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A Toroidal LHC ApparatuS (ATLAS)

Muon Spectrometer(n<2.7)
MDT/CSC, RPC/TGC

air-core toroidal magnet
[Bdl = 2~Tm (4~8Tm)

| .{‘

y " Inner Tracking (n<2.5)
Pixel, Silicon Strip, TRT

2T solenoid magnet

Diameter
Barrel toroid length

Lig.Ar EM/HAD/FCAL, Tile HAD gf:’g;gipwir;gf-:uan chamber span 46 m
good e/y id, energy, ETmiss



n technology gives

ature to the ABCD3T chip.

{

‘remarkable pre(
by exquisite con
i procedure.

LU TTTTTTTT
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SCT Barrel 4 layers, 2112 modules

Binary read out via opt fiber, work independently
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e 7ThSREHFEV)IUEHER

o Hh FEEERTFHET AL

e 2010FEDTAMIVDIER

e 201 1FEYT ADAREME (TDF7EAXT)

¢ 201 2FEVI RDEEMN? (T7EFS)
o HITE 25 F T & B F [




Cablesof SCT and TRT

SCoduIe work indeﬁdentli}. Cablin so




Alignment using Cosmic tracks
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*Equivalent Noise Charge
IS very sensitive to
the threshold setting.

*ENC can be derived

fitting a plot of occupancy vs
threshold using error functio
*Offline value matched with
production.

1 E

1_

u
0.594c \/Hlﬁl\w

NIV T I T PV IR AV VO |

Run_3073X1X

1015 0.2 0.25 0.3 0.35 0.4 045 0.5
QCCUpancy

Run_3074X1X

[Run_3072%1X |

n_3068X1X Run_3063X1X Run_3074X1X
Enras 5616 F
Moan  BOOD1ES4 r
RMS 9742005 Wk
[| overtiow 146 E

Run_3073X1X

Enines 616

1w’

1IfE—

1oL

Number of chips
5 8 B

g

™ T T
|

=

|1.

10 .

‘l"'l'.'lm 1'I'I'.'.l'.'|I 1201! 'I."ll'.'H} 14-DIJ- 1500 1600 1'.Fl'.ﬂ:|

L

'Iﬂﬂ:r 1900 2000
ENC (alectrons)

Mamn Z112a-18

1.Teat

107

1015 0.2 0.25 0.3 0.35 0.4 04505

GCCupanay

Entrias SE1E
Mean 9.712e-05
RS #.106e-05
Overflow 18

0 005 0101502 0.250.3 0.35 0.4 0.45 0.5

0.55fc

1)

Run_3072X1X

Entrles 5616

Mean 4.65e-05

RMS 3.37de405

Owverflow 10
1.0fc

ﬂﬂ H e

N
l! tlllﬂ IH IHHUZ UZHIJSIJ:I! IH-IH-! tlS

accupancy aGCupancy
[Run_3o70X1X | Run_3070X1X Run_3071X1X Run_3071X1X
Entrles 5616 10 Entries 5&16
Mean 0. 58e06 Mean 1.84e.08
RMS  0.223e-06 RME 25500
Overflow i 1w Overllow B
1.1f
¢ il 1.2fc

1o

1L
Ll " "" " NI = E 10

l! l]l'.l! 01 l]ﬂl]z I!ZHIIEFIIEF! 0.4 045 05

accupancy

s 2

2
IS
T IIIIIH‘

Occupancy(Hit/event)

-
e
L

Occupancy =

Bl bl bl b binalulig
0 005 01015 0.2 0.25 0.3 0.35 0.4 045 0.5

1—erf(2resn

GCCupanay

Thresh )
V2ENC

2

1.25 1.3
Threshold[fC]



o PhoRBHEEV)AVEHIE

o ih FEERIE CTFEHETAL

e 2010FDTARI IV DFER

e 2011 FEYT ADAEEE (TFEAT)

e 201 2FEYIT RDERMN? (T7EA D)
o HIE z5 2 1itT & B[] B




SCTDF+!)JL—3>EDAQ

s Options  Tools  Help Preferences

Module Configuration Group O Count : 122
Croup O All Maodules PO_CF

Data Optio ns ] AR NS

Group 0
0 l

i

(LT CTTTTC [ [T [T

. ——————————

NRNNARORNNANORNNANANNNNN |  (NNNEEWANENEN

+ =5
'
il |I
=g
E &
E B
= B

-
iE
iE
F
=Nz




/\ / — =

Qe | 01313

10-11-2009
18:38:12

_LHC
" Stéble Beams
Energy, -450.0GeV

ermit
ATLAS :
dump: STANDBY
Statistics Us15

ENDCAP C BARREL

9 8 7 6 5 4 3 2 1 BS

BRI R EEE]E] g

INFRASTRUCTURE
BARREL

ENDCAP A
ENDCAPC FSM

USALS ENY Queries DSsS

= |I=Z [IZ |[= ||= = =
o |l (e (e (e = o

Quadrant 1
Quadrant 1

= =
© o

Quadrant 2
Quadrant 2

F
=
(=]
EE] B3 I{
=
o

BIE]

=
o

Quadrant 3
Quadrant 3

Zoom: ] E

Quadrant 4
Quadrant 4

* | K Back

9 8 7 6 5 4 3 2 1 BS BE 1

ENDCAP C pss [ oK BARREL obss[oK

2 3 4 5 6 7 B

pssBKY ENDCAP A

FSM Shortcuts
Module | 20220330200085

Crate Channel

~ Safe for Beam and Injection Permits
SCTPrimary NOT SAFE  scCT sendsto BIS
SCT Secondary NOT SAFE BIS reports SCT as

deitaP BIOELSS| mBar
flow 63628 11 @
ressure [IS832 mBar

Mean HV 1500V BIs sends to LHC

n
—Beam Protection deltaP SOM02S mBar

—+
flow (972,06 I/h O 1

ressure (29833 mBar

Beam Mode STABLE
STABLE BEAMS

SCT Beam Protection is ENABLED

BIS sends to 5CT

Beam Protection

deltaP | 0463 mBar

flow §75.21 |/h O

ressure 18706 mBar

—ATLAS - LHC Handshake
LHC ATLAS

PROBLEM

Injection STANDBY

Adjust STANDBY VETO

stal flow 327432 Ifh
=199 C

Dump STANDBY VETO
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VCSEL array

e The TX consists of two major components




150ns bunch train running , 22/09 to 29/10
-

e Strategy (all with Ynominal bunch intensities)
— Started with 24 on 24 (September 22)
— Moved to 56 on 56 after 1 fill (September 23)

— Incremental increase thereafter
— After 3 fills and 20 hours, add ~ 50 bunches per beam

3

e Technical stop of week 44 advanced to week 42 (injection IR2)

End non-LHC
Physics
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Luminosity evolution 2010

5 orders of magnitude in ~200 days ~50 pb! delivered, half of it in the last week !
2010/10/29 15.18 2010/10/29 15.16
LHC 2010 RUN (3.5 TeV/beam) LHC 2010 RUN (3.5 TeV/beam)

sof

PRELIMINARY (+1 0% scale)

peak luminosity (Hz/ub)
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* ALICE : low pile-up limited since 01.07.2010




Trigger rates In the highest lumi

Trigger rates at each level
ATLAS Trigger Operation, 25 Oct, 2010

L=2.1x10% 1.10% (em?s™)

L2 total

EF total

01:00 04:00 07:00 10:00

e Adjust prescales to maintain ¥400 k
EF output




Trigger rates In highest lumi fill

Trigger rates of lowest unprescaled items

ATLAS Trigger Operation, 25 Oct, 2010

04:00 07:00

10:00

13:00

e Rates fall with luminosity

electrons 15 GeV

taus 50 GeV
muons 15 GeV

jets 115 GeV




Di-muon Invariant mass
e Leading muon, p;>15 GeV, second muon,
J

w/lp ¢

ATLAS Preliminary

Data 2010,\s= 7 TeV
L gl | Lo aaql

1 10




>20 GeV,
e MC normalised to data
e 119k electron and 135k muon candidates

W transverse mass
°* eoruwith p; E

15>25GeV
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ATLAS Preliminary
(Simulation)

\vs=7 TeV Projection j L dt=1 fb | |
140 160 180 200
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ATLAS Preliminary (Simulation)
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e 5fb! enough to close gap with LEP at 7 TeV

e Expected 3c observation from 123%
GeV
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Update of Standard Model
Higgs searches in ATLAS

m,, [GeV]

Fabiola Gianotti,
representing the
ATLAS Collaboration
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Peak luminosity
ATLAS Online Luminosity \s=7TeV seen by ATLAS:
[ LHC Delivered ~ 3.6 x10%3 cm? s

[ ] ATLAS Recorded

Total Delivereg

Many thanks to the
LHC team for such a
superb performance
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28/02 30/04 30/06 30/08 31/10
Day in 2011

Fraction of non-operational detector channels: few permil to 3.5%
(depends on the sub-detector)

Data-taking efficiency = (recorded lumi)/(delivered lumi): ~93 5%

Good-quality data fraction, used for analysis : 90-96%

(depends on the analysis)
29




Ldt=5.2 fb "

1.0m,<pu>=11.6
1.5m, <p>= 6.3

16 18 20 22 2

7 TeV
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reconstructed vertices
(ellipses have 20 o size for
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Tails up to ~20 - comparable to design
Challenging for trigger
(in particular E¢

luminosity
(50 ns operation; several machine parameters pushed

beyond design)
LHC figures used over the last 20 years:
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s 5 . ~
Trigger §CET —__Liplom Bk
© - = : ]
. . ——— . S ol |
O Coping very well with rapidly-increasing © TE il 5 E
luminosity (factor ~10 over 2011) and pile-up .r 5 5 :
by adapting prescales, thresholds, menu. e :
O Strive to maximise physics (e.g. keeping m A -
IOW Thr'QShOIdS for‘ inclusive lep_l_ons) 102 E_ ......................... ATLASTnggerOperatlonS E
O Main menu complemented by set of - LHC Fill 2718, 2-3 Oct. 2011 ]
calibration/support triggers: e.qg. special 10 Starting sity[ 3.2 10% =
J/w > ee stream (few Hz) for unbiased - Ending Luminosity: 1.3 x 10% ¢m?s" :
low-p+ electron studies Dorar R e
CET Time
Single electron
raised to 22 GeV
Single ATLAS Trigger Operaiion 2011 Add hadronic
B dredyen Typical recorded rates

e = iNIMUM Bl for main streams:

E 300 Electrons/photons
£ 500 Jets/taus/missing ET
[0)
g
190 7 ' Muons/B-physics
Combined 1
(e,T) (15,16) 0+~ . ‘ ‘ |
(u,7) (15,16) Apri June August October
(1.7) (29,20) : : Combined 1 .
Single 3 station (@.1) (15.20) Tighten L1
muon muon barrel ¥ (1) (15,20 muon roads

18 GeV | coincidence (1,7) (29,20)




\s=7TeV ]

IXS WG 2010
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300 400 500

SM Higgs production cross-section and decay modes

= 10 ' ' 3
2 - \s=7TeV ]
oC = i
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10100 200 300 400 500

Higgs boson mass (GeV/c?)

O Cross-sections computed to NNLO in most cases - theory uncertainties reduced to <
O Huge progress also in the theoretical predictions of numerous and complex backgroun:
Excellent achievements of the theory community; very fruitful discussions with the

experiments (e.g. through LHC Higgs Cross Section WG, LPCC, etc.)

Experimentally most sensitive channels vs m_

LHC HIGGS XS WG 2011




Present status (as of this morning ...)

"ATLAS + CMS Preliminary, \s = 7 TeV | —— Observed November 2011
L, = 1.0-2.3 fb /experiment Expected+ 1o SIS s Inllend A0,

e : : Expected : 20 ATLAS-CONF-201-157

: LEP excluded

N (1111 Tevatron excluded

N LHC excluded Y
LEP (95%CL) '
m,, > 114.4 Ge] -
— 0 10

Tevatron exclusion (95%CL):

in

—_
o

95% CL limit on o/cg,,

—

. NSO IO IS |y
200 300 400 500 600 @ 156 <m,.<1//7GeV
Higgs boson mass (GeV/c?)

First ATLAS+CMS combination: based on data recorded until end August 2011:
up to ~2.3 fb-! per experiment

Excluded 95% CL : 141-476 GeV

Excluded 99% CL : 146-443 GeV (except ~222, 238-248, ~295 GeV)
Expected 95% CL : 124-520 GeV - max deviation from background-only: ~ 30 (m ~144 GeV)
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ATLAS Preliminary _+_
Data

700F

H - vy 110 < m,, < 150 GeV

600/ |:| MC m,=130 GeV, 1xSM 7

Events /1 GeV

500 f— l:l Total background (Fit) —f

400 E—

3001
200F

A Small cross-section: o ~ 40 b 100§Data2011,\"s=7TeV,det=4.9fb‘1 E
Q Simple final state: two high-p+ isolated photons o PRS-
ET (vll YZ) > 40, 25 GeV m,, [GeV]

O Main background: yy continuum (irreducible, smooth, ..)

O Events divided into 9 categories based on n-photon (e.g. central, rest, ...),
converted/unconverted, p;YY perpendicular to yy thrust axis

0 ~70 signal events expected in 4.9 fb! after all selections for m,=125 GeV

~ 2000 hacl.aronnd avante in signal mass window - S/B ~ 0.02

GATLAS

!1 PERIMENI

Crucial experimental aspects:
Uexcellent yy mass resolution to observe
narrow

signal peak above irreducible background

Hpowerful y/jet separation to suppress yj and jj
background with jet > 0 faking single y
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Consistency of the data with the
background-only expectation

Maximum deviation from background-only

expectation observed for m,~126 GeV:

Qlocal py-value: 0.27% or 2.80

Hexpected from SM Higgs: ~ 1.4¢ local

Uglobal p,-value: includes probability for
such an excess to appear anywhere in
the investigated mass range (110-150 GeV)
(“Look-Elsewhere-Effect”): ~7% (1.50)

my [GeV]

Excluded (95% CL):
114 < m, <115 GeV, 135 < m,< 136 GeV
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? ...... SM H — yy expected p 4 ;
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H > ZZ0) 5 4l (4e, 44, 2e2p)

Qo~2-5fb
O However:
-- mass can be fully reconstructed - events would cluster in a (narrow) peak

-- pure: S/B ~ 1
A 4 leptons: p;1234 > 20,20,7,7 GeV; m;, = m, = 15 GeV; my, > 15-60 GeV
(depending on m,,)
O Main backgrounds:
-- 2Z0) (irreducible)
-- my, < 2m, : Zbb, Z+jets, tt with two leptons from b/g-jets = |
- Suppressed with isolation and impact parameter cuts on two softest leptons
4 Signal acceptance x efficiency: ~ 15 % for m,~ 125 GeV

Crucial experimental aspects:
WHigh lepton reconstruction and identification efficiency down to lowest p;
UGood lepton energy/momentum resolution
L Good control of reducible backgrounds (Zbb, Z+jets, tt) in low-mass region:
—> cannot rely on MC alone (theoretical uncertainties, b/g-jet = | modeling, ..)
- need to compare MC to data in background-enriched control regions (but: low
statistics ..)
—> Conservative/stringent p; and m(ll) cuts used at this stage

o/




Improving Z->pp mass resolution
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Data Spring 2011 : 2.89+.01 GeV

#« Spring 2011 alignment
o Summer 2011 alignment
Z - pp MC

ID tracks

70 80

Muon performance

Muon reconstruction efficiency > 95%
over 4 <p <100 GeV

&  ATLAS Preliminary J

s Data2011,\s =7 TeV 1 1= _.__;:

| ] ] #“""—‘—Hﬂ: " 4::@:_._
. JLdt=O.70fb'1 ] - Hl ""r"‘ .
4 B : y §
- 1}.995_—de:=5_”13 -
s E 0 9941_ 2011 data, chain 1 =MC
" = ' - Z—up tag-and-probe + data 1
'3 g a.g90— ATLAS .II:'rrJ.fr'.lrrIna.r}fl | | | | ]

% E 21.005F
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M,., [GeV]

H-> 4y mass

resolution: ~2 GeV [
Event fraction
in £20: ~ 85%

Muon (calorimetric) isolation efficiency
from Z->pu events in data and MC

4 & 8 10 12 14 16 18 20

Mumber of reconstructed vertices

4|- ATLAS Simulation Preliminary

*  m,=130GeV

0'08_— — gaussian fit __

a.u./0.5GeV
o

No Z-mass fit constraint

o= (1.98 £ 0.03) GeV
| fraction outside £ 2a: 0.15 4

0.04
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After all selections: kinematic cuts, isolation, impact

Full mass range m(4l) < 180 GeV
Observed: 71 events: 24 4p + 30 2e2u + 17 4e Observed: 8 events: 34p + 3 2e2u + 2 4e

Expected from background: 62+9 B Expected from background 9.3£1.5

ATLAS Preliminary ] s DATA

o DATA 4 ¢ | mEBackground ATLAS Prﬂllmlnary |
[l Background i - [ Signal (m =125 GeV)
[ Signal (m =150 GeV) - S!gnal (m, =150 GeV)
[ Signal (m =190 GeV) ] ~ [ Signal (m, =190 GeV)
B Signal {mH=360 GeV) :

—
[A]
T T

Events/10 Ge)
T Ial T

H—zZ" >4l
[Ldt=4.81b"
\Ns=7TeV

H—zZ" -l
[Ldt =4.8 10"
Ns=7TeV

In the region m, < 141 GeV (not already excluded at 95% C.L.) 3 events are observed:
two 2e2u events (m=123.6 GeV, m=124.3 GeV) and one 4u event (m=124.6 GeV

Main systematic uncertainties

Higgs cross-section .~ 15%
- Electron efficiency .~ 2-8%
ZZ* background .~ 15%
Zbb, +jets backgrounds : ~ 40%




H>vy, H> 17

Putting all channels together - combined constraints H> WW®S Ivlv
H> ZZ® > 4], H> ZZ > llw
H> ZZ - llgq, H> WW=-Ivqq
W/ZH-> Ibb+X not included

M
—h
o

-
ATLAS Preliminary 2011 Data 1$ Preliminary

— Observed .
- Expectod f Ldt = 1.0-4.9 fb

C+1o _
T2 o \s=7TeV

—
o

95% CL Limit on o/ag,,

2]
2
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(o]
E
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O\O
Lo
o
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CLs Limits

.I_A_I_AJ_I_I_I_I_I_I_I_A_IJ_
110 115 120 125 130 135 140 145 150
M, [GeV]

Excluded at 95% CL 112.7 <my < 115.5 GeV
131 <my < 453 GeV, except 237-251 GeV

Expected if no signal i 124.6-520 Ge

Excluded at 99% CL 133 <m, < 230 GeV, 260 < m,< 437 GeV

40
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http://atlas.ch

STa‘rus of S’randard Model
Higgs searches in ATLAS

Using the full datasets recorded in 2011 at Vs= 7 TeV and
2012 at Vs=8 TeV: up to 10.7 fb?

Fabiola Gianotti (CERN), representing the ATLAS Collaboration

QATLAS %,
EXPERIMENT
http://atlas.ch

U CATLAS

}" EXPERIMENT




Luminosity delivered to ATLAS since the beginning

10— ATLAS Online Luminosity

2010 pp \s = 7 TeV
— 2011 pp \s = 7 TeV
= 2012 pp Vs = 8 TeV
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Trigger in 2012

O Optimization of selections (e.g. object isolation) to maintain low un-prescaled thresholds
(e.g. for inclusive leptons) in spite of projected x2 higher L and pile-up than in 2011
O Pile-up robust algorithms developed (~flat performance vs pile-up, minimize CPU usage, ...)

> Results from 2012 operation show trigger is coping very well (in terms of rates,
efficiencies, robustness, ..) with harsh conditions while meeting physics requirements

Lowest un-prescaled thresholds (examples)

[ L1l:upto~ 65kHz

B | 2 up to ~ 5 kHz |

ATLAS Trigger Operations

LHC Fill 2686 May. 31 2012

Starting Luminosity| 6.37 x 10°° cnr 2s
Endlng Lumlnosny 2. 91 X 10 cm

ltem p; threshold (Gev) Rate (Hz)
5x1033

Incl. e 24 70

Incl. u 24 45

ee 12 8

MM 13 )

TT 29,20 12

10 YY 35,25 10

31.06h  31-08h - 31-10h  31-12h  a1-14h " 31-16 - 80 17
CEST Time S5 95 8

N
L,
o
Qo
©
o

10°

10°

N == 1T B AR AT B AR AT B A R TIT BN R

Managed to keep inclusive un-prescaled lep
thresholds within ~ 5 GeV over last two year
in spite factor ~ 70 peak lumi increase




It would have been impossible to release physics results so quickly without
the outstanding performance of the Grid (including the CERN Tier-0)

Number of concurrent ATLAS jobs Jan-July 2012

Running jo
181 Days from Week 01 of 2012 to Week 26 of 2012

Includes MC production,
user and group analysis
at CERN, 10 Tierl-s,

~ 70 Tier-2 federations
- > 80 sites

> 1500 distinct ATLAS users
do analysis on the GRID

...................................... e e L R L T T | g
2 May 2012 2

W MC Production ser b sis W Group Production W Group Analysis
M Testing [ ssin [T others

O Available resources fully used/stressed (beyond pledges in some cases)

O Massive production of 8 TeV Monte Carlo samples
O Very effective and flexible Computing Model and Operation team - accommodate
trigger rates and pile-up, intense MC simulation, analysis demands from worldwide




H-> A% 110 < my, < 150 GeV

0 x BR ~ 50 fbo m,~ 126 GeV

0 Simple topology: two high-p+ isolated photons
ET (Vl, Vz) > 40, 30 GeV

QO Main background: yy continuum (irreducible, smooth, ..) I?I

To increase sensitivity, events divided in 10 categories based on y rapidity,
converted/unconverted Y; py (PYY perpendicular to yy thrust axis); 2jets

Main improvements in new analysis:

O 2jet category introduced - targeting VBF process osm (VBF) ~7%  Q 2 jets with

Q v identification (NN used for 2011 data) and isolatiorfj ¢ 7 pr > 25-30 GeV
—> Expected gain in sensitivity: + 15% In|<4.5

. . |An|: > 2.8
Background fit procedure also improved M, > 400 GeV

_ |AQ| (yy-ij) > 2.6
After all selections, expect (10.7 fbl, m,~ 126 GeV)

~ 170 signal events (total signal efficiency ~ 40%) Expected gain in sensitivity: 3%

~ 6340 background events in mass window
= S/B ~ 3% inclusive (~ 20% 2jet category)




Events / GeV

Data - Bkg

N
N
o
o
I|III|III

T I 1 1 1 T
Selected diphoton sample

Data 2011 and 2012
Sig + Bkg inclusive fit (mH =126.5 GeV)

4th order polynomial

\s=7TeV, f Ldt=4.81fb"

\s=8TeV, f Ldt=5.91b"

@
(]
o
||||| III|III|III|III|III|III|III|III|III

-+ 1
{111

1 1 P I T T
130 140 150

= [l
o

Total after selections: 59059 events

m,, spectrum fit, for each category, with
Crystal Ball + Gaussian for signal plus
background model optimised (with MC)
to minimize biases

Max deviation of background model from
expected background distribution taken
as systematic uncertainty

Signal yield

Theory ~ 20%

Photon efficiency ~ 10%
Background model ~10%
Categories migration

Higgs p+ modeling up to ~ 10%
Conv/unconv y upto ~6%

Jet E-scale up to 20% (2j/VBF)
Underlying event up to 30% (2j/VBF)
H-> vy mass resolution ~ 14%

Photon E-scale ~0.6%




95% CL limit on O/OSM

95% CL limit on O/OSM

5
I||||||\|||III|I\II|IIII

2011 data .

I T T T I T T T T 1T
CL, limit lata 2011,Vs=7 TeV
CLs lImit "Lt =4.8 15 |
ATLAS Preliminary
Il 1 L L1 1 1 1 1 1 1 1 1 1 I 11 Il 1 | L1 1 1 ‘_

1
.
9170 115 120 125 130 135 140 145 150
m, [GeV]
2012 data
6:[_'_|_|_'_|_'_'_' . . T T T T T UEJ
B o . limit Date s=8TeV - g
5 E limit g - put
i : S
== , : E
C ] -
C i (&)
3k " 3§
C (o)]
2:
~., A E
i_|_|_|_|_|_|_|_ ol b Ly [N R
q‘IO 115 120 125 130 135 140 145 150
m,, [GeV]

Excluded (95% CL):
112-122.5 GeV, 132-143 GeV
Expected: 110-139.5 GeV

2011+2012 data

E s !i’“_" Data 2C
St "™ Data 20
A AT
3
2f
1=
E_I_ I_I_l_l_l_l_l_l_l_
10 115 120 125 130 135 140 145 150

my, [GeV]




Consistency of data with background-only expectation

ATLAS Preliminary

N

Data 2011, {s= 7 TeV, [ Ldt = 4.8 fo!
Expected from
SM Higgs at
given my

Data 2012, {s= 8 TeV, j Ldt=5.9fb?

— Observed p 2011+2012
- = SM H*)QC? ékgected 2011+2012 i
Observed p 2011+20F2 (with energy scale uncertainty)=|
—— Observed p° 2011 3
- = SM H—>gdg ekpected p 2011 .
O Observed p 2011 (with energy scale uncertainty)
— Observed p? 2012
- = SM Ha%; ekpected p 2012
P, 2012 (with energy scale uncertainty)

IIII_I.I] [

5 Observe

5s |IIII|IIII|IIII|IIII|IIII|IIII|IIII|_

7T
10 110 115 120 125 130 135 140 145 150
my, [GeV]

Data sample

m,, of max deviation

local p-value

local significance

Points indicate impact
of 0.6% uncertainty on
photon energy scale:
~ 0.1 sigma

expected from SM Higgs

2011
2012
2011+2012

126 GeV
127 GeV
126.5 GeV

3x104
3x104
2x10°6

350
340
450

160
190
240

Global 2011+2012 (including LEE over 110-150 GeV range): 3.6 O




L
Fitted signal strength S 258 __ . Data 2011, /5= 7 TeV, [ Ldt = 4.8 fo'
2 of (s 1o Data 2012, Vs=8 TeV, [ Ldt =5.9 fb™']
»n - ]
Normalized to SM Higgs expectation g) 1.5 E
at given my, (M) N 1E E
0.5 .
Best-fit value at 126.5 GeV.: - E
u=1.9 = 0.5 o5E 3
4+ E
1.5 ATLAS Preliminary =
:II\Illlllll\Illlllll\IIIIIIIl\IIIlIIIIlIIIIlIII:
110 115 120 125 130 135 140 145 150
Unconverted [ ' ' | ' ' T T TZ2\T T T T T T T T T TToTT
central low P, ! / Lt M [GeV]
— @ ATLAS Preliminary — H
Unconverted !
central high P —:0—%
Utncon\?erteTc; N : Data 2011+2012 ]
rest low P, h
Um;;%l]vr?rlt:ed B E / ]
resthighP, | . |
o N —— N
cemvamign®,, | "% s=7 Tev’f Rl Consistent results from various
Converted ! . g g 5 c
rest low P, | é -1 categories within uncertainties
onverted | . =8 T V, Ldt=59fb ]
rgsi hig: Ith _.-_Z @ © f

Two jets (mH =126.5 GeV)

- , / ]
wanstion. | | %_'{ SMH— yy ]
}/ 1 1

Combined
I 1 1 1 1 I 1 1 1 1 ‘ 1 1

5 0 5 10 15
Signal strength




H > 220> 4l tre, 4, 2620
OXBR~25fb my~ 126 GeV

d Tiny rate, BUT:
-- mass can be fully reconstructed - events should cluster in a (harrow) peak

-- pure: S/B ~ 1
Q 4 leptons: p;1234 > 20,15,10,7-6 (e-J) GeV; 50 < m,, < 106 GeV; my, > 17.5-50

GeV (vs my)

O Main backgrounds:
-- ZZ™) : irreducible

-- low-mass region m,, < 2m, : Zbb, Z+jets, tt with two leptons from b-jets or g-jets =

Main improvements in new analysis:
O kinematic cuts (e.g. on my,) optimized/relaxed to increase signal sensitivity at low

mass
O increased e* reconstruction and identification efficiency at low p-, increased

pile-up robustness, with negligible increase in the reducible backgrounds




High efficiency for low-p; electrons (affected by material) crucial for H> 4e, 2u2e

Improved track reconstruction and fitting to recover e* undergoing hard Brem
—> achieved ~ 98% reconstruction efficiency, flatter vs n and E-

'O\E' 102:llll|llll|lll.l|.llll|llll|llll|llll|llll|llll|llll: o?.\ 102:|||||||||||||||||||||||| =
g 1000 ATLAS Preliminary = g 100 I ATLAS Preliminary E
S C ¥ ¥ Jy ¥ Yy < C v ¥ O
Q@ o8z ¥ v ¥ v 2 7 —— T SsE- - = ¥ -
g ETEvT L ama, Wy i e F y v ]
© 96 i ) . c 98 A 7
S C i A ] S o i A 7
g 94f i i = g 94F 4 =
2 - A A A7 2 - i ]
2 o2 % - 7 92F % —
5 i ] S - 7
3 90 1 3 90— -
S 88 20m 2012 = & 88 2011 2012 —
8 - . DataJ. Ldt~4.7 fb* _y_ Data I Ldt~770 pb™ . 5 - . Dataj Ldt~47fb" v Datadet-??O pb”’ -
o 86F . yc —%— MC A o 86 . e —%— MC E
L - E L - ]
847IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII7 8_| ||||||||||||||||||||||||||||||| 1
2 15 1 05 0 05 1 L5 2 4520 25 30 35 40 45 50
Cluster ET,CIuster

< 105 T o

> 1005 ATLAS Preliminary Data 2012 ILdt: 770 pb”’ =

Re-optimized e* identification using I R R 3

. g .. 3] = N =

plle.-up robust yar'lables (e.g. Transition E o F b Riiiiigigogg y b =

Radiation, calorimeter strips) > achieved S g E

~ o7 - o . o . ~ 8 - 3

95% identification efficiency, ~ flat S sf ! ssvevegaiegwy &

vs pile-up; higher rejections of fakes L — E

5 705_ ® Data Loose 4 Data Medium = Data Tight _E

3 655— o MC Loose A MC Medium 11 MC Tight E

Results are from Z-> ee data and MC “ L

tag-and-probe "2 4 "8 8 10 12 14 16 18 20

Number of reconstructed primary,_j/grtices




2012 Z-> JpJ data
&

Muons reconstructed down to p;= 6 GeV
over |n|<2.7

Reconstruction efficiency ~ 97%,
~ flat down to p;~ 6 GeV and over |n|~2.7

Total acceptance x efficiency
for H> 4pu: ~ 40% (+45% gain)

2012 Z-> JJ mass peak

|

f Ldt =2264 pb’

2012 data, chain 3
ATLAS Preliminary—

Data/MC

10 15 20 25 30 35 40 45

x10°
1 | T T T T | T T T T | T T T T | T T T T | T T

FATLAS Preliminary .
——4— Data 2012 ({s = 8 TeV) JLdt=5.11b

CJzZ>un | ATLAS Preliminary

' 0.1} Simulation
~2M Z~> Jd | [ * m,=130Gev

— gaussian fit

=

|-
- H=ZZ%dp (T =8 TeV)

[ m = (12072 = 0.03) GeV
[ o = (1.78 = 0.03) GeV

| fraction outsids = 20: 19%

Mass
resolution
~ 2 GeV

0.02|-

- with £ mass constraimt ¢

ED 80 100 110 120 130 140 150

m,, [GzV]




H-> 4] mass spectrum after all selections: 2011+2012 data

. m(4l) > 160 GeV
_A;;:s Preliminary (dominated by ZZ background):

B Background ZZ 147 = 11 events expected

B Background Z+jets, tt
[ | Signa {m =12 GE‘U}
B Signal {m =190 GeV)
i Signal {m _BSD GeV)

W 5
o O

Events/10 GeV
-,
=

~ 1.3 times more ZZ events in data

N
on

W Syst.Unc. than SM prediction =in agreement
H—77") 4] with measured ZZ cross-section in 4l
(s =7 TeV:[Ldt = 4.8 b final states at \'s = 8 TeV
s =8 TeV:[Ldt = 5.8 fb

= M
o O

NLO QCD (MCFM, CT10.0
ATLAS Preliminary aco( 190

ATLAS Data 2012 ({s=8 TeV)
® 22— Illl (66<m <116 GeV) L=5.8 fb’

Discrepancy has negligible impact on the ATLAS Data 2011 (Is=7 ToV)

o ZZ—llll (on-shell) L=4.7 fb™

low-mass region < 160 GeV 9 22~ tivv (on-shell) L=4.7 b
. . ) ] ] : Tevatron ({s=1.96 TeV)
(no change in results if in the fit ZZ is constrained : ® CDFZZ-IlIlv) (on-shell) L=6.0fb"
to its uncertainty or left free) ¢ poE il G t-ash
Il | L 1 | | | L 1 | Il Il Il I L
8 10 12 14

is [F5V]




H-> 4] mass spectrum after all selections: 2011+2012 data

ATLAS Preliminary
Peak at m(4l) ~ 90 GeV from . Data
single-resonant Z-> 4l production B Background ZZ

B Background Z+jets, tt
[ | Signal {mH=1 25 GeV)
P Signal {mH=1 90 GeV)
B Signal {mHz.‘.'iSD GeV)
777 Syst.Unc.
H—->zZ"'—4]

(e — . — -1
Enhanced by relaxing cuts on I§=7 TeV: [Ldt = 4.8 "3_1
My, My, and pr(Ls) s=8TeV:[Ldt=5.81fb

ATLAS Preliminary ;g;ta

fE=7TeV: [Ld1=481" EEZets ti

fz=8TeV: [Ldi=58M"

Events/3 GeV

Observed: 57 events
Expected: 65 = 5

75 80 85 90 95 100 105
m,, [GeV]

56




Events/5 GeV
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— [ Signal (m =190 GeV)
- 7 Syst.Unc.

ATLAS Preliminary

H—-zZ" -4
fLdt=4.8 fio!
\s=7 TeV

2011 data

2011+2012 data

* Data
I Background ZZ

B Background Z+jets, it
[]Signa {mH=12 GeV)
[] Signal {mH=150 GeV)
[ Signal {mH=190 GeV)
## Syst.Unc.

s=7TeV:[Ldt=4.8 o
s=8TeV:[Ldt=5.8 fo

ATLAS Preliminary

H—>2Z"—a

The low-mass
region

m4l <160 GeV:
Observed: 39
Expected: 34

Dataset

Events/5 GeV

w
$)]

W
o

N}
($)]

Background Z

[

B Background Z+jets, tt
] Signal (m =125 GeV)
[ Signal (mH=15O GeV)
I Signal (m =190 GeV)
%4 Syst.Unc.

7 ATLAS Preliminary

[Ldt=538 fo!

H—zZ" -4

\s =8 TeV

2012 data

2011+2012

Expected B only

2011+ 2012

Expected S m, =125 GeV
Observed in the data

2+:03| 3:04| b5.1:08
2:03 | 3:05| 5.3:08
4 9 13

Data
Expected S/B

Reducible/total background

0.5
55%
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Consistency of the data with cirted sianal st m
the background-only expectation Itted signal streng

£ —— Obs. combined ATLAS Preliminary

F ------- Exp. combined ]

| —— Ebs‘ggﬂ H— ZZ '— 4]

L ------- Exp. 2011 — . = ke
10¢ o Vs=7 TeV:[Ldt =4.8 fb -
Exp. 2012 Vs=8 TeV:[Ldt =5.8 fb™' ]

—— Best Fit
D 2 Inkhu)<1

o

ATLAS Preliminary

[s=7TeV: [Ldt=4.8fb"
fs=8TeV: [Ldt=5.81b"

1 [

Signal strength (u)
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m, [GeV] m,, [GeV]

Data sample | m, of max deviation |[local p-value |local significance |expected from SM Higgs
2011 125 GeV 1.1% 230 150
2012 125.5 GeV 0.4% 2.70 210
2011+2012 125 GeV 0.03¢ 340 260

Global 2011+2012 (including LEE over full 110-141 GeV range): 2.50
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Field Programmable Gate Array
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User Constraint File
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