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The Large Hadron Collider (LHC)



CERN accelerator complex

CMS _
> Beam 2 LHC Design:

g * Centre-of-mass
LHC
Beam1 .~ 4 energy (Vs) of proton-
7— proton collisions 14TeV

LHCb ¢ Peak luminosity

1034 cm2s1
ALICE 8 '+ Collisions each 25ns
(2808 bunches)
protons * Pile-up 25 events
LINACS

Use Nb-Ti dipoles
@ 1.4 K (B filed 8.3T)
in 27km tunnel

Tons
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LHC Run 2: 2015
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Problems with radiation resistance of tunnel quench protection system lead to slow start.

Extract of the LHC schedule

Run 2: 4 fb™
Run 1: 28 b~ at 13 TeV so far, expect Run 3: expect
at 7-8 TeV ~100 b~ ~200 fb™
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LHC Run 2: 2015
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Problems with radiation resistance of tunnel quench protection system lead to slow start.

Extract of the LHC schedule

Run 1: 28 fb™
at 7-8 TeV
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ATLAS

EXPERIMENT

13TeV
Stable Beam

“running restarted
on April 22" 2016

Run: 297041
Event: 59057181
2016-04-24 05:41:50 CEST
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Run 2 LHC (cont)

* Electron cloud effects
reduce with data-taking
and scrubbing (running

high number of bunches at L
low energy) 10
5

* To be able to increase o
energy to 14TeV magnets £ 0
need to undergo a certain  ~ -5
number of quenches which  _y
happen during data-taking

://home.web.cern.ch/fr/about/updates/2015/06/chasing-clouds-lhc

-15 '
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Extract of the LHC schedule Tirtw i
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™
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LHC beyond Run 2

LHC
Ls1 EYETS 14 TeV 14 TeV
13-14 TeV energy
i it injector upgrade to7
splice consolidation ryogenics Point . 0 al
i SPS A . limit . . nominal
7 TeV % huﬂ;;;::gz;mrs cC E:'::g:;?:n ”%rg%g:én (Il il Tl luminosity
collimation ﬁ‘
oo Pooe Paoe Booe Bovs Baow Booy Booe oo [raeo Booer B faoes [oon IIII_
radiation
damage
75% 2 x nominal luminosity 4
nominal nominal luminosity || experiment upgrade [F—"" '
luminosity | experiment beam pipes / phrase 1 experiment upgrade phase 2

* 100 fb! in the end of Run 2 (2018)
* 300 fb! in the end of Run 3 (2023)
* 3000 fb! in the end of the LHC program (~2037)
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The ATLAS Detector & Performance

\

Tile calorimeters

; LAr hadronic end-cap and
forward calorimeters

Pixel detector

LAr electromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker
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Inner Detector

A\

r R=1082mm

TRT <

L R = 554mm
( R=514mm

R =443mm
SCT <

R=371mm

\ R =299mm

R=122.5mm
R =88.5mm
R =50.5mm

R=0mm

Pixels {

Impact parameter

resolution improvement

due to Insertable B-Layer (IBL)
added for Run 2

Transition radiation allows
electron ID for 1<p;<150 GeV
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ATLAS Preliminary

0.0<n<0.2

o Data 2012, ys=8TeV

* Data 2015,y5=13TeV
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|

2 3 4 567890 20

p_ [GeV]

10
Pion momentum (GeV)

Transition Radiation Tracker (TRT):
drift tubes with gas (Xe or Kr), 350 k
channels, 36 measurement points
Semiconductor Tracker (SCT) Silicon,
6.2 M channels, 4 layers
Pixel Detector: Silicon, 92 M
channels, 4 layers

1 10
Electron momentum (GeV)
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ATLAS Calorimeters

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

o (E) 50%
EM Calorimetry : £ = ® 3%
Liquid-Argon/Pb accordeon, |n|<3.2 et V E/GeV
O'( E) 10% Tile barrel Tile extended barrel
— = ®0.7%. |
E e/}/ \/ E/GeV : A —— s v’
‘ ; \ ~ Cryostat
LAr hadronic
end-cap (HEC)
LAr eleciromagnetic
end-cap (EMEC)

f

= (Resolutions
shown here are
design values.)

LAr elecfromagnetic =

= LAr forward (FCal)
rwar a
Hadronic End-cap:
Liquid Argon/Cu, 1.5< [n| < 3.2
o(E) 50% Forward Calorimeters: 100%

® 3%

©10%
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Liquid Argon/Cu/W,
3.1<|n| <4.9

E | JE/GeV % = [E/GeV




Electron and photon identification (ID)

Electron ID
Likelihood identification improves

background rejection wrt cut-based

by 50% for the same efficiency

Inputs: calorimeter shower shapers,
tracking and track-cluster matching,

TRT PID

1

_I|IIII|I\\\‘\\\\‘IIIIIIIIIII
— ATLAS Preliminary

0.95
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0.85[% ] — ++ oo
0.75H s
- ++ Ys =13 TeV, 3.2 0"
0.7 + 2.47.n<2.47
0 655@' —4— Loose
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i —+— Tight
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T T | T T T

| Data: lfull, MC:Jopen
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EGAMMA-2015-006 E; [GeV]

Photon ID

Using cut-based selection

Inputs: calorimeter shower shapers
for unconverted photons; add
tracking and track-cluster matching
for converted photons

EGAMMA-2015-002

T T T T LI I ]

1E ATLAS Preliminary E

= Simulation _¢_—¢f+—+¢—¢—¢—_¢_;
0.95 E_ ¢¢*_ _._—-——*——*—#_#-*—*—_*‘E
095 b s E
- 4+ _ ]
0.85 Pythia prompt photon MC 3
- %: s=13Tev .
0.8 =
- | <0.60 =
0.75 = Er° <4 GeV E
0-7;_ « Converted —;
0. 65f— s Unconverted —f
0 6:| 1 1 1 L 1 1 1 [ |:
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Jets and E-Mss reconstruction

In-situ energy scale correction

EMSS EMSS RMS Resolution

O 1_1 1 T T T I T LI | | T T T T T I . . L

= Z . ATLAS Preliminary
[15] - =

3 C anti-k, A=0.4, EM+JES \s=13TeV, 3.2 fb'-
S 1.05— Data 2015 In<0.8 .
Q n N
A B N
I =
g F -
o u N
c 0.95[ -
o} B i
73 - A yHjet §
£ 09 o Z+jet ]
B ~ Multijet N
0.85— — Total uncertainty ~_
B [l Statistical component N
0.8 B 1 1 1 1 I I | | 1 1 1 1 T N | | B
20 30 10?2 2x10° 10°  2x10°
P [GeV]

JETM-2016-002

Jet energy scale and resolution

extracted from data
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X

E Miss resolution
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E Z o, 321" ~-Data ]
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20F- =
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10 =
50 @ =
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JETM-2016-006

E-MisS uncertainties
extracted from data
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Thin-gap chambers (TGC)

Muon Spectrometer

Cathode strip chambers (CSC)

Muon Spectrometer: |n| <2.7

estandalone: TP = 306100 Gev) ~10% (L Tev) |
p

eCombined with o(p)
inner tracker: D

7

=2% (p; <50GeV)
17

y7,

Resistive-plate
chambers (RPC)

End-cap toroid

2015 alignment better than O(50/100um) in barrel/en’cap./v\onifored dirift fubes (MDT)

Muon efﬁmency from Z and J/psi Muon efficiency from Z

> 1= >
3 S Baigiamiig gggwaﬂgﬁﬁ'ﬁéﬁ'@
c N
[} =H:—l—:g:E::g:=?s.=F=BE M qc) 909 ..QO . Q= oo Oga#00 ug 09’0 990
s . F 18 o¥ogeuges” Seogeso¥o e
= - e 0.95 QQ OO %
&= 0.95 = fe) L i
w : : w s .. E3 * o >
C _ 0.9~ =l
0.9 ATLAS Preliminary —=— Jiy—-pp Data  —| == o
N s=13TeV,3.3fb" —&— Jy—ouuMC - - eData  oMC
~ Medium muons ——ZopuuData 0.6/— " —e— Tight muons |
0.85 :_ —o— Z—-pp MC _: ATLAS Preliminary ® —a— Medium muons
o B [l Statonly  Sys® Stat . 0.4 Vs =13 TeV,3.3fb" —+— Loose muons —
1.02 O ' ‘ \ ) ; ' : '
= =
© 1 E
@ ©
6 7 8910 20 30 40 5060 10°

p, [GeV]
Very good data/MC agreement.



Trigger & DAQ in Run 2

Calorimeter detectors

Tile/Tae | BMuon detectors

Detector
Read-Out
FE FE FE
ROD ROD ROD
DataFlow

Level-1 Calo Level-1 Muon
sector logic sector logic
8
@
Q
Q
<
-
o
>
@
—
Level-1
Region Of Interest ROI
* To be commissioned in 2016 Requests
High Level Trigger
(HLT)
Fast TracKer
(FTK) Processors O(20k)
Event
Data

2015 triggers very similar or even lower than the Run 1 ones.

Data Storage (SFO)

‘ ReadOut System

Data Collection Network

~30 MHz+

100 kHz

1 kHz
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Detector status and Data Quality

B Run-1MRun-2

ATLAS Detector Status

L1 Muon Endcap
L1 Muon Barrel
L1 Calo

TGC

RPC

CcCSsC

MDT

LAr Fwd
LArHEC

Tile

[sn1e1s 4010818Q SY1LY]

LA

TRT ..
SCT I e
Pixels | =

90% 92% 94%

Inner Tracker  Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

0 100 100 100 97.8

o

935 994 983 99.4 100 100 1

All Good for physics: 87.1% (3.2 fb})

Luminosity weighted relative detector uptime and good data quality (DQ) efficiencies (in %) during stable \
beam in pp collisions with 25ns bunch spacing at Vs=13 TeV between August-November 2015, |
corresponding to an integrated luminosity of 3.7 fbl. The lower DQ efficiency in the Pixel detector is due to |
the IBL being turned off for two runs, corresponding to 0.2 fb!. Analyses that don’t rely on the IBL can use |
those runs and thus use 3.4 fb! with a corresponding DQ efficiency of 93.1%. [Ref]

96%

98%

100%



ATLAS Physics results



Physics Introduction

* Following a discovery of a sca
Standard Model (SM) is comp

* Certain aspects of SM do not
 Why is Higgs light?

What is dark matter?

How to accommodate gravity?

What is the solution of the

hierarchy problem?

* Why are there three generations?

ar boson in Run 1 of LHC
ete and self-consistent

nave an explanation
ls'[

2nd 3rd

(53 [T [EIAT: 1
243 i 3
170 15 1 i
up charm Loy !
I
LR 95 M 420 H
-3 -3 3 .
12 12 Lz
|
down slTinge ol lom 1
T
a51M 1057 M {7 Lma !
1 1
1 fg 0 |
cleelronm m Law
I
I
2.2 017
I 0 a 1
I
172 12 1
|
€ neulring i T neulnne |
|
1

°
FERMIONS
Atoms
Dark
4.6% Energy
72%
Dark
Matter

23%
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Physics Introduction (cont)

Search for any deviations from Standard Model predictions
|

\

Direct observation: Indirect observation:
new (e.g. Exotic) resonant or discrepancies in rates of rare processes,
non-resonant structures couplings measurements, etc.

“Physics Beyond SM” “SM Physics (Higgs & Non-Higgs)”

22
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Higgs Boson Production

VBF

gg fusion

o2

a0 T T EEE

q

LHC: 1M Higgs
bosons in Runl

q q

I II]lIIIl

|I|l|||l||IIII|IIII|II|||IIII|IIII|IIIIII|I|I

M(H)= €25 GeV =

EW)
NHLO+NNLL aco+ N
op =1 (

A T i I

- o o o o e ]

1 IIIIIIII

| l]]lIIII

107" E
t/b - | _
1025 l LHC Higgs )E(S WG _
TIII[IIl[Il||l||||||||ll||l||l|||llIIIIIIIIII—I
6 7 8 9 10 11 12 13 14 15
H \s [TeV]
Mode 8 TeV 13 TeV
oF 19 44
7/b VBF 1.6 3.8
x(0.1—0.2) WH 0.70 1.4
/H 0.42 0.88
¢ [pb], (tH 0.13 051
M. Flechl, 2016/04/11: SM scalar sector 3 mH=125 GeV pbH 0.20 0.49
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Higgs Boson Decays (m_ =125GeV)

Sensitivity Mass res. S/B (incl) rate comments

ery pure; my; SpinCP
YY my,; via loop
WW—lvly lhigh rate
TT mainly VBF (sensitivity)
bbb mainly VH (trigger,QCD)|
7.7*—I1lqq/llvy lhigh-mass (mainly)
WW—lvqq igh-mass (mainly)
[l
Zy
_ 180;;I I I““I_Idt.=l-1.5|fbl‘.;3.=?lTe|V' o IAITII.AISI L > A LAy
L A +0ate o 5
bb 57.7 0/0 - 140 Signal strength categories __ :f:k?::::gmund E _
WW  [21.5% n 5 —sow : 3
o é’ 100;— m”_ X [+ _E
S LN ;
TT 6.3 (yo i 80 E_ _E
cc 2.9% S «fF E
77 2.6% Q = ;
> 0 p——t ]
7Y 0.23% & g of _ :
Z.Y 0.150/0 ;; % X %D B0 100 110 120 130 140 15IIIm:IE[rEIGnll:."D
e 0.022% T Phys. Rev. D 91, 012006 .

110 120 130 140 150 160



Higgs Mass & Width Measurement
Phys. Rev. D. 90, 052004 (2014

— H Z7* 5 4]
------ without systematics -

7 T ,
- ATLAS
61 \5:7TeVJLdt:4.5fb"

C \s=8TeV |Ldt=20.31b"

2InA

« Higgs mass only unknown parameter in the SM
* Use the two channels with best mass resolution: T
m, = 124.51 + 0.52 (stat) + 0.06 (syst) GeV :
m,, =125.98 £ 0.42 (stat) + 0.28 (syst) GeV

:1(‘5

Lovo ]
27 1275

* Measurement in the two channels is model 5 N
independent (producﬁon mode’ Spin’”) 0551538 124 1246 125 1558 126 126.5 1

m,, [GeV]

* Ratio of the cross sections of different production modes fixed to SM values

* Combination: use profile likelihood ratio A(m,,)
Values used in spin
m,=125.36 + 0.37 (stat) + 0.18 (syst) GeV and coupling studies.

Direct width measurement
* Assume no interference with the SM background processes (I',,°M~4.1MeV)

* [’ derived from fits to the mass peak
« [\"<5.0GeV&TI#<2.6GeV (exp 6.2 GeV) @ 95% CL
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Decay signal strength

- Decay signal strength: ;= (6*BR),,./(0*BR)sy arras

* Assumption:
- Higgs SM-like (p; and y-distributions assumed
to be as in SM)

- SM relative ratios of production modes

* Largest systematic from background
estimations in single decays

* Likelihood fits to the data for decay-
dependent p, (independent of o))

* Combining all p-measurements:

u - 1.18+0'15 —

2 = 1.18 £0.10(stat.) + 0.07 (syst.) 0.5 (theo.)

-0.07

(Consistent with the SM expectation
with a p-value of 18% )

4/10/2016 N. Venturi, LHCSKki

arXiv:1507.04548
_"((*’;51‘;2,& Total uncertainty
—oc
m. =125, Vi theory
y = 125.36 Ge —_ s(theory) +iconpu
H - Y +0.23 j N .
_ .0.28 |01t :"—'
W=7 ot M
H - zz* | B
_ «0.40 ‘012 B
n= 1'46—0.34 o1 =
H - ww* : T :
_ +0.24 |-01a : A :
=118 0.21 | o ‘ HH |
H- 1t ‘ =
_ 1 qq+042 |08 3 A
h=144 5 o \ T
H — bb o - :
_ +0.39 |-o0.23 : :
w=083 | \ HH 1
H - pp e ; :
_.n 737 |07 :
W=-0.707 ]2 i
H — Zy . : c
_ +4.6 |- 13
h=27 s i i
Combined ? H
~1.18015 010 : AP :
=119 1]z 1 HA i
| | l
\s=7TeV, 4547 b’ —1 0 1 2 3

\s=8TeV,20.3fb"

No sensitivity to Zy and pu

decays yet

Signal strength (w)
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Production Signal Strength

- Production signal strength: p. =0,,./0y
corresponding to: g, Uyprs Ky and gy

* Assumption: SM values for the ratios
of the BR of different Higgs decays

* ttH needs more data to be firmly

established
z o R A A AR IS R I R
o I % Standard Model ATLAS
?:; 65_ + Bestiit e \s=7TeV,4547f" 3
5F —g:i g'[ Pt \s=8TeV, 203107 3
E ) :'. "._ — H-> WW* 3
4 : —H-ZZ"
F Hobb ]
3 ? . _._[\.\ —H=yy
2 ((b\ How 3
1? -!. !1-\ \ l"'.‘ =
0; ‘-‘. by \ '._ -
e \) 3
F mMy= 125.36 GeV et .
oL b e e b b
-2 - 0 1 2 3 4 5 6 7
arXiv:1507.04548 :

ggF+tH

0.23
:uggF =1 '23t0.20

luVBF= 1 23 i 032
Uy, =0.80+0.36

Uy = 1.81 £0.80

ATLAS

68% CL:
95% CL:

e \/S=7TeV,45-4.7f0""
\s=8TeV,20.3f"

-
my=125.36GeV

1 75 2 25 3
Signal strength (u)

« Can divide into bosonic and fermionic
production signal strengths: Wy, Hegratn

* Probe relative production cross section for
all decay channels combined:

R= uVBF+VH/ Moorstth = 0'96+0'43-0-31
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Coupling Strength (1)«

Coupling strength modifier k

(ratio to SM expectation):

¢ k2=0,/cM

o k2=I"/ [SM

Total width

e Assume no BSM
contribution

* No BSM decays

29 Eur. Phys. J. C76 (2016) 6

41% SM
compatibility

4_ T | T T T | T T T T T T | T T T
- ATLAS .
3 C (s =7TeV, 4547 fo =
- Vs=8TeV,203fb" .
2 m, = 125.36 GeV -
1:_ A _:!
= =
0/ ﬂ
: - -
e | m S ‘Fﬁ —
- H ]
P gvon. 3
C C_JH->WwWw
—3; * SM —68% CL ¥ o Do 3
C TBest fit | ---QS%ICL I | I DColrnbined 7
4704 06 08 1 12 14 16 1.8
Ky
g }. _I T II| T T T T III|
l> 1L ATLAS t
- C s=7TeV, 4.5-4.7 5" zy -
S F s=8Tev, 203" A
e T W
w {0k — Observed
! =
- --- SM Expected
-2 —— - ""' e
10 = I}
B T
b
10°c p 7 E
_L'I’-I':'I;" 1 1 L1 | 11 1 | 11 III|
10" 1 10 10°

Particle mass [GeV]



Coupling Strength (2)
Coupling strength modifier k
(ratio to SM expectation):

. Ki2=6i /GiSM

. Kf2=Ff / FfSM

Total width
e Assume no BSM contribution
* Allow BSM decays
Compatibility with SM
80%, and 73%

30

ATLAS Vs=7TeV,45-4.7f"
Vs=8TeV,2031f""
68% CL: ——
Q .
95%CL: Ky <1 Kon = Koff BR;, =0
IlII|IIII|]|III||]I||III|I]
Kw _-:
Kz _-‘
Kt
Kp ;
o = =
Ku B
Ky .
Kg =
Kzy : -
BR; , = < 0.49 (0.68)
" 125.36 GeV
IJII|IIII|||II[||JI||III|||
-2 —1 0 1 2 3

Eur. Phys. J. C76 (2016) 6 Parameter value



Width via off-shell production

* High mass off-peak region ( > 2*m,) in H->VV is sensitive to Higgs off-shell production
and background interference effects, use gg->H!"'> WW->evuy, gg->H" > 7Z->41/212v

* Assume: relevant Higgs boson couplings independent of the energy scale of the

Higgs production
* Only signal strength u_, .., depends on T,,/T,°" ->assuming identical off-shell

“’off-shell(s) /“'on-shell = rH/ rH °M

and on-shell boson coupling scale factor:

» Upper limitrange: I,/ T, °™ < 4.5-7.5 (exp: 6.5-11.2) at 95% CL

Range from varying the unknown gg->VV background k-factor from higher order QCD
corrections (0.5x and 2x known signal k-factor)

Eur. Phys. J. C (2015) 75:335

-2InA

14

12}

10

L T T T | T T T

- ATLAS

r H=ZZ+WW off-shell+on-shell
th A

gN,un—shel\_th‘uff—sheH

[ {s=8TeV: JLdt=20.3 "
— observed with syst.
| = observed no syst.

[ expected with syst.
| ===ss expected no syst.

.......................................................................

SM
H

95% CL limiton I' ,/ "

= N N W Ww b
G O O o O o

T T
- ATLAS

I Kgnv.on-shei™ Ko oft-shen

T (s=8TeV: JLdt=20.3 "

- HZZ+WW off-shell+on-shell [ ]*20 -

LI L B L B B
R

==+== Expected limit (CLs)
= Observed limit (CLs) ~

\I‘I\\‘\\I‘I\I:
14 16 18 2
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Total and Differential Cross-section

* Dattferential distributions in H events: test for BSM interactions.
* do /dpH: BSM in (ggF production) loops h
* do / dNjets: QCD calculations 1) - i
* do /dA@: CP properties

* No significant deviation from SM expectation

2 10°F . ] 4 2 . . SH, M, = 1254 GeV
— - pp— H— yy, \s=8TeV, 203" ¢ data ] & [ ATLAS (s-8Tev 203"  PP2M M —20+01 .
S — Standard Model 1 3% 4o o oz e
(o) - ATLAS © 1 & ©§ como.caa syst. unc. XH = VBF + VH + ttH = bbH
Cg = 0.0001 b 450 QCD scale uncertainty
| =" EHW =0.05 i W Total uncertainty (scale ® PDF+a,)
' * R T R
35- )
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™M _

LO e |

N~ . 20F —

ol 1F g i E - NNLO+NNLL L0
%) - ] L . + . WL
) C |— ] 15 Data LHC-XS ADDFGHLM
% i i

| = | | | | | | ] | | | | | = ] | | | | | =

I P S A e R B N N N R Phys. Rev. Lett. 115 (2015) 091801
O DY DYDY P B R G2, S RAG 5 g

B Gy N 0 D 0 @ W B % i1 G % °

2 P [GeV] jets m; [GeV] Ag; P [GeV]

ol
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http://www.sciencedirect.com/science/article/pii/S0370269315009272
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.091801

First Run 2 results

« Luminosity of 3.2 fb* at 13 TeV not ATLAS-CONF-2015-069

B Q0p e
g . = ATLAS Preliminary — Oy My = 12509 GeV E

enough to reach Run-1 sensitivity for h(125) = %00 chozaa = aoosaeumecnany :
b& 70F 4 comb. data ©* syst.unc. ™8 Tot.uncert. (scale & PDF+a,) 3

* ATLAS performed fiducial cross-section
measurements in 4l and yy channels

(1.40 (obs) 3.40 (exp.) combined sensitivity)

m, [GeV]

Vs=7TeV, 451"
Vs=8TeV, 20.3fb"

0 (s=13TeV, 321" ]
B - R T R E R R R
Vs [TeV]
% 16 l\\lll\lll\\ll‘\lll‘ll ‘;I\E\)lill\lll\\lll\ll_ > L - -2 1 -
ata E -
O] 14k ATLAS Pre||m|nary‘E;\zggs(m 125 GeV) 81800: ¢ ATLAS Preliminary po—H—yy _;
o [Hoz o4 — R N 1600 = L=
E 12 : 13 TeVv, 321’ s :jm:é:;{:ty 4"'2 .1400 } \s=13TeV,3.21b {
c ’ E =
o C £1200 m,, = 125.09 GeV =
m 107 ] “1000 £ =
- 800 —
8t ATLAS-CONF-2015-059 3 E
- 600 e data =
61 400 ~ — s + bfit a
200 = - - - background, b —
! 2100 = E
il g 0
- © E + 3
ok -100 £ E
80 90 100110120130 140150 160 170 110 115 120 125130 135 140 145 150 155 160

my, [GeV]
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Future outlook for Higgs sector

Future measurements: ttH, HH productlon H—)Zy, MU decays
Couplings (now/0.3ab/3ab?): % wewiwweny -~ sooniwuen
* Fermions 30/10/5% 115

+ Standard Model
1.1

. Bosons 20 30/5/3% 1.05

-l—lI|II|I|IIII|||II|I||I|II||||||||||II|IIII
III|I‘I-‘$I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

2 E 1
- __ —-—LO __ /
% 10 ; . NLO ; 095
T N ] 0.9 \ P
g 16 ~—— ATLAS Simulation Preliminar
© & 0.85 \s=14 TeV
B | | | I | | | | | | | | | |
107 0.9 0.95 1 1.05 1.1
o[ % ol ATLASSimulation Preliminary { v
0°c, N o o \s=14 TeV, 3000 fo -
-10 -9 0 S 10 Negative interference o = H(bb)H(yY) tHyy) 1
@ 20 ™ ppH - ]
Mg/ lﬁwH between HH S 20 g?bE{?HYgTY) - E%('Y’}’ ]
. . > T
- production with and = Others 3
-——— w/o HHH vertex.
AHHH " S<
-
0000000 e Expect 8-10 events in
3 ab: measurement
potential is low

- 13 % 100 150 200 250
______ (exp. significance 1.30). m. [GeV]




Double Higgs production

* In Run 1 observed 5 events ~300GeV (<1 exp.)
* 3o local/20 global tension with SM

- Search for both resonant (BSM) and
non-resonant (SM) pairs of higgs (hh)

ATLAS-CONF-2016-004

- ATLAS Prelmnary . Di- Hggs ]
40_—\5 13 TeV, 3.2b" SngIeHggs =
I O-tag control region ... Continuum Bkg
35—

E — Sum

* Final state yybb-bar with enhanced BR N3 } | T _

Events / 2.5 GeV

(bb-bar) and clean signature (yy) 20
* Event selection using cut on: m, (analysis dep.) mz
95< m,,<135 GeV and 275 < m, < 400 GeV

* Background from side-band regions using fit rEm + FEESAN e

resp. counting approach with efficiencies o a0 e s - feo

Data - Fit

* Upper limits on the production cross section are derived from pseudo-
experiment assuming SM BR;:

Non-resonant: o,, <3.9 pbat95% CL
Resonant: o, <7.5pb(m,=275GeV); o0,,<4.4 pb(m,=400 GeV) at 95% CL
35



Non-Higgs SM Physics



QC D p hy S | CS arXiv:1602.01633, ATLAS-CONF-2015-034

Inclusive charged particle measurements Inclusive jet cross-section
provide insight into the strong interaction in measurement provides test of the
the low-energy, non-perturbative QCD region validity of perturbative QCD
5 L L L L L L LB BB B
S 1En,=1 p, >500MeV, <25 E 2
HC'}} 107! , L;fgosp\fs_ 13 TeV - %' 0 ; a”“'ktieié, R=0.4; |y|<0.fl | ATLAS Fl’reliminar; ;
% g s=13Te ? g - 13TeV,78pb’ .
31025 - 8 . ]
< i : > [ I
1078 E o~ 10F . E
4 3 2 - o §
107" === Data = = - . .
- — PYTHIA 8 A2 3 o] - i
1075 —- PYTHIA 8 Monash o . .
S EPOS LHC S o
10—6 ;_ = QGSJET II1-04 . - ., ; _IE_ e Data . _E
= . 3 C Systematic o ]
_:::I:::I:::I:.J:I:::, —— ",1:.-_ "~ uncertainties * ]
C £ ] B NLOJET++ (CT10) x ° 7
-FE 1 _5_— - — - Non-pert. corr. —
(DG 1 - L . 3 1 0_1 Relalive unoe:'!aa'n!y of 8% in the r'nregfl'aled luminosity not IJ'ncfuded I I
- ; ’ 45102 5x10°  6x10°  7x10° 8x10?
= 0.5F Bt e P, [GeV]
[ ] ! | , , 1_.,__—
20 40 60 80 100 120 14£ The predictions are consistent with
o measured cross-sections (within

MC tunes describe data well at 13 TeV. e
uncertainties)
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http://arxiv.org/abs/1602.01633

Cross-section measurements

* Increase in Vs allows study of SM processes in new kinematic regime
* SM processes are background processes to searches for new physics
* Theoretical predictions at (N)NLO+(N)NLL compatible with measured
total/differential cross-section of different SM processes.

E 10'2

el

b 10"

T T T T T T T T T T T T T T T T T T T T T

Prediction ATLAS Preliminary

¥ Measurement
inelastic Ir £e s
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Cross-section measurements

Calculations at NNLO accuracy are in excellent agreement with measurements of SM
cross-sections.
Standard Model Production Cross Section Measurements Status: Nov 2015
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Anomalous Triple Gauge Couplings

[TTT T[T T T T [ TT T T [ TT T T [ TTT T [TTTT [T
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H]] ATLAS WZ 8 TeV 203fo"  A=2TeV
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A TR ATLAS WZ 7TeV 46f"  A=2TeV
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1 [+ | ATLAS WV 7TeV 50"  A=oo
CMS WW 8 TeV 19417 A=o
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http://arxiv.org/abs/1603.02151
http://arxiv.org/abs/1604.05232

Anomalous Quartlc Gauge Couplings
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http://arxiv.org/abs/1604.05232
http://arxiv.org/abs/1603.02151

Top quark production

Electroweak production of single top quark

Top pair production in lepton channels

u d .
(ee,uu,eu) and b-tags jets
W* W+ % 200__| L B L
O 1go- ATLAS Preliminary ® Data =
t Te) F _ .
< 600 \E =13TeV, 85 pb B Single op v
b b P o e'e’, = 1 b-tag B Z+iots 3 -
c L -3 s
o 1205 Diboson ] g 4 [
w g B NP &fakes | b
10 variables are used in the training of a Neural Network. 100F . T
One output node which gives a continuous output in the mterval [0; 1]. 8ok y
60} W
= ATLAS Preliminary  {8=13 TeV, 320" e ATLAS Preliminary ~ (5=13 TeV,32 16" 40F I
o SR u* + Dala o SR ¢ Data 20,
2 = 1 b @ — ] . :
% g g?ﬁfdiboson CIC} % ;\:Téel;s diboson 0
u>J % ygs‘lt":; uncertainty L':J % ggglleltl uncertainty 0 >0 100 1E|5;)C tron220 [ G 8\2/;50
N 7 T
% : L | 1 11 I LI B | | T 1T 1.7 ‘ L B
[ > 300 ATLAS Preliminary ® Data
3 12 3 12 8 F s=13Tev,e5pp’ LT
a a 1 -~ I single to
T o8 < o8 n 250 e'e 21 b-tag gle fop
£ 0 02 04 06 08 1 £ 0 02 04 06 08 1 ] b I Z+jets
e NN output e NN output = 500k + Diboson
o(tg) = 133 +6(stat.) =24 (syst.) + 7 (lumi.) pb - NP & fakes
1501

= 133 +25pb,

o(tq) = 96+ 5 (stat.) + 23 (syst.) £ 5 (lumi.) pb

= 96 + 24 pb,

(limited by systematics)

Good agreement in cross-sections and

kinematics with NLO/NNLO MC predictions

ATLAS-CONF-2015-079 ; ATLAS-CONF-2015-033 ; ATLAS-CONF-2015-049
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b b by b b baura i b

L L L L B

=2

100 150 200 250
Jet P, [GeV]
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Production of tt+jets

_'CB 1 05 T o L L e 1 05 ET T T 1 T I T 1 T 1 3 .
E | ATLAS Preliminary  ee-channel | 2 [ ATLAS Preliminary = su-channel | Important for ttH MC tuning
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° q0°¢ £ Disoson S oL moee At
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Constraints on PDFs

Extraction of PDF via global fits to fixed-target, collider DIS, collider pp data

1

107 arXiv:1410.8849 L B | jetsl phOton[ tTt
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PDF constraints from top quark

Phys. Rev. D 90, 072004

4 ! QQQQ—1 8
& S |, ATLAS Data
= ¥ e CT10NLO .
> 1.6 I Ldt=4.6fb" ® MSTW2008NLO -
e A NNPDF 2.3 -
g [ g QQQQM———¢ é’ 15F \o _ 7 Tev ¢ HERAPDF15
Top pair differential cross-section 4 E
: 1. E
now available at NNLO 2
1.2 * B
A
1.1 -A E
Ratio to NNPDF2.3 NNLO, ag = 0.118 I — it + 3
S ———— —r—r— - A :
13- - NNPDF2.3 0'95_ E
- 0.8’..1.11.“1““I...ll1..1I....In..lu..lunl.“.‘
12 E— ....... NNPDF2.3 + Top Data 250 450 550 700 960 2700
& m; [GeV]
1.1'-_ JHEP 07 (2013) 167

Improved knowledge of
gluon PDF over wide
region of x by up to 20%
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Precision Tests of SM predictions

145 ATLAS (s=8TeV, 203" e AL ISR op Ly = et
: o N 1 (QCD ISR) + full NNLL
= il Statistical uncertainty —— ResBos J
S "L M Total uncertainty 1
8 | f 66GeVsm<116GeV,ly| <24 A Data much more precise
é’ E arXiv:1512.02192 E than predictionS!
o d
E ! -~ DYNNLO: Full NLO (QCD ISR)+NLO EWK added
=——— — e - : :
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Searches Beyond Standard Model
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Theories not enough! Need models to derive phenomenology
(particle spectrum, production & decays modes)
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Theoretical Approach: what to look for
GRAND UNIFICATION

new vector bosons (Z’, W’,..),
heavy fermions (t’,b’, T, B...),
Vg, leptoquarks, diquarks,
Higgses, etc.

EXTRA DIMENSIONS

Kaluza-Klein excitations of

particles (G*, Z,., Wy, S«

Qi ---), Black Holes, string
resonances...

DARK MATTER
SUPPERSYMMETRY COMPOSITENESS
sleptons, squarks,

stops. eluinos. etc excited states of known
PS, 8 ’ part|C|eS (l*’ q*’ Z*’ W*’.“)’
leptoquarks, etc...

TECHNICOLOR

HIDDEN/DARK SECTOR new composite particles:
dark photons, hidden techni-hadrons (p¢, N+, etc...),
particles, stealth-susy- leptoquarks, Ts3,...

particles etc... 4



Experimental Approach:

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
Je.ts, Bosons Leptons Unconventional
ZTJ:E, (v,yW,2) (e, 1, 1) Particles ﬁ f
AS MANY AS MODEL PROVIDE
SIGNATURES INDEPENDENT AS BENCHMARK

AS POSSIBLE POSSIBLE MODEL RESULTS

T. Berger @ LHCSki 2016 50



Sighature-Based Searches

events

To estimate background:

>

mass

events

Caveat:

Need signal-shape hypothesis
Results are not completely
model-independent

If your model does not have
signal shape as studied
tricky to interpret
“shoulder”

mass

1. Detailed simulations of mass-spectrum shape

2. Smooth functional form fitted from data
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Dark Matter searches

indirect detection direct detection mono-jets _ di-jets
X q q q s-channel
R simplified models
Ja Ja 4 free parameters:
m,mg,g.,8
X q q q X’ R’ ©q’ Oy
DM Simplified Model Exclusions ATLAS Prellmlnary March 2016
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. ATLAS-CONF-2015-062

SUSY searches: jets+MET ATLAS CONF 2015 06¢
ATLAS-CONF-2015-067

Searches for squarks and gluinos ATLAS-CONF-2015-077

* Many regions depending on jet multiplicity,
number of b-jets

* Increasing complexity of decay chain
e Sensitivity to sbottom quarks
* No excess found

Bottom squark pair production, 51 —b %?
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SUSY searches: stop

Searches are done in every corner.

Top property measurements are

used for complimentary exclusion
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Top spin correlation measurement
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Phys. Rev. Lett. 114, 142001 (2015)

Note that most SUSY limits assume
signal BF of 100% so in reality
exclusions could be weaker than
plotted.
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.142001

ATLAS-CONF-2016-018

Diphoton Searches
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More details in N. Berger’s talk on Thursday
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Other dl—boson cha
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Dileptons

Evenis

Data / Bkg

Events

ATLAS Preliminary
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“Di-jet” searches

o X A x BR [pb]

o x Ax BR [pb]
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ATLAS Physics Letters B 754 (2016) 302-322
ATLAS-CONF-2016-014, arxiv:1603.08791

* No excesses seen in dijet channels
* Backgrounds are very high, leading to

weak limits

* \Very limited sensitivity at masses below

1TeV, need to wait for
* trigger level analysis for dijets
* resolved analysis for ttbar
 and much more data
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http://arxiv.org/abs/1603.08791

ATLAS-CONF-2016-013

{eavy Vector-Like-Quarks

* Appear in BSM theories with strong EWSB
« same EW charges for LH and RH components

BRI

woms T stablllzes Higgs mass dlvergence (like stop in SUSY)
S = L e L ) R 1000;-
. I E
S bit,t " ATLAS Preliminary #8950 %
A <z -“-\:\‘ : Uhph}éiéal Vs=13TeV 321" E 900 E
tHItH Seses a
bsorved it 0 No excess of events
| 800 O seen in leptons+jets
ah Y 750 2 channel
tHItZ 7 e, Wbr‘H\f“:‘a\ )
Z{ JHZWoZ R TN 0 ATLAS: m(T)>900GeV
P ZZWoWb T - 650
G E @ BR(T—Ht)=100%
4 tz/‘,:\\ 2z, WhtZ, wows ) WhVvig 0 0.10203040506070809 1 °0
T e o BR(T - W)

* As the limits for VLQ are already high, rather
unusual VLQs (e.g. with large electric charges)
need to be considered

* the limits for VLL are weaker — interesting area
to explore
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Where did we look in Run 1 & Run 2?*

e L

jet Many

bjet 2-4 1,1
top 2-4
Y
W,z
lepton
Higgs

T
E Miss

2-4

1,1
1,1
1,1

2

Many,

1-3
2,2

2,2
1,1
1,1

2-4

1,1

1,1

1,1

Many

1-2

1

1

Done

A large fraction of conventional signatures are covered (but not all!),

unconventional signatures are important.

*This table is not exhaustive
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G enerqa | Se arc h ATLAS-CONF-2014-006

Events

No evidence for New Phenomena Seen!

* A search based on combinations of high-p; objects (e, u, v, v, jet, bjet)
« Standard Model backgrounds from MC only
« 573 categories have data events; 697 have >0.1 events in MC simulation
« Searches for largest data/MC variations (MC mis-modelling is a problem)
* Need dedicated analysis if discrepancy is observed
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Unconventional Signatures @ LHC
Analysis need

L(?W m?SS .(PSGUdO)écalarS dedicated reconstruction
Highly ionizing particles (HIP) / monopoles techniques & triggers.

Charged particles decaying into heavy neutral particles
(disappearing tracks, kinks etc.)

Long-lived particles decaying only in the outer detector components
Boosted final states: objects close together or overlapping
Neutral particles (delayed photons) decaying late into neutral states

Egoo ATLAS mriThits. 15 N T e 1 L e e o
_E 800!~ Simulation e TRT HT hits } Z o A I - ATLAS DY spin-1/2 jIBDO*qEJ
g | “m\ B M vs=8Tey, 701" m|g|1o[1)oogev 700 @
700 Trigger EM | : By 7 600
000k~ T : Cluster @ L1 1 e ” 14 —’ b0
| Some model .
500t | dependence inevitable: -
400 J Monopoles bend in 200
N r-z plane = : | 100
VRO N A R e use TRT-hit information - Data - 3
Xy [mm] 0 02 04 06 0

PRD 93, 052009 (2016) Results consistent with SM predictions.



http://dx.doi.org/10.1103/PhysRevD.93.052009

ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Ppreliminary

Status: March 2016 [Ldi=(32-203) 1 V5=8,13TeV
Model Ly Jetsi ET= L) Limit Reference
ADD Gyx + glq - >l Yes 32 Prelmnary
ADD non-resonant [ 2ep - - 203 14072410
ADDQBH - fq lep 1j - 203 13112006
ADD QBH - 2j 6 151201530
ADD BH high T pr 2lepg 22 32 =6, Mp =3Te\, i BH ATLAS-CONF-2016-006
ADD BH multjet - 23] - 36 OS5TeN - =6 Mp=3Tel otBH 151202586
BS1 G = 11 2ep - - 23 145423
RS1 Gyx = 1y 2y - - 23 150408511
BUkRS G — WW = ggfv  Tep 1 Yes 32 ATLAS CONF 2015075
Bulk RS Gy — HH — bbbb - 4b - a2 ATLAS CONF-2016-017
Buk RS gy — tt fep >1b>WZYes 203 150507018
2UED/ RPP lep 22b24] Ys 32 ATLAS-CONF-2016-013
SSMZ =1t 2ep - - a2 |r— 34TV ATLAS-CONF-2015-070
SSMZ = 2r - - 15 15207777
Lepiophobic 7 -+ b - 2b - 32 | Tmass 15TV Prefiminary
SSM W' = Ir fep - Yes 32 |Wimss 07TV ATLAS-CONF 2015083
HVTW = WZ = ggmmodd A Oep 1 Yes 32 |Wmes 15TV o= ATLAS-CONF 2015088
HTW = WZ = qoogmodel A - 2J - 32 |Wmes 13316 TeW ar=1 ATLAS-CONF-2015-073
HWVTW = WH= (rbbmodelB  lep 12b10) Yes 32 | 162TeV =3 ATLAS-CONF-2015-074
HVTZ = ZH s wbbmodelB  Oep 12010] Yes 32 |Zmas 1.76 TeV = ATLAS-CONF-2015074
LRSM W, — tb lep 2601 Yes 203 w0403
LRSM W} = tb Oep 2lh1J - 203 14080886
Clagaq - zi - 3% [N 5TV au=-1 151201530
. Claglt 2ep - 12 [N ZATN i =-1 ATLASCONF-2015-070
Cl uott 2eptsﬁ1>1hl4| Yes 203 Cul=1 1504 04605
. Adalvectormediator (Diac M) Oep 21j  Yes 32 |6 10TV &35, g,=10. m{y) < 190GV Prefminary
Axizbvectormedator (DracDM) Oeply 1) Yes 32 [ma 506V £025, 210, o) < 10GeY Preiminary
ZZyy EFT (Dirac DM) Oep  14<1j Yes 32 My 550 GeV mly) < 150 Ge¥ ATLAS-CONF 2015080
ScalarLO 1 gen 2e 22 - 32 | 107 TeV s=1 o=
Scalar LQ2™ gen 2p 22f - 32 |lomas 1.03TeV s=1 Preimnary
Scalar Q3 gen fep 21023) Ys 203 5=0 150804735
VIO TT = Hr+ X Tep 22b23] ¥os Tin (TB) doublet 150504305
VIOYY = Wb+ X lep 21023 Yes Y in [BY) doublet 1505.04306
VIOBB = Hb+ X lep 22b23) Yes isospn snglet 1505,06306
VIO BB = Zb+ X 233ep 22210 - Bin(BY) dotiet 14035500
VIO QQ — Wy lep 4] Yes 1509.04261
Toz—=We lep 21h25] Yes 150305425
Exctedquark ¢’ = g 1y 1j - oy o andd”. A=miq’) 151205910
Excited quark 0" = gz - 2j - 52TeV orly o’ ad ", A= mig’) 151201530
Excited quark b* — by - k1) - Prefmnary
Excited quark b* — Wt TorZzep 10.20) Yes 1510.02684
Excited lepion * deyp - - 112821
Excited lepton v 3ep,r - - 14112821
LSTC a7 — Wy teply - 14078150
LRSM Majoranz r 2ep 2 - 1506.05020
Higgs triplet H* — #f 2e.p(SS) - - 14120237
Higgs triplet H** — Ir 3epr - - w2
Monatop (non-es prod) lep 1b Yes 10544
Muiti-charged partices - - - DY production, igl = 5¢ 150404188
Magnstic monopoles - - - DY production, ] = Lgp. pin 172 15008059
EotTe taaaal PR

10 Mass scale [TeV]

A lot of results
available...

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: March 2016 \5=7,8,13TeV
miss ~ .
Model ety Jets EY [Lan) Mass limit FE=TET _ Reference
T ——
MSUGRACMSSM Gdepuft-27 210jets3h Yes 203 185TeV WMM 1507.05525
i, §-qf 0 266l Yes 32 MFi=0GaV, m{1* pen Gl=m(2 pengl | ATLASCONF-2015-082
i, tmﬁi manc-jet I\'{Jels Yes 32 mlghm(i;}<5 eV Touppear.
% i, q-w.' tvimky 2e xéﬂﬂ-ﬂ 22755 : !gg mif}10GeV 150003250
B, E"W . mif0GeY ATLAS-GONF-2015-062
ri & ool —agW k| Tey  26fets  Yes 33 wfkasos.v |05 jemiz)) | ATLAS-CONF-2015076
, E-gqlt] [v[w}h 2ep D3jls - 20 mif |0 GeV 1501.03555
B, -agWZES 0 ojels Yes 32 i) =100 eV 160206154
GMSB {7 NLSP) 1274017 020l Yes 203 [R 163TeV o2 1407.0603
GGM fzina NLSP| ¥ - s w3 |E 134 TeV criNLSPY<0.1 1507.05483
E GGM (higgsina-bino NLSP) Y 15 Yes 203 |§ 137 TeV 7441950 GV, ce[MLSF) <B.1 mim, <D 1507.05488
GGM (higgsina-bino NLSP) 7 2fels  Yes 203 | 13Te miF|}<B50 GV, erINLSP) 0.1 mm, >0 150705493
GGM (higgsna NLSP} 2ead) 2 Yes m3 |@ 900 GeV NP 430 GV 150363260
Graviting LSP 0 monofet  Yes 203 | PP ecale 865 GeV' miGI>18x 107 o, mizi=mizi=15TeV 150201518
“Ef B gab;ﬂﬂ 0 3h Yes 33 i 1<800 GV ATLAS-CONF-2015-087
i Gley  3b  Yes 33 i} i=0Bey Tosppear
s B T Olew  3b  Yes 200 fF 137TeV it <300 G 14070600
Bib, EH’M 0 2h s 32 _ <100 GeY ATLAS-CONF-2015.066
By, tha. 2ep(8S) 03 Yes 32 | 325540 GeV mii =50, mif} o m{F' ]+ 100GV 150209058
iy, b} T2ep 12 Yes 47203 rmr-m(m GeV M) = 2mii}). miF})-55GeV 12092102, 1407.0583
Wb or i 02ep O2fei2b Yes 203 [ 90198GeV 205715 GeV. {85785 Gev et GV 150608815, ATLAS-CONF 2016-007
§ i 0 monojetictag Yes 203 | 90-245 GeV' off T} <5 GeV 1407.0608
o 2epiZ) 1h Yes 203 |h 150-600 GeV' mif| 1150 GaY 14035222
I Zepd b Yes 203 (& 290610 GeV' i} }<200Ga 1m5222
fep Gjels+2b Yes 203 |7 3204620 GeV il -0GEY 1506.08515
2ep 0 Yes 203 |F 90-335 GeV' w0 GeY 14005294
) Zep 0 Yes 23 [ 140-475 GeV 10 Get, 0T smiE]) 145294
= 2t - Yes 203 |& 395 GeV. m‘;.ncev i, E=0S{miE JemiEy)) 1407,0350
2 E avaI,_ﬂm) (i) Sep Yes 203 |ELiE 715 GeV i emiEl), mi *os\wﬂ-mu.\, 14027029
w3 mﬂ.m 23ep D2els Yes 203 ;,1} 425 GeV. i Jemit), mifje0, sieptons deoouple | 1403.5294, 1402.7029
.m,u" hobBWWrrjyy SBT 02h Yes 203 S‘.Xf 270 GeV' i J=mif2), mi7| 0. septons decoupied 1501.07110
.\"A i3, 071 =+l dep 0 Yes 203 Sl,_, 635 GeV' m{ESjemn(E), miE]jo0. m{f, 7 0.SimEESmfi ) 14055086
&GN (wino NLSP)weak pod Tepty - Yes A3 |w 115370 GeV cretmm 1507.05489
Direct i1 prod,, long-ived ¥ Disapp.tik  Tjet  Yes 203 [d) 270 GeV w160 M, i 1=0.2 ns 1310.3675
Direct f11, pmﬂ_,lnr\ghodﬂ dEids trk - Yes 184 |} 495 GeV' i mif)~160 MV, i <15 ns 1506.05332
3 stopped § Rehadron 0 1Ejels Yes 279 | 850 GeV mF 1100 GV, 10 5<r)< 1000 5 1810,6564
S Vetasable  R-hadron gk - - 32 — i 100 G, ot ne Touppear
GSB, stable 7, e lye.n) 1 2# - M ;; f wo::ﬂ‘ﬂ'f fodanp<s) ::;;2:
GMSBX,-yc lang-| 1. - . 1<rif}4<3 ns, SPSS model 1
gg‘ﬂﬁff‘!d‘ﬂivi!mv dspl. !!i!;:fﬂﬂ - - w3 t; 10TeV T ccrtfe 740 mm, i3 150405162
GGM 3¢, b\ —7G displ. vix + jots - - 03 q 1.0TeV B <crif< 480 mm, mi 150405162
LFV ppsie + Xovp—sepferjpr eperie - - w3 % ATTRY 15,011, dijias=007 150304430
Bilinear RPY CMSSH 2eq(SS) 03h  Yes 203 [@k 145TeV M, crusp< mm 14042500
BTG W Fse, 7, !M.u - Yes 203 ;‘1 760 GeV nﬁzpu_hmlifumm 1405,5086
A WA i e eptT - Yes 203 450 GeV' 02X ), 4520 14055085
o ! o e7es - 3 B 917 GeV BRI-B BRI % 1502.05666
-.wﬂx‘,‘ - 949 0 B7jels - 203 |E 980 GeV' mifi=600 GaV 1502.05686
oL fi-abs 2ep(SS) 03h  Yes 203 [ 830 GeV' 14042500
iy, f=sbr 0 2jets+2b - 203 |§ 320 GeV 160107453
i, b 2ep 2 - w3 a4 0-1.0TeV B —beu20% ATLAS-CONF-2015-015
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Many limits are reaching 1TeV and beyond.

Mass scale [TeV]
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Outlook

LHC
Ls1 EYETS 14 TeV 14 TeV
13-14 TeV energy
injector d 5to7x
8 TeV splice consolidation 3ps cryogenics Point 4 cryolimit nominal
button collimators dispersion . HL-LHC installation o
7 TeV R2E project cc E:‘;E::;LT m:gé?grt]lgn luminosity
zon Bz faoe Boos Paos Booe Baor Booe Baos [Boco Baoot P Booes fzoa IIII_
radiation
damage
75% 2 x nominal luminosity 4
nominal nominal luminosity | experiment upgrade |F—"" '
luminosity | experiment beam pipes / phrase 1 experiment upgrade phase 2

* We are in regime of non-linear luminosity increase
e 2016 dataset = 6 x 2015 dataset!

e Stay tuned to 2016 results
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