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Standard Model

@ Highly predictive theory.

. . g el . © ATLAS Preliminary
@ Survived experimental tests &' B
. . . 5 = - LHC pp ¥s =7 TeV
to exceptional precision. e F o Theory
107 = Data 2010 (L = 35 pb)
F 0 Data2011(L=1.0-47fb")
3; LHC pp Vs = 8 TeV/
10 E = Theory
F ® Data2012(L=581")
107 3
E 10t I 2
= 10" P H
r = 581
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Standard Model

@ Highly predictive theory.

@ Survived experimental tests oM :
to exceptional precision. ? 1ng A st Tov, P 5
BUT not all clear: R St war 3
@ Massive W/Z vector bosons. 100 Pt
80; [Jz—eeMC 3

@ So electroweak symmetry is xe E
broken while satisfying 205 e
relativity and R TR ST N T

gauge-invariance.

@ Mechanism from Brout &
Englert, Higgs, Guralnik,
Hagen & Kibble.
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Standard Model

@ Highly predictive theory.

@ Survived experimental tests
to exceptional precision.

BUT not all clear:
@ Massive W/Z vector bosons.

@ So electroweak symmetry is
broken while satisfying
relativity and
gauge-invariance.

@ Mechanism from Brout & Leptons

Englert, Higgs, Guralnik,
Hagen & Kibble.

@ Implied existence of another
particle: the Higgs boson.
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Standard Model

@ Highly predictive theory.

@ Survived experimental tests
to exceptional precision.

BUT not all clear:
@ Massive W/Z vector bosons.

@ So electroweak symmetry is
broken while satisfying
relativity and
gauge-invariance.

_ Leptons
@ Mechanism from Brout &

Englert, Higgs, Guralnik,
Hagen & Kibble.

Mass not predicted.
@ Implied existence of another For nearly 40 years it proved elusive.
particle: the Higgs boson.
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© ATLAs
@ Detector
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Inner tacking detector:

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
|

@ Silicon pixels and
strips (SCT)

@ Straw-tube transistion

radiation tracker (TRT)
@ 2T superconducting
solenoid
\
i y / Calorimeter:
= "'H iy i\ J L.
| A g N @ EM: Liquid Argon (LAr)
“Q\ ‘ 3/\\,?;5 . ; in barrel and endcap
dp B |

@ Hadronic: iron
scintillator / tile
calorimeter for central,
LAr for end cap

@ Forward LAr
calorimeter for both
EM and hadronic.

/
Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Muon spectrometer

@ 3 superconducting magnets for toriodal field with tracking
chambers

Precise lepton, photon measurements. Jets, E’T"’SS over full || < 4.9
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T T T T
ATLAS Online Luminosity Vs =8TeV
[E] LHC Delivered

[ ATLAS Recorded

el

Total Delivered: 23.2 fbo!
Total Recorded: 21.7 fb™!

@ Proton-Proton run ends today!

Total Integrated Luminosity [fb
N

@ Heavy-lon run then long
shutdown (LS1) ‘ . ‘
03  07/05 02/07 27/08  22/10 16/12

@ So this is all we get for a while: Date in 2012
e 23.2 fb~! delivered in 2012

T T T
ATLAS Online  Vs=8TeV

e > 90% recording efficiency g 110] miencens sas B

@ Most of these analyses with I ]
"HCP" dataset: g F ]
4.7-491f~1\/s=7TeV, 2011 g sop
+13.0fb~1 /s =8TeV, 2012 - :

60
11/03 07/05 02/07 27/08 22/10 16/12
Date in 2012
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0 Motivation
© ATLAs
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Analyses and Latest Results
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Higgs Production

gg Fusion tt Fusion

@ Gluon fusion
@ Vector Boson Fusion

@ Associated production with W or
Z : Higgs-strahlung §

@ Associated production with tt -
used for gamma gamma and bb
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Higgs Production

@ Gluon fusion
@ Vector Boson Fusion

@ Associated production with W or
Z : Higgs-strahlung

@ Associated production with tt -
used for gamma gamma and bb

@ Associated Higgs-Bhimiji
production (small x-sec)
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Higgs Decay Channels Explored

High-sensitivity channels, first

observations: = 10T 3t
_ o \s=8TeV 1¢
@ ~~: Excellent mass resolution e o
x  1EBrHL e WW > Fva £
@ ZZU)(— llil): Cleanest ©  LWHA B WW S Ty 3
background seperation 10'E 7 A zz50q 4
@ WW®) (= Iulv): Sensitive but / 2ZZ-TwW
poorer mass resolution 1025 2ol |
- , 10°g ZH = TTED | w ]
Lower-sensitivity channels, important & Joew E
for fermion couplings: L a=udscy e ]
- 10900 150 200 250
@ bb: Onl i r ion
bb: Only associated productio M, [GeV]

@ 77: Leptonic and Hadronic decay
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Higgs Decay | Channels L (fb~T) Conference Note
(2011 + 2012)
ZH — voH
H - bb WH — IvH + 4.7 +13.0 ATLAS-CONF-2012-161
ZH — IIH
ttH 4.7 ATLAS-CONF-2012-135
TlepTlep
H— 7~ TlepThad 4.7 +13.0 ATLAS-CONF-2012-160
Thad Thad
H— WW® | iy 13.0 ATLAS-CONF-2012-158
H — vy - 48 +5.9 ATLAS-CONF-2012-091
NEW - 4.8 + 13.0 ATLAS-CONF-2012-168
H—2ZZ& | 48+5.38 ATLAS-CONF-2012-092
NEW i 4.6 +13.0 ATLAS-CONF-2012-169

Summary of Analyses Presented Here

@ July Combination Paper: Phys. Lett. B 716 (2012) 1-29

@ Updated Combination for HCP: ATLAS-CONF-2012-162
@ NEW Combination: ATLAS-CONF-2012-170
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http://cdsweb.cern.ch/record/1493625
http://cdsweb.cern.ch/record/1478423
http://cdsweb.cern.ch/record/1493624
http://cdsweb.cern.ch/record/1493601
http://cdsweb.cern.ch/record/1460410
http://cdsweb.cern.ch/record/1499625
http://cdsweb.cern.ch/record/1460411
http://cdsweb.cern.ch/record/1499628
http://www.sciencedirect.com/science/article/pii/S037026931200857X
http://cdsweb.cern.ch/record/1494183
http://cdsweb.cern.ch/record/1499629

Higgsists! Combined S Higgs results Jul 12

L ATLAS \s =7 TeV (2011), [Ldt = 4.8 15"

\s =8TeV (2012), [Ldt =59 15"

Local p

— Observed
---- Expected
12/11 CERN Prel.
— Observed
---- Expected

o vl

Spring 2012 PRD

Observed
- Expected
07/12 CERN Prel.
/ed
IR N TR N RS S B
110 115 120 125 130 135 140 145 150
m,, [GeV]
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Higgsists! Combined ATLAS Higgs results Jul ’12

o _|||||w|||||||\|||||\|||||\||||||||||_
Q 10 \s =7 TeV (2011), [Ldt=4.81" o
T = ATLA \s=8TeV (2012), JLdt=5901" 3
S e e 3
J 10'E 110
@ July Paper £
y p 1 o 2 ;_ /N ~ """"""""" 20
103 E=07/11 EPS Prel.” j_\"*"i:: """""""" "’""*::;g 3o
F — Observed E
10%E ... _E_x;:g; __________________________________________ P
105;_12/11CERN Prel. 4 o
E —— Observed 3
1 0-6 - Expected -
107 sering2orzpRn | N 3°°
E Observed 3
1 0 8 é— ------ Expected é
F 07/12 CERN Prel PLB 07/12 3
10°F —Obewr:d—omerved—; 6o
1 0_10 ;_ rrrrrr O E&paclsld L . Lo Ex?ecled _;
110 115 120 125 130 135 140 145 150
m, [GeV]
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Higgsists! Combined ATLAS Higgs results Jul ’12

p= Signal Strength = Ratio of measured yield to SM expectation

3 10f ' ‘ ' p
s £ ATLAS 2011-2012 @+t ]
= C \s=7Tev:|ldt-4p4sm’ L Jt20 ]
Today’s focus: = [ \s=8Tev:|Ldt-5.8591f" — Observed 7
T Bkg. Expected
@ Low mass O b\
R
. o)
@ Results since July ]
71, bbb channels
@ Updates o
measuring 10" , , CL, Limits
: 110 150 200 300 400 500
roperties: mass
prop ’ m,, [GeV]
spin.

Statistical procedures link
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https://cdsweb.cern.ch/record/1375842/files/ATL-PHYS-PUB-2011-011.pdf

o Motivation

O Ariss QATLAS

http://atlas.ch

e Analyses and Latest
Results
@ H— bb

e Combination
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@ Associated production with W or Z to
reduce backgrounds.

@ Catagorised by number of (charged)
leptons (N, = e, u):

e Two (llbb), one (Ivbb) or zero (vvbb) 4
e Common lepton selection

@ Further categorised by regions in pr,, , or E!miss:

e O-lepton: EMss [120-160] [160-200] [>200] GeV x (2 or 3 jets)
o 1, 2-lepton: pr,, , [0-50][50-100][100-150][150-200] [>200] GeV

@ Require 2 jets to be b-tagged (70% efficiency).

@ Mass resolution improved by adding the energy from muons within the
jet to the total jet energy.

@ Experimental systematic uncertainties mainly b-tagging and jet energy
(see backup slides for full table).
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unds: Inclusive mass distributions

—e— Data 2012

3 o] ATLAS Preliminary 2omoe g jeof-  ATLAS Preliminary 3
- signal g 1200 Ldt=13.01",\s=8TeV %mﬁn E (,é_) moof— Ldt=13.016",\s=8TeV ,E
|:I Mu"iiet % mci 0 Lepton, 2 Tags, 2Jets, E, > 120 GeV' %é . é %‘200; 1 Lepton, 2 Tags, 2 Jets, pl'> 0 é
3 Diboson & i 1 F e .
Ct of == ] 3 3
It o E E E
CIwal b E 3 E
0 W+c E ] ) =
W ¢ | e T ]
I:' g::: 8 —+—+"+f*+ o‘_‘L | ‘ i + s ‘L**‘ﬂA AA¢‘*+++’*’V b
— ®*77B0 100 150 200 250 **77B0 100 150 200 250
B Z+b mg [c—;ev]J M [GeVT
@ Dominant: Z+jets W +jets, § wp frshemey L aEt
o E Ldt=13.01b",\s=8Tev ultjet
S 500~  2Leptons, 2 Tags, >=2 Jets = g'b"“"

@ Background shapes from MC, § b =1
normalisation from data control regions: of- =2
Relax b-tagging (W/Z + jets) or =3
nJet or my and E7"S (top).

o
. n =
@ Diboson from MC,Multijet from data E PO L
a R RRARET e e
@ Signal my = 125 GeV °*"Bo {00 150 200 250
m; [GeV]
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H — bb Results

Background subtracted distribution

E 400 ATLAS Preliminary ! . wzlzz

o JLd::m.arb", is=8TeV .WH 125GeV
= e

*E 300 J Ldt=4.7 6", (s =7TeV

S I zH 125Gev
U>.I 0,1,2 lepton

200 -e- Data - Bkgd

100 +

0

-100

TR I = N A

1 1 |
50 100 150 200 250
m; [GeV]

@ Clear (4.00) di-boson signal
extracted as a cross-check:
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H — bb Results

»

Background subtracted distribution H T T J-\ ]
4 [ ATLAS Preliminary \s=7TeV, | Ldt=47f"
§ aoof ks peimnan T gyl T 5 s g o i roon ]
% 300; J.thm.arf, is=8TeV .WH 125GeV —f E 4; Eﬁl‘é VH(bb), combined _
= F JLdI=4,7fb,|s=7TeV WzH125Gev ] _i F ]
Lﬁ | o12lepton B [} F 1
200[ -o-Data - Bkgd * 3F 1
£ + 3 8 F
100 + ; oF E
oF : i ]
-10027 * 0711‘0 11‘5 1éo 12‘5 1507
S 700 750 200 250 my [GeV]
m - [GeV]
o For my =125 GeV:
@ Clear (4.00) di-boson signal @ Observed limit 1.8 x SM
extracted as a cross-check: @ ;1 (Combined) = —0.4 +0.7 + 0.8
® w2z =1.094+0.20+0.22 p(VoeTTeV) = m2 7L

1 (v/5=8TeV) = 1.0 £ 0.9 + 1.1
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H — bb Results

Background subtracted distribution H T T J-\ ]
4 [ ATLAS Preliminary \s=7TeV, | Ldt=47f"
3 400 ATLAS Preiiminary ' .WZa‘-ZZ E g sf —~ Oumerved €49 oy [Lae 15015"
% 300; }Ld::m,arf", (s=8Tev I wH 125Gev é E 4; Eili VH(bb), combined _
= P ramarts’ is=7Tev WzH125Gev ] _ F 1
> [ o1,2lepton ] [&] L ]
W 200~ -o-Data - Bkgd * 3 -
£ 1 8 E
100~ + + ; oF o
oF : i ]
'1002* ’ 054 75 120 125 30
S 700 750 200 250 my [GeV]
m - [GeV]
o For my =125 GeV:
@ Clear (4.00) di-boson signal @ Observed limit 1.8 x SM
extracted as a cross-check: ® 1 (Combined) = —0.4+ 0.7 +0.8
® Lw/z)z =1.09+0.20 +0.22 B VETTY) = 27 1.1 £ 1.1

1 (v/5=8TeV) = 1.0 £ 0.9 + 1.1

@ {tH — bb limit at my =125 GeV of 13.1 (10.5 expected) with 2011 data
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o Motivation
\ A T LA S Run Number: 204265, Event Number: 178165311
e ATLAS -}:.EXPERIMENT —'L[:-a'te:2012706'02 19:53:30 CEST

e Analyses and Latest
Results

@ H— 71

e Combination
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Separate analyses for three different decay modes:
@ lep-lep ; lep-had ; had-had: 2, 1 or 0 charged leptons (e, 1)

Further split into categories, applied in sequence:
@ 2-Jet VBF (lep-lep only); "Boosted" (p7,, > 30 GeV, pr,, > 100 GeV)
@ 2-Jet VH (lep-lep only); 1-jet; O-jet

Main background:

"Embed" TAUOLA MC 7s for us in data Z — pp.

Main systematics: Embedding, Tau and Jet Energy Scales.

E 301 T e e+ He2jet VeF % W + €ty He27t VBF 3 E 30 | s He2 et VBF ]
8 ~+ Daa g 2 ~+-oaa E = e
N ogh —2xH(125)>t | X 18F — H(125)-1t 4 < 25 - ]
£ . Zot 2 6t b 7o E W Multi-jet
o F Il Z-eepp o I Others o 20 I Others
o 20 I (7:single-top o 14F N Fake ] - Bkg. uncert.
— wwwzzz 12 Bkg.uncert. ] [Lat-130m'
- ake leptons - = 1 ~ ]
19 Bkg. un?:en. 10F J.Ld" 18057 3 19 \s=8TeV
- . F \s=8TeV 3 ATLASPreliminary,
10 j"d' = 13007 4 8 ATLAS Preliminary 10 -+ *
\s=8TeV = =
o ATLAS Preliminary | 4 E
2; - L
L
00 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 50 100 150 200 250
MMC m_, [GeV] MMC mass m., [GeV] MMC mass m,. [GeV]

22F !

Missing Mass Calculator (MMC): Fit decay orientations to = kinematics: 13-20% m. - resolution

Wahid Bhimji (University of Edinburgh)

Overview of Higgs Results from ATLAS 17th December 2012 18/36


http://arxiv.org/abs/1012.4686

H — 77: Results

s 8
e’ F How ATLAS Preliminary 1
® 7 -e-ObservedCL, [Ldt=461f"1s=7TeV -
s F --- Expected CL, [ Ldt=13.0fb",\s=8TeV ]
=  6F [J+t2c ]
% F E+1o B
- 5F E
o F ]
X 4 E
[Te] F ]
52 r ]
3 -
2 =
1 =
o A N P B B
100 110 120 130 140 150

m, [GeV]
my = 125 GeV (all chan combined):
@ Limit = 1.9 x SM (obs) (1.2 (exp))
@ 1=07+07
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H — 77: Results

= S -
é” F How ATLAS Preliminary mﬁ SETATLAS Preliminafy ‘ ‘ ]
- —e—Observed CL, | Ldt=4.6fb",1s=7TeV - £ ; K best it ]
g 7 —e—Observed CL, [Ldt=46 bf‘\S ev - a 40 L=46i'Vs=7TeV {0 podiiin(1s0) 3
[ --- Expected CL, [ Ldt=13.01b", {s=8TeV ] E ) ]
o 6 ¢ B X £ _[L=13.ofb‘,\s=eTev —— 95% Contour E
.‘E F [ Jt2c i < 3 68% Contour ]
c F M+t ] I L & SM prediction ]
j 5 } { g 2 i ¢ Background only 7:
o E 1 = F my =125 GeV 1
o r - £ e H= ]
% 4 ] 1 E
S E ] [ ]
3 E oF E
2 E AE =
1 . 20 3
o A N P B B N S T A R

100 110 120 130 140 150 ) 0 2 4 6

my [GeV

u 1 HQQFXB/BSM

my = 125 GeV (all chan combined): (VBF + VH) vs (ggF) production
@ Limit = 1.9 x SM (obs) (1.2 (exp)) Signal-strength best-fit:
@ 41=07+07 @ 1verivH = —0.4, pggr = 2.4
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Outline

o Motivation

© ATLAs

e Analyses and Latest
Results

o H— WW

e Combination
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@ July Results: 2.80 signal (2.30 exp.)

@ Updated (13 fb—') 2012 result: focus on evpr channel only:
e Provides 85% of sensitivity
e EIss resolution degraded with 2012 pileup.
e Same-flavour channels suffer from Drell-Yan bgs Z+* — ee, upu

@ Analysis predominantly sensitive to gluon-gluon fusion production

@ H + 0-jet and H+1-jet channels
e < 2 jets reduces top background

T T T E|
ATLAS Preliminary g e ﬁf&,‘gﬁy“’*

12000f- \s=8TeV,[ Ldt=13.0f' [Ji [ SigeTop
Howw! W Z+iets [ Weists
= —evuv/pvev I HI25Gev]
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H — WW* Backgrounds and Results

o fully estimated from data.

-] and from simulation.

@ Cross checked together in same-charge data "validation region”

@ Dominant WW and backgrounds normalised in control regions.

@ WW modelling improved by change from MC@NLO to Powheg+Pythia8.

= Ty : . : ‘ ‘ .
] P 4 D s SM (sys@stal] [ P @ =
¢ ATLAS Preliminary gt oo, = 3 805 ATLAS Preliminary g oo =St
2 fs=8TeV,fLat=130f" [CJd E@smktoe = 2 700 (g_gTev,[Ldt=13.016" [Jd  Esngetp
® o oy E Zeiets B Weets 4 = “ ) Zujets [T Wajets B
.é’ H—=WW' —evpviuvey (0 jets) W H2sGey]) o g 6oE- H=WW" —eviviuvev (1 jet) WHiscey
[
@ &

my [GeV] my [GeV]
n = (Ef + EP)? — B} + piss|2
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WW* Results

> T T T T T o JET T T
& 120 ATLAS Preliminary —¢— sk siracedcaa 5 1845,:TL$5V(E)’relimin7ry on e
‘o_ C _ _ 1 H[125 GoV] | o E H- —evuv/pvey (0/1 jets)
T 1oof '® BT‘S‘Y'JLdi 1s0f ) [ wascen - - 1°z§\s:aTev:de|:13tb‘
% F H->WW' '—evpv/pvev (0/1 jets) b 10 E ~Obs. Etic
o 80 — 10E --Exp. m, =125GeV 20
w r ] B

60 + 7

40~ + .

20F -

ok ]

Ll 1
50 100 150 200 250 300
my [GeV]

T T T
6 ATLAS Preliminary
H*}WW(.)A)EVMV/MVEV (01 jets)
\s=8TeV: [Ldt= 136"
—— Obs. best fit

-2k < 1
— Exp. best fit m, = 125 GeV

For my = 125 GeV:

@ Signal significance of 2.6¢

Signal strength (u)
o

(expected 1.9) . T g <t
@ un=15+06 2
0 I ——
15120 92130 135 140 145 150

m, [GeV]
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H WW* Results

T T | . ‘
ATLAS Preliminary —¢— B subiracted data
\s=8TeV, [ Ldt=13.0f6" [__] Hizscew)
H—)WW“L)evpv/pvev (0/1 jets)

0
m

T
TLAS Prellmmary
A —SWW ~>evp,v/p.vev (0/1 jets)
10°E s =8 Tev: [Ldt = 136"

n
o

o]

S
L e
Local p

[BmESR
C+20

Obs.
-Exp. m, =125 GeV

Events / 10 GeV
=)
(=]

[
o

N
o

n
o

po b b b b baa |l

0 | . e L 160 1é0 14110 1é0 1é0
50 100 150 200 250 300 m [Gev]
mr [GeV] 5 10 aaasaansacey 325 &=
. ;’ 9| ATLAS Preliminary 3 =
For my = 125 GeV: g o HowW Sevavivey 3 oo 3
. L & \s=8TeV; [Ldt= 13167 3 o
@ Signal significance of 2.60 s | e 1,
(expected 1.9) ? s T e
4 —F— o @zasson) 4 1o
@ 1=15+06 . — s
2 i
@ Poor-resolution in mass but result 1 X .
consistent with July results from 916115920 15 130 135 140 145 150 165 ©

my [GeV]

high-res v+ and ZZ* — 4.
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o Motivation

© ATLAs

e Analyses and Latest
Results

@ H— vy

e Combination
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July Paper analysis:

@ Ten exclusive categories according to resolution, selected in:

o (2-Jet) VBF
e Converted / unconverted photons

] My
e pr, (Component of diphoton pT orthogonal to the thrust axis)

New 13 fb—! 2012 analysis (added to unchanged 2011 analysis):
@ Apply two additional categories for coupling measurement:
@ Enriched in W/Z associated production:

@ "One-lepton": Leptonic W/Z decay, at least one e, mu in event
o "Low-mass 2-jet": Consistent with hadronic W/Z decay

@ Improved photon isolation and multi-variate primary-vertex finding.

@ Performed mass measurement and spin analysis
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H — ~~ Background Fit

3 T s‘\ d di h‘ I ' E
E elected diphoton sample 3
@ Backgrounds Include: 8 CRNENEE e
2 s T L e Bkg (4th order polynomial) —
° SM dlphoton (%74OA)), 2 mu; ATLAS Preliminary é
. o/ \- 3000~ =
° '7 + Jet (22 /o)’ zom%\s;ﬁev,jm«;mvb‘ -
o jet + jet (3%); o 1o v, Lot 015" E
e Drell Yan (1%) §owE E
@ m,, fitto data. K 5 f++ T *+* -~y
@ Signal: Crystal Ball + Gauss. L A
Events weighted by S/B per category:
@ Background model per category 3 Sof ATLAS Prefminary
chosen using MC from: 2 1w e ece
° 1202— ........ BKg (4th order polynomiall
e Fourth-order Bernstein poly 4 0o
e Exponential of 2nd-order poly s P YO :
e Exponential function. , E Iy fom 3
g uf 3
@ Only functions with low signal yieldina £ ° m*m*f/x\.““n”‘nuf
. z “E 3
bkg-only MC fit are used. T w0 e
@ Bkg parameters from data fit. Atmyy = 126.5 GeV: Nsig = 249 oo = 1.64 GeV
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H — ~~ New Results: Mass and Signal Strength

Local p

68% (solid) and 95% (dashed) CL

N R a5 ‘ ‘
102E.—- SMH— vy expected p,  ATLAS Preliminar =z S aiga ‘ ‘ ‘ ]
10 F — Observed p = r —— Without MSS E
° 2 3—— Without syst. —
g [ 4 Bestfit E
bk | Ao Sss—— 5 28l .
= -5 ]
————— N ———===" 5 f ]
il - n I ]
.................... Rata2eiite=TTeY..... 2r E
Obs. 2011 Ldt=4.81f" E F ]
- Exp. 2011 56 1 5} . {
Obs."2012 v i, = £ .. ]
- Exp. 2012 Data 2012 ‘SZSTQV E [ ATLAS preliminary- ]
Ldt=13.0 fb . 1 [Ldt=4.8fb" 1s=7TeV i
1070 ) ) ) ; . ) . [ [Ldt=13.0fb"(s=8TeV ]
5L | 1 1 1 1 |

110 115 120 125 130 135 140 145 150 05— 5 TRy 128 29

my [GeV] my, [GeV]

@ Local Significance: 6.10 = Single Channel Discovery
@ Mass Measurement: 126.6 + 0.3(stat.) + 0.7(sys.) GeV
@ ;= 1.8+ 0.3(stat.) 941 (sys.) "9 (theory)

e Theory uncertainty is that on Higgs production cross-section:
such as QCD scale and Higgs decay BR
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H — ~~ New Results: Couplings and Spin

= S P
G 7B + Bestfit E P Fa RS RANAS AR T
Q E Ldt = 4.8 fb",is = 7 TeV S JF = 0* (SM) fit =
Qg 68%CL J S 600 SV R ]
ES F et 95% CL £ e Data 9
§ SE X sm g B Signal E
= 4F w Background 9
3E E
2 E
1 . 3
OF-ATLAS Preliminary ™ . E
15 2011-2012 E Ldt=13fo", Vs =8 TeV E
“'F m=126.6GeV E ATLAS Prelimipary " =

L. 1 1 1 Il Il Loy Il 1 1 =
21705 0 05 1 15 2 25 3 35 4 001 02 03 04 05 06 0.7 08 05 1
Mg B lcose”|

@ Best-fit values of signal strength for ggF+ttH, VBF and VH processes

1 ,UggFHtHXB/BSM =18+04+02+0.2
® pygrxB/Bsy =20+£1.2+0.6+0.3
@ puyyxB/Bsy=19+25+06+04

@ Angular analysis without categorisation, signal region [123.8,128.6] GeV
e 0" SM Higgs favoured over JHU gluon-fusion produced, spin-2.
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http://arxiv.org/abs/1001.3396

o Motivation

SATLAS
@ ArLas — N
e Analyses and Latest

Results

@ H— ZZ* — 4]
Combination
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H— ZZ* — 4]

Four sub-channels

w
&

¢ Data ATLAS Preliminary
[ Background 22"

[ Background Z+jets,
D Signal (m =125 GeV)
%, Syst.Unc.

@ 4e, 2e2u, 2u2e and 4p
Backgrounds:

Events/5 GeV
@
8

H-22"—a1

@ ZZ*: determined from simulation

@ Z + jets and tf normalised from
control regions

100 150 200 0
m, Gl

T aaass T
0.1~ ATLAS Preliminary
Simulation

=]

.08

a.u./0.5GeV

® m,=125GeV
Gaussian fit

0.06 7

M= (124.49 £ 0.04) GeV
0.041- o= 200+0.04) Gev
fraction outside + 20: 0,19

&
L olpon L &
80 90 100 110 120 130 140
m,, [GeV]
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H— ZZ* — 4]

Four sub-channels
@ 4e, 2e2u, 2u2e and 4p
Backgrounds:

w
&

¢ Data ATLAS Preliminary
[ Background 22"

[ Background Z+jets,
D Signal (m =125 GeV)
%, Syst.Unc.

Events/5 GeV
@
8

H-22"—a1

@ ZZ*: determined from simulation

@ Z + jets and tf normalised from
control regions

New 4.6 fo~' + 13 fb~" analysis

100 150 200 m [Gee]r’o
@ Mass measurement

0.1~ ATLAS Preliminary
Simulation

4
o
®

® m,=125GeV
Gaussian fit

0.06 7

M= (124.49 £ 0.04) GeV
0.04- o= 200+0.04) Gev
fraction outside + 20: 0.19

0.021- B
&
L olpon L &
80 90 100 110 120 130 140
m,, [GeV]
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H— ZZ* — 4]

Four sub-channels

@ 4e, 2e2u, 2u2e and 4p
Backgrounds:

w
&

* Data ATLAS Preliminary
[ Background 22"

[ Background Z+jets, tt
|:| Signal (mH=125 GeV)
7 Syst.Unc.

H-22" a1

Events/5 GeV
@
8

@ ZZ*: determined from simulation

@ Z + jets and tf normalised from
control regions

New 4.6 fo—' + 13 b~ analysis

100 150 200 0
@ Mass measurement muteoff

@ Spin / Parity: 2 approaches:

@ Boosted Decision Tree
e Matrix Element Approach
("JP-MELA")

@ JF=0%,0",2%,2- compared
pairwise in 2 my regions.
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H — ZZ* — 4/ New Results: Spin Analysis

.§1D‘ “ Dat\a T T T T T .\ ; T g a .\ Da\‘a T T T T T .f ; T a [ .\’Da‘fa T T T T T 'f .‘f
E i B Background 22° ATLAS PreI:Tlnary 1 £ 2oF I Background 22° ATLAS Prel:'r)mnary 1 E14f msacgomnd 2 ATLAS Prel:;nmary E
w B Background Z+jets, i H—ZZ '—4l W 201 Wl Background Zsjets, i H—ZZ =4l - W B Background Z+jets, i H—ZZ =4l
12/ Signal(m =125GeV) B 18f-  Signal (m, = 125 GeV) E 121 signal (m, = 125 GeV) 1
—F=0 \s=7 TeV:|Ldt = 4.6 b’ E—o=0 \s=7 TeV:[Ldt=4.6 1" | —F=0 \s=7 TeV:|Ldt = 4.6 fb!
10 =0 1s=8 TeV:[Ldt = 13.0 " Sz 1s=8 TeV:[Ldt = 13.0 fb" | 10 - =2 1s=B TeV: [Ldt = 13.0 fo™ |
8- 1
6l 1
af , ]
o 1 1
. bl
-1-0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8 1 -1-0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8 1 -1-0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8 1
BDT Discriminant BDT Discriminant BDT Discriminant
BDT example distributions above P ‘ N
E 0.4 ATLAS ‘.l;’reliminary —Data -
H . H->2ZZ' -4 Signal hypothesis
BDT Variables: @, 601,02, M2, M3y 035 [ o o
(W|th 0*’ d)1 for 2+, 27) 0.3[ 1s=8TeV:[Ldt = 13.0 16" _F =0
0.25 BDT analysis JPO >
_ _ Y, T
@ SM 0" favoured over 0, 2, 2 02
0.15]
: P
@ Alternatives excluded by BDT (J"-MELA) at o1
98.9% (99.7%) for 0~ 006 iy
o o + e \W .
84% (83%) for 2}, R T N T

97.1% (97.5%) for 2~ log(L(H )/L(H))
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H — ZZ* — 4/ New Results: Signal and Mass

o L L L L L L R B L L I o

% 107 — Qbs 2012 ATLAS Preliminary é Ej" 5[ ATLAS Preliminary 2011 + 2012 Data .

3 P s 2011 Ho 220> 4l 1 % [ is-7Tev:[Lat-a6"  HozZ)sa |

10 o BO20NT i Ve=TTeV: JLot=4.6 oS B 4l s-8Tev: [Ldt = 13.0 b B

F - Exp Combination  ys-g TeV:|Ldt =13.0 167 % i -+ Beatit ]

1 4 s Bt ]

- oL ]

10 Jlo » 5 - without MSS(e) and 1

E k= L MSS(u) in lighter colors |

E Jo6 r ]

102 3 2r ]

10‘3;— Jao 1, ,

104F A . : ]

F i H4o LI P PN PO IV OO P B

P | IR T T SO T 121 122 123 124 125 126 127 128
110 120 130 140 150 160 170 180

my [GeV] my [GeV]

@ Local Significance: 4.1 o,
@ ;1 =1.3"97 for best mass fit
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H — ZZ* — 4/ New Results: Signal and Mass

o L L L L L L R B L L I o

% 107 — 8)?52281122 ATLAS Preliminary é Ej" 5[ ATLAS Preliminary 2011 + 2012 Data .

8 . f— Obszos Ho 7205 41 1% [ s-7Tev:[Lot-4s’ HozZ" Sal ]

10 o BO20NT i Ve=TTeV: [Lat=a6t's & 4l 15=8ToV: [Ldt = 13.0 b B

F - Exp Combination s TeV:|Ldt =13.0 ft'] B i -+ Beatit ]

1 < st 5 —68%CL 1

A k=) 3; ________ --- 95% CL B

10 Jlo » F ) without MSS(e) and 1

E k= L MSS(u) in lighter colors |

E 126 r ]

102 3 2r ]

o J3o i ]

107 1 ]

107 _ i : [ ]

£ i H4o LI P PN PO IV OO P B

S| P B T P SOOI ST T 121 122 123 124 125 126 127 128
110 120 130 140 150 160 170 180

my [GeV] my [GeV]

@ Local Significance: 4.1 o,
@ ;1 =1.3"97 for best mass fit
@ Mass Measurement: My = 123.5 + 0.9(stat) + 0.3(syst) GeV
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o Motivation

© ATLAs

e Analyses and Latest
Results

e Combination
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H — ~v, ZZ* mass measurement consistency

@ Mass systematics thoroughly

;T of ﬂi‘ﬁfv;?ii'ﬂ”si'_imﬂ investigated (see backup)
r Vs =8TeV:[Ldt = 13 fb" .
I e @ ~~ mainly from ~ energy scale:
T 2ns0) Total: £0.7 GeV (stat. = £0.3 GeV)
oL @ ZZ* — 4/ dominated by 4 x chan:
I Total: 0.3 GeV (stat. = +£0.9 GeV)
ar 2 “F ATLAS Proliminary || 2071 + 2012 Data ]
L 5 4? Vs=7TeV: [Ldt=4.64.81"  — combined E
- S 35f is-=8TeV. JLat=1301" —How E
o % 3; —Ha?z”jfu E
o (ﬁf’,’ 25)
Oi‘mumuul\‘uﬁlmw . 2L ;
! ° ! z ° N m/y-fa4|[G9V? 15 st
|
0.5F -
@ Mass difference: 3.07}') GeV T e ww

my, [GeV]
@ Corresponds to 2.3 — 2.70
my = 125.2 + 0.3(stat) + 0.6(sys) GeV
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\ \ \ 1 T 1
ATLAS Preliminary m, = 125 GeV

W,ZH — bb
Vo= 7ToV: [Lat=4.7 10" .
Vs =8 TeV: [Lat- 131"
H— 1t
Vo= 7ToV: [Lat= 461" e
Vs=8TeV: [Lat= 1310

H— W' = viv

Vs =B TeV: [Ldt= 131" L e
H-yy
Vo= 7ToV: [Ldt - 48" ——

Vo =8 TeV: Lot = 1310

HozZ" 5 4l

Lat- 46"

\eo 7ot } e
\s=8TeV: JLdt= 131"
Combined n=135+0.24
(o= 7TV Lot = 45 - 451"
\s=8Tev: [Lat= 131" -
| | | 1
-1 0 +1

Wahid Bhimji (University of Edinbu

Signal strength (u)

@ ;1 =1.35+0.24 at 125 GeV
@ Compatibility test to SM expectations: probability around 13%

Overview of Higgs Results fro

Latest Combination: Signal Strength

o

T N T
ATLAS Preliminary

Vs = 7TeV, [Ldt = 4.6-4.8 fb

\s =8TeV, [Ldt = 13 b




Conclusions

Last July ATLAS discovered a new particle - that’s now old news.
In November, 77, bb and WW* channels updated.

Consistent with a SM Higgs but some things are "muddying the water".

°
°

@ Last week new vy and ZZ* — 4/ results.

°

@ LHC (proton-proton) run ended today with almost 10 fo—' more data
°

Will it be enough to make things clear?
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Proved elusive... May 2012 Precision EW fit

Nx 10 : E LI I UL I L L R I_I I T |_I| I_ll I l'll T I 1 T I L l:
< =1 (3) [SERNT) ! i =
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= i 28 =
c | N -
7 = S —
= = =
6 = —
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1 P VI OIIIE | AN NN =2
3\ 2R =
2 \ DTheory uncertainty | —
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1
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MSSM Higgs

@ Two-doublet Higgs sector:
Neutrals: 2 CP-even: h, H, 1 CP-odd: A, 2 Charged H+, H-

@ Couplings defined by ms or my+ and tan g = v,/ vy (ratio of VEV).
@ ATLAS searches: Neutral — 77, uu Charged — 7v, cs.
@ No evidence found for MSSM Higgs.

60,

tan B

50}
408 's=7TeVv
30

20,

100 150 200 250 300 350 400 450 500

—e— Observed CLs ]
-=== Expected CLs
+ 10 ;
+20 1
2 LEP

m, [GeV]

e e B0
I ATLAS Preliminary S ATLAS

MSSM combination - mr \s=7 TeV

ILdt= 47-481" Data 2011 _[Ldt —461"

— — = Median expected exclusion
\:l Observed exclusion 95% CL

Observed +1o theory

- Observed -10 theory

0
90

100 110 120 130 140 150

m, [GeV]

160

Wahid Bhimji (University of Edinburgh)

Overview of Higgs Results from ATLAS

17th December 2012

39/36



H — ~~ July Results

8 5
OB LRRRAPAA NS SARS RASAS R ey e ovn s nn = 45T . . ; ™
T b O cemionp, e Gonensdceat vy, | 2 E ATLAS 2011 +2012Data
2 gl T e P Covetediesttign, ] |5 B E ovs=7TeV: [Lat=481b" Ho E
5 6 Unconvarted rast, law p,, -=== Converted transition ] > < F oo . CEofy W k|
K] L Unconverted rest, high B, - oo 4 8 ® 3.5F Vs=8TeV: [Ldt=591" -
= 02 8 k] E e E
g 4, SM Hoyy /-\ Dmazon,\s:7Tev,ij:A.afb‘ 1] % % 3E . E
g [ / \ Data 2012, V5= 8 TeV, [ Ldt=5.9fo" | = =t E E
il = B

o 0.152 » 25F =
s ot [\ ATLAS — 2 8 E
L 2r / \ 1] 2 E
= 0.1 E E
2 X — 1.5 —
(I O \ ane E + Bestfit E
R . 1 —es%cCL . E

[ \ / L™ FoooeswcL T E

-2 0.5F fixed ESS in lighter colors E

l | | | | I | 1 0 oE-L I I I I =

110 115 120 125 130 135 140 145 150 120 122 124 126 128 130

my [GeV] my [GeV]

@ Observed exclusion: 112-123 GeV and 132-143 GeV
@ Maximum deviation at 126.5 GeV with a local significance of 4.5 o
@ Formy =126 GeV: n=1.8+0.5
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H — ZZ* — 4/ July Results

5 4 T T T
‘ ‘ <= 350 e Best Fit 3
o® FTTTTTTTII 5 <1
< 107 ATLAS s % 3
3 —— Observed Ho 220 4 E Z a5t ATLAS Preliminary
- Expected (s=7 TeV:[Ldt =4.8 fo'] 5 2F \s=7TeV: {Lm:msm‘ E
RE| %} \s=8TeV: |Ldt=5.810"
\5=8 TeV:[Ldt =5.8 o' 15 3
W 1
j 16 0.5
A :
i 7|20 0.5
g T 110°720 130 140 150 160 170 180
\/ 430 m, (GeV]
é E‘ 5 ATLAS ‘ ‘ 20‘11 *2012‘Da(a’
F b § J40 =) \s=7TeV: [Ldt=4.8 1" Hoz2Z S al
qoBlm i b bl L 8 4 15=8TeV: JLt=5810"
110 120 130 140 150 160 170 180 _: + Bestit
my [GeV] 5 o sy E
(2] fixed ESS in lighter colors
of 1
@ Exclusion: 131-162 and 170-460 GeV i _. ]
@ Excess 3.60 at 125 GeV s
122 124 126 128 130
@ Atmy =125 = 16+06 my (GeV]
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H — ~v, ZZ* mass details

ZZ*) — 4] result dominated by 4:: ~7 conservative systematics include:
@ High-stats J/V, T and Z decays @ Energy scale: Extracted from
(>20 M J/Vs) high-stats Z — ee sample.

@ Inner and Muon detector @ Lateral leakage

independent measurements.

Different layer/ gain-range
@ Overall muon momentum scale calibration biases.

H 0,
uncertainty +0.2% Material upstream of calorimeter.

@ Each .H T HE candidate Non-linearities in electronics
examined: impact < 0.1 GeV
Pile-up
For electrons:

Vertex angle measurement
@ E-scale from Z — ee: 0.4% 9

Conversion fraction in categories;
o Er < 15GeV from J/¥ — ee 9

) Signal resolution uncertainty;
@ QED radiation modelling; 9 y

Background contamination.

Background modelling.
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Couplings (based on July Results)

@ Assume single, narrow
resonance and zero-width
approximation:

O'BR(II —H— ff) = o,-,-l'ff/l'H

@ Allow only modifications to
absolute values of couplings:
Tensor / CP-even scalar Higgs

@ Scale-factors «; modify SM o, ;i

@ Constrain «; to probe couplings
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Couplings (based on July Results)

@ Assume single, narrow

resonance and zero-width
approximation:
O’BR(II —H— ff) = a,-,-Fff/FH

Allow only modifications to
absolute values of couplings:
Tensor / CP-even scalar Higgs

@ Scale-factors x; modify SM o, T

@ Constrain «; to probe couplings

. 1: Fermion and Vector Coupling:

@ Assume only SM particles in

loops and H decay.

Fermion kg = kt = kp = K+ and
Vector Ry = Kw =Kz

K

4 T T T T T
[ ATLAS Preliminary + SM
3 = Best fit 4
Fol5=7TeV Lot =48 1" —-2In Al ke) <2.3
of =gV flt-sasem’ In Al xe} < 6.0
L e ., ]
T D &
of =
+ 2 E

C | | | 1 | 0
€74 08 0.8 1 1.2 1.4 1.6 1.8

Ky

@ Compatible with SM.

@ Also true without assumptions on

total width.

Wahid Bhimji (University of Edinburgh)

Overview of Higgs Results from ATLAS 17th December 2012 43/36



Couplings (based on July Results)

@ Assume single, narrow

T T T T T

“Wi ATLAS Preliminary + SM ]

resona_nce .and zero-width (s =7TeV, |Ldt= 4.8 fb" x Best fit ]
approximation: o te-eTeV, Lat-sa5a 5 NAK) <23

. -2ln A(K:,Kg) <60

0.BR(ii — H — ff) = 0jiT /Ty

o
L L e

@ Allow only modifications to
absolute values of couplings: ; ]
Tensor / CP-even scalar Higgs ]
@ Scale-factors «; modify SM o, ;i T IR T -2 R - &
@ Constrain «; to probe couplings
E.g 2: Non-SM particles in loops: @ Kg= 1.1ng§ Ky = 1.2ng?§

® rg and k. for new contributionsto @ No sizeable new contributions.
g9 — H and H — ~~ loops;
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~~ pile-up dependence

E 0.12:—"— wito | "TATLAS Si.mL‘lJIatior;—_ g 0_16iATLAb Prelimi‘naw +_‘ o Datazort (1‘3:=1-5 m)_]

o . 1:7: :g::;g Preliminary E TE 0.14;\5:7Tev, Lt =49 1" + ° ?,,z‘jﬁ;n (prero m)é

~ e 20<p gg—>H-oyy 5 E E

E; F my=125GeV ] £ o012F B

T 0.08— Vs = 8 TeV 4 £ F 2 unconverted photons 1

E F 1 g 0.1 Ini<1.37 E
Z o006} e = 0.08 E
004k ] % 0-06; 7;

E 10 0.04F- E

0.02:* E 0.02F- 7;
O™T16 120 125 154 156 126 130 195 194 98=="% =0 0 50 100 150

my, [GeV] A Z¢iopointing (MM

@ Dependence of the @ Primary vertex determined by

mass-resolution on the number of calorimeter pointing in periods

interactions per bunch-crossing. with different pile-up conditions.
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H — bb Systematic Uncertainties

Uncertainty [%] | O lepton | 1 lepton | 2 leptons
b-tagging 6.5 6.0 6.9
c-tagging 7.3 6.4 3.6
light tagging 2.1 22 2.8 Uncertainty [%] Olepton | 1lepton | 2 leptons
Je:t/Pile-up/F.',’l!‘iss 20 7.0 54 ZH | WH | WH ZH
Lepton 0.0 2.1 1.8 b-tagging 89 | 9.0 8.8 8.6
Top modelling 2.7 4.1 0.5 Jet/Pile-up/ET" 19| 25 6.7 4.2
W modelling 1.8 54 0.0 I;P“’:b bR ‘3’-2 gg g; ;g
. b d . . . ..
gi:‘g::;hng (2)'2 g' ; g'; VH pr-dependence | 5.3 | 8.1 | 7.6 50
> - . . VH theory PDF 3535 35 35
Multijet 0.6 2.6 0.0 VHtheoryscale | 1.6 | 04 | 04 1.6
Luminosity 3.6 3.6 3.6 Statistical 49 | 18 | 41 26
Statistical 83 3.6 6.6 Luminosity 36| 36 3.6 36
Total 25 15 14 Total 24 | 34 16 13
@ Background Systematics @ Signal Systematics
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