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rting in 1989 ...

Iscovery year !!!

CATLAS

ST EXPERIMENT




ATLAS Online Luminosity
[] LHC Delivered
[ ] ATLAS Recorded

Total Delivered: 6.58 fb™’
Total Recorded: 6.23 fb™

94.7 % eff.
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Recorded:

2010 @ 7 TeV : 0.05 fbt
2011 @ 7 TeV : 5.25 fb?
2012 @ 8 TeV : 6.23 fb!

Detector and trigger in excellent shape !

\s=8TeV

22/05

19/06
Day in 2012

ATLAS 2012 p-p run

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT  LAr Tile MDT RPC €SC TGC Solenoid Toroid

100 994 100 95.0 98.7 106 99.2 100 99.9 100 100

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at vs=8
TeV between April 4" and May 31st (in %) — corresponding to 3.5 fa? of recorded data. The inefficiencies in the LAr calorimeter
will partially be recovered in the future.

L1 HLT

missing
E;
99.0 @ 100 | 99.8 99.3 99.3 100 99.9 98.6 99.9 99.3

Luminosity weighted relative trigger quality delivery during 2011 stable beams in pp collisions at Vs=7 TeV
between 13 March and 31 October (in %).

Muon Calo CTP electron photon muon tau jet b-jet

11.53 fb-! in proton runs

166. wbt in Hlruns

More then 91% of all data

good for any type of analysis
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We designhed ATLAS for 25 pile up
events (average)
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Detector performing already above design specifications

@ 50 ns bunch spacing

Lpeak ~ 710 cm~?sec

beginning of the fill, with
fluctuations up to 41




Does the detector really work on such extreme conditions? (1)

:|_ I I I | I I | I I | I | ] | I I I | I I | I I I 1 I I _|:
- ATLAS Preliminary =
- \s=7 TeV, qu> = 26 Ve S
§ —&— Data 2011, Default + ,§
- —¢— Simulation, Default $$$ e’ E
- wiF L - ) .. . )
—~  —§— Data 2011, Robust ¢$ ;ﬁ;ﬁh = Electron identification efficiency before and after retuning
= Qﬁt % = the reconstruction algorithms (cuts in particular)
300F P —~
- = Q) L e e L L B B B
200[- 3 & oE ATLAS Preliminary Data 2011 f ldt=47%" 3
- = Q = o O 'Y a a a E
100 18 sttt T
0 q“l‘ | | | 1 | | I | I 1 1 | | [ [ | | | [ 1 | | 1 1 | 1 | | I: § E O O E
0 5 10 15 20 25 30 35 "C-’ NV=~A AL 4 PRy i i =
. — A A a T .
Number of Vertices 2 85F- - =
S - R X .
Number of tracks scales linearly with pileup :qlE:J 80— - - 1 E
Fakes increase but can be recovered with ke, 75 —
“robust” cuts _é 70 E— Loose++ Medium++ Tight++ —E
iQJ 65 E_ ® 2012 selection A 2012 selection 2012 selection _E
L = o 2011 selection A 2011 selection 2011 selection -
o0 AR N TN TN TN A TN NN SN AN T N A N TN N TN A TN TN NN AN TN T NN NN T NN MM N N 1
6OO 2 4 6 8 10 12 14 16 18 20

Number of reconstructed primary vertices

A Lb
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Does the detector really work on such extreme conditions? (2)

ATLAS Preliminary

Stability of the EM calorimeter E-scale
vs time during the run (pile up changes)

1.005 . | . _ . | .
1.004F
1.003F
1.002F | |
: —e— Data 2011

1.001 —=— Z(— e'e’) (PYTHIA)
1 . ] ] | ] | Ll | ]

S 30 40 50 60 100 200
0.999 . r;-“' p_rref [GeV]
0.998F
0.997F | | z. ATLAS Preliminary

Is=7TeV, j Ldt=471f"

IIIIIIIIIIIIII|III||IIII|IIII|

anti-k, R=0.4, EM+JES

Relative energy scale

0.996 5 c 7%
0.995 | | | Uncertainty less than 2%
01/03 01/ 05 01/ 07 31/08 31/10 for p, > 25 GeV
Date (Day/Month)

[TTT]

Jet E-scale calibration with Z+jet events . Is=7TeV, f Ldt=4.71b"
(jet E-scale known to better than ~1% in -~ 0. anti-k, R=0.4, EM+JES

some /N ranaes —o— Data 2011
PN g ) Total uncertainty

|
30 40 50 60 100 200

In| <2.47 1.76 £ 0.01 1.88 £ 0.08 P’ [GeV]

Inl <1.37 1.60 £ 0.01 1.62 +0.09 ATL AS
2.47 <|nl<1.37 1.99 £ 0.02 1.99 +0.22 of pile up " EXPERIMENT




Does the detector really work on such extreme conditions? (3)

Single leptons

Two leptons

Two photons

Single jet

MET

Multi-jets

Offline Selection

Single muon > 25GeV

Single electron > 25GeV

2 muons >15
2 muons > 20,10 GeV

2 electrons, each > 15GeV

2 taus > 45, 30GeV

2 photons, each > 25GeV
2 loose photons, > 40,30

Jet pT > 360 GeV

MET > 120 GeV

5 jets, each pT > 55 GeV

Trigger Selection

L1

15 GeV

18 GeV

2x10 GeV
15GeV

2x10 GeV

15,11 GeV

2 x10 GeV
12,16 GeV

75 GeV

40 GeV

4x15GeV

EF

24 GeV

24 GeV

2x13 GeV
18,8 GeV

2x12 GeV

29,20 GeV

2 x 20 GeV
35, 25 GeV

360 GeV

80GeV

5x55GeV

L1 Peak (kHz)
L peak= 7€33

EF Ave (Hz)
L= 5€33

b-jets b + 3 other jets pT>45 GeV 4x15GeV 4x45GeV+btag

TOTAL ~400 (mean)

*Tracking based isolation applied to single leptons at EF to limit rate
*Above triggers are used by most analyses, currently 564 items in the menu
Many Specialized triggers, e.g. J/p -> e*e for efficiency studies.
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And computing follows

Number of concurrent jobs at all ATLAS Tiers: CERN, 10 Tierl-s,~ 70 Tier2 federations - > 80 sites

Available resources fully used
(stressed ...)

ATLAS Computing Model has
proven to be very flexible,
adapting to data-taking and
analysis demands (e.qg.
dynamic data placement, less
reprocessing than foreseen,
very intense simulation)

wallClock HEPSPECO6 Hours

1.200 000 20 Weeks from Week 01 of 2012 to Week 21 of 2012

1.000,000

Pledge 2012

e00.000

Pledge 2011

400.000

200,000

Apr

B MC Production B Ussr Analysis M Group Produchon B Group Analysis Vs dabon
M Rest

Maximum: 1094845 , Minimum: 0.00 , Average: 826,350 . Current: 1,094,845



PHYSICAL
REVIEW Particles and Fields

LETTERS. I .

160 papers on collision data
325 conference notes, 60 in 2012
~2 papers/week in the last months

8 et o)

Particles and Fields Particles and Fields

New Journal of Physics

Particles and Fields

ertify that the arti

Mar May Jul Sep Nov Jan Mar May Jul Sep Nov Jan Mar May

“
P
,..‘...w...m_.....«(])npc 1OP Institute of Physics 2 C

PHYSICAL (DS
REVIEW
LLETTERS

Particles and Fields

Performance
®m Measurements
Searches




Great sensitivity to physics

10° / s (GHz)

10°%/s (MHz)

102/ s (kHz)

Probing the few TeV mass
regime

Measuring cross-sections ' ‘
down to few fb \

== B 5
jet E, orl(pamcle mass (GeV)

1/ Jahr (uHZ)
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First on QCD

T T .II
D2y «25 (x10%

Systernatic
ystematic v 220 (x10f)

uncertainties

L NN |

 NLOJET 44

; |:I3'1-:I.|J=p| exp{0.3 y')) =
" ! | Won-pert. corr.

NLO FDF
LO PDF

2010 data, [£ dt = 37 pb"

2011 data.ILdl =197

{only high p_ triggers)

Pythia x

d°c/dm,.dy* [pb/TeV]

8 3
0

f 3 - - anti-k, jets, A=04
- is=7TeV, [Ldt=a8m"
10"k )

ATLAS Preliminary _ 2011 Data

1 D-E 1 1 ]
3x10

\s=7TeV
anti-k, jets, R=0.6
ly| < 2.8

'C~_T_Tﬁ*_l'ﬁ47_f_r“llT[FIVI‘III]TTx‘[1

ATLAS Preliminary e data 2011 hs =7 TeV)

[ 1 W = uv (Alpgen)

IL dt=1.021 [ QCD {template)

Statistical errors only - Z'_’ M

MC nomalized o data L IW -
it « singie top
21
B Divesons

1 Oé

| LLULl}

Entries /2.5 GeV

! Ill‘LI

p, E-Mss, di-jet masses, ....
understood over many orders of magnitude




Summary of main electroweak and top cross-section
measurements

SM expectations agree with measurements (within present uncertainties)

ATLAS Prellmlnary

| [HIHI|

det 0.035: 4.7 fb”
\@ 7TeV

[ HHIII|

Experimental precision (~6%) 5 5 5 5 : Theo;ry
starts to challenge theory for . m Datai2010
e.g. tt (background to most 5 5 5 5 . 0 Datai2011
searches) :

I HHI[|

[ IHHI|

Measuring cross-sections
down to few fb (including
leptonic branching ratios)

T lﬂ|

oXxBR(ZZ~> 4l) ~ 40 fb




Diboson production : WW, WZ, ZZ

Process [Final state Measured total cross-section Theory (NLO SM)

WW VIV ot - =53.4 4 2.1(stat) + 4.5(syst) & 2.1(lumi) pb 45.1+2.8 pb

L7 4| % = 7.271) (stat) T04 (syst) 0.3 (lumi) pb

Z7 llvv

547 ::;(slat.)jif;{syﬁt.) + 0.2(lumi.) pb

T T T | T T T ‘ T T T ‘ T T T ‘ T T T | T T T
ATLAS Preliminary —4— Data
~ 4 [ Diboson
J et 701 B V- jet/dijet
\s=7TeV |:| top
[ Drell-Yan
171 C I wwolviv

=>
[0
)
o
-
[2)
2
c
o
>
I

lr\WTllf\W\\ll\\\TlII\\l\\lll

dBackgrounds to Higgs ATLAS T ]
searches

QGive access to triple gauge e
couplings and New Physics e it

100 120 140 | = .ij:nb—-
: Vs=1.96TeV, A= 1.2 TeV
p,(IN[GeV]

+‘

TTT

Y|YTIT|Y

o

ZZ
95% C.1.

Ll
N - i b

Standard Model Production SM Forbidden CEAFEKIMENI



Diboson production : WW, WZ, ZZ

WW

LN S Y 1

WZ

b—"""'ll""""ll""'[""I‘"’i"'-l
—

E

LR TR . LY (O R —
250 ATLAS Preliminary —— Data - 50F 5 —~Data E
- . — ATLAS CJWZ i

5 [ Diboson

] j Ldt = 4.70fb" E W jet/dijet
200 \s = 7TeV @ top

1 Drell-Yan
E WWolviv
[:j G:;I.r.-.'.)".:

i o Y2 ]

a0 Ldt=1.02b" \s=7TeV  gmTop ]
- —z4es 1 ® WZ (SM: 17+1 pb)

E Eg*’/ ]

301 [ O

| statysyst

Events/ 0.15
Events / 3 GeV

': |.H}':-l-]l ' :'I'“

150

20.573 1 (stat.)’ s (ham, ) pb.

100

A
[3E |
44|14|11 e

"o
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[ |

I

i_x_l L |

_+_
%
.

50

_J_L_l_L_l_l_L_

|

C oo : o
,__L_L_J_L,L_L_LJ_% 75 B = 7—f;j..L_J_l_JAL_L_l_j
0 0.5 1 156 p) 25 3 70 75 80 85 a0 a5 100 105

Al M, [GeV]

AT-LAS RHE ""-.': J. il= | 1ita !

— ATLAS, [Lat=10/"
Ne = TTeW & = 2TeV

'—!""— Heli O ||.||='.'|||.

. Z 5. sl a4 =23TeV
"__ 7 E [y Bal |I =41t
Anoonk TGO vertex | E N5 o 1.9GTeV, A = ZTeV
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Understanding Z/W+Jets

W—=lv + jels
i Data 2010, s=7 TeV
¥ ALPGEN
M SHERPA
BLACKHAT-SHERFPA

Pushes limits on W and Z total
Cross-sections

10° T 1 |
i W—=v + jets |
F ' Lelt=36 pb’” - Daia 2010,y s=7 TeV
W/Z, W+/W- ratios, or extra jets B aco

10° Wty
(up to 5)

do/dp_ [pb/GeV]

|| dibosons
[ prag JTTH

L f=1T
1

B single lop

|-
E
E
E
L
L
10*E
E

Enable test of

anti-k; jets, R=0.4

- MC generators R jet
P, =30 GeV, |y |<4.4

- proton pdfs

=5

Inclusive Jet Multiplicity, N,

L
o
&
2
Q
o
=
©
3
-
e
5
000000 g 3
X o
I—

f

q
o

g 00500000000000., ¢

00 250 300
First Jet p_[GeV]
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W+b and Z+b cross-sections

~ 1/100 of all jets expected to be Stoo  ATLAS ey T
. i I:I War
b'JetS : 80 1 "u.'f-’-li.g:_|_l1.t
B roulti-jet
I
[ Single top

Electron + 1 or 2 jets

- Cher EW
J‘ Ldt=35ph”

crucial for b-pdfs
background to many searches

250 300
W+b Mass [GeV]

20
4 Electron Chan. ATLAS
B Electron and Muon Chan. Data 201 U.'&E:T TeV
¥ Muon Chan. r
. 15| — NLO 5FNS Lt = 35 pb
ALPGEN + JIMMY
(b-jet from ME and PS)
ALPGEN + JIMMY

(b-jet only from ME) W+ b SOM eWh at | arg er
than expected
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ﬁ_]ﬁ_Tﬁ_T—h—F_T_T_Tﬁ—Y_T_T_T—Y_T_T_Y_T_’_T_] g2 N 1T

; =NLOQ QUL (pp) ¥ Singlocloplon 178 4 12 pb
DAPWOX. NNLO (pp) A Dbepton 173 "' phb

NLO QCD (pp) O All-hadronic 167 ¢ 81 pb
‘DAppmx.NNLOn’pEI @ Combined 177 '!'pb o al -
B CDF -

+00 =1 | P

180

160

140

TOP physics

ATLAS Preliminary 15 May 2012

Theory (appnas. NBILC)
far m, = 1TLE Galf

Data 2011 atal uncertainky
fatal uncertainky

Channel & Lumi a . Hatat) Heyat) Hlumi)

Single lepton 070 fo” —

Dilepton 07017 —he—
All nadr'::rnic:-—-—i-—-—- 167 = 18
1.02 b '

Combination ——

MNew measurements

T +iELS 167" e . 200102424 Tpb

Measurement more precise than theory: _ = - i,

ATLAS: [, (7 TeV)

177+ 5 pb
Theory: [1, (7 TeV) =165*1 . pb

G * lopton  2.0G 7 : 106G L13L201 7 b

j-.uﬂ rl:fqr.r.mic: i 16812 ‘U + 6pb
b | i | |
50 100 150 200 250 300 350

o [pb]
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TOP mass

ATLAS

e+jets (1d)

Jet Jet

u+jets (1d)

e+jets (2d)

u+jets (2d)
v__*__l_:e_pton
|+jets

Neutrino

Most precise (CDF |+jets)

— T T T T I
ATLAS ¢ Data

S:‘, 120:— B Signal _:
S o Background Tevatron September 2011
i C Mg, =172.9+1.5,, GeV

80

J-L dt = 1.04 fb"

60—
C e + jets

(Date: February 23, 2012)
1729+ 1.5+ 2.5

175.5+ 1.1+ 2.6

——o—i

H-o-H

1743+ 0.8+ 2.3

175.0+ 0.7+ 2.6

1745+ 0.6+ 2.3

173.0+ 0.7+ 1.1

173.2+ 06+ 0.8

(stat)

(syst)

40F

160 165 170

175

Miop [GeV]

180 185 190



Single top measurements

ATLAS Bl

EAJES uncertainty
| : Wit
; JLdl=2.ﬁ5fb i
_ CIWWIZZ'WZ
\s=7 TeV I:Igiee.-'u_ujﬂet:-:
; . B Z{tt)+jets
Dl_lE!F:JtEJr‘I 1 jet Bl Fake c]iileptuns

v ATLAS sees evidence for

Single top in Wt_Channe| Measured cross-section

owr = 16.8 £ 2.9 (stat) £ 4.9 (syst) pb

(3.30’,th:1.03+0.16-0.19) Extracted

th ory _ N 2 . . 0.16

v' t-channel has been measured
separately for top and anti-top

v" Individual channels agree with
SM, ratio starts to be sensitive
to u/d ratio

80 100 120 140 180 180 200
p” [GeV]

ATLAS Preliminary j Ldt=4.7fb" vs=7 TeV

ATLAS result —_

ABKMO09
NNPDF 2.1
MSTW2008

GJRos8

CT10 (+ DO W asym.)
CT10

12 1.3 14 15 16 1.7 1.é 1.9 2 21 22
R

LAY
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Measurement of tt spin correlations

In strong production the tops are unpolarised

However the tt spins are correlated due to the

production process

ATLAS measurement establishes spin correlation

to 5.10 (4.20 expected)

ATLAS

J Ldt=2.1fb"

ee —t—e——— 0.46+0.12"05

m —— s 0.26 £0.10 015

eu 0.43 +0.05 2

combination %H 0.40 £0.04 7550

'SM

-02 0 02 04 06 038 1 1.2

Ahelicity

* data
Cltt (SM)
... tt (uncorrelated)
M single top
Z/y " +jets
diboson
W fake leptons

ATLAS -
Ldt=2.11fb"

AILAY
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A new particle state discovered

X,(3P) 2 Y(1s,2s) vy

d x,(nP) > Y(1s,2s) y 2 pp y
d X,(1P) m=9.9 GeV and X,(2P)
m= 10.2 GeV states clearly
visible
 New structure at 10.5 GeV
observed
-2 X,(3P)
d Confirmed with Y(2s) data and
with converted photons
 Significance > 6 o

ATLAS e Data:Y(1S)y —— Fitto Y(1S)y

J.Ldt — 4.4 fb_1 a Data:Y(2S)y —— Fitto T(2S)y
Background to Y(1S)y

Background to Y(2S)y

4 Converted Photons

=
L)
=
O
o
~—
0
2
(T
O
©
c
(T
o
<=
=.
+
=.

100 102 10AM__06 108

My) - mp) +m o [GeV]

M [x,(3P)] =10.539 = 0.004 (stat) + 0.008 (syst) GeV

Xp(3P) interpretation consistent with theoretical predictions
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Larger luminosity allows searches for : >1TeV covered for “standard” scenarios

ATLAS SUSY Searches® - 95% CL Lower Limits {Status: March 2012

I |||||||| I I ||||||| I |I|||||| I T T
| - i J —_ =
Seal‘Ch for rarer Processes cover MSUGRAJCMSSM : O-lep +'s + E; .. |0=47 " (2011 [ATLAS-CONP-2012-003) 1407TeN | 3 =Qmass ) P
MSUGRACMSSM - 1-lep + s + E ; - _ = Lot ={0.03-47) 1k
n rl Wlth I [ rm I|tt|n s - - l=legp + & ) oTiss BT AT GBI 1) ATLAS-G N0 1204 1] 1E3 Te | Q — g Mosd
Scenarios a ge ass Sp g e MOUCEA/GMaSM @ multiiets + C; .. (=27 m" 2011} (ATLAS-CONF-2012-037) #50 Gew. g mass (large m,) fs=7TeV
o
’,. Pheno model : O-lep + ['s + £, . |t=47 %" 2014} (AT AS-CONF.2012.033) 13 0e mass (mig) < 2 Tel, light I{::I ATLAS
~j Pheno model : O-lep + ['s + £ . |Let7 7 2044} [ATLAS-CONE-2012.023) M GeY O mass (M3 < 2 TaV light ;If?': rreliminary
‘/ InCI USIVe SearCheS 2 Gluino med. § (8 gfF ): T-lep +|'s + E, ., |t=47 1" (2011} [ATLAS-CONF.2012.041) B0 GaV | g mass [m:;{:;] = 200 Gel, miF |—é—|in1ix"|~mi§]}
L
2 GMSB : 24ep O5_ + £; ., |iet0i’ i) IArLAS-CoNF 2041456 MOGeY § mass (tang = 35)
‘/ th I rd eneratlon = GMSB: T+ s+ E |1 m 2o (AL as-coNF-2012:005 sa0Gew. g mass (lanyd > 20)
g GMSB 2o+ '8+ £ lisz1m @i ATLas-conF.a012002) 580 GeV. g mass (tangd > 20)
/ d i re Ct g au g i n O GGEM vy + E,-_ (e |14 T @I [T LA 16 BSGeN. § mass L';fl'.llz;;f:: = 50 Gel)
Gluino med. b :ﬁ—:bﬂi?': CO-lep = b+ B L [L=24 17 (2011} [ATLAS-CONF-2042.003) P00 Gav | 0 Mass [m.f;éf‘,l < 300 GaV)
\/ Iong—llved part|C|eS 2 Gluino mad. T (g :tf;{i‘] Cldep = b's + £y |be24 7 (2011) [ATLAS-CONF 2012 003) TGV § mass {ml‘l;,;;':_Ij < 150 Gav)
/ _"' Gluino med. 1 :?j—*T?i:j ?'l'-"rf‘ (BS)+)'s + 4L, [U=2a " 2011 (ATLAS-CONF-2012-004) BS0EN. [ MAss f;.‘.‘JIL‘Ei: = 210 Gel)
il Gluino med. t (§ott), ) - mulli's + £, (S ai) ATAS-coNeo01205m BINGal| [ mMass [n'.u‘j;'i'] < 200 Ge')
| Direct bb (b,— bi'): 2 bejets + £, . |Esetint g i a0 Gav b mass :m;;;r_?) < B0 GaV)
) ) o Direct 1t (GMSB) : Z(=ll) + bjet + £ | Ao SaEa © mass (115 <m(f") < 230 GeV)
Squark-gluino-neutralino model, m(y,) = 0 GeV : . i T pmisd , . L , a - 1 . .
;2000 5 — ™) o Direct gaugina |:;{__‘.;§z 4 3I_‘{1:| 2-lep S5+ Ey .. |t=ta® a1 i) focey. ¥ mass ((m(y ) =40 GeVly .mix ) =mx,) m{ ~‘-'J_§lr-"-'ll',J =m0
8 B 2;L£1§dPrellm|nary ] - Direct gaugino |,E1,{f — 3 fc} : J-lep 4 F.,..,_ o L2107 (2011} (ATLAS-CONF-2012-028 250 GeV .E Mass [r:lll'j:'iljl < 170 GeY, and as above)
® 1800 I == CL, observed 95% C.L. limit ] i AMSB : long-lived L-..'rn‘mm[uﬁ.anm:;llm %, mass (1< '.;_1:| < 2 ns, 80 GV limit in [0.2,90] ns)
g I m=- E'-s m?d:’lﬁ ?:‘F:‘:C‘ed it g Stable massive particles (SMP) - R-hadrons  |gsse s’ @ai0) (102108 563 BN § mass
=7 % g\ - Expected limit +16 ] % _
f’-g 1600 |- [ ATLAS EPS 2011 — =2 SMP : R-hadrons |Esstph® e [ns i) SMES b mass
=] B -1 N 5 I
5 - Ldt=47M, \5*_71T:)V: SMP : R-hadrons L=l 20i0) (1103098 aM8GeV | [ mass
1400 - | = SMF : K-hadrons (Pixel det. only)  |Eeeiie i artas-conra0isuis Sl0Gew| g mass
E ------------------ -l GMSE : stable 7 |CsSrpbiznio(oeass) 136 68 7 mass
100 . e FEPY : high-mass ey |p=i1 " @i 1683068 tazTew. v_omass (A, =010,4_ _=0.05)
: - nsus;:id“fb: } Bilingar EPY @ 1-lep +['s + Ly .. |t=10m" 2011 (1109 8608) TR0 Ga¥ O = mass (C L .p < 15 mmj)
1000 - July 2011: * B MSUGRA/CMSSEM - BC1 RPV @ 4eplon + L5 .0 |=21m® 2014} (AL aS-coNF-2012.095) 171 0¥ §mass
r | ~1fb? Hypercolour scalar gluons @ 4 jels, m._ = : 3 GeV
I ~ ~ : . T [e=st b 2ot oh 111020830 1s5Een| saluon mass (exclim,, < 100 Ca¥, m.,= 140+ 3 GeV
B m(g’q)>14TeV . | Lol |g| ||||||=_ | |‘:I|||||| } ! [
800 — o —100 R
- | Minimal models for m(@) » m(q) 10 1 10
SOOF\ 1 II||II |||IJ\ IIIIII Ll III Ll II||III1 Mass Ecale [TEW

"Unty a selzchion of the avalable mass Kimits on naw states of phenomeha shown

600 800 1000 1200 1400 1600 1800 2000
gluino mass [GeV]




Searches for
charginos/neutralinos

Direct chargino/neutralino production has cross-section in the pb range

ATLAS has searched for this in 3-lepton final state

Limits in the m( | = ‘ 0)) ~ 150GeV region have been set

Events /

20 GeV

-~
[ =

—
[
o

Lt

-eData 2011
% Total SM
D Reduc.bkgd
= = SM+SUSY

ref. paint
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Searches for 3rd
generation squarks

ATLAS Preliminary —— Observed limit (+ 165"

theory
J Ldt=4.7 fb_1, \s=7TeV Expected limit (£ 1cexp)
m CDF 95% Exclusion

ATLAS has searched for

BR(t—> b¥,) = 100%
m(x,) = 106 GeV

very light stops in direct
production using

2 leptons+MET

and

115 120 125 1 140 145 150 155 160

In gluino mediated production for m. [GeV]
stops and sbottom using events
W|th 23 b-jets+MET 63 + b b, produciion, b, b+7. " =471 1", {5 =7 TeV

m(%)) = 60 GeV, mfi, ,)>>m(3) CL, Expected limit +15,,,
‘ — CL, Observed limit + 165~
0-lepton + b-jets 2.0 fb™

3 b-jets channel All limits at 95% CL

heory

ATLAS Preliminary

I ATLAS B 5, 2.05 !
| |cDFbp, 265"

B oobp 521"

[ JCOF&@ —bpast’ .7

0Q L
200 300 400 500 600 700 800 900 1000 1100 1200
m; [GeV]
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Exotics

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

T T T T 111 T T T T T I I I I B I B
Large ED (ADD) : monojet |L=1.01b™ (2011) [ATLAS-CONF-2011-096] 3.2TeV| Mp (6=2)

Large ED (ADD) : diphoton  [L=2.1" (2011) [1112.2194] 30Tev. Mg (GRW cut-off) ATLAS
UED :yy + ET ss | L=1-1107 (2011) [1111.4116] 1.23Tev, Compact. scale 1/R (SPS8) Preliminary

,miss
RS with kIM, =0.1: diphoton, m,., |L=21 " 2011) [1112.2194] 1.85TeV| Graviton mass

RS with k/Mp, = 0.1 : dilepton, m, [E=4.8:5.01b" (2011) [ATLAS-CONF-2012:007] 216 Tev. Graviton mass 4
RS with k/M_, = 0.1 : ZZ resonance, My [£=1:0167(2011) [1203.0718] 845 GeV. Graviton mass det =(0.04-5.0) fb
RS with g / g, =-0.20 : tf — I+jets, m L=2.1 b (2011) [ATLAS-CONF-2012-029] 1.03TeV. KK gluon mass Is=7TeV
ADD BH (lV? i }(M =3) : multijet, Zp_, Njets L=35 pb™ (2010) [ATLAS-CONF-2011-068] 1.3727eV. M, (5=6)
ADD BH (M /MD—3) : SS dimuon, Nch_ part |L=13 " (2011) [1111.0080] 1.25Tev. M (6=6)
ADD BH (M., /M,=3) : leptons + jets, Zp _ |i&ilo16 (2011) [ATLAS:CONF-20112147] 1.5Tev. M (3=6)
Quantum black hole : dijet, F_ (mjj L=4.7 fb™ (2011) [ATLAS-CONF-2012-038] 411 Tev.| M (3=6)
gqaqq contact interaction X(mjj) L=4.8 fb™' (2011) [ATLAS-CONF-2012-038] 78TeV. A
qqll Cl : ee, uu combined, M |=111.21" 2011) [1112.4462] 10.2TeV. A (constructive int.)
uutt CI : SS dilepton + jets + E; ;s [E=1016"(2011) [1202:5520] 1.7Tev. A
SSMZ': Mg |L=4.95.0 b (2011) [ATLAS-CONF-2012-007] 221Tev. Z'mass
SSM W': My g/ |L=1.016" (2011) [1108.1316] 2.15Tev. W' mass
Scalar LQ pairs (f=1) : kin. vars. in eejj, evjj [L=1.01b™ 2011) [1112.4828] ss0Gev 1" gen. LQ mass
Scalar LQ pairs (/3:1) - kin. vars. in Uija uvjj L=1.0 fb™* (2011) [Preliminary] 685 GeV 2nd gen. LQ mass
4" generation : Q G — WgWQq [L=1.0b™ (2011) [1202.3389] ss0Gev. Q, mass
4th generatlon u, U — WbWb [L=1.0" (2011) [1202.3076] 404GeV U, mass
generatlon d 8 WiW?1t | L=1.0 tb™ (2011) [Preliminary] 480Gev. d, mass
New quark b': b'b'— Zb+X m L=2.0 fb™ (2011) [Preliminary] 400 GeV b' mass

5
avo. 4t gy eét + A(kA 1-lep + jets + E, T iss L=1.0 fb™ (2011) [1109.4725] 420Gev. T mass (m(AO) <140 GeV)
xcited quarks 'y -jet resonance, L=2.1 fb™ (2011) [1112.3580] 246TeV. * mass

Excited quarks : dijet resonance, m L=4.8 fb” (2011) [ATLAS-CONF-2012-038] 3.35TeV. g* mass
Excited electron : e-y resonance, M, |L=4.9 16" (2011) [ATLAS-CONF-2012-023] 2.0Tev. e* mass (A = m(e*))
Excited muon : u-y resonance, mu' L=4.8 fb™ (2011) [ATLAS-CONF-2012-023] 1.9Tev| u* mass (A = m(u*))

_ Techni-hadrons : dilepton, Mg/ pT/(nT mass (m(pT/(uT) - m(m;) = 100 GeV)
Techni-hadrons : WZ resonance (vlll), m rwz p, mass (m(p_) =m(mr) +my, m@,) = 1.1 m(pT))
Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass (m(W ) = 2 TeV)

Wy (LRSM, no mixing) : 2-lep + jets W, mass (m(N) < 1.4 GeV)
. (DY prod., BR(H“%uu) 1) : SS dimuon, m
Color octelt scalar : dijet resonance, mM Scalar resonance mass
Vector-like quark : CC, mqu Q mass (couplingk,q =v/mg)

Vector-like quark : NC, my Q mass (couplingk,q =v/mg)
R I ||||||| [ N

10" 10 102

, , o Mass scale [TeV] A ' L A
*Only a selection of the available mass limits on new states or phenomena shown
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Exotics

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

Most recent results.among many.

Searches for Exotics physics states decaying to leptonic final
states

Searches for Exotics physics states in jets and boosted objects
final states

Quantum black holes (centrality of di-jets spectrum)
ADD extra dimensions (monojets + E,™sS)

Contact Interactions (Non resonant dilepton final state
searches)

A Search for ttbar Resonances in the di-lepton channel
Search for Heavy Neutrinos

Search for mono-jet plus missing transverse energy
4th generation searches

Extra dimensions

VI

Excit. ferm.. New quarks . LQ

02
*Only a selection of the available mass limits on new states or phenomena shown MaSS Scale [TeV] ‘ \ | L ‘ \ b
SEAFERIMENI




SM HIGGS search

t t fusion

W’Z
- 0O
- H

W, £ bremsstrahlung

w,Z
At the moment just these 3 channels
have enough sensitivity !! W 7

r o \
WW, ZZ fusion ™Y




M > 130 GeV excluded
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ATLAS Preliminary 2011 Data
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Events / GeV

M ~125 GeV still possible !

Selected diphoton sample
o Data 2011
Background model

H-> vyy:
for m, ~ 125 GeV, ~70 signal events expected

SM Higgs boson m_ = 120 GeV (MC) after all cuts, and ~ 3000 background events

in signal mass window = S/B ~ 0.02

fs:?ﬁ%JLm=49m4

#

e DATA
@ Background
1 Signal (m =125 GeV)
=3 Signal (m'=150 GeV)
I Signal (m =190 GeV)
w Syst.Unc.

H—zZ") 4|
[Ldt = 4.8 b
\s=7TeV

—
(@]

=

w
L
©
C
o
=
E
-
—
&
R
e}
o

—

| | AP SN S ) T -
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m, [GeV]

H-> 4l

in the region m, < 141 GeV (not excluded at 99% CL
by ATLAS+CMS combination) 3 events are observed:
two 2e2u events (m=123.6 GeV, m=124.3 GeV) and

one 4u event (m=124.6 GeV) A | L /—\ S
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What next ?

e 2012 statistics x 2

* Not all analysis un-blinded yet. First results are just
discussed now In the collaboration (sorry!).

» Make sure to be ready with full statistics on

4] and gamma gamma

for ICHEP

- Next 2 weeks very hot!
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Future strategy

v it my~ 125 GeV exists - measure properties: mass, couplings, self-
couplings (1?), spin and CP; look for rare decays (e.g. H—> pp). This will start
In the coming years but higher statistics needed in some cases (e.g. rare
decays)

vV V, scattering: if Higgs exists = confirm “regularization” of cross-section;
If not 2 understand what keeps cross-section finite. Note: marginal with
O(100 fb1)

v extend mass reach for New Physics (typically by ~ 30% going to 3000 fb-1)

v" if New Physics discovered at the LHC/HL-LHC - explore the new scenario:
extend/complete spectrum; measurements (require high-statistics)

Example: SUSY: extend reach towards higher squark and gluino masses (~3 TeV); third
generation; low cross-section processes (gauginos, sleptons); isolate exclusive (rare)
decay chains for precision measurements

AILAD
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Future strategy

A fundamental question to be addressed: trade-off between pile-up and
Integrated luminosity:

-- what physics processes are marginally affected by pile-up and benefit
from as much statistics as possible ? In general, all high-mass
searches ...

-- what physics processes are affected by pile-up = less integrated
luminosity in cleaner conditions may be a better choice (e.g. coupling
measurements for VBF H-> T1T1) ?

This potential “tension”™ will affect the LHC / HL-LHC operation program

AILAS
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<> LHC startup, Vs = 900 GeV

\ s=7~8 TeV, L=6x1032 cm2s%, bunch spacing 50 ns

Go to design energy, nominal luminosity (Phase-0)

Vs=13~14 TeV, L~1x1034 cm2st, bunch spacing 25 ns

Injector and LHC Phase-1 upgrade to full design luminosity

\ s=14 TeV, L~2x10% cm2 s, bunch spacing 25 ns

HL-LHC Phase-2 upgrade, IR, crab cavities?

\ s=14 TeV, L=5x1034 cm2s'1, luminosity leveling

~20-25 fb!

~75-100 fb-1




Looking at short, medium and long term!

We have to make sure that we are able to adapt to the
challenges offered by the LHC accelerator in all its
phases, also because our detector technology Is aging
If not evolving properly (including radiation damage!)

Phase O: To nominal energy and nominal peak Luminosity
Phase 1. To ultimate peak Luminosity : 2 X nominal peak Luminosity
Phase 2: To HL-LHC mode : 5 x nominal peak Luminosity + Luminosity

leveling, to maximize the integrated Luminosity (~ 300 fb-t/year)

In addition we have to make sure we maintain the
Infrastructure efficient and operational over decades,
minimizing single points of failure ATLAS

EAFEKIMENI



PHASE 0O up to the 2013/2014 shutdown (LS1):

« Plans worked out since a few years through regular interactions within the
Collaboration (CB), National Contact Physicists, RRB scrutiny group,
CERN and the various service providers:

— long list of maintenance/consolidations/repairs that we are preparing since a few years
— Anticipate the 4™ pixel layer installation (IBL)..... LS2 installation in 2018 would be too late!
— Prepare detector for optimal data taking at nominal Luminosity !!!

Detector consolidation: Detector upgrade:

* New ID evaporative cooling plant  New Aluminum beam pipes

* New Calorimeters LV power  New small radius central Be pipe

« Magnets cryogenics consolidation « IBL: pixel 4" layer

* Muon spectrometer consolidation « NSQP : Improved pixel services

« Infrastructure consolidation (electr, lavout ? (decision during 2012)
ventilation, radiation protection,...)  New chambers In the muon

« Maintenance and repairs everywhere spectrometer to improve geometrical

coverage

AILAS
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TLAS Is preparing for a 4 layer pixel in SL1 : IBL

IBL key Specs / Params
Transition to .14 staves, <R> = 33.25 mm

*CO, cooling, T <-15°C @ 0.2 W/cm?

*XIX, < 1.5 % (B-layer is 2.7 %)

*50 um x 250 um pixels (planar and 3D)

1.8° overlap in ¢, < 2% gaps in Z

«32/16 single/double FE-14 modules per stave
-Radiation tolerance 5x10*> n,,/cm?

*New Be beam pipe of smaller radius

©
.

ATLAS

Insertable B-Layer

1 )es1on NCPDOTI1
) I

Technical




Phase 1 challenge:

* Physics will continue to require Level-1 single
| cervanccaomoz lepton thresholds with p; of order 20 GeV even

i ;Déc.gr\nber,2011 with pi|e_up as h|gh as ~50 (|_ =2 1034 Cm'ZS'l,
25ns) or even ~75 (L =3 1034cm=2s, 25ns)

* Need to preserve nominal luminosity trigger
acceptance even for L >103%*cm=s

« Retain some “simple” triggers in the menu to
avoid and/or understand physics biases

« Keep acceptances high and similar between
barrel and forward

« In addition, aim at using secondary vertexing and
track information to retain high purity, good
efficiency samples of interesting channels at the

/ etter /f ntent

HLT level
A )
X 45 JUladie  Wherever feasible retain sensitivity to beyond the
s:/lcdsweb.cern.ch/record/1402470/ SM physics with as little model dependence as
(CERN-LHCC-2011-012) possible VCATLAS

T EXPERIMENI


https://cdsweb.cern.ch/record/1402470/
https://cdsweb.cern.ch/record/1402470/

New muon small wheels (more granularity)

* Plan to replace muon small wheels with improved trigger capability: need
<lmrad angular resolution and associated trigger vector capability

e Status:

« Converging on the choice of the technology for precision tracking and trigger

« MicroMegas for precision coordinates and TGC for trigger the main candidates
* Vigorous milestone plan for 2012 to demonstrate feasibility

* TDR to be ready for early 2013

* Project being setup for ATLAS internal approval in October 2012

[y

Trigger rate reduction
studied using 1.3<mi<2.5
. data \s=7 TeV

Data 2011

o
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in 1.3<n<2.5

0 All L1_MU20 Inner_Seg>0 do cut dL cut Offline Pt>20




New LVL1 Calorimeter trigger (more granularity)

* Plan to better use in the LVL1 trigger the available detector granularity in the
LAr Calorimeter. Develop a new front-end digital chain (trigger leg for phase |)

° GOAL Thresholds for non isolated EM objects vs
Inst. Luminosity @ 20kHz Level-1 Trigger rate

Preserve un-prescaled LVL1 theresholds for single electron
trigger at PT ~ 25 GeV for LHC operation beyond the nominal
design (Phase 1 LHC, HL-LHC)

ATLAS simulation

ATLAS simulation

S
¥}
S
=2
o
L
L)
4
L
—

1.0 1.5

L[1O cm281l

Use, at the LVL1 trigger level, a new shower
shape: Ratio of energy (2" layer of the EM
calorimeter) in clusters of two sizes
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ATLAS
High pT even

LHC beam

l){\ffracted

protons

214 m 3D Si

Timing

v' Tag and measure protons at = 210 m
v' Trigger: rely on ATLAS high-P; LVL1 trigger

v Detectors: radiation hard “edgeless” 3D Silicon as tracker, 10 ps
timing detectors

Allows running in high pileup conditions with association with the
primary vertex = access to RARE processes

Acceptance (IP1 210m +210m)

A .jll -
'~J00 400 600 800 1000 1200 1400

reconstructed mass of central system [GeV]
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PHASE 2: 2021/22 shutdown (LS3) or HL-LHC upgrade:

« We assume that by then the LHC will have delivered 300-350 fb-!
» The LHC will be made ready to run at L,=5*103% with Luminosity leveling

- The main activity Is the construction of a new inner detector for which today
the collaboration Is very active with R&D, prototypes and engineering work

- The Calorimeter readouts will need a substantial upgrade, part of it will be done in a
staged way in the 2018 shutdown (digital LVL1 trigger)

- If proven necessary, the end-cap LAr might need to be opened and FCAL and HEC
electronics fixed. A decision will be taken in a few years from now

- The muon spectrometer will be upgraded in particular in the big wheel region

- Most of the existing electronics/computing/ TDAQ will need to be upgraded and
modernized to face additional 8-10 years of running in extreme conditions

AILAS
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PHASE 2 : LOI In preparation

Today’s plans :

'
CERNAMNCC- 2011012
ALNCC 020
.] Decomber, 2014

Editorial board active

LOI will be presented in December 2012
Approved by the ATLAS CB in January 2013
March 2013 looking for positive LHCC outcome

Today’s cost estimations (to be revised for the LOI) :
ATLAS PHASE Il upgrade (L53)

_itwilll happen _it might happen
1. New ID (strips and pixels) 111.4 43.0
2. New LAr front end and back end electronics 32.0
3. New Tiles front end and back end electronics 6.3
4. LArnew FCAL? 13.9
: 5. LAr HEC cold electronics consolidation ? 6.4
6. Muon Barrel and Large Wheel system upgrade ? 5.6 6.2
/. TDAQ upgrade 22.1 8.3
etter f ntent 8. L1 Track Trigger ? 3.7
' 9. TAS and shielding upgrade 8.7
10. LUCID upgrade ? 1.2
11. Various infrastructures upgrade 13.5
12. Common activities (installation, cabling, safety, ...) 8.4

= 291 MCHF TOTAL 208.0 82.7



Overall Strategy
» 2013/2014 shutdown (LS1):

— long list of maintenance/consolidations/repairs that we are preparing since a few years
— IBL installation, eventually entire pixel detector consolidation (nSQP project)
— Prepare detector for optimal data taking at nominal Luminosity and Energy !!!

« 2017/18 shutdown (LS2):

— Prepare detector for ultimate luminosity, upgrades mostly to inputs for LVL1 trigger
— Possible additional consolidations/repairs after ~10 years of detector readiness
— LOI presented and well received. First cost estimation included.
— Next steps: TDRs/MOUs 2013-2014 depending on the projects(5)

. 2022/23 shutdown (LS3=HL-LHC).

ID aged mostly by radiation, complete construction of a new ID to be tested on surface in 2021
— Upgrade the detector where technology will be obsolete (mostly electronics)
— Prepare the detector for HL-LHC and 8-10 years of additional running
— TDRs/MOUs 2014-2016 once LHC physics established and HL-CERN plans better known
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How do we fit on all this as DPNC ?

ATLAS DPNC students (M=master/P=PhD, y=term)

ALEXANDRE Gauthier (P,2012)

BACKES Moritz (P,2013)

BARONE Gaetano (P.2015) Group very well
BENHAR NOCCIOLI Eleonora (P,2015) integ rated in ATLAS
BERNASCONI, Tancredi (M,2012)

BILBAO DE MENDIZABAL Javier (P,2017)

BUCCI Francesca (P,2012) 3_4 theSiS /year in
DAO Valerio (P,2013)

GRAMLING Johanna Lena (P,2017) the next future
GUESCINI Francesco (P,2016)

KATRE Akshay (P,2017)

MORA HERRERA Clemencia (P,2012)

MIUCCI Antonello (P,2016)

NEKTARIJEVIC Snezana (P,2014)

NIKOLICS Katalin (P,2013)

PICAZIO Attilio (P-2016)

ROSBACH Kilian (P,2015)

WATSON lan (P,2013)
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How do we fit on all this as DPNC ?

ATLAS DPNC physicists

« BELL Paul

 BELL William

« CLARK Allan

« DOGLIONI Caterina

« FERRERE Didier

«  GADOMSKI Szymon

« GONZALEZ SEVILLA Sergio
e GOULETTE Marc

« |ACOBUCCI Giuseppe

« LA ROSA Alessandro

« LISTER Alison

« MARTIN dit LATOUR Bertrand
«  MERMOD Philippe

« NESSI Marzio

« PASZTOR Gabiriella

« POHL Martin

« WU Xin

Bell.P. Deputy convener of the Egamma trigger signature group
Doglioni.C. Contact person for the high-mass di-jet exo analysis call
energy scale

Gadomski.S. Member of the ATLAS international computing board
Lister.A. Top reconstruction subgroup convener

Mermod,Ph. Long living particles subgroup convener

Clark, A. Member of the ITK subcommittee (future inner detector)
lacobucci, G. ATLAS Swiss Contact Physicist

lacobucci, G. Convener of the physics upgrade simulation subgroup
and member of the upgrade steering committee

Cadoux,F. Co-convener of the IBL integration&installation w. group
Debieu, S. Co-convener of the IBL off detector w.group

Nessi,M. ATLAS technical coordinator
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