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“I certainly had no idea it would happen in

my lifetime at the beginning, more than 40
years ago.

I think it shows amazing dedication by the

young people involved with these colossal

collaborations to persist in this way, on

B what is a really a very difficult task.

»”
Observation of a new particle in the search for the Standard Model I Congrat"llate them'
Higgs boson with the ATLAS detector at the LHC * Peter nggS, JuIy 4th’ 2012
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Higgs Discovery
| IR

* The discovery of the Higgs particle would wrap up the Standard model in
the most elegant and simple way

= Light Higgs most natural, but opens up the possibility of the “Great Desert™(no
new particles) up to the Planck scale — 10%8 eV — 100 GeV is 10! eV !

= Measurement of Higgs properties a sensitive tool for probing New Physics

Quarks

R | Wy [N w
d s "b

down strange || bottom

Electron Muon
0.000511 GeV 0.1057 GeV

Up Quark Charm Quark Top Quark
0.0025 GeV 1.27 GeV 172 GeV

Down Quark Strange Quark Bottom Quark
0.005 GeV 0.101 GeV 4.2 GeV
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Large Hadron Collider
- —_— e ————

e Large Hadron Collider

-

T

e LH.G at §!5- _ L s
i "T"' e
14 (2x7) TeV
8 TeV, 7 TeV
1034 cm2s1
i/ x1033
e Why 7-8 (2x4) TeV ?

« B =83T>E, =7TeV

max

* 3.5 then 4 TeV considered safe

e (Consolidation to design values
during 2013(&14) break

Venice, March 7, 2013 Marko Mikuz: The Higgs Hunt with ATLAS 5



orformance |

o ——

plan at the
IX meeting
) was >1 fb! per
iment

bunch spacing

to increased peak
inosity up to
Bl cm s the i
| integrated 28102 30/06 30/08 31/10
osity surpassed 5 payin20m
end of 2011 ’

he luminosity
1) was
in the final
ning

T T T T T T | T T T T T T T ‘ T T T T T T T | T T T T T T T
ATLAS Online Luminosity \s=7TeVv

[] LHC Delivered
- [_] ATLAS Recorded

Total Delivered: 5.61 fb™
Total Recorded: 5.25 fb™
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£ ATLAS Online Luminosity ~\s=7Tev
* LHC Stable Beams
E Peak Lumi: 3.65x 10°° cm? 5!

25+
15E
15
0.5? j . =
OZ‘J.\“J:H R N R Y P
01/03 03/04 06/05 09/06 12/07 14/08 16/09 20/10 22/11
Day in 2011

Peak Luminosity per Fill [10 ** cm2 s
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olan was
oy end June

E T T T T T T T ]
10— ATLAS Online Luminosity Vs=8Tev —
[ * LHC Stable Beams ]
gl PeakLumi 7.73x 107 cm? 8!

3 ;n..a?é:f@:i'
o . .nf; s .

Peak Luminosity per Fill [10 * cm? &1

y-1 by end of 2012 af-t ; . -
. :": i L ] : 1
eriment - L

minosity increased ——

33 -2 -1 S R | I | | | | | | —
./3x10°° cm™s g, 3% ATLAS Online Luminosity E
oy end of June §00 v EOEE

) . . € 250 = 2012 pp \/s = 8 TeV é)?’gfprév E

b delivered in the 37 :

. B 20— —

eek — still the record I :
@ 151
tal delivered b
orded by ATLAS 5

ga“ por AR oct

Month in Year
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Heavy ion run until Feb 16 8:25
End of LHC Run 1

Entering consolidation
shutdown for ~2 years

13-14 TeV

Achieve design luminosity of

1034 Cm'ZS'1 Comments (16-Feb-2013 08:25:13)
. #x* END OF RUN 1 ***
25 ns bunch spacing . .
. No beam for awhlle. Access required
Accumulate 50-100 bt in 201 time estimate: -2 years
18

AFS5: Single_36b_4_16_16_4bpi9inj

Venice, March 7, 2013 Marko Mikuz: The Higgs Hunt with ATLAS 8



florimeters

nd-cap and
meters

rs
Tile calorimeters

LAr hadronic end-cap and
. forward calorimeters

Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor fracker



Length : ~ 46 m
Radius : ~ 12 m
Weight : ~ 7000 tons

Muon Detectors

~108 electronic channels

3-level trigger
3000 km of cables

reducing the rate

from 40 MHz to

~200 Hz
K ‘. AN = Inner Detector (|n|<2.5, B=2T):
‘ - _\':'- S A= Ane T t Si Pixels, Si strips, Transition Radiation
L/l‘;\ . Ly LR a'/.-r . - I"‘e\ ’i - dAatartar [ctrawic)
ATLAS p-p run: April-December 2012 ’
Inner Tracker Calorimeters Muon Spectrometer Magnets e

Pixel SCT TRT LAr Tile MDT RPC CSC TGC Solenoid Toroid

EM caloriil 99.9 99.4 998 991 996 99.6 99.8 100. 99.6 99.8 995

e/v triggel
E-resoluti All good for physics: 95.8%

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4" and December 6% (in %) — corresponding to 21.6 fb! of recorded data.




Austria
Azerbaij_-_.
Belarus
Brazil
Canada ===
Chile
China

Colombi
Czech R
Denmar
France

Georgia
German
Greece
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Which haystack is the needle in ? iy




Higgs Decay

10°ET i

=
[}
S
TP

ays determined ” | The faster it decays
couplings K the less precise its
ays to W, Z weak o 10245 mass (Heisenberg)
ysons dominate if
nematically allowed

* One of the bosons can be
virtual

100 200 300 500 1000 T T

_— \s = 7TeV

| N
LHC HIGGS XS WG 2011

WW — Fvag
125-180
or low masses two- WWES 1vIv W s 1o

ohoton, b-quark and tau LSO S~
lecays <130 § ' 300-600
. YY ’\ Z7-> livv
 Two photons via loops ‘

125-300 27 = '

W2
‘v ZZ — I'TH

10° e
j'H — Fvbb I V= v;,\i,l,\!,C

ZH— I'lbb g = udscb
-4 | 1 1 |
10100 200 300 400 500
Higgs boson mass (GeV/c?)
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0o0s Detection

2SS
ction only O (1019) of
al cross section

irther suppression by decay
ranching ratio

e backgrounds

Need distinct event features
* Leptons (e, u) fromW, Z
* Energetic gamma rays
* “Golden” channel: H>77 - 4l

H—>ZZ - 4l and H->yy can be
fully reconstructed: H invariant
mass, but oxBR O (10 fb)

H>WW = Iv Iv has two missing
Vv's, oxBR O (100 fb)

] to understand how to
backgrounds

data and Monte Carlo
ons

- ATLAS Preliminary

35 pb”’

LHCpp {s=7TeV
== Theory
® Dala 2010 (L= 35pb™)
0 Data2011(L=1.0-47%"

LHC pp Vs =8 TeV
mm Theory

» Data2012(L=5.7 b

1.0
4.7 i

5.7 fb!
4617

471"

Yesterday’s signals are
today’s backgrounds |
(100M W, 10M Z on tape)

Marko Mikuz: The Higgs Hunt with ATLA
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powerful detection channels at low masses
SWW) = v v (counting excess events) ]
H>7Z") > 4] (H mass) ~ The Big T
H->vy (H mass) J
|| suffer from presence of background

Leptons from W, Z decays, QCD background

all oxBR results in small event samples
Downward fluctuation of signal can prevent detection
* False negative (signal interpreted as background)

ward fluctuation of background can mimic signal

Ise positive (background interpreted as signal)

ful, unbiased statistical treatment t

Marko Mikuz: The Higgs Hunt with ATLAS



ample Selectio

R —e

nt rate 20 MHz, (multiple) |- 1o | |
s every bunch crossing >
level trigger reduces this to = 10t
500 Hz of recorded events
103

rigger focuses on energetic jets,
leptons and photons thus efficiency

ATLAS Trigger Operations
high for relevant Higgs decays : LHC Fill 2686 May. 31 2012

10°

C Starting Luminosity|6.37 x 10 cm2s!

10 Ending Luminosity: 2.91 x 10™ cm?s™!
E 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1

31-06h 31-08h 31-10h 31-12h 31-14h  31-

T T T T N

Trigger composition changed on the
fly during fill to match decreasing
luminosity

—_
[e))

. . g 1.4:—I ITILAISlI'riIgée;(I)plerétilor{s I(2|01I2)I L —:
line sample selection =l MinBias Bphysics (Delayed)
Based on identification of 2 e s M adron Dclayed)
- i ) = 1= Jet/Tau/Etmiss E
aracteristic objects: electrons, g | ElEgamma .
ons, photons o % s

ge and sometimes not well- g %

backgrounds estimated < omp—

ith data-driven techniques 0.2

al-free control regions C

28/03 28/04 03/06 09/07 14/08 18/09

Marko Mikuz: The Higgs Hunt with ATLAS



w

annel ~ 125-180GeV (0 ~200 3 wWg——T T T T
( § 1o°L. ATLAS Preliminary g W 5 020"
= \s=8TeV, [ Ldt=13.0 10" LI b
g: two missing v - no mass £ 10 nowwsevviuvey " Orzsco
tion/peak - “counting channel” @

d opposite-sign leptons, large Eq, ..
ackgrounds: WW, top, Z+jets, W+jets
# m,, b-jet veto, ...

ological cuts against “irreducible” WW
kground: pT,, m,, A}, (smaller for scalar Higgs), _
MRE- ...) 200 250

2-up in 2012 ETre [GeV]

ork-horse WW = evp B0n 471 4 oty <o S
background from Z, y* > I*I L12000F- 1s=8TeV, [ Ldt=130fb" i [ SndeTop
B e r ) B Z+jets [] W+jets
ibutes 93% of WW sensitivity PO WW Sewvipvey O Hir2s Gev)
rucial to understand background
ing of E;™s (genuine and fake)

0 pile-up !
tanding of background in signal

l-free control regions in data
e MC to extrapolate to the

[ 2

coe-
o



ss above expected background observ
(Phys. Lett. B 716 (2012) 62-81)

lot of 2012 WW —> evpv data up to Oct12 (HCP
s control variable
d S/B in final 8 TeV sample still ~1:10 only

erved in 2012 data, consistent with a ~125 GeV Higgs

% 140 :_I AI1-ILIA - -I¢- Data %% SM (sys @ stat) _:
g B S B ww [ wzzzwy 7
— 120+ = =5. -1 R ] Single Top — . ,
- - \s=8 Ti‘)\/,j Ldt=5.8fb B Zicis [ Wt {{mr = \/(Eﬁi‘? + E}[r‘nss)z _ (P%ﬁ’ + P%nss)2
-'g 100 H-WW —evuv/uvev + 0/1 jets [CJH[125Gev]
) R _
> n + ’
L = i
o~ -
40 =

Signal wWw WZ/ZZ] Wy tt tWitb/tgb Z]y* +jets W +jets Total Bkg. Obs.
H+0-jet | 45+9 242+32 26+4 16+£2 11+2 4+3 34+17 334 +28 423
H+ 1-jet | 18+6  40+22 10+2 37+13 1317 2+1 11+6 114 + 18 141




ackground Fluctuation

und is a random process, N, often well
ed by Poisson (Gauss) pdf

-0 significance refers to probabilities of an
rsion from the mean of relevant pdf o) a B

r exclusion of signal presence, ~2 ¢ downward
ctuation of expected S+B is taken, allowing for 5
o false negatives

or detection of particles two landmarks on i
pward background fluctuation are agreed ‘
= 3 0: evidence, 0.13 % false positives

= 5 0: discovery, <3x10”/ false positives

0 bring background fluctuations into perspective
= For a fair dice in a ludo game Qbackground only

* 1 o effect: ~six in first trial

* 2o effect: ~2 consecutive sixes in a row

* 30 evidence: ~4 consecutive sixes in 2 trials

* 50 discovery: ~8 consecutive sixes in a row

en would you start suspecting someone is

Marko Mikuz: The Higgs Hunt with ATLAS




> WW?U) Res
o ———
t of 2012 data up to Oct

Exclusion of Higgs signal contents P, - consistency of data with
in units of oy, at 95 % C.L. background-only expectation

LA L L I L R L L L L LB

ATLAS Preliminary - gbs.
H-WW" evuv/uvev (0/1 jets) -JZ

1s=8TeV: [Ldt - 13 b 2o

LA I B A A L
ATLAS Preliminary
H->WW" Sevuviuvey (0/1 jets)

\s=8TeV:|Ldt = 13 fb"

10°

1 Illlllll
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=
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c
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=
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—
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2
wn
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| IIIIIIl|

Poor mass
sensitivity : Expected from
e broadens i . | | 1 SM Higgs at
10445120 125 130 135 140 145 150 range 100 120 140 160| given m
m,, [GeV] H
H (ZELY T

Excluded (95% CL): 139 GeV< m,, (expected: 127 GeV !)
Excess 2.80 (1.9 expected) over a broad range of m, ~ 125 GeV (poor m resolution)

larko MikuZ: The Higgs Hunt with ATLA




H->vy
Sméll cross-section: o ~ 40 fb

Simple final state: 2 high-p; isolated
photons

Events divided into 14 categories CUATLAS

Number: 204769, Event Number: 24947130

G .(,,-.‘ A LA s Run Number: 20 Event Number: 24947130
S I a

Crucial experimental aspects: EXPERIMENT

Venice, March 7, 2013 Marko Mikuz: The Higgs Hunt with ATLAS



variant Mass —

mZW: 2 EE, (1(COSG)S| a=opening angle of
N’

the two photons

Use longitudinal (and lateral) segmentation of

EM calorimeter to measure photon polar angle §
crucial at high pile-up: many vertices distributed
over oz (LHC beam spot) ~ 5.6 cm - difficult

to know which one produced the yy pair

Z-vertex as measured in yy events after
selection from calorimeter "pointing”

e
Y
(2]

2.-

1.- Measure
photon direction

Deduce Z
of primary
vertex

O Data 2011 (B*=1.0 m)

F\Ns=7T V,de1=4.9fb"
- © — MC ()

[ T[T T rrrr[rrrr T
- ATLAS Preliminary _+_ + e Data 2011 (B*=1.5m)_]

2 unconverted photons ~15
Inl<1.37 2z L

<
—_—

Entries / 10 mm (normalized)

|I1I‘III|II\|[IIII\IIIII

Q Calorimeter pointing capability

reduces vertex uncertainty from
~ 5.6 cm (LHC beam spot) to ~ 1.5 cm

- Contribution to mass resolution from

angular term is negligible with calo
pointing (Y >ee vertex also used)

O Robust against pile-up

lIIII]IJlIIIIl\l[IIII\lIIIIII

o
[*2Femm)
b

150
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->Vy Final Samg

ons: kinematic cuts,
on and isolation

ents with 100 < m y < 160
)served in the 2011+\§012 data

ed signal efficiency: ~ 40% for
25 GeV

trum fit with

rder polynomial or exponential
)yackground, depending on
gory

rystal Ball + Gaussian for signal,
ound determined directly from

Selected diphoton sample

[ Data 201142012
Sig+Bkg Fit (mH=126.8 GeV)

--------- Bkg (4th order polynomial)
ATLAS Preliminary
H—yy

Events / 2 GeV

Events - Fitted bkg
o o385
o O O O o o
HTFTEPI[IHII|IIII|IIII|IIII|IIII| T | T 1T | TTT | T T | (W |
—e—|
——
_.__
——
L A 4
—e—
——
-
-
——
L . 1
_._
= _._ B =
-4
-
—&
_._
u_|_|_|_|_u_|_|_|_|]ﬂT||||||||||||||||||||||| 1 11 | 111 | 1 |1 | 111 | 111 |

0
-
L

Vs=7TeV, J-Ldt =481f"
ILdt =207 b

T Vs=8TeV,

Main systematic uncertainties

Expected signal yield :~8/11%
H-> yy mass resolution : ~14%

Background modeling :+0.2-4.6/0.3-6.8 ev.
(category, 11/12)
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P, - consistency of data with
background-only expectation

——— Observed p (category)  ATLAS Preliminary
— — Expected p_ (category)

Observed g’ (inclusive) Hoyy
— — Expected p; (inclusive)

Data 2011, Vs =7 TeV
Ldt=481f"

Data 2012, {s =8 TeV
Ldt=20.7fb"

-14
10 110 115 120 125 130 135 140 145 150

my [GeV]
eviation from background-only expectation observed for m,
alue: “10130r 7.4 o at 126.5 GeV
)m SM Higgs: ~4.1¢0
han expected from SM... upward fluctuatio
no big point in quoting exclusion...

>
v £
g:
(O]
q:'nzo
gej
g*&s’
D &b
g
w I




1ly, however:
an be fully reconstructed - signal events cluster in a (narro
:S/B ~ 1, narrow peak ¢ ~2 GeV

4 leptons: p;234> 20, 15, 10, 7/6(e/p) GeV
1, =50-106 GeV; 115> m,, > 12-50 GeV (depending on m,)
backgrounds:
Z0) (irreducible)

1, < 2m, : Zbb, Z+jets, tt with two leptons from b/qg-jets = leptons
ppressed with isolation and impact parameter cuts on two softest lepto

acceptance x efficiency: 15-37 % for m,~ 125 GeV

xperimental aspects:
2pton reconstruction and identification efficiency down to lowe
oton energy/momentum resolution

ol of reducible backgrounds (Zbb, Z+jets, tt) in low-
on MC alone (theoretical uncertainties, b/g-jet 2 | mode
are MC to data in background-enriched control regi

Marko Mikuz: The Higgs Hunt with ATLA




— 4| Perfo

o ——
4u, 2e2u

T I !
ATLAS Preliminary ¢ Data
[ Vs=7TeV: ]Ldt=4.6 bt WZ+jetsti |

N
an
o

fication efficiency from J/p =2
—2 eV, Z—> ee data samples

lal to understand low-p;
trons (affected by material) with

C

- Is=8TeV: |Ldt=20.7 fb"

Eventrg /3 GeV
[e)
o

—
a
o

a
o

=
o
yead ssew juelieaul |y

70 75 80 85 90 95 100 105

4e mass resolution: 2.5 GeV my [GeV]

vent fraction in +20: ~ 80%

.12~ ATLAS Preliminary
L Simulation

4 e m,=125GeV

[ —— Gaussian fit

a.u./0.5GeV

o
o
5]

ed on Z - pp data sample T wozzome-eTen
-YO[™ m=(124.88 £ 0.02) GeV

IR tion etficiency s, [
4<p<100 GeV 3 ‘i f
esolution: ~1.6 GeV : F A

80 90 100 110 120 130 140
0: ~ 85% m,, [GeV]
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— 4| Fina

S: Events in 120 < m,, < 130 Gev
s, isolation, impact parameter

s =8TeV
yove 160 GeV total signal signal ZZ®  Z+jets,tf S/B expected observed
full mass range

317/59 events (8/7 TeV) 4 58207 53207 23401 0502013]19 81209 1
) 2e2u  40+05  34:04 1701 051:0.16|15 56+07 6
ly from 2z 4 2904 23203 1001 062+016|14 39206 6
total  157+20 137+18 62+04 262+034| 1.6 225+29 27

Vs =1TeV
0 GeV 4u  10+01 097+0.13049+002005+002] 1.8 1.5+02 2
22 04+01 039005 021+0.02055+0.12 | 0.5 12+01 1
ed: 100/21 events (8/7 TeV) 2¢2u  07+01  057+008 033+002 004001 | 15 0901 2
i ] 4e  04:01 029004 0.15+0.01 049+0.12| 05 09+01 0
d from background: 74/13 total  25+04 2203 1174007 1.12+0.17 | 1.0 45+05 5

ant excess clustered around 125 GeV Vs=8TeVand vs=7TeV

4y 68:08  63:08 28+01 055+0.15|19 9.6+10 13
2% 34+05  30:04 14:01 156+033|10 60+08 5
2e2u 47+06  40+05 21+01 055+0.17 |15 66+08 8
<130 GeV 4e 3305  26+04 12+01 1.11:028 |11 49:08 6
90% of a mH=125 GeV signal); total  182+24  159+21 74+04 374:+093| 14 27.1+34 32

l

itributions expected from signal and
: ~ 5 events each

1.3 (2e2p), 1.1 (4e)
minated by ZZ* (4p), Z+jets and tt

10

27 expected from SM S+B 1
mf([)GeV]

MikuZ: The Higgs Hunt wi



2e2 Event with m,,, = 123.9 Ge ‘

* 12 reconstructed vertices - “Ynormal pile up in 2012
* p;leewp)= 18.7,76,19.6, 7.9 GeV, m,, = 87.9 GeV, m , =19.6 GeV

ATLAS

EXPERIMENT

hitp://atlas.ch

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

ol / A 4 7 o \‘\ T, 17
| 2/ \\d = : S
Venice » [ Z , _ N — 9
’ / \ \‘

N



ATLAS Preliminary
Ho 2z 41

5= Ay B
— Obs Gombination ‘f—7 TeV:|Ldt =4.6 b
Exp Combination =8 TeV:|Ldt =20.7 fo

_C
=
=
©
=
©
©
G
o
>
O
C
Q
o+
=i
(%]
C
(@)
(@]
1
o
o

background-only expectation

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

deviation from background-only expectation ob:
4.3 GeV:

ue: 2.7x1011 or 6.6 o
M Higgs: ~ 4.4 ¢

nnel discovery




ombine
ed ...

ot talk

ell

1 4| for
ete 2011/12

1fb?
up to Oct

Higgs Boson | Subsequent
Decay Decay Sub-Channels [fo-] Ref.
2011 +/s =7 TeV
H— 77Z™ 4¢ {de,2e2u,2u2e, 4y} 4.6 [7]
10 categories
H=vyy B {p1t ® 1, ® conversion} & {2-jet VBF} 4.8 [6]
TiepTlep {eu} ® {0-jet} ® {££} @ {1-jet, 2-jet, pr.r > 100 GeV, VH} 4.6
Ho r TlepThad {e, u} ® {0-jet, l-jet., pT,TT‘ > 100 GeV, 2-jet} 4.6 [8]
ThadThad {I-Jet, 2—_]et} 4.6
Z—> vy ET™ € {120 - 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 4.6
VH — Vbb W — ¢ty p?’ € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7 [9]
Z - p% € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 4.7
2012 +/s =8 TeV
H — 7Z® 4¢ {4e,2e2u,2ue, 4u) 21 [7]
14 categories
H=vy B {PTt ® 1, ® conversion} @ {2-jet VBF} & {{-tag, E?iss—tag, 2-jet VH} 21 (6]
H— WwW® evuy {eu, ue} ® {0-jet, 1-jet} 13 [10]
TlepTlep {6} ® {1-jet, 2-jet, pr.r > 100 GeV, VH} 13
Ho 1t TlepThad {e, 1} ® {O-jet, l-jet., Prar > 100 GeV, 2-jet} 13 [8]
ThadThad {1-jet, 2-jet} 13
Z—> vy ET™ € {120 - 160, 160 — 200, > 200 GeV} ® {2-jet, 3-jet} 13
VH — Vbb W — lv p{Y € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 13 [9]
Z -t p% € {< 50,50 — 100, 100 — 150, 150 — 200, > 200 GeV} 13
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discovery well established in two
arate channels

No need to push limit on SM signal presence

plore the newly discovered particle
Mass, signal strength
roduction mechanisms
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Vieasure

o ——

-2InA

ecision channels yield

mp = 126.8 £ 0.2 (stat) + 0.7 (sys) GeV H->yy

my = 1243109 (stat) 103 (sys) GeV H->4l

t value

my = 125.5 £ 0.2 (stat) 792 (sys) GeV

7
r ATLAS Preliminary

C Vs=7TeV:[Ldt-46-481b"
gl Vs=8Tev: JLdt =20.7 b

—— Combined (stat+sys)
-=--- Combined (stat only)
— H-=yy
—Hoz2" s u

2o
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v
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Aimg =m

YY
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- iyl = 2.3:“8:? (stat) = 0.6 (sys) GeV

312

tion modeling

I~ ATLAS Preliminary
18=7TeV: [Ldt= 4.6-4.8 1"

H ATLAS Preliminary
i 10 1s=7TeV: [Ldt=46-48 "

5 c eI A e N Vom 8 TeV:[Lch - 207 "
till compatible at S _ i
(~2.50) oo g
d critically on AN




| | T | |
ATLAS Preliminary { m, = 125.5 GeV
WZH - b :
\s=7TeV: Ldt=4.7fki‘ o—
aluated at m, =125.5 GeV e e
\fs=7Tevf J[Ldt=4.6ﬂi‘ o
: Iz H—WwW S iy
Higgs Boson Decay (my=125.5 GeV) \e -8 TeV: [Ldt— 131" Le
VH — Vbb —0.4 + 1.0 Y e ew ;
vz;STZv; det;;; ! P
H— 1t 0.8 +0.7 H s ZZ(*) ol
H—> WW“™ 1.4+0.6 \ngex {Il::t;f?fbf; o
H — 1.6 +0.3 ] : - ’
H — 7/" 1.5+04 g?;?et\zzlﬁdet(34.s-4.afb‘1 h=1432021 i e
Combined 1.43 +0.21 T o
-1 0 +1
excess w.r.t. SM expectation Signal strength (u)

ed more statistics before any claims can
ade...

int of coupling to fermions yet
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Inclusive
Unconv. central low p.

defined in Standard Model "

Conv. central low [
Conw. central high P,

om H->vy, 41, tt S,

Conw. transition

gs prod uction mechanisms AT Praacary st o

Loose high-mass two-jet

e H couplings to fermions/bosons: o
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pin

e new particle is clearly a boson,
orbids J=1
urements in H>yy and H—>4

: photon angle relative to Higgs direction
ot yet approved for complete 2012 data-set

4]: Multivatiate analysis: BDT, MELA
Problem: J=2 (graviton) model dependent

@ AN REREN RN RS
=] _ ATLAS Prelimina — .
ch 0.25: H— ZZ(') -4l i Signal Ei:ctzlesis ] H 9 4|
.of 's=7TeV:fLdt=451b" (m=125GeV) |
- \s=8TeV: [Ldt=2071b" _ Jﬁ -0
- BDTanalysis o ] BDT analysis JP-MELA analysis
0.15¢ iR =0 tested J* for tested 0" for tested J* for tested 0% for
i I § ] an assumed 0* an assumed J* | CLg an assumed 0* an assumed J” | CLg
0.1 I-" | ‘:_ g expected | observed observed* expected | observed observed®
- s 0" | po | 00037 | 0015 0.31 0.022 | 0.0011 | 0.0022 0.40 0.004
0.05 | %\\ 1 17 po | 00016 | 0.001 0.55 0.002 | 0.0031 | 0.0028 0.51 0.006
o \\\\\\\\ _ 17 | po | 0.0038 0.051 0.15 0.060 | 0.0010 0.027 0.11 0.031
9I5 -0 -5 0 5 10 15| 2 | po 0.092 0.079 0.53 0.168 0.064 0.11 0.38 0.182
log(L(HLH) [ 2° | po | 00053 | 025 0.034 0258 | 00032 | 0.1 0.08 0.116

d over others, but excl




ggs boson (the One, SM) ?
gs boson (one of many, e.g. MSSM) ?
impostor (sth else) ?

Standard Model Higgs boson has a rich and well-define
ociated phenomenology

Cross section, branching ratios

Spin, parity, couplings, self coupling

this needs to be explored in detail before providing a
inite answer

ave just started to enter the exploration regime for this
article

guest has just begun with remarkable results already availa
ill deliver at least 10x if not 100x more data in its lifeti

he new discovery in detail will take time, res
uire a new (linear ?) collider
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analysed up to 4.9 fb'! of 7 TeV and up to 21 fb! of
n data for presence of SM Higgs boson

ross the 110-600 GeV mass region
n many distinct decay channels (3 most relevant for 2012 data)
observe an excess of events centred at m,~ 125 GeV:

Excess comfortably exceeds discovery limit in two distinct, high-preci
channels: H-> yy (7.5 o) and H> 7ZZ* - 4l (6.3 0)

» SM Higgs expectation: 4.1/4.2 ¢
Best mass value: +125.4 + 0.6 GeV
Signal strength relative to SM: 1.45 £ 0.22

are entering precision Higgs physics
arted on spin and production mechanisms

tter whether this particle turns out the
something exotic, we have set an i
e in unveiling the very secrets o
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Er~216GeV

huge background from yj and jj production T\
fragmenting into a single hard n® and the mt®
single photon s
uppressed by fine lateral segmentation (4mm n-strips) _
f the first compartment of ATLAS EM calorimeter S -

Need suppression of O (10%) to get to level of B
irreducible yy background \

er all cuts: ~¥120k events with 100 < m,, < 160 GeV
served in the 2012 data

ple composition estimated from data using
trol samples

Vj + jj << yy irreducible (purity 75%)

@ 20000 .
1= E E
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o E

o d 3 1 i
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R ~ O(8000)



