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ATLAS Status and performance
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Recorded luminosity in 2012

Measured with forward detectors, calibrated with beam separation scans

Status: 2 Dec 2012

ATLAS integrated
luminosity in 2012

30— ATLAS Online Luminosity \s=8TeV
[[] LHC Delivered

ATLAS Recorded

* Peak L =7.7%x103%3 s~'cm~2 (Aug)

e Max L/fill: 237 pb~" (June)

25

Total Delivered: 23.0 fb'
Total Recorded: 21.5 B’

« Weekly record: 1350 pb~" (June) 20

» Longest stable beams: 22.8 h
(July)

e Fastest turn-around between
stable beams: 2.1 h (April)

15

10

« Best weekly data-taking
efficiency: 92 h (55%) (July) 5

Total Integrated Luminosity [fb ]

At L = 7x1033 s7'cm2 and 8 TeV pp collisions, 560
Higgs bosons of mass 125 GeV (op,_y = 22.3 pb)

O 11
SR L i 04/03 30/04 25/06 20/08 15/10  09/12

Or: every 45 min. 1 H — yy, need ~2 typical Date in 2012
160 pb-! fills to produced one H— 4l ([=e/u)
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Luminosity and pileup in 2012

Measured with forward detectors, calibrated with beam separation scans

Peak luminosity & pileup profiles

Current 2012 luminosity uncertainty 3.6%
* Dominated by non-linearities in beam profiles of April & July 2012 van-der-Meer scans

New van-der-Meer scan performed 22 Nov (f* = 11m)

 First look promising: Gaussian shapes : . . : .
L Test fits of horizontal (left) and vertical (right) scan profiles
» 3D beam shaping in injectors pays off 1 1 4 [ T 1 1 omons
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Pileup in 2012

In general, do not expect a
significant impact on tracking,
nor muons, nor even electrons
and photons

However, sizable impact on jets,
E;™ss and tau reconstruction as
well as on trigger rates and

computing

Z — uu event in ATLAS with 25 reconstructed vertices
Display with track p; threshold of 0.4 GeV and all tracks

are required to have at least 3 Pixel and 6 SCT hits




Stability of electron energy response versus pileup

With bipolar LAr pulse shape bunch-integrated pileup contribution cancels®

Reconstructed e energy in Z — ee and W — ev (E/p)

« Left plot: relative stability versus <u> better than 0.1%

» Center: however, energy rise versus number of vertices seen:
expected from in-time versus out-of time selection bias

« Right: data / MC ratio: effect well reproduced by simulation

Same v scale as left plot

*Designed for 25 ns bunches
and uniform bunch luminosity
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E;™ss and tau reconstruction versus pileup

Pileup dependence from soft activity in calorimeter

Including tracking information
helps to mitigate effects from

pileup interactions

E;™ss resolution in Z — uu events with and without

soft-term vertex fraction correction

;‘ 26_IIIIIIIIIIIIIIIIIIIIIIIIIIIIII'II'IIIII
8 oaf © MC12 default ATLAS Preliminary
= - o0 MC12 Pile-up suppression STVF

' oo ® Data 2012 default

E > — = Data 2012 Pile-up suppression STVF

LU -

o) 20 - Z—uu

18:— s=8TeV

C _ -1

165 det_1.7fb B

14:_ 0 jets p,>20 GeV ***
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Number of reconstructed vertices
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Tau BDT reconstruction efficiencies
versus number of vertices
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Multi Prong —— BDT loose
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Multi Prong 2012 data f dt L = 740 pb”
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Efficiencies
predicted by
PYTHIA8 MC

Tested in
data with
/—tr tag-
and-probe
analysis

Background
efficiencies
measured
from dijet
data samples



Flavour tagging

Understanding of b-tagging efficiencies crucial for many analyses (SM, H — bb, searches)

Default tagger: ‘MV1’ neural network using other taggers as input

Several methods available to determine b-tagging efficiency versus b-jet p;. Compatible results found
among all of them, including those using tt and dijet events

ATLAS-CONF-2012-097

B T T T T [ T T T T [ T
§ 1.6~ ATLAS  Preliminary
o _ -1

§ 14 f Ldt=4.7 fb

O E= 7 TeV

2 T

-
(\)

5 flisted

1

MV1 70%

H—pESe—i

1

1

Al g [

pTrel+system8 (stat.+syst.)
TagCount SL (stat.+syst)
TagCount DL (stat.+syst)
KinSel SL (stat.+syst.)
KinSel DL (stat.+syst.)
KinFit SL (stat.+syst.)
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Comparison of all
tt-based scale
factors with the
combined scale
factors from the
System8 and pTrel
calibration methods
[see: ATLAS-
CONF-2011-089]

Scale factors close
to unity, systematic
uncertainties
between 5% and
15% versus p;



Data taking efficiency

Continued excellent performance of detector, trigger and reconstruction

Average data taking efficiency: ~94%

» Deadtime is dominant inefficiency source (~4%)

Stable detector performance

ATLAS p-p run: April-Sept. 2012

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

100 993 995 97.0 SEEEE 99.9 998 999 999 99.7 99.2

All good for physics: 93.7%

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4th and September 17th (in %) — corresponding to 14.0 fb? of recorded data. The inefficiencies in the LAr
calorimeter will partially be recovered in the future.

Total efficiency (delivered — physics): ~88%
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2012 Trigger

Baseline menu designed for L = 8 x1033 cm=2s~" and mostly unchanged during 2012 run

Average trigger rate during stable beam:

ATLAS Trigger Operation 2012

600
500

400

300

200

Rate in Hz

100

/_/"'__

Spare DAQ capacity used
for lower priority triggers with
delayed offline processing

-Jets/missing E_ (delayed)
' B-physics (delayed)
Minimum Bias

Electrons/photons

Jets/taus/missing E_

Muons/B-physics

0 - . . . ‘ . .
April June /August Oclober

Additional / looser E;™ss & tau as well as VBF triggers added
to increase sensitivity for 125 GeV Higgs in bb and 7z modes
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Delayed

= reconstruction

[ 0.8 B events so far ]

Prompt Tier-0
reconstruction

[ 2.4 B events so far ]

Average rate of 400 Hz
over 2012 run for

prompt trigger streams
(~1700 stable beam hours)
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Primary triggers in 2012

Y Looser selection available later
in 2012 data in either prompt
or delayed streams

. . . Trigger selection L1 Peak (kHz) EF Ave (Hz)
Signature Offline selection L1 EF =7x10% L = 5x10%
pea ave
) Single muon p. > 25 GeV 15 GeV 24 GeV 8 45
Single leptons
Single electron p, > 25 GeV 18 GeV 24 GeV 17 70
2 x 6(4¢or) GeV
2 muons pr> 6 GeV (also Zm(u4EI9§r)rel only) 2x6GeV 3 2
2 muons p; >15 GeV 2 x 10 GeV 2 x 13 GeV 1 5
Two leptons 2 muons p; > 20,10 GeV 15 GeV 18,8 GeV 8 8
2 electrons, each p; > 15 GeV 2 x 10 GeV 2x12 GeV 6 8
2 taus p; > 45, 30 GeV 15,11 GeV 29,20 GeV % 12 12
2 photons, each p, > 25 GeV 2 x 10 GeV 2 x 20 GeV 6 10
Two photons 3 {5ose photons, p. > 40,30 GeV 12,16 GeV 35, 25 GeV 6 7
Single jet Jet p; > 360 GeV 75 GeV 360 GeV K 2 5
o E;/miss > 120 GeV 40 GeV 80GeV % 2 17
) 5 jets, each p. > 60 GeV 5 x 55 GeV
Multi-jets 6 jets, each p. > 50 GeV 4x15 GeV 6x45Gev K 1 8
b-jets b + 3 other jets p, > 45 GeV 4 x 15 GeV 4 x 45 GeV + b-tag 1 4
TOTAL <75 ~ 400 (ave)

LHCC Open Session, 5 Dec 2012
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Reconstruction, production, computing

Computing & grid cope with needs, providing the means for timely output of physics results
New Integrated Simulation Framework to flexibilise MC production for large needs - siide in the backup

120,000 T T T T T T Stored data (TB)

2012 high pileup challenge
* 6k CPUs in Tier-0 (up to 7.5k when heavy load) Data disk

80,000

* Reco. time / event: 10-50 sec for <u> = 5~50

60,000

. . Tier-0 disk
Reprocessing of 2012 data ongoing

(~2B events)

« Conditions updates only (calibration & alignment, -—L-ogél bRy =

Jan 2012 Feb 2012 Mar 2012 Apr 2012 May 2012 Jun 2012 2012 Aug 2012 Sep 2012 Oct 2012

data quality, other fixes), no MC reprocessing

180,000 x . T T T T Running jObS
ATLAS dashboard
IP precision improvement after alignment (in reprocessing) oo
E1407‘ L ‘ TTTT ‘ T "‘ " ‘ TTTT ‘ TTTT ‘ L ‘ T "‘ ‘ TTTT ] TT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ TTT ‘ T 140:000
3 [ ATLAS Preliminary =— Updated Alignment ATLAS  Preliminary = Updated Alignment |
5 | Data2012, (s=8 TeV = Original Alignmen% EData 2012, (s= 8 TeV = Original Alignment -
3120? 120,000
2 L ) -
g 100~ o BTt 111§ 11— 1111 LA A Al
- Entries in n—¢ map B
80~ Left: Az, 80.000
i Right: Ad, |
eor : . £0:000 User analysis
40} 40,000
i )\I‘[ ' . MC' reconstruction
20— L\'“’—L\’l‘m—v‘w 1 20,000 H ‘
: ] \ H | ‘
R U S O A i P . [ I P nh ] mwMMMmlhu sl b MWMMMWMGFUJH| rbddtﬂdﬁukﬂher$ﬂmm

il h
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Azy[tm] Ady[! m]
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ATLAS
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ATLAS publications

http://atlasresults.web.cern.ch/atlasresults

On Nov 30:

* ATLAS produced
220 papers using
collision data

* 421 preliminary
conference notes




ATLAS Physics — Recent Highlights
SISmEENC Model PhyzIcs .
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Available statistics allows to perform powerful
fiducial and differential and cross-section

measurements even in rare channels as dibosons

LHCC Open Session, 5 Dec 2012 — ATLAS Status Report —
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Differential Y(15/25/3S) production cross-section

Sensitivity greatly improved compared to previous measurements (increased p; range)

12117255

Dimuon final state for pr(u) > 4 GeV, |n,| <2.3

« Comparison of the three states interesting because of contributions from
direct production and feed-down from decays of higher mass states (Y’s, x’s)

« Comparison with theory models reveals problems at high p;

Fiducial cross section

;‘ T 1T ‘ T 71T ‘ T 1T ‘ T 1T ‘ T T ‘ T 1T ‘ T 1T E
(GD) Fiducial cross sections (pi >4 GeV, 'l <2.3)
5 10° E
L .
g % ]
+i 10 ‘““M‘* ‘o.. E
1\ B T*f*_:.'o E
§ 1 ‘*A."-. E
o0 - a0, E
; N P toy ]
-1 Teae —-
g_,j 0 g
3 [ ATLAS — ]
© 10 " (s=7Tev det=1.8fb" ~
L1111 ‘ L1 1 | ‘ | ‘ | ‘ | ‘ | ‘ L1 1]

0 10 20 30 40 50 60

70
Y P, [GeV]
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dy x Br(Y(1S)— u'w) [pb/GeV]
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N
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[ [Ldt=181"
150 f

Iy"“l1<1.2

—e— Data
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Wi
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Corrected cross section

09 <12
Y (1S) corrected cross sections
Spin-alignment envelope

NNLO* CSM (corrected)

Extreme spin

) alignment
7 scenarios in
..... /
ATLAS /‘7%/22 <o /7 / g. - envelope
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W and Z physics — differential measurements

Large statistics allows precise tests of generators/theory, PDFs and bkg to searches

Measurement of W + b-jets fiducial (p; > 25 GeV, || < 2.1) & differential cross section

L~ 20 | | - T T T

o) R . | > T ATLAS Prelimi .

! ATLAS Preliminary Data 2011, Vs = 7 TeV s L e 4% Data ({s=7 TeV) |
5 | 1 3 'E fL dt=461b —¥— MCFM E
g - —&— Electron Channel Lata6fs’ | a F —=— ALPGEN f
5 - —#— Combined Electron and Muon f - 7 k] %%ééé% ]

© 15 —+— Muon Channel 1 a LLLL Gl L LS |

- ——— MCFM 4FNS + 5FNS T D 10" —— =

" Powheg + Pythia 1 3 = %%3%/5%%%/ ]

M e ALPGEN + Herwig 7 - e+u, Nlet=1 I ]

B ] s

1 O i | 10'2 =

[ ] - Z:

i % % i r — —

5- . O 4E%%% Data/MCFM ' / 7z
— — 3_
T O OO OO OO T 1 o :

B L'iii i s 3 77 Daa/ALPGEN e

0 L | . & 21: . W /‘

: : ; 25-30 30-40 40-60 60-140
1 jet 2 jet 1+2 jet b-jet p_[GeV]

Fiducial cross section within 1.5 of theory prediction
pr spectrum harder in data, but compatible within uncertainties with generators
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Diboson physics: WW, WZ, ZZ, Wy, Zy, vy

ATLAS performed total, fiducial & differential diboson cross-sections measurements
Measured 11 diboson fiducial cross-sections: most are slightly above theory expectation (but syst. and theo. errors correlated)

See last week’s ATLAS diboson seminar by Shih-Chieh Hsu: http://indico.cern.ch/conferenceDisplay.py?confld=218398

Examples for differential cross section measurements: WW, ZZ (7 TeV, 4.6 fb™)

Normalised fiducial differential cross-section (= unfolded) Normalised fiducial differential cross-section

S FEamas T Memecamwoenio) | % ook ATLAS ' — POWHEGBOX J

0, 0'03: Data 2011 (Vs=7 TeV) ® Data E O] e Ns=7 TeV e Data -

o - . +  Stat. Uncertainty - = 0.018 p + Stat. Uncertainty —

S 0.025— J.Ldt=4-6 fo Full Uncertainty — Na— = f Ldt=4.61fb —= Total Uncertainty 3

= . © 00160 2Z — 1T E

- ] =N c 7

x 0.02F — S 0.0141 -

o3 - < 0.012F =

£ F ww o 2otz L 3

= 0.015 — SN 0.01 —

- . = 0.008F | | Measured also 3

001 . = 0.006F T [lvv channel =

L in centres are cross- | = =

0.005{— section weighted averages — 0.004 —

o ] 0.002F —

o C e = T R R PPN BN | | =

g 1.51; > E (EJ 1.5;; e E

3 ————o— f - S e =

S 05 o e E % O05F H 3
25 40 60 80 100 120 140 " 350 Q 0 50 100 150 200 500 550 600

Leading lepton p_[GeV] pf [GeV]

So far, satisfying agreement with NLO generators, also for mass spectra. Same for WZ
Also searched for diboson resonance production (ZZ [8 Tev, AtLAs-conF-2012-150], WYy, Zy)
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Diboson physics: WW, WZ, ZZ, Wy, Zy, vy

ATLAS performed total, fiducial & differential diboson cross-sections measurements
Measured 11 diboson fiducial cross-sections: most are slightly above theory expectation (but syst. and theo. errors correlated)

See last week’s ATLAS diboson seminar by Shih-Chieh Hsu: http://indico.cern.ch/conferenceDisplay.py?confld=218398

Examples for differential cross section measurements: Wy, Zy (7 TeV, 4.6 fb™")

Inclusive E, fiducial differential cross-section N-jet = 0 E, fiducial differential cross-section
- T T T T T - T T T I I
S 104 / [[] pata 2011 (nciusive) s 10* 00 [ ] pata 2011 Exclusive)
O [
O] 1 03 V)/ —e— SHERPA x 1.0 (Inclusive) Q) 1i 03 y —e— SHERPA x 1.0 (Exclusive)
,-\é o @ -a--qr-- —A— ALPGEN x 1.5 (Inclusive) Aé 1 02 P —&— MCFM (Exclusive)
_§ 10 AT . —5— MCFM (Inclusive) E 10 "'.'"‘"___.___'__
g_ T-"é'_ 10 & ATLASPreliminary i P ;fl P‘%" ATLAS Preliminary S S
o B m e TN
1 1 det=4.6fb1 > det=4.6fb'1
S 3| 107
4 (s=7Tev o A {s=7TeV
10 ‘ o 102 .
Global scaling of SHERPA/ALPGEN to match data [
1 0-2 ] ] ] ] ] 1 0-3 ] ] ] ] ]
1.9
© CE; E [I] T [I] T . s [I] T [I] T [I] T [I] E - g, 1.8: T T T T + + I :
T L 2 S N B e e N :
l_ 01 F | | | | | ] |_ 0.2 L | | | | | + ]
15 20 30 40 60 100 1000 15 20 30 40 60 100 1000
E; [GeV] E! [GeV]

Too low incl. cross-section by MCFM (NLO, parton-level). Scaled ALPGEN/SHERPA (LO)
with multiple quark/gluon emission in ME more accurate - Similar for yy[1211.1913]
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Top pair production cross-section measurement

Precision measurement already — all the work is on understanding systematics

Large variety of 7 TeV measurements public: 0/1/2-lepton (incl. taus) — agreement with theory
Measurement of 8 TeV cross-section in 1-lepton channel (5.8 fb™") using likelihood template fit

S16000[ o p F -
% 6000: ATLAS Prellmln.ary Ldt=58 b 318000;ATLAS Prellmlnf'ary Ldt=58 fb"
§14000(-  Data er=3jets J (5-gTev ‘5150005 e Data  MH=3JIS J (5_gTev
w F L WiJets Il Muttijet @ L w WJets Il Muttijet
12000 - Z+Jets . Single Top Dibosons 14000 - Z+Jets . Single Top Dibosons . )
i . ; Inclusive tt cross section

10000 A 12000f .
[ F (using m(t) = 172.5 GeV).
10000f

8000 .
. 8000 o =241+ 2 (stat)

i 6000 + 31 (syst)
o0t 4000] + 9 (lumi) pb

20001 2000,

Syst. dominated by MC

s e s r signal modeling (ISR/FSR,

'g 1.5 § 1.4;_ generator, parton shower, PDF)

g g 1.2 .

w w -

: : 1%%/% Agreiezr;ent with theory:

e o 0.8 238_ 5 Pb (HATHOR, approx. NNLO)
0 0.10.20.30.405060.70809 1 0 010203040506 070809 1

Likelihood Likelihood
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Top pair production cross-section measurement

Precision measurement already — all the work is on understanding systematics

S8 T o S ,
%e';&w e

Large variety of 7 TeV measurements public: 0/1/2-lepton (incl. taus) — agreement with theory
Measurement of 8 TeV cross-section in 1-lepton channel (5.8 fb™") using likelihood template fit

m— T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T T T T | T -
-‘é - _NLOQCD (pp)  # Single Lepton (8 TeV) 241= 32 pb ]
= L V¥ Single-lepton (7 TeV) 179+ 12 pb -
o) B [Approx. NNL(_) (pp) A Dilepton 173 *'"pb
~NLOQCD (pP) 5 All-hadronic 167 = 81 pb
102 __|:|Approx. NNLO (pP) ® Combined 177 *jpb . —
— mCDF 3
_ #DO 220 ]
I 2001 1]
180r-
10 =
- 160 1 7
Grand [ 140 1
picture ATLAS Preliminary 459, . ]
6.8 7 7.2
1 J 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
1 2 3 4 5 6 7 8

Vs [TeV]

LHCC Open Session, 5 Dec 2012

Inclusive tt cross section
(using m(t) = 172.5 GeV).

o =241+ 2 (stat)
+ 31 (syst)
+ 9

(lumi)

Syst. dominated by MC

signal modeling (ISR/FSR,
generator, parton shower, PDF)

Agreement with theory:

2387 gi pb (HATHOR, approx. NNLO)
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Understanding top pair production at the LHC

Top pairs in association with jets are dominant background for many BSM searches

Prelim. measurement of fiducial jet multiplicity in tt production (epton+jets) at 7 TeV (4.7 fb™)

MC scaled to approx. NNLO inclusive prediction (as always)

n T T T T T T T ] T T T T T T T T
T ATLAS Preliminary - ATLAS Preliminary 4
G>) —e— Data —— Data
4 i
T ALPGEN+HERWIG .
10 —— — — MC@NLO+HERWIG 31 o* = ALPGERPYTHIA
....... ALPGEN+PYTHIA (, Down) ] — — ALPGEN+PYTHIA (a, Up) 3
- —— S POWHEG+PYTHIA i o eseaee ALPGEN+PYTHIA (o, Down) |
Data / generator ’ _| ALPGEN + —— i
comparison — det 471" 1 PYTHIAwith fL dt=a7i’
> i . i —_—= E
pr>40 GeV s=7tev ] VaINg ds e — (s=7TeV 3
1 02 - e = - o .
= anti k R=0.4 —_——— J 5 anti k, R=0.4 _—
T ml<25 e 1 10°Emi<2s = E
1 O :_pT > 40 Gev = = pT > 40 Gev .......... .
E u+ets —+=- 3 | u+jets i
© — | | | | | — | | | | | ! |
© s e ——
Q 1.5 = —— -4 1.5 o -
O e LT fannns - snnnfunan —
E 1 mﬁﬁﬂ (LI AL h.-'l Cer e C .-.. ..-. ...!-.... .-.... — 1 :: ........................ -
i — —
0.5F —— -4 0.5F ]
[ — e —
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r.'jets

Rapidity gap
fraction®
measurements vs.
lv| help to assess
uncertainties
related to ISR/FSR

Variation of a5 and PS
parameters describes
ISR/FSR uncertainties

Q, is the fraction of events with
no additional jet radiated within
a considered rapidity interval
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ATLAS Physics — Recent Highlights
Higgs (-like)

A new era, new challenges

Higgs physics moves
from searches to
measurements

Huge efforts spent on
scrutinising systematic
effects and designing
robust analyses

.org/shardpress

http://www.shardcore
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Higgs status after Summer 2012

One new boson with Higgs-like properties ... nothing else around

Combination of 7 TeV (~4.7 fb ') and 8 TeV (~5.8 fb™') data
Discovery p-value with contributions from yy, ZZ* and WW, slighter stronger signal than SM

5“} 1 ATLAS 2011 -2012 Z 2 ATLAS 2011 - 2012 E
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For HCP 2012: update of H - WW, 7z, bb analyses with 13.0 fb~! at 8 TeV
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H—> WW® — ey + 2v

Different-flavour channel and 8 TeV (13 fb™') uncombined result only for this update

Numerous relevant
backgrounds: diboson,
top, W/ Z+jets,
estimated from
control regions

Events / 10 GeV

Distinguish 0/1 jet and
leading lepton

- 4 categories, main
discrimination with:
my, Agy, mr

Events / 10 GeV
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H—> WW® — ey + 2v

Different-flavour channel and 8 TeV (13 fb™') uncombined result only for this update

Background subtracted transverse mass (stat errors only) with expected H(125) signal (left)

Background-only p-value (right)
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H— 1t

Combined and reoptimised 7+8 TeV analysis

Build exclusive categories: lep-lep, lep-had, had-had and jets: 0, 1 (boosted or not), 2 (VBF, VH)
BDT-based tau identification, Higgs discrimination based on m__

Use MMC (missing mass calculator) to estimate m_, o(m_) = 13% ~ 20%, best for boosted 7
Backgrounds dominated by Z — 77 (use “t embedded” Z — uu), also top and fakes important

Test embedding in MC in 7z (also uu)
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-"CEB 0.16[~ | | €Tpag A Ty Pres‘electlon . E 1200~ T,y + €74 Boosted 1 30[ rhadrhad He2- ]ets VBF ]
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H — 7z (doubly hadronic) candidate in VBF channel (m,. = 131 GeV)

Run Number: 209109, Event Number: 86250372 &\ ~ \/ A I

Date: 2012-08-24 07:59:04 UTC




H— 1t

Combined and reoptimised 7+8 TeV analysis - total of 25 exclusive fit categories

y. -CONF-20 =160
T o S e it Lot

Available statistics allows meaningful VFB vs. non-VBF scan, similar sensitivity in both modes,
but best VBF constraint from all Higgs decays

8
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100 110 120 130 140 150 100 110 120 130 140 150
my [GeV] my [GeV]

u(125) = 0.7 £ 0.7
95% CL limit (125): 1.9 [ exp: 1.2 ] x SM / Significance (125): 1.1c [ exp: 1.70 ]
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VH production with H — bb
Also new 7 TeV analysis of tt+H, with

Combined and reoptimised 7+8 TeV analysis H — bb [ATLAS-CONF-2012-135]

Require 2 b-tags and distinguish 0, 1, 2 lepton channels, where 0-lepton uses E;™ss trigger
Higgs discrimination based on m,,, resolution of ~16%, improved by including muons
Categories in E;™ss, jets, pr(V) [depending on channel] > reduced background for boosted Higgs
Obtain W/Z + light/c/b & top scale factors from flavour pre-fit, W/Z+b and top vary in final fit
Dominant systematics from the b and ¢ tagging and jet/E;™ss scales

S 4sE ATLAS Preliminay | mam 3 @ 4sE ATLAS Preliminary
O y B WH 3 O] . B WH
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25 vz Cowe 3 vy
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20 : = 20
15 o A E 15 -
10 = 10 :
5
1 I 1 1 1 I 1 1 1 I 1 1 1 1 1 1
40 60 80 100 120 140 0 20 40 60 80 100 120 140 160 180
m,; [GeV] m, s [GeV]

LHCC Open Session, 5 Dec 2012 29



VH production with H — bb

Combined and reoptimised 7+8 TeV analysis - 16 exclusive fit categories

-100

Fitting cross check (left): detect expected WZ and ZZ peak with Z — bb.

Plot sums over categories, all non-diboson bkgs subtracted. Significance of peak: 4o
74 cross sect1on ~5 tlmes larger than VH
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u(125) = -0.4 + 0.7(stat) + 0.8(syst) / 95% CL limit (125): 1.8 [ exp: 1.9 ] x SM
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Updated Higgs combination

Simplest analysis only: combination of three new results to derive combined u

Previous result [July paper, using 7 TeV
analyses of zr, bb, 5.8 fb™! analyses for yy,
ZZ, Ww] gave: u=1.4+0.3
New result: u=1.3+0.3
Compatibility with common wu is 36%

Compatibility with SM u =1 is 23%

Higqgs or Higqgs-like,
that is the ...

LHCC Open Session, 5 Dec 2012

W,ZH — bb
Vs =7 TeV: [Ldt=4.7 ib"
Vs =8 TeV: [Ldt =13 b

H— 1t
\s=7TeV: [Ldt= 46fb1
\s= aTevadt 13fb

H—wWwW" - iy

Vs=8TeV: [Ldt=13 b

H—yy
\s=7TeV: [Ldt= 48fb1
\s = 8TerLdt 5.9 b

H— zZ' —>4I

Vs =7 TeV: [Ldt = 4.8 fb"
Vs=8TeV: [Ldt=581b"

| | | |
ATLAS Preliminary

I |
m, = 126 GeV

Combined
Vs=7TeV: [Ldt=46-48fb"
Vs=8TeV: [Ldt=58-13 1"

u=13+03

Signal strength (u)
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ATLAS Physics — Recent Highlights

Searches

.

LHC reaches deeply into matter

ATLAS responds with a broad and intense BSM research programme

LHCC Open Session, 5 Dec 2012
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ATLAS mines its data for new physics in events with
jets ... gradually approaching the limits of phase space

Observed and fitted dijet mass

2 ! =
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The highest-mass central dijet event collected. The two central high-p; jets have an invariant mass of 4.69 TeV

Run Number: 209580, Event Number: 179229707
Date: 2012-08-31 20:24:29 CEST

— 325ET (GeV)
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[ 245

205




ATLAS mines its data for new resonances decaying to

top pairs ...

Maube the 2’ is
Lepzophobic and has
Eoptoionu,r ohbj ?

q(‘)

If the Z’ is very heavy, the outgoing tops will be strongly boosted; hadronic tops will be merged
A powerful semileptonic tt resonance search w/ boosted techniques already presented last time

ATLAS-CONF-2012-136, limit: 1.7 TeV (95% CL)

LHCC Open Session, 5 Dec 2012



ATLAS mines its data for new resonances decaying to
top pairs ... searching for tt fully-hadronic resonances in boosted regime

Two methods identify merged hadronic top decays

* HEP-Top-Tagger uses substructure of “fat jets”

« Top-Template-Tagger uses calorimeter templates
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Boosted technique also exploited for other searches
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ATLAS mines its data for new resonances in events
with leptons ... for example: dilepton, like-sign dilepton, lepton-y resonances

Dilepton resonance search: m(Z’y) > 2.49 TeV (95% CL, 6.1 fb"") aruas-conr-a012-129 Ml T )

Doubly charged Higgs produce narrow like-sign resonance Observed and predicted eey mass and signal models
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Prompt like-sign leptons powerful For compositeness scale A = m([*):

probe for many forms of new physics exclude excited leptons < 2.2 TeV (95% CL)

il — A\ 2=
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Supersymmetry

:i[_:—,:
9
9

Not only that ! Very rich phenomenology
Broad and deep SUSY research programme in ATLAS

See recent (Oct 23) ATLAS seminar by Nick Barlow reviewing results on long-lived particle searches with ATLAS

LHCC Open Session, 5 Dec 2012



T : After ...
scalar Y « 25 papers at 7 TeV with full
precipice 2011 statistics

* 13 preliminary 8 TeV results

EW scale-! — No discovery yet ...

Squark-gluino-neutralino model, m(%?) =0GeV
T
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[ o ATLA imi 4
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GUT scale!

Limits from this model:
m(q) =~ m(g) <1.5 TeV

Fundamental scalar ' m(q) <1.4 TeV (V m(g) <2 TeV)
length scale m(g) <1TeV (VY m(q) <2 TeV)



“Natural” SUSY

Lightest squarks are stop/sbottom, gluinos possibly too heavy, gauginos accessible ?

Lower cross-sections and larger SM backgrounds require

dedicated searches
R X . ./I

Strong & strategic approach by ATLAS
7 X* ....... <»I %°

Z
6/{ \ ~0 ‘:/-// .
P, X2 “““ X3
_____ ~ 0
X1 7 X}.m'.ﬁ{;—— %
W

———— )~(1 /
b/t k """ X3
V ----- %8
Gluino-mediated b/ production Direct b/t pair production 7

Direct slepton-pair production

- see backup
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“Natural” SUSY

Gluino-mediated stop production

o Z"’_i!ig.;:: ZAV LY O,
Characteristic signatures: 39 production, §— tfy,
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“Natural” SUSY

Direct sbottom production (here 2b + E;/™ss final state)

Direct sbottom production can lead to
2b + E;™ss (shown here) or also to
multilepton + jets + E/™ss final states

Mect @ boost-corrected contransverse mass
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“Natural” SUSY

Direct stop production, including decays to top + neutralino and b + chargino

Direct stop production features similar final states as top pairs, searches use
0/1/2-lepton final states and depend on sparticle masses and stop decays

New results on 8 TeV 13 fb™' in 1-L and 2-L final states,
optimising for stop — top + N and stop — b + C decays

My, distributions in b + C (right) signal

10"

E;mss distributions in top + N (left) and b + C (right) signal regions [1-L analysis] region [2-L analysis]
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Direct stop search - status SUSY-12 workshop

T, production: T, — b+¥., %, — W' +x. (BR=1, m, <200 GeV) T,— t+7, (BR=1, m_ > 200 GeV)
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Direct stop search - status LHCC 2012

TF, production, T, — b+, 7:— W4, Status: December 2012 m. - T{, production, = t %, Status: December 2012
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Direct stop search - status LHCC 2012

T t1 production Status: December 2012
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Significantly improved sensitivity at high stop mass with exp. limits up to 620 GeV (before 500 GeV)
Also, strongly enhanced sensitivity for lower mass stop decaying into b + chargino




Direct stop search - status LHCC 2012

Tﬁ.‘; production Status: December 2012
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Significantly improved sensitivity at high stop mass with exp. limits up to 620 GeV (before 500 Gev)
Also, strongly enhanced sensitivity for lower mass stop decaying into b + chargino

There is still room at low mass — remember: our models are simplified




What about Dark Matter ?

Detection of invisible particle production

T I T 1 17T I T 1 17T I T T T 71
ATLAS Preliminary

Should we give up on natural SUSY and
directly search for WIMP (dark matter)
production in proton—proton collisions ?

I T T T T I T T T T I T T T T
—@— data 2012
Tcztal BG)

B [ ] Z(—=vv)+jets
det=10.5fb1 O W(—Iv)+jets

C— Z(— 1) +jets

Ns=8TeV [ Dibosons
@ (i + single top
.............. ADD n=2, M_=3 TeV
....... D5 M=80GeV, M=670GeV
- e G+3/, M, =1TeV, I\/(|§=1O'4eV

—_
o
n

.......

—_
o

Exploit “ISR technique” (huge potential!)

dN/dET™®  [Events/GeV]

Energetic gluon/photon

q— radiation in the initial sate 1 g_ """"""" _E
107 = e
: ¢ :
X o
e 15__|__|_ ........................................................................................................ p—
_.(E 1_ .................................. : ....................... | ........................................................................ —
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E?'SS [GeV]

Interpretation in variety of models:
extra dimensions, WIMP, gravitinos

- A\ I -
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- Search for mono-jets events
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What about Dark Matter ?

Detection of invisible particle production

Should we give up on natural SUSY and
directly search for WIMP (dark matter)
production in proton—proton collisions ?

Exploit “ISR technique” (huge potential!)

Energetic gluon/photon
radiation in the initial sate

q

X

q X

- Search for mono-jets events

LHCC Open Session, 5 Dec 2012

ATLAS \s=7TeV, 4.7 b, 90%CL
f— XENON100 2012 —— ﬂ)1 :qg— J'(X%)D. | ]
_ ---- CDMSII low-energy =— D5: q3— j(xX) e ]
e CoGeNT 2010 D11: gg— _[3"30 4
[ .. D5:CDFq@—jon).  —— 21199 10Xy, 00

Dirac

- — — D5:CMS qG— j(xx) . - 1o

Dirac

Spirll-ingependenF

1 10 102 10°
WIMP mass m, [ GeV ]

Complementarity between accelerator-
based and space-based particle physics

L
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ATLAS thoroughly studies signatures for new physics...

Huge variety of models probed, but also model-independent results

*Only a selection of the available mass limits on new states or phenomena shown

"""" Scalar LQ pair (p=1) - kin. vars. in eejj, evjj
Scalar LQ pair (8=1) : kin. vars. in pujj, wvjj

ferm.

Large ED (ADD) : monojet + E

Large ED (ADD) : monophoton + E; ¢

Large ED (ADD) : diphoton & dilepton, m, ,

UED : diphoton + E; .

S'/z, ED : dilepton, m,

RS1 : diphoton & dilepton, m,,,

RS1 : ZZ resonance, my, ,;

RS1 : WW resonance, my,,

RS g —tt (BR=0.925) : tt — I+jets, m

KK . 1t.boosted

ADD BH (M, /My=3) : SS dimuon, Ny, ..
ADD BH (M., /M_=3) : leptons + jets, $p
Quantum black hole : dijet, F_(m;

T,miss

.............................................. %y G

qqll Cl : ee & uy, m
uutt Cl : SS dilepton + jets + .

Z' (SSM) Mgy,
Z'(SSM) :m_,

W' (SSM) : mr,,

W' (= tq,g_=1) :m
W'y (— tb, S5M) :m

" 4" generation : t't
4" generation : b'o'(T_ Tg,)— WtWt

New quark b' : bB'— Zb+X, m,

Top partner : TT — tt + Avo (dilepton, MTZS
Vector-like quark : CC,mqu
Vector-like quark : NC,mIlq

EXcited quarks :y-jét resonance, m o

Excited quarks : dijet resonance, ;Jnii
Excited lepton : |-y resonance, m

Techni-hadrons (LSTC) : dilepton,m,

ee/un

Techni-hadrons (LSTC) : WZ resonance (vlll), m_.,

Major. neutr. (LRSM, no mixing) : 2-lep + jets
W (LRSM, no mixing) : 2-lep + jets

H* (DY prod., BR(H*—ll)=1) : SS ee (uw), m
H= (DY prod., BR(H=—ew)=1) : SS ey, me:

LHCC Open Session, 5 Dec 2012

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: HCP 2012)

T T T TTTIT T T T T TTTT T T T T TTTT T T T
My, (8=2)

Mo (5= ATLAS

Ms (HLZ 5=3, NLO) Preliminary

Compact. scale R™
Mg~ R
Graviton mass (k/Mg, = 0.1)
Graviton mass (k/Mp, = 0.1)
Graviton mass (k/Mp, = 0.1) det =(1.0-13.0) fb”
g, Mass

M, (5=6) ‘g =7, 8 TeV
M, (5=6)
M, (5=6)
A
A (constructive int.)
A

1=5.9-6.1 fb”, 8 TeV [ATLAS-CONF-2012-129] 2.49TeV. Z'mass

L=4.7 fb™, 7 TeV [1209.4446]

L=4.7 fb”, 7 TeV [1210.6604]
L=4.7 fb”, 7 TeV [1209.4446]
L=4.7 fb”, 7 TeV [1209.6593]
L=1.0fb", 7 TeV [1205.1016]

1.4Tev Z'mass
255Tev. W' mass
430Gev. W'mass
1.13Tev. W'mass
2.42Tev. W* mass
660Gev 1" gen. LQ mass
685Gev 2" gen. LQ mass
s3gGev 3 gen. LQ mass
656 Gev t' mass
670Gev. b' (T, ) mass
400GeV b'mass
483Gev. T mass (m(A ) <100 GeV)
1.127ev| VLQ mass (charge -1/3, coupling K ,q =v/mg)
1.08Tev. VLQ mass (charge 2/3, coupling k,q =v/mg)

L=1.01b™, 7 TeV [1112.4828]

L=1.01b", 7 TeV [1203.3172]

L=47 tb", 7 TeV [Preliminary]

L=4.7 fb™, 7 TeV [1210.5468]

L=4.7 fb™, 7 TeV [ATLAS-CONF-2012-130]
L=2.0b™, 7 TeV [1204.1265]

L=4.7 fb™, 7 TeV [1209.4186]

L=4.6fb™, 7 TeV [ATLAS-CONF-2012-137]
L=4.6fb™, 7 TeV [ATLAS-CONF-2012-137]

q* mass

I* mass (A = m(l*))

pT/wT mass (m(pT/wT) - m(;) =M W)

p, mass (mip,) = mix,) + my, m(a,) = 1.1m(p,))

N mass (m(WR) =2TeV)

W g mass (m(N) < 1.4 TeV)
H;* mass (limit at 398 GeV for puu)

H;* mass

Scalar resonance mas:
1

10 1 10 102

Mass scale [TeV]

Exotics Models:

Extra dimensions:
RS KK Graviton
(dibosons, dileptons, diphotons)
RS KK gluons (top antitop)
ADD (monojets, monophotons,
dileptons, diphotons)
KK Z/gamma boosns (dileptons)
Grand Unification symmetries
(dielectons, dimuons, ditaus)
Leptophobic topcolor Z' boson
(dilepton ttbar, +j, all had)
S8- color octet scalars (dijets)
String resonance (dijets,)
Benchmark Sequential SM Z', W'
W' (lepton+MET, dijets, tb)
W* (lepton+MET, dijets)
Quantum Black Holes (dijet)
Black Holes (l+jets, same sign leptons)
Technihadrons (dileptons, dibosons)
Dark Matter
WIMPs (Monojet, monophotons)
Excited fermions
q*, Excited quarks (dijets, photon+jet)
1*, excited leptons (dileptons+photon)
Leptoquarks (1st, 2nd, 3rd generations)
Higgs -> hidden sector
(displaced vertices, lepton jets)
Contact Interaction
llqqg CI
4q Cl (dijets)
Doubly charged Higgs (
multi leptons, same sign leptons)
4th generation
t'->Wb, t'->ht, b-Zb, b'->Wt
(dileptons, same sign leptons, l+J)
VLQ-Vector Like quarks
Magnetic Monopoles (and HIP)
Heavy Majorana neutrino and RH W
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...and deeply mines SUSY signature and model space

Strong push on naturalness dedicated searches, but also long-lived particles and RPV

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec 2012)

T T IIIIIIL T T ' T TTTT PO IIIIII| T T LI
L=5.8fb™, 8 TeV [ATLAS-CONF-2012-1b9] 1.50 TeV q~=g mass

L=5.8 b, 8 TeV [ATLAS-CONF-2012-104] 1.24 TeV 'ﬁ g mass
L=5.8fb™, 8 TeV [ATLAS-CONF-2012-109] 118TeV. g mass (m@) <2TeV, ngmx ) ATLAS

MSUGRA/CMSSM : 0lep +'s + E7 ice
MSUGRA/CMSSM : 1 lep +j's + E
Pheno model : 0 lep +j's + E.

T,miss

1) T,miss .

_:q:j Pheno model : 0 lep +j's + E . |£=5816" 8 TeV [ATLAS-CONF-2012-109] 138 Tev q mass (m@) <2 Tev, hghtx ) Preliminary

S Giluino medﬁ.j’ (G—=qay) : 1lep +j's + ET miss g mass (m(x ) <200 GeV, m(x") = z(m(x %)+m(@)

? GMSB (INLSP) : 2le gOS) +iS+E; 3 mass (tang <15)

©  GMSB (FNLSP):1-2t+ lep+j's+E_ gmass (tang >20)

3 GGM (bino NLSP) :yy + ET™ 5 2 1
3 VY B s gmass (mix,) >50 GeV) Ldt=(2.1-13.0)fb

S GGM (wino NLSP) :y +lep + ET e 9 mass

= GGM (higgsino-bino NLSP) :y + b + ET e ‘g mass (m(x ) > 220 GeV) Vs=7,8TeV

GGM (hlggsmo NLSP): Z + Jets + ET miss | L=5.8 b”, 8 TeV [ATLAS-CONF-2012-152] 690 GeV q mass (m(H) 200 GeV)

________________ E ¢ niss . |L=105 b, 8 TeV [ATLAS-CONF-2012-147] 645Gev F scale (m(G)>10" eV)

oS g—>bb (v|r al b) Olep+3 Tmiss |L=128 fb™, 8 TeV [ATLAS-CONF-2012-145] 1.24 TeV g mass (m(x ) <200 GeV)

Z QE) g_>tf“ 1(VIrtuaI t)y:2 Iep (SS) +j's + ET miss |L=58 fb”, 8 TeV [ATLAS-CONF-2012-105] 850 GeV g mass (m(~ )<300 GeV)

g _>tf“ (virtual 1 :3lep+j's + Er e |L=13.01b7, 8 TeV [ATLAS-CONF-2012-151] 860GeV g mass (m, ) <300 GeV) 8 TeV results
° 3 §—>tf‘ gv|nua| t) 0 lep + multi-'s + Er miss | =58 b, 8 TeV [ATLAS-CONF-2012-103] 1.00TeV| G mass (m(x ) <300 GeV) _
o o —>t virtualt) : 0 lep + 3 b-j's + E.. . L=12.8 fb”, 8 TeV [ATLAS-CONF-2012-145] 1.15TeV g mass (m(x %) <200 GeV)
............. ¢ 2(,,[......0)......P.......J......m.ss.

bb,b _>qu o Iep + 2-b- Jets +Ep s [E5128 |b",8TeV [ATLAS-CONF-2012-165] 620 GeV b mass (m(x ) <120 GeV)

% 5 . bb b :3lep +j's + ET miss L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-151] 405 GeV b mass (m(x )_2m(x )

38 t (light), t—>9)< 1/2 lep (+ b- Jet) T miss _ Tmass (M) =55 GeV)

7 8 t (med|um) t—>bx 1lep + b-jet + ET miss | L=13.0 b, 8 TeV [ATLAS-CONF-2012-166] 160-350GeV t mass (m(x )= o GeV, m(y;) = 150 GeV)

S g I3 medlum t—>bx 2lep+E L=13.0 fb”, 8 TeV [ATLAS-CONF-2012-167] 160-440 GeV 1 mass (mu )= OGeV m{)- m;) =10 GeV)

O 1 T,miss

gv 2 tt t—>tx 1 lep + b-jet + ET miss | L=13.0 b, 8 TeV [ATLAS-CONF-2012-166] 230-560 GeV, Tmass (m(x )=0)

IS it, t—>tx0 0N /k lep (+ b-jets) + ET miss | L=47 17,7 TeV [1208.1447,1208.250,1200.4186]  300465/GEVA Tmass (m(x )=0)
____________ t_t_(_f]?!l_l_r?_l _GM_S_B) Z(=) +brjet+ £ |2z s ca tmass (115 <m(z. ) <230 GeV)

~ y e |—>|X: 2lep+E; m::: L=4.7 b, 7 TeV [1208.2884] [Essgs eVl | mass (mG)=0)

2 8 T A TV N) v 2 lep el |17 ", 7 Tev [1208.2084) [ 10340Gev. ¥ mass_ (m(’) <10 GeV, miiv) = 1(m<x )+ @)

w3 Ziz—) vl I(vv) Y] I$VV :3lep +ET L=13.01b™, 8 TeV [ATLAS-CONF-2012-154] saoeev X mass (m(x) m(x ), m(x )-o m(Iv)as above)
___________________ 7 ______*_" Z9% 3lep + E; '"fss_ L=130 16", 8 TeV [ATLAS-CONF-2012-154] 140-295GeV| ¥, Mass (') =mG)), m(x ) = 0, sleptons decoupled)

o ¥, mass (1 <t( )<1o ns)

2 Lg Stable § R-hadrons : Iow[i By (fuII detector) g mass
g)'(‘% Stable T R-hadrons : low B, By (full detector) t mass

S a

~

Tmass (5< tanp < 20)

q mass (o. 3x10° <k <. 5x10°, 1 mm<cr <1 m, g decoupled)

V,Mass  (2,:=0.10,4,,,=0.05)

Vo mass (R34y=0-10, 2, 3,=0.05)

q g mass (et gp <1 mm)

GMSB : stable ¥

PP +X,V,—>e+u resonance
'—FV PP—7 4X, ¥ —>e(p.)+‘c resonance
% Bilinear RPV CMéSM Tlep+7j's+E

T,miss
© X o '_‘Xw me Z{’ee"we“\' tdlep + Ep o |L=13.01", 8 TeV [ATLAS-CONF-2012-153] 700 GeV x mass (m(x )>300 GeV,k,, 0 ,, > 0)
1 =6, X, >eev.euv 4lep + Ep miss L=13.0 fb", 8 TeV [ATLAS-CONF-2012-153] 430Gev | mass_ (m(z) > 100 GeV, mil)=mil)=m{), Ry OF % ppp > 0)

g mass

....................... —> qqq.: 3 ]el resonance palr.
L=4.6 b, 7 TeV [1210.4826] NG0EAGEVE Sgluon mMass (incl. limit from 1110.2693)

alar gluon 2-jet resonance pair
WIMP interaction (D5, Dirac y) : 'monojet' +

Other RPV LLP EW 37dgen squarks squarks & gluinos

- |L=105", 8 Tev [ATLAS-CONF-2012147] 704Gev. M* scale (m, <80 GeV, limit of < 687 GeV for P8)
................................................... T.miss - 1 | | L LL1l T | L Ll F 3 | | | L Ll F | | |
-1
10 1 10
*Only a selection of the available mass limits on new states or phenomena shown. Mass scale [TGV]

All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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| attempted a (necessarily incomplete) overview of the

ATLAS status and recent physics highlights after 3 years of running

4 -

LHCC Open Session, 5 Dec 2012

The accelerator (thanks to the LHC team!) and ATLAS detector are
continuously delivering data of excellent quality and efficiency;
88% of the delivered luminosity is included in our physics results

We strive to further improve the detector understanding and to cope with the
pileup exceeding expectations

The 2011 and 2012 data samples provide huge opportunities in all areas of the
LHC physics programme

ATLAS, as well as the other LHC experiments, has proven to deliver high-
quality analyses. Fully exploiting the available data will engage the
collaborations for years, and engages the theorists to continue improving MC
tools allowing us to exploit our data for precision measurements and searches

Measuring the properties of the new particle is a central pillar of the ATLAS
physics programme. It needs all the prerequisites mentioned above. The
Higgs-like boson also re-emphasises the importance of our searches

Physics beyond the SM did not show up yet. There is no need for preliminary
conclusions. Let’s continue our work and look were we haven’t looked so far

g\ A
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Extra slides...



LS1 and more

LS1 consolidation and upgrade work

IBL mounted on beam-pipe

« New Insertable Pixel B-layer (IBL)

[ installation either on surface (preferred) or in situ / decision end of Jan 2013 ]
» New Pixel service quarter panels (nSQP) [ if IBL installed on surface ]
« New ID evaporative cooling plant
« New Al forward beam pipe
« New calorimeter LVPS
« Consolidation of other detectors and infrastructure
« Complete muon spectrometer (EE, RPC, feet)
» Add specific muon shielding
« Upgrade magnet cryogenics
« Detector readout for Level-1 100 kHz rate

Towards the Phase-1 upgrade

* Lol submitted Marc 2012 / received strong support from LHCC

« Work for TDRs in full swift: four (new u SW, FTK, LAr+Tiles, TDAQ)
expected to be completed in 2013, AFP in 2014

LHCC Open Session, 5 Dec 2012

LHC timeline

2009

v

2013/14

v

2018

~2022

~2030

Start of LHC

Run 1, 7+8 TeV,
~25 fb~1 int. lumi

LS1: prepare LHC
for design E & lumi

Collect ~30 fb™ per
year at 13/14 TeV

Phase-1 upgrade
for ultimate lumi

Twice nominal lumi
at 14 TeV,
~100 fb~" per year

Phase-2 upgrade
to HL-LHC

~300 fb~1 per year,

run up to > 3 ab™’
collected
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Integrated Simulation Framework (ISF) developments

Need to increase simulation flexibility to cope with vast MC needs: ~4B events / year
[ some fits, eg, W mass templates, require 108 events per parameter setting ]

Several analyses MC stat. limited (eg, H — bb, searches), all would benefit from more MC

ISF allows to mix into detector regions by particle type and dynamically per event:

* Full simulation (Geant4)

« Calorimeter shower parametrisation (FastCaloSim)
» Fast track simulation (Fatras)

» and possible future technologies

MC sample for gg — H — yy (no pileup)

Full Geant4 (G4) 560 s 1
H ATLFAST-2

Calorimeter:
default FastCaloSim .|SF exec Speed-
\ time/event up factor
/%
&

(G4 + FastCaloSim) E 2

700 o Muon: ATLAST-2-F
\ Use G4 i -
, \ St H (ATLFAST-2 + Fatras) 0728 750
sl?l(f:lteljr:\i:tic ' Inner detector: FastGamma
b-jet: default Fatras (ATLFAST-2-F with 0.18 s ~3000
of the ISF  yse G4 in the tial si l
vision ID in a cone partial sim. only)
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ATLAS

Forward deteCtOrSI ALFA a1 Q2 03’; D1 D204 QS as| = Ji

| MBA

TAS  MQXA  MOXB  MQXADFBX  MBXW AN MBRC MGY]| MaNL MawL| DFf

2 LHC fills at * = 1 km run on Oct 24/25 —#

|
- (R i 1

240m
Roman Pot Station

De-squeeze to $* = 1 km in ~45 min

Repeated scraping with primary collimators to 20, followed by retraction to 2.5¢ to reduce backgrounds
About 10 h data taking with Roman Pots at 30, about 0.85 mm distance to beam centers
About 300k elastic events and many diffractive triggers recorded

Motor | B.80 mm - s t-range for B*= 1km
LvDT = 0.81 mm 'S}
Y RPs at 30, € =2.4 ym
n " Coulomb
A | scattering I
le) 1
— 103 1
(@) : H
O \\\ !
t [ Nuclear
uijc | scattering
DT -0898 mm i
Motor  -0.97 mm e L .
10 1073 102 t [GeVZ]

t.i, ~ 0.0005 GeVZ: first measurement in the Coulomb-Nuclear interference region
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Beam induced backgrounds (BIB)

Measured with various subdetectors, monitored throughout the year

BIB rates low in 2012 as in 2011

» No significant change between years

BIB can nevertheless be harmful in searches

« Relatively loose cleaning applied everywhere

» Tighter cleaning in, eg, monojet analysis:
require minimum charge and EM fractions for jets

Events selected for the monojet analysis

ATLAS Preliminary
Data 2011, Ys =7 TeV

Events

C——J monojet selection
(1 + medium cleaning

. +fhandfy,
N + two-sided method

“Two-sided method” requires
At > 25 ns between forward
and backward CSC muon

segments to identify BIB
0O 01 02 03 04 05 06 0.7 08 0.9

fch
LHCC Open Session, 5 Dec 2012
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W and Z physics — differential measurements

Large statistics allows precise tests of generators/theory, PDFs and bkg to searches

Measurement of Z/y
¢, distribution

* ¢," is measure of
scattering angle of
leptons wrt. zin Z/y
rest frame

0.95
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* Depends on lepton
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Diboson physics: WW, WZ, ZZ, Wy, Zy, vy

ATLAS performed total, fiducial & differential diboson cross-sections measurements

See last week’s ATLAS diboson seminar by Shih-Chieh Hsu: http://indico.cern.ch/conferenceDisplay.py?confld=218398
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Rescaled LO PS generators describe spectra
better than HO FO generators (DIPHOX,
2yNNLO) w/o soft gluon resummation
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Powerful test of perturbative QCD
and quark fragmentation

q Y
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lq (dominant: O(a?))
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—’——\/\/\/\/\/- Collinear fragmentation,
lq O(c?as), but non-isolated y
9 g q
Y
g Y

0090 ——7F/\VV\~ Box diagram, O(c?as?),

but due to gg luminosity
comparable to LO terms
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Diboson physics: WW, W/Z, ZZ, Wy, Zy, vy

ATLAS performed total, fiducial & differential diboson cross-sections measurements

See last week’s ATLAS diboson seminar by Shih-Chieh Hsu: http://indico.cern.ch/conferenceDisplay.py?confld=218398 B 211.1913
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Fixed-order generators lack soft gluon
resummation (IR divergence)
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Powerful test of perturbative QCD
and quark fragmentation

—— V- “Direct” quark annihilation
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—’——\/\/\/\/\/- Collinear fragmentation,
lq O(c?as), but non-isolated y
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0090 ——7F/\VV\~ Box diagram, O(c?as?),

but due to gg luminosity
comparable to LO terms
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Understanding top pair production at the LHC

Top pairs in association with jets probe ISR/FSR activity

A TEAS-CONFEUREg RS <

Rapidity gap fraction® measurements vs. |y| help to assess uncertainties related to ISR/FSR
ALPGEN+PYTHIA o5 up/down variations used in tt differential cross section measurement

Gap fraction vs. Q for veto region: |y| < 0.8 Gap fraction vs. Q for veto region: 0.8 < |y| < 1.5 Gap fraction vs. Q for veto region: 1.5 < |y| < 2.1
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Satisfying description for |y| < 1.5, but for large |y| too much jet activity predicted

Q, is the fraction of events with no additional jet radiated within a considered rapidity interval
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ATLAS mines its data for new physics in events with
leptons ...

ATLAS Preliminary ~ + Data 2012

Z'—uu Search Oz

f Ldt=6.11b" [oiboson
s

(s =8TeV [JZ/(1500 GeV)
[]Z/(2000 GeVy
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Ldt=59fb"
[ T

- . - \jg =8 TeV |:| ijet +Jets
Unification of forces ? Dot s
e []Z/(2000 GeV)

q(‘)

Left-right symmetric models 7
Extra dimensions ?

Te'{:hhi‘to{'our c? ’ 100 200 300 1000 ____.
Contact interackions ? . [GeV)
Composibness ? ... m(Z’gsy) < 2.49 TeV (95% CL)

ATLAS-CONF-2012-129, 6.1 fb!
Also: new 7 TeV dilepton limits on [lqqg contact interaction between 9.5 and 12.9 TeV [1211.1150]
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ATLAS mines its data for new resonances with leptons

Many other searches, for example: dilepton, like-sign dilepton, lepton-y resonances

Doubly charged Higgs gives rise to a narrow like-sign resonance (left)
RS bulk graviton with strong coupling to SM can decay to a photon pair (right)
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ATLAS mines its data for new physics in events with

leptons ... searching for compositeness w/ excited leptons in ([* — [l +y

Observed and predicted eey mass and signal models Observed and predicted uuy mass and signal models
> FT "~ " T " T T T T T T 1> FT T T " T T T T T T T T T
8 ne ATLAS Pre|iminary ® Data 2012 N 8 Al ATLAS Preliminary ® Data 2012 N
o 10 = C1Z+y 3 o 10 = [z +y e
2 F f'-dt—13fb [z + jets, diboson, fi 12 F f'—dt‘13fb [z + jets, diboson, it .
P 1035_ [ Bkg. uncertainty = 1035_ [ Bkg. uncertainty =
g - \s=8TeV Om.N=0210Tev I : \'s =8TeV CJm.A)=0210)TeV
> = (m.,A)=(0510TeV _| 3 102 (m ,A)=(0.5,10)TeV ]
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— - 7 +— =
% [ 1 ﬁm j

Lo W |§ 10-1 ——
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For compositeness scale A = m(l*): exclude excited leptons below 2.2 TeV at 95% CL

i _ A\l 2
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ATLAS mines its data for diboson resonances

Search for narrow resonance decaying to ZZ ( — llqq )

Observed and expected /ljj mass (resolved

~—

Observed and expected /lj mass (merged)
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ATLAS mines its data for diboson resonances

S

Events / 40 GeV

Significance

earch for narrow resonance decaying to Wy or Zy

Observed and expected transverse uvy mass Observed and expected puy mass
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Once mass spectrum fixed, all cross-sections predicted

Spin structure of SUSY spectrum: lower o than other BSM models, harder to find !

Direct squark pair
production (example)

q .74
a N
Direct gaugino/

slepton pair
production (example)
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Gluino & squark
production (examples)
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Also: dedicated searches for SUSY with long-lived particles and R-parity violation

Recent (Oct 23) ATLAS seminar by Nick Barlow reviewing results on long-lived particle searches with ATLAS
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Inclusive squark and gluino searches

Complete “jets + X + E;™ss ” programme, for example: GM

Gauge-mediated SUSY breaking scenarios
feature very light gravitino. Phenomenology
determined by nature of next-to-LSP

tan B
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“Natural” SUSY

Are squarks & gluinos too heavy to be produced at 8 TeV ? Look at EW production !

1208.2884, 1208.3144, ATLAS-CONF-2012-154

Dedicated searches for EW slepton/gaugino production in multilepton final states published this
summer; 8 TeV 13 fb~' update of 3-L search

Interpretation in simplified models but also in a phenomenological MSSM model (less “naive”)

Limit on C+N2 production with Limit on C+N2 production without
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R-parity violating SUSY scenarios

Decays of LSP in RPV models can lead to many leptons, many jets, resonances

ATLAS-CONF-2012-153, Preliminary, 1210.4813

Dedicated research programme designed to assess extremely broad RPV phenomenology

Search for strong and EW SUSY-RPV Search for RPV sneutrino production Search pairs of gluino decays to 3 g
production in events with >=4-L and decay through LFV into LL’ _ Powerful limit from jet multiplicity
Ve(v) et d o and p; (no mass reconstruction)
B - Boosted and resolved jets analysis
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What about Dark Matter ?

Limits on WIMP production assuming high-scale contact interaction

Limit on WIMP pair production
cross-section can be transformed
into limit on effective WIMP-
hadronic contact interaction:

Vector (SI): (v ,x)(Gy"q)- A~
Axial-v. (SD): ()cy v x)(@r "y q) - A~

WIMP-nucleon 1
scattering cross-section: O x

A4

q DM DM DM
q : DM q :

q
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Monojet analysis as search for gravitino production

Same signature as WIMP production, but not ISR search (similar to ADD)

In GM SUSY, gravitino LSP with mass
related to SUSY breaking scale

At LHC with low-scale SUSY breaking,
direct G+g or G+¢ production can
dominate. Cross-section ~ 1/m?(G)
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