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ALTERNATIVES
Kilean

~ Strong interactions of electroweak gauge bosons Zerwas

Unitarity leads to the alternative that either a light Higgs boson is realized in the elec-
roweak sector of the Standard Model, or the electroweak W, Z gauge bosons become
strongly interacting at high energies [1]. The second scenario, compatible with the high-
precision electroweak data, can be analyzed in quasi-elastic scanering of W#*_ Z bosons,

] W = WWw l {1)
at TeV e*e~ linear colliders [2].

The strong interactions of the ¥ bosons at high energies can be traced back, in a nat-
ural way, to the dynamics of Goldstone bosons which are associated with the spontaneous
breaking of a chirally invariant theory, characterized by an energy scale A, ~ O(1 TeV).
This theory can be described by an Et‘t‘nctiw EEEW“ expanded in the dimensions of the
interaction terms [3]:

P00 S 3 e S o @)

L, denotes the kinetic terms of the gauge fields while L, the lowest-order term in the chiral
expansion, corresponds to the mass term;
1

r &
£y =—5Tr [W, ]—EE,,,

EE A
£¢.=Mﬁ,w:w# +§
These two terms generate the parameter-free WH scattering amplitudes in the threshold
region of the strong-interaction domain. The dimension-4 operators £, and 5 are Jew
quadrilinear contact interactions of the W* and Z bosons:

MiZ.Z, (3)

Ly =0 [TH(V.V,)P
L5 = ag [Tr{V, V)] (4)
with V), = i(gW, — ¢'rsB,)/2 in standard notation. The coefficients o, and ay are parame-

ters which describe the dynamics of the new strong interactions.
The amplitudes for the quasi-elastic W W scattering processes,

AWIW™ ZZ) = Als, 1, u)
AWTW™ = WIW™) = A(s, t,u) + AL, 8, u)
A(W=W= = W-W~") = A(t, s, u) + Alu, 1, s) (5)

can be expressed in terms of a master amplitude A which is a function of the Mandelstam
variables,
4{1* + u?) 8s*

—-.. .*l{s~t~u]:i+cu-——¢—+&5—.+.-. (&)
. L

L 1
with v = 1/[v2G¢]'? = 246 GeV. The leading-order term s/v? reflects the parameter-
independent approach to the strong-interaction domain of the W bosons.
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Figure 2: Generic diagrams contributing to the strong W W scattering signal.

The WW scattering processes can be analyzed experimentally in high energy e* ¢~ colli-
Slgns in which the initial-state W'* bosons are generated as quasi-real particles:

ete” S oeWIW™ and i ZZ ¥)
eTeT =W TWT (R)

The theoretical analysis of these reactions involves the mwr Fig.2, to be com-
plemented b}rw&lgm‘ns which account for vy — WW subprocesses, W radia-
tion off lepton lines, ercerera,

The strategy for jgolating the signal from the background has been described in detail in
Ref. |2]. In the present analysis the following cuts have been applied:

C: M(vi) > 150 GeV
[cos B(W/Z)| < 0.8 and py (W/Z) > 100 GeV
piL(WW) > 40 GeV resp. p.(ZZ) > 30 GeV
100 GeV < M{WW/ZZ) < 800 GeV

Taking into account leptonic and hadronic decays of the W# and Z bosons, overall detection
efficiencies of 33% for both WW and Z Z pairs can be reached. The e*¢~ c.m. energy has
been set /5 = | TeV and the integrated luminosities [ Lle*e™] =1 ab™ and [ Lle~e™] =
100 b~ have been assumed for the high-luminosity operation of the collider. Electron and
positron polarizations are assumed to be 100 % and 50 %, respectively.

The results of this analysis are summarized in Fig.3. Exclusion contours at the 1o level
are shown for the parameters [oy, ax] as derived from the three processes introduced above.
The hi 1 itivity is icted for Py . the additional W™HW~
channe . 18 useful for resolving the two-fold ambiguity and singling out the unigue
solution. For an energy of | TeV and luminosities as specified above, the dynamical param-
eters oy and o can be measured to an gecuracy oy < 0.010 and a. < 0.0K7.

Bounds on the parameters oy and oy fro yses [4] are ex to be about a
factor three ll.‘-mﬁ gent for the equivalent luminosity after two years of operation.

3



The sensitivity bounds on oy » can be rephrased in bounds on the new strong-interaction
scale A. which can be probed in these experiments. Defining minfa;] = v*/ A2, the bounds

derived above can be translated to
A, 23 TeV {9

Resonance effects of the new strong interactions are expected at scales ~ 4mv = 1 TeV,
As a result, the entire threshold region of the WW strong interactions can be covered at the
high-luminosity ¢~ collider TESLA.
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Figure 3: Exclusion contours for the h}rpoﬂms ays = 0, asmnung v'# = 1 TeV and an
integrated e e~ luminosity of [ £ = 1 ab™! . The 90% exclusion
line has been obtained by combining the W W™ and 7 7 channels (dark gray). The contour
for the W~ W~ channel (light gray) corresponds to an integrated ¢~ ¢~ luminosity of | £ =
100 fb~" {100%: polarization).
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ALTERNATIVES : Compositeness

Tr"lﬂ,l':ﬂ ha

Vector resonances and pseudo-Goldstone bosons from
a strong EW sector Casalbuont et al.

We have considered two possible realizations of a i W
nario which predict new vector resonances: BESS 1] and degenerate BESS [2], The model

BESS is an effective description for dynamical symmetry breaking, and it includes for in-
stance most of the gepal technicolor models, The model degenerate BESS describes strong
axial vector and vector resonasces almost degenerate in mass. The parameters of the BESS
model are the mass of the new 51/(2) gauge bosons My, Lheir
parameter b whose strength characterizes the direct ' .
fermions. For the BESS model the W™* W™ channel 15 the dominant one, while for the
degenerate BESS model, the best channel for discovery is [f [El {)ur analysis, in the

fermion channels, is based on the fﬂiluwmg observables: o, o" 4' Gl AT

A it Arts b Ay hod (i = LB} cmmgmww -:hannnl we have
uud:edﬂmfuliuwmg observables: ~=—{e7e™ =+ WTW =), AT W™, the longitudinal
and transverse polarized W dil’l’mua! cross sections and asymnwuics The bounds from a
ag"
e, <t i) i (A1
I

0,

unllj 2TeV
e'e — Ww™

a06 |

nos |

um [ b b A hd i i bk I
-0 3o (3, 0 LAl o

Figure 4: 95%CL bounds for the BESS model from the present EW data (solid), from
for My =1 TeV {inner dot) and for My = 2 T'eV (outer dot), from LC at /s = 500 (7eV,

= 1000 fb~', My = 1 TeV (outer dash) and at o5 = 800 GeV', I = 1000 fb~',

My = 2 T'eV (inner dash). The allowed regions are the internal ones.

LC, obtained by combining all the observables, are shown in Fig. 4 for the BESS model. In
conclusion, linear colliders in the considered ranges are found to be even more efficient than
LHC.

In the case of degenerate BESS, LHC seems to be superior for testing the model when com-
pared with the proposed linear colliders at the energies and luminosities considered. How-
ever, by assuming that a neutral resonance has been seen at the LHC with a mass below 1

5
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S sep

TeV, theo the future LC could be ablg 1o Siudy jj, and. in particular, if the energy spread
of the beams is sufficiently small, to split the two nearly degenerate resonances and mea-
sure their widths [3]. For example, considering a spread in the c.om. energy given by
o ~ 0.00TR{% ) E, for B = 1%, one can split the two resonances for g/¢" > 0.16 [3].

Theories of the EW interactions based on dynamical symmetry breaking avoid the intro-
duction of fundamental scalar fields but generally predict m -Nambu-Goldstone
PNGB's) due to the breaking of a large iniﬁﬁﬂmﬁ%ﬂﬂm

class s considered in [4], the lightest neutral PNGB P is of particular interest. At
pa ; provides an extremely robust detection mode. For

: 4 (L. =150 fb~*)in the range 50 < mm < 150 GeV
{at least 3l} < mpo f-:Z 200 !”e‘.f the upper mass reach probably being considerably higher).
Even for the unrealistically low value of Ny = 1, ‘ffv.,f'r“ 2 5 for L = 150 f6=' and
70 < mps < 150 GeV. At the Tevatron, for Ny = 4 the gg -+ P* = vy mode yields
H,I'w.-"FH- =8 (Lf2 62 for 60 < mpe < 200 GeV'. At the LHC and Tevatron, P” de-

tection in its {main) bb decay mode would be difficult. J‘I_n: best mode for P Eucu‘m it a

wa
u'e'-rr}l:

8P T 5N
i vE= auu GeV 7
(= — i

AMy=10 GeV ]

8/vB

iuizglers

Figure 5: The statistical significances S/ for a P signal in various ‘tagged’ channels as a
function of m pe at a 500 (7el collider for integrated luminosities of 100 f6=" and 500 fb~',

ICiseTe™ — Results for 5/+/H, in the various tagged channels, for Nyc = 4 and as-
_—L_I'ﬁsummg = =" (and L = 500 f5=") at /5 = 500 GeV, are plotted in Fig. 5 [4]. Also

shown is the largest 5/+/H that can be achieved by considering all possible combinations of
the gg, ¢, bb and 77~ channels, We find Sf\/ﬁ:!} 3 % {Nye/4)? x (L1000 5232 for
mpe < 75 (reV and mpo > 130 eV, For Npo = 4 and [ = 100 fb". a strong signal,

S/v'B ~ 4, is only possible for mpo ~ 20 — 60 GeV, F%E TESLAL 500 [b=1 Tumi-
nosity option, discovery prospects are clearly improved; P discovery might even be possible
for Ny < 4. Unlike the LHC, for high enough L the LC can potentially probe guite low
'h'lhlﬁ- of m pe mﬂmuld measure raunsnhnumlm' afmlcmmug e dma}- mnd:s Th:n
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operation in the e*¢~ collision mode. For Ny = 4 and using a set-up with a broad E
apncmml."“gﬂl_]' Iltmlﬂbﬁcﬂilxdﬂﬁﬂﬁhlcinn—an—bbbfmﬂ.l‘:mﬁ{ﬂ.'?

( L.y~ 20 fb~'). Once mp is known, the 4+ collision set-up can
re-confi to yield a luminosity distribution that is strongly peaked at E. . ~ mpo and,
for much of the mass range of m= < 200 Gel’, a measurement of I'{ PY — 44) B{ P* — bb)

can be made with statistical accuracy in the ~ 2% range [4].
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summary of
LQ searches at e'e Lineor Colliders
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Figure 7: Angular dependence of the production cross seetions for (a) ~Y38, and (b)
=33V, for various Yukawa couplings {gr,gr) in units of e (M = 300 GeV, /s = 800
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Figure 8: Angular dependence of the delection efficiency for a scalar {a) and a vector (b)
leptoquark in channel I, The full histogram refers to the 1 TeV detecior, the dashed one to
a LEP/SLD-type detector. The dotted histogram is oblained with the detector simulation

of Ref. [24].
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ete” = ff 5. Riemann

ete T~ ffat LC:
interference of virtual v and Z exchange
+ interference with NP

do do(SM) +dﬂ"(‘_ﬁ NP, ZRNP) +dc:r(NP)
dcost dcost dcost dcost

o(vy® NP, Z @ NP): main contribution to
potential deviations from SM expectations

Already studied:
e 7': sensitivity, resolution power

e Cl: sensitivity (various models, w/o e~
polarization) : LL LR ... AA VU, ...

e LQ, g: sensitivity above kin. limit
e extra dim. etc. (to come)

e details see DESY 123/A...E, Talks &

proceeedings at workshops and conferences and
ref. therein

HERE:

e gain with polarization of positrons??

e Comparison with LHC

2. Rismann 1



Expected Sensitivity from ee — gq

Comparison w/o e" polarization
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large Extra Dimensions

m attempt to solve hierardhy problem in SM
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phen. consequences

£ y heavy states induce highﬁr-da'm,
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at LC
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XY¥— Ww T. Rizzo

SM® M,=25TeV

dr/dx (fh)

Spfn & 1_

L I |

Fig. 3. Differential cross section for vy = W*HW~ at a 1 TeV e*te™ collider for
(left)the SM and with My = 2.5 TeV with {right)A = 1. The A = =1 results are
quite similar. In (left) from top to bottom in the center of the figure the helicities
are (++44), (F++=) (= 4= ) (++ ==) (+===), and (+ = +=); in (right)
they are (~ + =), (+=+=), (+ + +-) (+ - =) (++ ++) sad (+ 4 ~-),
where we have employed the notation (P, P, Pz, Pi2)-



yx— Ww T.Rizzo

do/d= (k)
defde (f0)

Fig. 3. Differential cross section for vy — WHW= at a 1 TeV ete— collider for
(left)the SM and with My = 2.5 TeV with (right)A = 1. The X = ~1 results are
quite similar. In (left) from top to bottom in the center of the figure the helicities
are (£ +4+4), (+ 40 (- +4-) (H 4 =) (= ~=), and (+ — +=); in (right)
they are {— +4=) (4 =+=) (+ £ 4000+ = ==} (£ £ H4) and (4 4 ~=);
where we have employed the notation (P, Py, Pa, Paa)-
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Fig. 6. My discovery reach for the process yy = WHW= at a 1 TeV e¥e” collider
as a function of the integrated luminosity for the different initial state polarizations
assuming A = 1. From top to bottom on the right hand side of the figure the
polarizations are (= + +-), (+ = ==), (+ + ==), (+ = +-), {+ = —-), and

{4+ 44,
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—» HIGGS MECHANISM

The stealthy Higgs model.  van der 'Bij

In the presence of exira singlet scalars a large invisible width of the Higgs boson is possible.
Such a Higgs boson is undetectabie at the LHC, Tt can be studied at TESLA in the process
ete” — ZH, where the Higgs boson is seen as missing energy. A completely clean signal
exists in li'uﬁpmnic channel. The lagrangian density is given by [1]:

L = =8,¢%8" ¢~ Xeg*d— v?f2)? = 1/28,50"F ~ 1/2m? &
~k/(BNHF) - w/(2VN) #* ¢*é

The extra singlets can play a role as dark matter, in technicolor scenarios or in higher dimen- will be
sions. From Fig. | we conclude, that TESLA can cover the allowed parameter range up 1o extended
the kinematic limit and could therefore discover the Higgs boson if unseen at the LHC.

References

[1] T. Binoth, 1. J. van der Bij, Z Phys. C75. 17 (1997) and references therein.
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Figure 1: Exclusion limiis on the parameters of the model in the w vs. My plane.
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Figure 1: Higgs width in comparisen with the Standard Model.

Phion mass the bounds can be found by rescaling the decay widths
ropriate phase space factor.)

1ds

ollider (LC) the upper limits on the couplings in the present model
lly from the invisible decay, as the branching ratio into visible particles
creasing @-Higgs coupling, whereas for the Higgs mass limits one has
sible decays, too. The WW—fusion process can not be used to look for
s decay. One is therefore left with the Higgsstrahlung und ZZ-fusion
energies up to 500 GeV the Higgsstrahlungs cross section is dominant
»arable if one multiplies with the branching ratio B(Z — e*e™, utu~).
shlungs reaction is preferred, because one can tag the on-shell Z boson.
have considered reactions containing an on shell Z boson with its decay

u® ™. The signal cross section is the well known Higgsstrahlungs cross
EEEI. h\" I‘.]‘IE it etandsrd Hiaoe wiadth dae to Dhisna Aasaw Wb b s
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Resonant single chargino production Lola

An alternative possibility to resonant Bhabha scattering, is resonant single chargino or neu-
uﬂimpmduct:m’ [1]. Which final state will dominate, ﬂﬂdyw
ling A. This is shown
mFi,glu'el where (assuming the gaugino unification rl:llul:ln My = (5/3) tan? Oy My), we
present contour plois for the branching ratio for the & decay to fermions.

1000 - -E00 a Sih Long -1080 . -%06 -] L] L0
LI00 108 Liog

1090 Logo Loog

B0 E0o B | SRR

40 a0 40 | T

2400 208 20 109

i — [ ok 0
=1604. -840 a foo 1090 <1005 S0 0 500 1000
" 1

Figure 12: B for i decay to fermions for parameters of interest for the LC. We present
confours for B > 0.9,0.3,0.1, from the darker to the lighter areas respectively. We choose
tanf = 2.0,m; = 500 GeVand A = 0.1 {left) and 0.2 {right). The LEP2 bound on charginos
has been implemented.

For large M, e, resonant Bhabha scattering is the most significant channel, However,

§ M3, g1, which occurs for a wide part of the parameter space relevant for the LC,
chargino and neutralino final states dominate. It actually turns out that there exist bands of
the parameter space where the production of even the heavier charginos and neutralinos may
occur at a significant level, This is shown in Table 2, where we present the decay widths for
the production of each chargino and neutralino separately.

Once single charginos and neutralinos have been produced, we may expect chains of
cascade decays to SM fermions with striking events, such as like-sign lepton signals (due to
the Majorana nature of the neutralinos). It is therefore important to include single chargino
and neutralino productions among the search channels for supersymmetry at the LC,

Reierences

[1] S. Lola, LC-TH-1999-021, hep-ph/99122,7

W -slepton and E-mﬁnnpmdum:--mmw vely suppressed for a relatively heavy sleplon spec-
trumi, especially close o the resonan e,
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scenarios with Be(£L) » Br(e'e)

l H] | u f‘| f‘ﬁ-]:l F; F‘ Ili_ P’_i
200. [ 200. [ 1.09 028 [0.01 [0.58 [ 2.09 [ 0,88 |
200, [600.]0721138| - | - [306] - |
300, 1 200. | 0.82 1 001 | 0.01 | 0.50 { 092 | 0.87
300, | 600 | 062 {085 | ~ - LB -
400, | 200, | 0.53 1 0,01 | 005 0,15 | 042 | 0.27
400. | 600. { 0.51 {033 | - = 4074 =
500.1200.§031 | = {O14) = (023} =
300, 1 600, 1041 1003 | ~ = 1008 ] =

Table 4: All units in the table are in GeV, U; are the decay rates for the four newtralinos,
while I the decay rates for the two charginos, We chose tang = 2, A = 0.1 and m; = 500
GeV. For this choice of parameters, the R-violating decay rafe is 0.1 GeV.
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Rare 7 decays, Lepton Flavor Violation in 7 decays

Tilana
Riemann 1

If a process is forbidden in Born approximation in the Standard Model SM, as e.g. lepton fla-
var violation (LFV), a small rate could be nevertheless expected through virtual corrections,
of order:

BR ~ (a/x)* a2 5% 1075, (10)

With the GigaZ option one may expect the production of about 107 Z bosons at resonance,
about a factor 100 higher than at LEP 1. Thus, GigaZ will become sensitive 1o a whole
class of rare decays of the Z {or of secondary particles like the v lepton), even if some small
factors like mixing angles might appear.

As examples we use the decays E —5 EE:I ET! er [1]. The best direct limits were obtained
at LEP 1, eg. : BR{Z — pFr*) < 1.2 x 107" (95% c.l) [2). They could be largely
improved at GigaZ [3]:

(2 = ptr~ 4+ p~rt)

BR(Z = p¥Fr¥) = T
4

< 107",

(11)

and LFV Z decays might get observable,
There are several quite different potential sources of LFV 2 decays:

a) Heavy neutrinos. Afier the evidences for neutrino masses and mixings from astrophysics,
one may quest Tor heavy, mixing partners of them, which then, in turn, could mediate
LFV Z decays via loops. Figure 6 shows predictions from the »5M, the SM extended
with massive and flavor mixing Dirac or Majorana neutrinos, with branching ratios up to
=107 ...107"% [1]. Limits on the masses from unitarity and on the mix-
ings from experiment are taken into account. Massive right-handed neutrinos appear also
naturally in left-right symmetric models, with similar branching ratios [4].

w1 - 8 =
vy | TLE — e}

i fm—= Dl iy
5=t e Diirar shaglel
T il Sy, = 2

_ — gy Sy, = 3
11 my, Sy, = 16
:IL-I F------ . mse s memmssas o s msismomosassa e s
Ll E
e
=1 =
i3 /
L= o a

i 4] Lo 1N} L)

my, e
Figure 6: Upper limit for BR(Z — p¥r*) if the 5M is extended with: (i) one heavy ordicary
{thick solid) or singlet (thin solid) Dirac neutrino of mass my, ; (it) two heavy right-handec
singlet Majorana neutrinos (dashed lines) with masses my, and m, .
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. Many extensions of the SM predict leptoquarks: string-inspired models,
ite models, left-right symmetric models, non-minimal supersymmetric
models mth broken fi parity, and even the strongly coupled version of the SM. They might

also contribute in higher orders, The branching ratio is then proportional to at least one h"]lh
generation non-diagonal Yukawa coupling of the leptoquarks [5]: BR(Z — p¥r) <1075,

E% neutral ﬁ bosons 2'. A heavy Z', with family non-universal couplings to dw
rm 2w . induces non-diagonal couplings of the # to fermions

at tree-level [6]. Taking present bounds on couplings and on the mass of a Z°, one gets

BBE ~ ur] = 101,

%ﬂlmmﬁn theories with unbroken R parity, the LFV Z decays
may via with virtual sleptons with intergeneration mixing. The bounds on
hadronic FCNC phenomena constrain the amount of slepton mixing and hence the LFV #
decays to [T]: BR(Z — £;f,) < 1077, Even more promising are the lefi-right supersym-
metric models, mainly due to the contribution of the fermionic superpartner of the doubly
charged Higgs boson, Ap™ [8], although i — ey constrains the LR SUSY parameter space,

The supersymmetric theories are perhaps most promising and deserve more attention. In
sum, we see a potential of GigaZ for a study of LFV # decays. This result encourages further
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3.2.1 Extended Gauge Theories RNiemann S,

In grand unified theories the unified symmetry group must be broken at the unification scale
Agur 2 10" GeV in order to be compatible with the experimental bounds on the proton
lifetime. However, the breaking to the SM group may occur in several steps and some sub-
groups may remain unbroken down to a scale of order 1 TeV. In this case the surviving group
factors allow for new gauge bosons with masses not far above the scale of electroweak sym-
metry breaking. Besides SU(3), two other unification groups have received much attention:
In SO{10) three new gauge bosons W, Zx may exist. in Eg a light neutral Z* in the TeV
range.

The virtual effects of a new Z' or Zg vector boson associated with the most general
effective theories which arise from breaking E(6) — SU(3) x SU(2) x U{1) x U(1}y- and
SO(10) = SU(3) = SU(2), x SU(2)p = U(1), have been investigated [1]. Assuming that
the Z'(Zg) are heavier than the available c.m. energy, the propagator effects on various
observables of the process

eTe” T—-J—"F _ff

have been studied.

Here. the sensitivity reach to detect Z' bosons is studied for three center-of-mass energies
(/s = 500 GeV, 800 GeV, 1 TeV) and for different scenarids of accuracy:

& case A
ﬂ-Pgi = 1-{]%1 AL = 0.5%, Ly e Elapban = 0.5%, ﬂhmfmm = E-E%:

e case B:
AP.s = 0.5%, AL =0.5%, A" Crepion = 0.9, A™ eppdren = 0.5%:

& case C: drop

AF: = (1.5%, AL =0.2%, A" e pion = 0.3%, A" ehoiron = 0.5%;

e case D; 0.5%
AP.a = 0.1%, AL =0.2%, Ao = 0.1%. A" epogran = 0.1%:;

An integrated luminosity of 1000 fh! is assumed to be collected at each centre-of-mass
energy. The polarization of electrons and positrons are 80% and 60%, respectively. The
corresponding lower bounds (95% CL) on the Z' masses are given in Table 2. Below a
Z' resonance measurements of fermion-pair production are sensitive only to the ratio of Z'
couplings and Z' mass. If a Z' will be detected at LHC its origin can be found by determining
the Z' couplings. Figure 9 demonstrates the resolution power between Z' models assuming
that the mass of the new boson is measured at LHC. Here, leptonic final states are considered
and lepton—universality is supposed. If the potential Z' is heavier than 4.5 TeV and/or it does
not couple to quarks, there will be no sensitivity to mz at LHC. Nevertheless, the analysis
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[ VolTeV] | emos| x % 7 LR

0.5 A 6290 2190 3300 - 7530
05 B 6320+ 234035209546
S (e b2 2 F e

0.5 D | 7260 3590 4290 11570

0.8 8350 3400 4570 11790
1..&_ ......

A
B B4 352047703626
D | 10150 4860 5960 14830

1.0 A 9680 - 4160 5340 14270 b

L R Y 1 NP, PTI S 7 O R Y S EE e
+6r © | 10700 4870830150 Hy!
10 D | 11960 5595 7000 16710

Table 2: Sensitivity to lower bounds on the Z', Zp masses (95% C.L.) in Es (y, ¢ and 5
realization) and lefi-right symmetric models; mz:, mz, are given in GeV, The integretad
luminosity is 1000 fb~'; the error scenarios A - D are described in the text.

0.5

0.251 !“ Sfaﬂ ambl'aulln"}

==y w 05 ToW, My = 1.5 Tal¥
O s G T, w18 Tl
.54 B 4w = Ul Ta, vy = 2.0 Tal
“1l-'l.ﬂ'l'-'||*.-r-a.l'l'l-'|'
v T T 8 L
L4 D2 0 02 04
‘l
]

Figure 9: Resolution power for different mz (95% CL) based on measurements of leptonic
observables at /5=500 GeV, 800 GeV. 1 TeV with a luminosity £, =1000 b=, The

leptonic couplings of the Z' correspond to the y, n or LR model.

13



Z' couplings to leptons

E._. E... _’- Fr_llr_
e lepton universality

e myz is known from LHC: mz < 4 TeV

o AP.: =0.5%, AL = 0.5%.
DY eranion = 0:.5%,

e Lin: = 1000 fb~?!
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of fermion—pair production could detect a 7' and resolve the model. Instead of extracting the
Z' couplings o fermions, vy, a);, normalized Z' couplings, a, v', have to be obtained:

& 5
e a)
T 2

Assaming a Z' with m z=5 TeV, its detection and identification will be possible as demon-

Vs =1.0TeV

0.1 oAb S ¥ modet

0,08
.

) 0- iH

0,05 =g st [y ko] f—— I
* y model jmy = 6 Ta¥) ’
—w-m

014 T~

04 008 11. 005 0.1
aj

Figure 10: Resolution power (95% CL) for a Z' based on measurements of leptonic observ-
ablesat /53 = 1 TeV and £, =1000fb~"'. The Z' is realized in the y model with mz=5TeV;
the Z' mass is unknown.

strated in Figure 10. A Z' is postulated with mz=5 TeV and with leptonic couplings as
suggested in the y model. Measurements at /s=1TeV with £=1000 fb~' and accuracies of
AP = 0.5%, AC=0.5% and A" ¢, ,0,,=0.5% will allow to derive bounds on ¥, v} as
shown by the solid line. If A™ ¢ =0.2% and AL=0.2% these bounds could be shrinked
to the dashed-dotted line. On the line of the y model the allowed area in the (a)” . v,¥ )—plane
is located around the point {uf{mgr 5§ T’E\-’,ﬂftmga = 5 TeV). Fixing the leptonic
Z' couplings to the y model, a mass range of 4.3 TeV < mgp < 6.2 TeV is derived for
Asys =0.5% and 4.5 TeV < my: < 5.9 TeV for Asys —0.3, respectively.

It should be noted that a two-fold ambiguity in the signs of couplings remains since all
observables are bilinear products of a', and v/,

References
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Z' couplings to leptons
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W limits leike et al.

H:Iimimmummmudgmgebmmulmlmumhm“ﬂmmnmmﬁmg 5*&
ey and ey = vg 4+ A. The SM inputs My, = 80.33Gel', Mz = 9L18T GV, sin" By =
m.:ﬁzmp, = 2.40GeV are used in the numerics.

Details of the W' analysis based onfete~ — pry|can be found in reference [1]. In
order to take into account detector acceptance, the photon energy, £, and the angle of the
photon with respect to the beam axis, #., are restricted to the ranges E. > 10 GeV and
10" < 8, < 170", These cuts also remove singularities arising for soft or collinear photons.
The photon's transverse momentum is restricted to pr > /ssinf sind, /(sin @, + sind, ),
where 8, is the minimum angle down to which the veto detectors may observe electrons or

positrons, here #, = 25 mrad. This cut removes the ﬂeﬂ hﬁ:% nan:u:l: radiative
Ehahhlw' g where the scattered ¢* and £~ go pipe.

Figure 1 shows the possible constraints (95% C.L.) on the right- and left-handed cou-
plings of a W' to fermions using the total cross section o and the Ieﬂ* nghtuymm:,r ALH
as observables. The assumed Systems T ). 8
60% positron polarization are assumed. It is ussunwd in r.hla ﬁgun: lhut r.h:rc mm ah:av:r
W' with couplings exactly as the SM W-Boson (S5M W) and that there is no signal from
additional neutral gauge bosons. The systematic errors dominate the W limits, The W' cou-
plings can only be constrained up to a two-fold ambiguity. This abiguity could be resolved
by reactions where the W' couples to a triple gauge vertex.

Details of the W' analysis based onjey — vq -+ X|can be found in reference [2]. In order
to take into account detector acceplance, angle ¢, of the detected quark relative to the
beam axis is restricted 1o 10° < #, < 170°. The guark’s transverse momentum relative to the
beam is restricted to p > 40(75) GeV for 5 = 0.5(1.0) TelV'. This cut suppresses various
SM backgrounds.

Figure 2 shows possible constraints on the couplings of a W' 1o fennmnsw_
wigged laser phoiops, The best W' limits come from the observable de/dpf.. As in ¢%e

scattering, the assumed systematic error of 2% dominates the statistical error, thus eliminat-
ing the potential gain ffom Rgh luminosities. W lLimits from backscattercd laser photons
are considerably better than those from Weizsiicker Williams photons. Polarized beams give

only a minor improvement to W'’ limits after the inclusion of systematic errors, Shown are
regions of W' couplings, which can be excluded, relative o the SM, with 95% confidence. !

Note the different normalization of the couplings in Figures 1 and 2; Li(W') = Cr-g/(2v3)
with a similar relation between (W) and (7.

The table shows mass disco limits from both reactions for a W' predicted in various
models, LRM means a W predicted in the left-right model with x = 1 and p = 1. KK stands
for the Kaluza-Klein-Model. All assumptions are the same as in figures 1 and 2, The e*e™
limits on the SSM W’ do not improve with polarized beams. The e* e~ limits on the W' pre-
dicted in the LEM (KK) show a weak (considerable) improvement with polarized beams. As
mentioned before, the e+ limits do not improve much with polarized beams. Backscattered
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Figure 2: 95% C.L. consiraints on W' couplings
for 5 = 0.5TeV and Ly = 500 6~ with a
2% systematic error for different WY masses. The
couplings corresponding to the S5M, LRM and the
KK model are inidcated by a full siar, a dot and an

open star, respectively.

laser photons give important complementary W' limits relative to e* e~ scattering. See ref-
erence [ 1] for further details on W' limits from e* e~ collisions and reference [2] for further

details on W' limits from e~ collisions.

V8 = 0.5TeV, Lin = 1000f57

V3= 1TV, Line = 100051

ete” vy ey g+ X eteT wwiy ey g+ X
_Model  nosyst. syst nosyst syst.  nosyst. syst  nosyst.  syst

SSM W' 5.1 1.7 48 2.7 6.3 22 69 4.6

LEM 1.3 09 08 0.6 1.8 1.2 13 1.1

KK 35 I8 68 38 6.9 23 98 6.5

Table 3: W' discovery limits in T'eV, see text.
- -wﬁﬂn evvor < 2 (1) %
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— HIGH PRECISION PHYSICS : Extendlest 3%35 ﬂm.

E; Leptons and SO(10) Neutrinos Spira

i} Eq leptons. Twelve new fermions are needed to complete the 27 dimensional fundamental
representation of Es. They consist of two weak isodoublet leptons, two isosinglet neutrinos,
which can be either of the Dirac or Majorana type, and an isosinglet quark appearing in a
left- and a right-handed state:

vE ] VE ] N N D D
S _ i ] L y (17)
[ E L E i

These particles can e pair produced via gauge boson exchange including a new &' boson
related to an additional abelian factor in the gauge group structure at low energies. The
cross sections for pair production of the heavy -:i'mgﬁnd and neutral isodoublet IEEWE-'* are
rather large thus allowing for the discovery of these particles with masses close to the beam
energy [1], as can be inferred from Fig. 11a.

i) 5O/ 10) neutrinos. The fundamental representation of the SO(10) gauge group contains
16 fermions, which consist of the 15 fermions of one family in the Standard Model (SM)
ano a right-handed neutrino, which is a singlet under the SM gauge group. Mixing between
ordinary and heavy right-handed neutrinos induces new couplings, which allow for the siggle
production f the latter. Due 1o the large contribution of the {-channel W exchange, single
Majorana neutrinos can be produced with masses close to the total c.m. energy of the e*e™
collider; for mixing parameters not oo tiny, £ 2 107, the production rates are large enough
for the states to be detected [2], see Fig. i 1™
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Figure 11: K values for (a) heavy Ly lepton pair production [withour 2" exchange| and (k)
single SO 10) Majorana neutrinos [for various miving parameters £] ar /5 = 1 Tel
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—= HI6H PRECISION PHY SICS

Chances for Precision Information on Heavy Majorana
Neutrinos from the ¢ ¢~ Collider Hew s

Throughout the Linear Collider physics studies, there has been the consideration that, in
its electron-electron version, this machine can give unmistakable and irrefutable evidence
for the existence of TeV-level Majorana neutrinos, should Nature have chosen to account in
this way for the deficiencies of the Standard Model neutral-lepton sector. Recent evidence
on possible neutrino oscillations has done little to clear up the broader picture of (1) the
Majorana vs. Dirac character of the neutrinos and (2) the disparity of masses of charged vs.
neutral fermions in higher symmetry schemes.

We have pointed out that the exchange of TeV-ievel Majorana neutrinos in high-energy
scattering of left-handed electrons can lead to clear signals in the reaction ¢™¢™ —+ W™ W™,

In addition, the energy dependence of those signals gives precise information on mass and
couplings of the exchanged Majorana neutrino.

Recent discussion has centered on the assertion that (a) such a process is excluded due to
the non-observation of neutrinoless double beta decay, and (b) the greatest sensitivity to the
possible existence of heavy night-handed singlets is offered by new and recently proposed
experiments involving large tanks of double-beta-decay candidates such as germanium,

This contribution points out that, to effect such neutrinoless double beta decay, two 4
quarks from two different neutrons in the parent nucleus have to approach within < 10~ "%em,
which leads to strong suppression by the color Coulomb barrier: if the two 4 quarks are ina
spin singlet, color sextet configuration, their interaction is repulsive, and will be suppressed
by a factor of order 100. If they are in a spin triplet, color anti-triplet state, this is attractive:
but it takes a A inside the decay candidate nucleus to accommaodate the color anti-triplet,
leading to a suppression factor of S50-80, to be multiplied by the usual color factor of three.

Moreover, we point out that even if there were a signal from a monoenergetic ¢~ ¢~ emis-
sion into & large germaniom tank, no information would be available for the process that is
responsible for it. The exchange of various supersymmetric particles, of specific types of lep-
toquarks, all with a great variety of couplings and of unknown masses would be candidates,
just as the TeV Majorana neutrinos. The Linear Collider is the one venue for cleanly inter-
pretable experimentation, where the energy and helicities of the incoming electrons provide
for clean identification and definition of the exchanged heavy neutral lepton,
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Minkowsk:

It ia shown that the i o of a lincar collider operat-
ing at i‘i = 300 GeV and an effective integrated luminosity of 500/ fb
provides a discovery potential for a heavy neutrino flavor through the
detection of the reaction e~ e” 4 W-W~ depending on a favorable
but sllowed range of the heavy light Aavor mixing parameter | U2 | =
r{2107"}: 15 £ r £ 25 The corresponding mass range for the
heavy neutrino massis M < 105 TeV forr = L5and M < 195 TeV

for r = 2.5. For & mass of 1 TeV the coupling strength r has to exceed
1.4,
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CONCLUSION
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