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High energy FCNC search throughep colliders
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We study the potential impacts of a new type of particle collider-eancollider—on the search for new
physics beyond the standard model. As our first attempt for exploring its physics potential, we demonstrate that
the en collision experiment can be highly efficient in searching for lepton-number-violating flavor-changing
neutral current phenomen80556-282(198)03911-3
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Although it is possible to explain the observedP viola-  limits are 4.9<10 ! [5] and 1.0< 10 *2 [6], respectively.
tion [1] within the framework of the standard mod&M), it~ Thee*e™ andpp collisions which have been most powerful
is generally believed that the amount@P asymmetry pre- tools in high-energy particle physics experiments, or even a
dicted by the SM is insufficient to explain the observed non-u* .~ collision [9] which is being studied for future experi-
zero baryon asymmetry in the universe, which inevitably re-ments, are dominated by the SM interaction via such well-
quires a much larger extent o€CP asymmetry [2]. known particles asy (photon or Z°. On the contrary, the
Consequently, it is expected that there must be new physicschanneleu interaction can never be mediated yor Z°,
beyond the SM in the high-energy regime, such as supersynand hence is very sensitive to the effects of new and un-
metry (SUSY), a grand unified theor§GUT), etc. One of the  known neutral particles.
key signatures for such new physics is the lepton-number- The tree level FCNC phenomena can be detected straight-
violating flavor-changing neutral curreECNC) phenom- forwardly in en collisions through
enon. There have been numerous theoretical studies on the
lepton-number-violating FCNC phenomenon by using new
models, e.g., the generalized two-Higgs-doublet m¢agl
as well as by considering various collider and decay pro-
cessed4]. Moreover, there have been experimental studies supersymmetric particle, etc.,
from Los Alamos, CERN, etc., on the low-energy reactions
[5,6] u~—e y, u —e e"e . All these muon decay ex- i.e., through any two-bodyor more-body final state except
periments, however, are limited within the low-energy re-for a few channels allowed in the SM. We explain several
gime by the muon’s small rest mass. Therefore, even if anymportant advantages of thew collision experiment over
FCNC effects due to an unknown massive neutral particl@xisting methods such ag—ey, u—eeg and e'e”
exist, the effects would be severely suppressed due to itsruTe”.
high virtuality. (i) eu—f1f, vs u—evy: The advantage au collision is

In this paper, we show that tieg. collision, which is very ~ obvious in this comparison. While the latter reaction can
similar to the above-mentioned decay reactions, can be a allow us to detect FCNC phenomena caused only through
powerful alternative to explore such FCNC phenomena. Th@hoton mediation, theu collision experiment enables us to
ew collision, in connection with the problem of the detect FCNC phenomena not only througlor Z mediation
muonium-antimuonium  transitions[7] ute —u"e’ but also through the exchange of a new neutral particle, e.g.,
through a doubly charged Higgs bosan *, dilepton gauge @ supersymmetric Higgs boson, neutralino, scalar or vector
bosonX™ ", or flavor-changing neutral scalar bosdtisand ~ GUT gauge boson, and so on.
A, was first illustrated by Ho{8]. By using a simple model- (i) eu—f;f; vs u—eee The eu collision experiment,
independent calculation, we demonstrate thatepecolli- ~ wheree and u can be accelerated up to very high energies,
sion experiment can be much more efficient than the presefias great advantages for new physics at high-energy scales
low-energy rareu decay experiments anede” collision ~ Which can not be directly probed by the latter low-energy
experiments, such asu”—e 7y, u—eee and e'e” processu—eee In this light, theeu collision experiment
—e*u™, in searching for lepton-number-violating FCNC becomes much more powerful for a heavier particle mass
phenomena. In the SM, the probability of —e ™y and u scale. Needless to say, by lowering the beam energy, we can

—eeeis absolutely zero, while their experimental upperalso investigate the process equivalenjite-eeg thus pro-
viding a cross-check for the FCNC search results obtained

from low-energyu decay experiments.

e:,ut—>f1f2,

f, ,=Ilepton, quark, gauge boson,
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ut, ct,ds,db,sbcu, ..., gg, WW

.., and so on,
while the ee collision experiment has only three relevant
processeee— ue, ee—7e and ee— ru. Moreover, once
we consider the color factdd-=3, and the production of
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T (ei,uiﬂe+e‘)

_lgg,9¢d’[8

39 —IH(s)IZ— —Re[H(s)]A(fHB(f)}

gauge bosons, supersymmetric particles, or possible new sca- 5
lar and vector boson pair productions, then the number of ®)
available channels becomes even Iarger Another advantage

of theeu— f,f, reaction over e™—u“e*

is that muons

where the function®\ (&) andB(&) are given by

can be easily accelerated to very high energies without much

synchrotron radiation loss because of their large mass com-

pared to that of an electron, thus making e collider a

much better option than the conventioredle™ collider to

reach the ultrahigh-energy regime for a FCNC search.
To make a simple comparison of tleé u* —f,f, mode

to the other cases, let us assume that the FCNC phenomena

are mediated by an unknown neutral bosérof massM

L [E+2
A(§)=2(3+§&)—(2+¢&)"log T)

E+2
—2(§+2)|09<T”.

8
B(§)=2 4+E—m

and widthT'y. When the electron mass is neglected, theThe corresponding peak cross Sec[|0r$:aﬂ\/|x is then

decay width ofu”—e~e"e™ is given by
5 gS gs 2
_ N N eudee|
Piw —ee'e)=onga ez |+

for a scalar bosoiX, while the decay width becomes

5 ngV 2
_ Ay m euYee
I'(p~—ee’e) W—Mi , 2

for a vector bosorX. Heregg, (g5) andgy, (gyo are the
appropriate flavor-changingflavor-conserving coupling

strength of leptons with scala¢ and vectorX, respectively.

In both cases, the total decay width decreases Nyj‘(llas—

suming that the coupling strengths are independem of
On the other hand, the cross sectionedfu™—e*e”

takes the following form(we simply chose the caskf,

=ete).
For a scalaiX,
- (6F tﬁe+e-)_w |TI(s)|>~ R II(s)]L(&)
e u 167s
Lo 55 3

where§=2M>2</s, and the two function$I(s) andL (&) are
defined as

& E+2
II(s)= L(§):1—§|OQ(T).

S
s—M2+iysly’

The peak cross section ef ™ —e*e™ at s=M§< is then

given by

oe"uT—ee)|uz

2 r
|g gee| +2(M_)>(() (__Iogz)

4
167T% @

For a vectorX,

o (e u*—e e )|z

1

2 I'y
|g uGed 12+16( )(7 8log2)|.

7TF2

(6)

Note that in sharp contrast ©O(x~—e~e*e™), which de-
creases as WMy, the peak cross sectionr(e™u™
—>e*e*)|s:M§ is simply proportional to 17)2( if Ty<My.
As Ty /My is typically 10 2-10 2 for a weakly decaying,
it is obvious that theeu collision experiment can be much
more efficient in the search for FCNC phenomena mediated
by a heavy neutral particle than the low-energy rare decay
processu—eee

In order to estimate the experimental sensitivity ofean
collision to the FCNC phenomena, we make an assumption
for the coupling strengths using the upper limit of experi-
mental branching ratio for thee  —e e"e” decay as a
guide, B(u~—e eTe )<1.0x10 2 For simplicity, we
consider the case whekeis a vector. From Eq.2), and the
total decay width of muon which is, in a good approxima-
tion, T'ial(p)=I(n—evr)=GZm:/1927°, we get the
branching ratio

\ ggﬂgge

gee

4 4
zZ
(M—) -0

In addition, for simplicity, we assume the flavor-conserving

coupling gze to be equal togie, the electroweak electron
coupling to theZ boson. Then the experimental upper limit

gives a constraint for the coupling strengﬁh and the mass

My,

\Y 2

ge/.L \/E(MX>

—<\/= =] . (8
Gee ' 4\Mz

B(,u—>ee*e):16<

Figure 1 shows the ratio of coupling strengtjﬁﬁ/gee as a
function of My for various values ofB(u~—e e*e):
1012 (solid curve, 10" *2 (dashed curve and 10 *° (dotted
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10 FIG. 2. The cross sectioo(e*u™—ete™) vs /s for My

=500, 1000, 2000 GeV(a) for X being a scalar andb) for a

) ) 5 ) vector, respectively. Th¥ width I'y is assumed to be proportional
FIG. 1. The ratio of coupl@g st_rerlgtltﬁﬂlgee asa funcyon of My, andT'y=20 GeV is taken foM =500 GeV.
My for various values of3(u~—e~e"e™). In this plot, X is as-

sumed to be a vector. For a sca¥rthe shape is very similar but
the coupling strength is about twice as big. Since the experimentalvould be sufficient to claim an experimental evidence for
upper limit for the branching ratio is 182 the region above the FCNC phenomena, but the background issue shall be more
solid curve is experimentally excluded. carefully studied with details of detector and collider design
parameters.
On the other hand, Fig. 2 shows that the cross section off

curve. Since the present experimental upper limit is 1.0the resonance peak is typically aboutl0 2 fb for s~1
x 107 %2 [6], the region above the solid curve is experimen-TeV. Once again, if we count the multichannel final state as
tally excluded. a factor of 10 enhancement in the total visible cross section,

Note that the measurement of the decay widlthu ™ this implies that an integrated luminosity of 100 fowill be
—ee'e™) alone, even if it were measured precisely, can-sufficient to experimentally observe quite a few FCNC_sig-
not determine the coupling strengglf, andMy separately. nals under low background. Note that tBefactory experi-
We clearly need a high-energy collision experiment so thaffents being prepared at SLAC1] and KEK[12] are aim-
we can scan the energy ranges and directly determine tHBg at & luminosity of 100 fb'/yr. Therefore, we conclude
mass and width of the new intermediate bo3orOnly with ~ that if we can maintain thex collision luminosity at the
the information on the mass and width can we determine thtevel of the B-factory experiments, and if the intermediate
coupling strengths. bosonX has the properties that we have assumed_, then_we

To make a simple quantitative estimate of the requirednay have a very good chance to observe FCNC signals in a
luminosity for aneu collider, we first choose the value of few years running. The chance can be much enhanced if we
My, and then from Eq8) and Fig. 1 we decide the coupling "un the experiment at the right energy, i.e., at or n¢ar
strengths by assuming the branching ratio to be an ordeF Mx.
of magnitude smaller than the current experimental upper In conclusion, we have investigated the physics potential
limit; e.g., for My=500 GeV we geggﬂ/ggez5_5o>< 106 of anew collision by using a simple model calculation and

and gXM/ggezz_ggx 1075, which corresponds toB(u~ demonstrated that thew collision experiment can offer_ the
—e"e'e )=10 B (ie., 4 of the current experimental up- best laboratory to search for FCNC phenomena at high en-

er limit). The width ofX is chosen to be proportiongl0] ~ €rdies.
Fo the n)wassl\/lx after takingT'x=20 Ge\F/) f(?r ijéog) Note added After we finished the first version of this
GeV. Figure 2 shows the calculated cross section as a fun&d@nuscript, we found the similar work by Bargairal. [13],

tion of /s for My =500, 1000, 2000 GeV, with the coupling which suggested to use a relatively low-energy muon beam
strengths determineé fror'n Fig. 1 ' assuming(u that may be available during the first stages of the muon
e e'e)=10 12 ' ® collider to probe physics.
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FCNC channels, we expect to observe a significant numbegram, Ministry of Education, Project No. BSRI-97-2425, and
of FCNC events on the resonance peak with I'finte- in part by the KOSEF-DFG large collaboration project,
grated luminosity. Without a substantial background, thatProject No. 96-0702-01-01-2.
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