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LHC timeline

Year Bunch | Pile-
Spacing | up’
25 25

25

20

Integrated Luminosity [fb™]

15:— Design 1 -
A 2011 0.37 50 9 5
't 2012 077 50 23 23
5 2015 0.5 25 14 4
i — Ld(ff/?mf 2016 ~1 25 3 25

0

02-Mar 02-May 01-Jul 31-Aug 31-Oct 31-Dec *
expected values
Run 2: 4 fb~?
Run 1: 28 fb~’ at 13 TeV so far, expect Run 3: expect
at 7-8 TeV ~100 fb™ ~200 fb™
A A
[ | [ \
13 13 _ N
‘14 ‘16 ‘18 ‘20 22
We are here! R 3
Run 1 Run 2 ! 5



ATLAS Detector

25m

Tile calorimeters

. LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr eleciromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transifion radiation tracker
Semiconductor tracker



Inner Detector

r R =1082mm

Transition Radiation
Tracker (TRT): drift
tubes with gas (Xe or
Ar), 350 k channels,
36 measurement

TRT <

LR=554mm point_s
e Semiconductor 3
Tracker (SCT) Silicon,
== 6.2 M channels, 4
R =371mm |aye rs
L R =299mm

Pixel Detector: Silicon,
92 M channels, 4

R layers

R =50.5mm
R =33.25mm

R=0mm

R=122.5mm
Pixels R =88.5mm




Calorimeters

EM Calorimetry :
Liquid-Argon/Pb accordeon, |n|<3.2

o(E)| . 10%
E |, VE/GeV

Hadronic Barrel :
Scintillator/Fe, |n| < 1.7

®0.7%

Cryostat

Hadronic End-cap:
Liquid Argon/Cu, 1.5< |n| < 3.2

Towers in Sampling 3
AOAN = 0.0215+41.05

Forward Calorimeters:
Liquid Argon/Cu/W,
3.1<|n| <4.9

oI

s
Coe




Muon Spectrometer

Thin-gap chambers (TGC)

Cathode strip chambers (CSC)

Barrel toroid

; Resistive-plate
chambers (RPC)

End-cap toroid

Monitored drift tubes (MDT) | Muon Spectrometer: |n| <2.7

estandalone: 2P| = 3060100 Gev) 10061 TeV)
p H

*Combined with ()

° inner tracker: D

=2% (p; <50GeV)

U




Trigger & DAQ

O (proton-proton)

a (proton - proton)

1mb

1ub

1 nb

Fermilab SSC

CERN l

LHJI[': i

Tiat

E">0.25 TeV
~L

TiW —-{iv}ﬂpﬁl

UA1/2
PP

0’55[’11& = 500 GeV)

0.001

0.01 0.1 1.0 10
Vs TeV

10
|/
[
=

Events/s for &£ 10% ¢m=2 s

Event rates

40 MHz

100 kHz

\
~ 1000 Hz

Trigger

Custom
Hardware
[ —

DAQ

[seen) sy ) (o]

Level 1 Accept

%i% Lre Jre )
Q—0

Y
(RoB)

(rop] [ROD] [ROD]

0(100)

Readout System

Trigger Menu
encodes configuration
of the trigger.

-
=3
=]

=3
L]
[}

o
-
o
-
=]
[
'~
[
(=]

Data Flow

Data rates

ATLAS Event

1.7(?)MB/25 ns

~ 160 GB/s

~ 25 GB/s

Y
~ 1500 MB/s

10



L1 Trigger Overview

Timing requirements <2.5us

Calorimeter detectors

Tile/TGe | Muon detectors

Level-1 Calo Level-1 Muon
L 4 A A 4 v
Endcap Barrel .
Preprocessor sector logic | | sector logic FE
Lo I
- Electron/Tau| Jet/Energy | | MUCTPI gote
1 3
(&)
R i ) <
> | )
» L1Topo (o)
: =
,,,,,,,,,,,,,,,,,, o
Central
Trigger
Processor
Level-1




L1 Muon Trigger

TGC2 —

low p_

high p_

XX-LLO1VOD4

0 o 5 10 15m
» coincidences in chamber layers

« widths determines p; threshold (6 possibilities L1_MU)

]2



L1 Calorimeter Trigger
Jet ‘.'.'utlm 8 % 08)

«02)

Jot Flement (0.2

1SOI 1) 3O UCIDOY

Trigger Tower (0.1 »

-

A

} .
== ' Objet
=o) raororic [T

-

Electron, EM
Electromagnetic
L calorimeter Photon
Trigger towers (A x Ap =1 x0.1)
* | Elect i Tau TAU
. . ectromagnetic
B Vertical Sums L H isolation < e.m. |
| isolation threshold Jet ]
=£=) Horizontal Sums Hadronic isolation g
= De-cluster/Rol ion: < inner & outer Miss
Bl 1ocel maximom 2 isolation thresholds Ep XE, XS
2Er TE

Threshold value (in GeV) can vary withn  “V”

° 13



L1 Topo Irigger

Input “Objects”: All objects
Muon, Missing E;, EM, sorted into lists:

Tau & Jet cluster “sorted” or
E;/pp M, ¢, & isolation. “abbreviated”

Transverse Mass,
Ad(jet, E )

Isolation,
overlap removal,
b-tagging... Fat jets

Up to 128 L1 Topo

trigger decisions possible




Central Trigger Processor

Calorimeter detectors

Tile/TGC

Muon detectors

Level-1 Calo

A A 4

Level-1 Muon 3

v

Preprocessor

l

l

Level-1

Electron/Tau| | Jet/Energy |

sector logic

Barrel
sector logic

Endcap

1

>
» Ll1Topo

MUCTPI

Central
Trigger

Processor

Level-1 Accept

Multiplicities

Logical selection

Prescales

Bunch Crossing
Identification

Trigger Type

Region of Interest:




Electron Chain

~ High Level Trigger

« Software running on large
commercial PC farms
reconstruction
o Limitations o»
Typical HLT node:  Size of the Farm: —
2x12-core Intel Xeon Haswell o e
— 96 cores/box Rate x Tlmlng = CPU used Fast e;ectrton
48 GB RAM, 10Gb Ethernet reconstruction
4 motherboards in 2U box e Total Oufpuf rate ~1kHz Fast

electron
electio

Precision calorimeter

Ob] ect Notation reconstruction

Energy calibration

electron e
recision
phOtOH g calorimeter
election
muon mu Precision track
reconstruction
tau tau ——
recision electron
j ot ] reconstruction
) i recision
b-jet jet_b[TagType] electron

election
ETMiss xe ®16




Electron Chain

Fast calorimeter
reconstruction

Fast
calorimeter
electio

Fast track
reconstruction
Fast electron
reconstruction

Fast

electron
electio

Precision calorimeter (CEINEVAR]
reconstruction

Energy calibration

recision
calorimeter
electio

Precision track
reconstruction
Precision electron
reconstruction
recision

electron
electio

Electrons

second layer
AnxA$=0.025x0.024

first layer (strips)
An=0.0031 (4.69 mm) {I[F

TRT (72 layers)

electromagnetic .-
calorimeter .~

N

e1/



Electron Chain

Fast calorimeter
reconstruction

Fast
calorimeter
electio

Fast track
reconstruction
Fast electron
reconstruction

Fast
electron
electio

Precision calorimeter
reconstruction

Energy calibration

recision
calorimeter
electio

Precision track
reconstruction
Precision electron
reconstruction

recision

electron
election

Rate [HZz]

Electrons

:I T 1 | I'T T | T 11 | T 11 | T 1T 1 | ' T 1T 1 | T 11 | T 1 I:
— ATLAS Preliminary Data 2015, {s=13 TeV, j Ldt=6.4pb —
~_ Period A4, 13-14 June 2015 E
E_ $ HLT e24 medium_iloose L1EM18VH _E
= $  HLT 24 Ihmedium iloose L1EM18VH =
= $  HLT e24 tight iloose —
u HLT @24 Ihtight il LL I
- ] _e24 |htight_iloose " +. : =
- be, #y
— N ot 0 =
: F e LT :
- (I1] -
E 0 :m PP Y I LD P
- il WA EE T 1T
= ge SR E
EI 1 1 1 | I I | I I | I I | I I | I I | I I | 1L 1 1 IE
J 08 09 1 1.1 12 13 14 15

Luminosity [10 ** cm”s ]

18



Electron Chain Tau Chain Jet Chain Muon Chain

L1 Rol
reconstruction

L1 MU Rol

Fast calorimeter
reconstruction

Fast
calorimeter

electio
Fast track
reconstruction

Fast electron
reconstruction

Fast
electron
electio

Precision calorimeter
reconstruction

Energy calibration

Precision calorimeter
reconstruction

. . Presicion jet
reconstruction muon track

Fast muon track
reconstruction

electio

Fast track
recons<truction

Energy calibration

Precision
jet selection

Fast track
selection

reconstruction Step 1
reconstruction Step 2

Cut on

Final detector -
number of . . Precision muon
tracks calibration and T R
Precision track all gnm en t et

reconstruction
recision constants not
calorimeter reconstruction . .
electio o avallable Onllne:
Precisi k
- allow for the lower
precision in the
reconstruction

- trigger cuts

electron
electio




Trigger Menu = list of all

tr1ggers of interest

O (proton-proton)

J(Irt(] )P” l(l'

gets 25 KHz
Taus 30 kHz
20 KHz

Muons

o (proton - proton)

b

1 nb

Fermilab SSC
CERN i LHCi

Events/s for &= 10% cm2 5!

20



Physics Menu Priorities

B-Physics
&
Light States

02]



Supporting triggers inputs

B-Physics
& tagging
Light States

Flavor




Monitoring, Calibration Inputs

B-Physics v

& tagging
Light States




Physics Requests Summary

Keep triggers as inclusive & simple as possible!

o Single lepton (electron and muon triggers) below W
o Single/di/tri-object triggers at thresholds as low as possible

Topological, multi-object and dedicated triggers
can be of huge benefit for certain analysis

Menu should be stable throughout the Run 2

Physics
Priorities

024




Single Electron Triggers

—
o=
=

¥k 1 5 4T :
= 90 ——emvitnv | G " ATLAS Preliminary -
S - 1 © 1.2 P ]
> 80f - EMwithvH o E B s=13 TeV,JL dt = 3.34 fb ]
E 700 = g I . . =
- _F @ 2x10%*cm™s! 3§ 2 - ot .
S 60 -4 F 0.8 N ]
3 sof = 061 .
40 = - .
C - 0.4_— ]
30 —] 5 - ]
- ] 0.2 s+ Data, HLT 24 Ihmedium_L1EM20VH -
20 ;— —; E + s Z-eeMC,HLT e24_Ihmedium L1EM18VH E
105 —— 0™"%6 a0 60 80 100 120 140
ol I I T B E; [GeV]
16 18 20 22 24 26 28 30 32
EM threshold
0.5 103 1.0 10% 1.5 10% 2.0 10%
EM18VH 25kHz EM?20VHI EM?22VHI EM24VHI
EM20VH 18kHz ~20kHz ~20kHz ~20kHz
HLT e24_mediumlh (i?) e24_lhtight_ivarloose e26_lhtight _i... e28_lhtight_i...
° ®25

Numbers in italic are my estimate



Single Muon Triggers

:1 I I | I [ | [ | I 1 rn i I I I I | I T 1n 51 I 1 I | I 1 'I
gﬂsf I = (>)\ —r 1 T T T 1 T T
S 0.7 — S :ATLAS Preliminary  Vs=13 TeV det=522 pb’ ]
- R N e g - Z - up, 'l < 1.05 g
09F MU4G E - -
- m ] 0.5 g —
0.3 1 ® Threshold4 =11 GeV [ i il
- 2 L ¢ L1MU15 .
02E - B Threshold 5 = 20 GeV }--3 i Y « HLT mu20_iloose or mu50 |
E i ] - 4+ HLT mu20_iloose or mu50
0 1:_ A Threshold 6=40GeV | 3 [ _ | Withrespecttolt 7
- : : 'ullE % 20 40 60 80 100
00 10 70 30 a0 50 50 offline muon p_[GeV]
Pr (GeV)

- 0.5 10% 1.0 10% 1.5 10% 2.0 10%

MU15 7kHz MU15 ~14kHz MU20 ~14kHz MU20 ~18kHz
HLT mu20i1 mu22i mu24i mu26i

. - - - - .26
Numbers in italic are my estimate



Single Muon Triggers

l T T T I T T T l T T T l T T T ]

" ATLAS Preliminary  Vs=13 TeV I Ldt = 522 pb”

o (radians)
%
ey
B

o
T
P )
% o

s
1285 0 B ""‘."D;." .-'-".".
Ay .E.-,." g vk
§ i '.'l,,-'.- 2L : . A 5

T T T T | T T T T | T T

Z - uu, |n”] <1.05

I 1 1

—

e

NN
b
R
,ﬁa“ ]
. ﬁ e .
&5
¥,
PR
Efficiency

ﬂ!'
ool
&

)

3
X
»

T
wse
&1

LX)
-

|
|

otolgia——g—gp g o ¥
-

Ll

—
&
?
..o --' .... ) '
*e .-..‘-.- > ee *o
e = % g2 ® 4

- o'.‘.&.’ - -
. :. '= .

L J
ol
:
o

% &,
¥4
(X

LY

0.5

1
—

¢ L1MU15
. #  HLT mu20_iloose or mu50
- 4+ HLT mu20 _iloose or mu50

: with respect to L1 |
I - L 1 L | I 1 I | L 1 L

60 80 100
offline muon p_[GeV]

1 | 1 | | |

OO
]
N L
o
N
o

- 0.5 10% 1.0 10% 1.5 10% 2.0 10%

MU15 7kHz MU15 ~14kHz MU20 ~14kHz MU20 ~18kHz
HLT mu20i1 mu22i mu24i mu26i

) ®27
Numbers in italic are my estimate



More on L1: single objects

— ek sk ek
.h.m

R = O O O M

Trigger Rate [kHZ]

T
— ATLAS Trigger Operation

T

ys=13 TeV .
- L1 Trigger Rates (single objects e
- ppD%gDct 340 m1e 0bjecty oL

1

¥

L1 EM20VH
AL1 MU1S
w1 J75

L1 TAUGD
“L1 XE50

-
L]
=
9
r

436 438 44 442 444 446 448 45
Instantaneous Luminosity [10% cm2s]

Moxmum of 512 L1 Trigger Items (including 128 of L1Topo)

28



More on L1: multiobject

L L D P O A
ATLAS Trigger Operation ys=13 TeV

1 Trigger Rates émultl nhjects
pDaaDctEm

o

Trigger Rate [kHZ]

*L1 2EM10VH
L1 TAUZ20IM_ZTAUAZIM
aL1 MUB_2MU4

L1415

9
8
7
6
5
4
3
2

="

‘r'i TF%
&

| Ve | |

436 438 44 442 444 446 448 45
Instantaneous Luminosity [10* cmZs7]

Maximum of 512 L1 Trigger ltems (including 128 of L1Topo)

o e 29



Tau Topologies for Run 2 L1 selection

SR indAOM \ith jets; no MET requirement

boosted Higgs [y

MSSM H—1eth

Z-TTh requirement

no jets, no MET

)
T
OO0

&




Level-1 rate [HZ]

B Physics triggers

_I ] L | | 1 | | | 1 1T 1T T | | I | 1T T T | _]

4 : . ATLAS Preliminary
107 Q A Ly=5x10"em?s'
- i 8 TeV Level-1 rate ,' 7
B e A 0 _
0% E
B L1 LlTopo ]
- O ® BE — (% 107y at 7 TeV -

L1 di-muon thresholds
B MU6_2MU4 A A B sy, Iy — ppat 8 TeV |
21 O B Y(IS) — pu at 8 TeV ]
1 0 :l- L1 1 111 | ] ] L1 1 111 | ] ] L1 1 111 | ] | 1 1 1 111 l :
102 10" 1 10

Level-1 signal yield rate [HZ]

e 3]



B Physics triggers

> —:|- T I L | T T [ T 171 | L | L I T 171 | LI L I 11 IE
% -ATLAS F‘rt—:-llmlnan,fmIJ B Y(nS) -
o 1 0? = Ldt =3.2 fb . -pT{;L]] >4 GeV, pT{u.E] >4 GeV —E
= ~ {s=13TeV ] Mo, :)>6GeV.p (u)>4Gev =
2108 | B W )-6cevp)>6Gev
T ; ] Single muon frigger: p_(u) > 20 GeV ;
H — I —
LICJ 5 ~ .'l Supporting dimuon trigger: pT{p. 1] =4 GeV, pT{pl 2} =4 GeV
-
10 i =
| ]

3 4 5 6 7 8 9 10 11 12
m(uu-) [GeV]

32



Thresholds for HLT primaries

T e ——

Single 201, 50

Di- 2x12 2x10; 18&8 35, 25 35&25 n/a 150&50

Tri- 15&2x7 3x6; 3x15 3x175 n/a
17&2x4

There are also combined triggers (e.g. mixed object types)

® 33



Dedicated Triggers:
Highly Ionizing

Monopole

.
:

</

ey
)
ot

o 5
=y
Particles =

S 1.2f ATLAS Simulation Preliminary — "
5 - m=1000GeV, |g| =2.0g,,|n|<1.37 1 =z F o ' o o i
= - ] 5 05 7
w 1= \s=8TeV .."""“‘“'::'!""““‘*ff > : ATLAS Preliminary .
0 8:_ L ] * _: g 0'4:_ + * Data _:
) - 4+ @ HIP trigger ] 3 C '+' = Dijet MC 7
0.6 o *  .gi20dse | g 03F s Monopole DY MC ]
C ¢ * 1 8 C \s=8TeV,7.0fb™ ]
B 1 3 C ]
N > 1 © -+ §
0.2 ° — 01 T T —
- ° ak . F e, ™ ]
o&n.W""""""--_ R . 5 SO D - SO I

1500 2000 2500 3000 0.4 0.5 0.6 0.7 0.8 0.9

E#in [GeV] fTrigger

HT

® ®34



Number of Jets / [GeV]

Trigger Level Analysis

—
o
~

—h
o
w

—
o
o

—
o

T T T 1 ! ' I I i
Eo—_._ _|_ Data Scouting jets _:
E — —— _|_ HLT jets selected by any single jet trigger E
_ —.-_._ 3 kB/event @ ~1kHz —
—_ . L=0.5 1034cm2s1 :
3 T E
[ + -
- ATLAS Preliminary ]
= Vs=13TeV, 6.25 pb" 'I'-I- %
:_ 2015 Data: Single Run -I-‘I:‘» 1

2102 Bx10?  4x10? 10’

Leading jet P, [GeV]
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Menu Content

i I i~ AL L L L I DL L
?ggol_bmg?r?er leTreg;wSO?r?sd imnn—_ ATLAS Trigger Operation Vs=13 TeV
99 _ Q - HLT Physics Group Rates (with overlaps)
Unprescaled primary & 1200| PP Data Oct 2015
triggers and backups for & - —
i DO £1000}
other lumi points o
. . —
Prescaled primary triggers = 800 « Single Muons
(jefs. photons) 500 :gﬂgﬁg?ng
Alfernafive friggers St lets
including various algorithms 400 Missing Trans. Energ
or selec’ngns 200
Support triggers for
efficiency measurements, 07436 438 44 442 444 446 448 45

backgrounds studies etc.

Triggers for calibration
(partially built events)

Triggers for monitoring
Triggers for special runs

Instantaneous Luminosity [10%° cm2s]



Menu Content

400 L1 triggeritemsand & I T T T oo -
1500 HLTg’?rgi;gger chains T 1400 ATLAS Trigger Operation  Vs=13TeV 3
: @ - HLT Physics Group Rates (with overlaps) :
Unprescaled primary & 1200f- PP Data Oct 2015 :
triggers and backups for & -
i DOI 51000}
other lumi points o
. . —
Prescaled primary triggers = 800 « Singio Muons
I Pnoons) 500 Yhaspen
Alfernafive friggers St lets
including various algorithms 400 Missing Trans. Energ
or selec’ngns 200
Support triggers for )

efficiency measurements,

: 436 438 44 442 444 446 448 45
backgrounds studies etc. Instantaneous Luminosity [10** cm2s]

Triggers for calibration
(partially built events)

Triggers for monitoring
Triggers for special runs ~ Strategy is known for the rest of Run 2

Trigger menu did its job in 2015 run.

° ®37



.My t1melme on ATLAS

& 2 ’rron Trlggers 7 ,, (
\ 2010-2012 Exofics Trlggersx/ % /,;
: £ 2013-2015 Trigger Menu for Run 2

i

% ﬂ)O?-now Dilep'ton sedrches : A

https://www.flickr.com/photos/primejunta/2518179985



Before the start of LHC

THE STANDARD MODEL B Narch Efm : i
Fermions » 3l Theory uncertainty
(I A _ :
5]\t hed = P
v 1 — D.02758£0.00035 :
L i --poz7astooontz ff ¢
4 - " * ss incl. low Q° data : -
g i
R N
2 3 .
3 <]
3
2 =
1 - =
0 Preliminary
| ]
*¥et to be confirmed Source: AAAS 30 100 300
m,, [GeV]
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Hierarchy problem of SM

 SMis an effecftive theory valid up fo a cut off scale Ag,,
« Radiative corrections to Higgs mass:

® ® 40



Searches for Physics Beyond SM

Look for deviations from Standard Model predictions

Direct observation: In-direct observation: |
new resonant or discrepancies in rates of rare processes,
non-resonant structures couplings measurements, etc.

THIS
TALK

0 4]



Experimental Approach: Exotic Search

Search for any deviations from Standard Model

predictions
)

/ Direct observation: \
new (e.g. Exotic) resonant or
non-resonant structures

LOOK FOR SIGNATURES
MADE OF BASIC OBJECTS

Jets,

Bosons Leptons ynconventional

té—J €IS, 4, W,2) (e.mt)  Particles V
T

AS MANY AS MODEL BEII)\II{(?I-YI\I/II?AE{K
SIGNATURES | | INDEPENDENT MODEL
AS POSSIBLE AS POSSIBLE RESULTS

o 42



> F B s
3 10°: ATLAS Data 2010, \/s=7 TeV =
-y = Jf =
@ i [Ldt=a0 pbt -
= 1'[]4?_ ' =
= - : Y -
L 3k d T e, £ —_._l
1':-' l.ll - o P = =
Pt -, - =
........... ————— : 1
o Iy 1 Mg :
10 S | | -
A (S by :
'1 +++++ =
o | 'I =
1{]‘1 | EEI 1 :Ig L1 I:EI-I5 lI4I | | | III | l“ ‘ 1 | I 1 I_§

1 2 345 10 2030 100 200 1000
Mg [GEV]

Eur.Phys.J. C74 (2014) 3071

® 43


http://link.springer.com/article/10.1140/epjc/s10052-014-3071-4

Heavy Kaluza-
Vector Klein

Bosons Bosons

A

Dynamics
Randal '

Sandrum
Graviton
Exitations




Constraints from LEP

1000 _ ® Additional Spin-1 Gauge Boson.
' LEP combined e SSM: Simple extension to the SM invoking an
preliminary additional heavy boson, with same couplings as Z.
800—_ ® Also motivated by Grand Unified Theories (GUT),
such as E6. Depends on 6 mixing of additional U(1)
' Y states.
% Eg — SO(10) x U(1)y, — SU(5) x U(1), x U(1)y
O s00- | | [ . |
£ GUT Decomposition ~ SM Forces  New Physics
= \4
N // / /-
| Z'(0) = Z  cosl + Z sinb
400- X Y
- | ® Six commonly motivated values for 6 lead to different
0 Excluded models with specific Z’ states named:
I~ _
—
o -50 0 50 le) ; ZN ; ZT] ; Z] ; ZS’ ZX
$ O4ldeg] '
3
= Z' model X Y n | L-R | SSM
ped ,
5| o MUt (GeV /c?) || 673 | 481 | 434 | 804 | 1787 °45



https://arxiv.org/abs/hep-ex/0612034

4 220¢
D@, 5.4 fb™! Tt { Data
= B 200F |:| Drell-Yan
> - C -
Searches at
g 105 = 160:— - Instrumental Background e a-rC e S a
: E 1405_ % - Other SM Background
0 C
c 2 190F
= 2 TeVatron
Ll < 100
[} n
o 80F
10° 605 D@, 5.4 fb"
: e T —— Observed
40¢ %ﬁ i 95%’CL{ ----- Expected
, - o L I Expected 1o
10 et 1, Expected £2¢
160 180 200 220 240 260 280 300 %102?
Mee (GEV) om E
10 x
? L
T [
S
1 < 10 =
10-1 L
II‘II\\‘\\I\‘I\\I‘\\\\‘I\\I‘Ill\ll\\\‘l |\\I‘\\
1 200 300 400 500 600 700 800 900 10001100
102 M, (GeV)
107 |
[ | 1 [ | 1

200 400 600 800 1000 1200
M,. (GeV)

Phys. Lett. B 695 (2011) 088, s



Analysis Steps

Reconstruct and identify electrons & muons pairs

<

Compare dilepton mass distributions in data with (the
best possible) SM background expectation: excesse

" 4 %

YES NO
Quantify, Set alimitin
study properties a context of a

benchmark model

L e 47



Reco*|D Efficiency

Data/MC

Electrons

T !
- I [ -
0.95= BRI : R
= LRV . -
1]_'9 % T N L & I
i P * |
0.85— AE - —
'DSE 4 n I o u " .
5_%[] E.Ti- n| < 2.47 E
0.75 I ; - * Loose
. » Multil ]
07E ATLASPreliminary ~ onePton
- y + Medium ]
0.65- J-Ldt=2ﬁ.3 '« Tight E
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Dielectron

Analysis selection

At least one primary vertex with
more than two tracks

Trigger on two EM calorimeter
clusters with E;>35(25) GeV ’

In|<1.37 or 1.52<In1<2.47

Two electrons p>40(30) GeV
Medium identification requirements
Isolation:

Leading: XE(AR<0.2)<0.05E+5GeV;
Subleading: XE(AR<0.2)<0.022E+6GeV .

Dimuon

At least one primary vertex with
more than two tracks and
| Zpy | <200mm

Single muon trigger with
pr>25GeV (isolated) or >35GeV

Two muons of opposite charge
with p>25GeV

High-quality inner detector track
matched to high quality muon
spectrometer track

Also “Loose” channel (In1<1.015)
with less stringent requirements

d;<0.2 mm, z,<1 mm
Isolation: Xp(AR<0.2)<0.05p

Retain highest p; same—flavor dilepton pair per event above 80 GeV
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Analysis Steps

Reconstruct and identify electrons & muons pairs

<

Compare dilepton mass distributions in data with (the
best possible) SM background expectation: excess?

Drell-Yan MC
Diboson MC
ttbar MC

Dijets & Data-
W+ets driven

e5]
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Analysis Steps

Reconstruct and identify electrons & muons pairs

<

Compare dilepton mass distributions in data with (the
best possible) SM background expectation: excesse

" 4 %

YES NO
Quantify, Set alimitin
study properties context of d
benchmark

model

o 5/
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General Extension of SM: Effective Theory
Extra vectors: quantum numbers

Color adrophobic 1 Fermiophobi¢ 8
[sospin 1\ 2 3\ 1 3
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" 7 N
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Manuel Perez-Victoria



Vector Bosons decaying to Leptons

Singlet BB — Z'
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https://arxiv.org/ct?url=http://dx.doi.org/10.1007/JHEP01(2013)166&v=cda5079f
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http://dx.doi.org/10.1007/JHEP09(2014)037

Heavy Vector Triplet combinations

Channel | V° € (1,3); V*te(1,3), VY€ (1,1), Vte(1,1),
€3of SUR2)g €3of SUQ2)r
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th X [] X i
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luminosity ratio

A few words about LHC Run 2

WJS2013

100 i | 1 1 LI I I

ratios of LHC parton luminosities: 13 TeV /8 Te
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The LHC has achieved a peak luminosity of 7.9 1033cm-2s-1
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