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Abstract. We show how neutrino data can be used in order to constraifréleeparameters of
possible extensions to the standard model of elementatiglear(SM). For definiteness, we focus
in the recently proposednparticlescenario. We show that neutrino data, in particular the MUNU
experiment, can set stronger bounds than previous replartitslin the scale dimension parameter
for certain regiondq > 1.5). we compute the sensitivity of future neutrino experitsea unparticle
physics such as future neutrino-electron scattering titecoherent neutrino-nuclei scattering as
well as the ILC . In particular, we show that the measureme&tblerent reactor neutrino scattering
off nuclei provide a good sensitivity to the couplings of anjtle interaction with neutrinos and
quarks. Finally our results are compared with the currembplysical limits.
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THE v—SM

The standard model of elementary particles (SM) is perhagpsnost successful model
that has been experimentally tested. Nevertheless, thalksal solar and atmospheric
neutrino problems jeopardized the effectiveness of the ISMok around 30 years of
intense debate and confrontation of theory and experintentsalize that the correct
mechanism needed to understand the deficit between expssttiihos and the mea-
sured events at terrestrial detectors is the neutrinolagsoit mechanism [1]: neutrinos
change their flavor due to the fact that they are massive agid fthvor states are a
mixture of their mass states. This is the first evidence ofspisybeyond the SM and
consequently it requests to extend the SM in the leptonimsdn summary, SM needs
to incorporate:

« Neutrinos masseas, 1, my», m,3 and,

« mixing in leptonic sector, that is, an equivalent to the CKMatnx called
Upmng(6ij), where the matriXJpvs is the mixing matrix between flavor states and
mass states, i.¢Vq) = S,UjalVa),a=1..3,a0 =€ u,T.

This will be refereed as the-SM. The current values for the masses and mixing angles
can be found elsewhere [2]. The objective of the present, mst@art of the Proceed-
ing of the CINVESTAV’s Advanced Summer School, is to illige how neutrino phe-
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nomenology, within thez—SM, can constrain others possible extensions to the SM. As
an example, we will focus on the recently proposegarticlescenario [3, 4], where a
scale invariant sector could exist above TeV energies #ratouple with the SM sec-
tor in the low-energy limit. For the student’s benefit, instimote we present a general
overview of how constrain nonstandard properties with meot For a more detailed
discussion on the unparticle’s parameter limits by usirglaitest reactor neutrino data,
we suggest to read [5].

CONSTRAINING NEW PHYSICSWITH NEUTRINO DATA

It turns out that the biggest difficulty for detecting nentris at the same time the biggest
advantage: the neutrino interacts only through weak intenas. Within thev—SM, the
neutrino doesn’t have electric charge, or magnetic momahaay other interaction will
be automatically considered as nonstandard interactibat iakes them the perfect
candidate for detecting physics that is not consideredimvitie SM because most of
the times, in the low energy limit, those extension will puod new charged or neutral
currents, flavor neutral changing currents (FCNC), or newtnveo properties. This
situation can be easily translated into an algorithm forst@ining the parameters of
a possible SM’s extension:

1. Star withv-SM: SM+neutrino masses and mixing. Compute standard psese

2. Propose a new theory: derive a new effective Lagrangiahowt energies,
ZNEW(g n,..), that introduces new parameters besides those considered i
the SM.

3. Compute physical processes: either scattering or de*wye;;ses%‘ﬁv,r’\‘e‘”).

4. Impose limits on the free parameters by comparing witlegrpental data through
an statistical analysis (usually using&analysis).

For instance, the step number 3 can be directly be used toudertipe expected number
of neutrinos. Neglecting for a moment the detector efficyemed resolution, it can be
computed as

Emax Tmax(Ev)
do

M
wﬁ%maqzumiﬁﬂi/da / dTA(E) 47 (Bv.Ton.e), (1)
Emin Tth

with t the data taking time periodg the total neutrino fluxMgetectorthe total mass
of the detectorA (Ey) the normalized neutrino spectruiliyay the maximum neutrino
energy andl;, the detector energy threshold. The contribution due to neysips is
encapsulated in the total cross section

do(Ey,T,n,e...) doSME,,T N doNeWE,, T,n,¢)
dT B dT dT ’

which contains both, the SM and the new physics contributidmtained from
ZNEW(n, €...) including also the interference terms, if they are not absear the step

(2)



TABLE 1. Cross section for the relevant SM processes. H&e is the Fermi con-
stant, gv,ga,0v°,ga" are the SM coupling constants to electron, protons and omsitr
respectivelyMe the electron massM the nucleon massGy = [g)Z+gN]FY,(Q?), Ga =

[08(Zy —Z-) + gA (N — N_)| FAa(Q@?). FY (Q?) is the nuclear form factoZ the atomic number,

nucl
andN the number of neutron in the nucléi.in N, Z refers to the polarization.

v—SM process Cross section
do(Ey,T GEMe
Vet+e€— Ve+e€ U(dT ) _ B ((9V+9A)2+(QV—QA)2(1—ELV)2—(ge—gi)meElv)
— v 4 2 xc .
et4+e —vv+ y glt_féePO(s) = j dx [ dcy% {(1_ %) + TV:| O—(’[)hEO(S)

N

2
Coherenv +N—v+N  §F = %{(GMGA)ZHGV—GA)Z@—%) - (G5 -Gj) %}

number 4, the comparison of the theoretical expected ewrdsthe experimentally
observed can be done by computing and minimizingithéunction

2
Exp Theo
<Nevents_ Nevent; n,e.. ))

2
6 Nevents

x2(n,e...) = : (3)

which automatically give us the allowed region for the freegmetergn, ...} at some
confidence level.

THE CASE OF UNPARTICLE PHYSICS

Neutrino data can offer the possibility of studying unpaetiphenomenology in two
ways: first one by studying the effects of virtual unpartexehanged between fermionic
currents, second one by studying the direct production gitticles. The neutrino-
electron and neutrino-nuclei scattering are examplesevineparticle effects of the first
type are measurable, while single-photon productio®e{ — yX) at LEP is an example
of direct production of unparticles. Notice that, besidatriaos (/v), X can be any new
hypothetical particle, in particular, unparticle stuff. this case, neutrino production is
the background reaction, because the signatures for tetexdftunparticles are also the
missing energy and momentum.
Now let us perform our algorithm for the particular case &uhparticlescenario.

« Step 1 Starting with thev—SM, the relevant processes are the neutrino-electron
scattering and the electron-positron annihilation to phgtlus missing energy. The
respectivev-SM cross sections are shown in table 1. Still not observéx:immnt
neutrino-nuclei scattering,+N — v + N, is shown also as a future perspective.

+ Step 2:Take an extension to the SM, in this case we will focus in theanticle
scenario. From the phenomenological point of view, theveeieépoint is that at the
low energy regime, there will be an effective interactiomsthe scalar and vector
unparticle operators with the SM fermion fields which areregped in the effective



TABLE 2. Cross section mediated by scalar and vectorial unpartidpggators for the + e scat-

i L aBo AP N 1682 rd+1/2) . _ N
tfermg. We have defined;; (Q) = 2§ivn<dln) 2™ Fa-Dreda = 031 for scalar a.nd vecto.r|§l interac-
tion respectively. Cross section for the single-photordpation in electron-positron collisions. Here

Ag= 16m/2 T(d+1/2)
(2m2 T(d—1T (2d)

Unparticle interaction Cross section
do; 9B ()2 (2d-6) _
Scalar d7/s — [%&d( Z]) 2nE3 (meT)(4-3)(T 4+ 2my)
. doy _ B 2
Vectorial L = n[/\ ]) (2d-5) (my)(2d-3) (1) (2d-4) [14— (1— Elv) ”I;?ZT]

| doy, 2
Interference vectorial ~4- = Y20 %) (om.T)(d-2) n’b{gL+gR( T) _%%T}

- doyy Ag (e 2 [s(1-x 1972 x2 522 41-x)
e te —U+y = K. (471)2( A ) { N } ) 9

Lagrangian:

1 1
Lu(Aor, AN = Aot 55 100 +A5) 15+

_ 1 _
Lo, (Mg, d,N) = Alfmfy“fﬁ%Jr)\lvmvay“vBﬁ%, (5)

Vo Vg Oy (4)

for the scalar and vectorial interaction. Here= e u, 7 and f = e u,d. The pa-
rameters of the model are therefaie;,d,\). From now and on, we will fix the
energy scale where the theory is invarianf\te- 1 TeV.

+ Step 3 Compute the physical processes. With the help of the Lagaareq. (4),
we compute the neutrino-electron scattering mediated &gthlar unparticle and
the vector unpatrticle. For the case of the vector interactitere is an interference
term between the SM model cross section and the unparticters@ll relevant
expressions fow + e scattering are collected in table 2. Thg+ e scattering is
an example of the role of unparticle as intermediate of a naeraction. But
the unparticle stuff can be produced directly at accelesatarough for instance
et +e" — % +y. In this case, the relevant cross section is computed. (G&en
line of Table 2).

Another interesting experimental proposal is the cohementrino nuclei interac-
tion [6]. In this case, IR < 1 (R nuclei radii,q the transfered momentum), tive
"sees” the nuclei as a point and scatters coherently on itxdsée. This effect has
not been measured yet, but there are some experimentalgaiqpanned to detect
this process [7, 8, 9]. The effective Lagrangian 4 would @ils® contributions to
this process and therefore we have considered it too in @lysis. It is shown that
if such process is detected it would place strong consgantunparticle interac-
tion. The corresponding cross sections are collected ileTabNote that there is
again an interference term between the SM sector and thetioipaector for the
case of a vector intermediate unpatrticle.

Now it is possible to compute the expected number of evenssfaaction of the
free parameters] 129 A;¢ , d) with the help of expressions collected in Tables 2-3.



TABLE 3. Cross section mediated by scalar and vectorial unparticdpggators for the coherent
Ve+ N scattering.

Type Cross section

doy (2d-6)
Scalar = ﬁ 2? [Gou(d)(2Z + N) + goa(d) (Z + 2N)J? (MAT) @4-3)(T + 2mp)

o dojll o) s T\2 mT
Vectorial g7~ = 25T e [01(d) (2Z+N) + gaa(d) 2+ 2N)P | 1+ (1- & ) - BT

)
Aoyt s /229 1Ge [guu(d)(2Z4N)+gra(d)(Z+2N)] ma(aDZ+glN) 72
SM+U A_SM_ V22 Cr (91 ) %;i ) 1+ (l—E—V) —mEA—é

rector flave
— scalar

- veclor flavor

FIGURE 1. Left: Limits on the parameterd and Ag1 = w/)\gﬁ\,/\o,le (90 % CL) from the MUNU
experiment for the scalar unparticle case (black solid)limed for the vector unparticle cases, both
for flavor changing currents (grey solid line) and for the dlaconserving conserving case (dashed
line). Previous bounds obtained by Balantekin and OzanB@) (11] (dots and triangles) are shown
for comparison. The present analysis based on the MUNU daés gtronger constraints oty for
values ofd > 1.5. Middle: Limits obtained with LEP data. Right: Sensitywfor unparticle in the coherent
v+ N — v+ N scatering TEXONOQO's proposal.

- Step 4Now let us compute ouy?(Ajs,d) where the experimental number of events
for the processes collected in table 2 are well known (sunz@@in [10]). For the
case of coherent neutrino-nuclei scattering (Table 3) wktake for definiteness
the TEXONO detector [7] neglecting for the moment the resofufunction. One
more time, for details of the full analysis we refer to [5].

Results: We have obtained the constrains illustrated in Fig. 1 at 9% for the

scale dimensiod and the coupling\g 1 = \/)\gﬁv)\o,le- The values below the lines are
allowed. The first two plots show the limits imposed by therent MUNU and LEP
data. The third plot shows the sensitivity that an experinadie to detect the coherent
neutrino-nuclei scattering.

Astrophysical neutrino and unparticle

There is another interesting issue related with neutrifibsy are copiously produced
in most of the astrophysical objects: the Sun, neutronsstpernova explosions, merger
of Neutron stars, AGN etc, all those astrophysical phen@marolve neutrino produc-
tion. A very small change in the neutrino properties or iatgions will enhance or de-
crease the number of neutrinos produced due to the largerarmbunatter and high



TABLE 4. Constraints on the vector coupling from the neutrino electron
scattering experiment, and from astrophysical limits.

d | v—escattering| E6tvos [12] | Long range [13]| SN1987A [14]

11| 20x10° 6.3x1019| 28x10 23 9.1x10 11
15| 97x10°3 1.7x1012| 57x1012 57x10°°
2.1 40. 1.1x 102 6.0x 10° 2.9%x10°6
2.5 5.5x 10 4.8x 10 1.1x 107 1.8x 104
3.1 1.2x10° 3.3x 10" 1.1x 103 9.9x 102
35 2.1x 1012 1.5x 1021 3.2x10% 6.1

3.9 1.1x 10 6.2 x 1027 5.8 x 10°6 4143

energies involved. This fact has been used successfullyd@rdo constrain neutrino
properties and/or new interactions. The unparticle casengathe exception and cur-
rently there are several limits obtained. In table 4 we shomeslimits and we include
the limits obtained from our analysis. Despite some of thmit§i are orders of magnitude
stronger than the ones obtained by terrestrial experim#rgse are assumptions made
and, in that respect, a direct measurement always offersaa determination of free
parameters. For a more extensive discussion of the assamaptiade see [5].

In summary, we have illustrated how neutrino data can oftdean way for constrain-
ing free parameters of new extensions to the standard mbdkimentary particles. We
used as a test thenparticle scenario and we see that present and future experiments
in neutrino physics are competitive and complementary herohigh energy and astro-
physics observations.
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