ‘ full detector info cannot be
mjj spectrum :

varying bi _’ : exploited, little handle on
pile-up.

_ :  high statistical precision: :
rely on smoothly falling : ynprecedented sensitivity to |

data-driven

background i detector/calibration- -induced :
bump s\earch fluctuations. ;
observed excess: limit setting
evidence/discovery
of new particle axial-vector Z' gaussian signals of
mediator varying widths
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Trigger Jet Calibration

« Challenge: no tracking information -> dedicated calibration.
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Trigger Jet Calibration

« Challenge: no tracking information -> dedicated calibration.
« Successfully achieved a similar precision for trigger jets compared to offline jets.

Trigger Offline
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» Trigger-to-offline jet energy ratio within 0.05%.
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Data-Driven Background Estimation
SWIFT - Sliding Window Fit
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« A fit of the mjj spectrum performed within a ‘sliding window’: window width is fixed.
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Data-Driven Background Estimation
SWIFT - Sliding Window Fit
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« A fit of the mjj spectrum performed within a ‘sliding window’: window width is fixed.
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Bump Search

» [s there an excess over background estimate?

& E ATLAS Preliminary =~ e Data, 20.31b" ly"1<06 -
~10% = —— Background fit —
] | ] (1) fé’ = R BumpHunter interval =
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36/fb E s 'D'-D- , BH p-value = 0.44 E
- 6L g : ! 2 p-value = 0.13
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* most discrepant region 887-1007 GeV with global significance of 0.16 o.
* Thus, no significant excess observed.
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ATLAS+ CMS:

Sarah Malik's talk on Tuesday

@U O.4_| | | | | | | | | LI IIIIIII|IIIIIIIII|IIIIIIIIIL
- ATLAS Preliminary March 2018 ___ large-Rjet+ISR, 36.1 fo™
n » arXiv: 1801.08769 -
0.35—Vs=13TeV,3.6-37.0 fb  Diet+ISR (1), 155"
— o ATLAS-CONF-2016-070  _
— 95% CL upper limits . . P
0.3 — Observed ____ Dijet + ISR (jet), 15.5 o' —]
B -- Expected : ATLAS-CONF-2016-070 ]
: ____ Dijet TLA, 3.6-29.7 b _
0.25— EXOT-2016-20 —
- ____ Dijet, 37.0b™ .
: L R Phys. Rev. D 96, —
M@I’V? S talk. 0.2 " 052004 (2017) ]
earlier this session =N -
0.15 3
0.1 -
— Axial vector mediator ]
— Dirac Dark Matter —
OO5__| Mpy = 10 TeV .- I I _;
100 200 300 1000 2000
m,, [GeV]

* Numerous other analyses developed to tackle trigger limitation:
« dijet + ISR, boosted dijet + ISR: low mass reach
« TLA's forte: statistically powerful -> limit setting to lowest coupling.
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« The ATLAS Trigger-Object Level Analysis is a low-mass dijet search, which
« Tackles trigger limitations by taking on calibration challenges.

« Unprecedented statistical precision: high sensitivity to fluctuations. May soon face
underlying QCD complexities? A s

ee“ EXOT-2016-020
e 2016 13 TeV 29.3/fb results:

« No excess found

e Limits set for masses 450-1800 GeV on

« Quark couplings in an axial-vector Z" mediator model.
. 0 x A x B.R. for Gaussian signals of various widths.

« Closing gaps in mediator mass - quark coupling landscape.
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Back-up Slides
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Trigger-Object Level Analysis (TLA)

Analysis Framework

« Analysis objects from Datascouting stream.

» A dijet search for a new Dark Matter mediator particle. \ J2
» Event selection: \ —
2 jets, pT > 85 GeV ; JJ
1
‘Ujl < 2.8
signal region (1) : signal region (2)
L1 Jet Trigger: 375 L1 Jet Trigger: J100

leading jet pr > 185 GeV @ leading jet pr > 220 GeV

400 GeV < mj; <2080 GeV @ 531 GeV < m;; < 2080 GeV

L=36fb" L £ =293fb"} (Y1 — )

: x Yk =

2
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ingle Jet “"Offline” data versus TLA recorded data
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Trigger Jet Calibration

« dedicated jet calibration as don’t have full detector information - mainly no
tracking information.

EM-scale iets Jet-area based Absolute MC-based Global sequential
) pileup correction calibration calibration

Jet finding applied to Applied as a function of  Corrects the jet 4-momentum Reduces 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
direction are calibrated calorimeter variables only
. : : . Derived for
i Trlgg.er-to-offllne. | ReS|c.IuaI in-situ offline jets
data-derived correction calibration
Corrects the scale of forward Corrects trigger-level jets A smooth residual De’%\;etcrlisggfljfgzlly
jets in data to that of central to the scale of offline jets, calibration is derived by
jets, using the pr balance ratio applied only to data fitting in-situ measurements
between data and simulation, and applied only to data

applied only to data

Final calibration:
« Trigger-to-offline jet energy ratio within 0.05%.
« Min. 3.5% (max. 4.5%) jet energy scale uncertainty for |eta|<0.8 (1.0<|eta|<1.5) jets.
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ion Factors: Trigger->0ffline Jets
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Trigger Jet Calibration

e Need to watch out for localized fluctuations!
.. @S can be induced by bumps in the calibration:

1.04 1™ anti-k, R=0.4, EM+JES _ ATLAS Preliminary_|

£ ]
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e The residual in-situ calibration initially not sufficiently smooth.

e replaced a spline-based combination method (dashed line, used offline) with a polynomial fit
method (solid line) to smoothen calibration factors.
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JES uncertainties for Trigger Jets
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a-Driven Background Estimation: more detail

SWIFT - Sliding Window Fit

« A fit of the mjj spectrum performed *3108 | =
within a ‘sliding window’: window S B
width is fixed. W7l ", }

0.'. —— P§et{do-data -

. balclkgrdound estimates in all windows b "*... — E:: :;.rn 3:.): bin _
collated. ".,.

« starting at widest window width, find 10° "0., =
2 good fit functions*: ., :

- . 10 ‘o, -

1) bg estimate, 2) systematic %, =
uncertainty Yo,
10° Yo, =

. good fit: o | e

5 600 1000 2000 3000
X~ p-value > 0.05 m; [GeV

* final selected function for signal region (2): f(x) = p1(1 — x)mep3+p4l"x+p5lm2
(see back-up for all considered functions)
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Functional Forms

» considered functional forms for background estimation in SWIFT:

» 5-param function: f(z) =pi(1—x)P? P3+palnz+psine
» 4-param function: f(z) = pi(1 — x)P2gPstraine
\ 17 - ] o pl —pgzb—p4a?2
* 4-param “UA2" function: f(x) = e
x
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leptophobic axial-vector Z’ simplified Dark Matter model*

* No significant excess found. How far can we exclude our Z" model?
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* New coupling limits down to as low as ~0.04.

*D. Abercrombie et al., Dark matter benchmark models for early LHC Run-2 searches: Report of the ATLAS/CMS Dark Matter Forum, 2015,
arXiv: 1507.00966 [hep-ex]
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Limits on Gaussian Signals
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Mass Resolution for Trigger Jets

© 101 ' ' ' ' ' |
Ec;1.008 ATLAS  Preliminary
£ 1.006 \s=13 TeV, 29.3 fb”

ly*l < 0.6

5x10° 10° 2%10°
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DM Mass [TeV]

mary Plot: DM mass - mediator mass plane
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Not updated for latest TLA and Dijet+ISR results.
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== Dijet

Vs =13TeV,37.0"
arXiv:1703.09127 [hep-ex)

Dijet 8 TeV

fs=8TeV, 203"
Phys. Rev, D. 91 052007 (2015)

Dijet TLA

fs=13TeV, 341"

ATLAS-CONF-2016-030

Dijet + ISR

Vs =13TeV, 155"

ATLAS-CONF-2016-070
miss "

Er T +y

Vs =13 TeV, 36.1 b

Eur. Phys. J.C77(2017) 393

ET*+jet

Vs =13TeV, 36.1fb"
ATLAS - CONF-2017-080

miss
E; +Z
fs=13TeV, 36.1fb"
ATLAS-CONF-2017-040



mmary Plot: DM mass - mediator mass plane
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« Not updated for latest TLA and Dijet+ISR results.
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