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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 genera-
tions”, when all four new particles are heavier than Z 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 minimum of x? is between
one and two extra generations.

Two years ago in paper [1] we analyzed bounds from the electroweak pre-
cision data on the non-decoupled New Physics in a form of additional heavy
quark-lepton generations. It was shown that while the case of all four new
fermions (U and D quarks, neutral lepton N and charged lepton E) heavier
than Z boson was excluded at 2.5 & level, existence of new generations with rel-
atively light neutral lepton N (my = 50 GeV) was allowed. At that time quality
of Standard Model (SM) fit of the data was very good, x?/ngor = 15/14. At
the time of Osaka Conference, summer 2000, nothing radical happened but y?
became 21/13 and the level at which one extra heavy generation was excluded
went down to 20 [2]. However the latest precision data announced summer 2001
(3] has changed the situation: the fit is still bad, 24/13, but now the presence
of one heavy generation does not make the fit worse as compared with SM.

In Table 1 the LEPTOP fit of summer 2001 data is presented. There are
two significant changes in comparison with previous data presented in Table 2:

1. Due to precision measurement of the cross-section of e*e= annihilation
into hadrons in the interval 2-5 GeV at BES the error in & = a(Mz) is now two
times smaller. (Following Electroweak Working Group (EWWG) we use result
(4] though other estimates can be found in the literature as well);

2. Central value of My is now bigger by a half of ¢.
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Abstract

The predicted value of the higgs mass My is analyzed assuming the
existence of the fourth generation of leptons (N, E') and quarks (U, D),
which are not mixeq with the known three generations. The steep and
flat directions are found in the five-dimensiona] parameter space: my;,
™My, mp, my, mg. The LEPTOP fit of the precision electroweak
data js compatible (in particular) with My ~ 300 GeV, my ~ 50
GeV, mg ~ 100 GeV, my + mp ~ 500 GeV, and Imy — mp| ~ 75
GeV. The quality of fits drastically improves when the data on b- and
¢-quark asymetries and new NuTeV data op deep inelastic scattering
are ignored.
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Figure 1: Exclusion plot for heavy extra generations with the input: mp =
mgp = 130 GeV, my = mpy. x? minimum shown by cross corresponds to

X2 /ndoys. = 22.2/12, Ny = 0.4, Am = 160 GeV, my = 116 GeV. Ny is the
number of extra generations. Borders of regions show domains allowed at the
level 1o, 20, elc.

Review o&, pavh(.lt -plasics (20007)
Am=0 ov Am>S 200 Gev



'porﬁaua Helwa' Genevetion

me> 113 GeV my= 200 GeV  m, =220 GeVv m,= 100 GeV

S 90
(i)} L
o X
g L
85
z -
E
80 |-
75
70
65 [- 4
60 '
4 g
1 2 T3 4 5
N

9

Figure 2: Exclusion plot for the number of partially heavy extra generations
with light neutral lepton N. On horizontal axis the number of extra generations
Ng, on vertical axis — the mass of the neutral lepton mp. The input: my = 220
GeV, mp = 200 GeV, mg = 100 GeV. At the minimum x?/nq, ; = 21.6/12,
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 1t because according to experimental data by LEP collaborations on the
emission of initial state bremsstrahlung photon my > 50 GeV at 95% c.l. [6, 7]
and the effect at such distance above threshold is not prominent.



Table 1: LEPTOP fit to electroweak observables. Year 2001. By italics we
designate calculated (not measured) quantities.
Source Observable Exp. data | LEPTOP fit | Pull
T7 [GeV] 9.4952(23) | 2.4966(16) | -0.6
o [nb] 41.540(37) 41.480(14) | 1.6
Abg 0.0171(10) 0.0165(3) | 0.7
R 20.767(25) | 20.738(18) | 1.1
LEP I A, A 0.1465(33) | 0.1483(11) | -0.5
Ry 0.2165(7) 0.2157(1) | 1.2
R, 0.1719(31) 0.1723(1) | -0.1
AS.p 0.0990(17) 0.1040(8) | -2.9
o 0.0685(34) 0.0743(6) | -1.7
st(QFB) 0.2324(12) 0.2314(1) | 0.9
ALR 0.1513(21) 0.1483(11) 1.4
SLC s? (ALR) 0.2910(3) | 0.2314(1) | -1.4
Ap 0.9220(200) 0.9349(1) | -0.6
Ac 0.6700(260) 0.6684(5) | 0.1
LEP II, Tevatron | mw [GeV] 80.451(33) 80.392(20) | 1.8
sty (mw) 0.2216(6)
Tevatron siy (vN) 0.2255(21) 0.2230(3) | 1.2
mw (vN) [GeV] | 80.250(109)
m; [GeV] 174.3(5.1) 175.0(4.4) | -0.1
Fit mpy [GeV] 79756
&, 0.1182(27)
ete~ — hadrons | a=* 128.936(49) | 128.918(45) | 0.4
X /Nd.os 23.8/13
A
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Table 2: LEPTOP fit to electroweak observables. Year 2000.

Source Observable Exp. data | LEPTOP fit | Pull
~ | Tz [GeV] 2.4952(23) | 2.4964(16) | -0.5
op [nb] 41.541(37) | 41.479(15) | 1.7
Abpg 0.0171(10) 0.0164(3) | 0.7
R 20.767(25) | 20.739(18) | 1.1
LEP I Ar, A, 0.1467(32) | 0.1480(13) | -0.4
Rs 0.2165(7) 0.2157(1) | 1.2
R, 0.1709(34) 0.1723(1) | -0.4
Ab g 0.0990(20) 0.1038(9) | -2.4
A%y 0.0689(35) 0.0742(7) | -1.5
st(QFB) - 0.2321(10) 0.2314(2) | 0.7
ALRr 0.1514(22) 0.1480(16) 1.5
SLC st (ALR) 0.2810(3) 0.2314(2) | -1.5
Ay 0.9110(250) 0.9349(1) | -1.0
A 0.6300(260) 0.6683(6) | -1.5
LEP II, Tevatron | my [GeV] 80.434(37) 80.397(23) | 1.0
st (mw) 0.2219(7)
Tevatron sty (VN) 0.2255(21) 0.2231(2) [ 1.1
mw (vN) [GeV] | 80.250(109)
m; [GeV] 174.3(5.1) 174.0(4.2) | 0.1
Fit my [GeV] 5570
G 0.1183(27)
ete~ — hadrons | a~ 128.878(90) | 128.850(90) | 0.3
x“/ndogs 21.4/13
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Figure 3: Exclusion plot for heavy extra generations with 10 times enlarged
crrors in A%, and A%, with the input mp = mg = 130 GeV, my = my.

\~ minimum is at the upper border of the Fig., wheLe X*/ndoy = 11.8/12,
Ng =0.1, Am = 248 GeV, my = 116 GeV.
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Figure 4: Exclusion plot for partially heavy extra generations with 10 times
enlarged errors in A%p and A%p with the input mp = 200 GeV, my = 220
GeV, mg = 100 GeV. Two local x? minima are shown. At the first minimum
x%/naoy = 12.4/12, Ny = =0.5, my = 90 GeV, myg = 116 GeV (see upper
left corner of the plot). At the second minimum xz/nd,o,f_ =13.1/12, N, = 0.6,
my = 48 GeV, my = 116 GeV.
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Figure 1: Exclusion plot on the plane mn,my — mp for fixed values of
mpy = 120 GeV, my + mp = 500 GeV and mg = 100 CeV. XZin shown
by two crosses corresponds to X*[Ndoys = 20.6/12. (The left-hand cross
is slightly below my = 50 GeV.) Borders o regions show domains allowed
at the level 10,20, etc. The plot was based on the old NuTeV data. The
new NuTeV data preserve the pattern of the plot, but lead to \ i/ Ndoy =
27.7/12. 1f A% 5 and Afp uncertainties are multiplied by factor 10 we get

Ximin/Tdos. = 19.1/12 for new NuTeV, and XZin/Mdoy = 11.3/12 for old
NuTeV.
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Figure 2: Exclusion plot on the plane mu.my — mp for fixed values of
= 500 GeVome 4+ myy = 500 GeV and myp = 100 GeV, \ i shown
by two crosses corresponds to Xz/nd_o_f_ =m (The left-hand cross
is slightly below my = 50 GeV.) Borders o regions show domains allowed
at the level 10,20, etc. The plot was based on the old NuTeV data. The

new NuTeV data preserve the pattern of the plot, but lead to X2, /naos =
If A% and A%, uncertainties are multiplied by a factor we

gel Xmin/Ndo s, = 21.2‘12 for new NuTeV, and Xein/Ndo.s. = 13/12 for old
NuTeV. —
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