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This work describes the present status of the Higgs production measurements in all decay
channels at LHC. The decay channels H — bb and H — 77 have been recently analysed by
the ATLAS experiment and combined for the first time with the di-boson channels: H — 7+,
H — WW and H — ZZ. Updated results on the measurement of the couplings of the
Higgs bosons to fermions and bosons are shown and they are compared to the available CMS
coupling results. Recent results from CMS, not included in the combination of all channels,
onthe H — 77, H - bb , H— WW and H — ZZ decays are also shown for comparison.
The impact of the ATLAS coupling results on the simplified-MSSM model is shown.

1 Introduction

The discovery of the Higgs' boson of the Standard Model (SM), responsible of the electroweak
symmetry breaking, has been announced by the ATLAS 23 and CMS*® collaborations in 2012.
Since then, the focus of the experimental studies in the Higgs field has been the determination of
the properties of the Higgs boson such as its spin and parity %7 and the couplings to vector and
fermion particles. ATLAS has published the first combination of the di-boson decay channels
vy, ZZ and WW 8 while preliminary H — 772 and H — bb '° results have been reported.
In this work the combination of the di-boson channels with the fermionic ones in the ATLAS
experiment is reported for the first time using the full 8 TeV dataset !, while the CMS combined
results have been shown at the Moriond 2013 conference '? and they have not been updated.
New CMS results on the WW 13, ZZ " 7715 and bb'6 channels have been published and they
will be summarised here. Moreover a combination of all decay channels for the search of the
Higgs in association with a pair of top quarks has been performed by CMS and it is summarised.

2 The Higgs boson mass.

The Higgs mass has been measured by both ATLAS and CMS experiments using the high mass
resolution H — vy and H — 4l channels. The most recent vy, ZZ combined mass from ATLAS



8 and CMS 12 are:

m} T (ATLAS) = 125.5 £ 0.24ta1. 70 8ys. GV m} T4 (CMS) = 125.7 £ 0.3¢tar. £ 0.34y5.GeV,

they average to the value mpy = 125.6 with an error of about 350 MeV (private average, not
endorsed by experiments) corresponding to a Higgs self coupling A = 0.1301 + 0.0007. Such
value, when the measured top mass is also taken into account, produces an almost vanishing
N7 at the Plank Mass scale My = 1.22 x 10" GeV via the renormalisation group equations,
circumstance that is producing many theoretical speculations '8:19:20,21,

3 Signal yield in the vy, WW, ZZ, 77 and bb channels.

In the analysis of the Higgs boson decay channel, it is now an established practice from both
ATLAS and CMS experiments to quote the results using the p definition. The p value is
technically defined as a multiplicative factor to the signal yield in each region of the phase
space that has been analysed. Because the Monte Carlo signal samples are normalised to the
SM expected yield, and theoretical uncertainties on the signal yield are included directly in
the fitting procedure, p can be interpreted as the ratio between the observed cross section
and the expected SM cross section: p = oups./osy- When combining several channels and/or
production mechanisms, the SM branching fraction and ratio of production mechanism cross
sections is assumed. In Table 1 we summarise the present status of the u measurements from
the ATLAS and CMS experiments.

Table 1: p values for the different decay channels measured by the ATLAS and CMS experiments. The first two
columns show the available ATLAS and CMS combined results, while the third column shows the CMS results (
not yet combined), they can refer to slightly different mass values.

" ATLAS ! comb. CMS 12 comb. CMS update

mpg = 125.5 GeV | myg = 125.7 GeV
H — vy 1571053 0.77 £0.27 -
H— 27" — 4l 144703 0.92 4+ 0.28 0937032 (my =125.6)
H— WW* — vy 1.001552 0.68 4 0.20 0.727029  (my = 125.6) 13
W, ZH — bb 0.2%57 1.15 4 0.62 1.0£0.5  (my =125.0)16
H— 11 14555 1.10 4 0.41 0.78£0.27 (mpg = 125.0) 15
combined 1.301018 0.80 & 0.14 - |

The ATLAS combined p is higher than the SM prediction at 1.8 ¢ while the CMS value is
1.4 o below. Both ATLAS and CMS have established the decay in the WW, ZZ, ~~ and 77
final state, the last at 4.1 o from ATLAS and 3.2 ¢ from CMS, while ATLAS doesn’t have any
hint of H — bb decay and CMS a 2.1 ¢ hint. The fit has been performed also disentangling the

gluon fusion production mode from the vector boson fusion mode, the latter has been observed
at 4.1 ¢ by ATLAS and 3.2 ¢ by CMS.

4 Coupling fit and BSM interpretation.

The p values shown in Table 1 can be expressed as a function of the couplings of the Higgs
boson to vectors and fermions. The ratio of the observed couplings to the SM expectation
is conventionally indicated by ky for vectors and kp for fermions. The fit result is shown in
Figure 1. Only the vy decay channel is sensitive to the relative sign of ky and kp, due to the
presence of both the W loop and top loop in the decay amplitude, while the other channels
show a symmetric picture with respect to the kp = 0 axis. Both ATLAS and CMS data are



compatible with the SM expectation: ky = 1, kp = 1. Another important quantity is the
ratio of the Higgs couplings to up type fermions and down type fermions Ag,. The up-type
fermion coupling is determined by the coupling to the top quark in the gg — H production
process while the down-type fermion coupling is given by the bb and 77 decay channels. ATLAS
finds A\g, € [~1.24,—0.81] U [0.78,1.15] @68 % C.L., while the preliminary CMS result 2 is
Adu = 1.29703% using Moriond 2013 results. The ji,, value has been updated '° as shown in
Table 1, therefore Ay, is expected to change when the CMS coupling results will be updated with
the last measurements. The coupling fit can be used to put indirect constraints 2> on Beyond
Standard Model theories (BSM). One of the most interesting model is that from L. Maiani et
al. 23 that we define as simplified-MSSM model. In this model the measured Higgs mass is used
to parametrise the SUSY radiative corrections. The model further assumes that the stop gives
negligible contribution to the gg — H and H — ~~ loops, that the light Higgs cannot decay in
lighter SUSY particles and that the ratio of couplings between down-type fermions is the same
as in the Standard Model. The couplings to vectors, up-type and down-type fermions can be
expressed as a function of the CP-odd SUSY Higgs mass m 4, and the ratio of the VEV of the
two Higgs SUSY doublets tan 5. This allows to produce the constraint shown in Figure 2-left.
The model is excluded in a broad range of tan 5 for m4 > 400 GeV and for m4 up to 1 TeV at
small tan (.
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Figure 1 — Allowed region for the modification of the couplings to vectors and fermions ( kv ,kr). Left: ATLAS'
right: CMS!2.
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Figure 2 — Left: ATLAS excluded region in the mu, tanf plane of the simplified SUSY model®'. Right: CMS
results for the t¢H signal strength in several decay channels and their combination?®.



5 The ttH production mode.

The ttH production mode is important to establish directly the coupling of the Higgs boson to
the top quark. The value of such coupling is already determined indirectly by the measurement
of the g9 — H cross section, but new physics entering in the gg loop could alter the total
gg production rate. Therefore having an independent direct measurement of the top coupling
increases the sensitivity to new physics models. The ttH process has been published in the
decay channel H — bb by CMS?* and preliminary results from ATLAS are available?®. Updated
preliminary results from CMS including Higgs decays to vy, bb, 77, 4, 31 and Same-Sign 2[ are
available 26 and shown in Figure 2-right. B

In the bb decay channel ATLAS finds p2%, (ATLAS) = 1.7 + 1.4 at my = 125 GeV while

CMS finds /L%EH(CMS) = 1.0%37 at mg = 125.7 GeV. The combined value of the 7 signal
strength from CMS is 1,77 (CMS) = 2.571] corresponding to a 2.75 o signal hint.

6 Conclusions

Updated results from ATLAS on the combination of all channels have been reported and com-
pared to the available CMS results. Moreover the ttH search results from both ATLAS and CMS
have been shown. The Higgs signal is now established in the vy, WW, ZZ and 77 channels,
there are hints of the decay to H — bb and of the ttH production mode from CMS data. The
measured Higgs couplings are compatible with the Standard Model expectations. First BSM
interpretations of the coupling results from the ATLAS experiment are available showing strong
sensitivity to new physics models.
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