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Abstract. A new dynamical symmetry breaking model of electroweak interactions is proposed based on in-
teracting fermions. Two fermions of different SU[,(2) representations form a symmetry breaking condensate
and generate the lepton and quark masses. The weak gauge bosons obtain their usual standard model masses
from a gauge-invariant Lagrangian of a doublet scalar field composed of the new fermion fields. The new
fermion fields become massive by condensation. It is shown that the new charged fermions are produced
at the next linear colliders in large number. The model is a low-energy one, which cannot be renormalized
perturbatively. For the parameters of the model, unitarity constraints are presented.

One of the most important open questions of particle
physics is the origin of electroweak symmetry breaking.
Scalars have not been seen in experiments, emphasizing
the importance of investigating models beyond the stan-
dard one [1-6]. In particular, technicolor models [1] em-
body dynamical symmetry breaking but it is not easy
to fulfill electroweak precision tests. The top quark plays
a key role in top condensate models [2], which predict too
large masses for the top quark and the Higgs boson. Elec-
troweak symmetry breaking by the condensate of massive
matter vector bosons was also put forward [3].

In this note we propose a new low-energy effective
model based on four-fermion interaction of new doublet
and singlet fermion fields forming condensates. These
lead to massive fermions in the linearized approxima-
tion and a dynamical symmetry breaking realization is
put forward as in the Nambu-Jona Lasinio model [4]
and no bare mass terms are introduced in the start-
ing Lagrangian. Non-vanishing lepton and quark masses
are coming from gauge-invariant couplings of known and
new fermions. The Kobayashi—-Maskawa description is
unchanged. The usual gauge boson masses follow from
the gauge-invariant interaction of a scalar doublet com-
posed of new fermion fields. The production cross section
of the new fermions is calculated for the next gener-
ation of linear electron—positron colliders. Unitarity con-
straints for two-particle elastic scattering processes are
presented.

We consider the standard model but replace the usual
Higgs sector with new fermions having non-renormalizable
four-fermion interactions. The new fermions are a neutral
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singlet,

7y, T=Y=0,

and a weak doublet with hypercharge 1,
U8 1
WD:<W6’>, T:§,Y:1.

v () is a field of positive (zero) electric charge. The
doublet has the same quantum numbers as the standard
Higgs field. The new fermions are assumed to have four-
fermion interactions as a result of an unknown new physics.
Let us assume that in the vacuum a symmetry breaking
condensate is formed:

By SUL(2) transformations we can always transform
the upper component into 0. By Uy (1) transformations of
Up the condensate can be chosen real. ¥ g¥p resembles the
standard scalar doublet. The condensate (1) breaks prop-
erly the weak SUL(2) x Uy (1) and respects the electromag-
netic Uem (1) symmetry. The strength of the condensate is

(salhp)y = asdas,  (Tsalhs) =0,  (2)

where ag is real.

In what follows we build up the low-energy effective
theory. We replace in the standard model Lagrangian the
Higgs sector with gauge-invariant kinetic terms for the new
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fermions and new four-fermion interactions, Ly + Ly,

Ly = i@ pDyy*0p + 58,7 Ts + A1 (TpPp)”
+ A2 (ESWS)2 + X3 (Yp¥p) (PsPs) , (3)
Ly =gr (PL04) @swp) + g (PRe]) (Tos) . (4)

Here
g g
DH:8H_1§IAM_IEBM; (5)

A, B,andg, g’ are the usual weak gauge boson fields and
couplings, respectively.

Ly couples ¥g p to the traditional left (right) handed
lepton (or quark) doublet ¥} (singlet ¥}) and it can be
extended to three families. The dimensionful coupling con-
stants can be written as \; = )\i/M2 and g; :gi/MQ,
where the couplings with tilde are dimensionless and M
can be considered as the scale of the new physics. M
is expected to be a few TeV. The masses of the weak
gauge bosons are coming from effective interactions speci-
fied later. \;, gr are assumed to be positive.

The mixed condensate (1) generates masses for the
standard quarks and leptons and leads to four-fermion con-
tact interactions. For example, for the electron and elec-
tron neutrino doublet it reads

Ly=gc (7 erW s¥; +erer¥ sy
e _ =0
+erv¥p¥s+ GRGLWD!—/S> . (6)

In the linearized approximation Ly generates the electron
mass

Mme = _4gea3 (7)

and eTe WgWp-type interactions in the physical gauge
U W =0. Down-type quark masses are generated sim-
ilarly. For up quarks, as usual, couplings to the charge
conjugate ¥p = iy (WD) S(WO ) (Wi’;)T
troduced. Introducing non-diagonal quark bilinears, the
Kobayashi-Maskawa mechanism emerges. As in the stan-
dard model, from (7) for two particles m;/m; = g;/g;, but
as is not determined alone by the Fermi coupling constant.

In order to generate masses for the new fermions, the
condensates

must be in-

<§0D(X!p%ﬁ>o = a15aﬁ s
<§sa!—/sg>0 = a25a5 (8)

are introduced, where a1, as are real. Then, in the lin-
earized approximation one has

Ly — L = —m 00 —my 0000 — moW g

—ms3 <WDWS + ES¢%> ) 9)
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with

(8)\10,1 —|—4)\3a2) =—-2a1\1 +m1,
(6)\10,1 —|-4)\3a2) y

(6)\2a2 +4Xsa1) ,
Asa

mz= (10)

The condensate of the charged LPZS would only shift
my, mi1, mg by —6A1, —8A1, 4\3 times the condensate.
Equations (7) and (10) show that, in general, sign changes
of the condensates may influence the sign of the mass
parameters. This also happens in [4]. To define physical

eigenvalues, (9) is diagonalized by the unitary transform-
ation

VU= cW%—l—SWS,

Uo=—sWP+c¥s, (11)

where ¢ = cos ¢ and s = sin ¢; ¢ is the mixing angle. The
masses of the physical fermions ¥, ¥, are

mi —ma

2M, o = + 12
1,2 =M1+ m2 0526 (12)

The mixing angle is given by
2mg = (my —mg2) tan2¢. (13)

Once my = My, my = Ms, the mixing vanishes, ms = 0 and
vice versa.
It follows that the physical eigenstates themselves form

condensates, since

? (T1aP1p),+ s (P20%25) = a10as ,
s (T1aW13),+ c? (P2aWp),= 6200 ,

CcS <§1a%g>0 —CS <§QQW25>0: a35a5 . (14)
There is no mixed condensate as W7, W5 are independent.
For az/cs > 0 (M > My), ¥, forms the larger condensate.
Combining the equations of (14), one finds

1
az = 5tan2¢ (a1—az) . (15)
For a; = a3, one cannot put az # 0 for cos 2¢ # 0. As is
seen, (15) is equivalent to (¥1,Wag), = 0. Comparing (15)
to (13) yields
—mgz)\g (a1 —ag) .

my (16)

Substituting mj —mg from (10), we are led to the consis-
tency condition
ail ()\3—2)\1) = as ()\3—2)\2) . (17)

A consequence is that a; # as goes with A1 #£ Ao.

In the physical spectrum there are three new fermions,
a charged one and two neutral ones. They have many
self-interactions given by (3) and (11), like /WA WL ¥,
UEUE (00, Uals, Uh W), U, U Wy, WEW2 U W3 Wy,
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The masses of the weak gauge bosons arise from the ef-
fective interactions of an auxiliary composite Y =1 scalar

doublet,
i —
b= (¢0> ="U¥p.

@ develops a gauge-invariant kinetic term in the low-energy
effective description

(18)

Ly =h(D,®)" (D"®) . (19)
Here D, is the usual covariant derivative (5).

The coupling constant h sets the dimension of Ly,
[h] = —4 in mass dimension. We assume that h > 0. Equa-
tion (19) is a non-renormalizable Lagrangian leading to the
weak gauge boson masses and some of the interactions of
the new fermions with the standard gauge bosons.

In the gauge $T = 0, Ly can be written as

92

2
_ g _
h Ly =2 trgligd 4 =7 71T g0
H 2W“W +400520W "
01301 9,8° — = —9__ (grgt) g7
+ " 2 cos Oy ( ) "
i g 0t 0
- 7z, (0'P
2 cos 0w n ) ]
(20)
in terms of the usual vector boson fields.
In the linearized approximation of (20), we put
2
he*te — h (9710°) = h (1603 —daaz) = o, (21)
leading to the standard masses
my = 2 9 (22)

27 2= 9cos Ow
v? is, as usual, (\/iGp)il; v = 254 GeV. The tree masses
naturally fulfill the important relation pyree = 1. Equations
(21) and (15) impose the restriction

v? =8h {tan 20 (ag — a2)2 — alaQ} >0. (23)

Equation (20) describes several non-renormalizable
interactions of the type Z, Z2, W? times J/gv, (LT/%)2 or
vg (v)) ?. Their strengths in & units are determined by the
gauge coupling constants.

A transparent experimental consequence of the model
is provided by the doublet kinetic term in (3), whence we
obtain the usual renormalizable fermion pair couplings to
gauge bosons:

L= @wwg (eA, —ecot20w Z,)
S PP A4
2 cos Oy DY FD 4w
9 (7+ -0 _
+ (wgngwj T, ) . (24)
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To obtain the physical interactions for the neutral compon-
ent, the mixing (11) must be taken into account; then

L' = @’y“!’lg (eA, —ecot20w Z,,)

e — —
+ mzﬂ (CQWW“% + $2 Wy,

— sc (V17" Wy + UoyH i) )
g

+ [EWJ (C@’Y“Jﬁ —Sﬁ’y“@g) -|-th| .
(25)

The interaction Ly in (6) turns out to be very weak. In-
deed, from (7) and (21) we have an upper bound for g.,
ge < \/ﬁ% = \/ﬁgeSM, which is suppressed by two factors
of the scale of new physics compared to the standard model
value gSM.

To test the model at the forthcoming accelerators, we
consider the production of new fermion pairs in electron—
positron annihilation. It is most useful to investigate the
case of a charged new fermion pair; we denote this by
DtD~.

The contact graph from (6) yields the cross section

g | mi Sm%r
=—=s\/1—-4—(1—=—",
167 S 2 s

(26)

o (e+e_ — D+D_) =

where s is the center of mass energy squared. The cross
section is negligible at moderate s. For example, at h ~
(2TeV) * and /5 = 1 TeV it is still in the order of 1013 fb.

We expect a higher number of events from the pho-
ton and Z exchange processes eTe™ — v, Z — DT D~. The
usual SM coupling at the eTe™ Z vertex is

9

lm’m (9v +7594) ,

1 . 1
QV:—§+2SIHQGW, ga=-—5-

By making use of (25), one obtains the cross section

1 m% 1
+o— +p—) — + 2
—+DtD7)=—-/1-4—"T=-|M
M 2 4 4s+2m3_ 2 e s+2m3_
| | =3¢ s + 3 sin? Oy cos? 0ng smeZ
1 4 2 2 s+2m?
13 sin? OWecos4 Ow (gV+gA) S(s_mQZ-SQ ) (27)

where the three terms in |M |2 are coming from photon
exchange, photon—Z interference and pure-Z exchange. A
similar cross section belongs to the neutral pair produc-
tions, too. The cross section rises fast after the threshold;
at high energies it falls off as 1/s, reflecting that all the
interactions are renormalizable in the process. The cross
section is given in Table 1 for a few masses and plotted vs.
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Table 1. Cross section of DT D™ production at 1/s = 500 GeV

+ (GeV) 100 150 200

o (e+e_ — D+D_) (fb)

560 535 450

o(e'e ->yk, Z D' D) (fbarn)

[4)
400 600 800 1000 1200 1400

s (Gev)

Fig. 1. Cross section of DYD™ production at electron—
positron collider vs. 1/s for m = 200 GeV

V/sin Fig. 1. At alinear collider of /s = 500 GeV (TESLA)
and integrated luminosity 50 fb~! /year a large number of
events is expected.

The cross section at /s = 1500 GeV is an order of mag-
nitude smaller, but with an integrated luminosity of 100
fb~! per annum a large number of events appears and a
higher mass range can be searched for, see Table 2.

Now, we provide a rough estimate of the model pa-
rameters by imposing partial-wave unitarity, |Re ap| < %,
for the J = 0 partial-wave amplitudes of 2 — 2 processes
[7,8]. Consider DV D~ elastic scattering. At high energies,
s> 4m2+, the contact graph is expected to give the domin-
ant part of ag, leading to A\1s < 8. At a maximum possible
energy of s = (1-25) TeV2, A\; < (2.5-0.1)Gp. In the case
of no mixing we expect a similar upper bound for A3, too.
To obtain an upper bound for h, let us consider the process
U, Wy — Z 7 with longitudinally polarized Z, and (+—) he-
licity for the incoming fermions. The relevant contact inter-
action follows from (19):

hg?as

Ly=-Z,2"000s—7 2% | he., (28)

S2 9W
where 16a h 2 “

tarity imposes ¢ ( 3h) 1/2 < 167v. This shows that h is
in general a very weak coupling: at the scale s = (1-25)

. Choosing ¥ W, at asymptotic s the uni-

Table 2. Crosssection of DT D™ production at \/s = 1500 GeV

my (GeV) 400 700

o(efe” = DTD7) (fb) 62 61 60 32

100 200
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TeV?2, c*h <2 (1 — 5_6) G2%. We checked that # — W1W,
provides a weaker bound. Fixing A1, Ao, larger a1, as give
larger masses m., mi, ms. For instance, at A3 =0, my =
100 [300] GeV needs a condensate aq,

1 1 —3/2 1 5 —3/2
o] 2 (60 2.4> Cr Kzo 4> Cr ]
for A < (2.5-0.1)Gp. The lower bound for |as| lies not very
far from that of a;, for my not very far from mo. It also
follows that the leptonic coupling constant g. is less than
its standard model value, g5™ x O (GF), if ¢ is not very
small. Finally, since 8 |as] > 21/4(Grh)~ /2 one obtains
for s = (1-25)TeV? |ag| 2 5 (1-125)G .
ing.

Similarly to [4], the gap equations impose a lower bound
on the coupling constants \;. Consider first the mg = Azas
equation in (10). Expressing ms with M7 — My by (12) and
(13) and a3 by (14), and making use of the free-field ap-
proximation for the condensates of ¥y, ¥y, we obtain

at small mix-

My — My = X3 (11 - I2) , (29)
where I; means the familiar momentum integral

M 2 g2 A?
with a cutoff A. It is easy to see that for M; = Ms no

restriction occurs for Az, but for M; # M, one obtains
|A3| > 272472, Furthermore, around the critical minimum
[As|, M; 2 < A and increasing |A\3| increases the masses (as
in [4]).

The other equations in (10) can clearly be translated
into gap equations expressing m; 2 by M; 2 and a; by free-
field functions (30). M7 =0 and M, =0 are always a solu-
tion. The non-zero mass solution of the gap equations im-
poses Aq 2 > 7r2/3/12. A3 close to its critical value and both
A1 and Az near to 572 /342 provide small masses M- 12K A
and higher masses attract higher \;. Together with the uni-
tarity constraint, one has \j 5 € [72/3, 87]A~2.

In conclusion, we proposed a new dynamical symme-
try breaking of the electroweak symmetry based on four-
fermion interactions of hypothetical doublet and singlet
fermions. Generating masses for all the standard and new
particles follows by condensation. Condensates are free pa-
rameters of the model. The interactions of new fermions
tend to be weak, since the model is a non-renormalizable
effective low energy one. From the experimental point
of view, ete™ — DT D~ is advantageous, following from
purely gauge interactions, and it results in a large number
of events at the next generation of linear colliders.

References

1. K. Yamawaki (ed.), Dynamical Symmetry Breaking (World
Scientific, Singapore, 1992)

2. W.A. Bardeen, C.T. Hill, M. Lindner, Phys. Rev. D 41,
1647 (1990); C.T. Hill, Phys. Lett. B 266, 419 (1991);



G. Cynolter et al.: Fermion condensate model of electroweak interactions 549

M. Lindner, D.Ross, Nucl. Phys. B 370, 30 (1992); 2526 (1988); A. Dobado, M.J. Herrero, T.N. Truong, Phys.

J. Hosek, Phys. Rev. D 36, 2093 (1987); J. Hosek, CERN- Lett. B 235, 129, 134 (1990)

TH 4104/85 (1985); A. Hasenfratz, P. Hasenfratz, K. Jansen, 6. R. Casalbuoni, S. De Curtis, D. Dominici, R. Gatto, Phys.

J. Kuti, Y. Shen, Nucl. Phys. B 365, 79 (1991) Lett. B 155, 95 (1985); Nucl. Phys. B 282, 235 (1987);
. G. Cynolter, E. Lendvai, G. Pécsik, Eur. Phys. J. C 38, 247 R. Casalbuoni, P. Chiapetta, S.De Curtis, F. Feruglio,

(2004); Mod. Phys. Lett. A 9, 1701 (1994) R. Gatto, B. Mele, J. Terron, Phys. Lett. B 249, 130 (1990)
. Y. Nambu, EFI-88-39, 62 (1988); EFI-89-08, 8 (1989) 7. B. Lee, C. Quigg, H. Thacker, Phys. Rev. D 16, 1519
. A.Dobado, M.J. Herrero, Phys. Lett. B 142, 85 (1984); (1977); D. Dicus, V. Mathur, Phys. Rev. D 7, 3111 (1973)

233, 505 (1989); A. Dobado, M.J. Herrero, J. Terron, Z. 8. G. Cynolter, A. Bodor, G. Pécsik, Heavy Ion Phys. 7, 245
Phys. C 50, 205 (1991); T.N. Truong, Phys. Rev. Lett. 61, (1998)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


