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@‘ ATLAS in 2012: Data-taking and data quality -
7\ S
z g;— ATLPI\S Olrwliné Lur‘ninoelsity‘ \I’E‘=8Tlev | _;
_ > 87 [ Hc Delivered E
Very good start to 2012 data-taking at 8 TeV 2 75 []ATAS Recorded E
6.3 fb' recorded with ~95% data-taking efficiency & 6 total peiveres: 663" =
= E  Total Recorded: 6.28 fb” ]
5.8 fb-1 available for typical analysis selections % 5; E
93.6% data-quality efficiency, will improve after ;‘5’ 4 E
reprocessing this year’'s data (:i 3E E
g 2 )
D05 om0a 2e05 2300

Day in 2012
ATLAS p-p run: April-June 2012

Inner Tracker Calorimeters Muon Spectrometer Magnets

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

100 996 100 96.2 99.1 100 996 100 100 99.4 100

All good for physics: 93.6%

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4th and June 18 (in %) — corresponding to 6.3 fb! of recorded data. The inefficiencies in the LAr
calorimeter will partially be recovered in the future.
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The ATLAS trigger in 2012 data
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ATLAS Trigger Operations
LHC Fill 2686 May. 31 2012

Starting Luminosity: 6.37 x 10" cm%s™!

Ending Luminosity: 2.91 x 10™ cmrs!
] ) | ]

e
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08/04

B VinBias

I Muons

I Jet/Tau/Etmiss
Il Egamma

ATLAS Trigger Operations (2012)
Bphysics (Delayed)
[ Hadron (Delayed)

22/04 06/05
oth July 2012

20/05

Date

Menu optimised for 7 X 1033 cm=2s-! at 8 TeV
~65 kHZ L1, average 400 Hz EF output rate
Enable lower-priority triggers in long fills

Some ‘staple’ menu items at 7 X 1033 cm-2s-"

Offline  L1thr L1rate EF thr EF rate
(GeV) (GeV) (kHz) (GeV) (Hz) @
51033

e>25 18 17 24 70
u>25 15 8 24 45
dilepton  10-15 15 8-18 21

2y 25-40 10-16 12 20-35 17

21 30-45 11-15 12 20-29 12
Jet>360 75 2 2 5

MET 120 40 2 80 17

Additional b-physics and hadronic triggers to

‘delayed’ streams for later processing
Richard Hawkings 4
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ATLAS offline computing
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Prompt data reconstruction at Tier-0 has kept ;e [awemmmmme
up with LHC performance in last weeks 2 . g
E : Intel E5410 2.33GHz/8144 KB (12097 jobs)
Extra resources used — up to 7.5k CPU cores E F
15-40 seconds/event for RAW—ESD step B
ﬁﬁﬁﬁﬁ In line with expectations from simulation 30:_
:I ) |
° <mu>3EI5b)
90 Days from WeFe{:tj&nilf-.EgO{.gE)SWeek 26 of 2012
ol 150K jobs

Bpr 8 Bpr 16 Apr 23 May 1 May 8 May 16 May 24 Jun 1 Jun 8 Jun 16 Jun 23 140,000 |

World-wide Grid computing is essential

Up to 150k simultaneous jobs running in parallel

Mainly MC simulation and user analysis jobs

Computing centres give resources beyond
pledged commitments

Very beneficial for the broad physics program

40,000

20,000

2012-04-09  2012-04.23 2012-05.07 2012-05-21  2012-06-04 2012-06-18

W MC Production W User Analysis M Group Production W Group Analysis M Testing
W validation Data Processing [ cthers
9th J I 20 1 2 R- h d H k- Maximum 161,081, Minimum - 114,090, Average: 137,149 , Current: 151,540 5



Physics analysis and publications

7

166 papers on collision data
Average of ~2 papers/week this year

363 CONF notes with preliminary results
35 new CONF notes for this conference

Performance
Measurements
B Searches

ATLAS results available at hitps://twiki.cern.ch/twiki/bin/view/AtlasPublig

No time to review all the new ATLAS physics results for this conference
See ATLAS parallel session talks, and other plenary talks:

Subject Speaker Subject Speaker

Top physics Thomas Muller Jets/QCD Dmitry Bandurin
Electroweak Joao Guimaraes Soft QCD Paul Newman
SUSY Andy Parker Heavy flavour Sheldon Stone
BSM searches Steve Worm Heavy ions Johanna Stachel
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Summary of Standard Model measurements
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Foundations for searches - measurements of W, Z, diboson and top prod":
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. ATLAS Preliminary
— 35pb’
- s LHC pp {s =7 TeV
B 35 pb’ Theory
= : = Data 2010 (L = 35 pb™)
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Search for the SM Higgs — story from 2011 data %
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SM Higgs phenomenology precisely predicted, apart from mass m
Production dominated by gg fusion; then VBF qgq—qqH, associated WH and ZH
Decay modes vary with m, as H-WW(*) and then H—ZZ(*) open up

g ' ' _w _g Decay m, range (GeV) arXiv
> % Hovyy 110-150 (*) 1202.1414
:310-1 & Hozz(*) >4l 110-600 (*) 1202.1415
& H—ZZ —llqq 200-280-600 1206.2443
I% H—ZZ —livv 200-300-600 1205.6744
02l H—WW(*)—=Iviv 110-200-300-600 1206.0756
: H—WW-—lvqq 300-600 1206.6074
Ho11-ll, IT,, 7,7, 110-150 1206.5971
LA s e VHoIbb, llbb, wbb  110-130 1207.0210

M, [GeV]
2011 combination (arXiv 1207.0319) takes all info (signal/control regions) from all

modes, fits to the SM Higgs signal model (prod"/decay modes) as function of m

Scale the overall production rate coherently by a ‘signal-strength’ parameter p
9th July 2012 Richard Hawkings 8
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Exclusion with the 2011 data

3 T T T T T ]
10° & i =
O E ATLAS( 2011 SLAt~4.6-49f" Vs=7Tev 3
[~ ----- Exp. Comb. = ----- Exp. H—-2Z -1l ----- Exp. H—= WW — Iviv |
| Obs. Comb. — Obs.H—=ZZ — 1l Obs. H — WW — Iviv |
----- Exp. H— vy Exp. H— ZZ — Ilvv -====- Exp. H— WW — Ivqq
1 2]  ——— Obs.H—vyy Obs. H— ZZ — Ikv Obs. H — WW — Ivqqg __|
0 =  ----- Exp.H—bb W ----- Exp. H—2ZZ —Illqq ----- Exp. H— <t =
[~ ——— Obs.H—=bb ——— Obs. H— ZZ — liqq Obs. H — tt -
10E , E
- - '@’ T -
[ A . N TN - -- -
. A.p\ ./‘/\ A ‘,ﬁ:‘*f
1 W PNy o * ’
= /7 AN - QA e eh = =
— N L3 —
I = 1 1 1 1
100 200 300 400 500 600

m,, [GeV]
Expected exclusion of y=1 in absence of signal is 120-560 GeV

114.4-116.6, 119.4-122.1 and 129.2-541 GeV are excluded at 95% CL

And 130.7-506 GeV excluded at 99% CL
9th July 2012 Richard Hawkings
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Hints in the 2011 data
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7
Compatibility with background-only hypothesis quantified with local p,

Local p

Nt AL Py R AU AL IR E e
= ATLAS 2011 ) [Ldt~4649f6" Vs=7TeV 3 Best-fit signal strength p for
- eeee- Exp. Comb.  ----- Exp. H=ZZ =l ----- Exp. H—bb - different assumed my,
10 —— Obs.Comb. —— Obs.H—ZZ— Il —— Obs.H—bb = .
SRR Exp. Hoyy - Exp. Ho> WW —> W == Exp. H>tr 3 -2InA(u)<1 approximately 1o
- ——Obs.H—1y  —— ObsH->WW -k ——Obs.H—t - |-2I|n)x|(u)l<1llnfer:/allsl T T T T T T T T T T T T T T T T 71
1 = N s ATLAS my=119GeV  m,=126GeV  m, =130 GeV
S W,Z H - bb . .
Jort L SSURREREAL SIS 1o I Ho e e e
- H—vy —— e
po Ty e 20 : ' :
102 ~. B H— WW — vlv o fo =
= H — 4-leptons o e .-
3 TT"|”"|”'i”'|‘"|‘”|"”|‘"|""|"'I'"|”'i"'|""|"'|"'| e I\‘I\I - ‘I. e 35 Combined _0_'5 M:O_Oj';.‘f ,_5._, M:1.1fg‘: ,._; M=0.1j‘;
10°70 115 120 125 130 135 140 145 150 -ttt tliietlivea it
m [GeV] Signal Strength (u)
Channel S CH . Minimum p, at m,;=126 GeV
UL YY = | ‘Look elsewhere effect’:
Observed localp, 2.8 21 0.8 2.9 Probability for a combined excess
Exp. m =126 GeV 1.4 14 19 29 as least as significant in 110-600

GeVis 15% (~10)
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Events /0.2

WH—-WWW search with 2011 data
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Associated prod" of WH probes different production mechanism (few % of gg)
High sensitivity to HWW coupling, especially in H—-WW decay sub-channel
Search for WH—-WWW-—lvlvlv — 3 leptons and missing-E; in final state

Select signal based on 3 isolated leptons, at most one jet (without b-tag)

Split into ‘Z-enriched’ (one lepton pair charges/flavours consistent with Z, veto on Z-

mass), and ‘Z-depleted’ samples

Final selection using missing-ET and AR between oppositely charged leptons (AR<0.2)
Veto events selected by standard H—-WW—lvlv analysis

No excess seen, limit set between 2.7 (at m;=165 GeV) and 43x SM expectation

AR,Z_enrlched AR,Z_depleted = A A A A R
2 T e O 43 —— Observed ATLAS Preliminary
10* - ATLAS Preliminary -+ Daa % SMisys@say E 10° ATLAS Preliminary - pem % SMisysosay o © - E ted 3
Ea7Tov[Lotaars DB WEY) HH ww i E o7 Tev Ltz a7 B W) EE W = I *pecte Ldt=4.7 b, \s=7TeV 1
s=TTeV,[Ldt=4. Ezz W z4ets F is=7TeV.fLdti=2. Clzz W Z4ets 1= M +16 T T 7
10° - WH-Ill (Z-enriched) ~ [JTop [ Signal 125 Gev.x20] | WH-—Ill (Z-depleted) ~ [JToo  [] Signal[125 GeV.x20] ] E [ [ ]+2 7
10g E R =<0 WHoWWW Sshviviv .

102 ¢ 15 F

5 g

32

10 =8 ]
1k ] 105 3
5 - .
10-1 E | -
1 ! ! ! ! !

-2 2 PPN EASRTN AU I RSN BARATR N HENE I RS ARSI AR R
100 05 1 15 2 25 3 35 4 45 5 100 05 1 156 2 25 3 35 4 45 5 120 140 160 180 200 220 240 260 280 300
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Events

Non-SM H—4y
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Y opening angle inn (mH =125 GeV)

Typical EM  + n-icomer
cluster size — ™™

Sy
Interest in other models with similar signature o 007

Decay of Higgs to light CP-odd pseudoscalars H—a,a, 006
2 A0 hY 4o 0% 0.05

}_ _______ . ——————— ——-=:—_l-—____ 0.04

m_=400 MeV

ATLAS Preliminary

0.03 Simulation

a, decays to two very collimated photons with small 0.02
separation, mimics H—yy with slightly degraded resI”

Relax photon identification for broader (merged) shower o T
Applicable for a, decays <~0.5m, 100<m(a;)<400 MeV E (a) [GeV]

No signal observed, set limits on 0 X BR(H—4y)

Opening angle in n
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Limit with m,=200 MeV

Mass resolution Data and S|gnal T el | | RN RN RARRERRRRNRARE
4000 . T | T 3 2000 T 2 3
- E > - -
E - t25ov 1 G 1800 . —}— Data 2011 {/s=7TeV) jL dt=4.90 ?I‘ o7E ATLAS Preliminary m, = 200 MeV =
35001 —a— (M =100 MeV), <m> = 123.8 GeV 1 ~ E A = Background Model (x?/n =60.2/60) E T auuunss Observed Limit -
e 1 3 Lo ASSUMING i F imit
3000F- ~ (m =200 MeV), <m> = 123.7 GeV J € 1600¢ +=-» Signal (M =125 GeV, M, =100 MeV) T e e Expected Limit _J
F (m, =400 MeV), <m> = 122.8 GeV 1 2 1400:_SM X-SecC - - . Signal (M =125 GeV, M, =200 MeV) g E I +10 3
25005— (EMH YY), <m> = 1241 GeV —E w - o , g Signal (M =125 GeV, M‘:=dnu MeV) T 0.5 [ 1+2c -
g 12005 20% BR(H%>4Y) 5 ;
2000:_ 1000~ ; " ‘E 04— -
E E s %% ATLAS Preliminary = c 3
1500 3 soof 3 o0afF =
1000f- ATLAS Preliminary E 600 g ooF- E
- Simulati = T 3
500} imulation E 400__ . 1:_ _:
%6 1(‘)0 110_ 120 130 1;'-0 200_' YR T T S S S S S O °E| o v b b by by b bvv oy Ly n v Ly E
100 110 120 130 140 150 160 110 115 120 125 130 135 140 145 150
m,, [GeV] m,, [GeV] m, [GeV]
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Events / 4 GeV

D/B

3 neutral Higgs bosons ® in MSSM: h, Hand A

Production via gluon fusion and b-quark annihilation
Cross-sections rise with tan3, b-assoc. becomes dominant

Decay into b-bbar (90%), 11 (10%), pu (0.04%)
Search in both b-tagged and b-vetoed samples

MU: clean signature, good mass resolution, but low rates
1T: Similar to SM H—1T but with b-tagged/vetoed sel

Set limits in (m4,tanB)
I'\I'\llIIIlIIIIIIII'\l'\l'\IIIIIIIIIIIIIIIIIIIII_
1408 | btagsample  ATLAS Preliminary -
120K * Data 2011 -
F —=— Background ]
100; B m,=150 GeV, tanf=40 _7|
r [N Signal window 7
80[- . =
so- T E
. [Lat=asm’ 7
40+ -
20, R
1.5
N ; wpeties i <+_++-}-++ ++
2
0
2 NI P T

110 120130 140 150 160 170 180 190 200
9th July 2012 My [GeV]

plane and generically on 0.BR
% L L L DAL UL B LR R BB
¥ W, b-vetoed sample ATLAS Preliminary
ED__ 2000 * Data 2011 -
0 i —=— Background
= B I m.=150 GeV, tanp=40
LC||>JJ 1500 - 23y Signal window ]
N
1000 \ —
! [Lat-as"
500 -
o 15 A =
3 1 emmareiteesteny m‘*mmﬂ-“%-,;w
0.5 \
2
o 0
-2

110 120 130 140 150 160 170 180 190 200
_ My [GeV]
Richard Hawkings

MSSM neutral Higgs searches
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tan B

95% CL upper limit on o, X BR(0—>tt/up) [pb]

50 [ MSSM combination

404 Vs=7TeV

30%-

2

j—ry
o
I

== Expected bb— ¢
- Observed gg— ¢ CLs
1 0 E =« Expected gg— ¢
E q)—)’C’C It o bb—¢
- + 26 bb— ¢
U3
E P—pp .,
o \s=7TeV, det:4.7-4.B fo
- myX, u=>0
“E ATLAS Preliminary

—y

o
n
[

r ATLAS Preliminary
_[ Ldt=4.7-48fb"

m:\au, p>0

—+— Observed CLs
==== Expected CLs +

j; - + 1o ;
P + 26 1
2 LEP ]
100 150 200 250 300 350 400 450 500

m, [GeV]
LI I TrrT I TrTT I TrTT I TrTT ‘ rrrT
—e— Observed bb— ¢ CLs
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Most sensitive channels at m;=126 GeV i,
are H-WW-—lvlv, H—-yy and H—-ZZ(*)—4l ¢’

Latter two have good mass resolution, and
rely on photons, electrons and muons

Easier objects in a high pileup environment
First priority on these two channels ATLAS 2011 |

Reoptimise analyses for high pileup and low | | | /| |
m,, based on MC and 2011 control regions 116 = .'|15' = _i20 ' .i25 - ‘i36

All selections and analysis techniques fixed

- -
-------------

_____
.

95% CL Limit on o/c
—

T TTTTT

. % 120__I | +I Data %% SM (sys@lstat) ]

before looking at 2012 data O [AILAS W W wozzw
_ o - 1005 =7TeV. [ Ldt=4.7 fo" E;‘Hm Ss\mlﬁp .
WW is more difficult — expect broad excess 2 FHoww o rojets Drimoen 1
in transverse mass distribution g %F 2011 W E
Requires excellent understanding of (b)-jets, °oF analvsis
missing-E+ in high pileup environment 40 y -
Understand everything thoroughly in control Zof_ -

regions before ‘unblinding’ - 3

Plan to have results for end-July paper 00 220 240

[GeV]
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Selection 2011 old 2011 new

Trigger pr(y)
Offline p+(y)
Photon ID

Isolation
(AR=0.4)

Categories
9th July 2012

40, 25 GeV 40, 30 GeV
Neural net

Cell-based

<5 GeV <4 GeV

Comprehensive analysis reoptimisation
Optimised kinematic requirements
Neural-net based photon ID for 2011 data
Reopt. photon ID for 2012, stable with high pileup
Improved ‘topological’ calorimeter isolation
New 2-jets’ category for enhanced VBF sensitivity

2012
y35y25

40, 30 GeV
Reopt. cuts

Topo,
<4 GeV

10

Richard Hawkings

Update of the H—yy analysis: 2011+2012 data

Select diphoton events, look for a narrow peak in the m,, distribution

Fit background using data, in categories with different S/B ratio and m,, -resolution

RMS'0054°/5 o
RMS: 0.052%

’

Relative energy scale

n»r->»

e . W%ev ‘F
O Z—eeinv.

ponse s

tahilifyz -\
LdUIlILy v

Ldt =4.9fb"

01/07

T T
i—o— Unconverted photons

E o Converted photons
£ —«— Single track conversions
c —*— Double track conversions

Fraction of photon candidates

-
-
e e o e re Ty Hile te S¥e Sl Mo S s Mo Ts Sattle Bhe e Bl e B s en

Photon ID stability vs pileup

20 25

Average interactions per bunch crossing

31708
Date (Day/Month)

| T T T T | T T T T ‘ T T T L
ATLAS Preliminary
Data 2012, {s = 8 TeV 3

J. Ldt=331"

e
r—rﬂ—{""‘k"“""“"""""""‘_" e




Event display: yy candidate, 2012 data

%ATLAS calorimeter

Separation of y and 10 in LAr

EXPERIMENT Photon ‘pointing’ to locate
Run Number: 203779, Event Number: 56662314 p r| m a I‘y Ve rteX

Date: 2012-05-23 22:19:29 CEST

]

Y

9th July 2012 Richard Hawkings
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Composition of yy sample:
75-80% QCD yy production
20-25% vy-jet or jet-jet, jet
mis-ID e.g. due to hard ¢

0
JU
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H—yy analysis: Mass resolution

Reconstruct angles and energies of photons E 0.12F = vy ATLAS Smuiation -
Calorimeter ‘pointing’ (longitudinal segmentation) <. o1-— Galoporting 2 e .

& conversion vertex (if available) give 0,,,~15mm § o_ogf_ \s =8 TeV _
Sufficient for good m,, resolution % 0.065- e

2-jet category requires correct primary vertex ID to 0_045_ E
associate jets from hard scattering 0_025_ E
Likelihood combines standard Zp+? method with g NS .

photon pointing and conversion information OF16T1e 120 122 124 126 128 130 132 134

myy [GeV]
\l‘II\l‘\III‘\l\I‘II\Il\I\Il\I\Il\III7

Photon energies calibrated using Z—ee

Small MC-based corrections for both converted 0.121- ATASSTEON 2 0 Unconverted oental
and unconverted photons o1 Hyy FWHM = 3.2 GeV

O Converted rest
low P,

FWHM = 4.5 GeV

Expected H—yy signal shape modelled by Crystal
Ball+Gaussian function

0.08~ m,= 125 GeV
\s=8TeV

1/N dN/dm,,, / 0.5 GeV

0.06]
FWHM varies from 3-6 GeV depending on event -
category (converted/unconverted, n, p;) 0.04
0.02

...c--!:‘:."' :\Q.Sh‘p.‘,_ -
110 115 120 125 130 135 140 145
m,, [GeV]
17
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H—vyy: Analysis categories

Categorize events by S/B based on
Both photons unconverted or 21 converted Category

Both photons central (|n|<0.75), one in

transition region, or rest
Diphoton p< or > 60 GeV

Diphoton transverse momentum wrt thrust

= L B e B e B
'§ 1 g_ Yy+yj Background _§
g _1 '5:! M Bkgd. Uncertainty N
g 10 % "a, - —4— 9gF m =125 GeV _gl
g _2:_ e, . eee..  —f— VBFVHuitH m =125 GeV
"6 107 E - Cov, =
c F e e 3
; N /”’,/.'.." ‘.‘.’ 7
8 10-3 E_ 7 447[0':" . 1-'0’ e " _E
0 E
> C \vs=7TeV ///////; +¢’ﬂ+ t 1
2 10" ATLAS Simulation 1 2 2// Z }1'” M 'g
= £ Preliminary 2/27// Z 7 ﬁt:
10-5‘...\.”.|.‘H|.5?. 4.%|. .
0 50 100 150 200 250 300

ne»r-»

90% signal
8 TeV sample window

Ocn FWHM Observed Ay B

[GeV]  [GeV] [Neve] [Newt] [Newt]
Inclusive 1.63 3.87 3693 1004 3635
Unconverted central, low py;  1.45 3.42 235 13.0 215
Unconverted central, high py; 1.37 3.23 15 2.3 14
Unconverted rest, low pr; 1.57 3.72 1131 283 1133
Unconverted rest, high py, 1.51 3.55 75 4.8 68
Converted central, low py, 1.67 3.94 208 8.2 193
Converted central, high p;, 1.50 3.54 13 1.5 10
Converted rest, low py, 1.93 4,54 1350 246 1346
Converted rest, high py: 1.68 3.96 69 4.1 72
Converted transition 2.65 6.24 880 11.7 845
2-jets 1.57 3.70 18 2.6 12

Two p>25-30 GeV jets, An;>2.8, m;>400 GeV

Dijet and diphoton back-to-back: A®>2.6
Richard Hawkings

oth JuIJy 2012

Entries (normalized to unity)

0.7

0.5

0.4

0.3

0.2

0.1

0

L
7
0.6%

j Ldt=4.8fb"
e ool
| |

T T T
=4 2011 Data
YY
I v-jet
yy+yj Uncertainty

vj Uncertainty
aggF mH:125 GeV

— VBF m,=125 GeV 1

ATLAS Preliminary
\s=7TeV

6 7 8 9
Jet Multiplicity
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H—yy analysis: fitting the background
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- 400 —————————————————r——
. . . . . . E E_ Converled rest, low P, _E
Fit function: potential shape bias vs statistics g o Lo E
. . . @ BDD;— --- 5M Higgs boson m_ = 126.5 GeV (MC) —;
Explored with high-stat MC before looking at data, eolp Gerrou[Laesnn’
modeling vy, y-jet and jet-jet backgrounds 20of- ATLAS noma E
Considered n-order Bernstein polynomial, exp(P2) IoE” E
or exponential ':Zg_ E
Chose based on small potential bias for 125 GeV P = | aaree - |
: : : : @ 2as5Er =
Largest residual bias seen in b/g MC experiments g o i
over 110-150 GeV taken as signal yield systematic [ S S
oo 110 120 130 140 150 160
Category Parametrization Uncertainty [Ny ] i [GV]
’JE = ? Tﬂv \'Ir_ = 8 Tﬂv E Unconverted rest, high p. _g
Inclusive 4th order pol. 7.3 106 3  Duwemie E
Unconverted central, low pr;  Exp. of 2nd order pol. 2.1 3.0 E’ --------- SM Higgs boson m, = 126.5 GeV (MC) 3
Unconverted central, high py; Exponential 0.2 0.3 is=8 TeV,_[Ldi ~sot’ 5
Unconverted rest, low pr, 4th order pol. 2.2 33 ATLAS Preliminary —;
Unconverted rest, high py, Exponential 0.5 0.8 + + + E
Converted central, low py, Exp. of 2nd order pol. 1.6 23 SE 4 W
Converted central, high p, Exponential 0.3 0.4 20; + )i
Converted rest, low py; 4th order pol. 4.6 6.8 m I% -
Converted rest, high pr; Exponential 0.5 07 = g + + ]
Converted transition Exp. of 2nd order pol. 3.2 4.6 § oF l ++'| #l |I| *x + +4 l t lT* _E
Z'JE’E Expnncntlal 04 0.6 o o 120 10 10 10 160

9th July 2012 Richard Hawkings 19 ™GV



Events / GeV

Data - Bkg

H—yy analysis: invariant mass distributions %
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Invariant mass distribution combining 2012 (35271 events) and 2011 (23788)

2400
2200
2000
1800
1600
1400
1200
1000

800

Selected diphoton sample
o Data 2011 and 2012
Sig + Bkg inclusive fit (mH =126.5 GeV)

--------- 4th order polynomial

Ldt=591b"

\s=7 Tev,J Ldt=481b"
\s=8 TeV,J

600
400
200

100

L o

130

140

m,, [GeV]

9th July 2012 Richard Hawkings

150 160

Simple unweighted sum of events
passing yy selection and kinematic
cuts, before categorization

Fit to signal model at 126.5
GeV+4th order Bernstein b/g mode

Full results obtained by splitting
data into 10 categories and fitting
mass distributions separately ...
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H—yy analysis: 10-category results

Data 2011, Vs=7 TeV, [ Ldt = 4.8 fb”

Data 2012, Vs= 8 TeV, j Ldt=5.9fb

Observed p 2011+2012
Expected p”D 2011+2012
Observed P, 2011
Epected P, 2011
Observed pu 2012

= = = : Expected P, 2012

-1

FHILI,IJ

o
Q

IIH|,|,| | HIII_I_I_‘ ]

11

GJIIII‘I\Illl\Illl\l\llll\l\llll\l\lII\ILQ_O 10|III‘I\II|\I\I|III\
B Observed CLslimit - SM H—yy 1= ATLAS Preliminary
5 Expected CL Mt Data 2011,Vs=7 TeV, [Ldt = 4.8 6" § 1
— - t1o ; 4
C 2 Data 2012, {s= 8 TeV, [L dt = 5.9 fb’ ] 107
4L ATLAS Preliminary 1 Rl
of ot
B 1 0_5 E © Observed P, 2011+2012 (with ESS)§,
1 ] E O Observed P, 2011 (with ESS)
B _ 1 0_6 © Observed p_2012 (with ESS)
_I | I T - ‘ L1 1 1 | L1 1 1 | L1 1 | | L1 1 | | L1 1 1 | L1 1 1 | L1 1 1 |_ 10-7 EI L1l ‘ I I
q10 115 120 125 130 135 140 145 150 110

my [GeV]

Expected exclusion from 110-139.5 GeV
Observed exclusion from 112-122.5 GeV and 132-143 GeV

Most significant deviation from background hypothesis at m,;=126.5 GeV

Local signif. 4.70, reduced to 4.50 accounting for 0.6% systematic on y energy scale
For a SM Higgs at mH=126.5 GeV, expected significance would be 2.40

Similar-sized excesses in both 2011 (3.50) and 2012 (3.40), compatible masses

oth July 2012
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H—yy: Signal strength and categories

< 3@ LIS B B L IR B A

(o)) = 7

g 250 SMrow ATLAS Preliminary 7

[0 2F ] ) = . .
R E Breakdown of results by fit categories
-9) . = = ngnm " " "
R (I (TP p——" Most sensitive categories indicated

No particular surprises

Unconverted

T LI B — T T T T T [ T T T T [ T 1
contal owpr | @ ATLAS Preliminary |
Unconverted !

7

TIII‘H\I'IIHI\III

—
'cn 1
_LIII‘H\IlllH|\III

1 Data 2011,1s=7 TeV, | Ldt = 4.8 fb’! central high p., :
, 18= , =5 A Unconverted | ¢ Data 2011+2012 ]
Data 2012, is= 8 TeV, [ Ldt = 5.9 fb restlow p, :
- o b by b b b b B Unconverted | ! / ]
310 115 120 125 130 135 140 145 150 resthighp. B | %—°— B
my[GeV]  comn s T )
. . Cotnvler?eg [ ' / \s =7 TeV, Ldt =4.8fb |
Fitted signal strength y=1.9+0.5 at =" """ | g '//ﬁ -
rest low p ! i -1
m_=126.5 GeV A ; fé \'s=8TeV,JLdt=5.9fb —
H rgsthigrr: Fc’j“ 4.:—//?/

Converted | . / T
transition | E %_r SMH— YY ]
1 1 1 1 : 1 é

2-jets (mH =126.5 GeV)

Gombined

Signal strength
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Events / GeV

Data - Bkg

H—yy analysis: Effect of categories

Effect of simple fit to inclusive sample instead of 10 analysis categories

ne»r-»

2400 - T T T T T T T T T T T T T T T T T T T T
2200 Selected diphoton sample
- ° Data 2011 and 2012 o 10
2000 — Sig + Bkg inclusive fit (mH =126.5 GeV) _Q-
1800 — X4 00 mmeemeee 4th order polynomial 8 1
— (@]
1600 — . -
= ts:?TeV,JLdt=4.8 fo 4F
1400— 10 SInRhLELT TSNS | | SR // STLLLLE Lk PP 1L i
1200 \s=8 TeV,I Ldt=591b" P s Ev R | W S
1000
: _3 .................................................................................
800F— 10 | )
= Data 2011, Vs =7 TeV, [ Ldt = 4.8 fb
6005_ 10 | Data 2012, s =8 TeV, | Ldt =5.91b°
400 e T e I N bt
— . . - Servex s categories
200 =— ATLAS Prellmlnary - 1 0_5 Expected EDD, 10 categgories
— - Observed p_, 9 categories
- | | | | | — Expected p , 9 categories
100 :_ ! I ! I I _: ‘I 0'6 ObZerved'::D, inclusgie

-100§—+

-+

059, .1 I | l

Expected Py inclusive

10

I T
100 110

1
120

= [l
(@]

I1éOI ll.
m,, [GeV]

P PR N
130 140

115 120 125 130 135 140 145 150

my [GeV]

Local significance of excess is 3.50 (inclusive) rather than 4.7c (10-category)

Intermediate effect of dropping separate two-jet category also shown — 9 category
analysis as initially used for 2011 data
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@‘ Update of the H—4l analysis: 2011+2012 data :
e A
7\ s
.. . a’_Q‘102_"'-|'"'|""|""|" .
Reoptimise for low m, using MC / 2011 data 5 15F ATLAS Preliminary E
control regions, before looking at 2012 data & s l ; g ¥ v
= | .
Improved electron reconstruction in 2012 g %E l X A * E
Allowing for bremsstrahlung in pat-rec g U : i t E
5 7 ke -
Electron tracks fitted with GSF (both years) 5 225 : i ]
Improved e-ID selection stable against pileup £ agk E
9 - 2011 . 2012 » a
Standalone muons in 2.5<|n|<2.7 R S iaaff“t"mpb E
L n = -
Additional calo-tagged muons for |n|<0.1 T ¢ T
Revised kinematic selection: o Ercuster
: . o £ C ATLASPrelminaty  pamzotz | Lat-770ps"
Selection Original Optimised g e Lo g PN
Lepton p; (e/y)  20,20,7,7 20,15,10,7/6 E gog— botriestgieeegs i _
. T 85— —
m,, selection |m,,-m,|<15 50<m,,<106 g 3
m,, selection Mpyin<Mgg<115 Mpyjp<mg, <115 < Zz_  Datatoose N\ Dsta Medium e ]
E 65 FN\_° MC Loose 2~ MC Medium MC Tight E
m,, (GeV) <120 130 150 160 165 180 =190 - E o
2 e e 0 2 4 e s 20

mi4 threshold (GeV) 175 225 30 30 35 40 50
Number of reconstructed primary vertices
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H—4l: Mass reconstruction and efficiency
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Reconstruct 4-lepton invariant mass and look for a peak
Constrain leading lepton pair to m, for m,<190 GeV, both pairs otherwise
Mass resolutlon in S|mulated events at mH—130 GeV

>012FT L L T = > D1~"f| T T T T GUB_JI A RARRERARAE RALEE ARRE LALE RRRAS
& ATLAS F’rellmlnary ] o] ATLAS Prellmlnary ] ok - ATLAS Preliminary 1
D g 1'_ Simulation ﬁ 4 w - Simulation 1 lﬂ. 0.07F Simulation .
o Tt . © 0.08[- n o - .
- ®*  m,=130GeV - i *  m,=130GeV 4 - C *  m,=130GeV ]
-1 = Gaussian fit b 5 Gaussian fit 4 5 0.06[ Gaussian fit ]
w 0.08 1 7] [ w . 1
- H—eZZ*—4u ({5 = 8 TeV) ' . D-DE__ H—-ZZ*—2e2u (s = B TeV) B U-U5;_ H—=+ZZ*—4e ({5 = 8 TeV) B
0.061- . - . F =
- m={129.72 = 0.03) GeV ] - m=(129.16 = 0.04) GeV | 0.04f _ (12B.35 = 0.07) GeV ]
| o=(1.78 + 0.03) GeV ) ] 0.04} 5= (202 +004) Gev 0 US_— o = (2.46 + 0.06) GeV E
0.04 traction outside = 2a: 19% | a fraction outside = 2o: 22% _ ) E fraction outside = 2o: 209 I 5
4u: 0=1.8 GeV t ] 0_02'_ 2e2u. 0=2.0 GeV i 0028 4e: 0=2.5 GeV E
D'UE— with Z mass constraint 'T . with Z mass constraint .- i [)_[]1— with Z mass constraint &Q —
g{] 90 100 110 120 130 140 150 QU 90 100 110 120 130 140 150 ED 90 100 110 120 130 140 150

m,, [GeV] m,, [GeV] m,, [GeV]

: : . Efficiency (% 4 2u2e de

Combined reconstruction / selection y (%)
efficiency for m;=130 GeV 2011 data (old) 27 18 14
Significant gains from increased 2011 data (new) 43 23 17
kinematic acceptance and e-ID
g 2012 data (new) 41 27 23
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H—4l: Background estimates |
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L I L I L I LI N
ATLAS Preliminary E
(s=8TeV: [Ldt=5.81b"

Background dominated by continuum ZZ(*)—4l
Zbb, Zqq and t-tbar also important at low m

Isolation / impact parameter (IP) cuts reduce but do
not eliminate background from non-prompt leptons

Events/4 GeV
>

B MC
Bl Z+jets MC

. - 10F EMZZMC -
More significant when low-mass pair is ee (4e, 2u2e) * Data
. . . 8 — Z+jets and it E
Continuum background taken from simulation oF ff
In 4u and 2e2y, use bb-enriched control region 4
Remove low-m pair isolation, require significant IP
: . . 0
Fit norm" of Zbb and tt, extrapolate to signal region 50 60 70 80 90 100
L G
In 4e and 2p2e larger CONbULION ;oo o, S8 2o
. . S - ATLAS Preliminary . (=} - ATLAS Preliminary ]
from y-conversions / hadronic fakes &“F s_srev. fra-san' ~ "7 § 30 s-srev: frst=sant |
. . 120f- 4 S ]
Relax selection, fit components 0 Q@ 3 42 i
using b-layer, TRT high-threshold ol ) ' 1 T
and calorimeter-shape variables 60F E 15¢ E
Fit normalisation and extrapolate “of 1" ]
T 200 —— . St E
CrOSS_CheCk Wlth flt tO relaxed G"||r1m'|"“] el G:' ||4| i .."‘F“t-#..s
‘same-sign’ selection on 4" lepton 0 1 2 8 0 005 0.1 0.15 0.2 0.25 0.3 0.35 0.4
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H—4l: Background estimates Il
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Cross-check background estimates by applying isolation to first lepton pair only
Agreement at high mass (ZZ(*)) and low mass (Zbb, Zqq, ttbar)

> 70 _l T T I | T T T | I T T I I T I I ] > 70 _l T T I | T T T | I T T I I I T | I I I_
G f ATLAS Preliminary 1 & [ ATLAS Preliminary :
w 60 T I * Data -4 b 60 e 4 e Data _
P - pp/ee tup Wzz 1 - uW'n/e'e +e'e :
S fls=7Tev JLot=48f’ MZiets | £ o [1s=7TeV: JLat-48it M2z -
i \s=8TeV: JLdt = 5.8 fb’ .{/tvz 1 o C\s=8TeV: JLdt —5.81fb" -Z+jetS=tt 1
40 - 7 Syst.Unc.] 40 7, Syst.Unc. 1
30 |- — 30 F -
W . - ]
20 ] 20 ]
10 - 10§ &
; R 00 'y )

20 40 60 80 100 20 40 60 80 100
m,, [GeV] m,, [GeV]
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H—4 leptons: Selection results
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- 22
ATLAS Preliminary (”5-"20 ATLAS Preliminary
-] * Data o * Data
5 18 I Background = 18 [ Background
b B Background Z+jets, tt = B Background Z+j ets ﬂ
5 16 []Signa {m =125 GeV) 5 16 [ Signa {m =12
14 I Signal {mH—mﬂ GeV) LI}.I 14 I Signal {mH~1QE Ge‘u}
B Signal {m =520 GeV) P Signal {m =520 GeV)
Y Syst.Unc. 12 7 Syrst.Unc.
fLdt=5.8 fb” fLdt=4.8 b
/s =8 TeV (s =7 TeV
200 400 600 800 200 400 600 800
m, [GeV] m, [GeV] >
7+8 TeV 4u-low  4p-hi 2e2u-low 2e2p-hi 4de-low 4e-hi ﬁ
Background 11.8 45.8 12.7 71.1 9.6 29.8 &?\
Data 12 59 16 89 11 43 §
my=125 GeV 2.4 2.7 1.2 Q
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[« Data .
8% gmoscigouna  ATLAS Preh{r?lnary
0 | [l Background Z+jets, ff  H—»zZ'
8 | ES%cnaﬁrqu:ﬂgE%se\n H—>ZZ _""'“_1
S 20| [ Signal (m =150 Gev) [LAt=5.8b
o F mmsignal(m=190Gev) ~ s=8TeV

" %% Syst.Unc.

—
o

sy
o

100 150 200 250
m,, [GeV]
7+8 TeV 4u
Background 1.3%0.1

120<m,<130 GeV

Event counts Data 6

my=125GeV 2.1%0.3
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H—4 leptons: Low mass candidates

Events/5 GeV
M [\
o o

—
n

—
o

* Data
I Background

Bl Background Z+jets, tt ('}
] Signal (m =125 GeV) H—>ZZ -4l

7] Signal {m:=1 50 GeV) _ﬂ—dt =4.8 b
I Signal (m =190 GeV) Vs =7 TeV
#7 Syst.Unc.

2e2u
2.2+0.2
5
2.3+0.3
1.0

ATLAS Preliminary

0 g [GeVT
de
1.6+0.2
2
0.9+0.1
0.6 29
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9th July 2012

Event Display: 4u

Richard Hawkings

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST
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Event display: 2e2u

@AT LAS

EXPERIMENT
hitp://atlas.ch
Run:

205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST
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@ H—4 leptons: Exclusions

Exclusion from the combined 2011+12 dataset

E‘Iﬁ:l IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII: E‘Iﬁ:l IIIIIIIIIIIIIIIIIIIII:
- ATLAS Preliminary — Observed CL, - [ ATLAS Preliminary — Observed CL, 1
[ Hezz0- 4 - Expected CL, [ e 777 4 - Expected CL,
C (=7 TeV flat=agt’  H*10 l - (5=7 TeV [Ldt=48fy’  d=10 -

[]iEﬂ []:2E

/s=8 TeV, fLdt =5.8 b

L 5=8 TeV, [Ldt =5.8 b

95% CL limit on ofc
o

95% CL limit on ofg
o

.ID'I|||||||||||||||||||l|.||1|||||||||| 1n1|1||||||||||||||||||||||
110 120 130 140 150 160 170 180 110 200 300 400 500 600

. my, [GeV] my, [GeV]
Expected exclusion from 124-164 GeV and 176-500 GeV

SM Higgs is excluded at 95% from 131-162 GeV and 170-460 GeV

Region around 126 GeV cannot be excluded
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H—4-leptons: Compatibility with background

I = I | | | | — S I B LR IR LR RN

TE: 102§ — Obs. combined ATLAS Preliminary —:I =2 4 E

f ------- Exp. combined o : £ —— Best Fit .

E — Eb&g&n Hes 77 ' 4 "é} 3.5 -2Ini) <1

1{1; ey (5=7 TeV:[Ldt =4.8 ﬂ::_jE S 3 E

:_- Exp. 2012 E TE'HILdt =58f ] _: 25 Ams PTE"miﬂEF}F _:

A S 5=7TeV: [Ldt=48M" 3

AL n 2 (s=8TeV: [Ldt=581" -

g 1.5 3

HY :

L 0.5 E

B L SN i OB - - - - N o -

104F 3 E

- i 140 o T T T T T
LT 110 120 130 140 150 160 170 180

110 120 130 140 150 160 170 180
my, [GeV] m, [GeV]

Most significant deviation from background-only hypothesis at m, =125 GeV
Local p, value 0.029% or 3.40, globally 2.10 with LEE in range 110-600 GeV
Both 2011 and 2012 data contribute to excess in same mass range

Signal strength y compatible with 1 around this mass
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Comblnlng updated 201 1+2012 yy and 4 -lepton analysis with others as before

95% CL Limit on o/c,,

Updated combined SM Higgs exclusion

—_
o

—— QObs.
---- Exp.
IRESE
[ ]+2¢6

—

CLs lelts

ATLAS Prellmlnary

2011 + 201 2 Data

Vs=7TeV: |Ldt = 4.6-4.8 fb"
Vs =8 TeV: [Ldt =5.8-5.9 fb"

95% CL Limit on 0/08

11
10310~ 415 120

L
125

Ll
130

Lol
135

Ll
140

—_
o

N r-=>»

ATLAS Prellmlnary 2011 + 2012 Data |

= —Obs. \s=7TeV: |Ldt=4.6-4.8 " =
- Bxe Vs=8TeV: [Ldt=5859f" ]
- INESE; .
B [ ]+20c 7]

Expected exclusion with this dataset from 110-582 GeV

Observed exclusion from 110-122.6 GeV and 129.7-558 GeV
111.7-121.8 GeV and 130.7-523 GeV excluded at 99% CL

Region around 126 GeV cannot be excluded

oth July 2012

| | | CLs Limits
145 150 100 200 300 400 500 600
my [GeV] m, [GeV]
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Combined search: Compatibility with background
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10°c- ATLAS Preliminary 2011 + 2012 Data = ATLAS Preliminary 2011 +2012 Data-
10— Obs. Vs=7TeV: |Ldt=4.6-4.8fb" —— Obs. Vs=7TeV: [Ldt=4.6-481b"
10 - Exp. Vs =8 TeV: [Ldt=5.8-5.9 fb" -- Exp. Vs =8 TeV: |Ldt=5.85.9fb"
1 ¥ e N e S o gy S =y e o OG
110 L = 1o
0 ] S N 20
10-3 T e 30
104
10-5 ----------------------------------------------------------------- 4G
10°®
10-7 ------------------------------------------------------------------ 56
10°®
10-9 ------- ivis \II -------- \""-'-\:-I --------- s ! BG ] -
110 115 120 125 130 135 140 145 150 500 300 400 500 600
my [GeV] m,, [GeV]

Smallest p, value corresponds to local significance of 5.10 at m;=126.5 GeV
Expected value if SM Higgs of mass 126.5 GeV exists is 4.60

Significance mildly sensitive to energy scale and resolution systematics (ESS)
Important for photons and electrons, negligible for muons

ESS estimated to reduce local significance to 5.00
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Combined search: Significance of signal %
© {QF T I T[T o 10F . . . S
c - ATLAS Preliminary 2011 +2012 Data - e - ATLAS Preliminary 2011 + 2012 Data
_g 8_— —— Obs. \s=7TeV: ILdt =4.6-48fb" B 5 i —— Obs. s=7TeV: ILdT=4.5-4.B ' -
= T B Vs=8TeV: [Ldt=58591b" _ ?g 8 ... Exp.. 5=8TeV: [Ldt=58591f" |
n - & i e ]
© L = _|
g 8

'2'_l"|'T'|"|"|'T'l"\"1"\'\"\"\'1'|"|"|"|'r'|"|"|'|"r"|"|'T'|"|"\'T'\"|"1'T'|"|'| _2 _| r | | | j i

110 115 120 125 130 135 140 145 150 100 200 300 400 500 600

m, [GeV] my, [GeV]

Alternative view in terms of signal significance

Local p, is within =20 of background-only everywhere except close to ~126 GeV
Look-elsewhere effect correction depends on mass range considered

Global p, of 4.10 in 110-600 GeV, 4.30 in 110-150 GeV (H—yy search range)
2012 data alone (yy+4-lepton) — local p, of 4.00 at 127 GeV

Global significance 3.10 in 110-130.7 GeV, range not excluded at 99% CL in 2011
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Comb" best fit signal strength py vs my,

Made by scanning my and finding the
best-fit value of y at each m

At 126.5 GeV, y=1.2+0.3
Compatible with SM expectation (u=1)

Signal strength (u)

Z 550 ATLAS Preliminary 2011 +2012 Data—
% L —— Best fit Vs=7TeV: |Ldt =4.6-4.81b" 3
S 25 [z < \s=8TeV: [Ldt=585.9"
17 o .
cC o _
o .
0 A e e —]
0.5k —
OF N commgrm o A e y
0.5 —
-1E | 1 L | 1 1 L 1 | | 1 1 1 | 1 L 1 1 ‘ 1 1 1 | | 1 L 1 1 I 1 1 | 1 | 1 1 1 I_

110 115 120 125 130 135 140 145 150

m, [GeV]

4.5

3.5

2.5

1.5

0.5

Investigating the excess
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T | T T T | T T T T T T | T T T I
ATLAS Preliminary 2011 + 2012 Data

g \s=7TeV: JLdt = 4.8 fb" + Best fit §

 (s=8TeV: |Ldt=5.85.9fb" 2Ini(wmy<23

- T -2 InA(u,m ) < 6.0 3

— —Hoyy e . . ___"' —

- —H-zz"sm N ) E

E | | | 1 1 | | 1 | | 1 1 | | | 1 1 I 1 E
120 122 124 126 128

my [GeV]

Let my, and p float, 2D contour plot
around best fit values
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Done separately for H—yy and
H—4-leptons
Best fit masses are compatible

ESS has only a small effect 37



Contributions of the different channels

-2InA(u)<1 Intervals 2011 +2012 Data
T T T T T T T 1 T T 1
ATLAS Preliminary ’

W,ZH — bb

\s=7TeV: |Ldt= 4647 1" o

H— 1t :
\s = 7 TeV: | Ldt = 4?fb o

H—>WW —>Iv|v

\s=7TeV: | Ldt= 4.7 fb" T

H— 7?' :
\s=8TeV: |Ldt=5.9" . _e
\s = 7 TeV: det 48 -

H—zz" =

\s=8TeV: |Ldt=5.8 b —o—
\s=7TeV: |Ldt= 4.8 b )

Combined

|
\s=8TeV: [Ldt=5.8-5910" ,._ w=1 2
\s=7TeV: |Ldt=46-481b"

|||||||||i|||
-1 0 1

Signal strength (u)
Contributions of different channels at 126.5 GeV

Most important contributions from H—yy, H—»ZZ(*)—4l, HH-WW/(*)—lviv
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Developments over time

Local p

10
1

10®

L I LI | | L | LI | L I L | LI | LI
{s =7 TeV (2011), [Ldt = 4.8 fb"
{s =8TeV (2012), [Ldt=5.9fb"

ATLAS Preliminary

E—— S~ OSSN

...........

~
.....
-

I|T| IIIII5'|| TTT

E EPS July 2011

— Observed
---- Expected

CERN Seminar 12/2011) .
—— (Observed
------ Expected

. 4 July 2012
. Observed .. _
emenee Expected )

LY
IIII|IIII|IIII|"IIIIIIII

Spring 2012
Observed
------ Expected

'|T|'|'| IIIII|T|'| IIIIII|'|| IIIIII||'| IIIII|'|T| TTIT

110 115 120 125 130 135 140 145 150

my, [GeV]
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History of p, values
EPS July 2011
Council Dec 2011
Spring 2012
ICHEP 2012

With hindsight, gradual

development of the
excess over time

N.B. No energy scale
systematics

39

ne»r-»



@“I Conclusions %
7\

A very interesting and busy time for the ATLAS collaboration
2012 data-taking going very well — high efficiency, good data quality

Many thanks to the LHC and other CERN teams for the fantastic machine
performance

Hope for 15-20 fb-' at 8 TeV for the full 2012 data-sample, to add to 5 fb-! from 2011
Many new precision measurements and new physics searches on 2010-2011 data
Unfortunately no hints of new BSM physics yet, but ...
Observation of a significant excess of events in the search for the SM Higgs

Excess around m,;=126.5 GeV in yy (4.50 local sig.) and 4-leptons (3.40)
Excesses are compatible with each other and with SM Higgs boson production

Combined search sees excess with local significance of 5.00 at m;=126.5 GeV
Evidence for a new, narrow resonance at a mass near 126.5 GeV
A very exciting time lies ahead ...

Look forward to adding more channels and more data in the next months to learn
more about what we are seeing
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Expected signal contributions from different H production modes

H—yy: Production modes

v/s  Category Events gg — H[%] VBF|%] WH (%] ZH %] nH [%]
7TeV Inclusive 79.3 87.8 7.3 2.9 1.6 0.4
Unconverted central, low py, 10.4 92.9 4.0 1.8 1.0 0.2
Unconverted central, high pp, 1.5 66.5 15.7 9.9 5.7 2.4
Unconverted rest, low py 21.6 92.8 3.9 2 1.1 0.2
Unconverted rest, high pr, 2.7 65.4 16.1 10.8 6.1 1.8
Converted central, low pr, 6.7 092.8 4.0 1.9 1.0 0.2
Converted central, high p 1.0 66.6 15.3 10 5.7 2.5
Converted rest, low pry 21.0 g2.8 3.8 2.0 1.1 0.2
Converted rest, high p, 2.7 65.3 16.0 11.0 5.9 1.8
Converted transition 0.5 804 5.2 3.3 1.7 0.3

2-jets 2.2 22.5 76.7 0.4 0.2 0.1

8 TeV Inclusive 111.6 88.5 7.4 2.7 1.6 0.5
Unconverted central, low p, 14.4 92.9 4.2 1.7 1.0 0.2
Unconverted central, high pr, 2.5 72.5 14.1 6.9 4.2 2.3
Unconverted rest, low p, 314 92.5 4.1 2.0 1.1 0.2
Unconverted rest, high pr 5.3 72.1 13.8 7.8 4.6 1.7
Converted central, low pry 0.1 092.8 4.3 1.7 1.0 0.3
Converted central, high py 1.6 72.7 13.7 7.1 4.1 2.3
Converted rest, low pry 273 92.5 4.2 2.0 1.1 0.2
Converted rest, high p, 4.6 70.8 14.4 8.3 4.7 1.7
Converted transition 13.0 28.8 6.0 3.1 1.8 0.4

2-jets 2.9 304 68.4 0.4 0.2 0.2
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Signal yield systematics

H—yy: Systematics |

Systematic uncertainties

Vs =17TeV (%] Vs = 8 TeV (%]

Signal event yield
Photon identification
Effect of pileup on photon rec/ID
Photon energy scale
Photon Isolation
Trigger
Higgs boson cross section (perturbative)

Higgs boson cross section (PDF+a5)
Higgs boson branching ratio
Higgs boson pr modeling

Underlying Event (2-jets)
Luminosity

oth July 2012

+8.4 +10.8

+4

+().3
+0).4 +0.5
+1
gg — H: *1%, VBF: £0.3,

. +02 . 4 . +3 . 02 . i3 . +id
WH: 02, ZH: *14 wH: 7] WH: *02, ZH: *19, ttH: ¥
gg — H + 2 jets: +25
gg — H: "5, VBF: 33, gg — H: ™8, VBF: 73§,
VH: +£3.5, ttH: +9 VH: £3.5, ttH: +8

gg — H: tg, VBF: +0.2,

+5
low py;: £1.1, high py,: F12.5, 2-jets: ¥9
VBF: +6, Others: £30

+1.8 +3.6
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Migration and resolution systematics

H—yy: Systematics |l

Signal category migration
Material Unconv: 4, Conv: ¥3.5
Effect of pileup on photon rec/ID Unconv: +3, Conv: F2, Unconv: +2, Conv: ¥2,
2-jets: +2 2-jets: +12
Jet energy scale low py,
gg — H: 0.1, VBF: £2.6, gg — H: £0.1, VBF: £2.3,
Others: 0.1 Others: +0.1
high pr
gg — H: £0.1, VBF: +4, gg — H: £0.1, VBF: +4,
Others: 0.1 Others: +0.1
2-jets
gg — H: 19, VBF: £§, gg — H: ¥18, VBF: 79,
Others: ¥15 Others: ¥13
Jet-vertex-fraction 2-jets: 13, Others: F0.3
Primary vertex selection negligible
Signal mass resolution
Calorimeter energy resolution +12
Electron to photon extrapolation +6
Effect of pileup on energy resolution +4
Primary vertex selection negligible
Signal mass position
Photon energy scale +0.6

9th July 2012
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Events / GeV
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H—yy: Background composition

Background dominated by irreducible QCD diphoton production
Subleading contribution from events with 1 or 2 jets (with e.g. hard %) mis-ID as y

Composition measured by relaxing photon-ID and/or isolation criteria, as fn of m,,
Small contribution from DY Z/y*—ee, with mis-ID e, concentrated at low mass

[T T T T I T T T T | T T T T I T T T - > __' T ) ) __
1 C ATLAS Preliminary —+— yy+DY Data 1 8§ 900; ATLAS Preliminary —— yy+DY Data -
2001~ Data 2012 —=— vj Data 1 5 800k Data 2011 —=— vj Data —
H } \s=8TeV,[ Ldt= 59" —— jj Data 1 € ﬂ + Ns=7TeV,| Ldt= 4.8 fb" —— jj Data =
1000~ 4 $ — Stat.uncertainty —| 5 700¢ + + + —— Stat. uncertainty
- +++++ } Total uncertainty - L 600 - + + ++++ Total uncertainty 5
800 H - = H ]
- H ] 500 + —
B + ++ — +3-7909, i ~ ++ + _ -+ 409 .
600 t +++++++++ . fy=75+3-2% 1 400F t ++ # 4 fyy=80+4% =
: Py ] 300 ", Hiy ++ 3
400 by g — : H ]
gty 4 E1d ++++++ $1.3]
gt gy 'ty 2001, T
200__ L +ﬂm.+++ wt $ - 100 ++++H+H'+ H+ ++ 3. _:
B ST ek *hﬂ"**hi ﬂmﬂﬂi uudr = i #g H+++ m**ﬂ*++++¢m +.+ 3
by prae it g A PRt U Y T kAL s 2 s % 0 Laa P45 eaadAparitanal Apachyacayyoad y N

00 110 120 130 140 150 160 00 110 120 130 140 150 160

m,, [GeV] my, [GeV]

Composition breakdown not used in final analysis - actual background level and
shape fitted directly from data

9th July 2012 Richard Hawkings 45



Significance contribution

ne»r-»

H—yy: Event weighting

T T T T T T B ek centar lowp, T
B === Converted central, high p i
— 3:22::2223 EZ:::Z:, :_?iwhth Converted rest, low P Tt 0-25 - 8 5 :| T T | T T LI L L L I. T |:
- - N o -high p, Converted rest, high Py ] B c - ATLAS Pre“m'nary —— Observed, 10 categories 7
6 nconverted rest, low p ===« Converted transition ] o 8 4 A AR UL Expected, 10 categories 3
- Unconverted rest, high P — 2-jets - 9 = 3 = ——— Observed, inclusive .
[ - [ = Y O A \ R Expected. inclusi 3
- SMH Data 2011, \s= 7 TeV, [ Ldt = 48" | (02 © & SRR 4 AT\ Wit xpected,inclusive 3
H’Y’Y Y= Tkt B A \ W L T S -
Qpmiimimimimnanal b e daaammmm e ey — o O P2 e UUURPPRPPOTTUEEEY F TR | SR L L =
Data 2012, ys= 8 Tev,j Ldt=59fb" | = T Y o WL L TR CE =
O 1— RREL) £
"""""""""""""""""""" . o) o = 3
1-10.15 > 9 = =
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, n = O =i ffemm e =
E -
""""""""""""""""""""""""""""" “ 0.1 — 3
] -2 —
-------- ™ - SMH—-yy =
T -3 ‘ -
------------------------------------------------- £°°10.05 . Data2011,Vs=7TeV,[ Ldt=481" 3
T -4 Data 2012,is=8TeV, | Ldt=59b" —
ATLAS Preliminary _ _5:| T | L1 | | L1 11 | L1 1 | L1y | | L1 11 | L1 1 | L1 1 F
I |IIII|\\II|\\\Illllllllllll\lll\\\lll 0 110 115 120 125 130 135 140 145 150

110 115 120 125 130 135 140 145 150
my [GeV]
Weights defined as w=0%/0., 0, is expected stat. uncertainty on category i
Weighted significance Z’=Vw.Z,, where Zi is significance of category i
Comparison of local significances vs my, for 10-categories and inclusive

In 10-category fit, deficit at ~120 GeV has a local significance of 2.60

Or global 1.20 with LEE
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H—yy: Comparison of old/new 2011 analyses

o 10

Q_ E:‘ I||||II|||||||||\||III|I|II|I|||||I||:I:E
© - Data2011,t"s=7TeV,det=4.8fb'1 ATLAS Preliminary o
8 1E —
— — =
;/ A4 s
:ﬁ' '-'-"-.'-'-"-"-"-"-" R T U= "-:-" :' """""" _'16
L0 OB b Sl (L =
5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, R | P E 20
102? é
B N oo
E _Obser\fedp0 E
B - - . Expected m
4 B SM H—)'Y'Y I ObF;erved F:)Do 2011 February paper |
10 E - - . Expected p 2011 February paper 3
e e e e i m i Em m i E i E i m - 40
10'5_|||||||||||||||||||||||||||||I||||I|||||_
110 115 120 125 130 135 140 145 150

my, [GeV]
Current 2011 analysis: 3.50 at 126 GeV
Original 2011 analysis: 2.80 at 126.5 GeV (with ESS)
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H—4 leptons: ZZ normalisation

ne»r-»

ad

See 20-30% more events at high mass than predicted by MC
Also seen ZZ cross-section analysis: ~25% high, but consistent with prediction

Allow ZZ(*) normalisation to float — no significant change in p, for 125 GeV

Q_O [T T 17771 | T T T | L | T 1T ‘ T 17 ‘ T T 1771 | T T T]
21 imi —
= 10°¢ Observed ATLAS(*::’rellmlnary -
8 REEREEE Expected H- 727 "— 4l 1 0 . NLO QCD (MCFM, CT10.0)
3 I y 1 a — ATLAS Prelimipary " 27 (65)
10 — Observed free ZZ Ldt =5.8 fb 5 = o
e Expected free ZZ /s=8 TeV - bH i — zee
- = ] s
AL 1o - e
- - .: 20 i ATLAS Data 2012 (1s=8 TeV)
10°F 3 - e ZZ- Illl (66<m <116 GeV) L=5.8 b
- - ATLAS Data 2011 (is=7 TeV)
3l 136 1= O ZZ- llll (on-shell) L=4.7 fb"
10 = = — O ZZ- Ivv (on-shell) L=4.7 b
~ . _ Tevatron (1s=1.96 TeV)
- ] B ® CDF ZZ-; I(Il/vv) (on-shell) L=6.0 fb™
1 0-4 _ - i ® DO 2ZZ- II(ll/vv) (60<m <120 GeV) L=8.6 fb"
E = +] E 46 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
B Y i . 0 2 4 6 8 10 12 14
1 0'5 | . | | | | 1 1 “I “l L 11 1 ‘ R ‘ | | I 1 1 1 :
110 120 130 140 150 160 170 180 \s [TeV]
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H—4 leptons: Background modelling

70_ I T T T | T T T T ] > LN L L L L L L L L L LR L L L .
F ATLAS Preliminary I 40 ATLAS Preliminary o Da E
60 :_ e Data _: o 35 :— \s =7 TeV: J Ldt=4.8 fb1 -gfjetS, tf _:
50 18 =7 TeV: JLdt =481 Wz, B 42 30 L 's=8TeV: |Ldt=58fb" =
(s =8TeV:|Ldt = 5.8 fb” 1 8T :
b Bzsetstt 1 |3 25 - -
: : 20 =
30 — - ]
B . 15 =
20 -] - :
0 : ] 10 E
101 . 5 _l { &

0 100 200 300 70 75 80 85 90 95 100 105
m,, [GeV] m,, [GeV]

Validation of of Z+jets/ttbar background shape in control sample
Sub-leading dileptons fail isolation or impact parameter cuts
Modelling of single resonant Z—4l peak, relaxing m,,, m5, and p; cuts
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;:‘I H—4 leptons: Reducible backgrounds

Summary of estimates for non-resonant b/g, T = primary estimate

8 TeV 7 TeV
Method Estimate Estimate
4u

m fit: Z + jets contribution  0.51+ 0.13 +0.16"  0.25+ 0.10 +0.08"
my fit: tf contribution 0.044+0.015+0.015" 0.022+0.010+0.011°
tf from e*u™ + p*u* 0.058+0.015+0.019  0.025+0.009+0.014

2e2u

my; fit: Z + jets contribution ~ 0.41+ 0.10 £0.13"  0.20+ 0.08 +0.06"

m fit: tf contribution 0.040+0.013+0.013" 0.020+0.009+0.0117

tt from e*u™ + p*u”* 0.051+0.013+0.017 0.024+0.009+0.014
2u2e
el + e*e™ 49+ 0.8 +0.77 2.6+ 0.4 +047
tf + etet 41+ 0.6 £0.8 3.7+ 0.9 +0.6
3¢ + € (same-sign) 3.5+ 0.5 0.5 2.0+ 0.5 £0.3
de
tf + e*e* 3.9+ 0.7 +0.8" 3.1+ 0.6 +0.57
tf + ete* 3.1+ 0.5 0.6 3.2+ 0.6 0.5
3¢ + £ (same-sign) 3.0+ 04 £+04 2.2+ 0.5 £0.3
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@“I H—4 leptons: signal injection ?
7

Comparison of data with MC with injected SM m_ =125 GeV signal

ne»r-»

g 4EIIII T 1T71 I T TT IIIIIIIII|IIII|IIIIE g 4EIIII T 17T I T TT IIII|IIII|IIII|IIIIE
- 3.5 —eo— Best Fit — < 3.5 —o— Best Fit —:
*g, : []-2InA(u) <1 3 *ga - []-2InA(u) <1 3
o 3 3 o Sfinjected my=125 GeV E
c_"; 2.5F ATLAS Preliminary - c_‘g 2.5F ATLAS Preliminary -
S 2F \s=7TeV: [Ldt=48f" — S ofF \s=7TeV: [Ldt=4.8f" =
» \s=8TeV: JLdt=581" 1 B F \s=8TeV: |Ldt =581 3
1.5 E 1.5 =
135 L S —— E o E
0.5 E 0.5 E
OFf 7 Resaemaneame L = R . f
-0.5F : -0.5F E
o b b D L b L] :|||||||E|||||||||||||||||||||||||||:

110 120 130 140 150 160 170 180 110 120 130 140 150 160 170 180

my [GeV] my [GeV]
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-2InA(1)<1 Intervals

Combination: Different channels, different m

2011 - 2012 Data

[ I R I
m, = 126.5 GeV

I I I
my, = 130 GeV

W.ZH — bb

Vs = 7TeV: Ldt= 464710
H— 1t

Ve 7TeV: Lot 4.7 10"

H— WW > viv
Ve -7 Tev: Lt a7

H— vy

VE-aTev |Lot-sam’
V-7 Tev: Lot a8’

H— ZZ" = il

VE-aTev: |Lat-sam’
Vo7 Tev ILdte dam

ATLAS Preliminary m, =119 GeV

—O—

Y
L

__.D.i_

o

——

&

-

Pt
st ¥

P |
T

o
<

Combined
G=aToV: [Lohes5B-55m"
F-:"Ilg'-" I||-:r_-»'|.5-4e::-'

: +0.2
O ] IJ. =_ﬂ3 00

10 1

10 1

10 1
Signal strength (u)

Contributions of different channels at 119, 126.5 and 130 GeV
Most important contributions from H—yy, H—»ZZ(*)—4l, HH-WW/(*)—lviv
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;:‘I Combination: Exclusion per channel

Combination of all channels, 2011+2012 data

E : I L) 1 L) I 1 :
© = ATLAS Preliminary 2011 + 2012 Data 1
2 | | Ldt~46-48f' \s=7TeV |Ldt~5859f" \s=8TeV |
o) o =ee-- Exp. Comb.  ----- Exp.H > ZZ* 51l ----- Exp. H > WW* = Iviv

- 10°FE —— obs. Comb. ——— Obs.H—>ZZ* >l ——— Obs.H—> WW* 5 viv 3
E e Exp. H — vy Exp.H—>ZZ* > Illvy  ----- Exp. H—> WW* > lvqq -
. [ ——— Obs.H—yy Obs.H— ZZ* — Ilvv = Obs. H > WW* s lvqq -
] ~ ==--- Exp.H—-bb  ----- Exp.H—->ZZ* »llqq ----- Exp.H— 1t -
O - —— Obs.H — bb —— Obs.H->ZZ* - llgqq —— Obs.H 11 -
5 1OF :
() _ Z
TE e
i | B - 1 L 1 ] L |

100 200 300 400 500 600
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Combination of all channels, 2011+2012 data

o S I L B L I L B LI I AL BRI I
= 10° ATLAS Preliminary 2011 + 2012 Data -
Q ~ JLdt~46-48f"is=7TeV |Ldt~58-59f5"Vs=8TeV ]
— 105 — ----- Exp. Comb.  ----- Exp.H->ZZ* -1l ----- Exp.H— bb —
—~ —— Obs. Comb. — Obs. H— ZZ* - 1l —— Obs.H— bb
2-_ ----- Exp.H->vyy  ----- Exp. H-> WW* > v ----- Exp.H—- 1t
10 z ~—— Obs.H—->yy ——— Obs.H->WW* > lvn —— Obs.H— 11 :
10" . EREEEE ?g
__:: N LS TETTT T T P 206
s e QNS T 30
a4
104 N e i
b VT e 3o
‘_||||||.|L,||_'
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Dealing with high pileup
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Peak level of pileup — 30 int/crossing

o 4n—| T 7T T T T T 1T 171 17T 17T 17T 17T 1T 17T T 1T 1771 17T 17T T 17T 7T 17T 17T 1T 1T T4
Double that in 2011 & B amas N v
. o . = 30F— Online Luminosity - z =
Major effort to optimise trigger and 2E- & =
reconstruction algorithms E= ‘ =
Robust, pileup insensitive s °F o E
a 10 —
e.g. robust tracking cuts, improved sE " !nnf E
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