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Abstract

It is shown that additional chiral generations are not excluded by the latest electroweak precision data if one assumes that
there is no mixing with the known three generations. In the case of “heavy extra generations”, when all four new particles are
heavier tharZ boson, quality of the fit for the one new generation is as good as for zero new generations (Standard Model). In
the case of neutral leptons with masses around 50 GeV (“partially heavy extra generations”) the minigflimhsftween one
and two extra generations.2002 Elsevier Science B.V. All rights reserved.

Two years ago in paper [1] we analyzed bounds tion does not make the fit worse as compared with
from the electroweak precision data on the non- SM.
decoupled New Physics in a form of additional heavy In Table 1 the LEPTOP fit of summer 2001 data
quark—lepton generations. It was shown that while is presented. There are two significant changes in
the case of all four new fermiong/(and D quarks, comparison with previous data presented in Table 2:
neutral leptonV and charged lepto&) heavier than
Z boson was excluded at.5» level, existence of 1. Due to precision measurement of the cross-section

new generations with relatively light neutral lepton of eTe~ annihilation into hadrons in the interval
N (my ~ 50 GeV) was allowed. At that time qual- 2-5 GeV at BES the error ia = a(Mz) is now

ity of Standard Model (SM) fit of the data was very two times smaller. (Following Electroweak Work-
good, x2/ng0f. = 15/14. At the time of Osaka Con- ing Group (EWWG) we use result [4] though
ference, summer 2000, nothing radical happened but other estimates can be found in the literature as
x? became 2113 and the level at which one extra well);

heavy generation was excluded went down 4o[2]. 2. Central value oMy is now bigger by a half of .

However the latest precision data announced summer
2001 [3] has changed the situation: the fit is still bad, The latter is the main cause for the relaxation of the
24/13, but now the presence of one heavy genera- bound on heavy extra generations.
Exclusion plot for the numbeN, of extra heavy
generations is presented in Fig. 1.
To produce this plot we take:p = 130 GeV—
E-mail address: rozanov@cppm.in2p3.fr (A.N. Rozanov). the Tevatron lower bound on new quark mass; we use
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Table 1

LEPTOP fit to electroweak observables. Year 2001. By italics we designate calculated (not measured) quantities

Source Observable Exp. data LEPTORP fit Pull

LEPI Iz [GeV] 2495223 2.496616) —-0.6
oy, [nb] 41.540(37) 41.480(14) 1.6
Al 0.0171(10) 0.01653) 0.7
Ry 20.767(25) 20.738(18) 11
Az, A, 0.146533) 0.148311) -0.5
Ry 0.21657) 0.21571) 1.2
Re 0.171931) 0.17231) —0.1
A’jF B 0.0990(17) 0.10408) -29
AZ} B 0.068534) 0.07436) -1.7
sf(QFB) 0.232412) 0.23141) 0.9

SLC ALR 0.151321) 0.148311) 14
s?(ALR) 0.2310(3) 0.2314(1) -14
Ap 0.9220200 0.93491) —0.6
A¢ 0.6700260) 0.6684(5) 0.1

LEP Il, Tevatron my [GeV] 80.451(33) 80.392(20) 1.8
52, (mw) 0.2216(6)

Tevatron s%V(vN) 0.225521) 0.22303) 1.2
my (vN) [GeV] 80.250(109)
m; [GeV] 1743(5.1) 1750(4.4) -0.1

Fit mpy [GeV] 7938
s 0.118227)

ete™ — hadrons at 128936(49) 128918(45) 0.4
x2/nd.of. 238/13

experimental 95% C.L. bound on higgs masg > ¥ + v,y + NN in dedicated search one can exclude

3 “partially heavy” generations which contain such a
light N at a level of & (see [6]), while one or even
two such generations may exist.

The cause of disappearance of the suppression of
extra heavy generations which existed in the early

tained results drastically)y? minimum corresponds i o L
to unphysical pointV, = 0.5. For 170 GeV< my < dati/{'s thegogt_rac:l;tu;n n desclr(lptlfogl\?lf T_ﬁdern_d?ta
200 GeV we get the same quality of fit in the case on Mw angs; In the framework o - 'he poin

N, = 1 as that for the SM X, = 0). In Ref. [5] is that the hlggs mass, a fr_ee parameter of the SM,

one can find a statement that extra heavy generationshas the foquwmg values being extracted from these

are excluded by the precision electroweak data. How- observables:

ever, analysis performed in [5] refers to upper and (mw)LEPII TevatronNuTev = 80.428(32) GeV

lower parts of Fig. 1LAm > 200 GeV andAm = 0, 50

where the existence of new heavy generationsis really = "H = 50735 GeV, @

strongly suppressed. This is not the case for the central (Szz) =0.2314Q15)

part of Fig. 1 Am ~ 150 GeV).
Two heavy generations are excluded at more than = MmH = 150" 23 GeV. (2

3o level. Nevertheless, two and even three “partially

heavy” generations are allowed when neutral fermions

are relatively lightyny ~ 55 GeV (see Fig. 2). Using

all existing LEP Il statistics on the reactioase™ —

113 GeV [3] and varyAm = ,/m?% — m?2, and num-
ber of extra generation&,. (In order to have two-
dimensional plot we arbitrary assumed thaf = my
andmpg = mp; other choices do not change the ob-

LEPI,SLAC

N, = 0.5 reduces the contradiction between the two
values ofm . Nevertheless the resulting does not
improve drastically and this is due to another “defect”
of precision data: the discrepancy between the average
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Table 2

LEPTOP fit to electroweak observables. Year 2000

Source Observable Exp. data LEPTORP fit Pull

LEPI Iz [GeV] 2.495223) 2.4964(16) -05
oy, [nb] 41.541(37) 41.47915) 17
Al 0.0171(10) 0.01643) 0.7
Ry 20.767(25) 20.739(18) 11
Az, Ae 0.146732) 0.1480(13 -04
Ry 0.21657) 0.21571) 1.2
Re 0.170934) 0.17231) —04
A’jF B 0.099020) 0.103899) —24
AZ} B 0.068935) 0.07427) -15
sy (QFB) 0.2321(10 0.23142) 0.7

SLC ALR 0.151422) 0.1480(16) 15
s2(ALR) 0.2310(3) 0.2314(2) -15
Ap 0.9110:250 0.93491) -10
A¢ 0.6300260) 0.66836) -15

LEP Il, Tevatron my [GeV] 80.434(37) 80.397(23) 1.0
52, (mw) 0.2219(7)

Tevatron s2,(vN) 0.225521) 0.2231(2) 11
my (vN) [GeV] 80.250(109)
m; [GeV] 1743(5.1) 1740(4.2) 01

Fit mpy [GeV] 55152
s 0.118327)

ete™ — hadrons a1 12887890 128850(90) 0.3
x3/ndos. 214/13

value ofsl2 extracted from pure leptonic measurements
and its value from events with hadrons in final state

(3]:

st
Leptons 02311321
Hadrons 2323029) 3)

These 3o difference is the root of poor quality of the
SM fit. The value of hadronic contribution 1 in (3)

is dominated by very small uncertainty of the forward-
backward asymmetry in reactiatte™ — Z — bb.
According to Table 1

(AL 8) exp= 0:0990117). (4)

The number (5) differs from (4), but nicely coin-
cides with the SM fit: 0.1040(8) (see Table 1).

Let us assume following Chanowitz [8] that’;B
has larger uncertainty than given in Eq. (4) and
look to what consequences with respect to extra
generations this hypothesis will leddf we multiply
experimental uncertainties oﬁ’pB and A%, which
are strongly correlated, by a factor 10, the quality
of SM fit improves drasticallyy?/nq.of. shifts from
238/13 to 109/13 and simultaneously one heavy
extra generation becomes excluded at the level®f 2
(see Fig. 3).

1 Another way to resolve situation With’}B is to assume that

One can question whether such a good accuracy canthere exist New Physics contributionsZéb couplingsgy, andg,, -

be obtained in the analysis of hadronic jets production.

Another value ofA’;B can be obtained by multiplying
measured at SLAC beauty asymmetyand leptonic
asymmetryA;. Then

3
AL, = 2A»A1 =0.103825). (5)

Since in the expression fot4, , the corrections tg?, andg} are
multiplied by small factorgy, they should be large, so they must
appear at the tree level. Alsb— bb width proportional tdgf;)z +
(g%)? should not noticeably change sindg =I", /I’ is at
present in good agreement with SM fit, see Table 1. In recent paper
[9] inclusion of additional bottom-like heavy quarks with vector
currents is suggested to resolve the discrepancy (3).
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Fig. 1. Exclusion plot for heavy extra generations with the input:
mp =mg =130 GeV,my = my. x2 minimum shown by cross
corresponds tg2/ng of, = 222/12, Ng = 0.4, Am = 160 GeV,
mpy =116 GeV.N, is the number of extra generations. Borders of
regions show domains allowed at the level 2o, etc.

However, a serious problem arises: it is jutd,
given by Eqg. (4) which pushesy to larger values.
With our modification of experimental results @,
andA¢,, the SM fit gives:

my = 42733 GeV, (6)

well below modern LEP Il boundny > 113 GeV,
a substantial trouble for the SM. In case the con-
straintmpy > 113 GeV is imposed, we getay =
11673 GeV, x?/ndos. = 145/14. What concerns
partially heavy extra generations, they nicely fit the
data even with ten times enlarged uncertainties’bf
and A%, see Fig. 4. At both minima in this figure
x%/ndof. ~ 13/12, whilemy ~ 116 GeV due to the
imposed constrainiz y > 113 GeV. Without this con-
straint my drops to~ 40 GeV, while x2/ng.of. ~
10.1/11 atN, = 0.9,my = 53 GeV. (The various val-
ues ofngot. Stems from unconstrained or constrained
value ofmy and to additional parametersy andN,
in case of New Physics.)

In the recent paper [10] it was noted that SUSY
extension of Standard Model with light sneutrinos
with masses in the range 55-80 GeV is allowed
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Fig. 2. Exclusion plot for the number of partially heavy extra
generations with light neutral leptoiv. On horizontal axis the
number of extra generationg,, on vertical axis—the mass of the
neutral leptorn . The input:my = 220 GeV,mp = 200 GeV,

mp = 100 GeV. At the minimurryz/ndAoAfA =216/12, Ng =14,

my = 50 GeV, my = 116 GeV. The spectacular behaviour of
lines at the bottom of this figure as well as Fig. 4 is caused by
the threshold singularity. This singularity must manifest itself also
in the Z lineshape. We have not studied it because according to
experimental data by LEP Collaborations on the emission of initial
state bremsstrahlung photerny > 50 GeV at 95% C.L. [6,7] and
the effect at such distance above threshold is not prominent.

values. (423 was neglected there as well). This
might be a strong indication in favor of light SUSY
particles.

The presence of new particles is important for
production and decay of higgs. New heavy quarks
considerably enhance higgs production at Tevatron
and LHC through gluon fusion which should help to
discover this particle [11]. If the decay of higgs into
a pair of neutral leptons is kinematically allowed it
will dominate, so that a moderately heavy higgs will
decay invisibly [12]. At LEP II the invisibly decaying
higgs is excluded almost at the same level as the SM
higgs by missing mass method [13]. Contrary to that
the LHC will look for visible decay modes of higgs. If
the branching ratios of the latter are small the search

by precision data and pushes higgs mass to largerwill be not easy.
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my > 113 GeV mp,= 130 GeV m,> 113 GeV m, = 200 GeV my = 220 GeV me= 100 GeV
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Fig. 3. Exclusion plot for heavy extra generations with 10
times enlarged errors inA’;B and A%p with the input
mp =mg =130 GeV,my = my. x2 minimum is at the up-
per border of the figure, Whel’gz/nd'o'f‘ =118/12, N; = 0.1,
Am =248 GeVmyg =116 GeV.

Fig. 4. Exclusion plot for partially heavy extra generations with
10 times enlarged errors im’;B and A%p with the input
mp = 200 GeV,my = 220 GeV,mg = 100 GeV. Two Iocal)(2
minima are shown. At the first minimumz/ndAoAfA = 124/12,
Ng =-05, my =90 GeV,mpy = 116 GeV (see upper left cor-
ner of the plot). At the second minimumz/nd‘o‘f, =131/12,
Note added Ng=0.6,my =48 GeVmpy =116 GeV.

After this Letter had been completed a new result
for sﬁ,(vN) and hence fomy (vN) was published by

NuTeV Collaboration [14]: As a response to 'the appearance of this Letter
on hep/ph H.-J. He kindly brought to our attention
sﬁ,(vN) =0.227717), Ref. [15], in which the problem of extra generations

has been considered in a framework of the models with

mw (vN) = 80.140(80). two and one higgs doublets. In latter case the results
The new value ofmw(vN) differs from my of Ref. [15] could be compared with ours. According
measured by LEP Il and Tevatron by7a and leads  to Ref. [15], the 500 GeV higgs, if accompanied by

to a pull of 2.8 instead of 1.2 (see Table 1) aggravating fourth generation, does not contradict the electroweak
the discrepancy. Using the same procedure as forprecision data. In order to check this statement we

Table 1 we get: made special LEPTOP runs assumimg = 500 GeV
andN, = 1. We found that for certain fixed values of
mpy =863 GeV, quark and lepton masses thé of the fits with heavy

higgs is even better than in the SM. For example,

for my =55 GeV,mg = 200 GeV,my = 130 GeV,
The influence of the new NuTeV data on the limits mp = 130 GeV, andmy = 500 GeV x?/nqof. =

on extra generations, as well as the change of LEPTOP20.3/14 which should be compared wi?/ng.of. =

code accounting for the new NuTeV procedure of 23.8/13 from Table 1. Let us note that we do not use

extractingsﬁ,(vN) will be discussed elsewhere. S, T, U parametrization of oblique corrections which
We are grateful to V. Rubakov for providing Ref. is well suited for heavy fermions but not for light ones

[14]. (with masses of the order af ).

x2/ndos. = 30.3/13.
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