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8w 2012pp\s=8TeV 1

Increased Vs to 8 TeV

Delivered Luminosity [fb ]

Inst. luminosity L = 3-6 1033 cm2s!

= 6.3 fb* recorded (= 95% of delivered) 2

: 0 1 | |
= 5.8 tb™* with good detector performance ya® po* 3o oct
Siife Month in Year
(= 94% of efficiency)
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> 8? - LHC Delivered
ATLAS p-p run: April-June 2012 8 75 [CJATLAS Recorded
Inner Tracker Calorimeters Muon Spectrometer Magnets g 61 Total Deliveredf
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Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid E 5?
© =
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£ 3f
All good for physics: 93.6% T -
O
Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at = 2:
Vs=8 TeV between April 4t and June 18t (in %) — corresponding to 6.3 fb! of recorded data. The inefficiencies in the LAr 1
calorimeter will partially be recovered in the future. -
0 1 1 ! 1 1 | 1 :
30/03 27104 25/05 22/06
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SM measurements important for
validation

top and diboson processes studied and
well measured

experimental cross-section for many
background processes (ZZ, ttbar) at 8 TeV
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= = 35pb”
s F S LHC pp ys =7 TeV
© . -  35pbT we= Theory
10" = ® Data 2010 (L = 35 pb™)
- © Data 2011 (L=1.0-4.7 b
10° LHC pp {5 = 8 TeV
= === Theory
- ® Data 2012 (L=5.8 ")
10°
10 =
T 1

Measured ¢(ZZ) = 9.3 £ 1.2 pb

SM (NLO) 6(ZZ) = 7.4 + 0.4 pb

Oz [Pb]

- NLO QCD (MCFM, CT10.0)
i ATLAS Prelimipary 22 (6B)
—— ZZ (pp)
1w e
i ATLAS Data 2012 ({8=8 TeV)
™ ® ZZ-- Il (66<m <116 GeV) L=5.8 fb’
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" Tevatron (15=1.96 TeV)
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Peak level of pile-up ~ 30 int/cross

Trigger and reconstruction algorithms
optimized (MET, soft jet, ecc.)

Pile-up suppression using track
informations

Reconstruction and identification
~ indipendent from pile-up

Primary vertices reconstructed
= 60% of int/cross

Stable resolutions
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A Z = uu event with
25 reconstructed
vertices

10— : ———— 32
— . R 2 5
o F : \s=8TeV 1% @125 GeV gg fusion dominates O(10 pb)
X 10 - g important contribution O(pb) also from others
f 3 - production channel (VBF, VH)
Q i ) : : TR
% Higgs production cross section increases ~ 1.3
1E E w.r.t. Vs = 7 TeV (similar for backgrounds)
} . Expected increase in signal sensitivity = 10-15%
10-1 E_ ] —5
E : S q q q qr Wz q 1
o |
- : -= H —"" -~ H
107 : 1 .
80 100 200 300 400 1000 | | ¢ q 4 q H i
MH [Ge\/]5 (2) g9 = H (b) VBF (c) VH (d) il
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X 12_\/BF HA4 1 WW — Fvqq E §
© L WH 4 Fvbb WW — ['vly 1~
10—1; """" : ZZ—1Tqq -
- ZZ — I'vw ]
107 B _ ‘ ZZ I
sl ZF - Ibb\ |2 i
10 = IE-= e, u \’\*.\. Yy ;
VE VeV Vs _——— -
g= udscb OO
10_4 | | | : | | | | | | \ | | IR T |
100 150 200 250

Higgs searches @125 GeV
achievable in different
channels

H = WW, 1t are dominant

but difficult (jets, missing
Et signatures)

Significant contributes from
H = ZZ, vy decay channels
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& -H'AILA""§”2i>'1'1”'””""" """ 2011 Data -
S - Obs. 1 1 .
s 105 g det — 4649 Combination of several channels:
e B Y :
-g : [:[]:2 \s=7TeV i H= vy
s | I
2 H = 7t (3 final states)
& 1 -
- q H —> ZZ(*) = 4], llqq, llvv
! ) H —> WW(*) = lvlv, lvqq
1 Cl.s Liqvits 1 1 l VH = Vbb (3 final states)
107990 115 120 125 130 135 140 145 150
my [GeV]

‘ 1114 < mH < 116. !
Excluded at 95% CL 3 regions —— | 119.4 < mH < 122.1 GeV
129.2 < mH < 541 GeV y
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Local po = consistency with
background-only hypothesis

For SM Higgs boson signal =
signal strength pu =1

-2InA(u)<1 Intervals

I B B P s o = I O O B O
ATLAS my =119 GeV ) m, =130 GeV
W,ZH— bb —on—i- ti .i

H— 1t -_.__- ._.._._. ._.._._.

H— yy -—h —— -—o—-

HoWW =y el Lot o

H — 4-leptons

Combined

T B

(=) =3 BELIAJLINL N B L SLANLINL N B I B N S BN N N B B SN B B B B A B B I e
e = ATLAS 2011  fLdt~46491" 1s=7Tev
S - eeeee Exp. Comb.  ----- Exp.H=2Z—=M  ----- Exp. H - bb
- 10 —— Obs. Comb. = Obs. H—2Z — M - Obs. H—bb
E  esces Exp. H—=yy ----- Exp.H—+WW =kl ----- Exp. H - vt
[ —— Obs.H—yy —— Obs.H-WW Ny —— Obs.H-»rr
S —
Y N N2
:__fii_:?T;‘ -
10" E_ ......... S
10-2 E_ "‘.‘ ."'..‘
10‘3-11111111Axlllel;A.'nllnx‘AAlnjnn[‘-11111.11
110 115 120 125 130 135 140 145 150
my, [GeV]
Channel Obs Exp
Y 2.8 yba
77* = 4] 2] 1.4
WW#* = [vlv 0.8 1.6
Comb 2.9 2.9

|
-1

w

ignal Strength (u)

minimum po observed @126 GeV

small differences b/w observed and
expected values in the single channels but

combination compatible with SM expection
(U =1.1 £ 0.4 for mu = 126 GeV)
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Improvements
w——— *

improved reconstruction and
identification of physics objects

gain in e/y/u efficiencies
pile-up dependences minimized
smaller systematic uncertainties

well studied detector
performances

I

' signal region data inspection |

Analysis strategy

s ——

QMC based optimization

i,_,
)

- data check in signal sidebands "
i background control regions |

{
|
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c =50 tb @126 GeV

simple signature = 2 high-pr photons
(Er > 40, 30 GeV)

Main background = yy continuum

10 different categories based on y rapidity,
converted /unconverted y, pt: variable, 2jets

bin
VBF channel introduced (+3% in sensitivity)

optimized y identification and isolation
(+15% 1n sensitivity)

10

Category Teg FWHM Observed
[GeV]  [GeV] [New] [Newl L
Inclusive 1.63 3.87 3693 _100.
Unconverted central, low pr; 145 342 235
Unconverted central, high py, 1.37 323 15
Unconverted rest, low py; 1.57 3.72 1131
Unconverted rest, high py, 1.51 3.55 75
Converted central, low p, 1.67 3.94 208
Converted central, high py, 1.50 3.54 13
Converted rest, low py, 1.93 4.54 1350
Converted rest, high pr, 1.68 3.96 69
Converted transition 2.65 6.24 880
2-jets 1.57 3.70 18

I
b

After all selections:

B = 3635 exp.
S = 100.4 exp. @126 GeV
S/B inclusive = 3%
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2 depends on zo
. reconstruction

Gaussian+Crystal Ball : E1E2 1 - COS g%
| S | depends on A
%calorimeter response \ 4

model

_l I T T T | T T T I T T T I T T T I T T T I T T T I T T T I T T T | T T T I T
[ —e— True vertex ATLAS Simulation

1 .005 T | T ! |' T | T |

> i ® T -
(Lg 0.12 — —— Max X pi Preliminary — g 1.004 ; ............................ RSM'S:“B'.'O'54%' ......... .............. oW —>6VE."|‘3 .......................... __; '§ 0.16 - ATLAS Preliminary e Data 2011 (*=1.5m)
o - —— Likelihood ] 5 1.003 RN RMS: 0.052% O Z —€ee Inv. mass 3 = E \s =7 TV, deg =491 © Data2011 (f°=1.0m)
™. 0.1——+— Calo pointing gg—=H-vyy 5 : é E E 0.14F g — MC (yy)
S 0.08 \s=8TeV 3 2 o4 H | |g  F 2unconverted photons
© C 1 = - E E 01 i<1.37
£ .08 1 & 1 = e :
T ] 0.999 5 Mle "%
0.04 — — 0.998 ‘E E Mresponsestabilityvstime ....... _; E 0.06 :;_
000 C ] 0.997 :_D ..... t ...... 2 011\}_TTV ....... L dr ......... 4gfb‘1 ......... .......................................... __f 0.04
02— - = ata Ns=7 leVv, it = 4. - n
C o e ] 0.996 - ATLAS ............ FJ ....... | T S e o = 0.02 =
L ':.’_i' Lo o v s by s by g 1y f“*- N 0 995: | | re Imlrllary E 1 | 1 |: ” i A PO | by -
0 116 118 120 122 124 126 128 130 132 134 ’ 01/ 03 01/ 05 01/ 07 31/ 08 31/10 -950 -100 -50 0 50 100 150
M,y [GeV] Date (Day/Month) A Zeapointing (M)

: calorimeter segmentation
good mass resolution MC and data performances studies (longitudinal and lateral)

linearity better than 1%

inclusive mass tracks from converted y

resolution = 1.6 GeV uniformity ~ 1%
oz = 1.5 CIm

11
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Events / GeV

100

Data - Bkg
o

-100

-+
4

T T T v v Ll T T T T v 1 v T L v

Selected diphoton sample
L4 Data 2011 and 2012

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

Sig + Bkg inclusive fit (m = 126.5 GeV)

s=7TeV, f Ldt=481b"

+*

ATLAS Preliminary

s=8TeV, f Ldt=591"

100

150 160

m, [GeV]

12

Y, Y], jj background model

invariant mass spectrum fit in
each categories

signal plus background (4th
Bernstein pol.) fit model

model with small potential bias
@125 GeV

unweighted sum of events
passing kinematic selections
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95% CL limit on OIOSM
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1 | 1

Data 2011, Vs=7TeV,[L=4.81b"
Data 2012,Ys=8TeV,[L=591

- lllllllllll
107

110 115 120 125 130 135 140 145 150

my [GeV] my, [GeV]
Expected exclusion (95% CL): S SR O Bigp
110-139.5 GeV 2011 126 GeV 3.5 1.6
Observed exclusion (95% CL): 2 127 GeV 34 1.9
112-122.5 GeV and 132-143 GeV e —= =

13
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Uneonvereg [T T T T T g T T T
;nmum: - + ATLAS Preliminary —
mwg:a— + Data 2011+2012
mmdpn - — 4
Gareres | e Vs=7Tev[Lit=481
rostiow Py . - 1
ey ; Vs =8TeV, f Lot =591
vansiion | . ——*— SMH- -
Two jets e (m, =126.5 GeV)
Combined PR TR ST S T T l ;—.: " 1 1 |
-5 0 5 10 15
Signal strength

almost all the categories analized
are consistent with the SM but

there are some small deviations

14

Signal strength
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- Best fit .
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M, [GeV]

Best fit value for mu = 126.5
—> 11 =1.9 + 0.5
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6 x BR = 2.5 fb (@126 GeV) Improvements

B—————

clear leptonic signature
kinematic cuts optimized

ignal ker '
é(/)](;dflg al to bac S ound ratio increased electron-ID efficiency (brem.,ecc.)
standalone and calo-tagged muons added
Main background: irreducible : B
; f20% d 30% 1
Z27* and Zbb, Z+jets and tt (at Ef‘glﬁi?icance () 2nd 3ol eene

low mass region)

ngh accep tance and 200 d Selection Original Optimized

leptons reconstruction and Lepton pr (e/p) 20,20,7,7 20,15,10,7/6

identification for low-pr my cut |mia- mz] < 15 GeV | 50 < myz < 106 GV
ms, cut mih < My2 < 115 GeV ' mh < my» < 115 GeV

Good Er/pr lepton resolutions

19
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E‘ 1003_ ATLAS Preliminary i E 100; ATLAS Preliminary _f A
2 gpypersess i..i.f...fﬂ..i..?.&q.v...... ...... s g Rn s Laaannnnn s as ap s LafnnnsFassans SR e O =5
= N vy LA‘“‘A ¥i*: = "98‘5 ¥ ? ) 55 o 98/()
o 95 : Yy £ 5 %6 , o+t
g o4, N b E g - ;4 =
g o2 d b o 2 920 % ‘{‘ = electron reconstruction
g F 1 g 0% 3 efficiency ~ stable vs n
& 88 201 2012 T S 88 2011 2012 —
5 - e Data_[ Ldt~4.7f"  _y_ DataILdt~770 pb” ] 5 AP Dataj Ldt~4.7f'  _y Data|Ldt~770pb" 1 and ET
= 865 . wc —5— MC E £ 86 . —F— MC e
B4 s 05 0 05 T s 2 8452025 30 35 a0 45 50
Cluster ET.CIuster
- 105 4 LR | [ v 7 | J ‘ .
°\;‘ - ATLAS Preliminary Data 2012 | Ldt=770pb’ - e, : 3
& N e e J e Re-optimized e-ID using pile-up robust
'8 95— ' : . At R R = . .
e % snt | variables (TRT, calo-strip, ecc.)
S 85 ‘ : o k ol 3 d
- Gabi : Identification efficiency ~ indipendent
g s from pile-up
5 70 * Data Loose +  Data Medium = Data Tight
S gsp © MoLoose MC Medium MC Tigh Efficiency 95(80)% for loose(tight)
R U T D PR identifications quality
Number of reconstructed primary vertices
16
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L E
%’o.sm:*:.ﬁ.c . ) - . .
vk |3 — Muon reconstruction efficiency
094 e stable (~ 97%) vs Er up to 6 GeV
0'92;_ ?§|=17'3 {012data, chp:‘ns—;
R T Mass resolutions measured in 3
3 O,QQP arerenees — different channels (1.8-2.5 GeV)
0.980 5 10 15 20 25 30 35 40 45 50
u
3% T artaseimnay 1 & [ aniaseeimmary ] 390 aiaspreimnay |
© .4 Simulation 1 8, gl Simulation 1 20,07 Simulation E
3, b e 3L hame | Soosf - anme _:
w 0.08- . :d s . P
0.06 . 0.05

- H—ZZ 4y ({5 =8 TeV) | H—=ZZ'—»2e2u ([5=8TeV) H—=ZZ"—4e ({5 = 8 TeV)

0.06 — i T 0.04 j
[ m=(129.72 = 0.03) GeV . ] - m = (129.16 + 0.04) GeV : m = (128.35 = 0.07) GeV ]
| o=(1.78+ 0.03) GeV ] 0.04} o= (2.02 + 0.04) GeV . 0,031 ©=(246=008) Gev E
0.04 traction outside = 2o: 19% | 7 | fraction outside = 201 22% d 1 ) fraction outside + 20: 20% 1 1
000 4u: 0=1.8 GeV | i ooz 2e2u: 0=2.0 GeV i 002t 4e: 0=2.5 GeV E
b with Z mass constraint 'T - | with Z mass constraint . i 0.01F with Z mass constraint é -
i | 111 I L i1 1 I_ I 141 8 I | 11 I-

g{) 90 100 110 120 130 140 150 gﬂ 90 100 110 120 130 140 150 g{) 90 100 110 120 130 140 150
my, [GeV] my, [GeV] my, [GeV]
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S

,A;’:: S Preliminary my1 > 160 GeV control region =

B Background ZZ dominated by ZZ* background
B Background Z+ 5Jets, tt

Eg:g:; gm B gga Events expected = 147 + 11

35

W
o

>
O
O
=
3
=
)
>
L

25 I Signal (m ; "_360 GeV)
7 SystUnc. Events observed = 191
20 ! )
H—ZZ '—4l : B
= 1.3 times ZZ* SM prediction

l[s =7 TeV: [Ldt = 4.8 fb
l (s =8 TeV:[Ldt =5.8 fb

-
()]

deviation consistent with
experimental ZZ* cross section value

l . local po values unchanged leaving
Y200 400 600 Z7* normalization free to float
m, [GeV]

18
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Evegnts/ 10 GeV

ATLAS Preliminary

* Data
I Background ZZ
B Background Z+jets, tt
[ Signal (m =125 GeV)

H

P Signal (mH=1 90 GeV)
I Signal (mH=360 GeV)
7 Syst.Unc.
H—zZ" -4
ls=7TeV:[Ldt =4.8 fb”
ls=8TeV:[Ldt=5.8fb"

500

>

© 40F ATLAS Preliminary * Data
O . Wzz
‘3 35F Ee7TeV: [LAt=4a8l W Z+jets, i

T 30F E=8TeV: jL=58M"

70 75 80 85 90 95 100 105

m, [GeV]

my < 105 GeV control region = peak at mz for
single-resonant 41 production

Events expected = 65 + 5
Events observed = 57

Consistency b/w data and SM prediction within
uncertainties

Data-driven methods for background estimation

Zoy*

_ > 29, Enhanced relaxing cuts

on Mio(34) and P4

19
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Events/5 GeV
N W W
(6)] (] (4)]

N
o

15

10

| jets, tt
_125’ GeV)

A j ) =150 GeV)
j; § =190 GeV)

ﬁ.'[ JLdt=4.81b"
V:fLdt =5.8 fb”

ATLAS Preliminary

H—zZ"'—4]

250
m, [GeV]

200

|

In the mass range 120-130 GeV (SR)

Data Sample Exp. B Exp. H(125) Obs
2011 2 + 0.3 2 + 0.3 4
2012 3+ 0.4 3+0.5 9

2011+2012 5.1+ 0.8 5.3+ 0.8 13
3 leptonic sub-channels
2011+2012 4u 2e21 2¢
Data Obs 6 5 2
Exp. S/B 1.6 1 0.5

51gnal plus background SM predlctlon 1

20
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3102
@] N
B
c
o
E
— 10E
@) _
X
X
10"
110 120 130 140 150 160 170 180
my, [GeV]

Expected exclusion (95% CL):
124-164 GeV and 176-500 GeV

Observed exclusion (95% CL):
131-162 GeV and 170-460 GeV

Qo LA I LA l TV T ] LA ] T P 71 ] LEBLBLERLI I LELE TJ

— 10%F — Obs. combined ATLAS Preliminary

8 ------- Exp. combined ZZ‘.] &

S ol AN
....... p' . -

10 o 2015 Vs=7 TeV:[Ldt =48 10"y

: Vs=8 TeV:[Ldt =5.8 fb" -

107

110 120 130 140 150 160 170 180

m,, [GeV]
Data pomin @  local po Obs Exp
2011 125 GeV 1.1% s 1.5
2012 125.5 GeV 0.4% e Ty
2011+2012 125 GeV 0.03% 3.4 2.6
21
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g a9 ATLAS Preliminary 2011 + 2012 Data

c § 1 Exp s =7TeV: [Ldt = 4648 10"

2 = ggg 2 (s =8TeV: [Ldt=5.859 1"

£ o, 2 1‘3

-

o

X1

To)

(o)}
-1

10310 115 120 125 130 135 140 145 150 10115 120 125 130 135 140 145 }gg\,]
m,, [GeV] ™
Expected exclusion (95% CL): Data  pomin@ local po Obs Exp
110'582 GeV 2011 126 GeV < 1 %o 3.5 3.1
. (0)
Observed exclusion (95% CL): 2012 - 127.0eV - <1 % 2 3-3
110-122.6 GeV and 129.7-523 N 2011+2012 | 126.5 GeV | 3x 107 5.0 4.6
22
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2011 + 2012 Data
s=7TeV: |Ldt = 4.6-4.81b"
Ys=8TeV: |Ldt=58-59M"

ATLAS Prelimir;ary
—— Obs.

Local P,

sssfessSececcdosssvnssnaBoffPeons

.................................................................

.................................................................

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

400 500 600
m,, [GeV]

300

Good consistency with |
background-only hypothesis |
(<20) except in one region |
" around 126 GeV |

23

o, T TV VT VTV TY YT ypYaYoETy I"r‘I ''''''' [ TTTTTTT
2550 ATLAS Preliminary 2011+20120ata—
L - N
B | — Bestfit Vs=7TeV: [Ldt=46-48M" ]
& 20 m-amaw<i (s =8TeV: Ldt=5859 "
12 = .
< 1.5 -
c f -
o :
n 1 -
0.5 =
0f ]
-0.5F =
R | P P P 1T P PRI PR P P -
110 115 120 125 130 135 140 145 150
: m,, [GeV]

Best fit signal strength @126.5 GeV
n=1.2%+ 0.3

(compatible with SM prediction)

giovedi 12 luglio 12




-2InA(n)<1 Intervals

2011 - 2012 Data

T T T T T 1
ATLAS Preliminary

W,ZH — bb
B=7ToV: flot=46470"
H-— Tt
\i-‘lYoV:fLa-.C]m'
H—WW" = Iviv
\s=7TeV: [Lot=47 1"
H-—y

s=8ToV: JLot =59 1"
Vsw7ToV: fLotwas '

(*)
H—2ZZ  — Il
\s=8TeV: [Lot=58 1"
Vs« 7TeV: [Lot=anm’

I

| L

vy and 41 channels
comparison

Combined

Vs=8Tev: fLot=58-50m"
Vs=7ToV: fLdtwd6-48m"

| N SN NN N S —

|

[

!
-1 0 1
Signal strength (u)

Signal strength (u)

5

45' ATLAS Preliminary Best fit (marker) _:

. _ 2InA(um) <23 (solid)
4 EI?TGVZ {Ldt-48 fb‘ -2Inl(p,m_)<6.0(dashed)_3
- Vs=8TeV:)Ldt=5859f"' .

3.5 —H-oyy S, N

3

: TR T e I T T

PRNNET IR S S S N ST S SN S SN U S S S S
120 122 124 126 128

my, [GeV]

2-dim likelihood fit to signal mass (mu) and strength ()

- muand p compatible with

== ———

24
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Updated analysis based on 2011+2012 data in different channel

H=>vyy/H=>Z7Z7Z* =>4l llvw/H=> WW*=>1lvlv /H=> 1t/ VH = Vbb
Observation of significant excess in the search for SM Higgs boson

excess around my = 126.5 GeV with local significances of 4.50 (yy) and
3-40 (41)

combined result gives a local significance of 5.00 at mu = 126.5 GeV

Evidences for a new narrow resonance (boson) with a mass = 126 GeV

25
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