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ATLAS Detector

Muon Detectors
o

3-level trigger |/
reducing the rate|
from 40 MHz to
~200 Hz

Tivg Calarimeter

¥ | L1
Toroid Magnets Solenoid Magnet 3SCT Tragker Pixel Detector TRT lracker

Length : ~46 m

Radius : ~12 m

Weight : ~ 7000 tons
~108 electronic channels
13000 km of cables

Liquid Argon Calorimeter
|

Inner Detector (|n|<2.5, B=2T):
~— Si Pixels, Si strips, Transition
Radiation detector (straws)
Precise tracking and vertexing,
e/m separation
~/Momentum resolution:

A o/pr ~ 3.8x10% p; (GeV) ®0.015

EM calorimeter: Pb-LAr Accordion

e/vy trigger, identification and measurement
E-resolution: 6/E ~ 10%/+E

\

HAD calorimetry (In|<5): segmentation, hermeticity
Fe/scintillator Tiles (central), Cu/W-LAr (fwd)
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Trigger and measurement of jets and missing E;
~|E-resolution:6/E ~ 50%/~E ©0.03
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ATLAS Hardware Status

Subdetector Number of Channels | Approximate Operational Fraction * O p e rat |0 na |
Fixels EOM 96.4% '

fraction of
SCT Silicon Strips 63M 89.2%

detector channels

TRT Transition Radiation Tracker 350 k 87.5% 0

LAr EM Calarimeter 170 k 99.8% exceecjs 96 /'D for
Tile calorimeter 9800 96.2% the entire year
Hadronic endcap LAr calorimeter 5600 99 6% . Expec‘t to re pal r
Forward LAr calorimeter 3500 99.8% mOSt U'f the fElI |ed
HLT Calotgger: 7160 99.9% channels during
VL1 Muon RPC trfggar 370k 99.0% the downtl me

LWVL1 Muon TGC trigger 320k 100%

MODT Muon Drift Tubes 350 k 99.7% - In 2010 was

CSC Cathode Strip Chambers 31k 97.7% able to restore
RPC Barrel Muon Chambers 370 k 97 0% detector to

TGC Endcap Muon Chambers 320k 97.9% }99%

Total 88 M > 96 %
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Spectacular performance of the LHC
- Surpassed design values for several critical machine parameters
Selected records
- Peak luminosity: 3.65 - 10> cm™? s
- Maximum recorded in one day 135 pb™' (about three times of all of 2010)
- Of a total delivered 5.61 fb™" recorded 5.25 fb™
- 93.5 % total data-taking efficiency
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Pile-Up

In September, beam spot size
was reduced through smaller
B-function at the IP: 8*=1.5m
—1m

Mean number of interactions
increased from <uy> =6 to 12
(beam average) over the year

Peak interactions per crossing
exceeding 16 for beam average

Peaking at 24 for individual
bunches

- This equals the number of
interactions per bunch crossing
expected by the design LHC
parameters

Recorded Luminosity [pb ']
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Peak Interactions per Crossing
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* 50 ns bunch spacing
(rather than 25 ns
design) with higher

b’

AL EXPERIMENT than nominal bunch

L T
".:l. Kan Nurmhe: weent Mumber: L7053 303%
\

charges pushed in-time
pile-up past (original)
expectations
* A challenge for:
- Tracking and vertexing
- Lepton isolation

- Jet energy
scale/resolution

- Missing transverse
energy reconstruction

- Reconstruction CPU
time

Z — pu event with 20
reconstructed vertices
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Standard Model Higgs Boson

* In the Standard Model (SM) of particle physics the Higgs
mechanism is responsible for breaking electroweak symmetry and
it is giving mass to the W and Z bosons

» Higgs mechanism predicts the existence of a scalar boson with
non-zero mass, the Higgs boson. But it can not predict its mass, so
it can be found only experimentally

. LEP experiments yielded a direct mass limit of m > 114.4 GeV at
95% CL

» Indirect limits have been placed on the Higgs boson mass by the
LEP, SLD and Tevatron experiments from electroweak precision
measurements

o The corresponding upper limit on the Higgs mass at 95% CLis m
< 152 GeV
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SM nggs Productlon

————

\Ns=7 TeV

100 200 00 400 500
q W, Z __,.f" \gi : 3
————— -KJ
7 ttH
q N
WH/ZH ] =

. Totalo ~15pbatm =120 GeV

» Vector-boson fusion (VBF) cross section is relatively high

« WH, ZH smaller fraction
28.05.2012 A.Minaenko
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SM Higgs Decays

H Decays

Standard Model specifies decay
branching ratios vs. m_

At high mass {mH > 160 GeV):

 H-WW

e H-ZZ
provide -all the sensitivity, we
subdivide by the W/Z decay mode

At low mass (m, < 160 GeV):
H—bb

* H-tt

* H—yy

* H->WW(7)

H—ZZ(*)

all play a role...
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Higgs Boson Searches with ATLAS

Searches in the following channels have been pursued with 2011 data

iggs mass range (GeV) | | Zat (1)

| Low m,,, good mass resolution

H - yy 110-150 4.9 arXiv:1202:1414
H—->ZZ®™ > a1 110-600 4.8 arXiv:1202:1415

Low my, limited mass resolution

H-> WW® S [ulv 110-600 4.7 CONF-2012-012
H — tt(ll,1h,hh) 100-150 4.7 CONF-2012-014
VH,H — bb 110-130 4.7 CONF-2012-015

| High m,,
H— ZZ — llvv 200-600 4.7 CONF-2012-016
H—- ZZ - llqgq 200-600 4.7 CONF-2012-017
H—- WW — lvgq 300-600 4.7 CONF-2012-018

* Profile likelihood ratio is used to test the hypothesized signal strength
M= GIGSM (Eur.Phys.].C71:1554,2011)
« Exclusion limits on | are set at 95% confidence level using the CL method

(G.Phys G 28, (2002), 2693-2704)
* ATLAS public results can be found at:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
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H -> ZZ" -> 41 (golden channel)

 Low cross section (2-5 fb) but very clean signature and low background

» Two pairs of same flavor high pT opposite charged isolated leptons, at
least one is compatible with narrow Z peak

» Require four isolated electrons or muons with pT > 20, 20, 7, 7 GeV

* One pair of leptons must come from Z decay

* Search for a 4 lepton narrow mass resonance

* 4 event categories: 4e, 2e 2, 4u
* Irreducible SM ZZ* background

* Reducible Z+jets and tt backgrounds

[ LI L N B B B I B N B B ] :;;;D'DE ! [T I [T | |
" ATLAS Simulation b O _r ATLAS Simulation -
1 + w0.07] i
- D B ]
= GaV - & my,=130 GeV
8 L :';IH.JEliaa?'l f'rrD 1;3 0.06 X Gaussian fit ]
5 H—}EE.:-I—}"-‘I-_LL _ ;DDEZ_ H 77 e _:
or 7 Soo4f 1
- I
C = 1,98+ 0,03 GeV . mD.DB_— =253+ 006 GV =
fraction autskla = 2o 15%: fraction oulzida L 2o 18%
0.02F ¢ -
! ] 0.01F ﬂf .
Ol e nnd® . N, % RN R - AT | i o]
80 80 100 110 120 130 140 150 0 90 100 110 120 130 140 150
n1|.l_ll|.l|.L [GEV] Megee [Gev]
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H -> ZZ" -> 4l: electrons, muons

Electrons Muons
e Electron reconstruction and « Muon reconstruction and identification

identification efficiency 85 - 90% efficiency > 95%
» Understand electron performance ¢ Accurate alignment of inner

with benchmark data processes: detector and muon system (MS)
J/w—ee,Z>eeandW- eV * Combined momentum
 Track and calorimeter based measurement using ID and MS
isolation to suppress Zbb and tt * Track and calorimeter based
backgrounds isolation to suppress Zbb and tt
backgrounds
 Systematic uncertainties:  Systematic uncertainties:
v Efficiency: < 3% v Efficiency: < 1%
+ Energy scale: < 1% »~ Momentum resolution: < 0.5%

v Energy resolution: < 0.5%
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Events/b GeV

H -> Z7" -> 41: four-lepton invariant mass

* Selected 71 candidate events
» Expect 62 + 9 background events
* Fit four-lepton mass spectrum for Higgs signal

my; = 180 GeV:

Ay 2e2e de
Total Bkg, 2.24+0.3 4.3+ 0.8 2.8+ 0.8
Mgy 130 GeV 1.00 £ 0.17 1.22 4+ 0.21 0.43 £ 0.08
Data 3 3 2

Two 2e2p candidates with m,=123.6, 124.3 GeV

| o / One 4u candidate with m,=124.6 GeV
T I T | T | | T T ] T
L = DATA -
1 U_ B Background ATLAS _ -~ = T I T T I =
Signal (m =125 GeV) @ ATLAS ]
1 Signal {m"=150 Ge‘u’} (e O ]
- @ Signal (m"'=190 GeV T = 121 = DATA ]
8 H —] — B Background
[ Syst.Unc. B o 5 mEm Signal (m =190 GeV) ]
_ : gro = niEay
o H—zz"' 4l ] = ¢ B SystUnct
[ L = 4.8 fl . = — o ]
- | o8 : 8 i 8 Hzz"' a1
" R ] of [Ldt = 4.8 fb E
ik : \s =7 TeV .
o C il
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100 150 200 250 m,, [GeV]



H ->Z7Z" -> 4]: results

Consistency of observed data with background only hypothesis:
» Excesses at 125 GeV, 244 GeV and 500 GeV with local significances of
2.1,2.2and 2.1 0
» None of these excesses is significant with the look-elsewhere effect included
Exclusion limits:
e SM Higgs is excluded in the mass ranges 134-156 GeV, 182-233 GeV,
256-265 GeV and 268-415 GeV at the 95% confidence level

E-“}FI O I | T e I O B I B T k:g‘l[}f L r o L
= ATLAS Observed CL, = ATLAS Observed Cf, ]
= H—s ZZ''— 4] - Expected CL, ] = H— zZ'"'— 41 - Expected CL, -
= [Ldt-=48f" @10 = JLat-48f” Mx1oc
= \s=7 TeV [(l=2a = 10 ws=7 TeV [lt2e ¢
= 10 L:]:.
i - g-
& 5
1E
1
[ v vl i | L 1 -1D'l o | [ [ | [ | I T
110 120 130 140 150 160 170 180 110 200 300 400 500 600
m,, [GeV] my, [GeV]
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H->vyy

* Branching ratio is very small (0.2%) but clean signature

- Two energetic isolated photons (p_ > 40, 25 GeV) giving narrow mass peak

* Search for a narrow mass peak in di-photon mass spectrum

* Requires excellent EM energy resolution

* Split events in 9 categories to optimize signal/background

* SM backgrounds are determined from sidebands
» Background composition measured from data

¥ I ¥ij Lj~v"
71 + 5% 23 4+ 4% 5+ 3% 0.7 + 0.1%;
o —
> 008p—— *#'*"""""""""5 = 900]
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£ 008F m,=120Gev FWHM = 4.1 GeV $ 600E H+++
S 0.05- t ol = 500
= - = =
S 0.04F i = 400F
- + - -
0.03F l h 3':”3'?
0.02f _’ \ = 2010 E—+H-++ +
- / _ 1o0f
0.01% ry Y E o
:..... l | ||H— I_._‘,j__._____,__: 5 — ! !
060105 110 115 120 125 130 35" "T40 100 110
m,., [GeV]
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H -> yy: analysis categories

* 9 categories

 Converted and unconverted D
» Central, endcap, transition region p;“y‘\hléz’,,, Pr -
* High (>40 GeV) and low (<40GeV) ' gt gods
YY p, orthogonal to the thrust axis P
Best: & = 1.4 GeV, 5/B=0.11 Worst: o = 2.3 GeV, S/B=0.01
> N > ,,,
@ 0120 ATLAS “ m 0080 a7Las i
o - {Simulatian) - ot iSimulation)
. h Gop = 1.4 Gay - -~ 005 m+ Oy = 2.3 Gay B
- H—yy E-"- - H—yy + .
5 sl M- 120 GeV } | WM -33Gev 5 gosf M- 120 Gev { + FWHM - 5.9 GeV 1
) ’ - - =
- - B 7]
£ 008 Unconvertsd central, } s £ o003f . #IHI +|' g
" highp_ 4 ] - Canvered transition i
ﬂ.ﬂd_ +' + . D.UE_— +++ ﬁ __
a0z - *1' ¥ ] 0.0 : ## *t :
* \ i ]
- L '-M wal o wp ] [ il L 1 L
e s o Ts = Toe “tao “Tan Tao Pam==08 0 115 120 12M‘_"1?§ 140
(™ [GaV] - M., [Gel]
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H->vYy:
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H -> yV: Results

- — Observed CL, limit
— Expected CL_ limit  H—yy

||rr1||rr|||

Consistency of observed data with 8
background only hypothesis:
» The largest excess is at 126.5 GeV

|IIII|IIII|II'I_

1
: ATLAS
with local significance of 2.8 o 6 = i ; Data 2011, \'s = 7 TeV
* 1.5 o with look-elsewhere effect s )
in the range 110-150 GeV : J Ldt=4.91b
4=

Exclusion limits: ;
« SM Higgs excluded at 95% confidence
level in the ranges 113-115 GeVand 17~ 3of--=Fmmmmmmmses

134.5-136 GeV 110 115 120 125 130 135 140

M .
145 150
my [GeV]

arXiv:1202.1414
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H->WW" -> lvlv

2 neutrinos - no mass reconstruction possible, use m_instead

Channel covers rather vast mass range

Signature: 2 high p_opposite sign isolated leptons (p_ > 25, 15 GeV) with large missingE_

Three lepton flavor channels (ee, up, ep) ® 3 jet multiplicity bins (0, 1, 2) (9 subchannels in
total)

Veto Z with mass window |m, - m_ | <15 GeV for ee, pp

E . >45 GeV (25 GeV) for ee and pp (e p)

T, mis
Irreducible background from SM WW

Topological cuts against irreducible WW using Higgs zero spin (require small A )

Reducible backgrounds from SM processes with mis-identified objects: W+jets, Z+jets, tt,
single top, W+ vy ,W+vy* /WZ,ZZ

Different kinematic cuts are used to suppress reduced background

b tag veto to suppress top background

28.05.2012 A.Minaenko 21



H->WWY -> 1vlv: results

e Fit transverse mass distribution
« SM Higgs boson is excluded in the range
130-260 GeV at the 95% confidence level

0-jet 1-jet 2-jet
M,, =125 Gev 25+7 6+2 0.4+0.2
Total bkg. 173122 45+7 0.5+0.2

Events / 10 Ge‘u’

.,:f f ATLAS I:'r'E|II'I'1II'Iar!||' O HSWWoshvle Eﬁ
[ u . [
= -— Observed - =
E o EEPEC[Ed j Ldt = 4-? ﬂ:l E
E B ES N _ E
3 10 C+2 o ‘e =7 Tad E 3
4 : .
] B ] ]
a
T 1 e
L R R S B S S S
100 200 300 400 500 500
. [GeV]
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95% CL limit on o/c,

SM Higgs Combination

E I;xp. ' Cll;s. T o 1 I T T ET:p. C;bs.' T o E
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-------- H— bb (4.6-4.7 1b™) B e— Y ZZ llqq (4.7 TB7)

- === H— WW— Iviv (4.7 fb™) “ie e Hs ZZ vy (4.71b7) —

10 J L dt ~ 4.6-4.9 fb ', \s=7 TeV ]
1E- =
10" ATLAS 2011 Preliminary CLslimits ~ —
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SM Higgs Combination

E III'IIIIIII1IIIIIIIrIIII1I|rIlIIIIIIrIIII
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Expected Exclusion @ 95% CL: 120-555 GeV

Observed exclusion @95% CL: 110-117.5, 118.5-122.5, 129-539 GeV
Observed exclusion @ 99% CL: 130-486 GeV

ATLAS-CONF-2012-019
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Summary

Latest results on the search for the SM Higgs boson from ATLAS
have been obtained using 12 distinct channels with the full 2011
data of 4.7 fb"

No evidence yet for the Higgs boson

Only small region for the SM Higgs boson mass range is still
allowed from 117.5-118.5 GeV or 122.5-129 GeV. The rest (up to
539 GeV) is excluded at the 95% confidence level

The range 130-486 GeV is excluded at the 99% confidence level

The excess of events near 126 GeV has a maximum local
significance of 2.5 g. Not yet possible to distinguish between
background fluctuations or a Higgs boson signal

The LHC & ATLAS are running well at 8 TeV now

The expected integral luminosity by the end of 2012 is about
15-20 fb"

28.05.2012 A.Minaenko
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H— vy

Expected limit is
around 1.2-1.6 times
SM cross-section

We do expect
fluctuations due to
statistics and the good
mass resolution
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CMS Combination

Backup slide 2
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