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%:% Nobel prize to Englert & Higgs! 4+ -7

"The Nobel Prize in Physics 2013 was awarded jointly to Francois Englert and
Peter W. Higgs "for the theoretical discovery of a mechanism that contributes
to our understanding of the origin of mass of subatomic particles, and which
recently was confirmed through the discovery of the predicted fundamental
particle, by the ATLAS and CMS experiments at CERN's Large Hadron
Collider"
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Outline

1. Observation of a Higgs boson
H=>Yy, H=>Z/=>4], H=>WW=|v
2.Properties measurements:
- Combination of H—=yy, H—=Z2Z* and H—=>WW” results:
Mass, signal strength and couplings
Spin and parity
- Differential cross section in the H—=yy channel

3. Other Higgs boson searches
- Higgs into fermions
- Rare decays
- Recent BSM Higgs searches

4., Summary
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Iggs observation channels
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H=>YYy channel

e Decay due to W and top loops: Sensitive
to Vector boson and top couplings both in

prOdUC’[iOﬂ and decay; sensitive to BSM Narrow myy resonance searched over a
physics large smooth monotonically decreasing
background.
: s
> L L L L L L L L
Ho ; o . ATLAS Preliminary —+_ ,y+DY Data i
S > 1200~ Data 2012 —— yj Data ]
t g £ i | Vs=8TeV,[Ldi= 59"  _jjData 1
® 1000 - 4 —}— Stat. uncertainty ]
W Z, 3 L - ++++++ 4 Total uncertainty -
800~ t —
B - . H++ +++ 4 H .
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400— 44t —
ot P
200—
e Despite low BR (0.2%), H=>yy was one of 10
00

the most promising for Higgs search in the
low mass range: clean signature (good

mass resolution) to discriminate QCD 75% irreducible Yy QCD background
backgrounds 25% reducible Yj, jj background
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H=>YYy channel

' Selection: 2 tightly identified isolated photons, Pt > 40 / 30 GeV, |

11

— =

'Photon identification:

.ﬁ Cuts on shower shape variables to
| plltscrlmmate isolated photons from QCD
jets.

Example: Due to the fine granularity of the
first layer it is possible to distinguish
between y and 10 using strip variables.

S —— _

In| < 1.37 or 1.56 < |n| < 2.37
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' | Photon energy reconstruction:

Validated with Z->ee and corrected
| | with MC for e-y translation effects.

o BMS:0.019% . ® W—evEp . 7

| RMS:0.015%
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Average interactions per bunch crossing
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H=>YY:
Invariant mass reconstruction

e Evaluated from the following expression: The PViis identitied by building a
likelihood, which includes:

® [ight direction of the photons (using
calo-pointing technique).

® Average beam spot position

® Sum of |pT|? of the tracks associated
to the PV

M., = \/'21:‘1[[:'% lcosh(ny — 19) — cos(o1 — @9)].

Photon n has to be corrected by the PV.

™1 T T 1 Tr1.! 1 YT

—

> e INDAREE
. [ —e— True vertex ATLAS Simulation -
o 012 —— MaxXp Preliminary ]
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Inclusive mass resolution ~1.7 GeV.

Tuesday, October 8, 2013



H=>YY:
Results

ATLAS-CONF-2013-012

Perform the analysis of the data classifying the
events in 14 categories exploiting process
signature (VH, VBF or ggF enriched) and
differences in mass resolutions.
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di-photon selection

One-lepton

W(= W)H, Z(— II)H

A4

miss .« :¢
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W(— IV)H, Z(— vv)H

A4
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v

- l

9 th-l]-conversion

agF

Signal strength p = 1.55 + 0.23(stat) + 0.15 (sys) + 0.15 (th)
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H=>Z7=>4| channel w o2

e S— — =S =

- ® Events Can‘ be fully reconstructed Witﬁhigh eﬁicin;ad purit |
@ Signal/background ratio ~ 1

go However: low 0*BR

i\ ESfflc!fgnmtes. § s, esoow ;u : Energy scale:
-Significan D s pemereeeesssesssstsssnange, ca |
“\ ' g ’ 2 A_g““"w‘s““‘u“‘u. o | “ I _ . I I I
improvements of £ °* 4 g, I\/Igons. Dn‘f.erelnt input objects (Z/W/ |
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reconstruction e o see S 1 § 004 amasprimnay 7T
efficiency for the — ®#is a5 o os 1 is "2 S 0002 gee, Y o
Clustern | 2 0.0015 Yo o Jhy = up ,.t_ o
| 2012 dataset T IO e dees  sedesedessidined oo | | 2 oF ‘o 08 3
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data/MC - b 20GeV « Dmazorz ot 4§ E S -
| 06 o NocoesTmuons 3 | | 00035295 1105 0 05 1 15 2 25
agreement 050 [ Lot=204 \s=aToy - DotnColoTag muone n
%) 1.02:“.!““!““!““!““ !!!! R | . . .
for both muons = e et || = Very stable in time and under pile-up
and eleCtrOnS CE S s T 05 0 05 T 5 5 25
2 | | both for Electrons (shown for H=>yy)
and Muons.
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Improvement in the invariant mass:

- FSR correction to muon momentum
Photons with ET > 1.3 GeV

and ARCIuster, u< 0.15
Affects 4% of the events

=>4
mprovement in the invariant mass o &

. Search for 4 leptons

< 240F
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- /-mass constraint on the leading di-lepton
(highest pT, opposite sign, same flavour)

ATLAS-CONF-2013-013
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H=>//=>4l:

Backgrounds:

Main irreducible background:
//*, estimated from MC
Reducible background:

Z + jets, ttbar, data-driven methods,|
transfer factors to extrapolate from |
control regions to the signal regionsy

from MC and cross-checked with |

data.

_IIIIIIIIIIIIIII IIIIIIII III_
60F ATLAS Preliminary

r 4
- (s=8TeV: [Ldt=20.7 fb" "
50 7]

Events/4 GeV

e Data _ 1
40  — Z+jets and tt fit E
- -t it | :

- WmZZ

Event Categorisation:

four 2 jets?
leptons —>" - high mass ——> VBF
- rapidity gap yes

lno

additional ‘
—_—
lepton? yes VH

lno

agF

Expected number of signal events in each
category +Z/ background events.

category gg — H,qq/g9 > ttH qq' — Hqq' qq— W/ZH ZZ™

Vs = 8TeV
| ooF-like 13.5 0.79 0.65 320
{ VBE-like 0.28 0.43 0.01 3.58
VH-like 0.06 - 0.14 0.69

ATLAS-CONF-2013-013

Tuesday, October 8, 2013
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VBF candidate. Run Number: 209109

Date: 2012-08-24, 08:31:00 CET
nn4fﬂ|==5:mﬂﬁﬁmmgxﬁ

EtCut > 1.0 GeV
PtCut > 0.4 GeV
Muon: blue

. Electron: black
¢ Cells: Tiles, EMC

Y s

One VBF-like candidate IS found in a 5 GeV window around 125
GeV (0.71+ 0.10 events expected in VBF category with 60%
coming from VBF production).

Tuesday, October 8, 2013 13
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Results

H=>//=>4|.

ATLAS-CONF-2013-013

Single channel discovery: 6.60 (4.40) observed (expected) significance
Signal strength: p=1.7+%°44 for mH = 124.3 GeV

30 e Data

> o
& 30f ATLAS Preliminary 2 10%F — Ops 2012 ATLAS Preliminary
« [ [l Background 22" : S Eee Exp 2012 )
g [ i ~ H=zZ"-a4 8 103F — Obs 2011 H-> 22— 4l
5 251 I Background Z+jets, tt — g)t()g 20%1rr11bination Vs=7 TeV:[Ldt =4.6 b’
W [ ]Signal (m =125 GeV) 10E - Exp Combination  {s=8 TeV:/Ldt =20.7 ft
20__ //% SySt.UnC. \/g -7 TerLdt =46 fb'1 1 0-1 ......... /4 — N S NS = 1o
B /s =8 TeV:[Ldt = 20.7 b A 20
151 10° \ s, 30
B cE \ 5 RESNE PR
: 10° p
10— b=
B 4F 55
B 10 7 § 00
51— 10°F 260
5 10" ,
S " o
80 100 1 20 140 r;IIB?GeV] 1 0'1 3 I I | | | I I | | "-I“- 11 1 | | I I | | 1 11 I.:.:l | I | | | I I |
4]
110 120 130 140 150 160 170 180
my [GeV]

Expected and observed number of signal and background events in a window of 5 GeV

around 125 GeV

Signal 2 Z + jets, tt Observed
41 6.3%+038 2.8+0.1 0.554+0.15 13
20241 /2112e 7.0+06 3.540.1 2.11 +0.37 13
de 2604 1.2+0.1 1.11+0.28 6
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H=>\WW=>|vlv channel

e High production rate (o x BR ~200 fb) but

limited mass resolution and significant
backgrounds

e Sensitivity to the VBF production mode is
obtained by adding candidates with Njet > 2:

e [he analysis is divided into Njet = 0, =1,

and > 2.
% 1 ] ] L] l 1 L] L] L I L] I L] L] I L] L] I L L L] L I L U
« s “ SM ®

O ATLAS Preliminary 2o = oo ©

. N
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Q c
> (¢)]
- i

W — —
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250
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< d » ot
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:—_’ o ) L l 1 ) L] Al I L L] ) L l ] ) LJ ] I 1§ 1 T T l T T Y T I :
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- \s=8TeV,[Ldt=20.7fb" [Ji  [ZJ SingleTop
- ") I Z+jets [T W+iets
- H-WW —eveviuvuv+22] gl aat [ ] votsvh

‘iff!ll

0.5 1 1.5

ATLAS-CONF-2013-030

llllllllllllllllllllllllll

2 2.5 3

Ag, [rad]
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H=>\\V\W\=>|vIv
Backgrounds

ATLAS-CONF-2013-030

Most backgrounds (WW irreducible, tt, single W, Wt) estimated from
data control regions

O PRI 10 102 103 104 105 gl MIRELCHETE] Estimate
| lIIIIIII | IIIIIﬂI I IIIIIﬂI | IIIIIﬂI ILLLL
W g1 |W—- v Jetfakes ¢
< |Z—tt  Fake MET
£ g Z-w  Real MET
ttbar A

AgSs

T

WW * " ATLAS Preliminary Irreducible Large

t— btv Lose b

Qo

}esS

.o LHC pp Vs =7 TeV
WZ - ﬂ 2 Theory WZ — tvit Lose (

© Data(L=0.035-461

Rl

Wi s H
- . LHCpp {5 =8 TeV
s @ Theory _
Y4 . * : e Dea (L —58-2015% Irreducible Small MC
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"D H=>WW=>Ivlv channel
Results

ATLAS-CONF-2013-030

Significance of the signal with mH = 125GeV is 3.7(3.8) expected (observed)
standard deviations. With a signal strength:

Hoos = 1.01 £ 0.21 (stat.) = 0.19 (theo. syst.) + 0.12 (expt. syst.) + 0.04 (lumi.)
Hoos = 1.01 £ 0.31.

Results are consistent with the predictions for the Standard Model Higgs boson
decaying to a pair of W bosons.

200—|-|III|III|III|II|III|III|III|III|III|II

> I ] O103E||||||||||||||||||||||||||||||||||||||||II§
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— — E * =
= 150l \s=7TeV, [ Ldt=4.61b" H [125 GeV] - S = H-WW =iy (5 =8 TeVilat =207 f5" 3
2 - \s=8TeV, [ Ldt=20.7 fb” - 10— Obs. — E
= - \s=oley, =Y . - ... Exp. m_=125GeV (=20 =
o © H-WW! = iv + 0/1 jets i I = 0o
L y00p- + -

_T_ ;
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'6 AIII|IIII|IIII|
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Iggs properties
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Events/2.5 GeV
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Mass of the Higgs boson

ATLAS-CONF-2013-014

Precise measurement of mH from channels with entirely reconstructed final
state and good object resolution:
H—ovyy, H—ZZ

Dominant uncertainties: photon energy scale (H—vy), lepton energy and
momentum scale, statistics ( (H—4l))

:— e Data

" [l Background zz"
:— B Background Z+jets, tt
C |:| Signal (mH=125 GeV)

77/ Syst.Unc.

ATLAS Preliminary
H—-zZ"—4l

s =7 TeV:[Ldt = 4.6 fb”
Vs = 8 TeV:fLdt = 20.7 fb
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16
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+0.5 4 g(sys) GeV
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-2InA
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[
P21

7
- ATLAS Preliminary

\s=7TeV:|Ldt = 4.6-4.8 fb”

© \s=8TeV:|Ldt=20.7 fo"

125
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Combined (stat only)
H-ry

— s 22" s &

L/ 1\

| Ll
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//
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[
/
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ANEETE Ty
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SM Higgs boson mH=126.8 GeV (fit) _

Bkg (4th order polynomial)

e

++L+ &_A&uﬁﬂ
+TT+‘ gy

L, ¢
AL
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m,, [GeV]

mH = 126.8 + 0.2(stat)

+ 0.7(sys) GeV
(H=vY)

Combined mass: mH=125.5 + 0.2(stat) *%-°9 ¢(sys) GeV

Mass difference 2.4 o (p-value 1.5% ).

Tuesday, October 8, 2013
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(i ATLAS +0§stat)) Total uncertainty
_ o(sys
| my = 125.5 GeV 5(theo) + loonu
Signal strength =, 03 -
| 55033 +0.15 ]
W= 002 (20.15 ; i
. Low p u = 1_6J_r0'5 +0.3
Measure the ratio ot P L "|' |
Highp_ u=17_+0.5 F :
between Observed rate 'z‘jéfh‘i'g‘ﬁ """"""""" N _0_6_3 """" ! ! ! ! i ! ' I ' ||
and SM Higgs mass(vep) 7100006 | 'I': |
. . 1. +1.2 . - :
expectation for o x BR: VHoategories W= 1008 | L P
H— zz* — 4l =099 |
x BR 140017 -
A T I
1= o VBRVHIke  _qpmele1e [ a I |
categories T ™ ool-09 | T
(0 X BR)g, Y L =
| H— WW* - iy |02 i
where u=1 = SM Higgs e
ot w-082jloze| e
- e 2 jet VBF w=147"1.05 1 } |
- Systematic, statistical | Comb. Hyy, ZZ*, WW#=0-14 r
and theoretical ‘ _ 4 aqo2t |[¥0.15 T ;
L =133 518 |+0.11 | |
uncertainties are | 0o _’I L 2'
~ already comparable. | \s =7 TeV [Ldt = 4.6-4.8 fb!
o \s=8TeV [Ldt=20.7 it Signal strength (u)

ATLAS-CONF-2013-014
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Higgs production
modes

Exploiting the categorisations, the
signal strength for ggk, VBF, VH
and ttH is extracted and combined.

A 3.30 evidence of VBF production
IS olbserved:

All three analysis find a VBF
component consistent with the SM
expectation

- 0.1

ATLAS "‘"EStat)) Total uncertainty
o(sys
mH — 1255 GeV O'(theO) -+ 10 -+ 20
+04| | | ' ' '
H - yy -04|
+O7 .........
Ny BEvH — 1 1+0-9 - 04
MngF+ttH " -0.5 ":83 _________ | .........
+1.3 f
H—Zzz* -4 |°°
+2.0
0 ~0.4
VBF+VH _ O.6+2'4
MggF+ttH -0.9 tgg
+0.8
H— WW*— v |7°°
+2.0
u -0.7
VBF+VH _ 2.O+2'2
MggF+ttH -1.0 1_82
Combined ”_’8;;‘
H—yy, 227, WW* |
MBFavH _ 1 4+0-7 -0
MggF+ttH N " 7-0.5]+0.2

\s =8TeV [Ldt=20.7 fb™

Physics Letters B 726 (2013) 88-119

\s=7TeV [Ldt = 4.6-4.8 fb"
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(T8 ™7 T ™rT | TTYyry ey ™rT T

.....

“ 4 ATLAS C'|H - 4l EHo v
' \s=7TeV|Ldt = 4648 1" #H - vy OJCombined
‘ \s=8TeV|Ldt=2071" + SM x Best Fit

Higgs Couplings

| S W W N P
06 0.7 08 09 1 11 12 13 14 15 1.6

W B ATLAS M

" S . Vs=7TeV [Ldt=461fb" —

Coupling to fermions and bosons: One coupling -\ te=eTev Jlat-2070”
scale factor for fermions, and one for bosons VT _gMbHedzzww """""""""""" E
(assuming custodial symmetry) 3 L g
KF = 0 (fermiophobic H) excluded at >50 of e

2D Compatibility with SM at 12% level : :

Ratio of couplings to the W and Z bosons _ 1;‘;'1;;;"""""" """"""""""""""""""""" E
Awz=kw/kz: Test custodial symmetry.  —" 006 08 1 iz 14
A =0.82 +0.15 Mz

Consistency with SM at 20% level < L ATLAS esM

- - - \Vs=7TeV [Ldt=4.6-481fb" x Best fit .
Constrains on production and decay rates: 12;— s=sTevfin=zo7!  TO8%CL E
Test the existence of new heavy particles, that \ fof et 22 W E
contribute to loop-induced processes (i.e gg—Hand & 14 E
H=YY) “E
kg = 1.04+0.14, ky = 1.20+0.15. 0.8 =

2D Compatibility with SM at 14% level oo E

Physics Letters B 726 (2013) 88-119 0 | | «
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’ Higgs spin/parity
measurement

e Test various options (J=0-, 0*,1-,1%,2%) to
verify compatibility with SM hypothesis JF =
O+ using angular and kinematic distributions
IN:

e H—yy (sensitivity to 2+, excludes spin 1)

o H—//*—4] (sensitivity to all spin/parity)

)

P
alt

CL, (J

ATLAS
H— yy e Data
Vs=8TeV [Ldt=20.7 fb"

v CL, expected
H— 27" -4 assuming JP=0"
Vs=7TeV [Ldt=461b" W-ic

Vs=8TeV fLdt=207 fb!

H — WW* — evuv/uvev
Vs=8TeV [Ldt=20.7 fo"

-6
o H=>WW*—|vIv (sensitivity to spin 1/2) 0
J¥ hypo Exclusion CL Source Channel
D= 97.8% H— ZZ* — 4l ggF only
1= 99.7% Combined ZZ*/WW* VBF only
1T 99.97% Combined ZZ*/WW* VBF only
2t 99.9% Combined yy/ZZ*/WW* 5 fq5 points

Combination favours O* hypothesis!

Physics Letters B 726 (2013) 120-144
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iNn the H=>vyy

Differential cross-section

Define a binning for a variable (Ptyy
yyyl, cos(theta)*...):

- For each bin extract yield from fit to
- For each bin, correct for acceptance,
efficiency, resolution:“unfolding”

Teans | GaN

1.8 ATLAS Preliminary -4~ data

syst. unc.
gg—H NLO+PS (PowHEG+PY8) + XH
H]ﬂ gg—H NNLO+NNLL (HRes1.0) + XH

==« XH = VBF + VH + {iH

H-yy, (s =8 TeV

_I Ldt=20.3fb"
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S T T

'3'GO_III|III|III|III|III|III|III|III|III|III|III|III ; 2_III|III
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% 50_— H—yy, \s=8TeV gg—H NLO+PS (POWHEG+PY8) + XH — é 16t
> [ [ra=20sw [[[]] 9g—H NNLO+NNLL (HRest.0) + XH ] o B
S 40F -+ XH = VBF + VH + {TH 4 2 1.4
- 1 212 T
i 1 £ °°F
30 - 1+
i ] 0.8F
o0k I - i
§ I 0.6
] 03_ B 0.4F
i R 0.2F
O-I [ [ r [rrvts t 1 | | =] O'J. L
% 4 I I I [TTTTTTT I I [TTTTrrgT Eﬁ '
2 I 2
g g
2 I IS
o of o
5 m | e T § SR
T L R A AR
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Particle level | wa
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e
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""""

-

= .
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M

ATLAS-CONF-2013-072

The measured differential
Cross sections

are compared with various
theoretical predictions.

Within the experimental and
theoretical uncertainties,

no significant deviation from
the SM expectation is

608 0 ohserved.
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(SM and BSM)

%Other search channels

\

“This 1

\/

s not exactly,

tor th Hig

h 1t thec
s decay
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Decay Into fermions
=TT

- Search in lep-lep, lep-had and had-had channels
- Each channel affected by different backgrounds
— cuts optimised separately

Best fit value of pu=0.7 £ 0.7

- Selected events (in each channel) split in O, 1, 2 23%, T, T
jet case (2 jet case optimised for VBF/VH) -
8_I 1T 1T 1 T T T T T 1 T T 1 1T T T I_ o E T ! ! ! I I I I I I I I T T T T T T T =
o‘% - ||.|%1;r | | ATLlAS Prelliminary| 12 - ATLAS Preliminary det=|4.6 o™, \s =7 TeV 3
B 7F —e-ObservedCL, [Ldt=4.61" (s=7TeV § i JLdt=13.01fb", (s =8 TeV" T— —
c - --- Expected CL, [Ldt=13.0fb", (s=8TeV ] 1 —Observed H — 1t v
o - s N _ _ 1
:E 6 [ ]=x20 ~ 10 = --- Expected for SM Higgs Boson 2 onw 13 fb |
1 55_ =10 _E E ...... Expected for SM Higgs Boson at mH=1 25 GeV E Of 8 TCV
& = Obs. (Exp.): ] L | }data. |
L 4F 1.9 (1.2) x SM @125 GeV 3 - 1006 MWSIS of |
» _z " [naoia |
- ] " dataset still |
oF - : ,, |ongoing! |
13_ B 102k Obs. (Exp.) local significance _
- . - of 1.10 (1.7 o) s
Dl b b b by 1T Cevoo e e b e by
0100 110 120 130 140 150 100 110 120 130 140 150
my, [GeV] my, [GeV]

ATLAS-CONF-2012-160
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Decay In-to fermlons q 0 lepton ; 1Iepton/, ,, 2IeptonZ T

' q W
/ _,-t*”rp v W (,.r-""~ BT / .
‘,‘I\.\ p— b .,‘,\‘\_. — ” ‘,‘l\'._ —
q ll ‘< l[ ‘< : Ul . 2
)

- High BR (58%) but difficult backgrounds:

(WZ, WW, tt, single t, Wt, Wbb, Wcc, Zbb, multijet)
- Categories in different pt¥ to improve sensitivity (0, 90, 120, 160 and 200 GeV)
- Further categorisation used for background estimations from data: number of
leptons (0,1,2), number of jets (2,3), number of b-tagged jets (1,2).

% 14_ | T 11 | LI I.I |.I | | T 11 | 17 1T1 | T 11 | T 11 | T 11 |
B - ATLAS Preliminary -
B 120 VH(bb) (s =8 TeV f Ldt = 20.3 b . | 4 L
C B 7] | ‘
© [ — Observed (CLs) _ - .~ No significant excess |
'-E 10__ _____ Expected (CLS) \s=7TeV det= 4.7 fb1 ] ' Obgserved data :
— - 1 - : T
i 8 . 0 - consistent with either SM |
. [ ]+20 - !
S F ?2?1- g’;PgM@ 125 GeV : backgrounds only,and SM 1‘
0 6;_ T B backgrounds + Higgs. |
- ] L e —
4 7
2 - - ATLAS-CONF-2012-161
O_ I 1 1 1 1 I I T | I I T | I I T | I I | I I T | I I T | I 1 1 1 1 I ]
110 115 120 125 130 135 140 145 150

m, [GeV]

Tuesday, October 8, 2013



Rare production/decays modes

VH, H-> WW(*) (leptonic W decay)

ttH, H—>y v

IE 40_I | T T T | T T T | .I .I T | T T T 1]
B¢  ATLASPreliminary VH-VWW- 3 or 4 leptons % | —— Observed CLglimit H — yy .
E : — gf; (8=7TeViLdt =47 fb” & 355— —— Expected CL, limit  ttH channels_co_mb. E
& —— @ 8 TeV: JLdt 20.7 b S 30b 1o ATLAS preliminary -
+2 | - - -
£ . | Obs.(Exp.) @125 GeV: E s PR 012\ 28TV
= t=20.3fb ]
o 10 7.2(3.6) x SM o 2ok — »/ il D—
o . = . o N i .
S T % - | Obs.(Exp.) @126.8 GeV: B
® @ 15 :
B i |
L C 'm
10 |
L S u
z 5
- ATLAS-CONF-2013-075 E ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
- o™
BT RN R YT TR TR R aé?é'%;'io 20 122 124 126 128 (1330
m, [Ge m, [GeV]
H%ZY’ Z%ll i 70 T T H?Illllplll T T T | T T 1T T T 1T | T T 1T | T T 1T | T T 1T | T T T
= 45. ‘‘‘‘‘‘‘‘ —— Ob‘sérv‘ed T S - ATLAé Prellmlnary sty ]
N CE— - - ]
3T; 40|[: ij 46m' (s=7Tevn Expected E 60:— —— Observed HH E
\_,g a5 Ldt=207Mm", js=8TeV B i i 50:_ -E!I(g Expected J‘ Ldt =207 fb-1 _:
Q + 20 i @) - 126 ]
5 — } 2 - LJ#20 's =8 TeV .
T o | Obs.(Exp.) @125 GeV: o 40 . p—— =
I - i i
B 5 18.2(13.5) x SM 302_ | Obs.(Exp.) @125 GeV: E
5 ‘ | E 19.8(8.2) xSM ]
E P 20— ™ -
o 1% : :
g‘i 5t;, | 10:— —:
i ? TATLAS."C'.ONF“ZO.:'3‘?0.09,".".'".".‘"_“.'".";"“."f“'."."‘.",'"j O: e e e %AS”@-@NE—@W
120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
- my[Gev] o | my, [GeV]
Observation/exclusion sensitivity should be reach in Run |
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BSM Higgs -Recent Results

Search for Hx—=Tv + jets (uses the assumption that B(Hx—T1v = 1.):

nght Higgs (mH*< mt) ttb— H* bWb Heavy Higgs (mH*> mt):
- | L L ™1 T re) 102E ' L N IR BN BN I
T - ATLASF Prellmlnary Data 2012 . o = ATLASF Prellmlnary Data 2012 3
Q _ — Observed CLs - T ~ —— Observed CLs i
L [— Expected \s=8TeV ° o Expected \s =8 TeV —
=101 — S e E
R det=19.5fb'1 - P det_195fb g
- [ =2 ] i3 E
] Branching fraction 1
I B(t—H-+Db) ATLAS-CONF-2013-090 ;1| |
10'2:— = - ]
- i 107 E
- - - tH+ production XS ;
“90 700110 d20 130 140 150 160 10°"500 550 300 350 400 450 500 550 600
my [GeV] m,,. [GeV]
Search for a hlgh mass (additional) neutral Higgs in the ZZ and WW decay modes:
'_'10 E | 3
? ATLAS Preliminary —ObsggF - g10;'1""1""1""1""""l""l""g
= [ imi —— Obs. ggF+VBF S
n):(\ _ Ho 77 4] Exp ggF ~ - . ATLAS Preliminary | Ex; ggFIVBF .
5 102E [Ldt =20.7 1o =10 - s - H>WWoevuy, SMwidth g+ 6 i
C ] X _ _ -1 +
S 8 ToV [J=20 : 5 e Vs=8TeV JLdt=20.7 fb 2 -
= _OSMX BR [ - .
E T | 2 .
= 10 ATLAS-CONF-2013-013 = E }
O ] =107 E
S0 : o F :
(o)) 32 L
1 = = SO
g E 107 =
- - ATLAS-CONF-2013-067 s
10-15_ 10-3_|I|...I....I....I....I....I....I. _I
| | | 300 400 500 600 700 800 900 1000
200 400 600 800 1000 m, [GeV]

my [GeV]
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Additional SM and BSM Higgs searches

e FCNC int—=cH, H—=yy - upper limit on BR: Obs.(Exp.): 0.83%(0.53%) x SM for
125 GeV at 95% CL [ATLAS-CONF-2013-081]

o H=/Z/—llvv: Excl. 320 - 560 GeV [ATLAS-CONF-2012-0106]

e H—ZZ—llqq: Excl. 300 - 310, 360 - 400 GeV. at 145 GeV 3.5 x SM [ATLAS-
CONF-2012-017]

o H=2>WW=lvjj: at 400 GeV Obs.(Exp.) 2.3(1.6) x SM [ATLAS-CONF-2012-018]

e Higgs in SM with 4th fermion generation: model ruled out [ATLAS-
CONF-2011-135]

e Fermiophobic H to diphoton [ATLAS-CONF-2012-013]
e MSSM neutral H [ATLAS-CONF-2012-094]

e NMSSM al to pp [ATLAS-CONF-2011-020]

e NMSSM H to a0a0 to 4y [ATLAS-CONF-2012-079]
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Summary

o | HC-ATLAS Run 1 finished with great success

e After the discovery of the new boson, its properties are being measured. It is looking more
like the SM Higgs boson:

e The combined mass measurement mH=125.5 + 0.2(stat) *9-°.9 s(sys) GeV
e Combined signal strength p = 1.3 + 0.14(stat) + 0.15 (sys)

e The spin/parity measurements favour SM J© = 0+

e Evidence of VBF production at 3.30

e No direct evidence for fermionic decays yet, but results are consistent with the SM
Higgs. Evidence of the coupling to fermions to > 5o

e First results on various rare production decay modes and BSM Higgs models.
e ATLAS is preparing for LHC Run Il (13/14 TeV and 10%* cm < s 1):
e Rare SM Higgs production/decays should achieve observation sensitivity.

e More precise measurements to test/challenge the SM predictions
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Sack-up
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Categories

Both unconverted:
« Central

L N\ N

At least one converted:

« Central
* Transition

o Mo

2 unconverted:
n(¥2) 4

0.75.

0.75

P

Ti

Variable py, is strongly correlated with diphoton py
but has better detector resolution and retains a
monotically falling invariant mass for background

>=1 converted:

ny2) 4
175 I Resolution:
1.3 Good
0.75 Pddr

0.75 1.31.75 n(x!)

T 7 T 7 T T
71+ Background

Bgd. Uncertainty

+ ggF m";l'z.': GeV

Entries / 5 GeV (normalized to unity)
2

- -
"”/,‘"..“ ‘...“0.. .
3 "-, .. Rl
v b ™ . ”."’,m E
\s=7TeV //:////// . e 4 i
10"k ATLAS Simulation %4 ;Y ’"ffﬂ 4
Preliminary x /Z//, ?/ ﬂt
‘ 0-5 Lz _2 . 4_é ~ //‘ - . 7J
0 50 100 150 200 250
p,, [GeV]

b
0..... + VBF+VH+1H m =125 GeV
-

_L_Lu.ud_l L..xul_x--uuu._
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Higgs to di-photon
Uncertainties

Source Uncertainty (%)
On signal yield

Photon identification +2.4

Trigger +0.5

Isolation +=1.0

Photon energy scale +0.25

ggF (theory), tight high-mass two-jet cat. =48

ggF (theory), loose high-mass two-jet cat. +28

ggF (theory), low-mass two-jet cat. =30

Impact of background modelling

On category population (migration)
Material modelling
pr modelling

Ay ji. n* modelling in ggF
Jet energy scale and resolution

Underlying event two-jet cat.

miss
E T

On mass scale and resolution
Mass measurement

Signal mass resolution

+(2-14), cat.-dependent

—4 (unconv), +3.5 (conv)
=1 (low-pm),

F(9-12) (high-pTt, jets),
+(2-4) (lepton, E}“iss)
+(9-12), =(6-8)
+(7-12) (jets),

F(0-1) (others)

=4 (high-mass tight),
=8 (high-mass loose),
=12 (low-mass)

+4 (E 'T“iss category)

+0.6, cat.-dependent
+(14-23), cat.-dependent
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Higgs to 4 leptons

Uncertainties
Source Uncertainty (%)
Signal yield 41 2u2e  2e2p  4e
Muon reconstruction and identification +0.8 +0.4 +0.4 -
Electron reconstruction and identification - +8.7 +2.4 +0.4

Reducible background (inclusive analysis) +24 =10 +23 +13

Migration between categories

ggF/VBF/VH contributions to VBF-like cat. +32/11/11
ZZ* contribution to VBF-like cat. +36
ggF/VBF/VH contributions to VH-like cat. +15/5/6
ZZ* contribution to VH-like cat. +30
Mass measurement 41 2p2e 2e2p 4de
Lepton energy and momentum scale +0.2 0.2 +0.3 +0.4
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WW Selection

Category

Njel=0

Nptzl

Pre-selection

Two isolated leptons (£ = e, ) with opposite charge
Leptons with pi£® > 25 and py™* > 15
e+ pe: mee> 10

ee+ p: mee> 12, |myg —mz | > 15

Missing transverse
momentum and
hadronic recoil

ep +pe: EF™SS > 25
ee + JuL: F?’rfl >45
ee +pp: p7 e > 45
ee + ppt: frocoi <0.05

ep +pe: ETS > 25
ee + F?';SI >45
ee+pyr: pT o > 45
ee + [t frecoit <0.2

ep+ pe: EX>20
ee + py: ET™ > 45
ee + E;'-“SS%\,F > 35

= Nb-jel =0 Nb-jcl =0
General selection | Ad¢e meT | > 7/2 - p!l‘?‘ <45
py >30 eu+pe: Z|y* > rrveto  eu+pe: Z/y* — vt veto
2 - mj;> 3500
) - |Ayjil>2.8

VBF topology

No jets (pr > 20) in rapidity gap
Require both € in rapidity gap

H->WW" 5 ¢véy
topology

myy < 50

| Adre| < 1.8

e + pe: sphit myg
Fit mp

myg < 50

I A¢(( I <1.8

e + pe: sphit myg
Fit my

myy < 60
| Adpee | < 1.8

Fit my
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BSM Higgs -Recent Results

Search for H£—=Tv + jets in mass range 180 — 600 GeV
(uses the the assumption that B(H+—=T1v = 1.):
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