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Introduction: Higgs discovery

; After the discovery, an important question to answer:
— Is this particle the SM Higgs boson,

responsible for the EW symmetry breaking
mechanism?

This talk will review the recent results on Higgs
searches (SM and BSM) and properties
measurements of this new particle.
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ATLAS and CMS experiments -2 7 ) »
announced the discovery '; . 4
of a new boson at LHC on 4 July n ' | .

2012 o
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Outline

1. Observation/evidence of a Higgs boson i
H...)YY, H--)ZZ-)ZH, H-—)WW»'V'V
H=>TT |

: 7
2 Properties measurements: o

Mass, signal strength and couplings
Spin and parity
- Differential cross section in the H—=yy channel
3. Other Higgs boson searches
- H=>bb & Rare decays
- Recent BSM Higgs searches
4, Summary

\
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The Higgs at the LHC
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Higgs olbservation channels
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A H=>yYy channel

e Decay due to W and top loops: Sensitive
to vector boson and top couplings both in
production and decay; sensitive to BSM
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e Despite low BR (0.2%), H=>Yyy was one of
the most promising for channels of Higgs
search in the low mass range: clean
signature (good mass resolution) to
discriminate QCD backgrounds.

Backgrounds: 75% irreducible
vy QCD background, 25%
reducible vyj, Jj background
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H=>YYy channel

Selection: 2 tightly identified isolated photons, Pt > 40 / 30 GeV,
In| <1.37 0or 1.56 < |n| < 2.37

Photon identification: Photon energy reconstruction:

Cuts on shower shape variables to Validated with Z->ee and corrected

dltscrlmlnate isolated photons from QCD with MC for e-y translation effects.
jets

1.002_:"':"'!|||!|||||||A||||||I|III|IIIIII:

e BMIS:.0.019%
- gRMs 0.015%

Example: Due to the fine granularity of the
first layer it is possible to distinguish
between y and 10 using strip variables.
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Average interactions per bunch crossing
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INnvariant mass reconstruction

Vi >

e Fvaluated from the following expression: The PV is identified by building a
likelihood, which includes:
My, = \/'_)E%E% lcosh(ny — 19) — cos(oy — @9)].

Photon pseudo-rapidity n has to be
corrected by the primary vertex (PV).

® [ight direction of the photons (using
calo-pointing technique).
® Average beam spot position

I
® Sum of |pT|? of the tracks associated
to the PV
- e S = T
8 . —e— True vertex ATLAS Simulation -
o 0127 —— MaxXp Preliminary
o - —e— Likelihood ]
~ 01— | gg—>H-yy
e I my, = 125 GeV
; 0.08':— \s =8 TeV -]
o
z . }
= 0.06 R
0.04}
0.02}

16 118 120 122 124 126 128 130 132 134
Z m,, [GeV]
Inclusive mass resolution ~1.8 GeV.
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Categories

Perform the analysis of the data classifying the

ATLAS Preliminary

events in 14 categories exploiting process H— vy
- : di-photon selection
signature (VH, VBF or ggF enriched) and
differences in mass resolutions. 5 J,
One-lepton
mggF ®WVBF ®=WH HZH mttH W(—> V)H, Z(—> I)H
ATLAS Simulation H—syy i
Inclusive
Unconv. central low p_ E;niss Significance
Unconv. central high p_ VH enriched
Unconv. rest low P, W(—) 'V)H’ Z(—) VV)H
Unconv. rest high P, l
Conv. central low P,
Conv. central high p_ Low-mass tWO'jet
Conv. rest low — N B
Conv. transition — : l
Loose high-mass two-jet - - [ight
_ _ BB Hiagh-mass two-jet
P —— — 0" et || M
ET™ significance VBF loose
One-lepton O 0909 — l
o v by s by v bvv e vy s by v s by v by Ly gy ng-]‘l-ConverSion
0 10 20 30 40 5 60 70 80 90 100  goF enriched !
signal composition (%) ggF
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Results Phys. Lett. B 726 (2013), pp. 88-119

Discovery-level signal only in this channel!
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1 o F 5 — Stat ]
107 120 - St E
18‘3 i 30 = |+_|_._|_|_| — Syt =
107 'I::::::---....____ _____...-::::::::-'::: ---- 40 Yyer - -
1085 el - i
10° Data 2011 1s = 7 TeV 50 : i (s=7TeV [Ldt=481"
107 B — Obs. 2011 det 481 0 = | H—H =
10_9 ----Exp. 2011 - 6g  99HHtH [ ; s =8TeV [Ldt=20.7fb" 1
%0f —obs.2012 ||/l Data2012is=8Tev S E
11(())-_1121 o Exp. 2012 [Lat =207 10" /o - 5 H=—H 2011-2012 E
1613 v " - l | . m=1268GeV
'14 I I | | I I | | I I | | 1 1 1 1 | 1 1 1 1 | I I | | I I | | L1 1 1 L | | | | | | | | | | | | | | | | | | | | | | | | ]
107410 115 120 125 130 135 140 145 150 0 1 > 3 4 5 6
m, [GeV] Signal strength

Obs. (Exp.) 7.40 (4.30) @ my=126.5 GeV Signal strength @ my = 126.6 GeV.
u=1.55+ 0.23(stat) + 0.15 (sys) + 0.15 (th)
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H=>//=>4| channel

® Events can be fully reconstructed with high efficiency and purity
® Signal/background ratio ~ 1
® However: low 0*BR

Efficiencies:

- Electrons: Significant improvements of
the reconstruction efficiency for the 2012

dataset.

—a
o
(&)

-
o
c
2
2
=
Ll
-
o
-~
o
-
-
7
-~
o
o
@
o

YTYY\'Y

Reconstruction and track quality efficiency

& 2011 cata 1s=7 TeV | Lat= 47"

—f— 2011 MC
P :’m?uams-e‘rn-.'[Lm-?oarn‘

—— 2012 MC

- - N
o ] 11’)1[}1'.’[ K W 1;9;1 119

Cluster

Energy/momentum scale:

- Muons: Different input objects (Z/\W/
Upsilon/J/Psi) give comparable results.

o,mszlilvlvrlvIrvrv]vrlvlvvvvlvlvvllrv
E Data 2012

o Z—un

- ATLAS Preliminary

v Y —uu

55
-Very stable in time and under pile—&p

both for Electrons (shown for H=>yy)
and Muons.
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H=>77=>4]: 5 5§
mprovement in the invariant mass o &

Search for 4 leptons (e,u): 4e, 2e2, 4

_III|IIII|IIII|IIIIIIIIIIIIIIII
: : : E ATLAS Preliminary
Improvement in the invariant mass: 5000 -V fiet= 1o
C). A Z—uuy, no FSR corr. Data
. ?) Z—nuuy, no FSR corr. MC
- FSR correction to muon momentum 1= e Z—uuy, FSR cor. Data
. 034000 Z—uuy, FSR corr. MC
Photons with ET > 1 GeV o [ Z-=uu, 0 FSR, MC

and ARguster, pn < 0.15 3000
Affects 4% of the events

>240?“"\""\““\““\““\““\““\““““““i 2000
8220Events w/ recovered FSR v [ *;
$200-—No Correcti -
5200 o Coreeten % 1000
D a anf - FSRY
160f+FSRy + MZ Constraint E
140 — O cov o v b Ly
1200 N E 70 75 80 85 90 95 100
1ggA.TLAS.PreIiminary lllll S mMM(Y)[GeV]
eo - - Z-mass constraint on the leading di-lepton
" 1 : (highest pT, opposite sign, same flavour),
ot T B L L e i, 15% of improvement in the mass resolution
90 95 1001051101151201251%0382\1/?0
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Backgrounds:

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

/ + |ets, ttbar, data-driven methods,
transfer factors to extrapolate from
control regions to the signal regions

Event Categorisation:

2 jets?
—>" - high mass ——> VBF
- rapidity gap ¥ €S

lno

four
leptons

additional VH
from MC and cross-checked with data. R yes
° 40 ® Data2011+2012 ATLAS lno
(,_?, — [ SM Higgs Boson *
a8 T m,=124.3 GeV (fit) H—ZZ"—4
S 35 s  around 7. 77" Vs=7TeV JLdt=46fb"
B e (et flasao7 ggF
30;_ 7 Syst.Unc. |
20 ! Expected number of signal events in each
20;—1/ 8] 14 category +Z/ background events.
15?— . category gg — H,qq/gg — ttH qq — Hqq' qq— W/ZH ZZ'
E Z% ) \/g - 8 Tev
108 | goF-like 13.5 0.79 0.65 320.4
5f_ VBF-like 0.28 0.43 0.01 3.58
% | VH-like 0.06 0.14 0.69
O 00 150 200 250
m, [GeV]
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Results /z

W _e
Phys. Lett. B 726 (2013), pp. 88-119 + X“'
Single channel discovery: 6.60 (4.40) observed (expected) significance

Signal strength: p=1.7+%°44 for mH = 124.3 GeV
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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 large backgrounds

e The analysis is divided into Njet =0, =1, and =

2.

> L S N B B B B B I DL L
8 800E- ATLAS -¢- Data 201142012 3
9 g {s=7TeV det —461fb" %4 Total sig.+bkg. g
P 700E" (s_gTev [Ldt=20.7 1" ] SMmH'?iszzogzc E
© 600 HWW* =i +0/1 jets ] W —
i - % -
500:— B 4 [+ =
4002_ . Other VV =
- - [] single Top 3
3001 v [] Weets =
- ) Ziy* -
200F- e B =
00" mi
] :i__-z—____ h - E
E‘C? 128 -¢- Bkg. subtracted data :%
. 28 | [ ] SM Higgs boson m =125 GeV:;
5 200 A + + .
0 T ; — == -
20 + 3

60 80 100 120 140 160 180 200 220 240 260
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Events / 20 GeV
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IR S

ine

50 100 150

I e
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%4 Total sig.+bkg.
VBF m,, = 125 GeV |
- ggF m, = 125 GeV
K
] ww
I zv
[ other vv
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[] Wets

200 250 300

m; [GeV]
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lllustration from TM Hong

A
2 H=>WW=|vlv
L o...[pP] 10 102 102 104 105gl akes signé ate
total
A BaCk rOumdS | llllllll 1 llllllll | llllllll 1 lllllll I llllllII
= g W gt IW- v Jet fakes ( Data
................................................................ T —
£ 5, =1t Real MET Data
Most backgrounds (WW Htbar . 'l .
irreducible, tt, single W, Wt) =zt e {t—=btv  Loseb Data
estimated from data control I 1 S
regions C=> WWwW ATLAS Preliminary Irreducible Large Data
WZ el mcf:eﬁyznev WZ — (vet Lose ( MC
""""""""""""""" © Data(L=0.035-461
Wi - H W = (v Lose b Data
........ mprmmteamenne. LHC pp V5 =8 TOV
a M mm Theory )
/7 '*3 e Data (L=58-201" Irreducible Small MC
Nieg =0 Niet =1 Niet = 2 .
— -'8‘ ] " ‘09 " ;5 Numbers of events observed in
serve 3 3
Signal 100 + 21 41 + 14 109 + 14 the data and expected from
Total background 739 + 39 261 + 28 36 + 4 signal (My=125.5GeV) and
WW 551 = 41 108 + 40 41 +15 lackgrounds inside the regions
Other VV 58 + 8 27 £ 6 19 £ 04 '
: <
Top-quark 3945 95 + 28 sat21 O-7OMu<mr<my for Njet<1 and
Z+jets 30 + 10 12 + 6 22 + 3 mr<1.2my for Njet =2 .
W +jets 61 + 21 20+ 5 0.7 + 0.2
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H=>WW=|vIv channel
Results

More details about this analysis
IN V. Bortolotto’s talk this
afternoon!

Phys. Lett. B 726 (2013), pp. 88-119

Significance of the signal with mH = 125GeV is 3.8(3.7) observed (expected)
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.

10°

o T T 171 | T T 11 | T T 11 | T T 171 | T T 11 | T T 171 | T T 11 | T T 11 | T T T I§
% 200? | T T 1 | T 1T 1 | T 1T 1 |.| T I. | T 1T 1 | T 1T 1 | T 1T 1 | T T 1 | T 1T 1 | T T 'lt c_i- 2 ATLAS vg= 7Tev det =4.6 fb'1 E
A - ATLAS Preliminary —¢— Bk subtracted Data 1 S 107 Howw—hiv (s=8TeV [Ldt=207f" 3
9 150—_ S = 7TeV,f Ldt = 4.6 fb H[125 GeV] ] — 10 —— Obs. Cl+1o —é,
2 [ Ns=8TeV,[Ldt=2071b" ) R e e -
o " H-WW! S hiv + 0/1 jets ] == === oo
W 100l —~ 107 lo
: + : 10-2 -------------------------------------------- 20
50— | +:‘:'* — 1000 30
- ‘T‘ + i 10™
OF '+' = AR an g 10° 40
:||||||||||||||||||||||||_+_||||||||||||||||: 10--?10 120 130 140 150||1|6|6||1|7|6||1|8|(|)||1|9|(|)||2|00
60 80 100 120 140 160 180 200 220 240 260
m; [GeV] M [GeV]
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H—TT channel ﬂ/ vi
AT

Analysis strategy:

. o
v Search in Tiep=-Tiep, Tlep-Thad aNd Thad-Thad Channels 23%, Thip

- Major backgrounds: Z—TT (irreducible), Zee/uw+jets, W+jets, top, multi-
jets,di-bosons (each channel is affected differently by the backgrounds
— cuts optimised separately).

v Two analysis categories are defined in an exclusive way:

¢ \/BF: Presence of two jets with a large pseudo-rapidity separation.
e Boosted: targeted at events with a boosted Higgs boson from ggk
(Higgs Pt>100 GeV).

v BDTs are used in each category to extract the Higgs signal from the
large backgrounds.

Thursday, January 9, 2014 18
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H—TT channel: Inputs to BDT

Resonance properties
—m(TT), AR(TT) ...

¢ \/BF topology
— mijj, Anjj ...

e Fvent activity
— Scalar & vector PT-sum

e Event topology
— mT, object centralities,
PT(T1)/PT(T2), etc

e Number of variables
- VBF: 7 -9
— Boosted: 6 - 9

Events /0.2

450;_mhad + et VBF ATLAS Preliminary -
400 f Ldt=20.3fb" Vs=8TeV Signal Region -
- —— Data E
350; —— 20 x H(125)— tt |
300F B Z- -
- Bl Others ]
250 I Fake © =
- 77 Uncert. ]
200F 7
150F
100E
50F
0:
0 2 4 6
AR(tx)
‘IZUU— T T T T T T T T T T T T T —
[ UTp g+ €T VBF ATLAS Preliminary 7
- _ -1 _ . . 4
1000 f Ldt=20.3fo" Vs=8TeV Signal Region ]
I —— Data 7
. —— 20 x H(125)— Tt |
800_— M Z-w Bl
- B Others _
B I Fake t ]
600 7772 Uncert.
‘ 110, IO P> 20

my [GeV]

Events /0.2

Events / 10 GeV

-, + ety VBF ATLAS Preliminary 1
600:_ fLdt=2031" Vs=8TeV Signal Region -
. —o— Data ’
500 7 —— 20 x H(125)— 7t
: M z-w .
400 Bl Others =
- I Fake t .
- 7
300_ 777 Uncert.
200}
100}
o ]
3 4 5 6
An(i i
G, J,)
C T | T T T | T T T | T T T | T T T ]
- Ut .4+ €T, VBF ATLAS Preliminary -
2500:_ f Ldt=20.3fb" Vs=8TeV Signal Region _
7 —¢— Data i
% —— 20 x H(125)— T ]
Mz« ]
Bl Others ]
I Fake t

777 Uncert.

40 60 80 100 12
pIO’[aI [GeV]
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H—TT channel: Background estimation

e All major backgrounds are either directly estimated from
data or normalised to data in dedicated control regions

Z—TT: major
background;

modelled by data/MC

hybrid estimate

“Others”: dibosons,
H—-WW;modelled by
MC. Z —ee, yu& top
modeled by MC,
normalized to data.

>
)

2500y, ,, + er,,, Boosted

0 50 100

L LR ]
ATLAS Preliminary—

i f Ldt=20.3fb" (s=8TeV Signal Region ]

—4- Data 1 “Fakes”: multijet, W
- g“?f’)%“ 1 +jets, top (with fake

B Others
" Fakert
77/ Uncert.

150

tau); modelled by data

200 250

mMMC [GeV]

Background model is validated by control regions
defined separately to each channel:

Thursday, January 9, 2014
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H—TT channel: Signal extraction

Maximum likelihood fit extracts signal strength p by performing a
simultaneous fit in 6 SR (VBF+Boosted categories per channel) and 5
CR with common nuisance parameters.

Inputs for maximum likelihood:

e BDT score in the 6 SR

e Event yields Z— Il and top CR (Tiep-Tiep and Tiep-Thad)

e “Rest” category CR in bins of An(Thad, Thad) (failed VBF&Boosted cuts)

T | T T T T | T T T T | T T T T | T T 104__I 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 | T T T T | T T T

S [ ee+eu+uuVBFSR  ATLAS Preliminary | " Taithag VBF SR ATLAS Preliminary 3 == 4L Wty + €7y VBF SR ATLAS Preliminary._
~ = - ~ B 1 O = =
0 fL dt =20.3 fb™ —— Data 0 - f L dt=20.3 fb™ —+— Data < - f L dt=20.3 fb™ —+— Data

T 10°F —— H(125)— tt - c . — H(125)— tt ® - —— H(125)— tt ]
< Fis=8Tev. H(125)— v (u=1) o 10°L \s=8Tev . H25) = (u=1) | & 404l \s=8TeV . H(125)—> Tt (u=1)_
Ll B Z— e . L BN Z— 1 1 > = B Z- e 3

Il Others | Il Others 1 w Il Others

[ Fake Lepton [ Multi-jet 1 3 I Fake t
102 7222 Uncert. 5 7222 Uncert. 10 3 7222 Uncert. 3

10 E
1
v w05 o0 05 1 v 05 o0 05 1 41 05 0 05 1

BDT score BDT score BDT score
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0 1 2 3 4
\s=8TeV [Ldt=20.3fb"  Signal strength (u)

. ATLAS Prelim. _OEStatis“ca') )Total uncertainty
n — o(syst. incl. theory
2 H->71T channel: my=125GeV | ot =10 on
L +0.3 : ) . .
¢ -0.3 : : T : .
A ReSU ItS H—1tt w=14%37120: o f -
— ' +8.g | | H— | |
Boosted  w=12%93)%88) Tt i
An excess IS observed in the VBF n=16%80084 i
' t0:8 |
three channels, with an H =ty u=20%00°02| | ——

D J ted D 1t 74 N I L D
ODSEIVE (expected) Boosted  p=2005)8) | S
significance of 4.10 (3.2)0. ver =222t == _

o B ——
> S L L L B R AL B H— Tieplhad W = 1.4f832 fos S B
() - ] +0.3 N = e
O 70 ATLAS Preliminary —e Data e =8 TR NN S S I |
o "~ H— vt VBF+Boosted — H(125)— vt (u=1.4) J Boosted w=1.271%8 | o |
o 60F P B Z- = T IV 06 [+00 ; ;
2 = [Ldt=2031 B Others . vBF W=16206)-05| | M |
o 50:— (s = 8 TeV . I Fakes = iy —
S 40F 77 Uncert E H = Ty 1 = 1.0792| 83 —
— - = R T | X N |
% 30;_ _; Boosted u=0.8"2728 | | = | |
= 20F = vBE  u. _qowslrer | [
E = = M_"0706.|....|....|....|....

10F

The fitted signal strength@125 GeV:
o080~ i00 120 1ao 160 10 o M=1-43"7" 020(stat ) o.s0(syst )

mYMC [GeV] ATLAS-CONF-2013-108

w. Data-Bkg.

f
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Iggs properties

Thursday, January 9, 2014
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Mass of the nggS 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) 3 we— e T =
8 30~ e Data ., ATLAS Preliminary ((\Dl 4000 e Data2011+2012 ]
g | Moackgondzz’ -y 570 4 £ "I ATLAS Preliminary Gombined (satssys) | A T S ok ot poam)
§ 25— - Background Z+jets, tt N s =7 TeV: |'Ldt =4648M1' 000000 e Combined (stat only) L;'>j 6000 .
© [ []Signal (m =125 GeV) gl 1s=8TeV:[Ldt=20.7 " How oo
201~ 7 Syst.Unc. (s=7TeV:[Ldt=4.6fb" | e 4': - \/§=7TerLdt =4810"
r Vs = 8 TeV:[Ldt = 20.7 fb ' / U ece TerLdt =20.7 " E
J } } } } }
/ ‘ 400
/ 2w
e +‘+L+$ +1+1+‘++ R
! \ 2 00 + t ! +‘ s T T s T
/ L%’ -20:)00 11‘0 1é0 1é0 14.10 150 160
m,, [GeV]
| / mH = 126.8 + 0.2(stat)
100 120 140 n116?GeV] k- /
- ' r / + 0.7(sys) GeV
mH = 124.3 *Y°o 5 (stat) 21 , (H=vy)
’ /

+0.5 4 g(sys) GeV
(H— zZ(x)— 4))

-

L'Al-i‘Al.A;Al-.‘ .41‘:";41;' i A
?21 122 123 124 125 126 127 128 129

Combined mass: mH=125.5 + 0.2(stat) *%-°9 ¢(sys) GeV
Mass difference 2.4 o (p-value 1.5% ).
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Signal strength

Measure the ratio
between observed rate

and SM Higgs

expectation for o x BR:

O X BR

HZXGXBRM4

where p=1 = SM Higgs

| Systematic, statistical
and theoretical |
uncertainties are |
already comparable. |

ATLAS-CONF-2013-014

- o(stat .
ATLAS 2 )) Total uncertainty
o(sys
m,, = 125.5 GeV +
H o(theo) +loonu
H— vy +0.23
+0.15 : ——
+0.33 : :
__________________ =10 0,15 | o
+0.5 : :
Low Py u=1.6_710.3 l '_—.|i
+0.7 P Z
High P, u 1.7_0.8 +0.5 l ’ i
2jethigh Y :
mass (vBF) M7 1900 <06 | |
VH categories U = 1-3jf +0.9 l |
H— Zzz* — 4l =033 i
_ | 4gos [2017 —
__________________ T s |x0.14 | |
VBF+VH-iike _ ore1e : :
categories " . T09|-09 | o
Other _ +0.43 :
categories w=1.45 . |+0.35 i . _' i
H—- WW*— v [*02 z
— 0.99"3 +0.21 i
__________________ T T oz x0.12 . |
Ovtjet  w=082,,k022) i
. +0.7
2 jet VBF u= 1.4_0_6 +0.5 - I
Comb. H—yy, ZZ*, Ww*[*0-14
_ 13372 +0.15 -t :
e A Y e
.0 1 2 3

\s=7TeV [Ldt=4.6-4.8 fo

s =8TeV [Ldt=20.7 fb"

igﬁg ——
H—tt uw=14357 "3 B ;
+0.3 : Lo .
__________________________________ R | - . | d . | . . | .
Boosted w=127%8]9% I : | : | I
VBF w=16298]13] 1 ;
ATLAS-CONF-2013-108
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Higgs production
modes

Exploiting the categorisations, the
signal strength the data is fitted
separating the vector-boson mediating
processes VBF and VH from ggF and
ttH.

2 6 |||||||||||||||||||||||||||||||||||||||||
o’ . H—te
~ B _ -1 X Best fit
m o f Ldt=20.31b —— 95% Contour
XI - \s=8Tev - 68% Contour
=> B .. + SM prediction
+ -
¢ 41— ATLAS Preliminary 2 Background only
>
=

30 -
N
oF -
_1: b e b e b Lo b g e :
2 -1 0 1 2 3 4 5 6 7

ATLAS-CONF-2013-108 Moge > B/Bg),

ATLAS ""’E:ta:)) Total uncertainty
m, = 125.5 GeV z(t;'eo) + 1o 4 25
— T T
H— vy -04]
+0.7
o= 1.8\
ggF-+tH il R —
H—ZzZ*—4 | °°
+2.0
N e
M ggF it -0.9 fg:g A
+0.8
H—WW*— v %%
+20
HvravH _ 2 0*2:2 ~ 07
Mgt -1.0 J_’gg
Combined £ o3
H—yy, ZZ5 WW* | |
Yeravh _ 1 .4+0.7 - 04
M ggF it -0.5 J_’8‘12

\s=7TeV [Ldt=4.6-4.8 fb"

; /
Vs =8 TeV [Ldt = 20.7 b MeEsvH MggF HtH

Physics Letters B 726 (2013) 88-119
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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

Npr-=>»

Higgs Couplings

Combined H—>yy, H—>ZZ—4l H->WW=Ivly:
W.,Z f

gMz gM

_____ = gMy , —— ) i o

h g My 8l < 5T
=NV f

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

b
<

c f ATLAS 1

o 5F . (5=7TeV [Ldt=461b" -

Coupling to fermions and bosons: One Coupllng . , Ve=8Tev fLdt=207 1" :
T —

scale factor for fermions, and one for bosons - | ot 2z ]
- expecte -

3 : .

KF = 0 (vanishing fermion couplings) excluded at >50 of E
2D Compatibility with SM at 12% level - ; .
, | """"" X""'U'8'2"'-i?"0 "175

- - B m 1255GeV | ’|'~'~|. LT
Ratio of couplings to the W and Z bos 0O ——0s o8 1 12 14

Awz=kw/kz: Test custodial symmetry. S Pz
“ 2_;_ ATLAS + SM | | E

- Vs=7Te =4.6-4.8 fb™ X Best fi =

Consistency with SM at 20% level 2 e egmol -

| 1.8 Gombined H—yy, ZZ*, WW " 95% CL =

" 1.6 =

Constrains on production and decay rates:\ 14F -
Test the existence of new heavy particles, that 2 E
contribute to loop-induced processes (i.e gg—H and o.8§— —
H=YY) —
2D Compatibility with SM at 14% level _ R B R B E N AT

Physics Letters B 726 (2013) 88-119 K,
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Higgs spin/parity
measurement

Npr=p»

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

e H—vyy (sensitivity to 2%, excludes spin 1)
o H—//*—4] (sensitivity to all spin/parity)

e H=>WW?”—lvlv (sensitivity to spin 1 and spin

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"

10°®
2)
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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Differential cross-section
N the H=>yy

Npr-=>»

Define a binning for a variable (Ptyy
yyyl, cos(0)...):

- For each bin extract yield from fit to

m .
YY. 2
F h b tf t 2
- FOr eacn oin, correct 10r acceptance, g . k-«
ffici lution:“unfolding”
elciency, reso ution:“unfo INg ATLAS-CONE-2013-072
§60_III|III|III|III|III|III|III|III|III|III|III|III ; 2:III|III|III|III|III|III|III|III|III|III_
— [ ATLAS Preliminary +- data syst. unc. & 1.80 ATLAS Preliminary -4~ data syst. unc, =
% 50:— H—yy, \s=8TeV gg—H NLO+PS (PowHEG+PY8) + XH — é 1 6:_ gg—H NLO+PS (PoweG+Pv8) + XH 3
> [ J‘ L dt=20.3 b [[l]] gg—+H NNLO+NNLL (HRest.0) + XH ] - F [[]]] ag—H NNLO+NNLL (HRes1.0) + XH ]
o} C - 7 -8‘ 1.4 - -
° 40 == XH = VBF + VH + tTH 1 < : -« XH = VBF + VH + ttH ]
- ] _8: 1 2__ H—yy, s=8TeV E
30 ] 1= ]
8 ] C J.Ldt=20.3 fo' ]
: 1 0.8 =
20 I . 0.65 .
10:_ ] 0.4?\ -
i R 0.2] E
il il it sl sl kil i ST AT RN U 0 P AP PN
80 I I I RERE RN I I AR RN Eﬁo"'l"l"l' I I
T 4 I
E I =
g I g I’+I>
e e 2
o of 1 9 —— T
R L S SN R S S
,,,,,,,,,,,,,, e R
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 0-IIIIIIIIIIIIIIIIIIIIIIIIIIIII
00 02 04 06 08 1 121416 1.8 2 22 24 0O 20 40 60 80 100 120 140
Particle level Iywl Particle level pTW [GeV]

e
M

......

-

= .
= N
M

The measured differential
Cross sections

are compared with various
theoretical predictions (NLO
Powheg NNLO+NNLL
HRes).

Within the experimental and
theoretical uncertainties,

no significant deviation from
the SM expectation is

608 0 ohserved.
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)%+ Other search channels
 (SM and BSM) N/ I\
e

“This is not exactly, what theory predicted <&
for the Higgs decay!”
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A

0 lepton v 1 lepton 2 lepton .
I I ' 7 4”’# y . W J}F/ll) . / 4 <:
A VH ) H b b >\Nd~\‘,‘l.‘ b \,‘i~ - b 2 W(/ oy
= ! <\hq <'\b ! e

- High BR (57 %) 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).

2 14 | L | 1T 171 | 1T 171 | 1T 171 | L | 1T 171 | 1T 171 | L — . : . : - -2013-07
& [ ATLAS Preliminary ‘Ii"r’;im;a':; o8|  E
S {2/ VH(bb) 's =8 TeV f Ldt =20.3 fb” — w=02700 "

c ler _ elot| | o,
o |  —— Observed (CLs) p i '
-'E 10_— _____ Expected (CLs) \s=7TeV det = 4.7fb ]
— - L+ 10 i
Zl): 8__ E . 2 — ATLAS-CONF-2012-079
© @[ Obs. (Exp. background only) @ 125 G 7 o T ]
5 O 14(1.3) x SM : ' No significant excess
aF - observed: data |
- - consistent with either SM |}
21" ~ -~ backgrounds only,and SM }‘
O: I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I | I | I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I : m baCkgroundS + HiggS' ]i
110 115 120 125 130 135 140 145 150 -

m, [GeV]
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Rare production/decays modes

>r-=p»

: ttH, H—
S VH, H— WW(*) (Ieptonic W decay) . A=Yy
IE _I | T T T | T T T | .I .I T | T T T T T T I_
B¢  ATLASPreliminary VH-VWW- 3 or 4 leptons % | —— Observed CLglimit H — yy .
E - — gf; (s =7 TeV:/Ldt = 4.7 fb" "I:o 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. ) .
o 7.2(3.6) x SM o 2oF- - »/ — S—
o = - . o N f ’
S T % - | Obs.(Exp.) @126.8 GeV: B
® @ 15 :
C ‘ ]
L C '
10F- |
L S u
z 28
- ATLAS-CONF-2013-075 T
. of
1‘:0||||1£O||||1:|30||||1‘|10||||1£|_)0||||16|o||||17|o||||18|0||||19|(E|G||<2/(|:)|0 120 122 124 126 128 (1330
m, [Ge m, [GeV]
H%ZY’ Z%ll i 70 T T T H?Illll!lll T T T | T 1T T T TT | T 1T | T TT | T T TT | LI
= 45. ‘‘‘‘‘‘‘‘ T Ob‘sérv‘ed T S - ATLAé Prellmlnary sty ]
N T e L - _
3T; 40|[: ij 46m' (s=7Tevn Expected E 60_— —— Observed HH =
= Ldt=2071", s=8TeV 1 ‘ 3 - ----Bkg. Expected J‘ _ -1 -
B 9 e | 3 50F Mo Ldt =20.7 fb E
T o | Obs.(Exp.) @125 GeV: o 40 . p—— =
Sl - i _
& g 18.2(13.5) x SM 302_ | Obs.(Exp.) @125 GeV: E
& ‘ ' F 19.8(8.2) xSM ]
5 20F ™ =
o : .
o2 5» 10— i
3 -..ATLAS-CONF-2013-009 e g g - ATLAS-CONF-2013-010 -
0“ - o - - o o o R . h . — o . 3 . - v Al e e e _I L1 |'1 rA1"T- | 1-ra- F'I T T ‘I' il e Ml il + i ol il ol | i Ml i b i e el i ol i 1 1 I_
120 125 130 135 140 145 150 0 110 115 120 125 130 135 140 145 150
[GeV] my, [GeV]

Exp. : ﬁxpeoted limit in the albsence of signal
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BSM Higgs: Search for a

Npr=-p»

cascade in W*W b event

S

mMulti-Higgs-boson

\\/
CERN-PH-EP-2013-173 M
7

Submitted to PRD

Extension to the SM: heavier neutral Higgs +
charged Higgs + a light neutral Higgs lboson, ho
(with mno = 125 GeV).

Search for a specific W
multi-Higgs-boson W

ascade topol:gy;f
[ 4] \
/@6@@66 :
g hu\\

® One W boson decays to hadrons
leading to jets and the other one to an
electron/muon plus a neutrino.

g

® BDTs used to distinguish the signal cascade
events from tt background.

Limits on the observed XS:

H* Mass [GeV]

N
o
o

600

500

400

300

H* Mass [GeV]

\‘
o
o

600

500

400

No significant excess of events above the
expectation from the SM background was found.

300

T
>
=
>
9]

JLdt =203f" Vs=8TeV o

H°—>W*H*>h°’W*W*—bbW*W*
Expecte
(absence

10"

400 500 600 700 800 0 900 1000
H" Mass [GeV]

ATLAS

J-Ldt =203f" Vs=8TeV o

H W H S hR°W*W* bW W=

Observe

10"

400 500 600 700 800 0 900 1000
H" Mass [GeV]

Expected Limits [pb

95% C.L. Upper Limits [pb
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BSM Higgs -Recent

Results

Npr=-p»

Search for H*—=Tv + jets (uses the

assumption that B(H*—=T1v = 1.):
nght Higgs (mH*< mt) ttb— H*bWhb:

ATLAS-CONF-2013-090

O

P e e YaTaTas

Heavy nggs (mH+> mt)

g 10T E
- | AN | L L B o = ATLASF Prellmlnary 3
T - ATLASF Prellmmary Data 201 o B - 5 Observed CLs Data 201 2 -
'? - —— Observed CLs 5 =8 TeV . S b e Expected (s =8 TeV _
T Expected - . 5, b - ko fL detosm ]
@ F [ @:t10 f Ldt=195%" 3 ke 5 - L 1=20 ) -
- [ J=20 . A o e i3 E
- ' ' S HxR) - '(’;,\ g t - .
i Branchllngl fraction B(t—H*b): e &’(Cu:: 5 CC.\/ ol b
er limits from 0.24 - 2.1% A i %
1072 = = /\_r\? /' \ " - . 7
- - A 102 tH* production XS: .
i 1 [ 5= ; - upper limits from 0.017 - 0.9 pb
B T 107200250 300 350 400 450 500 550 600
90 100 110 120 130 140 150 160
m, [GeV] m,. [GeV]
Search for a hlgh mass (addltlonal) neutral Higgs in the ZZ and WW decay modes:
'_‘10 E =
?lc;' ; ATLAS Pre||m|nary — Obs ggF ; E‘ 10 L L I B BN T g
“j i H-2Z -4 Exp ggF 7 = -~ ATLAS Preliminary —-—cE)bs. ggII:=+\\,Ig|I:= 3
0 10°F Jidt=20.7 o M-10 E & [ HoWWoevuv, SMwidth gmere 0 ]
S | /o8 ToV =20 ] X 4 Vs=8Tev[Lat=207 10" Ts2o ]
— — ogy x BR c = Th 3
S I | o R -
= 10 ATLAS-CONF-2013-013 = E i
O - . J107E =
X . a  F -
8 ] (.g - ]
1 = _E % L
C 7 2 —
; P10°E  ATLAS-CONF-2013-067
107F - T
- | | | 10'3| 1 | 11 1 | | 11 1 1 | 11 1 | | 11 1 | 11 1 1 | 11 1 | 1 |
200 200 500 800 3000 300 400 500 600 700 800 r%ocEG ; \c;]oo
m, [GeV] H
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Additional SM and BSM Higgs searches

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

o H—//—lvv: Excl. 320 - 560 GeV [ATLAS-CONF-2012-016]

e H—=//—llgq: Excl. 300 - 310, 360 - 400 GeV. at 145 GeV 3.5 X SM [ATLAS-CONF-2012-017]
e H=>WW=lyjj: 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 Model ruled out [ATLAS-CONF-2012-013]

o MISSM neutral H [UHEP: JHEP02(2013)095]

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

e NMSSM H to a0a0 to 4y [ATLAS-CONF-2012-079]
® H*— CS [EPJCT73 (2013) 2465]

o 2HDM WW(IvIV) [ATLAS-CONF-2013-027]
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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 Combined mass measurement mH=125.5 + 0.2(stat) *°.g6(sys) GeV

e Combined signal strength p = 1.3 = 0.14(stat) + 0.15 (sys)

e The spin/parity measurements favour SM JF = 0*

e Direct evidence for fermionic decays from H=>TT

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 103* cm =2 s'):
e Rare SM Higgs production/decays should achieve observation sensitivity.

e More precise measurements to test/challenge the SM predictions

e | 0ok for surprises... Exciting times ahead, stay tuned!!...
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Sack-up
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Event display of a VBF H=>yy candidate, containing two
converted photons and two high-mass jets.

-

A EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC
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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).
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Run: 204153
Event: 35369265
2012-05-30 20:31:28 UTC

av " / ’
H— TiepTiep channel candidate in the VBF category: One T
decays to a muon (red track) and the other to an electron \
(blue track). The dashed line in the R-¢ view is the direction -
of the Etmiss vector. There are two VBF jets (turquoise cones).
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Higgs to di-photon
Categories

Both unconverted:
e Central
At least one converted:

« Central
* Transition

p '

2 unconverted:
n(¥2) 4

075.

0.75

) pr: L
pT / P
T thrust axis

P

Ti

:p.l.'fl -p.l.'rz

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

>
niyl)

>=1 converted:

ny2) 4
175 I Resolution:
1.3 Good
0.75‘. Poor
>
0.75 1.31.75 n(yhH)
1 71+ Background :5;
Begd. Uncertainty 3
10" —~

Entries / 5 GeV (normalized to unity)
S

eas =
”/’,_.'...... Soer . 3
- % * o *Terre =
10° Yoy f.,"w’,o ’ ’O\”,M 3
\s=7TeV Wy | ” ’m +

+ GRCE 7P LR
10" ATLAS Simulation %% 7% "ﬁﬂ 4

Preliminary R A

2L 1 ]

10° - bsissn d o LHL Gla )

0 50 100 150 200 250 300

_+_ ogF m.‘-il?.'x GeV

Teee., —f— VBF+VHH m ~125 GeV -
..'
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Iggs to di-photon

Jncertainties

Npr-=p»

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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A :
* Higgs to 4 leptons
L : :
A Uncertainties
Source Uncertainty (%)
Signal yield 41 2p2e 2e2p  4de
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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 Category Ni=0 Ny =1 N> 2

A H — WW Two isolated leptons (£ = e, u) with opposite charge
. p— lead 25 : sublead 5
| R Leptons with p7*° > 25 and p% =2 |
L . ep + pe: myg > 10
g SeleCtlon ee+ pp: meg> 12, |mgg = mz | > 15
, y; ENSS », 9§ , : FTNS ~, 2§ , : FINSS 5, 20)
Misiguaverss 1 ESCERD . GRS amee ARG R
momentum and g s Turel bl Tl Rl e ot R
hadronic recoil ee+up: pr o > 45 ee + . pr o > 45 ee + pp: E3 Gy > 35
ee+ . frocoin <0.05  ee+ ppt: frocon <0.2 -
- Npijer =0 Npjer =0
General selection | Adee meT | > 7 /2 - p‘T"‘ <45
py > 30 eu+pe. Z|y* - rrveto  eu+pe: Z/y* — rr veto
- - m;;> 500
5 - |Ay;;i|>2.8
VBF o ; o
DEnpoey . - No jets (pr > 20) in rapidity gap
- - Require both ¢ in rapidity gap
mys < 50 mye < 50 myy < 60
H-WW" 5 évéy |A¢({|< 1.8 |A¢((|< 1.8 |A¢((|< 1.8
topology e + pe: sphit my; ep + pe: split my, -
Fit mt Fit mt Fit mt

Table 11: Summary selection table for 8 TeV data for events in the mt range noted in Section 3.5. The
uncertainty on Ny, accounts for the correlations among the sources. More details are given in the
caption of Table 7.

Niet  Nobs  Nbokg Nsig Nww Nyy Ni N; Nziy Nwejets

=0 831 739+39 97 +20 551 +41 58 +8 2333 16 +2 3010 6121
=1 309 261+28 40+ 13 108+40 27+6 68+18 27+10 12+6 20+5
>2 55 364 10.6 1.4 41+15 19+04 46+17 08+04 22+3 0.7x0.2
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Missing Mass Calculator

Due to neutrinos there is a limited mass resolution. With the MMC 13-20% of
mass resolution is achieved.

70E- ATLAS Preliminary ~e- Data

The method allows to partially s R
— - — H(125)— 1t (u=1.4) 7
compensate the effects of MET GO | T VBB00sIed
resolution. 5o J -3 o s
40 \s =8 TeV R 77, Uncert.

MMC defines an event global
Ikelihood which will constrain the
Kinematics of the decays: 10
requiring that relative orientations 0
of the neutrinos and other decay
products are consistent with the
mass and kinematics of the T
decay.

N W
o O
IIII|IIII|IIII|IIII|IIII|IIII|

In(1+S/B) w. Events / 10 GeV

101

w. Data-Bkg.

zﬁ
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H—T1T channel: Inputs
to BDT per categories

Npr=»

VBF Boosted
Tlep Tle TlepThad ThadThad | TlepTle TlepThad Thad Thad

Vanable

my
AR(T. )
An(jr. j2)
m

«
@
juj2 r
M X M
p¥oﬁl pe

sum pr o @«
p1(r1)/pr(z2) o E
ET**¢ centrality 2 © ® ® °
Xn and X N

m T J t
My, ¢
Ad’fl A2 &
sphenicity ®

&

min(An, ¢, jets) o
Jj3 i centrality @
{1 x £> i centrality °
{ i centrality B
T1.2 17 centrality .

Table 3: Discnminating variables used for each channel and category. The filled circles identify which
vaniables are used in each decay mode. Note that vanables such as AR(r, v) are defined either between
the two leptons, between the lepton and .4, or between the two g candidates, depending on the decay
mode.
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¢ H—T1T channel:

L . .

4 Uncertainties
Source of Uncertainty Uncertainty on
Signal region statistics (data) 0.30
Z — (€ normalization (Tjep Thag DOOsted) 0.13
ggoF d(r/dplf 0.12
JES 1 calibration 0.12
Top normalization (TiepThad VBEF) 0.12
Top normalization (7, Tpag boosted) 0.12
Z — {{ normalization (TiepThad VBF) 0.12
QCD scale 0.07
di-Thag trigger efficiency 0.07
Fake backgrounds (7iep T1ep) 0.07
Thaq 1dentification efficiency 0.06
Z — 71~ normalization (TiepThad) 0.06
Thad €NEICY scale 0.06

Table 7: The important sources of uncertainty on the measured signal strength parameter u, given as
absolute uncertainties on .
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The exclusion limits for
the light and heavy H*
are also interpreted In
terms of the MSSM
MnM#* scenario with the
Higgsino mass

parameter L= 200 GeV.

For this interpretation,
the assumption of
B(H+—T1Tv =1)is no
longer held.

BSM Higgs -

Recent Results
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Search for H+—=Tv + jets
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(uses the the assumption

, that B(H+—=T1v = 1)):
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