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Abstract. The oscillation of the muon and electron neutrinos (antitrieos) to tau neutrinos (anti-neutrinos) adds to the
muon and electron events sample (both right sign and wray sia leptonic decays of the taus produced through charge
current interactions in the detector. We focus on how thistrdoution affects a precision measurement of the atmasphe
mixing parameters and the deviation\gf < v; mixing from maximality. We also comment on the tau contartiorain the
golden and platinum channels.
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INTRODUCTION platinum channel, — Ve, v, — Ve), this channel could
help in resolving correlations and degenaracies of the
Neutrino factories [1] provide a multitude of channels golden channel measurements [2].
for precision measurement of oscillation parameters. In
the absence of a detector capable of identifying tau lep-
ton production, the appearance as well as disappearance NUMERICS
signals of muon and electron neutrinos (anti-neutrinos),
have contamination from oscillations of the initial neu- We assume a basic muon storage ring configuration [3]
trino (anti-neutrino) to tau neutrino (anti-neutrino) whi  with muon beam energg, = 25 GeV and with 5« 10%°
through charge current (CC) interactions in the detectoruseful muon decays per year. The muon (tau) neutrinos
produce tau leptons, that subsequently decay into muonsroduce direct muons (taus) in a 50 kton iron detector
or electrons and hence add to the muon or electron sanmsuch as the proposed INO/ICAL or MIND at a distance
ples. L from the source through CC quasi-elastic, resonant or
We focus on how this contribution alters the right sign deep inelastic interactions. The taus are forward peaked
(RS) muon events and affects a precision measurement @ind subsequently decay to produce muons of mostly low
6,3 and deviation of/,, < v; mixing from maximal (i.e.  energy; see Ref. [4] for details.
deviation from 8,3 = 11/4). Measurement of deviation = Both u* andu~ beams with equal exposure are con-
from maximality is of significance in developing models sidered. While RS events are sensitive to deviations of
for neutrino masses and mixings. 6,3 from maximality, inclusion of WS events may only
In spite of CC cross-section suppression for the masmarginally worsen the results; however, the advantage
sive tau production, there is still a sizeable productionin being “charge-blind” is significant, hence, all muon
rate above threshold-3.4 GeV) due to the large,, <  events are simply added. Assuming 7% energy resolu-
v; oscillations, driven by a nearly maximés. The sub-  tion and 90% recontruction efficiency of muons, typical
sequent tau decays (7% rate into muons) enhance the event rates accumulated over five years at L=7400 km
RS muon event rates, especially at small muon energiesor oscillation parametergym? = m3 — (m2 + mg) /2 =
This tau contribution alters the precision to whichwe can2 4 x 1073 eV?2, 6,3 = 42°, 613 = 1°, sirf 61, = 0.304
determine the mixing parameters. Neglect of the tau conandA,; = m% — m% — 7.65% 10°° eV2 are shown as a
tribution will lead to an incorrect conclusion about the function of the observed lepton energy in Fig. 1

precision possible for the deviation from maximality. It can be seen that there is a substantial contribution
We point out that the wrong sign (WS) muon eventsto the RS events from tau decay into muons. Since tau
(the golden channel) which are sensitive to the reactoproduction in neutrino-nucleon interactions is extremely
angle 613, the CP violating phasécp, the mass hier-  forward-peaked, one obvious way to remove the tau con-
archy and the octant ofi,3, will also have (although tribution is with an angular cut (a muon energy cut can
rather smaller) tau contamination. For precision paramag|so be contemplated). However (see Fig. 2), the only
eter measurements, it will have to be carefully incorpo-cut effective in removing the tau contribution is one
rated. We also discuss the large tau contribution to the{gu > 25°) that removes the signal itselfl A muon en-
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FIGURE 3. Allowed Am?-6,3 parameter space at 99% CL
from CC muon events, directly produced (solid line) and with
FIGURE 1. Muon event rates as a function of the observedinclusion of those from tau decay (dashed line). See text for
muon energy. RS and WS events fram andu™ beams are  values of input parameters.

shown in the upper panels. Contributions from direct muon
production (denoted bip) and that of muons from tau decay
(labeled ag) are separately shown. The left lower panel shows

the sumD + 1. Osgcillation parameters are as given in text. since these contributions result from oscillations, narnea
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detector can help reduce the uncertainties. Hence over-
all uncertainties are much larger for the tau contribution
than for direct muons.

Hence, in our numerical calculations we use an over-
all normalization error of 0.1% for direct, while a mod-
est 2% is used for the total (direct+tau), muon events.
We use typical input values of\(r?, 623, 613) to estimate
how well the generated “data” can be fitted, and calculate
the resulting precision on the parameters. We keep the
solar parameters fixed at their best-fit values of Ref. [6]
and setdcp to zero. The best fits (and regions of confi-
dence levels in parameter space) are obtained by mini-
mizing the chi-squared with a pull corresponding to the

normalization uncertainties specified.

Fig. 3 shows the alloweAm?—0,3 parameter space at
FIGURE 2. Effects Qf angular_ cuts on the _tau contribution to 99os CL. The 99% CL contour is much more constrained
muon events at neutrino factories. For details, see the text with direct than for total muons. In particular, it is the

An? values that are smaller than the input value, that
{OfE > 10-15 GeV. bstantiall th broaden the contour and limit the discrimination. The
ergy cutole > 10-15 %€V can substantially remove ‘?Iargest true value of,3 that can be discriminated from
tau contribution, but this will worsen the measured preci-vimal is shown in Fig. 4, as a function &fr? again
sion of the mixing parameters. In short, it is not feasiblefOr 613 — 1°. It is seen that tau contamination worsens the
to cut out the tau contribution and still make a precisionability to discriminate6ys from maximal, thus making
mi_a;]sureméant of éhe tdtewatlo'réﬁjg fro drr;)me;]mmallty. this measurement harder than originally expected.
e 623 dependent terms iR, andPy; have oppo- In the golden channel, siné®; ~ Py, the smaller tau

S|tedS|gtr_15, hendcefz the (t:omzlnatlon of muons from dIrEECtproduction cross-section and decay rate to muons results
production and from tau decays marginallgcreases i, 5 1y,ch smaller tau contribution. However, since this

the eve?t rat(tes senS|tt|V|ty| to trus arlgle. The |tn9ILtJ_S|on Ochannel is to be used for precision measurements of
muons from tau events also alters the uncertainties 00”913, CP violation, mass hierarchy and octantés, it

tsr:derablﬁ.' A tr_lear fdf(l—:'te(;tor sensitive to tf.“uor;-;] measureg important to correctly handle this contamination so
€ combination OTTIUX IMes Cross-section orth€ MUONS ¢ 14 4chieve the required accuracy in the parameter

This also appears in the RS event rate for direct MUON aasurements. While for RS muons, the effect of tau

?roductlon dand_ IS the(;e(;ore we:: c%rgstramed. Ho‘t’]veverr]’contamination could be analyzed by using muon energy
or t%L.J pro UC]EIOI’I an f eca)(/j, the eve(;]t f?te as Ming itself, for the golden channel this is not possible.
combination of muon flux and the tau production Cross-q wrong sign events being a small fraction of all the

sgct!on. The heavy tau cross_—secuons have larger UNCefiuon events, require excellent charge identification and
tainties, where mass corrections are large. Furthermorea” the backgrounds need to be treated carefully. Hence
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FIGURE 4. The largest (smallest) true value 643 in the
first (second) octant that can be discriminated fi@&m= 1/4,
as a function ofAm? are shown when only DirecB) and total
(D + 1) events are considered; Heflgs is fixed at .
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FIGURE 5. Allowed &cp-613 parameter space at 99% CL
from CC electron events, for a 25 GeV HENF, directly pro-
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FIGURE 6. Allowed &cp-6:13 parameter space at 99% CL
from CC electron events, for a 4.5 GeV LENF, directly pro-
duced (red dots) and with inclusion of those from tau decay
(green dots). Input parametesiz = 1, &cp = 0 and others as

in Ref. [6].

CONCLUSION

The oscillations of the muon or electron neutrinos (anti-
neutrinos) to tau neutrinos (anti-neutrinos) results in ta
leptons produced through CC interactions in the detector
which on leptonic decay add to the right as well as wrong
sign muon and electron events obtained directly. As an
example, we specifically showed how this tau contamina-
tion worsens the ability to discriminate against maximal
vy < V¢ mixing. It is practically impossible to devise

duced (red dots) and with inclusion of those from tau decaysatisfactory cuts to remove this tau contamination. Un-

(green dots). Input parametez = 1, &cp = 0 and others as
in Ref. [6].

certainties from this tau background in all the channels
must be brought under control before making precision
parameter measurements at neutrino factories.

the neutrino energy reconstruction is important. For the

muons that come from the decay of the taus, the missing
energy in the tau decays can lead to incorrect assignment

of the reconstructed neutrino energy. A detailed analysi
of this has been performed in ref. [7] and was presente
in this conference [8].

Another channel where the tau contributions will

be significant is the platinum channel or electron(anti-
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