LHC-The First Part of the Journey, KITP, UC Santa Barbara, Jul 8-12, 2013

\

\‘»

Aurelio Juste
|ICREA/IFAE, Barcelona

For the ATLAS Collaboration

o HEE GALLAS
‘ s e e s s EXPERIMENT



‘ Today’s Presentation I

Introduction
« LHC and ATLAS detectors
« Search strategies

Overview of Standard Model Higgs boson searches
« Bosonic decay modes
* Fermionic decay modes

Higgs boson properties
« Mass
* Production and decay rates
« Couplings to fermions and bosons
« Spin/parity

Summary and conclusions



‘ Large Hadron Collider I

. Outstanding performance of the LHC over the last two years:
«  2011: pp collisions at Vs=7 TeV, ~5.8 fb-"
«  2012: pp collisions at Vs=8 TeV, ~23.3 fb-"

. Collisions to resume in 2015 at Vs=13 TeV and L=1034 cm2s-"
=» projecting ~25-45 fb-1/year!

(delivered to ATLAS and CMS)
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ATLAS Experiment

Excellent performance up to the highest
instantaneous luminosities delivered by
the LHC. ~94% data-taking efficiency

Most results shown use the full 2011
dataset (~ 5 fb-! at Vs=7 TeV) and the
full 2012 dataset (~20 fb-! at Vs=8 TeV).

Inner tracking system in 2T solenoidal field:
. Pixel detector

. Silicon tracker

. Transition radiation tracker

Hermetic calorimetry:

. Lead/LAr electromagnetic calorimeter.
. Hadronic calorimeter.

Muon spectrometer (supercond. toroid system).

>99% working channels for most
subdetectors.




‘ Rediscovering the Standard Model I
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Performing precise measurements of SM processes over many orders of

magnitude in production cross section.

=>» good understanding of the backgrounds to the Higgs signal.
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‘ SM Higgs Production at the LHC I
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The LHC is a Higgs factory!

~600k Higgs events produced at each experiment in 2012!
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‘ SM Higgs Decay Modes I
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/”SM predictions (m,, = 125.5 GeV): I
BR(H>OWW) = 22.3% BR(H->bb)=56.9%
BR(H>ZZ) = 2.8% BR(H->t)=6.2%
BR(H->vy)=0.24% BR(H->uw)=0.022%

\-) Only ~11% of decays not observable (i.e. H=>gg, céy




‘ Search Strategies I

» Defined by a combination of theoretical and experimental considerations:
e.g. expected signal rate, ability to trigger, signal-to-background ratio, ...
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Bosonic Decay Modes



1/N dN/dm,, / 0.5 GeV

‘ Searching for H>vyy I

A rare Higgs decay mode but most sensitive
search at m<125 GeV!

BR(H->vy)~0.2%

Two high-p; isolated photons (p>40, 30 GeV).
Higgs mass reconstructed as m,,
* Good mass resolution ~1.4% (robust
against pileup).
Challenge: large background from non-

resonant yy production (irreducible, dominant),
and y+jet and dijet production (reducible).
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‘ Searching for H>vyy I

* Event categorization to increase overall

sensitivity and sensitivity to individual
production modes (VH, VBF).
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‘ Searching for H>vyy I

AI! gategqries

Selected diphoton sample
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Data 2011+2012
Sig+Bkg Fit (m =126.8 GeV)

Bkg (4th order polynomial)
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ATLAS Prelumnary VBF and VH categories

35
o  Data2012
30 Background model
25 ......... SM Higgs boson m_ = 126.8 GeV

140

Background interpolation in the region of the excess (obtained from sidebands)
for each of the categories.

Reducible y+jet and dijet background at the level of 25%.

12



‘ Searching for H>vyy I

ATLAS-CONF-2013-012
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« Smallest p, value with consistency with background-only hypothesis: ~10-13
Minimum at m,=126.5 GeV, 7.4c0 (observed), 4.3c (expected)

« Establishes the discovery of the new particle in the yy channel alone!
13



‘ Searching for H>vyy I
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‘ Searching for H>Zy I
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Another loop-mediated decay.
Measurement/limit can constrain BSM models.

B(H>Zy) ~ BR(H->yy) but requirement of Z->l
reduces the sensitivity by x15.

Search for a narrow lly reasonance on top of a
falling background, as for H->yy.

No significant excess observed.

At m =125 GeV:
Observed limit: 18.2xSM
Expected limit: 13.5xSM
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‘ Searching for H>ZZ)>4| I

An even rarer Higgs decay mode if both Z
bosons are required to decay into ee or uu!

BR(H>ZZ>4e, 4u or 2¢2u)~0.01%

The “golden mode”™: 4 isolated leptons
e: pr>20, 15,10, 7 GeV, |n|<2.47
w: p>20, 15, 10, 6 GeV, |n|<2.7
At least one pair consistent with Z mass.

Low rate but clean signature with very small
background:

* Mainly from non-resonant (Z/y*)(Z/y¥)
Small contribution from tt and Z+jets

Higgs mass reconstructed as m,,

« Good mass resolution ~1.3%-1.9%
(depending on the channel)

Event categories also defined (VH-like, VBF-like
and ggF-like).
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‘ Searching for H>ZZ)>4| I
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« Smallest p, value at m;=124.3 GeV.:
6.60 (observed), 4.40 (expected)
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‘ Searching for H>ZZ)>4| I
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‘ Searching for H>WW=Ivlv I

;:,,\\2%‘ T Run 214680, Event 271333760

Highest-sensitivity channel for my in the range P EXPERIMENT 17 Nov' 2012 07:42:05 CET
130-200 GeV.

Clean dilepton plus E;™ss signature.
Main backgrounds: Z+jets, WW, W+jet/y, top.
=» normalization in data control regions

Exploit spin correlation between W bosons:

spin 0 =» small angular separation between
leptons.

No direct reconstruction of Higgs mass
possible (neutrinos) =» use transverse mass

ATLAS-CONF-2013-030
L AL B L e
ATLAS Preliminary ;3;;3 Emgim -

{s=8TeV,| Ldt=207 b’ E T % Singe Top
r sets +jets
HWW 'S evaviuvey B H[125GeV)

Categorize events in different jet multiplicities: 16000

» Different S/B and background
composition

« Sensitivity to VBF signal

jets
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Searching for H>WW-=>Ivlv
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‘ Searching for H>WW-=>Ivlv I

ATLAS CONF-2013-030

Broad minimum of p, vs my,,
consistent with poor mass resolution

p, value at m=125 GeV:

3.80 (observed), 3.70

(expected)
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Signal strength (at m;=125 GeV):

[u =1.01+0.21(stat)+0.12(syst) = 0. 19(theo)]

U, =1.66+0.79
u,..=0.82+0.36
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Fermionic Decay Modes
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‘ Searching for H>tt I

Consider leptonic and hadronic tau decays: \\‘Q AT I_ AS Run Number: 204265, Event Number: 178165311
H%‘clep'clep (ee’ MM’ eM) ﬂEXPERIMENT Ez:él/)jte: 2012-06-02 19:53:30 CEST
H> %15 Thag (€Thags UThad) |

H2>TjhagThag

Mutlivariate tau ID to select T, 4 from jets.
efficiency~60%, jet fake rate ~few%

Main background: Z->t.
Modeled from Z->uu data replacing muons

H ” "ce ;I ‘ L 'I ‘;
by simulated tau decays (“t embedding”). = 0.16 ©Thaq + WTnaq Preselection
> 0.14F —4— Z—1t Embedded
g E . ¢— Z—1t Alpgen MC E
Reconstruct m__ difficult (2-4 neutrinos): S 0.12F L -
T . = - . /7 Emb. syst. ]
use Missing Mass Calculator (derived from 0.1 o [Lat=1301"
measured momenta, E;™ss, simulated 0.085- 6 \s =8 TeV -
. g . . . -JOr e o ]
distribution of angle between visible and - ATLAS Preliminary
missing momenta) 0.06F - E
0.04:— o g
0.02- ° ° -
= Q QC. -
Qeeesesoe . . | . . . O®00ececcecscececsces

50 100 150 200 250 93

ATLAS-CONF-2012-160 MMC mass m,. [GeV]



Searching for H>tt
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95% CL Limit on G/GSM

‘ Searching for H>tt I

ATLAS-CONF-2012-160
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« Expected sensitivity for m =125 GeV
still only ~1.70.

* No significant excess observed.
At m =125 GeV:

Observed limit: 1.9xSM
Expected limit: 1.2xSM
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Signal strength (at m;=125 GeV):

| u=07x07 |
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‘ Searching for H>bb I

piailir B —== 7ZH->vvbb candidate
2-lepton 1-lepton O-lepton g >
- e/n - e/n
- 2 - W AV
- 3 ,,,;\'\V\\ efu A w \@\\ Ty a- , \Y.\\_\\Z(W)\‘V
/,> "J‘“\Jﬂ‘\j‘.\,‘"‘w“)}..‘ /‘/ b /A>”w\«(‘.Jk\/\('\f‘§.. /,' b \V‘,.ij\u,m\)p,un‘ﬁ.\"\\ b
q 'H\-_ q 'H\»_‘_ q/ ."H/
b b ~. E

un: 204763
vent: 49333326

» Exploit three leptonic W/Z decay modes in
VH associated production.

R
3
Date: 2012-06-09
Time: 16:08:25 CEST

2000

« Main backgrounds: W+heavy-flavor, tt

=» estimated from simulation and normalized
in data control regions

1000

=>» classify events by lepton multiplicity W+Jets control reglon
E 7000~ ATLAS F Prehmmary I ;gg:;°11 | =
- . Do —
« Require 2 or 3 jets with 2 b-tags. 2 o0 JLawara NemrTey =K -
9 5000 1 Lepton, 1 Tag, 2Jets, p/> 0 %:NH =
NN-based b tagger: & = ]
70% efficiency, 1% mistag rat oo % S
efficiency, mistag rate - W = =
0 y 0 g 3000:_ ﬁl:: Bl Z+b _:

Data/MC
o
\
|

E g +—¢-—.0—.¢.H+¢f-¢—++—¢~+++=

—_

0.5

50 100 150 200 250 -
ATLAS-CONF-2012-161 My [GeV]



Events/20 GeV

‘ Searching for H>bb I

Further categorize events in bins of W/Z p; to increase the sensitivity.

1-lepton (2jets) ~ 0-50  50-100 100-150 150-200  [NS20000

Final discriminant : 2 b-tagged jets invariant mass m,,,.
Example: p(V)>200 GeV

O-lepton 1-lepton 2-lepton
= ATLAS Preliminary '-'5;':{' i oo ATLASProimnay w4 [ ATLASPreimnay  ma ]
E_I’-"H:’-’”ﬁ': (s=8Tev .uumiet ERN: ILdus.ofﬁ’,E:srev .‘I’dl:ltllet 25?[Ldt.—13.0f5', {s=8Tev Multijet ]
§ 0Lepton 2 Jets, ET'* > 200 GeV -m’ g 405_ 1 Lepton 2 ets, p¥ > 200 GeV C 2Lepton 243 Jets, p7. > 200 GeV Top ]
- mv o %5 20 Wz
= mn 3 I H: ]
. =f)ibo ] | . C " Diboson -
= Cpeht 3 05E ] 15 ~PreFit
E ) +Daa20i2 3 20§ ~+-Data 2012 r +Data 2012 -
S— 1F L . 10 -
E ERL C ]
= 10E N | R
2 F :
T s e visr il O
40 60 80 100 120 140 20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 140 160 180 200
my; [GeV] m,; [GeV] m,; [GeV]
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Events/10 GeV

400

300

200

100

-100

‘ Searching for H>bb I

ATLAS-CONF-2012-161

T I T I T T T

TLAS Preliminary

A Bwz.zz
J L dt=13.0fb", {s =8TeV
i B WH 125GeV
J Ldt=4.75", {s=7TeV 7H 125GeV
0,1,2 lepton

-»- Data - Bkgd

l|llll|]l||l||lll|l

! 1

IIlIIIlIl

1

— 200
m s [GeV]

1 1 1 1 1 l 1 1 I 1 1
50 100 150

Measure VZ(Z->bb) cross section to
validate H->bb search strategy.

Cross section in good agreement with
the SM prediction:

u,, =1.09+0.20(stat)=0.22(syst)

Significance ~4c.

250

% 6_ | T T T T T T T Al T T ]
A C ATLAS Preliminary \s=7TeV, J Ldt=4.7fo" -
C 5[ —e— Observed (CLs) L
S S Expected (CLs)  'S=8TeV. j Ldt=13.0fb" -
s T I+ 16 VH(bb), combined ]
= 4 [J+20 ]
_! - -
@) - ]
X 3C =
Lo - _
@ n ]

2 -
1= -
O: | PR S T T SO AN T N ST S A SO ST SR S | ]
110 115 120 125 130
my [GeV]
No significant excess observed.
(" At m,=125 GeV: )
Observed limit: 1.8xSM
Expected limit: 1.9xSM
L u=-04=x0.8(stat)=0.7(syst) )
28
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‘ Searching for H>uu I

ATLAS CONF-2013- 010

Very rare decay mode! 3 ATLAS Preliminary 5 glant;ﬂ'op E i“f,ﬁff“
BR(H%MM)"ZZX'] 0_4 at mH=125 GeV % L:i;evcinlf; 20.7 17 E agZZ/WY E gﬂet
2 opposite-sign muons with p;>25,15 GeV

pr(un)>15 GeV

Huge background from Z/y*>uu.

Categorize events in two channels with 2

different dimuon mass resolution: 3

« (Central-central: Amw~2.3 GeV
 Central-forward: Amw~2.8 GeV

- 0
S a ATLAS PreI|m|nary sy .
N 2 3 DWW e
No significant excess observed. £ ©O0F —Observed -
=5 - ---- Bkg. Expected J- Ldt = 20.7 fb! R
At m, =125 GeV: o o0 E:—[;z o E
i 2 C - \s=8TeV ]
Observed limit: 9.8xSM 5 a0f -
Expected limit: 8.2xSM 30 =
20; _f
10F- -
o:I 11 I"1'|"I'T'l"l'l"1'I"|'|"I'T'I"|'l"'|'r'l""l""l'1 :

110 115 120 125 130 135 140 145 150 29

my [GeV]



Higgs Properties
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‘ Mass I

« Combination of my measurements in ATLAS-CONF-2013-014
H->yy and H>ZZ->4l channels. < F ATLAS Praliminary
Y 10—\ Vs =7TeV: [Ldt = 4.6-4.8 fo" /
— 4 — - Vs = 8 TeV: [Ldt = 20.7 fb”*
Z [ ATLAS Preliminary —— Combined i 3o
g [ \s=7 TeV: [Ldt = 4.6-4.8 fb' — H->yy i
S 8.5 Vs=8TeV:[Ldt=207fb" — Ho 72" 4 8f
% E X Best fit L
> 3 — 68%CL 6| 2inA(0)
n L
2.5 I
5 4+ 20
2 ;
g 2l
1.5 i ,
11— 0-1""0"]1l7[\‘2‘)|/:laul4|¢'H5
C m,,-m,, [GeV]
0.5/ Consistency between the fitted masses
- from likelihood value for Am=0 w.r.t.

gl|\|\||||\|\I\I‘IIII‘I\I\'\III'\I\I .
Ol22° 123 124 125 126 127 128 129 best-fit value for Am.

my [GeV]
[ m, =125.5+0.2(star)"’ (syst) GeV ] Am =2.3""(stat)£0.6(syst) GeV

0.6

» Probability for disfavoring the Am=0 hypothesis by more than observed: 1.5% (2.40).
» Increases to 8%, by fixing the three principle sources contributing to the e/y energy
scale uncertainty (material, pre-samples energy scale, calibration procedure) to their

+10 values. 31



I Overall Signal Strength I

Maximum likelihood fit to data with
signal rate scaling factor (u) as free
parameter.

Ratios of production cross sections for
the various processes (ggF, VBF,..) fixed
to SM values.

Higgs Boson Decay (mp=1 2‘; 5 GeV)
VH — Vbb -04+1.0
H— 1t 0.8+0.7
H— Ww® 1.0+0.3
H— vyy 1.6 +0.3
H— 727%™ 1.5+0.4
Combined 1.30 +£0.20
u=13x02

ATLAS-CONF-2013-034

| I I I
ATLAS Preliminary

W,ZH — bb

\s=7TeV: [Ldt = 4.7 "

I I I
i my, =125.5 GeV

\s=8TeV: [Lat=131"

H— 1t

\s=7TeV: [Ldt= 461"

\s = 8 TeV: [Lat (=)13 fo!
H— WW ' — viv
\s=7TeV: |Ldt=461"

\s =8TeV: |Ldt=20.7 fb"
H— vy
\s=7TeV: |Ldt=4.81"
\s=8TeV: L(d*t)= 20.7 fb
H—o ZZ ' — 4l

\s=7TeV: |Ldt=4.61b"
\s =8TeV: |Ldt=20.7 fb"

Combined
\s=7TeV: |Ldt=46-481"
\s=8TeV: [Ldt=13-20.7 fo"

| I I I

u=1.30x0.20

e

I | |

10+
Signal strength (u)
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‘ Signal Strength by Production Mode I

ATLAS-CONF-2013-034
E _II LI | LI | T T 171 I T T 17T | T 1T 17T | T T 1171 | LI ‘ LI | LI | T T II_
o 1OF ATLAS Preliminary 1
v sl Is=7TeV: [Ldt=46-48f" ]
T - ls=8TeV: |Ldt=13-20.7f" ]
Iﬁ; 6 - —H-yy + Standard Model
= i —H-2zz" 54 X Bestfit ]
41— —H-ww"” 5 iy —68% CL —
B H— 1t --- 95% CL 7
2f -
O =
oF =
- m,=1255GeV .
_4 _I L1l | L1 | L1 1 1 I 111 1 | | - | L1 1 1 | | I - \ | - | | | 11 1 I_
2 -1 0 1 2 3 4 5 6 7 8
l'ngF+ttH X B/BSM

*  Fitfor ratio uyge./Wygreyy in the
individual channels (more model-
independent).

* Results consistent among channels.
Combination consistent with the SM.

[ Morsun /luVBF+VH = 14{8; ]

3.10 evidence for VBF production

: o(stat) .
ATLAS Prelim. |™ - Total uncertainty
_ olsys
m, = 125.5 GeV e + 1o + 26
oal LN T
H— vy 04 A
0.7 |-+ 1 > -
u wol %4 i 1T -
_VBFsVH _ - f\ :
Hograun 1755 021 A A N H—
o N T
+13| : :
HoZz" -4 [°%] s
+20] ¢
-04| = :
Bverom _ ) g*24| | S -
P’ggFMtH - *~Y_09(+03 "-.. : o —
~021°N == S T4
il ||I'-;,L T 1 I L1 | ! |
+08[ E I
H—WW"— Wy [%%| | S
$20|---4 ; :
" _07 : \ =i : :
VBF+VH _ O O+2.2 AN : :
M ooF+H "T1.0(+05 N : —
-02 -+ i AR r.-._._..;._._._\rd.
N e O i L
. 04 ) ' '
Combined Toa| | L
x | 3 H
H—=yy, ZZ*, WW* 08 i [ ——
Mvgravn _ 1. 4107 o P : /’/ f
Bogre  -05[+02[ VR
—0.1 __._,_._.___I\ /F ________ S S S 1o
0T 2345

\s=7TeV [Ldt=46-48 1"

(s=8TeV [Ldt=20.7 ib”

/
VBF+VH ' ' 'ggF+iH
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‘ Probing Higgs Couplings I

» Several production and decay mechanisms contribute to signal rates per channel
=>» interpretation is difficult
» A better option: measure deviations of couplings from the SM prediction (arXiv:1209.0040).
Basic assumptions:
 there is only one underlying state with m,=125.5 GeV,
* it has negligible width,

» itis a CP-even scalar (only allow for modification of coupling strengths, leaving the
Lorentz structure of the interaction untouched).

» Under these assumptions all production cross sections and branching ratios can be
expressed in terms of a few common multiplicative factors to the SM Higgs couplings.
Examples:

o(gg — H)BR(H — WW) =0, (gg — H)BR,, (H — WW) v
KH
o(WH)BR(H —> bb) = 0, (WH)BR,,, (H —> bb) "Wf
KH

Kg =f(K[’Kb ,m[-])

Ky = f' (Kz K, KKy K ’mH)

34



‘ Custodial Symmetry Test I

Probe SU(2), custodial symmetry by measuring the ratio A,,=x\/K.
Assume common multiplicative factor to all fermion couplings (k=K=K,=Kx.).
No assumption on the total Higgs width or H=>yy loop content.

Free parameters:

KZZ
AW7
} V‘{Z
AFZ

Kz - Kz/KH
Kw/ Kz
K*{/KZ

KF/Kz

0.80 +£0.15

1.10 £0.18
0.21
0.747517

+0.5
1.5 -04

ATLAS-CONF-2013-034

B 00— 7 T T T T3
o 9E- ATLAS Preliminary [sz’kpz’k-,z"czzl =
z o E=7TeV. JLdt=46481" ——Opserved E
= E (s=8TeV, JLdt=13207 5" -- SM expected =
' 7:_ _:
6F- E
55 E
ag E
3 =
2F =
15 E
:| , L | l:

) 14 16
)\'WZ

(a

Consistent with the SM prediction
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06 07 08 09 1 1.1

‘ Fermion vs Vector Boson Couplings I

Consider two independent multiplicative factors: common to all couplings to vector bosons
(xy) and common to all couplings to fermions (k). Assume A,,,=1.

ATLAS-CONF-2013-034

Assume no BSM contribution to the
total Higgs width or the H%yy loop

||||||||||||||||||||||||||||||||||||||||||||

- ATLAS Prehmlnary

I_IH—>IIII fiH > v
- ys=7TeV, [Ldt= 4648fb’1 Z3H = vy Elcombined
- \s=8TeV, [Ldt= 13207 b + SM % Best Fit

1

12 13 14 15

kr € [-0.88,-0.75]U[0.73,1.07] v
kv € [0.91,0.97]U][1.05,1.21]
68% CL interval

Consistent with the SM prediction

2InAQ)

-y
o

SO o D W b O OO N 00 ©

L

No assumption on the total Higgs
width or H->yy loop content

III|IIl|IIII|IIIII|I|I||IIII|||II|||II|IIH|III

T T T l T T T I T T T I T T
ATLAS Preliminary
Is=7TeV, |Ldt = 4.6-4.8 fo
Is =8 TeV, [Ldt = 13-20.7 b

1 r ] 7

Peyhyykuy]
— Observed
-- SM expected

\

\
F 1y

\
r \

\
\
L \
\
- \
\
o \
N
. .
.
F .
.
[ ~
N
.
N
N

i i

Illl‘Illlllllllllll‘Illl|llIlllllllllllllllllllllj

FV
rev = 0857003
v = 12290
kyy = 1.15+0.21
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‘ Loop-Induced Couplings I

« Test on contributions from other particles contributing to loop-induced processes.
New particles may or may not contribute to the total Higgs width.

« Assume nominal couplings for all SM particles ;=1 and introduce effective scale
factors x4 and k..

o ATLAS-CONF-2013-034
Assume no BSM contribution

to the total Higgs width No assumption on the total Higgs width

~ 10—
L U LS B N LA BN LR 7 2 ATLAS Prelimi 3
5 of ATLAS Preliminary + SM 4 £ o9 eiminary [xyXgB, ] =
" \s=7TeV,|Ldt=46-48f" X Bestfit 1 £ gEB=TTev JLdt=46-481"  —Opserved 3
25 |6~ 87TeV, |Ldt = 13207 fo' — 68% CL E §=8TeV,|Ldt=13-207f" -- SM expected E
1.8 ’ ---- 95% CL = 7 E
1.6f - 6 E
1.4F - 0 E
1.2F = A E
1 = 3 =
0.8F = 2 E
0.6 = e E
:I 11 1 | I 1 I 11 1 | 11 1 1 I 11 1 1 I 1111 I 11 1 1 | | I T | 11 __r 00 bgl-r
09 1 11 12 13 14 15 16 17 18 '
B.

_ Ky _ +0.32 W

kg = 1.08+0.14 kg = 1087032

_ ~2+0.16 _ 74+0.16

ey = 123053 Ky = 12455

68% CL interval BRinv.undet. < 0.33

Consistent with the SM prediction ~ 68% CL interval 37



‘ Summary of Coupling Measurements I

m, = 125.5 GeV

parameter value

No evidence for decays to
invisible particles.

ATLAS-CONF-2013-034
ATLAS Preliminary \s=7TeV, [Ldt = 4.6-4.8 fo'
W+t +2 \s = 8 TeV, Ldt = 13-20.7 fb”
T | T T T l I I I T E I

K| Vector-boson couplings
g I S S| A measured to ~10%.
£

K

" Indirect observation of fermion
I ; couplings.
<A
g&i FV I
_ g Ratio of W and Z couplings

35y consistent with SM (custodial
3 symmetry).
L S I No evidence for BSM
%:& __ ........................................................................................... g | contributions to |oop_induced
£ K| : couplings.
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‘ Spin and Parity: 0" vs O I

SM Higgs boson: JP=0".
Strategy is to falsify other hypotheses (JP=0-, 1%, 2*) and to demonstrate consistency

with JP=0*. J=1 strongly disfavored by observation of H>yy (Landau-Yan theorem).

H->ZZ->4l decays very sensitive to 0* vs 0
mass of the two bosons, production angle,

four decay angles
=>» combine into a BDT analysis

g 25_| T |.| |D|a|t|a| TT | T TT | TTT HTI.ILQIS[ |PI T [|‘| |.| T | TT l_
e L reliminary
€ [ [ Background zz° ) y i
L ool B Background Z+jets, tt HoZZ -4l
- Signal (mH =125 GeV) .

[ —P=0' (s=7 TeV:JLdt=46" |

15 =0 (s=8 TeV:JLdt = 20.7 fb!

:
5 .

-1 -0.8-06-04-02 0 02040608 1

BDT Discriminant

ATLAS-CONF-2013-013

L L L B BRI
— ATLAS Preliminary —Data
" HozZ" >4l Signal hypothesis -
E V5=7TeV: [Ldt=461b" (M =125 GeV) -
0-2F Vs=8TeV: [Ldt=20.7 b N ‘-
: = : =20. _JHO =0 ]
L BDT analysis _ oA
0.15F A ~Jh =0
| Hy ]
SR
0.1:— i | -
- N I
0.05[- } { -
- o | A0
o_l Lol _1_ll 11 1 N | 1 ]H‘L«J_‘_L_] L LJ ]
-15  -10 -5 0 5 10 15
log(L(H )/L(H))
Exclude JP=0- (vs. 0%) with 97.8% CL 39




‘ Spin and Parity: 0* vs 1% I

In addition to H>ZZ->4l, use also H>WW=>Ivlv.
Sensitive variables in H>WW-Ivlv: my, A, pr, M =» combine into a BDT analysis

: LI | LU l LI | LI I LI | LI l: = : L S S | I T T 7T I L I I | I L L I L B I | I L :
0.2 ATLAS Preliminary  —pf_g 3 S 0.1B ATLAS Preliminary  _p_g
C (s=8Tev[Ldt=2071" —F=1 : o - fs=8Tev[Ldt=20715" — =1 E
01 85_ H—)WW'—‘!‘eva/uvev +0jets —Data _E 016: H— WW’;fevu\'lpve'\' +0jets — Data ]
0.16F E B 0.14F =
- - [y C .
0.14 E £ 0.12F 3
. — O C ]
0-(; 21 - Z 0.1 E
0 0.85— E 0.08F -
0.065 E 0.06F -
0.04F £ 0.04F .
0.02F = 0.02 g
:l | T | l: - = el 23 ‘ 2 ]

30 10 15 20 9950 5 0 1520
q q

Po(0*) Exclusion CL(1*) py(17) Exclusion CL(1")

H>ZZ* 0.55 99.8% 0.1 94%
H->WW* 0.70 92% 0.66 98%
[ Combination 0.62 99.97% 0.33 99.7% ] 10




Events / 0.1

‘ Spin and Parity: 0* vs 2% I

Spin 2: consider graviton-inspired model with minimal couplings to Standard Model
particles. [Y. Gao et al, Phys. Rev. D81 (2010) 075022]

Production via gluon fusion and qq annihilation possible.
= Studies performed as a function of the qg annihilation fraction (f,g).

ATLAS-CONF-2013-040
Channels: H>ZZ>4l, HOWWSly, and H>yy. < 10717171 3

» . . N - ATLAS Prelimina 3
Sensitive variable in H->vyy: decay angle w.r.t. " 10° i
. . . a E HsZZ'> 4 E
collision axis in the Collins-Soper frame. = F Gerrevia-asw ;
6 1025{' 8 TeV{Ldt= 207 6’ ® Data E
ATLAS-CONF-2013-029 10k H-yy . .CLS expected
200 T L L e Lz o  Po ey (assuming = 0
B —J = p —J = % gd) p N = . * e es oy h
~ Nominal analysis ¢ 4 = o* (SM) fit ® J° = 2" (100% gg) fit . 1 H WW= e»m/;f\e»
B ° _ Vs=8TeViLdt= 207 fs
- Backgroung systematic uncertainty -
150~ — 10k
: —3 :
- R 2
100_— ;_ I ] 10 _.___,_.—--—-k\
- — ] -
D ] 10°%F
50— i 1 - *
i . 104
- "ATLAS Preliminary E
0 T = 5
Data 2012, J-L dt=20. ‘J’fb’ s = 8TeV 1 L
IlllllllllllllllllllllllIlllll llllllllllllllll
001 02 03 04 05 08 07 08 09 1 1o+ L1
0 25

|cos6|

cosO* distribution in signal region ¢ 1o
after background subtraction Exclude JP=2*_ (vs. 0*) with >99.9% CL @ [7]




‘ Summary and Conclusions I

ATLAS Higgs program has moved from the
discovery phase to the phase of properties
measurements.

Based on the analysis of the full 7 and 8 TeV
datasets, the discovered particle appears
consistent (within the current precision) with
the SM Higgs boson:

 CP-even scalar
* Couplings proportional to mass

However, precision is still limited and there is
room for surprises (deviations in couplings,
non-standard production/decay modes,
additional Higgs bosons,..).

But we are just at the beginning of a 20-year
program! Exciting times head!
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‘ Searching for H->invisible I

Some BSM models allow for a significant

BR to stable or long-lived particles.

Search for excess in ZH->lI(inv).

Require: one Z->ee,uu candidate,
E Mss>90 GeV,

Z pr and E{™ss back-to-back, 0 jets

Main backgrounds after final selection:

ZZ, \WZ.

No significant excess observed.
Assuming the ZH production rate for
my=125 GeV:

BR(H->inv)<65% at 95% CL (exp. 84%)

1-CL

Events / 30 GeV

10

102

50_..,..

40

30

20

10

OO

ATLAS-CONF-2013-011

ATLAS Prellmlnary \s=8 TeV @ Data J- L=1301fb"

uZ NZ

B Top
f . -+ Signal (SM ZH, m, =125 GeV)

..., BR(H-inv.)=1

caaa o El | R B ||| PRI :-:-:-'Lu'f'liu't!‘n polos
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ZH-lI(inv)
\'s=7TeV, | Ldt=4.7fb"
\'s=8TeV, | Ldt=13.0fb™
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