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1. Introduction

The search for the Standard Model (SM) Higgs boséhdt the Large Hadron Collider (LHC)
[[] is known to be complicated task as expected signal production crosersés oy =0O(10) pb
while background rates are much higher. Fig]1(a) shows how predigtettpends on its mass at
different center-of-maspp energies,/s=7 TeV, 8 TeV and 14 Te\[]2] which corresponds to the
LHC conditions in 2011, 2012 and 2015, respectively. It is about 1atply =125 GeV at 7 TeV
being 1.3 times higher at 8 TeV. At largey the cross section increases wiifs stronger and the
ratio of 8-TeV and 7-TeV rates aty =1000 GeV is as large as a factor of four.

There are four main mechanisms of the SM Higgs boson production at Lidfgies: gluon
fusion (ggF) via heavy-quark (mostly top) triangular loop, vector-ndssion (VBF) where Higgs
boson is accompanied by two jets going at small polar angles, associatied{ioo with one vector
boson ¥V H, i.e. together withW or Z) and top-antitop fusion. The first and the last mechanisms as
well as the second and the third ones have common couplitigaadVV H, respectively).

The expectedry from these mechanisms are shown in Fig]1(b) as functiompft \/s=8
TeV together with theoretical uncertaintig$ [2]. They are calculated in the@IBpproximation
(except thetH process for which NLO approach is used). It is seen that the ggF misohaom-
inates while rates via VBPH, ttH) mechanisms are ten (a few dozen, hundred) times smaller,
respectively.

The expected branching ratios (BR) of the experimentally favourablgydeodes multiplied
by oy at 8 TeV are given in Fif.1(c). They are as large as 1.5 phyat125 GeV for theH — 1T
andH — WW* — /vqq channels. However, these channels have small signal-to-backgi®(B)d
ratios and poor mass resolution. THe— WW* — ¢v/v channel has a smaller cross section, 0.25
pb, but one can reach sizeable S/B ratio doing kinematical selections. thgainass resolution
is low. TheH — yy channel has a very good and simple signature. Howexex BR(H — yy)
is less than 0.05 pb, and background conditions are very hard. Theeskedecay mode, where
both signature and S/B ratio are perfecHs— ZZ* — ¢¢¢¢. But oy x BR(H — ¢¢¢¢) is only a
few pb due to the small leptonic branching ratio of thboson. Despite all these difficulties, both
the ATLAS [3] and CMS[}] Collaborations at the LHC were able to discarex year ago a new
particle with the properties of a SM-like Higgs boson combiningkhes yy, H — ZZ* — (402,

H —WW* — £¢vv,H — bbandH — 1T decay channels. Their studies were based on the complete
data taken at 7 TeVa{5 fb~1) and on one third of the 8-TeV datasetf fb—1). The summary
presented in this note mostly uses the complete 7-TeV and 8-TeV ATLAS thatase

The note is organized as follows. The ATLAS detector is briefly descrihefection 2.
In Section 3, the most sensitive bosonic decay modes of the SM Higgs,busmelyH — yy,
H—ZZ" — (/¢ andH — WW* — ¢¢vv are considered; Section 4 is devoted to fermionic de-
cay modes likeH — 7 andH — bb. The results of statistical combination of these five channels
are presented in Section 5. This combination includes such properties assiggml strength,
coupling constants, spin and parity. Upper bounds on the SM-like Higgsrnbproduction cross
section in rare decay modes suchkas— uu andH — Zy* are given in Section 6. Conclusions
are drawn in Section 7.
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Figure 1: (a) Predicted totaby at+/s=7, 8 and 14 TeV as function afy [E]. (b) Predicted totaby at
\/s=8 TeV together with separate contributions from differeriduction mechanisms as function rof
[E]. (c) on x BR(H — X) at+/s=8 TeV for the most promising decay chann¥lss function ofmy [E].

2. The ATLAS detector and its modeling

The ATLAS detector[[b] is a multipurpose particle physics apparatus withifat-backward
symmetric cylindrical geometry. The inner tracking detector (ID) consistssificon pixel detec-
tor, a silicon microstrip detector, and a straw-tube transition radiation trackerID is surrounded
by a thin superconducting solenoid which provides a 2 T magnetic field, amigh-granularity
liquid-argon (LAr) sampling electromagnetic (EM) calorimetry. The electramedig calorimeter
is divided into a central barrel and end-cap regions on either end adetector. In the region
matched to the ID|| < 2.5, it is radially segmented into three layers. The first layer has a fine
segmentation im to facilitate ey separation front® and to improve the resolution of the shower
position and direction measurements. In the regipn< 1.8, the electromagnetic calorimeter is
preceded by a presampler detector to correct for upstream enesgslodn iron-scintillator/tile
calorimeter gives hadronic coverage in the central rapidity rafige<(1.7), while a LAr hadronic
end-cap calorimeter provides coverage over 1|§|< 3.2. The forward regions (3.25| < 4.9)
are instrumented with LAr calorimeters for both electromagnetic and hadrorasumements. The
muon spectrometer (MS) surrounds the calorimeters and consists of ttgealacore supercon-
ducting magnets providing a toroidal field, each with eight coils, a systemeaigion tracking
chambers, and fast detectors for triggering. The combination of all 8ystems provides charged
particle measurements together with efficient and precise lepton and phossumments in the
pseudorapidity rangl| < 2.5. Jets and missing transverse eneEgySS, are reconstructed using
energy deposits over the full coverage of the calorimeterss 4.9.

To develop analysis procedures, to calculate signal (S) acceptadde evaluate the contri-

LATLAS uses a right-handed coordinate system with the origin at the nornitetaction point (IP) in the centre
of the detector, and theaxis along the beam line. Theaxis points from the IP to the centre of the LHC ring, and
they-axis points upwards. Cylindrical coordinates @) are used in the transverse plaifebeing the azimuthal angle
around the beam line. Observables labelled “transverse” are projettettiex —y plane. The pseudorapidity is defined
in terms of the polar anglé, asn = Intan(6/2).
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bution for some background (B) processes, Monte Carlo (MC) modelingad. All simulated
signal and background datasets are passed through a GEANT4 [§hiulation chain of the AT-
LAS set-up and algorithms used also in real data recontruction. Crassrseare calculated at the
NLO (or in some cases at the NLO+NLL/NNLL) levéIMultiple interactions in the same bunch
crossing including detector effects are also modeled.

In many cases backgrounds are directly measured experimentally inlsd-oantrol regions
(CR), kinematically orthogonal to signal regions (SR). The corresipgndormalization factors
are determined with simulated MC samples.

3 H—yyH—>ZZ"— 0¢f and H — WW* — ¢/vv decay channels

The results of analyses of complete ATLAS dataset/at7 TeV and 8 TeV are presented
below. They are summarized mostly in REf.[7] and in HEf.[8].

3.1H—>yy

The expected cross sectiontdf— yy production and decay is 30-50 fb in the regimn =110—
150 GeV. At higher Higgs boson masses it falls rapidly mainly due to the sttengease of the
BR(H — yy). The signature is two isolated photons with invariant mass equa}tdSo excellent
energy and angular resolutions are important. Simulations show that the $'HM calorime-
ter allows to reach invariant-mass resolutleWW HM ~4 GeV in the region of interest. Irreducible
background consists of continuum production of photon pairggiagg — yy mechanisms. These
processes have about a hundred times larger rates than expected $igrtal. Reducible back-
grounds include mostlyjet- and jet jet-production when one or two jets are misidentified as pho-
tons in the detector. These processes have many orders of magnitude driggs sections than
the continuum diphoton production. Thanks to the EM calorimeter with a pnestaetector, one
can reach jet rejection at the level of“L0After kinematical selections 75-80% of observad
events have both real photons while only about 28%%) events contain one (two) misidentified
jets, respectively[[9]. Some 13K events survive all the selections whilextpected signal in the
mass window around 125 GeV #400. To increase the discovery potential, the events are fur-
ther subdivided into fourteen independent categories having diffesgrectedn,, resolution and
S/B ratio. Them,,-distribution after the corresponding reweighting is given in[Fig]2(a) tageth
with the spectrum after background subtraction. An excess of everdgsiisasound 126 GeV. The
probability that background fluctuation causes at least the obserecederf events, callegy, is
shown in Fig.2(B) as a function afiy. A clear signal at around 126.5 GeV with @.4ocal signif-
icance is seen. The measured mass of the new patrticle isf1@& &stat}:0.7 (syst) GeV, where
the systematic error is mainly due to the photon energy scale uncertaintygTliatoraccount the
known Landau-Yang theorem, this particle cannot have spin equal to one

Fig[3(@) shows the signal strength in units of the SM\fé#, VBF and ggF+tH couplings
separately, and the combined one. The measured values are the following:
HggrtiH % B/Bsm =1.6"33(stat)" g 3(syst); tiver x B/Bsw =1.7 3 §(stat)" 3 5(syst);

2Most of event generators work at the NLO level; higher order effartssimulated with parton showers.

30n average, approximately 10 (20) interactions occurred each 50the Bame bunch crossing g&=7 TeV (8
TeV).
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tvi x B/Bsw=1.8"13(stat) 9-3(syst). Combining them one obtains a value-1.65+0.24 (statj 33
(syst) which is 2.8 away from the SM prediction of unity.
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Figure 2: Results of thed — yy study. (a)m,-distribution of diphoton candidates after all selectiohthe
inclusive analysis for the combined 7 TeV and 8 TeV dEta [Te Tesult of a fit to the data with the sum of
a SM Higgs boson signal (witiny = 126.8 GeV and free signal strength) and background is supesed.
The residuals of the data with respect to the fitted backgiane displayed in the lower panel. (b) The
observed locapg value as function ofny for the combination of 7-TeV and 8-TeV data for the inclusive
case (black) and for the analysis using categories () [10
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Figure 3: Results of theHd — yy study. (a) Measured signal strength&@gF +ttH), u(VBF) andu(VH)

as well as combined strength[ff]. (b) Median expected values of the test statisties In(L(0)/L(2)) for

the spin-0 (dashed blue/upper line and corresponding 6&8%% CL bands) and spin-2 (dashed red/lower
line) hypotheses, as well as the observed values (solijfidisméunction of thefqg [E].

In addition, the fiducial cross section times branching ratio to the two photoayddefined
for the kinematic rangE}’1 >40 GeV, E¥2 >30 GeV, andn|¥ <2.37, and measured using 20.7
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fb~! data at,/s=8 TeV is 56.2£10.5 (stat}-6.5 (syst}2.0 (lumi) fb.

Using the distribution oto$9* in the so-called Collins-Soper frame one can exclude a pos-
sibility of spin-2 for the newly observed particle. The obtained log-likelihcatib of spin-0 and
spin-2 hypotheses is given in Hig-3(b) as functiorfgf= 0,/ 03, One can see that the spin-2
hypothesi$is excluded at 99% CL assuming that all signal events are producedythggifusion.
This number is reduced to 95% if a 25% admixtureQevents is supposed.

32 H—=ZZ"— 0oy

The H — ZZ* — ¢4¢¢ decay mode is promising when searching for the SM Higgs boson
in a wide mass range from 110 GeV to 600 GeV. Thex BR(H — ¢¢¢¢) is 3 fb atmy =125
GeV for /s=8 TeV. The signal signature is two pairs of isolated, opposite-sign lefjedestrons
or muons); at least one pair should hawg close tomz. Irreducible backgrounds come from
gq+ 99 — ZZ* processes which have comparable cross sections to the expectedatigi2al
GeV. Smaller reducible backgrounds are du€te jetsandtt production. The ATLAS detector
has excellent four-lepton invariant-mass resolution to see a narrownaaltl Sgnal peak, namely
1.6 GeV (1.9 GeV, 2.4 GeV) for thetd(2u2e, 4e) cases, respectively. Measured invariant-mass
distribution, my;, after combination of all lepton cases is shown in [Figl4(a). A clear maximum
above background is seen in the region around 125 GeV; 32 evertisserved in the mass window
125+5 GeV with an estimated background 1110 events. The data/MC ratio is compatible with
unity in the sidebands. The peakmf, = mz is due to the rar& boson decay to four leptons.

The po probability is shown in Fig.4(p) as a function afy in the region 110-180 GeV.
The local significance reaches 6.@t 124 GeV and no other big fluctuations are observed in the
mentioned mass range. The reconstructed mass of the new particle iS04 (3tat)-0.4 (syst)
GeV. The measured signal strength=1.74+0.4, is compatible with the SM prediction of one at
the 2 level.

To search for a Higgs-like boson in addition to the one seen at 124.3 Gewahs distribution
abovemy, = 200 GeV is analysed. For this analysis, the event classification into ggFviie-
like and VH-like categories is employed. A SM-like Higgs boson is exclud&b% CL with the
mass below about 650 GeV (350 GeV) in the ggF (VBF+VH) mechanisms fldjhe

Despite small signal statistics, the excellent S/B ratio allows to study suchrpespef the
signal as spin and parity using angular distributions of the newly obseasmtidle’s decay products,
see Fid.5(%). Five spin-parity hypotheses are testéd@a predicted by the SM), 9 1*, 1~ and
2". Events passing all kinematical selections having 115 Gey, <130 GeV are used in this
study. The analysis is based on a Boosted Decision Tree (BDT). Asaanpe, Fid.5(0) shows
distributions of log-likelihood ratios for the'0and 0~ hypotheses.

The analysis has shown that the fiypothesis is strongly disfavoured with respect to the 0
hypothesis. However, exclusion of the,0l~ and 2" cases is less effective. One can conclude that
0 (1, 1") states are excluded at CL=97.8% (94%, 99.8%) using then@ithod in favour of the
0" [f]. The 0" and 2" hypotheses are also compared assuming diffefigritaction. The expected
separation does not depend on this fraction in this channel.

4Graviton-like model is used to simulate the spin-2 case.
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Figure4: Results of théd — ZZ* — 4¢ study ﬂ']. (a)my, distributions for the selected candidates compared
to the background expectation in the mass range 80-170 Gesifnal expectation for they =125 GeV
hypothesis is also shown. (b) The observed lggavalue for the combination of the 2011 and 2012 data
sets (solid black line); tth(s) =7 TeV and 8 TeV data results are shown in solid lines (blue @ag r
respectively).

3.3 H—-=WW — /vy

H — WW* — ¢¢vv decay channel has an expected cross section of about 250 fb |tf8rTe
my =125 GeV. The search mass range is 110-200 GeV. The signature is tat@dsopposite-
sign leptons (electrons or muons) aBf'SS due to neutrinos so one cannot reconstruct the Higgs
boson mass. Instead, its transverse mass reconstruction is possiblecal¢cutated asnr =
\/(E$€ + EMis92 Pl 4 EMISS|12, whereEY = | /|PE[2+m?, andP{ (my,) are transverse momen-
tum (invariant-mass) of the di-lepton system, respectively. So knowledzgekground normaliza-
tion and shapes is of importance. Backgrounds come flgrgg — WW continuum production
as well as fronit, Wt andZ+jets processes with a di-lepton final staté+ jetswith a jet misiden-
tified as a lepton has also a sizeable rate. Separate CR for each of thkgehbads are defined to
measure them. The event sample is subdivided in accordance with the noindtsr(0, 1 or>2)
and in accordance with di-lepton flavoweq Ly or eu). For the 0 and 1 jet case the ggF mech-
anism is expected to be dominant while for the multi-jet case signal events atg moe to the
VBF mechanism. Thenr-distribution after background subtraction is shown in [Fig]6(a). A clear
excess of events is seen in the region 80-140 GeV. The fpca$ a function ofny is shown in
Fig6(b). It corresponds to 3d8signal significance at 126 GeV. The fitted signal strength is equal to
1.0+0.3, i.e. compatible with the SM prediction. 95% CL of signal exclusion is reahexbcted)
in the region above 134 (118) GeV. Spin properties are also studied with the NV W* — ¢/vv
decay channe[]8]. They are not discussed in this note.
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Figure5: (a) Definition of the production and decay angles irthr> ZZ* — ¢0¢¢ decay. The illustration is
drawn with the beam axis in the lab frang,andZ, in the X rest frame and the leptons in their correspond-
ing parent rest frames (sde][11] for further descriptioh).Expected distributions @f= log(L(0")/L(07)),

the logarithm of the ratio of profiled likelihoods, under tingpotheses for the SM*0(blue/solid line distri-
bution) or 0 (red/dashed line distribution) signaﬁ [8]. The observali® is indicated by the vertical solid
line and the expected medians by the dashed lines. The edl@reas correspond to the integrals of the
expected distributions up to the observed value and are tasesimpute thepp-values for the rejection of
each hypothesis.

4. H — 17 and H — bb decay channels

Results based on the complete 7-TeV dataset and 60% of 8-TeV damgeiedly discussed
in this section.

4.1 H — 11 decay channel [[13]

The search is performed in the region 100-150 GeV, wB&@H — 17) is reasonably high.
The signature is two opposite-sign reconstructed isolatiegitons withm;; close tomy.°> The data
sample is divided in accordance with number of leptons frodecays (0, 1 and 2) and number of
jets. Backgrounds includg*/y* — 1T, tt-, Wt- and diboson production with the same final state
as the signal.

From Fig[7(d) one can see that obtained upper limits owithe BR(H — 17) lie between 1.8
and 3.3 times the SM prediction while expected values are between 1.1 andt&erved local
significance is 1.& atmy =125 GeV which corresponds to signal strength ot077 in units of
the SM.

5The mass is reconstructed in the so-called collinear approximation, semérsg that neutrinos from decays go
in the same direction as tlrethemselves.
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Figure 6: Results of theH — WW* — ¢¢vv study []’]. (a) Background-subtractedr distribution. The
signal is overlaid. The error bars represent the statistineertainties of the data and the subtracted back-
ground; it does not include the systematic uncertaintietheflatter. (b) Results fopy as a function of
my. The smaller green bands represeatuncertainties on the expected values, and the larger yd&léowls
represent & uncertainties.

Very recently a new analysis with the complete ATLAS dataset was finishedesults are
published in Ref[[TJ4].

4.2 H — bb decay channel [[F]

Among all channelst — bb is predicted to have the largest rate in the mass range 110-130
GeV. However, background is known to be huge. For this reasoa dssociated H-production is
of interest. The signature includes two jets originating fimouarks having an invariant mass close
to my as well as one or two leptons Efr"issdepending on the decay mode of the associated vector
boson W — ¢v, Z — ¢4, Z — vv, respectively). Background consistsWf/Z+ jets, dibosons, top
and multijet production with fake leptons. The 95% CL exclusion limit lies betwe@osl and
2.00sv in themy range between 110 GeV and 130 GeV beingigrat 125 GeV, see Fif.7(b).
Recently, preliminary results of a new analysis based on complete datasaelezsed[16].

5. Statistical combination of H — yy,H — ZZ* — 000/, H - WW* — (lvv,H — TT
and H — bb decay channels

Results of statistical combinations of thé — yy, H — ZZ* — ¢/ andH — WW* —
¢¢vv decay channels are published in Rgf.[7] and Ref.[8]; in some casksipay results from
Ref.[1T] are presented in the note including atse- Tt andH — bb.

5.1 Signal strength, reconstructed mass and measured couplings

The local probabilitypp for a background-only experiment to be more signal-like than the ob-
servation as a function ofi; for the combination of all channels is shown in Fig.B(a). The observed
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Figure 7: Observed (solid) and expected (dashed) 95% CL upper limithe oy BR, normalised to the
SM expectation, as a function ofy. Expected limits are given for the scenario with no signdle bands
around the dashed line indicate the &nd 25 uncertainties of the expected limit. (d)— 77 decay channel
(3] (b) VH, H — bb channel [Ip].

local significance is 16 and the expected significancera =125 GeV is 7.5 [[[4]. The mea-
sured signal mass based on the— yy andH — ZZ* — (¢¢¢ channels isn®Ps =125.5+0.2+0.6
GeV with 2.40 tension between the values obtained from these separate channelshsénesd
signal strength for each of the five mentioned channiels) units of the SM, defined ag; =

(01 % BR)meag/ (01 x BR)sw, at this mass value is shown in Fig.§(b). The overall signal strength
is measured to be 1.3M.13(stat}-0.14(sys) at the mass of 125.5 G4V][£7].

Since several Higgs boson production modes are available at the LBEi@tsrehown in two-
dimensional plots require either sonueto be fixed or several; to be related. No diredtH
production has been observed yet, hence a common signal strengtfastal@lggr 11 has been
assigned to both gluon fusion production (ggF) and the very sittalproduction mode, as they
both scale dominantly with theH coupling in the SM. Similarly, a common signal strength
scale factoruypr+vn has been assigned to the VBF aviéh production modes, as they scale
with the WH/ZH gauge coupling in the SM. The measurements in the four chaniels, yy,
H—WW — vy, H — ZZ* — ¢t/ andH — 1T, as well as the observed combined ratio
IvBFvH/ Hggr-ttn =1.2707 are compatible with the SM expectation of unity. Tipealu€ when
testing the hypothesigygr.vH/Hggr+1tH =0 is 0.05% , corresponding to a significance against
the vanishing vector boson mediated production assumption of. 3The ratio Lty gr/ Uggr-ttH,

6The updated overall signal strength based on only the three mentiosemhibachannels is measured to be
1.33+0.14(stat}0.15(sys)[[7].

"The p-value and significance are calculated for the test hypothegis vn/ HggF+1tH =0 against the one-sided
alternativerty gr4v H/ HggF+ttH >0 using the profile likelihood test statistic.
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Table 1: Expected and observaw values for the 0 and 2" hypotheses as function of ttgg of the spin-2
production mechanism in the combinkldstudy @3]. The values are calculated for the combinatiorhef t

threeH decay channels. The CLs values are also presented.

foq 2T assumed 0" assumed obs. po obs. po CLs
exp. po(J” =0") | exp. po(J” =2") | (3" =0") | (0" =2") | (" =2")
100% 3.0x10°3 8.8x10°° 0.81 |1.6x10° || 0.8x10°
75% 9.5x10°3 8.8x10°* 0.81 |3.2x10°° | 1.7x10°*
50% 1.3x10°? 2.7x10°3 0.84 | 8.6x10° || 5.3x10°*
25% 6.4x10°3 2.1x10°3 0.80 | 0.9x104 || 4.6x10°*
0% 2.1x10°3 5.5x 104 0.63 1.5x104 || 4.2x10°4

where the signal strengthyy of the VH Higgs production process is profiled instead of being
treated together withuygr, gives the same result @fysr/HggrttH =1.2" 8:;. The p-value for
Hver/ Hggr+ttH =0 is 0.09% corresponding to a significance against the vanishing VBFigtiod
assumption of 3.4.

In another approach the dependence on the individual produgtiecancels out when tak-
ing the ratio of y; x BR within the same production mode. For the example of kthe» yy
andH — ZZ* — ¢4¢¢ channels, this results in a ratio of relative branching rapipslefined as:
Pxx/ vy = (BRH — XX)BRsm(H — YY))/(BR(H — YY)BRsm(H — XX)). The best-fit values
are: pyyzz =1.1°33, pyyww =1.7"3¢ and pzzww =1.6'32, in agreement with the SM expecta-
tion of one.

The compatibility of the measured yields for the studied channels with the predfotiche
SM Higgs boson is tested under various benchmark assumptions proliegng $eatures of the
couplings. A summary of all coupling scale factor measurements in all bemkhmadels is
presented in[17] and updated [f [7]. For the different tested bendtsttae compatibility with the
SM Higgs expectation ranges between 5% and 10%; hence, no signd@adation from the SM
prediction is observed in any of the fits performed.

5.2 Spin combination

ThreeH decay channels are combined to study spin properties of the obsemeldosen:
H—yy,H—ZZ" — ¢¢¢¢ andH — WW* — evpuv [f]. The complete 8-TeV dataset is used for
this study; for theH — ZZ* — ¢4¢¢ channel all data obtained at 7 TeV are added. Table 1 shows the
expected and observem values for the @ and 2" hypotheses for the combination of mentioned
channels. The results are shown as function of fifgeof the spin-2 production fraction. Data
strongly favour the 0 hypothesis. The 2 hypothesis is excluded with CL>99.9% independent of
the assumed contribution of gg-fusion ajgdannihilation process.

It should be noted that"land 1 hypotheses were also testdfl [8]. Related results are not
discussed in the note.
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Figure8: (a) The local probabilitypg for a background-only experiment to be more signal-likenttiee ob-
servation as function afy for the combination of fived channels@?]. The effect of mass scale systematic
uncertainties is taken into account by an extrapolatiomefdum of a chi-squared and a falling exponential
to the distribution of the likelihood ratio-based test istiét for a large number of pseudo-experimerﬂs [3]
The dashed curve shows the median expected fmoahder the hypothesis of a SM Higgs boson production
at that mass. (b) Measurements of the signal strength psgapdor my =125.5 GeV for the individual
channels and their combinatidn J17].

6. Raredecay channels: H — puand H — Zy

Based on the complete 8-TeV dataset, ATLAS obtained first limitslgoroduction in rare
decay channeldl — uu andH — Zy which are briefly discussed below.

6.1 H — pp channe [[Lg]

The search is performed in the region 110-150 GeV, wBdH — ) is the largest, but
it is as small as O(10%). For this reason the expecteg x BRis only 4 fb at\/s =8 TeV for
my =125 GeV. The signature is two opposite-sign reconstructed isolated mutbnsyy, close to
my. Background, measured from data using sidebands, is huge and ooty from Drell-Yan
processes, so excellent invariant-mass resolution is very important; pleetexd ATLAS detector
resolution isFWHM a5 GeV. The 95% CL exclusion limit lies betweewd, and 225y in the
my range considered, being at 88, at 125 GeV.

6.2 H — Zy channel [[L9]

The search mass range is 120-150 GeV, wigRgH — Zy) is maximal being O(163). To
improve the S/B ratio, only di-lepton (electron or muahjlecays are considered. The resulting
cross-section is a few fb gfs =8 TeV formy =125 GeV as in théd — uu case. The signature
is an isolated photon together with two opposite-sign reconstrutedgiigbelated muons or elec-
trons fromZ decay. The invariant-mass of thyg/-system should be close toy. Background,
measured from data using sidebands, is significant. It comes mostlyAremproduction (82%)
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andZ + jetsproduction (17%), if a photon is misidentified as a jet. The 95% CL exclusion limit
lies between 6sy and 3@sy in themy range considered, being at 18g, at 125 GeV.

7. Conclusion

In conclusion:

e Based on analysis dfl — yy, H — ZZ* — ¢¢¢, H — WW* — ¢/vv decay channels in
complete dataset taken at 7 TeV and 8 TeV together Witk bb andH — 77 channels at 7
TeV only, the ATLAS experiment discovered a neutral boson with a med$5 GeV having
a production cross section compatible with the SM Higgs boson; fermionig deodes of
this boson are not yet discovered,;

e First measurements of the new boson couplings were performed and¢hadin agreement
with the SM predictions; coupling to bosons were measured with much bettésiprethan
couplings to fermions;

e Different spin/parity hypotheses of the new particle were tested and thpredicted by the
SM, JP =07 hypothesis, has strong preference;

e ATLAS is continuing to study properties of the discovered boson and plampoove the
measurements with new data expected starting from year 2015.

After the first long shutdown in 2013-2014 the LHC energy will increasg$e=13-14 TeV, with
luminosities around 1% cm~2s~1. In anticipation of the high luminosity (HL-LHC) upgrades, the
LHC will install equipment in a one-year shutdown in 2018 to allow the instaotankiminosity
to be doubled. An integrated luminosity around 300%bthe goal for the approved LHC
programme, should be reached by about 2021. At this point the LHC luityire@s) be improved
further. After 2022, LHC can be expected to reach luminosities arowid%' cm=2s1. The
ATLAS detector upgrade programme foresees replacement of critiogbaoents to allow such
operation with a similar detector performance as at present. The total itr@dduaninosity
foreseen for this HL-LHC phase is 3000 th An overview of the expected measurement
precision with high luminosity at/s= 14 TeV in each channel for the signal strength and its
coupling constants with respect to the $Mwith my =125 GeV is given in Ref]20].
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