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ATLAS one of four experiments

measuring the events produced in
proton-proton collissions from the

Large Hadron Collider Mont Blanc




ATLAS

38 Countries
174 Institutions
~3000 Scientists
~1000 Students

e LTS
| | N | B
Collabonration




ATLAS

...and 1 experiment!

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

2T solenoid, toroid system (/BdI=1-7.5 Tm)
Tracking to |n|=2.5, calorimetry to |n|=4.9




ATLAS data collection

Good LHC performance in 2011!

Many new ATLAS results made public with ~1 fb-1 for EPS conference
Records:

Peak luminosity: 2.11x1033 cm-s-! (nominal: 1034 cm?s?)

Max. luminosity delivered in one week: 499.45 pb-! (last week!)
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Run Mumber: 180164, Event Number: 146351094

Nate: 20717-Md-24 014335 CFRT
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With great luminosity

comes great pile-up,




ATLAS data taking

LHC currently provides 1317 colliding bunches in ATLAS
Number of colliding bunches is limited by 50 ns bunch-spacing
As LHC continues to break luminosity records, pile-up continues to increase!
Luminosity of 2.03x1033 cm-2s-1corresponds to an average of 9.8 interactions
per bunch crossing

Interactions per BX, run 186669
(peak lumi 1.9x1033 cm-2s)

Mean: 8.4
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Pile-up needs to be taken into account in physics analysis:
Assign reconstructed object to correct vertex
/ Jet-filtering to reduce impact from pile-up <
Re-weight simulated to match pile-up measured in data &2
Also consider out-of-time pileup with 50 ns bunch-spacing




Trigger

Example of HLT performance plots

Flexible menus are used to keep the the rate
after the Event Filter at ~300 Hz

Supplemented by supporting & monitoring triggers
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Primary triggers are kept stable, e.g.
Inclusive e p;>20 GeV
Inclusive p p>18 GeV
Inclusive jet p:>180 GeV
E,Mss > 60 GeV
Di-photon p> 20 GeV etc.

Such triggers are not prescaled
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Prompt Reconstruction

TierO resources designed to handle 300 Hz
data-taking with 30% time in stable beam
Tier-0: 3000 CPUs available for ATLAS data
reconstruction (raised to 4100 CPUs this week)
"Express"” reconstruction of data during data-taking
Bulk reconstruction of data 36 hours after end of
run, using beamspot and calibration constants
derived from express reconstruction
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Data quality

Percentage of delivered data passing good data-quality requirement per sub-detector:
corresponding to 1.25 fb-! of 2011 data
Inner Tracking
Detectors

Calorimeters Muon Detectors Magnets

Pixel SCT TRT Eﬁ; I_i‘; Fﬁ;; Tile MDT RPC CSC TGC Solenoid Toroid

999 998 100 89.0 924 094.2 99.7 998 99.7 99.8 99.7 99.3 99.0

Luminosity weighted relative detector uptime and good quality data delivery during 2011 stable beams in pp collisions at Vs=7 TeV between
March 13" and June 29th (in %). The inefficiencies in the LAr calorimeter will partially be recovered in the future. The magnets were not
operational for a 3-day period at the start of the data taking.

Inefficiencies in the LAr calorimeter are mostly due to isolated HV trips and noise
bursts, will partially be recovered in the future

“All good” fraction will increase by ~7% after reprocessing campaign, using fine-grained
flagging of calo noise bursts

Solenoid and Toroid magnets were not operational for 3-day period at start 2011 data-taking

Fast DQ-signoff allows analysis groups to look at new data as soon as possible!
{f Centrally provided "GoodRunLists" used for analyzing data: determines which LBs to

use per run based on sub-detectors required to have good DQ

* Luminosity calculation recently updated, systematic uncertainty is 3.7%
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Detector performance

Increased statistics for 2011 data allowed to improve

various data-driven performance studies

Inner detector alignment
Jet energy scale calibration
Combined muon reconstruction
b-tagging efficiency

(no time to go into detail today)

Inter-alignment between EM
calorimeter and Inner detector
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ATLAS physics results

Many new results for ATLAS available: https://twiki.cern.ch/twiki/bin/view/AtlasPublic
Too many to mention all today!
Monojet + E;"=* search for extra dimensions
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Top physics at ATLAS

ttbar production at LHC:

15% quark-antiquark annlhlllatlon 85% gluon-gluon fusion
: : 2 : 9 wooor— {
o000 ¢
ttbar cross-section at LHC (at 7 TeV) is >20 times higher than tevatron
I
Each top decays to W+b w N q_
W-decay either to quarks or leptons ' q

Top Pair Branching Fractions b

“alljets” 46%

Why study top pair production?
* Test of perturbative QCD and of the SM
wiets 15% - description of the top quark decay
 Important background in searches for nggs and
BSM physics.
» Might reveal new physics that modifies the

Hjets 15% production and/or decay of top quarks

etjets 15%
"dileptons" "lepton+jets™




Candidate

highly-boosted Top physics at ATLAS

tt event

m(tt) = 1.6 TeV .
P = Example of semi-leptonic ttbar decay as

seen in the ATLAS detector:

Leptonic W-decay:

high p; lepton (e/p) + missing E; from v
2-jets from hadronic W-decay

2 b-jets from top-decay

each b-jet has a chance to be tagged using
secondary vertex and/or displaced vertex
information

pre-EPS results ttbar cross-section from semi-
lepton ttbar decay with 35 pb-l

New results shown at EPS for ttbar cross-
section from di-leptons with 0.7 pb-!




ttbar cross-section measurement

Semi-leptonic analysis used template fit to a

Likelihood discriminant

Exactly 1 lepton (e or u) with p> 20 GeV
E Miss > 20 GeV, E;™ss+m(W) > 60 GeV (u)

E,mss > 35 GeV, m(W)> 25 GeV (e)

At least 3 jets with p> 25 GeV and |n|<2.5

Systematics for both analysis
dominated by jet energy scale &
resolution, and b-tagging efficiency

Di-leptonic used cut-and-count analysis
with and without b-tagging

Exactly 2 oppositely charged leptons

with p> 20 GeV (p), E;>25 GeV (e)
Dilepton mass m;>15 GeV
E,Mss> 60 (40) GeV and |m;-m,|>10 GeV
(ee, uu channel)
H.(sum of p; of jets and leptons) > 130 (140)
GeV (eu channel)
At least 2 jets with p> 25 GeV and |n|<2.5

Events
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ttbar cross-section measurement

Cross section measured in ATLAS by combining:
results semi-leptonic channel with 35 pb-!
resuts di-lepton channel with 0.70 fb!

Results consistent with theoretical QCD predictions

and with CMS results
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ttbar charge assymetry

At LHC, ttbar mainly produced via gg fusion Tevatrondk wp LHC A top
which is symmetric still a small asymmetry is anti-top anti-top
predicted from qgbar initial state

Results: difference in rapidity between

> >
reconstructed top and anti-top n n
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Main systematics from Jet Energy Scale, Jet Energy Resolution, ttbar modelling and top mass

1 channel e channel combined MC@NLO

-0.028+0.019(star) +0.022(syst) | -0.009+0.023(star)+0.032(syst) |-0.023+0.015(star)+0.021(syst) | 0.005+0.00 1 (star)

No significant hint of Beyond Standard Model assymetry...




Single top production

t-channel production Wt associated production s-channel production
u (d) d () b " u t

Wr + r
b ZW w*

Cross sections @ 7 TeV
t-channel 64.6 *32 , . pb
Wt 15.7+ 1.3 pb

Motivation of single top measurements:
Test of standard model predictions

« Cross section o |V, |2 s channel 4.6 =0.3 pb
» Test of the unitarity of the CKM Matrix

» Test of the b-quark structure function

Probe and preparation for searches for new physics
» charged heavy Bosons W', H+ etc.

Wt process not accessible at the Tevatron




Single top: t-channel production

t-channel search with top decaying leptonically«

Selection criteria:

Lepton selection (e/p):

* pr > 25 GeV and |n|< 2.5, relative Isolation
Jets

*jet pr > 30 GeV and jet |In| < 4.5

» Exactly one jet

» One secondary vertex tag

* Neural network analysis: 2 jets

* Cut based analysis: 2 & 3 jets

Missing transverse energy E;Mss> 25 GeV

Candidate Even

1000

- 2 jets 1 tag

|

t-channel results:
*Using a neural network o, = 10737 5, pb

*Cut based approach ¢, = 90*3°,,
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Wt production

W and top decaying leptonically
Selection criteria:
Lepton selection:
* pr > 25 GeV and |n|< 2.5, relative Isolation
» Exactly two leptons (ee/ uu / em)
Jets
*jet pr > 30 GeV and jet |In| < 4.5
« Exactly one jet
Missing transverse energy E;Mss> 50 GeV
Z-mass veto for ee/uu |Im(I)-m(2)| > 10 GeV
Z—1t veto Ad(ly, E{™sS) + Ad(ly, E{™ss) > 2.5
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Number of Jets

1-jet is signal region

Wt-channel results, cut based approach
oy = 14.4753 - | (stat.)*7 4, pb
Upper limit: 39pb @ 95% C.L.

>1 jet used as background
control region

H.(all leptons) [GeV]




nggs |n ATLAS

(Peter Higgs, while thinking how this picture will be used for ATLAS talks...)




The Higgs mechanism

The Standard Model (SM) Higgs Mechanism: L= (Do) D'oé+ p2oTo — Mo o)?
*Assumes one complex doublet of scalar fields _ | b
*Generates three Goldstone bosons leading to the fields Higgs doublet: ¢ — ( 40 )

describing massive W*,W-, Z bosons and massless y

sLast component of the doublet generates the Higgs boson
*Higgs boson couples to fermions by Yukawa couplings,
determining their masses

*Mass of the Higgs, m, is a free parameter
Standard Model particles

Understanding of electroweak symmetry breaking is a
major goal of the LHC physics program: search for the
Standard Model Higgs

Higgs

Quarks ‘ Leptons ‘ Force particles

we've found all but one...




Higgs mass

Limits on Higgs mass prior to LHC (95% Confidence Level)
Perturbativity and non-triviality require SM Higgs boson to be lighter than 700 GeV

6 July 2010 m =‘1 58 GeV
(5)
5 t Ay ag = i
Y 1 —0.02758+0.00035
Combined results "-.__ -+ 0.0274920.00012
from LEP excluded 4 - 3 e incl. low Q° data -
mass range below .
114.4 GeV A 3 _
o _
1- —
0 Excluded “ . Preliminary
1 I 1 I 1 1 "'| 1
100 300

30 /'
m

( — Electroweak observables are H
\///’ sensitive to my through loop
diagrams, EW fit: m,=89*3% . GeV

[GeV]

Combined results from
Tevatron excluded myin
range of 158-173 GeV

= =

LHC data at 7 TeV collision energy
allows ATLAS to look for Higgs over
a large range of masses...

|23 IEES



Higgs production at LHC

(pp—H) [pb]

Higgs at LHC dominantly produced through

gluon-gluon fusion (loop-diagrams)

7 TeV

102

I L1 1 1 . | 1 1 L1 | I I | L1 | I L1 1 1 | 11l L1

|
100, ‘1‘5'0 200 250 300 350 400 450
M,, [GeV]

W/Z reduces QCD background

500

H+W/Z production: much lower cross-section, but
considered for H->bb channel as leptonic decay of

g
Theory uncertainty gg->H
cross-section *£(15-20)%

g I

g T
low o for ttH not
yet considered




Higgs decay

b  Higgs to b-quarks:
Low mass Higgs
H --- large QCD background,

_ studied for H+Z/Wproduction 8 1;'\bb 15
b  (not discussed today) © B
2 | :
= -3
Higgs to photons: % 1o'ket /99 {
Low mass Higgs o0

Irreducible di-photon
background

102

Higgs to WW or ZZ:
Medium/High mass Higgs
Leptonic modes provide 107
more clean signatures

Low cross-section

500 1000

100 200 300

M, [GeV]




Higgs analysis in ATLAS

New ATLAS results presented at EPS conference for the following channels:

Channel btag Jets VET Shape Mass Range Main backgrounds
(veto) (GeV) (GeV/c?)
YY M,, 110-150 vy (from sidebands)
WH v 2 My, 110-130 Top (3 - high M) and WHjets (low M,,)
ZH v 2 M,, 110-130 Z+jets (low M,,)
WW 0-jet 0 =30 110-240 WW (control region My)
(viv) 1-jet veto 1 =30 110-240 Top (from reverse btag) and WW (M, CR)
WW 0-jet 0 =30 Mg 200-600 W+jets (sidebands)
(vaq) 1-jet veto 1 =30 | Myy 200-600 Wjets (sidebands)
Z7 (llvv) v =30 M; 200-600 VV(from MC) and top (MC and checks)
Z7 (llqq) v 2 <50 1-quq 200-600 Z+jets (from MC) and top (from MC)
ZZ (41) IP M,, 110-600 ZZ (from MC). Z+jets (MC) and top (CR)

/ ATLAS Higgs searches with ~1 fb-! of data cover a range of 110<m <600 GeV

nggs search results expressed in terms of expected SM Higgs

Systematic uncertainty predominantly from Jet
Energy Scale and b-tagging efficiency




Higgs to photons

Dominant channel in the low my range, 110-125 GeV Higgs

decay to photons via loops: W A : A W )
L s b
W t
. . . Y ¥ Y
Selection criteria:
Two tightly identified and isolated
photons with p,>40 GeV and p,,>25 GeV Photon ID based both on the

lateral and longitudinal

segmentation of the calorimeter
n®-y Rejection

I, ,|<1.37 and 1.52<|n, ,|<2.37
(avoid barrel/endcap transition)

y ) G A
ATLAS
N EXPERIMENT

Run Number: 165591, Event Number: 42994023

Date: 2010-09-22 20:45:21 EDT

Example of
selected event

-
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Higgs to photons :
| : - - 700f 0,,=1.620.09 GeV
Electron scale calibration from data using Z—ee 600} Ci =114:0.02 GeV

i<1.37 N

——Data

+14% uncertainty on m,, resolution, main contributions: 500 Do |

Constant term of the cluster energy resolution: *12% ook E

Electron to photon extrapolation of energy scale: =6% 200k E

+12% uncertainty on the signal yield 1001 P , E
mainly from reconstruction and ID efficiency 0875 80 85 90 95 100 105 710

m,, [GeV]
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“~ Dominant background from real diphoton events
= Use a simple exponential model for the background

o\

i " Results currently exclude ~3 x NNLO SM cross section (95% C.L) E}



H=>WW = |vlv

Entries

Combines the large BR for H=*WW with a clean,leptonic final state

Selection criteria:
Exactly two opposite

sign leptons (e/p):

leading lepton p>25 GeV
sub-leading u(e) p>15 (20) GeV

Same flavor leptons:

require m>15 GeV and |[m; - m,|>15 GeV

E.mss > 40 GeV
For eu channel:

require m;>10 GeV

4

Exiss if Ag > /2
ERSS = EXiss.sinA¢  if Ag < m/2

E s ,>25 GeV (ep) | A = min(AG(EE,0), Ap(EE=, )
12001 'ATLAS Preliminary s Daia 2 sM(ssosta)
r 4 I oww [l WZIZZWA
1000‘_\15:?Tev,_[Ldt:1.04fb1 O Dsmgmo;
H—WW—=lviv Il Z+jets[] WHets (data driven)
[ H[150]

“

800

600

400

200

Divide events in 2 categories (reduces ttbar background)
1.) Events with no jets with p> 25 GeV and |n|<4.5
2.) Events with exactly one jet (Apply b-tag veto)

E

0 2 4 6 s 10

N

jets




H=>WW = |vlv

No mass peak reconstruction due to 0-jet channel results: background dominated by WW
missing energy from neutrino's but

> B I I I _
.. 5 30 _ f _ A =
transverse mass m; sensitive to my, o [ Da20liNs=7TeV,| Ldt=1.047 ]
> 25:_ ATLAS Preliminary E
mr = \/(E%‘f 1 Erlllj.iSSJQ _ (PFTE € P%;iss‘]Q E 205_ _+_ Data _E
: m, =150 GeV, 1xSM ]
Two largest backgrounds, SM WW and top 150 L] =
production, are normalized using dedicated of [ routtacgrona -
control regions in data - AWWoiviv+ 0 2
W+jets background entirely determined from data, other °F E
B .'+' . L s ann o 4
(smaller) backgro_unds are t_aken from qute Carlo | o 2s i 2 s Sio
Scale factor applied to Z/y+jets for potential E;™SS miss- - [GeV]
. T
modeling 1-jet channel results: background dominated by ttbar
> Bororrro T T T T T T T T T
' . [} - l
Control Region Esfimate Obs 9 16[ Data2011Ns=7 TeV,J. Ldt = 1.04 b =
W W Ddet 150 4+ 30 153 :‘é 14;— ATLAS Preliminary 4 Data —;
WW ljet 109 £ 14 97 g 12F =
C m,=150 GeV, 1xSM
fop 1-jet 130 £ 40 136 T L -
C D Total background ]
8 =
4@ sE- + HWWoiviv + 1)
/ / Some excess of events seen  *f E
1 more statistics needed... z — % oo ]

60 80 100 120 140 160 180 200 220 240

e
iKY my [GeV] E ‘




H=>WW = |vlv

N L L L L L I AL LN
& ATLAS Preliminary o

B 102 H—-WW" "—liviv —
- = — Observed 0
< T ---- Expected j Ldt=1.04fb" .
E - .+1G -
— - _

d'm? [(J+26 \s=7TeV -
= - .
u - a
(o)) L |

. L A R B
120 140 160 180 200 220 240

M, [GeV]

Will come back to
excess of events
when discussing
combination of Higgs
analysis results

SM Higgs boson with 158 <m_< 186 GeV is excluded at 95% CL
Excess of events (~2c) in broad region 126 < m, < 154 GeV




H=»WW =» lvqqg

At large values of m, sensitive to the H-WW-—lvqq
v'larger branching ratio then WW—lvlv
v'Higgs mass reconstructed from M(lvqq) by
constraining m(lv) and m(qq) to the W-mass
Analysis performed for 240 < m, < 600 GeV

Selection criteria:
Exactly one lepton (e/p) with p:>30 GeV
Require E{™ss>30 GeV

Exactly two (H+0j) or exactly three jets (H+1))
b-jet veto applied in the Higgs plus 1-jet channel

Require one pair of jets to have 71<m;< 91 GeV (m,, constraint)

> ° )

O 4000 ] o ignal (x ]

2-jet selection™= o2 &0 - o 400;3-] et selection—=5%™ . —

N 3500 m,, = 400 GeV/c? E ¥ - y 1

E g ‘ . E))?)ta g E 350; + ] E;ta 7:

- W/Z+ - r 1Z+jets ]

§ 3000; Mum-}:? . § 300; + Kllvulzti-;e: E

L 2500; L " Il Dibosons E L 250? Il Dibosons 7;

2000~ H-lvaq+0jet - 200; ; ii H— Iv qq + 1 jet ,

J— 1500 ATLAS Preliminary; 150 4  ATLAS Preliminary
7K 1000E = JLat=1040" - J00k + [Lat=1040" N

L) . = Ns=7TeV ] i 5 Ns=7TeV ] _ «g
500 B ] 50 . ] ‘
E +~—4—:I:':‘IZEF-AJ-A o oia] CL \ m_w_m*:;ﬂ*f=w;
60200 300 400 500 606 700 f00 200 300 400 500 600 700

M(v i) [GeV] M(vi) [Gev]  [EPN "



H=»WW =» lvqqg

Smooth background mainly from W+jets process
Mass resolution is sufficient to directly fit the
background normalization from data

(similar to the approach used in the H->yy channel)

> 104? L L B B ELELLES IS BRI I i
o f Data 2011\s =7 TeV,J. Ldt=1.04fb" 7
% 10° 3 ATLAS Preliminary 3
g E —+— Data E
10°F [ ] m-400 Gev, 50x5M3 . . I -
: i 5 [ i
B ‘:J Total background 7 )]
10E 5 ©
= H-WW-—l 3 B
- — —Iivqgq ] ':CJ 10 = =
. |] | | o - .
15— [ ] e o _E a N ]
:. i b by Py Bl | I 1 () AT A |: E : :
0 200 400 600 80O 1000 1200 1400 1600 18002000 == i |
-
Myyqq [GeV] 3 S ATLAS Preliminary
) M A Ml L -
% e Expected -
- Ns=7TeV - + 16 ]
i ) L I+2c |
\ // :| I 1 1 L 1 | L 1 1 L | 1 L 1 1 | 1 1 L 1 | L 1 1 L | 1 L 1 1 | 1 1 L 1 I:
’ 250 300 350 400 450 500 550 600
%% M, [GeV]
@

fy — The upper limit at m, ;=400 GeV is 2.5 times the SM cross section [ 33 |



H=»ZZ=%llqq

N \V 3
(&)

Signature: lepton pair + 2 jets
Main Background: Z+jets production

Search in 200 GeV=m_ <600 GeV region

Final discriminant: lljj invariant mass
(m;; constrained to my)

Event Selection

Same-flavor opposite-sign pair of isolated

Di-lepton mass: 76 GeV < m < 106 GeV

eptons with p>20 GeV

3rd lepton veto
E Miss<50 GeV

At least 2 jets with p>25GeV and |n|<2.5

Di-jet mass: 70< m;<105 GeV
For “high-mass region” (m,2300GeV):

p.(jets)>50 GeV
angle between leptons Ad,<m/2
angle between jets A¢;<m/2

Background estimation:

Normalize Z+jets using m; sidebands
uncertainty <10% for un-tagged
uncertainty ~20% for tagged

Side-bands of M;j;
(40,70GeV) and (105,150GeV)

E 4000; ATLAS Preliminary’ . datn I’"L tron Tb"%
F — Total MC 3
1 3500} T 5
.."_.” 3000;_ Other BG _;
§ 2500F 5
N 2000F un-tagged _
15005 99 :
1000E g
500F =
0: e R T T i T PN e osed

100 200 300 400 500 600 700 800 9001000
my; [GeV]

Verify top expectation from m, sidebands
uncertainty 10% from theory

KA Diboson backgrounds from MC:uncertainty ~10%

\%// Data-Driven QCD background: small contributions
vy
)

m



H=»ZZ=%llqq

Events / 12.5 GeV

Events / 25 GeV

2200
2000
1800
1600
1400
1200
1000
800
600
400
200

140
120
100

“un-tagged” (0/1 b-tags)

L "'I""I"
. dataJ. L dt=1.04 it
B signal < 10
(mH:EDD GeV)
— Total BG
—_—Z
—_— Lop

ATLAS| F’rellmlnary o

Diboson

signal x10!

low-mass
region

100 200 300 400 500 600 700 800 900
my;  [GeV]

S MR
. dataILdt:1.04fb'1

B signalx 10

(m, =400 GeV)
—— Total BG
—Z

hlgh'maSS - LIZC))iFt::)Jcson
region

ATLAS Preliminary

signal x10!

IIIIIIIIIIIIIIIlIIIlIIIlIIIl_
IIIIIIIIIIIIIIIlIIIlIIIlIII-E

100 200 300 400 500 600 700 800 900

my; [GeV]

Events / 12.5 GeV

Events / 25 GeV

18
16
14
12
10

(=2 I )]

“tagged” (2 b-tags)

'ATLAS Prelminary ' '

LI e
. datadet=1.04 b’
- Signal (m, =200 GeV)
Tolal BG

—F
top
Dibosan

low-mass
region

bt

100 200 300 400 500 600 TOO 800 900

My [GeV]

ATLAS| F’rellmlnary o

high-mass
region

A

T L
" datadel 1.04 b’

- Signal (m, =400 GeV)

Total BG

—1Z

top

Diboson

-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII—

N [ = = BN ]

100 200 300 400 500 600 700 800 900

my; [GeV]




H=»2Z7Z=% llqq

10

E _I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I__
& 250 o

5 - —— Observed ATLAS Preliminary 7
= T e Expected J’ —1 o4t Jo= 7
T Ldt=1.04fb ', \s=7TeV]
= B

= N H—ZZ-llqq

— 15__

O B

=X "

To) B

m —

200 250 300 350 400 450 500 550 600
my, [GeV]
Exclusion limits for SM Higgs withs 95% Confidence level

Expected limit between 2.7 - 9 X SM cross section
Highest sensitivity at m,=360 GeV where 1.7 X o), IS excluded




H=»ZZ=>llvv

Signature : lepton pair + missing transverse energy

Run 167776, Event 129360643
Time 2010-10-28 10:41:18 CET

Main backgrounds: top and diboson production
H —ZZ— llvv searches in 200 GeV<m_ <600 GeV region




H=»ZZ=>llvv

Event Selection (separated in high/low mass regions,m,2280GeV):
Same-flavor opposite-sign pair of isolated leptons with p>20 GeV

3rd lepton veto, b-jet veto

E Miss > 66 GeV (m,<280 GeV) or E{mss> 82 GeV (m,>280 GeV)

Angle between E;™ss and leading jet Ad; \er>0.3
Opening angle between lepton A¢, (correlated to Z-boost):
1.<A¢<2.64 (m,<280GeV) or 1.<A¢,<2.25 (m,;>280GeV)

For “high-mass” also angle between reconstructed Z and E;™'SS Adjeq yer™>1.

Verification of MC prediction of backgrounds:

mII S|debands Wlth b tags

same- S|gn Iepton palrs

> E” ' 3 > 55 g
2 : ATLAS F’rehmmary . ata [[L dtot 04 1 g 10 - ATLAS Prellmlnary o Data[Ldi= e -
al H — [hv — TowlBG S ol like-sign ee+ep+uu events __ 1 . i5a
S 10 3 — Top 33 10 _5*|= — Top E
& 77 \WZ,WW p C 7Z WZ,WW
E 402l — 1z 10°¢ —z E
[ E W 3 D E W
o —— Multjet ] 102 %_J_ —— Muttijet .
10 & -
: 10 '—I_ — E
A\f/\?j(r 1 C ]
ANl L3 \—‘ ] ‘T’ E
AP _|—| E L 7
\\g/z/‘qg 10‘1 """" b L b L 10-1 ! [ NP SR | e i B -
\ \})} 0 50 100 150 200 250 300 0 50 100 150 200 250 300
) ET™® [GeV] £ [GeV]
i




H=»ZZ=>llvv

2
e - . 2
Final discriminant is transverse mass, my ma = [\/m% +| B2 +\/m% + P}mssP] - [P Pmlss]

Events / 30 GeV

Events / 50 GeV

" L I B LA
70E ATLAS F’rellmlnary =
F H s vy o data|Ldt=1.04ib" 73
60F Total BG E
50:_ ....... TDP _: % 14jL L L L L L L FLEL L I B LA | Jt
- T ] < - —e— Observed ATLAS Preliminary ]
40;_ B Signal (m =260 GeV) ] c L2 — Expected L —
30F = 2 - P+ 1o Ldt=1.04fb" ,Ns=7TeV
: ] E 10 N -
20F E = - [ J+2c H—ZZslivv -
o ] - - -
10F T o 8 =
0: Y IR RPN h 32 - .
200 300 400 500 600 700 g 61— _
mT [GeV] - Z
40:" T LI LI e e = 4__ __
- ATLAS Prellmlnary . B 5
35;_ H s [lvy o data | Ldt=1.04fb" 3 o B
30 Total BG = - .
25 Rz AR an A NTRNNNTE
- L ZW . 200 250 300 350 400 450 500 550 600
20 ’- - =
15;_ B Signal (mH_SSO GeV) _E m, [GEV]
105 | 3 ATLAS results in this channel exclude SM
S 4 Higgs boson with 360<m <420 GeV (95% C.L)
b=l 1., b 3

500 300 400 800 600 700
my [GeV]




H=>ZZ=» Il

The "golden channel”:
clean, low systematics but small rates

: * 2 '2e candidate event
Mal»n background: ZZ( )->4:I - U, wﬁym‘:z _ 85.9 GeV/
JA EXPERIMENT [HENSS - mas = 865 GeV

mg= 209.5 GeV

un Number: 182747, Event Number: 63217197
Date: 2011-05-28 13:06:57 CEST

y Lepton pair mass cuts: |m,,-m,|<15 GeV, m34<115 GeV
For m,<190 GeV: also impact parameter requirements

. <2 S L




H=»ZZ=9 Il

m(4|) after selection:

> IIIIIIIIIIIIIIIIIII | TTTT | TTTT I TTTT | TTTT I TTTT | TTTT]
: bt ATA ] B L L L LU L L [ L L
8 oE gackgmund ATLAS Preliminary = ! I I | | | | | |
- Signal (m =150 GeV) ] _EJ i L
2 o gmsiona (220 GoV) E S ATLAS Preliminary Observed CL,
2 7;_ [ Signal (m =480 GeV) “ : € 1 2l H=ZZ - 4I ..... Expected {j.Ls ]
g 7| Hozz" a3 o [Ldt=1.1 o IR ;
w g L = + 16
6 [Ldt=1.110" = =7 TV ]
b \s=7TeV E = NS= [ 1+20 )
a — p
4= ¢ = O
o o]
3k . o~
C g 1 0 - =
2F - .
1 L i )
|||||||| Lo b A e 1 R B N
‘POO 150200250 300350 400 450 500550600 B i
my, [GeV]
T E
:I 11 | L1 1l | L1 1l | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1 11 | L1l I:

Limits approaching SM Higgs cross-section,
1.8 X og),, at Higgs mass of 200 GeV
Slight excess of events at m~250 GeV




Higgs combined results: overview of systematics

Signal-related systematic uncertainties result
from detector effects and are mostly correlated
Background-related systematic uncertainties are
typically uncorrelated since most backgrounds are
estimated from data in control regions

Relative uncertainties corresponding to overall effect on the per-event signal efficiency:

H—yy H—bb H—wwt | _H_}_ZZ(*) .y
tvlv  lvgq el blvv o llgq

Luminosity +3.7 +3.7 +3.7 +£3.7 £3.77 £3.7 £3.7
e/y efficiency TS 423 £14 09 £19 412 £1.1
cly eneray seale TS e T
e/ resolution - el oY - -
u efficiency - iy e +03 +1.2 5 £0.6
U resolution - +5.8 :‘% - -
Jet/MET energy scale . fﬂ f‘;:g f{g . fi:g J_“?O? A
Jet resolution - +2.5 - fgf) - - fg:{lj
MET - - - e
b-tag efficiency - i - - - o -
Theory “wo  E5] Te Do Twe e Dano

v

H->bb not discussed today, exclusion limit
(95% CL) is approx. 15 x SM prediction




Higgs analysis results combined: exclusion limits

E“E’-‘ - ATLAS Preliminary :
2 - —— Observed CLs -
:.3 -- Expected de’[ =1.0-1.2 fb
Additional high mass E 10} E=10 \s=7TeV .
channels extend the (—_)' =20 1
H—ZZ—llvv exclusion X
Notable excess around o
250 GeV from H—ZZ—4]l
) el \SY  aEEEMe .+ | 00 7| «tCLRLLELELE
candidates -
| [ L1 |l I R T [T Lo

200 300 400

M

155<m <190 and 295<m <450 GeV
excluded at 95% Confidence Level

X



Higgs candidate signals

Background fluctuation probability, p,
The probability that a background-only experiment

fluctuates more than a given observation
(po is set to 0.5 for downward fluctuations of the background)

Intepretation of significance
of Higgs candidate signals

o

S A S -
1 ATLAS Preliminary

| IIIIIII| T

’ o ten A
Y NISPRE T ' e L LR L LTy

_ SN _ 1 Lines indicating p, values
10° OOy \H—’ZZ—"” candidates 5 corresponding to 26 and 30
TS~ L Wwiviv candidates 1 represent local significance
103 e - =>not corrected for look-
— Observed L3 elsewhere effect*!
) i Expected J Ldt=1.0-1.2 b2
10 W 20 \s =7 TeV

i 3¢

- N I T R I R R B
1077700 200 300 400 500 600
SIS EEEEEEEEEEEEEEN mH[GeV]

Focus on low-mass

region (next slide . .
gion ( ) *look -elsewhere effect: looking in many places (my values),
5. makes finding a 3 sigma effect more likely!




Higgs candidate signals in low mass region

Broad WW—lvlv excess is modulated by local fluctations in yy and 4l

oy ;—I ATLAS Preliminary | - Most extreme value has
- 2.80 significance and is
107 observed at m_ =144 GeV,
SR AN L <. A SO due to excess observed in
102 / \ys A AN H—WW—lvlv channel and
- one event observed in
108/ TR H—ZZ"—4l channel

/- Observed Probability of observing such a

--.- Expected fluctuation anywhere in the
S, Y y range studied (taking into
/35 Ldt =1.0-1.21b account look-elsewhere effect)

\s=7TeV is estimated to be ~8%

| | | 1 | |
120 140 160 180 200 Another small excess is
m, [GeV]

— observed around 128 GeV,
vy defict from HH>WW—lvlv and yy
Yy EXCEeSS 4] candidate Broad WW— hlv excess | candidates /
3|




Supersymmetry

Supersymmetry (SUSY) is the most popular extension of the Standard Model:
v'Allows unification of gauge couplings
v'Provides a solution to the hierarchy problem
v'The fermion/boson contribution to the Higgs mass exactly cancel
v Offers a dark matter candidate
SUSY postulates “superpartners” (that differ by spin 1/2) to all SM particles:

squarks, gluinos... Standard partioles SUSY particles

Higos d s h

Higgsino

Quarks . Leptons . Force particles Squarks Q Sleptons o SUSY force
particles

SUSY is very predictive in terms of spins and couplings, but tells us nothing
about the masses after symmetry breaking
; - Result: 124 free parameters !
N AN | possible mass hierarchies between SUSY particles: 9 models! A
%j‘f) Experimental challenge: where to start looking in SUSY phase-space?

A ] ‘




Supersymmetry
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SUSY searches

Look for the production of squarks ( "q) and gluinos ("g), superpartners
of quarks and gluons and therefore strongly interacting particles
Use broad search window for masses of supersymmetric particles

R-parity conserving scenario:.
Pair produced SUSY particles and Lightest Supersymmetric Particle (LSP) is stable
LSP is typically neutralino (good dark matter candidate)
LSP escapes the detection, resulting in missing transverse energy in the event

R, = (-1)A(3B+L+2S) q ‘1\ l
B, L and S are baryon number, lepton T LT
number and spin of each particle 2 7] X2 Z“‘ ~

For all SM particles, R = +1, p ==———- PO S p 7

while R,=-1 for SUSY particles /‘Q
q ~0

Incomplete event reconstruction:
No mass peaks, SUSY evidence in tails of distributions

,\é/ 3 Analysis concentrates on understanding backgrounds (top, W/Z+jets, QCD
X 5// Each background component is taken from/verified in control regions
i

£



SUSY searches in ATLAS

Generic SUSY searches for a given final state guided by a SUSY model
(eg. R-parity conserving SUSY)

Channel Signature Main backgrounds
0 lepton + jets + E,™iss >2-4 jets, large E;™=5, m_g*) W/Z+jets, top, QCD
1 lepton + jets + ;™S e/uy, 23 jets, large E;™*, m+ m;  Top, W/Z+jets, QCD
2 leptons (SS/0S) + E;™= 2 e/p, large E,™* SS: Fakes, diboson, to
T T P
0S: top, Z+jets
>3 leptons + E M >2 jets, E.™SS m, £ m Z+jets, to
T T * z J p
0 lepton + b-jets + E™(™*)  1-2 b-jets, m Top, W/Z+jets, QCD
t eff p J
yy + E;™sS 2y, M QCD, top, Wy+jets
¥ My = Z‘P}|+E;ﬂm ** | arge mixing scenario can give light sbottom, stop with g — bb, §— it
-_1 1
- ~1 ~1
. . : qq — (qxu)(qxu)
TN Signal includes various 1 1
\&/ production mechanisms: gg%(qqxu)[%%)
\,‘\7_/;‘//7{?,4" o~ ] ~ ]
=%/ 84 — (&*9%)(%)




Jets+E;Mss Search

Uses various signal regions

+lepton-veto: Discard events with e(p) pT>20 (10) GeV
Backgrounds estimated using dedicated

control regions

Look for signal in tail of effective mass:

mMiss
+E;

n

_ i

mé‘ﬁ - Z‘pT
i=1

;4

Signal Region | > 2 jets E 3jets =4jets [High mass}]
Ems >130 '>130 >130 I >130 |
Leading jet pr | > 130 !> 130 >130 | > 130 |
Secondjetpr | >40 1>40 >40 ] >80 |
Third jet pr N BT >40 | >80 |
Fourthjetpr | - 1 - >40 1 >80
AdGet, EX)pin | > 0.4 1> 0.4 >04 ] >04
Ev/meg 1503 15025 >025 | >02
et [GEV] 1> 1000 B> 1000 > 500/1000 , > 1100

I e e

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 T T T T T | T T T T | T T I'_‘ | T T T T |L=
E 105 | | | . Datazlzme:l?TeV) l—E 8 g 1 . gr\aﬁrzw Ns=7TeV) 3
E -1 — SM Total 3 L - . - ota ]
8 - f'— dt~1.04 b ] QCD multijet q % - fL dt~1.041b [C] QCD multtijet -
A Ll [ W+iets ER - — [ Wsjets
@ - dijet channel mEz+ets = 8 - four jet high EZ_+jetciS' | ]
= L T ' 1 B = tt and single top =
B 10% e B0 = £ U E masschannel LSWkslseozmooi0)
103;— ATLAS Preliminary —; = ATLAS Preliminary E
101 g 105 -
e e - ==
O 0% I ‘ - I ———— \ \ I % D 0% ) I --I B —— I B I- ....-...-..-...-......-I..._é
;% 500 1000 1500 2000 2500 3000 0% 500 1000 1500 2000 2500 3000
K m,, [GeV] m,, [GeV]
s . :
Yy Minimal Supersymmetric Standard Exclude at 95% C.L
=y - o m, <800 GeV M, <850 GeV
%) Model (MSSM) interpretation: g
5. If m,=m,, masses < 1075 GeV




b-jets+E, Mss Search

In MSSM large mixing between the chiral states of the super-partners of the Standard Model
fermions could yield low masses for the lightest scalar bottom and scalar top states

Selection similar to the Jets+ETmiss analysis, add the requirement of at least one b-jet
Define 4 signal regions:

21 b-tag 21 b-tag 22 b-tag 22 b-tag
m.>500 GeV  M_>700GeV m_>500GeV M_>700 GeV
E % ATLAS IPreliminz;ry I O'rept;’”ﬁ s I ? E 10 E AI\TLAS IPrelimin::llr'y I 0lepton3 ets I =
- >= 1 bjet - - >= 2 bjet .
?3 104 E JL dt=0.83fb"Ns=7TeV ® Data2011 = 3 10* E- IL dt=0.83f " \Ns=7TeV ° J;asta 2011 =
£ - 5 o posuction 3 2 = == suTom =
8 b Sronr 18 b S
= @ Z production 3 W = @ Z production 3
— (] QCD production ] — (] QCD production .
102 :g ----- g 700 GeV,b 380 GeV E: 102 e ;:j] 700 Gevyg 380 GeV —=
10 :E E: 10 :E E:
e 1 4 :
10-1? E 10-1:E |_I—‘ E..-"_
@) = E - TRETEUa! — —_ |_| — f
3 ERNS! 3 ' ‘ | ' S
= 25 = 9 a5t ‘ =
© = ~ 2E
= 1.5E H B S 15F
© 1 E + (18] = : | | |
0.5F ©  LaE
0F : : ' : : : ' ~E , , ‘ . | |
0 200 400 600 800 1000 1200 140& Vv 00 200 400 600 800 1000 1200 1400
\{ /Y MSSM Gluino masses below 720 GeV excluded for
= Interpretation:  shottom masses below 600 GeV

e
H Q




Signal region

Jets+E;Mss+]1-lepton search

/L

Different minimum p+ for electron or muon

Lepton p; (GeV)

3 leading jets p; (GeV)

e-channel

>25

H-channel

=20

>60, 25, 25

+2nd lepton-veto: discard events with additional e(p) AD(Jet;, Ey™)iy 53 >0.2
pr>20 (10) GeV _ m; (GeV) >100
Transverse mass formed by E{™'sS and p; :
[ E, ™S5 (GeV) 125
: T
of the lepton (I)
E™S5/m >0.25
. I miss 7 pomiss 7 -
My = \/2 pr- Er™ - (L-cos(A@(LLE;™))) ! ~0  mgy(GeV) 500
X1
>1055"'l"'l'"l"'l"'l"'_l"'l'g>1055"'|"'|'"|---|---|--_"_|'--|-§
2 = ATLAS Preliminary = 3findard Model (sh) | 32 o = ATLAS Preliminary  _ Sindard Model (5M) . 12
8 104 EE jL dt~ 165 pb'1 E‘l}qvil]tgtests (data estimate) Efé g 10?* EE J‘L dt~ 165 pb’1 E‘rlnvliljtgtests (data estimate) EE %
— , = 52_+jets 15 ~ = W Z-+jets e
g 10 :E -gingletop ?:\; o 103? Egingletop E:‘g
I S RU8A motzom, 00 1~ E ol e
c 2 m=420 m, = « € 2 ----MSUGRA m,=420 m, ,=300__|
g 10 E Electron Channel EE g 10 E Muon Chanr,:oe| " EE
1k o = f -
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Jets+E;Mss+]1-lepton search

Results interpreted as constraints of phase-
space for a specific SUSY-model: mSUGRA

MSUGRA/CMSSM: tanp = 10, A0= 0, u>0
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SUSY results overview

Not shown: SUSY searches with multilepton and photon signatures
Results of these analyses so far only with 36 pb-!
To be updated with more data soon

ATLAS SUSY analysis results interpreted for various models
ATLAS results exclude new regions of SUSY phasespace
Analyses with increased data in progress

>
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ATLAS Searches* - 95% CL Lower Limits (EPS-HEP 2011)
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Conclusion

Good LHC performance in 2011
2.27 tb*? integrated recorded luminosity in ATLAS so far
4 tb? expected by 2011!

ATLAS copes well with large stream of data:
flexible trigger menus
prompt reconstruction of data
data-quality efficiency of ~90% (good LB for all sub-detectors)

ATLAS results prepared for the recent EPS conference:
Many more results than presented today
(W/Z physics, top quark studies, exotics..)
New limits on the Higgs mass:
155<m,<190 and 295<m,<450 GeV excluded at 95% Confidence Level
New regions of SUSY phasespace excluded
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| am but one ATLAS author humbly presenting the results of our collaboration
Large number people involved to make high-quality ATLAS data-taking possible
Each slide filled with results represents the hard work of the different analysis groups!

And still more analysis results went unmentioned today...
In short: thanks to the whole ATLAS collaboration!
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ATLAS tracking and calorimeter

Tracking system

Pixel and SCT up to |n/<2.5

TRTupto |n/<20
(immersed in 2.0 T field)

" End-cap semiconductor fracker

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

barrel

Calorimeter system

Electromagnetic calorimeter up to n| < 3.2
* with presampler up to n| < 1.8

Hadronic calorimeter consists of
» Tile calorimeter up to || < 1.7
» Hadronic endcap for 1.5 </ < 3.2

m A



Higgs to photons

Selected events seperated into five independent categories, based on photon-direction

and conversion-status:

1.Unconverted-central: 2 un-coverted In the central barrel calorimeter (|n|<0.75)
2.Unconverted-rest: 2 un-converted , at least one not central
3.Converted-central: at least 1 converted, 2 central
4.Converted-transition: at least 1 converted, 1 near transition barrel/endcap(1.3<

In|<1.75)

5.Converted-rest: all other events with at least 1 converted

Each category treated
as independent
channel with fully
correlated systematic
uncertainties
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Higgs to b-jets

‘ H — bb is dominant decay mode for light Higgs
Huge backgrounds make this signal difficult to spot for gg — H production channel
Look for H — bb in qg—H+W/Z production channel

my a(WH) ao(ZH) Branching Ratio
(GeV) (pb) (pb) H — bb

110 0.875 0.472 0.745

115 0.755 0.360 0.705

120 0.656 0.316 0.649

125 0.573 0.278 0.578

130 0.501 0.245 0.494

Select Z or W and search for
two additional b-jets
Search Higgs in m,,, spectrum

WH cross section factor=2x higher than ZH,
but ZH less affected by top background!

Backgrounds fitted to data
usmg control regions:

400
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= 300 -z -4 = 300:* — Top E
- 3 Other BG 1 % s 4 Other BG 1
g 250- § 250 :
5 2000 L& 2005 3
lecti 150> 1501 3
ZH selection ¢ 100 H selection
1 b-jet control 4, 50- 3-Jet control reglon :
re Ion - | " 1 : 1 1 1 1 1 1 1 1 L 1 1 I:
9 % % 50 100 150 200 250

m,, [GeV]



Higgs to b-jets

ZH—I1lbb selection:
Trigger:
— e (p#>20GeV) or u (p;*>18GeV)
— 2e/2p trigger (py>12GeV)
Exactly 2 leptons p; > 20GeV
— Opposite charge for u
Z mass cut: 76 <m, < 106 GeV
E,mss < 50GeV

Two leading jets b tagged

WH—Ivbb selection:

Trigger: e (p*>20GeV) or u (p*>18GeV)

Exactly 1 lepton — p; > 25GeV
= V2p;p;'(1 - cos Ap,, ) > 40 GeV
E,miss > 25GeV

Exactly 2 jets (anti-k; 0.4; E; > 25GeV)
to reduce top background

Both jets b tagged

) Followed by systematic uncertainty from jet energy scale: ~9%

> 450 ATLASPreliminary o data 3 = 2208 ATLASPreliminary | o cn
(g 402_ JLdt=1.04 b’ -(Snlgiilfé 2((3)9\/)_; g 2005_ I L dt=1.04 b -(Sr;?nﬁlfézgew :
— = H i = 180 Total BG —
~ 35__ C —_— 7 .
" S ~ 160 z =
q,:J 30:_ 0 1405— Top _E
5 2s5F £ 1200 Miet
L C L - ultije
20F 100F
3
o
0 50 100 150 200 250 0 50 100 150 200 250
m, [GeV] m., [GeV]
o For both WH and ZH, main syst. uncertainty from b-tag efficiency: ~17%
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Higgs to b-jets

ZH result excludes ~20-30 X oy,

05120_— —e— Observed (CLs)
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WH result excludes ~20-30 X og),
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WH and ZH results combined:
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Combined limit (95% CL) for ZH and WH,
with H—bb is approx. 15 x SM prediction




H—ZZ—llqq : Backgrounds

Side-bands of M;; Side-bands of My
_ ) ) (40,70GeV) and {105 1SUGEV} (60,76GeV) and (106,150GeV)
Normalize Z+jets using E 40005 ATLASPreliminary’ . Lo aioan™ B 1001 ATLAS Prelminary ' fL'd,'ﬂ_'m'mh_-
sidebands of M; o 35005 — Touive 19 | MET{"WGEV el :
o : — : - un-tagge — :
= uncertainty <10% for un-tagged & 3000F Oter BG 1 2 8 % + Orher BG ]
_ 0 g 2500 18 of _+_ _+_ ]
= uncertainty ~20% for tagged @ 55005 i B
: un-tagged
Verify top expectation using 1500 401
sidebands of My 12225 20
= uncertainty 10% from theory u- ] [
100 200 300 400 500 600 700 01000 %
Diboson backgrounds from MC my; [GeV] m. [GeV]
= uncertainty ~10% 3 FRTLASPREE LT e 3 PFATLAS Freiminay ‘;a;;'ﬂ'm'ﬂ_'m-m:,;
Data-Driven QCD background £ > e 1 g 25p MET<00GeY — ewlle E
. . = 30F Other BG 4 = F 2 Dbtags Other BG
= generally small contributions g o5k E % 20F
= ee : QCD background templates =~ 20F oo
150 10F
= WM : 2D sideband using isolation 10F o
5F 3
and invariant mass of the pair o (h .
K. Nikolopoulos Higgs Searches with ATLAS and CMS May 4", 2011  BRODKHAVEN
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ATLAS Higgs combined results: systematics
The channels utilize three main strategies for addressing systematic uncertainties:

- data-driven techniques: eliminates dominant impact of uncertainty leaving
uncertainties associated with extrapolation from control to signal region

- implicit parametrization: parametrized functions flexible enough to describe
effect of uncertainty on distribution (eg. exponential + Crystal ball in H—yy)

- explicit parametrization: variational histograms obtained from modifying
simulated samples according to variations the source of uncertainty (eg. H—2ZZ2)

Uncertainties in normalization described by log-normal distributions

The combination requires relations between rates of different channels, thus it is
subject to theoretical uncertainties. Prescription agreed upon by LHC-HCG & Higgs

cross-section working group. = TS0
| . —————s H—=yy H=bb o or tvag e tevy  tigg
gm . Ns=TTeV 7 Luminosity +3.7 437 437 437 437 +£37 437
< i e/ efficiency g £23 0 £14 0 Y £19 0 +12 0 1
' : e/y energy scale : S R
2 1L ely resolution - _H _H'E’ - - -
5 u efficiency ;ll,:é, _bj:; +0.3 £1.2 ;H:_ﬁ +0.6
U resolution - +5.8 145 - - -
107 Jet/MET energy scale - i e lé% - o l'ﬁjf_;;
Jet resolution - +2.5 - 90 - - 5o
o2 MET i - - - ES -
b-tag efficiency - il - - - o -
100 2000 300 400 500 o $900 Theory 300 =5 30 ‘%0 30 -0 ‘10
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ATLAS Higgs combined: stastistical procedure

The full complexity of individual channels’ likelihood functions are packaged using
RooFit/RooStats workspaces, and a combined probability model is formed by
Identifying nuisance parameters v associated to common systematic effects

- the common parameter of interest is a cross-section scale factor: u =6/ 6sm
The profile likelihood ratio is used as a test statistic: (1) = Loyp(12.0)/Loss (i, D)

- nuisance parameters are “profiled” based on the data

- one-sided variants of the test statistic are used for upper-limits and discovery

The distribution of the test statistic is obtained in two ways:
- Ensemble tests with toy Monte Carlo using a fully frequentist procedure
« randomize auxiliary measurements instead of randomizing nuisance parameters

- Using asymptotic distribution of likelihood ratio  gorems s crsioon, o

- used for primary result
Primary result based CLs, conservatism introduced to protect against downward fluctuations

» results based on power-constrained CLs+b (“PCL”) in backup

- Additional comparisons with Bayesian procedure with a uniform prior on u

Kyle Cranmer (NYU) EPS-HEP 2011 - ATLAS Higgs Combination 11



R-parity violating SUSY searches

One possible R-parity violating

scenario could lead to ey resonance: 5
!
311 -

Exactly one electron and one muon selected (used to trigger)

Main event selection critera is electron p; >25 GeV -and- muon p> 25GeV
(with usual quality and isolation criteria for leptons)

2 ' ATLASPreliminary ® Data2011 NEE Instrumental =
0] , Vs < 7 TeV — Total Bkg. wwwz
w10 Top ~ eeee- V(650 GeV) H
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i -
10 =
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. ~ |3 excluded, assuming coupling
= 25 ’ = values N'3;; =0.01, A';;,=0.01.
5 15 + + =
8 o4 “”m"i"ﬂﬁ; - + """"""""""""""""""" :
L 00500 200 300 400 500 600 700 800 900 1000
7\ K M, [GeV]

&
\\, v \_{

R

7\ / : D : :
/=¥ e resonance could also result from SM-like Z' with non-diagonal coupling

. %

S g(Z') < 11 fb at 95% CL for m(Z') >700 GeV




Higgs peak in google search results

® higgs Higgs peaks in google search results:

search Volume index EJ Google Trends

2004 2005 2006 2007 2008 2009 2010 ‘ 2011
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News reference volume

A Scientist: Theoretical Higgs boson particle likely to be foundin | 0| Large Hadron Collider a little closer to Higgs Boson answer

atoms soon after record collisions
Detroit Free Press - Apr 8 2008 NEWS.com.au - Mar 30 2010

8] Never mind the Higgs boson _E| Time travel, God's particle and Higgs singlet: how messages
ABC Science Online - Sep 10 2008 might be sent to the past or future

Sydney Morning Herald - Mar 22 2011
C| New Experiments Constrain Higgs Mass yaney ?

Science Daily (press release) - Mar 13 2009 LJ Hint of Higgs. but little more
Nature.com - Jul 25 2011




