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2013-2015: Detector consolidations and repair

beam pipe, pixels, calorimeter, muon chambers
new luminosity detector
new minimum bias scintillators

ATLAS Run-2 Detector Status (from Apr. 2015)

Subdetector Number of Channels Approximate Operational Fraction
Pixels 92Mm 99.0%
SCT Silicon Strips 6.3M 98.9%
TRT Transition Radiation Tracker 350 k 97.3%
LAr EM Calorimeter 170k 100%
Tile calorimeter 4900 99.2%
Hadronic endcap LAr calorimeter 5600 99.6%
Forward LAr calorimeter 3500 99.8%
LVL1 Calo trigger 7160 100%
LVL1 Muon RPC trigger 370k 98.7%
LVL1 Muon TGC trigger 320k 100%
MDT Muon Drift Tubes 357 k 99.8%
CSC Cathode Strip Chambers 31k 98.4%
RPC Barrel Muon Chambers 370k 97.1%

TGC Endcap Muon Chambers 320k 99.8%




New inner layer of pixel detector: IBL

¥ 1B Installatlon

Light-flavour jet rejection

Run-2 / Run-1
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Trigger and Software

Reorganization of high-level-trigger
New central trigger processor
New topological level-1 trigger

Ready for 100 kHz level-1 accept
1 kHz event rate to disk

Software upgrades for analysis

electron trlgger @ 13 TeV jet trigger @ 13 TeV
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and wrapping up on the 8 TeV results

ATLAS Submitted Papers
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> 80 papers on Run-1 data published in 2015 so far.

Legacy papers on Higgs boson properties, EW and QCD measurements
Many results on top quark properties

Summary papers on Run-1 supersymmetry searches

Broad coverage of many new physics searches

and much more...
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Summary publications on Run-1 supersymmetry searches by ATLAS

Simplified model interpretations: factorize model in 1 or a few production/decay modes
Vary all relevant parameters, optimize sensitivity for different kinematics
Assumes decoupling of all other masses

Alternative: scan phenomenological MSSM (19 parameters)

Generate 5x10% model points, apply experimental constraints (e.g. dark matter)
Simulate ATLAS response of 310000 model points, apply 22 ATLAS SUSY searches
Mixes different production/decay modes
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SUSY summary on electroweak gaugino production

Simplified models, assuming bino LSP, wino x* and x°, with equal masses

multilepton searches

VBF
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Long-lived charginos PRD 88, 112006; JHEP 01, 068; arXiv:1506.05332

~f[~\/~\/i] — Tt 7(:)[~v~vo] Status: July 2015
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Long-lived charginos

PRD 88, 112006; JHEP 01, 068; arXiv:1506.05332
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Electroweak gaugino scan in pMSSM:
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MSSM: B-like LSP
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New generation of quarks: a vector-like heavy top quark

ATLAS Preliminary
Status: March 2015
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BR(T — Ht)

New generation of quarks: a vector-like heavy top quark

ATLAS Preliminary
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New generation of quarks: a vector-like heavy top quark

ATLAS Preliminary
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BR(T — Ht)
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New: combination with leptonic and lepton+jets channels

Channel Signal Region W’ mass range [TeV] | G* mass range [TeV]

) low-mass 0.2-1.9 -
et high-mass 0.2-2.5 -

low- resolved 0.3-0.9 0.2-0.9

llqq high- resolved 0.6-2.5 0.6-0.9

merged 0.9-2.5 0.9-2.5

low- resolved 0.3-0.8 0.2-0.7

lvqq high- resolved 0.6-1.1 0.6-0.9

merged 0.8-2.5 0.8-2.5
W Z selection 1.3-3.0 -

JJ WW+ZZ selection - 1.3-3.0

EGM W’ excluded below 1.8 TeV
(observed equals expected limit)

2 TeV local significance 3.4 2 2.50

ATLAS-CONF-2015-045
S : T T | T T T T I T T T T I T T T T | T T T T 4
S 102 :_ ATLAS Preliminary EGM W, ¢ = 1, Leading Order _:
g E }SdetS TZX 3 1" — —  Expected 95% CL 3
'}' - o —+— Observed 95% CL o
= 10 E_ \:l * 10 uncertainty _E
§ \ I:l + 2 6 uncertainty ]
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S ) s ]
T 107 W’ limits s
& - ]
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my, [GeV]

L
2500

o(pp —» W) x BR(W — ZW) [pb]

10~ =
1072 =
§ All limits at 95% CL
10—3 Il 1 1 | 1 1 1 1 | 1 1 1 1 l 1 1 1 1 I 1
500 1000 1500 2000
L L T T T T T T

o(pp — G*) x BR(G* — VV) [pb]

T

T IIIIIIII T IIIIIII|

T TTTTI

T | T T T T | T
ATLAS Preliminary

\s=8TeV
| Ldt=20310"

[T T
Combined Expected
Combined Observed
JJ Expected

JJ Observed

Ivqq Expected
Ivqq Observed

llgg Expected
llgq Observed
IvI’l Expected
IvI'T Observed

] IIIIIII| | IlIIIIlI 1 IIIIIII|

IIIIIII|

T IIII|II| T II|||II| T T TTTI
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ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: July 2015 JLdt=(4.7-20.3) o Vs=7,8TeV
Model 6y Jets ET™ [rat[i7] Limit Reference

ADD Gk +g/q - >1j Yes 20.3 n=2 1502.01518

ADD non-resonant £¢ 2e,pu - - 20.3 n=3HLZ 1407.2410

ADD QBH — ¢q 1eu 1j - 20.3 n=6 1311.2006

ADD QBH - 2j - 20.3 n=6 1407.1376

ADD BH high Ny 2 (SS) - - 20.3 n =6, Mp = 3 TeV, non-rot BH 1308.4075

ADD BH high ¥ p1 >lepn >2j - 20.3 n =6, Mp = 3 TeV, non-rot BH 1405.4254
ADD BH high multijet - >2j - 20.3 n =6, Mp = 3 TeV, non-rot BH 1503.08988

RS1 Gkk — £ 2epu - - 20.3 k/Mp = 0.1 1405.4123

RS1 Gk — vy 2y - - 20.3 k/Mp =0.1 1504.05511

Bulk RS Gyx — ZZ — qqtt 2e,pu 2j/1J - 20.3 k/Mp; =10 1409.6190
Bulk RS Gkx — WW — qqfv 1eu 2j/1J  Yes 20.3 k/Mp =1.0 1503.04677
Bulk RS Gk — HH — bbbb - 4b - 19.5 | Gkk mass 500-7201GEV ki/Mp =10 1506.00285
Bulk RS gxx — tt 1eu >21b,>1J/2) Yes 203 BR =0.925 1505.07018
2UED/RPP 2e,u(SS) 21b,21j Yes 203 1504.04605

SSM Z’ — ¢ 2e,pu - - 20.3 1405.4123
SSM Z’ - 17 27 - - 19.5 1502.07177

SSM W’ — ¢v ten - Yes 20.3 1407.7494

EGM W’ - WZ — tve'e 3epu - Yes 203 1406.4456

EGM W’ - WZ — qqtt 2eu 2j/1J - 20.3 1409.6190
EGM W’ - WZ - qqqq - 2J - 20.3 1.3-1.5 Té¥l 1506.00962
HVT W’ — WH — ¢évbb lenu 2b Yes 20.3 1503.08089
LRSM Wy, — tb leu 2b01j Yes 203 1410.4103
LRSM W, — tb Oe,u >1b,1J - 20.3 1408.0886
Cl qqqq - 2j - 17.3 1504.00357

Cl qqtt 2e,u - - 20.3 e =-1 1407.2410

Cl uutt 2e,u(SS) 21b,21j Yes 203 ICul=1 1504.04605

EFT D5 operator (Dirac) Oeu >1j Yes 20.3 at 90% CL for m(y) < 100 GeV 1502.01518

EFT D9 operator (Dirac) Oeu 1J4,<1]  Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017

; Scalar LQ 15 gen 2e 22j - 20.3 B=1 Preliminary
=1 | ScalarLQ 2" gen 2u >2j - 20.3 B=1 Preliminary
Scalar LQ 39 gen 1e,u  21b,23] Yes 203 B=0 Preliminary

VLQ TT - Ht+ X lepu 22b23j Yes 203 Tin (T,B) doublet 1505.04306

§§ VLQ YY - Wb+ X leu 21b,23) Yes 203 Y in (B,Y) doublet 1505.04306
S VLQ BB - Hb+ X 1ep 22b,>23] Yes 20.3 isospin singlet 1505.04306
L& viaBB—2Zb+X 2/>3e,u  >2/>1b - 20.3 Biin (B,Y) doublet 1409.5500
Tsi3 > Wt ey 21b,>25] Yes 20.3 1503.05425
Excited quark g* — qy 1y 1j - 20.3 only u* and d*, A = m(q") 1309.3230
Excited quark g* — qg - 2j - 20.3 only u* and d*, A= m(q") 1407.1376
Excited quark b* —» Wt for2e,xu1b,2jortj Yes 4.7 left-handed coupling 1301.1583
Excited lepton £* — £y 2e,u 1y - - 13.0 A=22TeV 1308.1364
Excited lepton v* — ¢W,vZ 3eurt - - 20.3 A=1.6TeV 1411.2921

LSTC ar —» Wy teply - Yes 20.3 1407.8150
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020

Higgs triplet H** — ¢¢£ 2e,u(SS) - - 20.3 DY production, BR(H;* — €£)=1 1412.0237

I3 Higgs triplet H** — ¢r 3eut - - 20.3 DY production, BR(H;* — ér)=1 1411.2921
8 Monotop (non-res prod) 1eu 1b Yes  20.3 3non-res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, || = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 Preliminary

Lol N N PSS | N N PSR | N N PR
- 107 1 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.
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The LHC in 2015
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First Collisions
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30



Peak Luminosity per Fill [10*® cm2 57|
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Luminosity uncertainty £9%
from preliminary calibration

Better calibration scans performed
end of August, not yet processed

Maximum 476+476 bunches
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Inner Tracker  Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

98.5 99.7 100 99.1 100 100 99.3 100 100 100 99.6

Luminosity weighted relative detector uptime (in percent) and good quality data delivery during the stable beams in pp
collisions at 13 TeV between June-August 2015, corresponding to 173 pb! recorded luminosity.
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Number of hits
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Fraction of Tracks
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Entries / 0.04
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Reco Efficiency
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Muon reconstruction
performance on data, J/{ 2 uy, Z 2 pu
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ATL-PHYS-PUB-2015-039
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E.Miss resolution
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ATLAS-CONF-2015-038

Measurement of the total inelastic cross section

63 pb? of early, low pile-up data

/. Largest Gap
;; ‘N\ /_\

-
T — -~
-—
; — -~
H -_—
~a

— 2cm thick discs at z=23.6 m

minimum bias trigger
scintillators

— Efficiency high and uniform within 1%
— Pseudorapidity range: 2.07<|n|<3.86

+ defines acceptance of fiducial measurement (My>13

GeV, £>10%)
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Pythia8

Kopeliovich et al. [33]
Menon et al. [34]
Khoze et al. [35]
Gotsman [36]
Fagundes [37]
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MC / Data

ATLAS-CONF-2015-028

Charged particle multiplicity at 13 TeV

170 pb™ of early low pile-up data, triggered by MBTS counters (€>99%)
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/dng,

1/Ng, -dN,,

MC / Data

Charged particle multiplicity distribution, and evolution with Vs
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Underlying event studies with tracks

leading track
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scalar sum of track p; per unit n-¢
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Valuable input for further generator tuning
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J/¥ candidate .
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Measurement of non-prompt
fraction of J/Y (i.e. from b-decay)

6.4 pb! of data
Triggered by single u p; > 14 GeV
or di-u p; > 4 GeV

Opposite sign dimuons
Pseudo proper lifetime t=1L,, (m, /p;)
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Z production
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Top-quark pair production at 13 TeV
tt - WbW~=b — e* i vvbb

e and W, p; > 25 GeV, 2 1 b-tagged jet, 78 pb!

Event counts Ny No
Data 319 167
Wt single top 200£38 5.6+2.0
Dibosons 1.1+£0.2 0.04+0.0
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1 b-tagged jet:
2 b-tagged jets:

g = 0.527 £ 0.026 = 0.006
o7 = 825 £ 49 (stat) + 60 (syst) = 83 (lumi) pb

Inclusive tt cross section [pb]

—
o
w

—
o
N

10

N1 = Logeuep(l —Cpep) + N

N2 = L(T,,‘ Ge,quebz + N

bkg
1
bkg

2

(in simulation: 0.543)

@ ATLAS dilepton* \s=13TeV, L =78 pb™
B ATLAS dilepton \s =8 TeV, L = 20.3 fb™
A ATLAS dilepton \s =7 TeV, L = 4.6 fb™

¥ Tevatron combined* \s = 1.96 TeV, L = 8.8 fb™

* Preliminary

EZ=—— NNLO+NNLL (pp)
Z—— NNLO+NNLL (pp)

I | I
ATLAS Preliminary

ATLAS-CONF-2015-033

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
My, = 172.5 GeV, PDF & o4 uncertainties according to PDF4LHC

2 4 6

8

10 12 14
\s [TeV]

Systematics:
luminosity

signal modelling
pdfs
lepton identification
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Candidate event for tt 2 evbpuvb

ATLAS

EXPERIMENT

/

Run: 267638
Event: 193690558
2015-06-13 23:52:26 CEST




New particle searches at 13 TeV

13/8 TeV parton luminosity ratio determines sensitivity

James Stirling, 2013 WJS2013
100 ———— — ——
ratios of LHC parton luminosities: 13 TeV /8 Te 41
2
——99 1
---- Iqq
S Q9

luminosity ratio
o
T

MSTW2008NL

O

100 1000
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Minimum bias
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Z(l)

7

t (s-channel)

t (t-channel)

WH

H (ggF)

H (VBF)

tt

ttZ

ttH

A(0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
Z'SSM (3 TeV)

Q" (4 Tev)

QBH (5 TeV)

QBH (6 TeV)

1

13 TeV / 8 TeV inclusive pp cross-section ratio

1.2

1.6

1.7
2.0
2.2

2.5

2.0
2.3

2.4

4.0

3.3
3.6
3.9

4

’ 10

t

t

Andreas Hoecker, 2014

e e B i
10

t

t

46

) 56

L B i i i |

100

1

t

At 10** cm2s' @ 13 TeV
pp the LHC produces:
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ATLAS-CONF-2015-042

New phenomena in dijet events at 13 TeV
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jets: anti-k. , R = 0.4 Is =13 TeV, 80 pb’ ATLAS Preliminary
. t, - .
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Events

ATLAS-CONF-2015-042

Data-driven background estimation by fitting mass spectrum

Bump-hunter algorithm looks for devations, most significant one has p =0.79

10*
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_ S o i ]
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X
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Limits are set on o x A x Br for various signal width hypotheses
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o x A[pb]

ATLAS-CONF-2015-042

Interpretation in a model of extra dimensions and Quantum Black Holes

Assume n=6, My = M,

1 O E \I T T T T T T T | T T T T | T T T T | T T -:t

SN ATLAS Preliminary ]

i \\ Vs=13 TeV, 80 pb "’ il

e N ly*l < 0.6 |

E \ ‘l",, . . E

n Now, limit from m, 2

| .. ” -

NG

107 N 3

S "

- — - BlackMax \\c\,’ .

1072 QBH N\ .

= —— Observed 95% CL upper limit \ ™, E
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. 68% and 95% bands N\
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10724

M,: fundamental scale of gravity in n dimensions
M, : threshold scale for black hole production

S L L 3
" \s=13TeV, 80 pb” 1
| — — BlackMax —e— Observed 95% CL -
3 QBH e Expected 95% CL =
T Expected +1o .
- limit from)(E P i
} < Expected 20 B
N E
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Excludes M, < 6.8 TeV (QBH generator) or 6.5 TeV (BlackMax generator)
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Events /0.1 TeV

Data/MC

Search for strong gravity in multijet final states

ATLAS-CONF-2015-043

High-p; - High-jet multiplicity final states, selected with H; =2 jet p; > 1 TeV
Individual jets: anti-k,, R = 0.4, p; > 50 GeV, |n| <2.8

Control region: 1 <H; <V TeV
Validation region: V< H; < STeV
Signal region: H; >S TeV

Signal model: rotating black hole, n=6, M,,, > M,

10*
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ATLAS-CONF-2015-043

Background estimated from data: fit in control region, extrapolated to VR and SR

njet > VR (obs) VR (exp) SR (obs) SR (exp)
3 23 27.1 + 3.7 (PE) + 9.6 (DD) 1 1.42 4+ 0.41 (PE) + 4.3 (DD)
4 27 25.4 + 3.2 (PE) + 15.5 (DD) 0 1.62 &+ 0.46 (PE) + 9.2 (DD)
5 21 18.8 + 2.9 (PE) £ 9.9 (DD) 0 1.32 4+ 0.48 (PE) + 5.0 (DD)
6 18 20.7 + 3.3 (PE) + 10.4 (DD) 0 1.19 & 0.48 (PE) + 13.3 (DD)
7 29 22.2 + 3.7 (PE) + 7.0 (DD) 0 0.81 + 0.36 (PE) + 0.60 (DD)
many bg functions evaluated
———— 10CHARYBDISZRotatingblackholes,n=6
e F . ] < L L L L ) BN
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e : 750 :
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Further searches need more luminosity

0.2 fblis very exciting E.™ss in monojet search: W ép.v CR
> ""|'"'|""|""|""|""|'"'| """"
but not enough for most searches & 102 I ATLAS Profminary
5 ET’T“‘SS>100 GeV Ldt = 68 pb™, \s =13 TeV
. -é 10 one muon (pT>30GeV, nl<2.5) -e- Data
use the data to check our understanding & "Z{‘tﬁ.')”-*‘f‘s
—ll)+jets

BB it + single t

in control regions 1
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Control regions for
supersymmetry searches

2-6 jets + missing transverse momentum

control region for top-pairs
W+jets
Z+tjets

shown: effective mass distribution, 78 pb
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July

Scrubbing for 25 ns

operation

Outlook for the rest of 2015 and beyond

WkI 27
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13

30!31
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10 7

24

Today
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Leap second 1
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Intensity ramp-up
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|’ Spedal physic run 8

et | ) Int lumi
50 ns 476 | 80 | 1l.1ell 1.8 1.6e33 14 0.1fb? 27
2015.1| 1200 | 80 | 1.2e11 | 3.5 3.6e33 50 ~2.3 fb? 21
2015.2| 1200 | 60 | 1.2e11 | 2.3 5.6e33 47 ~3.4 fb! 33

Peak lumi Days proton Approx. int
E34 cm2s? physics lumi [fb]
65 3

2015 ~0.5
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2017 15
2018 1.5

160 30
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ATL-PHYS-PUB-2015-005

Expectahon}sm_g |
> ~ ATLAS Simulation Preliminary Discovery reach, O-Iepton+jets+ErT”'ss
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Expectations .-

sbottom pair
search

Discovery P,

ATL-PHYS-PUB-2015-005
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ATLAS Simulation Preliminary Discovery reach in O-lepton, 2 b-jets
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Conclusions

The ATLAS detector is ready for Run 2

Pipelines of remaining Run 1 papers are
draining (searches, Higgs)

The LHC @ 13 TeV Is still on a learning curve.
2015 will be a commissioning year for 25 ns operation.
But no show-stoppers for 100 fb* by end of 2018

ATLAS has made first measurements and searches at 13 TeV.
For very optimistic scenarios, Run 1 limits have been extended.
Further searches will need more luminosity.
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