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Invisible Higgs boson decay into massive neutrinos of fourth generation
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Results from several recent experiments provide indirect evidence in favor of the existence of a fourth
generation neutrino. Such a neutrino with a massf about 50 GeV is compatible with current physical and
astrophysical constraints and well motivated in the framework of superstring phenomenology. If sufficiently
stable, the existence of such a neutrino leads to a drastic change in Higgs boson physics: for a wide range of
Higgs boson masses the dominant mode of Higgs boson decay is invisible and the branching ratios for the most
promising modes of Higgs boson search are significantly reduced. The proper strategy of Higgs boson searches
in such a framework is discussed. It is shown that in the same framework the absence of a signal in the search
for invisible Higgs boson decay at the CERN LEP means that the mass of the Higgs boson is greater than 113.5
GeV if the neutrino mass is about 50 GeV.
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The existence of the Higgs boson is a necessary conssingle gamma events, corresponding to a fourth neutrino pair
quence of the Higgs mechanism of electroweak symmetryroduction in the reactioa™e™— NNy for m>50 GeV, has
breaking. The proportionality of its Yukawa coupling con- still not been realized.
stants to the fermion mass is its important property. Such a To be sufficiently long living or even absolutely stable,
property is shared by a wider class of models of electroweakhe fourth neutrino should possess some new approximately
symmetry breaking. For example, it is shared by technipioror strictly conserved charge. This possibility for the fourth
in technicolor models. So the existence of a scalar bosogeneration quarks and leptons can naturally follow from het-
with Yukawa coupling constants proportional to fermion erotic string phenomenologl7] and is predicted in some
masses seems to be a general feature of the electroweak symedels of family symmetry breakin@]. If the fourth neu-
metry breaking mechanisms in the standard model. The posrino is sufficiently long living or absolutely stable, its pri-
sibility of the existence of new heavy elusive fermions, mordial gas from the early Universe can survive to the
dominating in Higgs boson decays, leads to a drastic changgresent time and concentrate in the Galé&yd]. According
in the strategy of Higgs boson searches. The idea of théo experimental datflQ] the neutrino mass range above 48
dominant invisible modes of Higgs boson decays was disGeV is excluded if heavy Dirac neutrinos make up the dark
cussed in the framework of the Majoron, supersymmetrymatter in the galactic halo. However, the existence of heavy
(SUSY), and low scale gravity models [1] (and references neutrinos is not inconsistent with the experimeft§)] if
therein; however, the simplest possibility is the existence ofheavy neutrinos form a nondominant component of dark
massive neutrinos of the fourth generation. The meastired matter population in the Galaxy. Although the predicted con-
boson width excludes the existence of a fourth neutrino withtribution of primordial fourth neutrinos to the total dark mat-
mass below 45 GeV. However, the detailed analysis of fourther density is dynamically insignificant, it has been shown
generation effects in the standard model paramdt2)d  [11] that galactic fluxes of such a sparse comporiémirth
opens the window for its existence, provided that the mass afieutrinos can lead to the effect of indirect weakly interact-
the fourth neutrino is below th&/ boson mas§2]. A fit [2]  ing massive particlédWIMP) searches compatible with the
of the precision electroweak data is compatible with theDAMA data, and the effects of fourth neutrino-antineutrino
fourth generation neutrino mass~50 GeV. However, the annihilation in the Galaxy can explaji2,13 the galactic
allowed range for fourth neutrino masses may be wider, iigamma background with energies above 1 GeV, observed by
the fourth neutrino is not accompanied by fourth generatioEGRET. The latter possibility is strengthened, provided that
quarks(as can occur in p-brane phenomenology, naturally the fourth generation quarks and leptons possess the new
excluding quarks of the fourth generation but leaving roomstrictly conserved gauge charge. In that case fourth neutrino
for a fourth generation of leptorigl]). The fourth neutrino annihilation in the galaxy can explain the positron anomaly
cannot even be accompanied by a charged lepton, as is as- the electron component of cosmic rayg,14. It was
sumed in some models of neutrino m&Sk Provided that it  shown[15] that the capture of fourth neutrinos by the Earth
is sufficiently metastable or has only invisible decay modesgan lead to the underground neutrino flux, accessible, in prin-
a fourth neutrino with a mass around 50 GeV could escapeiple, to underground neutrino detectors. It should be noted
detection by products of its decay in the CERNe™ col-  that the estimated continuum flux of neutrinos from fourth
lider LEP. The possibilityf 6] of analyzing the LEP data on neutrino annihilation inside the Earth turns out to be below
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number(three of colored quark states in the mode, a re-

8 1 WW _ _ _ duction factor~2 due to QCD correction§l7], and the
g 0.1}, phase volume difference f&¢N andbb channels. This leads
% 0.01 - to a branching ratio of th&N channel between 90% and
g 0.001 /zz ut 95% in the total Higgs boson width, if the mass of the Higgs
) = boson is below the threshold for th&W mode. However,
20000312 2photons ... even at higher masses of the Higgs boson the fourth neutrino
channel is significant. Note that, if the masses of the fourth
100 120 140 160 180 200 . L
Higgs mass, GeV Ieptong gnd fourth generatlpn quarks are near the §X|st|ng
lower limits, the corresponding decay modes will be impor-
m=70 GeV tant for Higgs boson masses above 260 GeV. In the consid-
8 1:._ bb NN WW_ ered Higgs boson mass range the fourth generation fermions
g 01l e - affect the Higgs boson decay modds-gg, yy by the loop
£ diagrams. Here their probabilities were estimated assuming a
§ 001 0y o ] NN T fourth charge lepton mass ofi:=100 GeV and fourth up
5 oeor - | 5 o and down quark masses; = mp=130 GeV. This takes into
So0.0001 7 pomns account the difference in probabilities of these decays in
* ! T comparison with previous analogous estimates for three fer-

100 120 140 160 180 200
Higgs mass, GeV

mion generations. The branching ratio of the proceks

— v+ is small but in some mass ranges this mode can be the
best choice in searches for Higgs bosons due to the clear
signature of two isolated photons. The probability of the de-
cay H— yvy decreases due to the fourth fermion generation

the atmospheric neutrino level. However, a monochromati®y @ factor of 37 in dependence on the Higgs boson mass
neutrino-antineutrino annihilation channel, being specific for#hile the probability ofH—gg increases by a factor of the
fourth neutrinos in comparison with the other types oforder of 10 for the Higgs boson mass range under consider-
WIMPs (e_g_, neutra”no)s can lead to constraints on the ation. Both prObab”itieS are almost independent of fourth
model of stable fourth neutrino with mass 70—80 GeV in thegeneration fermion masses if these masses are relatively
refined analysis of underground muons detected by themall.
MACRO Collaboration. We plan such analysis in the near The influence of fourth generation fermions on decay
future. modesH—gg andH— vy differs because different sets of
The absolute stability of fourth neutrinos is, evidently, notparticles contributing to the loop diagrams for these pro-
necessary for invisible Higgs boson decay dominance. Howeesses. The crucial point is the presence oMhgoson loop
ever, the necessary condition for the metastable fourtlgontributing to the amplitude of the procdds— yy. It pre-
neutrino—that it is either long living or decaying predomi- vails over fermion loop contributions and it has the opposite
nantly to invisible channels—implies rather specific physicssign as compared to fermions. In tHe—gg decay this is not
for the fourth neutrinos. In the present note we draw attenyhe case: only heavy quarks contribute to the amplitude of
tion to the important role the fourth neutrino can play in thehis decay in the one-loop approximation. In the case of four
physics of the Higgs bosofl1,12,14. The probability of  generations the probability ¢1— yy decreases because the
Higgs boson decay into aiN pair is given by W boson loop contribution to the amplitude of this decay is
partially canceled out by the effect of fourth generation fer-
4m?\ ¥ mions, adding their contributions to the loop diagrams of
1_W ' (D fermions of the known generations. The probability Hf
H —gg is increased by about an order of magnitude due to
whereG is the Fermi constant, and andM ; are the masses ;grttjhﬂ tggtnegsgf :c?gn? uonrwlt;etg/g;hce)? mgﬁk?éktsotg ac;[ucaor;t;:)bute

of the neutrino and H.|ggs boson, r.e.s:pectlvely. Th's. mOd‘?hree typestop quarks and up and down quarks of the fourth
shoulgbe compared with the probabilities of the most 'mpor'generatiom Also note that thV boson loop contribution to
tantbb_andWWmodes of Higgs boson _decay. the amplitude ofH—yy has a resonance afl,;=2M,,

In Fig. 1 the dependence on the Higgs boson mass fafhich accounts for a bumping behavior of this probability
branching ratios for these decay modes and most other cokyith variation of the Higgs boson mass. The most important
tributing modes is given for two values of the neutrino massermion loop contributions to the considered processes are
m=50 GeV andm=70 GeV. One easily finds that the aimost independent of the Higgs boson mass provided that
dominance of theNN mode in the Higgs boson width for the doubled fermion mass excedds, at least by a few tens
Higgs boson masses up to 160 GeV naturally follows fromof percent of their difference but does not exceed the vacuum
the fact that the mass &f is larger by an order of magnitude expectation value of the Higgs field, when the perturbative
than the mass of thb quark, taking into account also the approach is not valid.

FIG. 1. Branching ratios of the Higgs boson decay moHes
—NN,bb,WW,ZZ,cc,7" 77,99, vy.
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FIG. 2. Total cross sections of the processese —ZH FIG. 3. Exclusi ot i i d Hi b
—1*17bb,I *I”NN in dependence on the center-of-mass energy of araméte'r Sx;:Cuesmn plot i neutrino mass and Higgs boson mass
colliding e*e~ for M,;=115 GeV andM_ =150 GeV whenm P pace.

=50 GeV. production for the Higgs-struhlung reactiggq. (2)] with

the Higgs boson decaying invisibly inddN of mass 50 GeV.

. In the case when théN decay _mode dommates,.the One can see that the total cross section is within the range of
Higgs boson search can be effectively undertaken in th‘f‘he LEP collider

search for acoplanar lepton pairs or acoplanar jets, arising

from the Higgs-struhlung reactigi1,12 The LEP Working Group presented the results of a search

for a Higgs boson, produced at the standard model rate, de-
ete- 7H @) caying into invisible particle$18,19. No statistically sig-

nificant excess was observed when compared to a back-

with successiveZ boson decay into charged lepton pairs anddround prediction. Assuming that the Higgs boson decays

. . . : only into invisible states a lower bound has been set on its
elusive Higgs boson decay into a pairdN. The total cross mass at the 95% C.L. of 114.4 Gé¥8]
section for this reaction is given by ) ' '

Figure 3 displays an exclusion plot in neutrino mass and
2 2\ 2016 — Higgs boson mass parameter space. The region betow
(9 +gnGM; |44l =45 GeV is excluded by the experimental datazboson
67\s (s—M3)2+M3T'3 decays[20]. There is no constraint on the neutrino mass
above the line defined by the equatibh,=2m because in
this region Higgs boson decays into heavy neutrinos are pro-
' 3 hibited by the phase space. The region betweaan
=45 GeV and the solid line is excluded by the LEP data
_ ; — _ 2 [18]. If a fourth generation neutrino of mass~50 GeV
where  gy=—1+4sifhy, ga=—1, i (stM; exists, then taking into account the branching ratios one can

_ M2 i _of-
M?)/(2\s), s being the squared center-of-mass ENe1Ynfer from the LEP datd18] a lower limit on the Higgs

and |q;|=/02,—M2. The differential cross section for boson mass=113.5 GeV(see Fig. 3.
charged leptons from successizdoson decays is given by actually, the predicted effect of an elusive Higgs boson
assumes the lifetime of the fourth neutrino to be greater than

o(ete"—zZH)=

lodo.. 3 M7G’D; 1 ol 1ac2 10~ 7 s. If this lifetime exceeds the age of the Universe, an
REE 2577_2:3N:8I Cy \/§|O{ o1~ o) CY astrophysical search for fourth neutrino effects will be of
special interest. It turns out that the inverse effect of the

F CaM2 cosf+coSHCIM3—2lo(qo— o)1}, Higgs boson on the predicted astrophysical effects of fourth

neutrinos is restricted by the very narrow interval of the
(4) fourth neutrino and Higgs boson mass rdid]. The mass
difference betweenr® and My should be negative and less

el COncentaton g hlr anaton n 1 15 bosor
g : Fesp 9 channel in the period of their freezing out in the early Uni-

of the initial electron and the final negative lepton, and the . .
kinematic limits of the considered process ave,+ M, verse. So, for a mass of the neutrino 50 GeV and the Higgs

where Cy=05+0i, Ca=20y0a, Dz=1[(s—M3)?

1 = N . boson mass of 114 GeV, the role of the Higgs boson is elu-
=Vs, 3[Q10~|d1|]=<lo=3[qso*|qs|]. The above formulas gjye in calculations of fourth neutrino freezing out in the
can be used for the case of visible mode& bibson decay t0  garly Universe, as well as in the effects of fourth neutrino
pp and 77, as well as for two-jet events from quark- annihilation in the Galaxy. A detailed discussion of the Higgs
antiquark channels o boson decayreplacingCy,C, by  boson effect on the astrophysical signatures of fourth neutri-
appropriate values and taking into account three color denos will be given in a separate paper.
grees of freedom In the case of the electron-positron mode  To conclude, the existence of scalar bosons with Yukawa
of Z boson decay an interference diagram should be takegoupling proportional to fermion mass is an important signa-
into account. ture for the mechanism of electroweak symmetry breaking.
Figure 2 shows the total cross sectionsof x~ pair  The existence of massive fourth neutrinos makes elusive the
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dominant mode of decay of this boson, and the strategy foserious attention. Experimental proof that the ratio of the
the Higgs boson search should take this possibility into acelusive mode to the quark mode of Higgs boson decay is as
count. In particular, the results presented mean that for theredicted for the fourth neutrino will strongly favor this hy-
LHC in the mass regioM=115-160 GeV the gluon fu- pothesis as compared with other possible models for the in-

. Hi t dominant. and has t hvisible Higgs boson. The set of astrophysical signatures pro-
ston proces:gg'—> 'S, no ) omnan » and one has to S?afc vides a complete test of the hypothesis of the massive stable
for a lepton or jet pairt+ missing energy from the reactions fqrth neutrino.

g9—qqH,WH,ZH,ttH (prospects for observing the invis- . )
— The work was partially performed in the framework of

ible. Higgs boson inqg—ttH were discussed i22)). A pyssian State contract 40.022.1.1.1106, with partial support
positive result of such a search will not only prove one of théfrgm the Cosmion-ETHZ and AMS-Epcos Collaborations,
cornerstones of the standard model, but will also prove thgrom grant 00-15-96699 of support for Russian scientific
existence of physics beyond the standard model, as well ashools, from RFBR grant 02-02-17490, and from a grant
making the hypothesis of the fourth neutrino deserving offrom Russian Universities 02.01.026.
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