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[ Introduction LHC J

j Geneva
= Airport

e 7

27km circumference, 50-150m below ground, across French-Swiss border
pp collisions @ Vs = 7 TeV in 2011 and 8 TeV now

Each beam ~ 1400 proton bunches, each bunch ~ 1.5x10" protons

On average, ~ 20 pp collisions per bunch crossing

... times 20 MHz bunch crossing rate = 400 M pp collisions per second
Reduced by trigger systems to ~400 events stored per second
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[ High luminosity ]

« Cross sections: “barns” (area: 1028 m? ~ U nucleus): fb, pb
« Amount of data: fb"', pb-'. Data x Cross-section = # events (dimensionless)

Al 18_—' 77 orrrrr T — _1 13 ==
o C ATLAS Online Luminosity  \s =8 TeV 1 1fb7" ~7x10" collisions
= 16 . - (Rolf Heuer email about 2011 conditions)
P - - LHC Delivered .
é 14F- [] ATLAS Recorded —» + 663 fb!delivered
- 12 T , ) A
S — otal Delivered: 13.13 fb _ )
; 103_ Total Recorded: 12.30 fb™ =  6.28 fb-' recorded
g - : (efficiency 94.7%)
— 8_ ]
(@) L —
£ G 3 +5.86fb" after data
g 45 § quality requirements
o _ ] L] [l
- = 4 (available for physics

2E E analysis; efficiency

O_ 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 a 0

31/03  30/04 31/05 01/07  01/08  01/09 93.3% )

Day in 2012

» LHC plans to run pp collisions until Dec. 17, 2012 before 2 year shut down
« Expected in total ~25 fb-' at 8 TeV in 2012 Bunch spacing : 50 ns
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of the detector response to the previous interaction

« Many pp interactions per bunch crossing

of-time pile
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* Pile-up robust algorithms developed (for both trigger and offline analyses

, jet

« Reconstruction and identification of physics objects (e, y, 4, T

optimized to be robust against pile-up
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: PARTICLE
[ Introduction DETECTORS]
Key: - Muon } Measure energy and momentum
Electron
Charged Hadron (e.g. Pion)
: )'“l — = — - Neutral Hadron (e.g.Neutron) Measure energy
vy meee- Photon

®

a7
Transverse slice
through CMS

4.
photon \*
e
e 25

electron

L muon

Electromagnetic
Calorimeter

Hadron
Calorimeter

~ 3300 physicists (~1500 students)

179 institutes, 41 countries

Om m 2m 3m 4m 5m 6m 7m
| | | | | | | |

Superconducting

Solenoid
Iron return yoke interspersed

with Muon chambers
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]

Transverse slice
through CMS

"r
§|I|con /
Tracker

electron

Electromagnetic ™
Calorimeter NI/

Hadron
Calorimeter

~ 3300 physicists (~1500 students)

179 institutes, 41 countries

Om im 2m
| | |

=i+ Avery narrow jet of particles can look

s> * If atrack for an electron is not found, it

+ Good precision when measuring e, [
) < Jets are meSS|er and very frequent

. PARTICLE
Introduction DETECTORS]
Key: Muon ]_ Measure energy and momentum
Electron
Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron) Measure energy
----- Photon (\

" Reconstruction and identification are

not perfect: Wi

like an electron

+ A high energy pion may show up in the §
muon detectors (mis-id’d as a muon)

: muon

will look like a photon

with Muon chambers

Iron return yoke intefspersed  © , I

3m 4m 5m 6m 7m
] ] ] ] ]
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: PARTICLE
[ Introduction DETECTORS]
Length : ~46 m 20MHz > ~400Hz by
Radius :~12m 3-level trigger system
Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Weight : ~ 7000 tons
~108 electronic channels
3000 km of cables

ATLAS

~ 3000 physicists (~1000 students) Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
176 institutes, 38 countries
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[ Coordinate system

LHC

y

X z

protoﬂ

prot
on ATLAS detector

* Right handed coordinate system

— z along beam pipe, x to center of LHC, y points upwards
« Transverse plane: polar coordinates (r,)

— @ azimutal angle, around the beampipe
« Pseudorapidity: n = - In[tan(6/2)], © is the polar angle
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[ Introduction SM Higgs production

SM Higgs production 102 ——— . ——ma
g ] S r s=8 TeV 8
Gluon fusion e Qb \'s -8
(dominant ty > ,>2 - —§
t T
at LHC) : f 10 g_ —gi::.’
a, A (I -
Vector HO Q B .
boson W/ZS--------- £
fusion O 1= -
qy q, - .
Associated i |
production 10 -
with Z/W - -
(Higgs-strahlung) - |
g t -
TEETEETEE T
Associated HO 1 0-2 _ —
production tp---m-m--- = . . o T
with top sssanrd 80100 200 300 1000
9 M, [GeV]
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[ Introduction SM Higgs production J

SM Higgs production 102 ——— ~2000 fb at m,=125 GeV
e T s In 5fb: ~100k produced!
Gluon fusion e Qo+ 9
(dominant ty > ;—<\ - - §
t T
at LHC) : il_ 10 g_ _§§
a; 9 T r ]
Vector o o | |
boson W/Z---meeo- L
fusion O 1= -
o a - -
Associated i i
production 10 -
with ZW - -
(Higgs-strahlung) E |
g t - h
TEETEETEE T
Associated Ho 1 0_2 - B
pr.OdUCtion L I E | | | | | | | | | | E
with top TP 80100 200 300 1000
° M, [GeV]
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[ Introduction }
SM Higgs decays

&
=
=
[ III|

Direct coupling to
massive particles

LHC HIGGS XS WG 2011

Higgs BR + Total Uncert

(WW, ZZ, tt, bb, t1)

Through a triangle loop
to massless ones

1000
M, [GeV]

100 200 300 400 500

(99, 1v)
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[ Introduction }
SM Higgs decays

+ 1 — T T T T T T T T _: §
| | S F 3¢

Direct coupling to S F {2
massive particles s | g

o I S

= 5

+ 11

T 10

m

n A

=) i

Ry

I ]

(WW, ZZ, tt, bb, t1) 0
10°

Through a triangle loop
to massless ones

300 400 500 1000
M,, [GeV]

200

100,000 Higgs bosons produced... times ~0.002

BR to vy, ~ 200 Higgs to be found via yy search
(99: vv)
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[ Introduction J

Cross section times BR « WW, ZZ split into decay modes

« Targeting production modes

5 10e7 | e arau it impr nsitivit
[ - s = 8TeV 1 ¢ can iImprove sensitivity
T 1z * Not yet the full story!
x 15 WW—Fvagg  4¢ . . .
B FVBF A — 1¢ — Missing: triggers, efficiencies,
WW — vl ] resolutions, background cross
101 - sections, rejection for each, etc.
s \ ZZ - I'lqq i — Low my;: Tt is largest (cons:
2‘ T ‘ detection and backgrounds)
1070 "- E — High m,: llvv most sensitive
, ) ZZ - 1T ]
107 E/Wyl — Fvob| | \1Y l=e,u -
B o \ " V = VeVVs
-/ ZH— I'Tbb Q q = udscb
10*5 T Yt
100 200 300 400
M, [GeV]

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSectionsFigures
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[ Introduction }

Cross section times BR

E‘ 1 O E | T T T T E %
= E T2 | \E = 8TeV E g
@ 14
Gj 15 WW — Fvaq = §
o p/BRA=T 1%
WW — VT N
107 \ E
2Z - I'lqq :
1025 __ 77 — v J
' 22T )\ _ {1 + Experimentally, 100<m, <200 is
3 . )
107E/W§i — Fvbb \\ vy l=e,p accessible in the most ways
L J7H B\ \ e q-uissp' 1+ Allmodes labeled in the plot
| :

-4 I b | | | . .
10* 500 500 300 400 (and mor,e) have been studied;
here, we’ll focus on three

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/CrossSectionsFigures
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[ Introduction Limits and p, plots]

M

—

o
N

Null search results do provide

valuable information: C ATLAS — Observed CL,
_ _ T O H T H Expected CL,

What signal sizes can be ruled out? i zz =4 -
" Vs=7 TeV:[Ldt =4.8 fb =10 I

Need reliable background =20

estimations

L s=8 TeV:[Ldt=5.8 fb"

95% CL limit on 0/0S
=

Always a probabilistic
statement 1

— Need to state the “CL” (95%)

Being a random process, ol e L L
uncertainty bands are needed 10200 300 400 5%(; [GGS?O
“Expected”: median of limits if the

signal does not exits * Too few events = “strong” limit
Observed: from the actual dataset « Too many events - “weak” limit

—
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[ Introduction Limits and p, plots]

« Too many events may also, January 2012 PRL Publication
iInstead, represent a signal § 10— Observedp, Data20it,\s=7Tev |
o] 8 ]
* ... do they? - L SMH=vyexpected, (i soagmn” .
We quantify it by the probability . JQV _____________ R
that background alone would T

produce an excess as large as 142
observed (or larger) 3
10°

11 7
- “Local Po - -.-.0-... Observed p, (with energy sfale uncertainty)

1L |

T T T T
g

IHW
I

'

- Instead of quoting p,, we refer  1%%0 s 120 125 130 135 \140 145 150

to it using the “number of my, [GeV]
sigmas” that it would represent T
in a Gaussian tail. Higgs at given m,,

— 1 sigma = p, = 16%

— 3 sigma 2 p, = 0.13%

— 5 sigma 2> p, = 2.9x10”
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From “tantalizing hints” to July 4%
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[ December 13, 2011 ]

ATLAS Preliminary 2011 Data

— Observed -1
- Expected f Ldt = 1.0-4.9 fb

E+1o _
a2 o Vs =7TeV

—_
o

—

95% CL Limit on o/oSM

1 ICLs Limlits | | |
10 100 200 300 400 500 600

) 1 S
S e =
T il A e S A AV
§ ...................................................................
g 102
e 7 TeV data, ~ 5 fb? JY . A R |
. . ‘o . Expected
Expected SM Significance: 2.4 o o . fromSMH
* Observed Local / Global: 3.6 /250 F i e eewen N '
» Dominated by H—yy and H—ZZ—4l | —goin oo 201 Daar,
LA A A T P A
110 115 120 125 130 135 140 145 150
M, [GeV]
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\/

[ H—yy Overview

: T T T T T I T T T T I T T T T I T T T T
800

- -
[0} ]
* Search for a narrow m,, peak © nclusive diphoton sample -
110 < m < 150 Gev E 700: Background model _;
)44 qc) EONL e SM Higgs boson m =120 GeV (MC)
 Tens of signal events over a i o E
relatively large background 500 Ns=7TeV, f Ldt=49fb" —
ox BR ~50fb @ mH~126 GeV 400 4t =
300f— —f
« Simple topology: 2001~ 3
2 hlgh'pT isolated phOtOﬂS 100f— ATLAS Preliminary —f
E.(v4, Vo) > 40, 30 GeV of . 1 . . | =
5 100 —
?g 50 .
* Main backgrounds: E. 58 IR E
o E

* vy continuum (irreducible) g %070 120 180 140 150 160
« v-jet, jet-jet (reducible) . m,, [GeV]

[Above: from CERN Council
meeting, on Dec 13, 2011]
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[ H—svy Background composition

The vy, y-Jet and jet-jet contributions can be decomposed using control
samples defined by photon identification and isolation.

% B T T T T I T T T T I T T T T I T T T T I T T T T I T T T T |
Q) 1 200 [ ATLAS —e— vy+DY Data _—
; M Data 2012 —a— vj Data -
c $++ \s=8TeV,[ Ldt= 591" —— jj Data ]
Q 1000~ +++ —— Stat. uncertainty —_
L B H’ ++ ++ Total uncertainty
goof- Ty, -
e00r X yy ~75-80%
_ oy, ]
= + —

400 ey ¢
. o + ++ 2 TP
i_i+++++ " y-jet ~ 20% L +++ -
200 " HE ke =
;“"{;ZZK:AZ% AyanafAA % adae f"A‘:* t *T*:**** *t‘* : m**'“* *ﬂ o

00 110 120 130 140 150 160
m,, [GeV]

Considerable effort made in background modeling to avoid biases.
Various background models considered, different for different categories.
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H—yy

Mass resolution for signal

T I L | 1T l L

0.12—*— u<10
—— 10 <15

—— 15<u <20
—e— 20<

o
Y
[TT 11

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

IIIIIIIIIIIIIIIIII

LI LI I LI I L | L I L I T

ATLAS Simulation

Mass resolution not
affected by pile-up

99— H— vy
my = 125 GeV

\s=8TeV

116 118 120 122 124 126 128 130 132 134

 Mass resolution of

iInclusive sample:
1.6 GeV

L. R. Flores Castillo

Observation of a new particle in ATLAS at LHC

September 6, 2012
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[ H—syy Event selection J

* Neural-net based photon ID for 2011 data
« Re-optimized cut-based photon ID for 2012, stable with high pileup
* New 2-jets’ category for enhanced VBF sensitivity

Events divided in 10 categories based on:
.y osm (VBF) ~7%
* v pseudorapidity g q
* whether vy is converted/unconverted
. . -- H
* pr (P1"Y perpendicular to yy thrust axis);

. 2 jets (VBF-like) g q

T thrust axis
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[ H—yy Weighted mass distribution ]

Weighted invariant mass distribution of selected events combining
2012 (35k events) and 2011(24k) data

o For m,=126.5 GeV
From Ul 31, 2012 publcalion  « 5xBR =39 fb at 7 TeV

> T ]
3 100‘_ ATLAS 4 DataS/BWeighted E « 6xBR = 50 fb at 8 TeV
d = — Sig+Bkg Fit (m =1265GeV)
% 80:— -------- Bkg (4th order polynomial) s Full results obtained by Spllttlng
et 1 data into 10 categories, fitting
A T 4 mass distributions separately.
40— -
- (s=7 TeV, [Ldt=4.8fb" .
20 [ \s=8 TeV, [Ldt=5.91b" H—yy E
D e
Z N **4“4%--/-{-\-’-\-“4*#4”“**“‘25 2011 1469  79.6
§ gg % 2012 205.5 110.5
“ 400

110 120 130 140 150 160
m,, [GeV]

Weight for category i: In(1+S/B))
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[ H—yy Results J

From July 31, 2012 publication p,: probability for background
o AL LA I L B LA UL BN )
o
= EATLAS 2011 - 2012 H— vy to o o oPserved
o BT N\
S0 B fonsenremzeee TR
1072 BT Rt W
3 [eccncunnnccnnnnncnnnnnnnendpafafollnnccciiiiicscicncnc s s c e n
10° 2012 Exp. \s=7TeV: JLdt -48fb" >
104 & — 2012 Obs. \s =8 TeV:|Ldt= 5.9 3 Expected from SM
w40\ 1 Higgs at given m,
----- 2011 Exp. -----2011-2012 Exp.
10 & — 2011 Obs —— 2011-2012 Obs

S5 20 - B—

110 115 120 125 130 135 140 145 150

m, [GeV]
Data m, at max deviation Local p0 Local significance  Expected
2011 126 GeV 3x104 3.40 1.60
2012 127 GeV 7x104 3.20 1.90
Both 126.5 GeV 3x10° 4.50 2.50

Global 2011+2012 (including LEE over 110-150 GeV range): 3.6 o
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( H—yy Signal strength J

From July 31, 2012 publication
IllIIII|IIII|IIIIIIIIIlIIIIIIIIIlIIII
SM H—yy
— Best fit

[]-2Im ()<

ATLAS

IIII|IIII|IIII|III'I_

D CEE R ) O R R R Ry R

Signal strength (u)

O Br 0.5
U= RS ST S U S A

(G ' Br)SM 05

IlIlIIII|ZIIIIIIIII|IIIIIIIIJ_

Data 2011, {s= 7 TeV, j Ldt = 4.8 fb"’
Data 2012, \s= 8 Tev,j Ldt=591fb"

_LIII|IIIIIIIIIIIIII
“T'IIIl[I[IlIIII|IIII

L1 1 1 | L1 1 1 | L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 | L1 1 1
_%10 115 120 125 130 135 140 145 150
: my [GeV]
« Signal strength (n) = "

(signal rate from fit to data) / (expected SM signal rate at given m)
« Fitted signal strength: p=1.9+0.5 at m,;=126.5 GeV
» About twice the value expected from the SM Higgs cross section!
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@ATLAS

EXPERIMENT
http://atlas.ch

; L\ Run: 204769
/ g ; Event: 71902630
) Date: 2012-06-10
. 7 A ' P~ - Time: 13:24:31 CEST
1\ '
4y candidate with m, =125.1 GeV
pr (muons)= 36.1, 47.5, 26.4, 71.7 GeV m,,=86.3 GeV, my,= 31.6 GeV. 15 reconstructed vertices
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[ H—ZZ*)—4] Overview }

« Search for a narrow m, peak

mass resolution ~2% @130 GeV

> B I. IDA_II_A T T T T T | I. I. T T ]

110<m, <600 GeV S0 o Background ATLAS Preliminary

- A few signal events over a small @ [ 3Signal(m =125 Gev) T
] i $ [ Signal (mH=150 GeV) .

background; S/B varies with m,, € 8- g Signal (m =190 GeV) —
oxBR~5b @ m,~125 GeV T . ]
@my, - H—zZ"'—41 _

6 [Ldt=4.81b" ! 7

 The “golden channel”: \s=7TeV ]
4 isolated leptons from IP 4 I

2
i .. Atlow my:
t one Z on-shell 0
. f ¢ (my,), the other 100 150 200 250

is off-shell (mg,) m,, [GeV]

[Above: from CERN Council

- Four final states: 4e, 4, 2e2y, 2u2e meeting, Dec 13, 2011]
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[ H—ZZ*)—4| Background rejection

» Other processes can end up with four leptons
— t tbar : each to Wb, W—lv, b—jet with a lepton
— Zbb : Z—ll, each b to a jet with a lepton
— Z+light jets: Z—ll, jets misreconstructed as electrons

— ZZ production (no Higgs) WZ\< G

 In tt, Z+jets and Zbb (“reducible”):
— There are other particles around the leptons
— Leptons from b decays come from secondary vertices
— Reduced by requiring that leptons are isolated and non-displaced
(sketch isolation and impact parameter)

« ZZ production is similar to the signal (“Irreducible”)

L. R. Flores Castillo Observation of a new particle in ATLAS at LHC September 6, 2012
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[ H—ZZ(*)—4] Event selection J

Updated analysis for 2011 and 2012 data
 Improved expected sensitivity for low m
« Estimate backgrounds using data (sidebands, control regions)
* Development based only on 2011 data and 2012 control regions

Selection
At least two pairs of opposite-charge, same-flavor leptons (e,n)
* p; thresholds: 20, 15, 10, 7 GeV (6 GeV for muons)
« 50 <m,, <106 GeV, m,-dependent cut on m,,, m,, < 115 GeV
* All same-flavor, opposite-sign pairs m>5 GeV (J/w veto)
* Tracking and calorimeter -based isolation
* Impact parameter significance
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[ H—ZZ*)—4]l Mass reconstruction, efficiency]

Mass resolution in simulated events at m;=130 GeV
with Z mass constraint for m,,)

N

>0.12T4I\\|\I\\|\|\| L I I B = > 0_1 L L B I L B L %O-OS:"‘l""l“" rrTTTTTTTTTTT “"7
& | ATLAS 8 | atLas : 8008 ar1as

© (.4 Simulation ] 0 - Simulation 10 0.07F Simulation 3
s b S 0.08- : ST :
~ ® m,=130GeV ~ T ® m,=130GeV =~ r ® m,=130GeV ]
=] Gaussian fit S — Gaussian fit 5 0.061 Gaussian fit B
< 0.081 . >0 s E
[ HoZZ'—4u (fs=8TeV) ] 0-06f H-ZZ*—>2e2p (Is = 8 TeV) ] 0'05:_ H-ZZ"—4e (1s=8TeV) E
0.06- — - r =

[ m=(129.72 % 0.03) GeV ] I m=(129.16 £ 0.04) GeV 0'04: m = (128.35+ 0.07) GeV
L o= (1.78 £0.03) GeV 4 0.04+ 6 = (2.02+ 0.04) GeV = 0.0 i o = (2.46 £ 0.06) GeV B
0.04 | fraction outside * 25: 19% ] : fraction outside + 26: 22% 1 ’ | fraction outside + 26: 20% ]
i r $ 1 0.02r =
0.02- ; 0.02- ¢ _ : # :
"L with Z mass constraint R . [ with Z mass constraint : ) 0.01} with Z mass constraint ¢# —
i ] I ] s ) ]

B0™°80 Y00 110 120 130 140 150 g e 20 130 14050 80**%8" 100 110 120 130 140 150
my, [GeV] m, [GeV] m,, [GeV]
4u: 0=1.8 GeV 2e2u: 0=2.0 GeV de: 0=2.5 GeV

Combined reconstruction / selection
efficiency for m ;=130 GeV 2011 data (old) 27 18 14

Significant gains from increased 2011 data 43 23 17
Ki ti t -ID
inematic acceptance and e 2012 data 41 27 23
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[ H—ZZ*)—4| Background estimation J

Irreducible (ZZ*)). MC simulation normalized to theory cross section

Reducible (ll+jets and tt):
— Comparable to ZZ in the low mass region
— Estimated using data-driven methods

— Background composition depends on flavor of sub-leading lepton pair
(i.e., the flavor of the pair of leptons that make the off-shell Z)
—> different approaches for ll+up and ll+ee:

I+pp (4, 2e20):

* ttbar and Zbb from a fit to m,,
ll+ee (2u2e, 4e):

« Z+XX control samples

— General strategy: Loosen or revert selection, obtain composition,
extrapolate to signal region

— Two methods for each reducible background (nominal, cross-check)

L. R. Flores Castillo Observation of a new particle in ATLAS at LHC September 6, 2012 35



[ H—ZZ(*)—4 Background estimation ]

SO SN B B T
Fit to m., ?Da 18- ATLAS Preliminary :
, Y 16 (s= : [Ldt = 5.8 b E
« Change selection on sub- 2 b 8TeV: fLdt=58fb ]
leading leptons to enhance L%’ 14¢ Dat E
. 12F o aia _ .
ttbar and reduce ZZ: - — Zijetsand i :
: - 10 - t =
— No isolation cuts o -%Z-MCMC 1
— At least one lepton should fail 65_ =th\JA%S E
the impact parameter cut : -
4r E
 tt and Z+jets estimated via a fit - .
2 N
Chebychev + 0
BreitWigner®CrystalBall 50 60 70 80 90 100

« Extrapolate to signal region via
MC-based transfer factor
(validated in Z+u control region)

At least two estimates for each
background for each subchannel;
good agreement in all cases.
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| H—>ZZ(*)—4|

Mass spectrum ]

25 I Signal (m, =360 GeV)

A Syst.Unc.
H—>zZ" -4l
ls=7TeV:[Ldt=4.8 b
s=8TeV:[Ldt=5.8 fb"

> 40 "_ . .
S*E ATLAS Preliminary
O35 - * Data

% - I Background ZZ

€. F B Background Z+5-Jets tt
o 30 [ Signal (m, =125 GeV)
o F B Signal (mH 190 GeV)

20

400 600
m,, [GeV]

Discrepancy has negligible impact
on the low-mass region < 160 GeV
(no change in results, if in the fit ZZ

background is constrained within its
uncertainty or left free)

m, > 160 GeV (dominated by ZZ background):
147 + 11 events expected
191 observed

~30% more ZZ events than SM prediction

—> in agreement with measured ZZ cross-
section in 4l final states at Vs = 8 TeV

Measured o (ZZ)=9.3*1.2 pb
SM (NLO) o (ZZ2)=7.4* 0.4 pb

~ NLO QCD (MCFM, CT10.0
ATLAS Preliminary Y

Oz, [Pb]

-----
-----
....
P
am="
-
-
.

10

-
et
-
.
-
-
-
-
.
-

IIIIIII|

ATLAS Data 2012 ({s=8 TeV)
® 2Z- |l (66<m, <116 GeV) L=5.8 fb"

ATLAS Data 2011 ({s=7 TeV)
o ZZ- il (on-shell) L=4.7 fb™
0O ZZ— llvv (on-shell) L=4.7 fb™'
Tevatron (Ys=1.96 TeV)
® CDF ZZ-> li(ll/vv) (on-shell) L=6.0 fb™
® DO ZZ— li(Il/vv) (60<m <120 GeV) L=8.6 fb

PRI AN S SN NN N ST SR NSNS SR SN NN ST ST W N
8 10 12 14

(s [TeV]

I IIIII||

o
N
.
()]
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H—-ZZ*)—4|

Low mass region

= or[ >
25 * Data . 025
G I Background 22" ATLAS o 0]
© [ [ Background Z+jets, ff 7o)
a [ E s%CnSir?m“}mE‘%ZV) H—Z2Z _)4|_1 @
S 20 3 Signal (m =150 GeV) JLdt =5.8fb 520
1) ¢ B Signal(m =190GeV)  \s=8TeV T
" % Syst.Unc.
1 o 15
101 10
5 5

Event counts in
120<m,<130 GeV

|IIIIII

LI

e Data

- I Background zZ"

. Background Z+jets, ti
- [ Signal (mH=125 GeV)
[ Signal (mH=150 GeV)
- [ Signal (m =190 GeV)

%y, Syst.unc.

ATLAS

H—zZ"' -4
[Ldt = 4.8 fb"!
\s=7TeV

0 0 ol mfoof7°
7+8 TeV 4 2e2u + 2u2e 4e Sum
Background 1.3+0.1 21+0.2 1.5+£02 | 49%0.3
my=125 GeV 21+0.3 2.3+0.3 0.9+0.1 53*04
Observed 6 5 2 13
S/B 1.6 1.1 0.6 1.1

L. R. Flores Castillo

Observation of a new particle in ATLAS at LHC

September 6, 2012
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[ H—ZZ*)—4| Low mass region

Adding both  =>a,-f . —
035 Data )
years'data; O [ [ Background zZ" ATLAS Pr(e*)llmlnary
W _ | B Back d Z+jets, tt s s
230 s%cneﬂr?rﬁnA ooy 22 =4
S [ [ Signal (m =150 GeV)
01 25 I Signal (m =190 GeV)
- T Syst.Unc.
20f

Vs =7 TeV: [Ldt = 4.8 fb”

15/s =8TeV: [Ldt =5.8 fb”
101
5¢
oF
100 150 200 250
m,, [GeV]
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| H—>ZZ(*)—4|

Exclusion limits

From July 31, 2012 publication

(%1 02 :I T TT | LI | LI | LI | T T 1T | LI | T TT I:
% T ATLAS — Observed CL, ]
S L He 70— Expected CL, |
T | Vs=7 TeV:[Ldt =4.8 b 5 =10 ]

*2
= 10y (s=8TeV:fLdt=5.8 10" ° |
O ]
X ’
LO —
o

10-1IIII|IIII|IIII|IIII|IIII|IIII|IIII

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

Exclusion at 95% C.L. :

From July 31, 2012 publication

%1 02 :I T T T | T T T T | T T T T | T T T T | T T T T B
% T ATLAS — Observed CL, ]
S L e 770 Expected CL, |
= Vs=7 TeV:[Ldt =4.8 b’ 5 =10 .

*2
= ol Vs=8TeV:fLdt=5.8 10" ° i
O . .
S i
o)
o

1 0-1 | | | | | | | | | | | | 1 1 | | | | |
110 200 300 400 5

Expected: 124 <m,< 164 GeV and 176 < my <500 GeV
Observed: 131 <my< 162 GeV and 170 <m, <460 GeV

00 600
my [GeV]

For my, ~120-130 GeV weaker limit than expected in background-only hypothesis
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[ H—ZZ(*)—4] Significance J

Best-fit value at 125 GeV: y=1.4 £ 0.6

e 10°E —— Obs. combined ATLAS é = 4:_ H—2zz" - 4 _;
O Eo-meees Exp. combined ) 3 5 C o . .
PR e £ 3 o
1 S 5 25 ATLAS .
SNy Y ' oy o 25_ Vs=7TeV: [Ldt=4.81" -
10" o / T © n - Vs=8TeV: [Ldt=5.8fb" 7
3 I e e o5 1.5 =
20 - - .
10 § i E 1:— ************************************ =
1 0_3 ; ................................................. :,"_ ................ ‘{E; 30 0.52_ _;
- ’ o L SR NS0 =
107E ‘ E
% ..... _.‘":._.‘-“'.“ ____________ e ::.-7: _____________________ % 40 -0.5 L1 11 | L1 11 | 111 | 111 | 111 | 111 | 111 I:
10-5 [ B S E  ART A VI BV AN AN RN BN AN ENTA T S B 110 120 130 140 150 160 170 180
110 120 130 140 150 160 170 180
my [GeV] my [GeV]
Data sample | m,at max deviation |local p-value | local significance expected
2011 125 GeV 1.1 % 230 1.50
2012 125.5 GeV 0.4 % 2.70 210
2011+2012 125 GeV 0.03 % 340 2.6 0

Global 201142012 (including LEE over full 110-141 GeV range): 2.50
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[ Higgs combination Datasets

Channels/datasets used:
* H—yy
« H—=Z7*)—4 leptons
« H-WW
e H—=T1T

« W,Z H—=bb

7 TeV (4.8 fb') + 8 TeV (5.9 fb)
7 TeV (4.8 fb') + 8 TeV (5.8 fb1)
7 TeV (4.7 fb)
7 TeV (4.7 fb)

7 TeV (4.6-4.7 fb)

L. R. Flores Castillo Observation of a new particle in ATLAS at LHC September 6, 2012
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[ Higgs combination Exclusion limits J

Combining 2011+2012 yy and 4-lepton analyses with other channels as before (2011)

M
—
o

| ATLAS Prellmlnary 2011 +2012 Data

—— Obs. \s=7TeV: |Ldt=4.6-48fb" 3
--- Exp. Vs=8TeV: [Ldt=5.859fb"
(N ESR;
[(J+206

—_
o

—— Obs. \s=7TeV: |Ldt=4.6-4.8 b
---- Exp. \s=8TeV: |Ldt=5.859fb"
M+1o
[ ]+20c

- I
: ATLAS Prellmlnary 2011 + 2012 Data 7

11 1 11

| 1 1 11111

—

T II|IIII|

95% CL Limit on o/c
95% CL Limit on o/c M

CLs Limits

200 300 400 500 600
m, [GeV]

—
oF
o

‘Exclusion at 95% C.L. :
‘Expected 110 <my< 582 GeV
*Observed 110 <my<122.6 GeV, 129.7 <m_, <558 GeV

‘Region around 126 GeV is not excluded
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Higgs combination The excess ]
----------------- A B L L I Q qOF LT T T T
ATLAS Pre||m|nary 2011 + 2012 Data 2 - ATLAS Preliminary 2011 +2012 Data
—— Obs. Vs=7TeV: _[Ldt 4.6-4.8 b 8 - —— Obs. Vs=7TeV: _[Ldt =46-4.8f" -
Vs=8TeV: [Ldt=5.8-59 b "é 8- - Exp. s=8TeV: |Ldt=585.9 _fb" i
TS N S cc£u 6:— m """ _:
e N § M ¥ \ Expected 150
""""""""""""""""""""""""" Expected L S S P - 40
from SM RSy A S Hi ¢ ] 30
Higgs at 4 R A 19gs at - 26
given mH j """""""""""""""""""""""" glven mH : 10
] N e R A N - 0o
) O AR 1o
TR T ST O U 1420
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
m,, [GeV] m,, [GeV]
Maximum excess observed at my = 126.5 GeV
Local significance (including energy-scale systematics) 5.0 O
Py Probability that background fluctuates to the 7
observed data (or higher) 3x10
Expected from SM Higgs m,=126.5 GeV 4.6 o
Global significance: 4.1-4.3 o (for LEE over 110-600 or 110-150 GeV)
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[ Higgs combination Composition 2’;,?,5’,,9,3)]

Excess seen in both 2011 and 2012 data:
2011: 3.50 (obs.) and 3.1 (exp.)
2012: 4.00 (obs.) and 3.30 (exp.)

[rrrr T

= grrrrjprrriyprrrrprrrrprrrrp T T T TTy o i ! rrrrprerTy
(_Qu' 10° ATLé\bS Preliminary 2011 + 2012 Data (_Q“' 10° ATLébS PCrellgnnary 2011 + 2012 Data
8 10: Exs.' \s=7TeV: ILdt =4.6-4.8fb" 9 10: Exs Cgrr::b Vs=7TeV: |Ldt = 4.6-4.8 fb"
— 10°F  — Obs. 2011 \s=8TeV: |Ldt=5.8591b" = S 10°F  — Obs.yy+i \s=8TeV: |Ldt=5.859fb"
10°k --- Exp. 2011 ‘ 10%k  ---- Exp.yy+4l :
10 —— QObs. 2012 10 —— Obs. Iviv+tt+bb
] Exp 2012 _______________________ ---- Exp. Iviv+tt+bb
107 §§§§§;§§§;;;:":: """"""""" A
102 e T
10-3 -----------------------
100
10°
10 )
107
107 ! 1 ! ! o] Lo g :
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150

m,, [GeV] my, [GeV]

Both years is dominated by H->yy and H>ZZ->4 leptons
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[ Higgs combination

Strength, compatibility J

Best fit signal strength (u) vs my,

« Scanning my, to find best-fit value
of yu at each my,

« At126.5 GeV, y=1.2+0.3

— Compatible with SM expectation (u=1)
— Max p Is not at min p,

* Let my and p float, 2D contour
plot around best fit values
(~68% solid, 95% dashed)

* Best fit masses for H—yy and
H—4-leptons are compatible.

5 ]

cPa | EJERE

< 2'5: ATLAS Prellmlnary 2011 +2012Dat? ] = = ATLAS Prellmlnary 2011 + 2012 Data =

B2 F  — Bestfit Vs=7TeV: |Ldt=4.6-48 " 1 £ 4.5F v [Lat = 4.8 1" Bet i =

C — ‘ . _ _ -1 —] - \s= eVv: =4. + esth -

< 2; []-2InAp) <1 s =8TeV: JLdt=5.8-59 " 1 3 — \s=8TeV: |Ldt=5.85.9fb" 2InAum) <23 3

7] - . “— e -2 In A(u,m ) < 6.0 -

< 1.5 - @2 3.5 —Hovy RS e =

S5 F 1 8 sb. —HoZZm ” ) E

» 1 =4 & - |

- . 2.5 —

0.5 - - =

. 2F E

T U A St : 1.5F -

-0.5 = 1 E

] 0.5F =

6150 Tss a0 185 40 4B qs0 ottt UL
m,, [GeV] 120 122 124 126 128

my [GeV]
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[ Higgs combination Channel contribution ]

-2InA(u)<1 Intervals 2011 + 2012 Data
1 T T T 1T T T 1 1 T ]
ATLAS Preliminary :

W,ZH — bb

\s=7TeV: |Ldt=4.6-4.7 fb! @ E

H— 11t :
\s=7TeV: |Ldt=4.7 1" o—

H— WW" = Iviv

\s =7 TeV: | Ldt= 4.7 fb” T

H —>Y?(
Ldt=5.9fb™

\s=8TeV:
\s = 7 TeV: ILdt 4.8fb"

H— zz"” -

\s=8TeV: |Ldt=5.8fb" —o—
Vs =7TeV: |Ldt=4.8fb" '

Combined Combined signal
S > u=1277 strength:

llllllll-‘lIO‘lllll u=1.2%+0.3

Signal strength (u)

Most important contributions from H—-yy, H—>ZZ*—4l, H-WW*—lvlv
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Post July 4th 2012

July 315, 2012:

Observation of a New Particle in the Search for the
Standard Model Higgs Boson with the ATLAS Detector at
the LHC

submitted to Physics Letters B
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ATLAS

JA EXPERIMENT

Run Number: 204026, Event Number: 33133446

Date: 2012-05-28 07:23:47 CEST
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( H—\WW®*)—4] Overview J

o(H—>WW*— (v(v)~ 0.18pbat7 TeV ~900in5 fb"
a(H —>WW* > (v(v)~ 0.23pbat8TeV ~1150in5 fb"
(m,=125 GeV)

|+

Large cross section, but the neutrinos cannot be detected

Detectors cover almost all 4t of solid angle, so we can
calculate the missing momentum

... but only the transverse component is constrained
Limited mass information can be recovered:

. 2 ) 2
Transverse mass: m, = \/ (E;l + E;Z”SS)Z - ‘ pr+EM[ with E; = \/ ‘ pﬁ‘ +m;

* Rather than a peak, a signal produces a broad distribution
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H—=WW®)—4|

m- distributions

> F I L L L L L :g 510 e B L ;JD" ;;Bé{ é;t;
- P — - ata 7 Sys @ stal -
S 6ok ATLAS oy Dn 2 So o O | ATLAS Wy O vz
2 C {s=8TeV,[Ldt=58f" [  [SndeTop 7 - 50:_ s=8TeV, [Ldt=581fb" E tZT+jets % s&zifsTop g
E 50 C H—)WW(*)—>GVMV + 0 jets (e % :V:Zt:‘eev] - -'g r H_>WW( )—>uvev + 0 jets D H [125 GeV] ]
© s ] g 40r =
T 40f + ey, O-jet 3 oof H. ue, O-jet ]
s ) . ] 30 _ _ 3
30 + signal is stacked 3 - 7 signal is stacked ]
- S gy B . 20F -
20 — L — : :
10 :_ _: 10 :— —:
C ] C R - i —— = =~ - - :
%O 100 150 200 250 300 %0 100 150 200 250 300
my [GeV] my [GeV]
> o L L B B B LN BN > L L B B B B B LN LN B
8 60 E— ATLAS —4— Bkg. subtracted Data f 8 - ATLAS —¢4— Bkg. subtracted Data ]
2 f Vs=sTev[lot=ssm T[] Hreseen ] ° 100 G stevfldt—arm' [ ] wizseen ]
% ﬂ% Hewwﬁeammwm+0Mpm E % 80}V7—8EMfLm—58m‘ {
o - = - ) . ]
o “F Bkg-subtracted - g b oot E
o § C a0 + data, 2011 + 2012-
- 0/1 jets - - , ;
10F- E 20f- 0/1 jets 7
of + ] of + + . ]
- ++ - - B + ]
= ' ' DT . = 201, .1 ! . F+’ | —

60 80 100 120 140 160 180 200 220 240

mr [GeV]

60 80 100 120 140 160 180 200 220 240

my [GeV]
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[ H-WW®—4l 201142012 data ]

Q_O IIIIIIIIIIIIIIIIIIIIIIIIIIIIII(I*)IIIIIIII LIIIIlIIIIlIIII Illllllllll(*)lllllllJ
= 10° ATLAS H—=WW" '—lviv 6 ATLé\S . H-WW '—lv -
S g2k — Observed (s=7TeV: [Ldt=4.7 b C e <1 (s=7TeV: [Ldt=4.71b" ]
— 10 ---- Expected Vs=8TeV: [Ldt=5.8fb" \_ —Exp.m =126 GeV ~ Vs=8TeV: [Ldt=5.8fb" ]

— 2InA() <1

Signal strengin (u)
o

1
10 .
102 E
10° =
10 ]
10° —
10° —
10-7....I....I....I.“\...I....I....I....I..’.;.. t:....I....I....I....I....I....I....'_t

110 120 130 140 150 160 170 180 190 115 120 125 130 135 140 145 150

m,, [GeV] my, [GeV]
my = 125 GeV: Event yields in 2012:
0-jet 1-jet 2-jet
Signal 2014 512 0.34+0.07
3%x10-3 280 230
Background 142+16 2616 0.35£0.18
Signal strength (u): ©#=1.4+0.5 |observed 185 38 0

(At 126.0 GeV, p=1.3+0.5 GeV)
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[ Observation paper

* On July 318t 2012 both
ATLAS and CMS A—
submitted paper drafts S
to PLB

« ATLAS incorporated
the WW analysis into
the combination

Events/ 1.5 GeV

8

5/(S+B) Weighted

| P I I 1 J
00 120 130 140 150
m,, (GeV)

ATLAS 2011-12 (s=7-8 laV

o [S o
= il i i W R o
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[ Observation paper Combined significance J

Adding 2012 H—=WW data to the ATLAS Higgs combination:

> ATLAS 2011-2012

Local p

{s=8TeV: [Ldt=5.8-5.9 fb" Mx1o W,ZH — bb

Vs =7TeV: [Ldt = 4.7 fo"!
H— 1t

\s =7 TeV: [Lat =( *4).6-4.7 fo!
H—WW ' — Iviv
Vs =7TeV: [Ldt=4.7 fo”

Vs =8TeV: [Ldt=5.8fb"
H—y

\s=7TeV: JLdt=4.8fb"

Vs =8TeV: de(t*)= 59"
H—-2ZZ" — 4l
Vs =7TeV: [Ldt= 4.8 o

Vs =8TeV: [Ldt=5.8fb"

- | | | | | |
Vs=7TeV: [Ldt=4.6-4.8 fb" E’f;_' ATLAS 2011 -2012  m, = 126.0 GeV

110 115 120 125 130 135 140 145 150 Combined

mH [GGV] Vs=7TeV: [Ldt=4.6-48f0" u

Vs=8TeV: [Ldt=58-591b"

=1.4+0.3 +
| | i |

For 60, the chances that the events observed
were due to random fluctuations are less than
one in 1000 million.

4 0 1
Signal strength (u)
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[ Observation paper

Mass determination

IIIIIIII|IIII|IIII|I'L‘III

—~~ I I I I I I I I I I I I I I I I I I I I I I I I
1 L

= - ATLAS 2011 - 2012

D O ys=7TeV:|Ldt=47-48fb" + Bestfit

C ‘ 1 — 68% CL

© Vs =8 TeV: [Ldt = 5.8-5.9 fb

T --95% CL

o 4 —H-vy

_53 —H-272" >4

m ." -

130

135

» Likelihood ratio contours from scan of y and my
» Good agreement despite poor mass resolution in H>WW

my, =126.0 + 0.4 + 0.4 GeV

L. R. Flores Castillo
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[ Conclusion What we know

A new resonance has been observed in the search for the SM
Higgs boson

e Mass ~ 126 GeV

* No other Higgs-like particle between 111 and 559 GeV
* |t decays to 2 photons and to 4-leptons: it is a boson
* Its couplings to gg, ZZ and WW are ~ compatible with SM Higgs

H->vyy 450 250 1.8+0.5
H->4-leptons 3.6 0 270 1.2+0.6
H>WW 280 230 1.3%0.5
Combined with 590 49 o 1.4*+0.3

other channels
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[ Conclusion What is next? ]

Work in progress on properties of the new particle
* Spin measurement
— The SM Higgs boson should have spin 0
— All elementary particles we know so far are either %2 or 1
— If confirmed, this would be the first elementary scalar
« Couplings to fermions and cross section
— So far, only boson couplings observed: ZZ, WW, gg (in ATLAS)
— H to tau tau and bb to be updated soon (~ Fall)

Extension for data taking until December 17, 2012.
~25 fb-1 expected at 8 TeV, to add to 5 fb-! from 2011.
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[ Conclusion Possibilities ]

If the large signal strength (u) for H— vy (1.9+£0.5 for ATLAS, 1.6+0.4 for
CMS) is confirmed with more data, new physics may surface:

* In the SM, the most important Higgs production process in pp interactions is
gluon fusion through a top triangle.

production decay t', b’, W, etc. (charge)
g (_ Y
EETE Y t W, t
ty —-I-_| -------- H_. Wt
229809000 1 w, t
g A__t, b, etc. (color) Y

« If the SM is not the whole story, additional heavy particles could contribute to

these triangles:
— New particles with color would contribute to the production triangle

— New particles with charge would contribute to the decay loop

» The presence of such new particles may enhance Higgs production and its
decay into two photons
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pr (muons)= 36.1, 47.5, 26.4, 71 .7 [GeV]

m4“ = 1251 GeV m,,= 86.3 GeV, my,= 31.6 GeV

15 reconstructed vertices

N | A
e O = W

e —— EXPERIMENT

http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST
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pr (electrons)= 24.9, 53.9, 61.9, 17.8 [GeV]

=124 6 GeV M, ,= 70.6 GeV, my,= 44.7 GeV

12 reconstructed vertices

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 203602
Event: 82614360
Date: 2012-05-18
Time: 20:28:11 CEST
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123 9 G V pr (eepp)= 18.7, 76, 19.6, 7.9 [GeV]
m = ! mg.=87.9 GeV, m = 19.6 GeV
2e2| € 12 reconstructed vertices

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST
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| 2011 data

> L
035~ ¢ Data . imi
G | I Background zz" ATLAS Pr(e,)hmmary
O | [ Background Z+jets, tt
E 300 = Signa (mH=1 25] GeV) H—ZZ '—4l
GCJ E ] Signal (m =150 GeV)
o 25 [ Signal (m =190 GeV)
- 777 Syst.Unc.
20L

/s =7 TeV: [Ldt = 4.8 fb™

15s =8TeV: [Ldt = 5.8 fb”
10
5
oF
100 150 200 250
m,, [GeV]
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[ Introduction ATLAS]

Muon Spectrometer (Inl<2.7) : air-core toroids with gas-based muon chambers
Muon trigger and measurement with momentum resolution < 10% up to EM ~1TeV | Length : ~46 m

Muon Detectors

Tile Calorimeter Liquid Argon Calorimeter Radius :~12 m

3-level trigger Weight : ~ 7000 tons
reducing the rate -~ — Y ~108 electronic channels
from 40 MHz to AT e = 3000 km of cables
~ 400 Hz b,
/
=
) " Inner Detector (Inl<2.5, B=2T):

<~ Si Pixels, Si strips, Transition
- Radiation detector (straws)

Precise tracking and vertexing,
e/m separation

Momentum resolution:

o/pr ~ 3.8x104 p; (GeV) ® 0.015

SCT Tracker Pixel Detector TRT Tracker

Toroid Magnets  Solenoid Magnet

EM calorimeter: Pb-LAr Accordion HAD calorimetry (Inl<5): segmentation, hermeticity
ely trigger, identification and measurement Steel/scintillator Tiles (central), Cu/W-LAr (fwd)
E-resolution: o/E ~ 10%/VE Trigger and measurement of jets and missing E;

E-resolution: o/E ~ 50%/VE @ 0.03
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[ Channel 2 H — ZZ" — 4 leptons ]

The golden channel: small rates, but very clean

— Cross section X BR ~ 4 fbo (@ M, =125, V=7 TeV)  Expect 14 sound in 5 b

— Can be fully reconstructed; excellent mass resolution

H—-ZZ"—4u H—ZZY—4e
SIGNAL o= 1 98 + 0 03 GeV o= 2 53 + 0 06 GeV
% """"""""""""""" i %0.08_ """"""""""""""" ]
g [3 g 0.1 ATLAS Simulation ] 80 g ATLAS Simulation E
t > [ 1 b
S e m,=130GeV i S0 06; e m,=130GeV ]
P t _-ogo 08+ Gaussian fit -og : F Gaussian fit
; : H_>ZZ(')_)4u : ;0.055 H—)ZZ(')—)4G 7:
I -t |
DOMINANT ] [ 0=1.98%+0.03 GeV 7 mo 03; 0 =2.53%0.06 GeV ]
BAC KG ROUN D 004? fraction outside + 26: 15% ] ) | fraction outside + 25: 18% #
i 1 0.02F
. 4 b 002 , 0.01- *f
—_— r b L
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] i Backgrounds:
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+ “Reducible” backgrounds: Z+jets, tt
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December 13, 2011 Ple:lljlljz’irglication
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January 2012
[ December 13, 2011 PRL Publication J
0 Moriond
& [ ATLAS Preliminary 2011 Data 1
® [ —Obs . 1 Excluded @ 95% CL:
§ I ---- Exp. JLdt=4'6'4'9 b ] 110 <my<117.5
E 08 (s=7TeV 1 1185<m, <1225
o 1k . 129 <my, <539
5 :
i | The window of possible low
- . mass Higgs is now: A
1 122.5 <m, < 129 %ew‘bs/
10 =
- ClsLimits I l o & Q{‘/
100 200 300 400 500 600 Vp\/
m,, [GeV] QV e(}
&

« Significance: at m,;=126 GeV, local significance of 2..5&
« Dominated by contributions from H—yy (2.80) and H—4 leptons (2.10)
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H—vy Key experimental aspects ]

2 = @.@, a=opening angle of
m
vy “ the two photons

Stability of EM calorimeter response vs time

—

Relative energy scale

1.005
1.004
1.003
1.002
1.001

—

0.999
0.998
0.997
0.996
0.995

and pile-up) durlng full 2011 run better than 0.1%

444444444444444444444444444444 RMSOOS4%.W—>GV E/p
RMS 0.052% | O Z—>ee inv. mass

01/03 01/ 05 01/ 07 31/08 31/10

Date (Day/Month)

Calorimeter energy response calibration -
(from Z—>ee, W>ev, J/¥Y >ee):

Energy scale at m, known to ~ 0.3%
Linearity better than 1% .
Constant term of resolution: .
~ 1% in barrel, 1.2-2.1% for end-cap

Measure y direction with sampling
calorimeter > get Z of primary vertex

Calorimeter pointing reduces vertex
uncertainty from beam-spot spread from
~95-6cmto~1.5cm

Robust against pile-up

Angular contribution to mass resolution
becomes negligible
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[ H—-ZZ*)—4| Lepton reconstruction and id ]

Electrons in 2012 data

* Improved reconstruction

— New pattern finding/track-fit
» Improved identification
— Pile-up robust

— Higher rejection and efficiency
than in 2011

Muons in 2102 data

« Combine Inner Detector (ID) tracks

with tracks in Muon Spectrometer
(MS)

» Extended coverage:

— ID-track + energy deposit in

calorimeter (|n|<0.1, pT>15 GeV)

— MS stand-alone (2.5<|n|<2.7)

Electron identification efficiency [%]
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[ Higgs combination

Evolution over time J

= 10 \s =7 TeV (2011), [Ldt = 4.8 fb™
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