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I Particle colliders & Energy scale o

@ High energy colliders are powerful tools to study particle
interactions to the hardest scales

“,-,i;:'“-: Lhodu, @ Probing smaller spatial scales and higher energy scales
\ @ Two-fold: test predictions and explore the unknown

» LHC is a discovery machine that can do precision physics
(quark, gluon) c@* @ /5=7(2010-"11), 8 (2012), 13 (since 2015) TeV
» @ 40 MHz collision rate
@ Max. peak luminosity 1.4 1034 cm—2s~1

The LHC Run 1 came along with a lot of precise measurements
S . .
% X and some discoveries, the Run 2 can add new ones.
J
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I The ATLAS detector o

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet
Semiconductor tracker

Transition radiation tracker
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I The ATLAS detector

44m
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(Mam updgrades for Run 2 (started 2015) j
. : o - 3

Tracking System: I/ = m—— —— <

IBL: new layer for the Pixel tracker at |\
3.3 cm from beam line (previous inner- §
most @ 5.05 cm)

25m

| Muon Spectrometer:
N Consolidated muon spectrome
ter coverage

Tile calorimeters

Trigger System:
Redesigned 3 — 2 level scheme
Level-1 rate 75 kHz — 100 kHz
Data acquisition rate 2> 1 kHz

TVIUOTT CITATTTIoSTS

LAr hadronic end-cap and
forward calorimeters

Pixel detector
LAr electromagnetic calorimeters
Transition radiation tracker

Semiconductor tracker

Solenoid magnet

NEW PHYSICS SEARCHES IN ATLAS - M. BAUCE - 10 APRILE 2017




Precise SM measurements

Standard Model Production Cross Section Measurements
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Status: March 2017
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Why collecting more lumi?

——— —
50 ATLAS Online Lumlnosny Vs =13 TeV

[ LHC Delivered

[] ATLAS Recorded

@ Be sensible to smaller hints of new
physics

@ Increase accuracy of known
processes’ measurements

@ Improve knowledge of searches’
background contribution

@ Investigate anomalies and deviations
with respect to theory predictions

Total Delivered: 38.5 fb™'
Total Recorded: 35.6 fb”!

Total Integrated Luminosity [fo]
w
o

L L R B R

ol b e b b Ly

0 1
19/04 17/05 14/06 12/07 09/08 06/09 04/10 01/11
Day in 2016

» During Run 2 already collected more data than in Run 1
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Why increasing energy?

WJS2013
100

ratios (l)f LHC parton luminosities: 13 1"ev /8 TeV X
@ Since 2015 LHC restarted at a new

/ center-of-mass energy: 13 TeV
—gg_ ;
---- Iqq / @ New phase-space accessible
TTTag yd

E @ Larger cross section for high-mass
particle production

@ Signal/Background cross section ratio
increased for many searches for new

) ) MSTW2008NLO phySICS
100 1000
M, (GeV)

luminosity ratio

/s 8 — 13 TeV improved significantly the sensitivity of new
physics searches in many signatures and theoretical models
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What to look for?

-95% CLE

ATLAS Exotics
§ gust 2016

ATLAS Preliminary

ATLAS pursued a large variety of
searches, exploring complementary
signatures. No significant NP hints
found so far at the TeV scale.
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@ Simple signatures:
model independent, fast
searches, start of a run

@ Complex signatures:
model specific, need more
statistics



What to look for?

-95% CL ion
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New physics hints: notable signatures

242 Events| -

70| SPECTROMETER

At normol current
60} O-10% current

EVENTS /25 MeV
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New physics hints: notable signatures

242 Events| -

70| SPECTROMETER

At normol current
60} O-10% current

L
S

EVENTS /25 MeV

Gl ﬂ
s L L
/

L
6 8 10 12
Mass GeV
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New physics hints: notable signatures

242 Events| —

70| SPECTROMETER

At normol current
60} O-10% current

o
3 dMdy .
5 UA1 + UA2
é - D m (e*e’)
@ 3 m W)
K]
2
N
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£ T 1
N
z
2k ]
0 I
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Mass GeV

Invariant mass of I*1” pairs

NEW PHYSICS SEARCHES IN ATLAS - M. BAUCE - 10 APRILE 2017



New physics hints: notable signatures

242 Events| =
70| SPECTROMETER
At normol current
60| OI-10% curent
Jr
3 dMdy .
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New physics hints: notable signatures

mgve-[Gev] M =; sidebands

242 Events| ‘p—
SPECTROMETER .
s New particles often appear as peaks
sopp Crmtemt over smooth spectra
o
E .M/)/ T
g UA1 + UA2 |
@ _ -
g < > T T —
. 3 & | oD ‘ ATLAS ]
5 0 25— - Background zz" H
N 2 [ Background Z+jets, tt o T T L s
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e bk ; ., < — Full fit
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]
. 10 'é
[
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6 8 1o 12 5
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L Y e
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NOTE: largely incomplete review 3100 3200 3300
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Is it that simple?
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Is it that simple? No, it's not

10000 T T T T T
C Selected diphoton sam

8000,

6000

Events / 2 GeV

Hoyy

4000,

Vs=7TeV, JLdt -481b"
2000
Vs=8TeV, Ide =2071b"

R N RN R RN

A R AT SN A I

Events - Fitted bkg

50 0
m,, [GeV]

Events / 20 GeV

Data - fitted background
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T T
ATLAS Preliminary

T
¢ Data
—— Background-only fit
Spin-0 Selection
Vs =13 TeV, 15.4 fo*

m, [GeV]




Search for a hadronic resonance: simplified approach

Resonance production =
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Search for a hadronic resonance: simplified approach

Resonance production =

«< Resonance reconstruction
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Search for a hadronic resonance: simplified approach

Resonance production =

«< Resonance reconstruction
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Jets: hadronic particle’s signature

e %ﬁ i
p

Particle Jet Energy depositions
in calorimeters

@ Calorimeter jets from energy deposits
@ Track jets from clusters of charged particles in the ID
@ Anti-kr, AR = 0.4 clusterization algorithm

@ Complex calibration procedure
@ Boosted topologies for close-by jets
> large-R jets, jet grooming, jet substructure, ...
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Topological
Clusters




Detector calibration

Jetiareabased pile
up correction

Residual pile-up

EM-scale jets .
correction

Origin correction

Jet finding applied to Changes the jet direction  Applied as a function of ~ Removes residual pile-up
topological clusters at to point to the hard-scatter  event pile-up pr density ce, as a
the EM scale. vertex. Does not affect E. and jet area. function of  and Nev

Absolute MC-based
calibration

Residual in situ
calibration

Global sequential
calibration

A residual calibration

s derived using in situ
measurements and is
applied only to data.

Corrects jet 4- Reduces flavor
to the particle-level energy and energy leakage effects
scale. Both the energy and  using calorimeter, track, and

direction are calibrated.  muon-segment variables.

o 1A —
ATLAS \
< s=13TeV, 3210
§1.05 anti-k, R = 0.4, EM+JES
S

—

— Total uncertainty
[l Statistical component
L L | L
2x10? 10°  2x10°
P2 [GeV]

D

o
§ ¢ © -

sl -

\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

—i-

-

e
\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\

0.8 L L M|
20 30 10?
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Fractional JES uncertainty

Fractional JES uncertainty

n-prsystematic uncertainties

0.1 T T
[ Data 2015, /s = 13 TeV ATLAS
[ anti-k, R = 0.4, EM+JES + in situ ]
0.08[-"1=00 [0 Total uncertainty 7
[ — Absolute in situ JES 4
L * Relative in situ JES
0.06 + Flav. composition, inclusive jets _
L lav. response, inclusive jets
Pile-up, average 2015 conditions B
+ Punch-through, average 2015 conditions
0.04
0.02
ity
0
20 30 40 102 2x10?
0.1 T T T T T
[ Data 2015, /s = 13 TeV ATLAS ]
[ anti-k, A = 0.4, EM+JES + in situ
0-08jd 7 =80 GeV [ Total uncertainty -
L = Absolute in situ JES |
L =+ Relative in situ JES
0.06 ==+ Flav. composition, inclusive jets. _
L . Flav. response, inclusive jets
L -+ Pile-up, average 2015 conditions 4
+ .= Punch-through, average 2015 conditions B
0.04— —




Detector calibration

t -based pile- Residual pile-t
EM-scale jets Origin correction st area:based pile: LSO
up correction correction
Jet finding applied to Changes the jet direction Applied as a function of [Removes residual pile-up
topological clusters at to point to the hard-scatter  event pile-up pr density dependence, as a
the EM scale. vertex. Does not affect E. and jet area. function of u and Nev.
Absolute MC-based Global sequential Residual in situ
calibration calibration calibration
Corrects jet 4- Reduces flavor A residual calibration
to the particle-level energy and energy leakage effects is derived using in situ
scale. Both the energy and  using calorimeter, track, and measurements and is
direction are calibrated. muon-segment variables. applied only to data.
= T ATLAS § 7
NS C {s=13TeV,3.2fb ]
§1.05 anti-k, R = 0.4, EM+JES
o C ]
1= B
"3, - -
8 Jop L -
8 0.95— 3
oy % = o Z-jet b
€, — B —
e 0.9 A y-jet 5
c ~ Multijet ]
@ nl . A
An 0.85 — Total uncertainty ]
Ccoyy - . 4
"Sste [ [l Statistical component ]
] S | i
2 2 3 3
20 30 10 2x10 10't 2x10
e
Py [GeV]
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Double-differential inclusive jet cross
section measurement

T T T T T
anti-k, jets, R=04 ATLAS Preliminary
13Tev, 321" ® <05 (<10
05 <y <10 (x 107
10 <]y <15 (x 10%)
15 5]y <2.0(x10%)
20 <ly| <25 (x10%%)
25 <ly| <3.0 (x 107

.
.
©
., ©
Aaa, []
.
AA‘“““ o
S A“AAAAAAA "
4 nlo) x A
i N
Ef ey
102 3
p, [GeV]

Good agreement in the full prand ra-
pidity ranges




Search for dijet resonance

00C )00 : q* W’ Z‘ W* /\
5 >\/VV\<

SO0C

jet2

jeti
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Search for dijet resonance

SO0C

00C )00 : q* W’ Z‘ W‘v< A\
/

o]
SIS <

. /
i
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Search for dijet resonance

00C )00 : q* W’ Z‘ W* /\
5 >\/VV\<

a

M_SM \
X

20y* |

SO0C

x=14

‘more BSM-like X = e
y* =W —y2)/2
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I Simple event selection &

@ Single jet trigger - pr°"™m >380 GeV
@ At least two jets in the event
o pleadsubl) > 440(50) GeV

@ Central events: |y*| <0.6
» looking for s-channel resonances

@ Dijet invariant mass: m;>1.1 TeV

» trigger constraint to avoid turn-on
effects
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@ Single jet trigger - pr°"™M >380 GeV
@ At least two jets in the event
o plead(subl) > 440(50) GeV

@ Central events: |y*| <0.6
> looking for s-channel resonances

@ Dijet invariant mass: m;>1.1 TeV

» trigger constraint to avoid turn-on
effects
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Simple event selection

@ Single jet trigger - pr°"™m® >380 GeV
@ Atleast two jets in the event
o pleadsubl) > 440(50) GeV

@ Central events: |y*| <0.6
» looking for s-channel resonances

@ Dijet invariant mass: m;>1.1 TeV

» trigger constraint to avoid turn-on
effects
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T T T T
—— Pythia Dijet
Vs=13 TeV, 37.0 fb™ JES Uncertainty

>0.44 TeV, m>1.1 TeV, |y*|<0.6

Events / TeV

MC

Data-MC




Background estimation

| Monte Carlo simulation unable to reproduce QCD background at the precision needed

2 10tk ATLAS —— Pythia Dijet
g2 10°E {s=13TeV, 37.0 b JES Uncertainty
g 1w per>0.44 Tev, m>1.1TeV, |y*|<0.6 ¢ Data

Fit a smoothly falling background with an
analytical function to search for bumps

fz)=pi-(1 22 22PN z=my/\/s

@ Variable number of parameters needed
@ Fit complexity increase with luminosity
» more data - more parameters needed

Fit breaks when statistics increase!
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I Background estimation C

)
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| Monte Carlo simulation unable to reproduce QCD background at the precision needed

‘ATLAS "B ythia Dijet
(s=13 Tev, 37.0 fb™ || JES Uncertainty

pe*>0.44 Tev, m>1.1TeV, [y¥|<0.6 e Data

Events / TeV
=
X
B

10
1 } 1 1 L !
8 t T T T

% o '
ol o .. =
b 0 P ﬂw H i
al g5 e aat oL +H 1 i
04 L 1 1 1 L .

2 3 4 5 6 7 8 9

m; [TeV]

Fit a smoothly falling background with an
analytical function to search for bumps

fz)=p1-(1 -2/ 2> z=mj/Vs
SWiFt: Sliding Window Fit

@ Fit spectra in restricted regions (window)

@ Slide the window centre bin-by-bin

@ Fit with simpler function

@ Extract background prediction at window
center

Fit stable when increasing statistics!
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I Background estimation C

)
INFN

| Monte Carlo simulation unable to reproduce QCD background at the precision needed

¢ 10t ATLAS — Pythia Dijet
g2 10°E {s=13TeV, 37.0fb™ || JES Uncertainty
Z 1OZ pe>0.44 Tev, m>11TeV, |y|<0.6 ¢ Data

10°

t

1 | | I | |

Ol T T T T
% o '
gs O E
= 0 e ﬂw H E
i ety -
04 I L 1 1 L .
2 3 4 5 6 7 8 9
m; [TeV]

Fit a smoothly falling background with an
analytical function to search for bumps

f(2)=pi- (12 2% z=m;/Vs
SWiFt: Sliding Window Fit

@ Fit spectra in restricted regions (window)

@ Slide the window centre bin-by-bin

@ Fit with simpler function

@ Extract background prediction at window
center

Fit stable when increasing statistics!
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I Background estimation C

)
INFN

| Monte Carlo simulation unable to reproduce QCD background at the precision needed

S o o
@ 10 ATLAS — Pythia Dijet
g2 10°E {s=13TeV, 37.0 fb™ || JES Uncertainty
% 10° p':a""-">0.44 Tev, m>1.1TeV, |y*|<0.6 « Data
10°
107
10°
10°
10
10°
10?
10
1 | |
8 } } } f
% 8 :
SIS -2 B , H :
8 0 oseenge®stuggoner, =
ol 02E d ﬂ#ﬁ m 1 e
04 L 1 1 1 L -
2 3 4 5 6 7 8 9
m; [Tev]

Fit a smoothly falling background with an
analytical function to search for bumps

fz)=p1-(1 -2/ 2> z=mj/Vs
SWiFt: Sliding Window Fit

@ Fit spectra in restricted regions (window)

@ Slide the window centre bin-by-bin

@ Fit with simpler function

@ Extract background prediction at window
center

Fit stable when increasing statistics!
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Search for a bump

Events / Bin
= = = = = [
5 2 9 Q2 9 9 9

=

107"

N O N

Significance

Data-MC
MC
s o
o o u

T
ATLAS
Vs=13 TeV, 37.0fb™
o Data
Background fit
—— BumpHunter interval

E --c-- g%, m =4.0TeV

= --@-- g%, mq.zs.OTe\/

L g% 0x10

E p-value = 0.63

E- FitRange: 1.1-8.2TeV

E ly*| < 0.6 =

Bt i

— JES Uncertainty —_
2 3 4 5 6 7 89

m. [TeV]

BUMPHUNTER algorithm:
search for a peak on top of predicted background
@ search for significantly discrepant subsequent bins

@ exclude them, refit and compare data with new
background prediction

» No significant deviations with respect to SM
background prediction: p-value = 0.63
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Search for a bump

£ = R I R A
o E
S0 ATLQSE BUMPHUNTER algorithm:
— E — ata .
§10s 5 — Fit search for a peak on top of predicted background
LLI = . . A . - . oy . H

10°E — - Statistical uncertainty in fit @ search for significantly discrepant subsequent bins

E Function choice ) )

10 @ exclude them, refit and compare data with new

107 background prediction

102%

10 {5213 TeV, 37.0 fb™ » No significant (EiE\./Ia'[.IonS with respect to SM

| FitRange: 11-8.2 Tev background prediction: p-value = 0.63
E |y<06 : - .

ik Iy < @ Systematic uncertainties on fitted background
g 045 » Fit parameter statistical uncertainties
g R R » Alternative fit function choice
S-02F T
04 b cnnedbennn bl |

2 3 4 5 6 789
m; [TeV]
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Search for a bump

ATLAS
(s=13 TeV, 37.0 fb™

o Data
Background fit
—— BumpHunter interval
--o-- qY,m =4.0TeV
--@-- g%, mq, =5.0 TeV

Events / Bin

q* ox10

p-value = 0.63

Fit Range: 1.1 - 8.2 TeV
ly*| < 0.6

!
[S=)

Significance

‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ HHHH‘ LIt

P BN U TUUTTU FTTETTT
A
JES Uncertainty

o

I
o

Data-MC
MC
v ow
\‘\ \‘\

2 3

BUMPHUNTER algorithm:
search for a peak on top of predicted background
@ search for significantly discrepant subsequent bins

@ exclude them, refit and compare data with new
background prediction

» No significant deviations with respect to SM
background prediction: p-value = 0.63

@ Systematic uncertainties on fitted background

» Fit parameter statistical uncertainties
» Alternative fit function choice

» Use data to exclude new physics contributions
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Benchmark signals

different benchmark signals

different shapes,
different acceptances

@ Excited quarks : g*

@ Extra gauge bosons: Z', W/, W*
@ Quantum Black Holes from ADD models

Acceptance

Acceptance

)
INFN
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ook ATLAS simdlationé g ngt‘ ATLAS SimulaliorE
Vs=13 TeV, |y*| < 0.6 a V5=13 TeV, [y* < 0.6
0.8 o E 8 0.8 QBH(BM) 3
0.78 E < o7t E
0.6 E 0.6F E
0.5 E 0.5F E
0.4F E 0.4 E
0.3f E 0.3f E
0.2 E 0.2F E
0.1 E 0.1 E
0 3 5 05 5 10
Mass [TeV] Mass [TeV]
bt T | o I T IRE
oof ATLAS Simulation J § oof ATLAS Simulation J
Vs=13 TeV, |y*| < 0.6 a V5=13 TeV, [y <1.2
0.8 w 3 8 0.8 W+, sin(g) =0
0.78 E < o7t E
0.6 E 0.6F E
0.5 E 0.5 E
0.4F E 0.4F E
0.3f E 0.3f E
0.28 E 0.28 E
0.1 E 0.1 E
0 ; 5 0 5 ;
Mass [TeV] Mass [TeV]
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Limit extraction

95% CL upper limit based on the full 2015+2016

collected dataset, 37 fb—!

Model 95% CL exclusion limit
Run 1 Observed Expected
Quantum black hole 5.8 TeV 8.9 TeV 8.9 TeV
w’ 2.5 TeV 3.6 TeV 3.7 TeV
W L8TeV o Tf\j‘ T‘;\_gs ey 36 TeV
Excited quark 4.1TeV 6.0 TeV 5.8 TeV

» 40-50% improvements with respect to Run 1

W* re-optimized — 90% improvement

NEW PHYSICS SEARCHES IN ATLAS - M. BAUCE - 10 APRILE 2017

= =107 T T ]
= N ATLAS 2 \ ATLAS E|
&1 Vs=13Tev, 37.0 o™ < N\ V5=13Tev,37.0f0"
. Iy <06 x o \1<06
< ©107¢ \ 3
= \ El
51075 N \ ]
\ ]
10°¢ 3
107 E|
—-a* 4L —-QBH .
[ 10 oy
107 —— Observed 95% CL upper limit N —e— Observed 95% CL upper limit \ 3
Expected 95% CL upper limit ~ Expected 95% CL upper limit \ ]
s Expected + 1o and + 2 N mExpected + 1o and 2 \
1074 Il L Il 1075 Il Il Il L
2 4 6 6 8 10
mg. [TeV] M,, [TeV]
=y T T =y T T
= ATLAS 2 L ATLAS 4
AN =13 Tev, 37.0 b x - (13 Tev, 370" 3
" ~ "
~ N Iy < 0.6 X N Iy <12 ]
< < N ]
x 107 x N
o ©107Y E|
1072 1
2 —
107 —-w < 9 107 —- wising)=0) N E
—=— Observed 95% CL upper limit >~ —e— Observed 95% CL upper limit \ al
Expected 95% CL upper imit Expected 95% CL upper lmit "\ ]
1074 ™ Expected  1oand £ 2 ¢ o mExpected + 1o and 2 N
Il Il Il -3 Il Il Il L
2 4 6 107775 3 4 5
m,, [TeV] m,,. [TeV]
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Generic signal interpretation

Generic gaussian signal

@ Set limit on gaussian signal shape
@ Useful for phenomenological reinterpretation of

the results

(Jet energy folding

@ Factorize detector effect on jet energy from the

resonance intrinsic width

@ Information provided at particle level

0 x A x BR [pb]
|_\

S

[ =

2

[EEN
<

1073

10™

T

LR LR T T

T

T T T T T T T T

---------- Exp. 95% CL upper limit for aG/mG =07]

=== Expected+1cand +2 o
Obs. 95% CL upper limit for:

—=—0g/mg =0.15
—=-0g/mg =0.10
——0g/mg = 0.07
——0g/mg =0.03
——0/m;=0

[y*| < 0.6
Vs=13 TeV, 37.0 fb™*
ATLAS

! | ! ! ! | ! !

Lol Ll TR

Ll
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Z' - a peculiar benchmark

@ Standard Model U(1) extension:
> leptophobic additional Z’ boson

@ Z’ coupling to SM quarks determines its width
@ Simple scenario for Dark Matter models (see

next.)

@ Constraint on the model on m: vs. gq plane

0.3 -

r ATLAS ]

F Vs=13TeV, 37.0fb* b
0.25— -

r— Observed 95% CL upper limit D 7]

F N\ Expected 95% CL upper limit %\\\\‘.\\“ b

0.2 N .

C @ ]

0.15 -

0.1 -

005—~, , , v T

1.5 2 2.5 3 3.5
my. [TeV]
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non-resonant contribution

What if new physics is not a nar-
row resonance?

@ Too wide to be seen in m; POy

@ At a too high scale jet2 ;‘/7[ ESM
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Dijet angular correlation

Explore dijet angular separation

w= @yt <17 I}’1’2r}’2\ <14
x= 1 xX= 14
more BSM-like
more QCD-like

@ Background prediction from MC simulation
» include NLO QCD corrections
> include LO EW corrections
@ Theoretical uncertainties: pdf, choice of
factorization and renormalization scales

@ Dominant experimental uncertainties: jet energy
reconstruction (scale)

Vs=13 TeV, 37.0 fb*

X

1/N dN/d;

ATLAS

® Data —SM
""" Cln =-1,A=22 TeV
LL

Cln =+1,A=15TeV
LL

l:| Theoretical uncert.
- Total uncertainty

46< m; < 49 TeV 4

4 _

40<m<43TeV |

e .
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Dijet angular correlation

. . — -1
Explore dijet angular separation Vs=13 TeV, 37.0 fb ATLAS
g m>54Tev ] *Data —sm
X = 62‘}’*\ \}’*l <17 |.V1 + y2‘ <141 %0.06:—_f 4 - Cin, =-1,A=22 Tev
2 £ Cln =+, A=15 TeV
- E o LL
0.04] [ Theoretical uncert.
3 - Total uncertainty
x=1 x =14 0,06_1 49<m <54Tev 4F 46<m <49TeV ]
more BSM-like _ ]

more QCD-like

@ Background prediction from MC simulation
» include NLO QCD corrections
> include LO EW corrections
@ Theoretical uncertainties: pdf, choice of
factorization and renormalization scales

@ Dominant experimental uncertainties: jet energy
reconstruction (scale)
@ Combined fit in different m;; regions 0.03

) - 1 2 34567 10 20 1 2 3 4567 10 20 30
» constrain theo. and exp. uncertainties X X
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Dijet angular correlation

Explore dijet angular separation

=@y <17 \}’12}’2\ <14
x=1 x =14
more BSM-like
more QCD-like

@ Background prediction from MC simulation

x(mj) introduced in Run 2 search,
toward a full 2D analysis:
@ Benefit from combination of x
and myinformation

@ More statistics needed — energy

available at the end or Run 2
/i
» constrain theo. and exp. uncertainties

X

1/N dN/d

Vs=13 TeV, 37.0 fb*

o
=]
>

T

0.04

m;>5.4TeV |

ATLAS
® Data —SM
'''''' Cl nLLz—l, N=22 TeV
Cl r]LL=+1, A=15 TeV
l:| Theoretical uncert.
- Total uncertainty

0.06-1

49<m;<54TeV

4.6<m;<4.9TeV

0.03]

2 34567 10
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20

2 3 4567 10 20 30

X

22



Dijet angular correlation

Contact Interaction contribution expected to modify x &
distribution 2009
P4

2r - _
Lgq = ﬁ[ Gy qu(Quyeal)

+7RR(GRY* IR)(GR Y GR)

Vs=13 TeV, 37.0 fb*

0 R

m;>5.4TeV |

ATLAS

® Data —SM
'''''' Cl nLLz—l, N=22 TeV
Cln =+1,A=15TeVv
l:| Theoretical uncert.

- Total uncertainty

+27RL(GRY" QR)(GLYL QL] 008

@ LL scenario as benchmark
@ constructive/destructive interference with SM
considered

A

0.03} .
1 2 34567 10

49<m;<54TeV

4.6<m;<4.9TeV 4

20
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Dijet angular correlation

Contact Interaction contribution expected to modify x
distribution
2m _ _
Lgq = ﬁ[ (Y qu)(Quyeal)

+7RR(GRY* 9R)(GR Y R)
+27RL(GRY* QR)(GL YL QL]

@ LL scenario as benchmark
@ constructive/destructive interference with SM
considered
A

}WJ

New physics scales A probed up to ~30 TeV

= T
L ATLAS
F \5=13Tev,37.0fb%n =-1

— Observed 95% CL upper limit

Expected 95% CL upper limit

? f= Expected + 10and + 2 0 é
16 18 20 22 24 26 28 30
A[TeV]
/‘\TLAS ‘

§=13TeV,37.0f%n, =+1

— Observed 95% CL upper limit -|

Expected 95% CL upper limit

s Expected + 1loand +2 0
Il

10 15
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Complementary dijet searches

'c% ‘ ATLA‘S
w 5=13 Tev, 37.0 fb™*
» What happens at lower masses? 51 _* Bakgromdrt
w BumpHunter interval

=

o G5, m_ =4.0TeV
=R m:V:S.O Tev

Recorded data rate

q* o x10

p-value = 0.63

Fit Range: 1.1 -8.2 TeV
Iy < 0.6

event rate x event size

too large...

Significance

e, 1l 1
M o

Data-MC
& o
9o
N B
o
m
o
c
5
8
B
21
Z
[

2 3 4 5 6 7 8

24
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Complementary dijet searches

‘ ATLA‘S

=
e [

i oo (5=13 Tev, 37.0 b
dijet + v ‘ i 8 . Data
Q@ F T = X g 10 — Background fit
S [ x+y@ >150Gev) ATLAS Preliminary 7 w BumpHunter interval
i <08 (5=13 TeV, 155 fb* 10 o g% m_=40TeV
@ 1 = , 15. g g%, m:V:S.O Tev

« Data
—— Background fit
—— BumpHunter interval

|
B
9, 9

q* o x10
p-value = 0.63

Fit Range: 1.1 -8.2 TeV
Iy <06

-0-Z'(g,=0.30), m, =350 GeV, 0 x50
[ pvalue =067 o
Fit Range: 169 - 1493 GeV g
3 E | |
E g 0.5 1 JES Uncertainty
2 200 300 400 500 1000 E 05
m; [GeV] = L L
]
J 2 3

Select events with an additional
high-pr+(/g) from ISR
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Complementary dijet searches

c T T ey
P @ ATLAS
ii 7 o (s=13 TeV, 37.0 o™
dijet + v ‘ i 8 . Data
PR . - X g 10 —— Background fit
S [ X+v(P, >150Gev) ATLAS Preliminary 7 i} BumpHunter interval
8. [ w1<od (5=13TeV, 15.5 fb* 10 we- anm,=40Te
gl W = . 15. o 5 g5 m.=50TeV
E . Data El 10 a
nf —— Background fit ] a q
r —— BumpHunter interval ~
10 E
F ] q* 6 x10
10° = F A p-value = 0.63
E E Trigger Level Analysis Fit Range: 1.1-8.2 Tev
E-e-z (g,=0.:30), m, =350 GeV, o x 50 | 2107 ; — . ly*| < 0.6
[” p-value = 0.67 7 € E - 3 10
£ Fit Range: 169 - 1493 GeV e k ATLAS Preliminary | 8
E woor Vs=13TeV, 3.4 b 9 8
[ . Data ] s
r Background fit 7 2R | |
E 100 —— BumpHunter interval | Q| 05 [ JES Uncertainty
200 300 400 500 1000 E Sl o5
r e I I
my [GeV] i 2 3
10°

Select events with an additional
high-pr+(/g) from ISR

p-value = 0.19
Fit Range: 394 - 1236 GeV/
Iyl <0.

Dedicated trigger stream with

8 of . .
£ partial event reconstruction
% 465 500 600 700 00 9007000 (jet only)

m, [GeV]
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Z' combined interpretation

=2 [ T T T T T T L T T =
o 0.35F ATLAS Preliminary March 2017 Dijet+ISR (y), 15.5 fb™ 7
Bt 5= ] 1 ATLAS-CONF-2016-070 B
s=13TeV;3.4-37.0f Dijet+ISR (jet), 15.5 fb™ .
0.3 ATLAS-CONF-2016-070 -
Dijet TLA, 3.4 fo™* .
) ATLAS-CONF-2016-030 .
0.25F Iyl <038 Dijet, 37.0 fb* —
- arXiv: 1703.09127 -
o <
0.2~ n® 95% CL upper limits =
= ““.u---. |y* I <0.6 sunnmr Expected .: n
0.15 O ‘\/ z Observed & i
0.1 ly*,|<0.6 —
0.05F bl <03 b <08 E
: 1 1 1 1 1 1 1 I 1 1 :
300 400 1000 2000 3000
m;. [GeV]
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I Dark Matte m cosmology to colliders o

rotational velocity Ngu‘t-r;:og ]

[km/s)

(,/”_\"f_‘\~_35§221_—

Dark Matter
23%

50000 100000
distance from cente [light years)
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SIMPLIFIED MODELS: di-X & mono-X interplay

» Why Z’ extension is good for Dark Matter?

g q
8q 8q
med.
q q
—_ L 5
Lav =9q Z Z.9v"vq
g=u,d,c,s,b,t

@ Extend the SM with an axial-vector mediator Z’ [U(1)-like]
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SIMPLIFIED MODELS: di-X & mono-X interplay

» Why Z’ extension is good for Dark Matter? A good simplified model

q q X

3

8q 8q 8q \gl
med. med. N

q q q X

— n.5 — n.5 .
Lav=0s Y. ZGV°q+9Zxv"’x  4pars (g, g, My, Mued]
g=u,d,c,s,b,t
¢£ Collider production >

@ Extend the SM with an axial-vector mediator Z’ [U(1)-like]

@ Add a Dirac fermion WIMP candidate (x)
@ couple Z' to x
@ This is a simple model, different ones can be considered
> details i . - . -
etails in 1507.00966[hep-ex] and 1503.05916[hep-ph] " —
=< uonoasp 1alpul X

uonoalep 1ald
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SIMPLIFIED MODELS: di-X & mono-X interplay

» Why Z’ extension is good for Dark Matter? A good simplified model

q q

S

8q 8q
med.

q q q

Lav=0s Y. Zgv"°q+9Zxv"°x
q=u,d,c,s,b,t

@ Extend the SM with an axial-vector mediator Z’ [U(1)-like]
@ Add a Dirac fermion WIMP candidate (x)
@ couple Z' to x

@ This is a simple model, different ones can be considered
» details in 1507.00966[hep-ex] and 1503.05916[hep-ph]
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4 pars :[9q, Gx, My, Mped]
¢£ Collider production >

9
@
24
l o
@
@
Q
2
]
[72] ¢
= uonoalep 10alpul >
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Search for what you don’t see: mono-X

1

(1 \"(/21 X/?

q X

@ WIMP (x) invisible in the detector
@ I|dentify the event through a recoiling object: W, Z, v, g, b

@ Production of large unbalanced energy in the transverse
plane, £

@ Peculiar back-to-back event topology Mono-X signatures
.
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Mono-jet searche

@ Constrain subdominant background in dedicated

control regions

@ Simultaneous fit of £distribution in signal and
control regions

@ Similar approach for mono-photon search

> T . .
8 107 ATLAS ® Data2015

= $54%% Standard Model
D qP-Vs=13TeV, 321" 2 ) +jets

2 Signal Region W(— ) + jets
g 10° iss, B W= ) +jets
S p,>250 GeV, E]'**>250 GeV "l

B Z( 1)+ fets

= (350, 345) GeV
(150, 1000) Gev

High p_ jet

s —_— ‘
» Dominant irreducible Z — vv+jets background % 1;,/,‘/»//y/»/f,//,//f},i4f 22 / // W %% jrjé
© E
(not the only one, unfortunately) O oskE .u
400 600 800 1000 1 200 1400

EM® [GeV]
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Dark Matter combined interpretation

DM Simplified Model Exclusions
1.2 T / T = Dijet
Vs =13Tev, 37.0 ™
arXiv:1703.09127 [hep-ex]
— Dijet 8 TeV
\s=8Tev,20.3 0"
Phys. Rev. D. 91 052007 (2015)
— Dijet TLA
Ys=13TeV,3.41*
ATLAS-CONF-2016-030
— Dijet + ISR

\s=13TeV, 155 b
ATLAS-CONF-2016-070

=

s

@ For relatively large coupling
Jq dijet constraints are
strong

DM Mass [TeV]

s

0.8

Dijet + 1SR

0.6

Dliet TEA \
et 8 ToV

0.4

= sy

Vs=13TeV, 364 ™
CERN-EP-2017-044

Dlet

i
[ ed

0.2

— miss ;
ET*+jet
Vs=13Tev,32fb"
JHEP 06 (2016) 059

L

or, Dirac DM
=1

DI

15 2 25 3
Mediator Mass [TeV]
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Dark Matter combined interpretation

@ For relatively large coupling
gq dijet constraints are
strong

DM Mass [TeV]

@ As gq gets weaker dijet
searches are
complementary to mono-X

@ For g; #0 dilepton searches
largely constraint the
parameter space

DM Simplified Model Exclusions
1.2 T T T

ATLAS Preliminary March 2017
T T T

1~ ]
0.8 .
0.6 b J
041 { 7 Joiet 7
0.2~ / Dilepton Axial-vector mediator, Dirac DM | ]
(4] e g =01,9=019 =1 ]
- /) /ET A?l limits at 9|5“ o g

0 0.5 1 1.5 2 f.S 3
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Mediator Mass [TeV]

= Dijet

Dijet 8 TeV ¥ = 8 TeV, 20.3 fo*
Phys. Rev. D. 91 052007 (2015)

Dijet {5 = 13 TeV, 37.0 fo*
arXiv:1703.09127 [hep-ex]

Dijet TLA ¥§ = 13 TeV, 3.4 fo*

ATLAS-CONF-2016-030

— Emissyx
EF*+y¥§ =13 Tev, 36.4 b
CERN-EP-2017-044

— Dilepton

\s=13TeV, 36.1 1™
ATLAS-CONF-2017-027
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a,, (DM-nucleon) [cm’]

lo>37
107
107%
107
10
107
1074
107
10
10
10

107

Comparison with Direct Detection

DM Simplified Model Exclusions ~ATLAS Preliminary March 2017
£ T T T 3
miss
3 Ty i
E Dijet TLA
F Dijet 8 TeV
B =
g —
3 3
3 3
- 2
3 3
E Vector mediator, Dirac DM E
£ 9,70259=0g9,=1 3
F  ATLAS limits at 95% CL, direct detection limits at 90% CL E
L L L
1 10 10 10°

DM Mass [GeV]

— Dijet TLA
5=13Tev, 341"
ATLAS-CONF-2016-030

— Dijet 8 TeV
=8 Tev, 203"

Phys. Rev.D. 91.052007 (2015)
= Dijet

=1aTev, 370"

arAT03.09127 [hep-ex]

TEMS4y

f5=13Tev,36.4 16"
CERN-EP-2017-044.

= PandaX

arXiv:1607.07400

—LUX

arXiv:1608.07648; arXiv:1602.03489

» (mMy,Mmeq.) €xclusion converted into cross
section limits

2 2,,2
o _ 99pm9atny
Tg1 = m4

T mea.

(details in hep-ph:1407.8257)

X Direct detection  x
= _> _
o >
[3) =
> D
2 Q
(o]

5 2
g S
g S
SM SM

Good sensitivity for low-mass DM candidates (i.e. <10 GeV)
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Comparison with Direct Detection

» (My,Mmeq.) €xclusion converted into cross

- 107 I?M Simplified Modely Exclusions ATLA'S Preliminary Marctl 2017< — Dijet TLA section limits
£ E E
r 1 f5=13Tev, N
S omf i . o 30202 (A + Dg + Ds)2 i3,
S o | i ~—Diet8TeV S 4
s 107F 1 e TMed.
o E 3 Phys. Rev. D. 91052007 (2015) I
Z 107F 1 =Diet (details in hep-ph:1407.8257)
Th 0 [ By 7 5 =137ev, 3701
& 10 E = anXiv:1703.09127 [hep-ex]
w0k 1 —Erssy x_ Direct detection
E 3 f5=13Tev, 364 10" c
o CERNEP-2017-044 _> —
wE PICO-60 C,F, g a3
[ — anXvi1702.07666v1 [astro-ph.CO] 15 =
10 “ / 3 ’ > g
e o3 3 ol
E E = o
10 3 o 3
? Axial-vector mediator, Dirac DM § % (o]
107 F 9,=0259=0g9, =1 3 = g
F  ATLAS limits at 95% CL, direct detection limits at 90% CL. 3 6
107 L L L O =
1 10 10° 10°
SM SM

DM Mass [GeV]

Good sensitivity for low-mass DM candidates (i.e. <10 GeV)
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Ongoing and future searches: di-b-jets

P E !
~ € E ATLAS 3
A § 105k 5=13Tev, 321" —e— Datainclusive -
N 1w A n —=— Data 21 b-tag E
° Q 10° & —«— Data 2 b-tag 4
s i
\ = ("’D 10° PYTHIA 8 2 b-tag =
< ) 3
5 a2 ° o E
= R o L 4
I o 2 10 <
x x < E E
1 E -4
Identification of jets from heavy-flavor quarks: b-tagging § e ‘
B Q  1.4Einausie ! | ! ‘

> 4 T T TrrrTTrrTT T T T T T Kl E 3

.E 0.9F-ATLAS Simuation © Z321btag ™ L5Tev & 1,22 "A”M# H‘M h N ‘ '
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Ongoing and future searches: di-b-jets
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Resonances can be sought into the
smoothly falling spectrum
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» Search will benefit from the increasingly
available statistics
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I Ongoing and future searches: peculiar multi-jet signatures

Run: 279984
Event: 1079767163
2015-09-22 03:18:13 CEST




I Ongoing and future searches: peculiar multi-jet signatures

Many-jet events open opportunities to search : ATLAS
for peculiar signatures: : }Imza.om"

@ inclusive multijet searches o P Teewey

@ double resonance cascades: **W: |
Y XX =i+ | *7

N 23

@ Three-jet resonances: Y — jjj
g%




Learn from your neighbors

5 CMS Preliminary 27 b8 36 fo! (13 TeV)
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@ 13 TeV collisions provided by the LHC are an
unprecedented dataset to search for new physics

o Striking signatures are promptly explored -
unfortunately no new physics hints so far

@ The search will continue until the end of Run 2 in 2018
- expect to collect 100 fb~" of data by then

» Run 3, 2021-2023, possibly at 14 TeV, will collect ~300 fb—!

e Systematic and coordinated searches will continue in
the upcoming years to explore uncharted territories
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BACKUP
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Luminosity vs. Energy

@ Increased collision energy is the ultimate way to increase the mass reach
@ The cross section to produce states of mass M a fixed fraction of Epeam decreases as 1/S
@ To fully exploit higher-energy collider, its luminosity should scale as ~ S

100 TeV vs 14 TeV PDF Luminosities, PDF4LHG15 NNLO
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@ Besides acceleration challenges, dealing with huge amount of pileup will be a major issue
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DM simplified models

* DM simplified model for spin-1 mediator is equivalent to the leptophobic Z’ explored in dijet searches
* Difference: the addition of a DM candidate modifies the total width of the mediator

Monojet production

Mediator Width

Interesting scenarios

I =% +3 x

>

aq
Pav

q=U,d,5,C,bjt:

AV T

2
XX — oM Mmed 1-4
127

muep >> mowu: the relative branch fraction
of monojet and dijet is proportional to
NcNg gsm?gom?

dgsm << gom, gom ~ 1: narrow resonance but
BR monojet larger than dijet one

dom >> gsm, gom > 1: resonance not harrow
anymore BR monojet larger than dijet one

2mpwm >> muen: No partial width into dark
matter so the Z’ model reduces to the
standard one used in dijet searches
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DM Coupling choice

dsm 25, gom gsm =0.10, gom = 1.5
DM Simplified Model Exclusions ATLAS Prel DM Simplified Model Exclusions ATLAS Preliminary August 2016
= S R A T =
E 12k ?)Elilé\;e:(nf‘ ediator, Dirac DM E 12l n
» - o 2 3
@ a
= = >
= - 8 = - = b
o @ b 2 8 m
21 2
K 08 a h
5t
0.6 0.6 B
04f . 0.4 s
02F " o2l Esr : J
= S Axial-vector mediator, Dirac DM
/) 0,-01.9
| L . | L . . .
2 25 02 04 0.6 08 1 12 14 1.6
Mediator Mass [TeV] Mediator Mass [TeV]

For “relatively large” quark coupling (gsu) — dijet constraints are very strong

As gsm gets weaker compared to gom — dijet constraints becomes complementary to mono-X

Constraining power in the off-shell region remains strong
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