arXiv:astro-ph/0002453 v4 27 Aug 2000

Discovering Ultra High Energy Neutrinos by Horizontal and Upward ø Air-Showers:

First evidences in Terrestrial Gamma Flashes

D. Fargion^1,^2 Physics Department, Rome University 1 ”La Sapienza”,INFN, P.le A. Moro 2, 00185 Roma, Italy.

Daniele.Fargion@roma1.infn.it

ABSTRACT

Ultra high energy neutrinos UHE ν_τ , ν̄_τ and ν̄_e at PeV and higher energy may induce τ air-showers whose detectability is million to billion times amplified by their secondaries. We considered UHE ν_τ N and UHE ν̄_ee interactions beyond mountains as a source of such horizontal amplified τ air-showers. We also consider upward UHE ν_τ N interaction on Earth crust at horizont and their UHE τ air-showers beaming toward high mountains γ detectors. We show their detectability. We notice that such rare upward τ air-shower may hit even nearby satellite and flash them by short diluted γ−burst at the edge of Gamma Ray Observatory detection threshold. We identify these events with recent (1994) discovered (BATSE) Terrestrial Gamma Flashes and we claim their probable UHE τ - UHE ν_τ origin. ¿From these data approximated UHE ν_τ flux and Δm_{νμντ} lower bound are derived. Known X − γ − TeV active galactic and extragalactic sources have been identified in most TGF arrival directions. Partial TGF Galactic signature is also manifest.

Subject headings: Neutrino { UHE cosmic rays { Tau lepton

1. Introduction

Ultra high energy τ air-showers are a powerfull tool in discovering primary ultra high energy (UHE) neutrinos. The UHE neutrino ν_τ interaction with nuclear matter, as well as the ν̄_e interaction with matter electron at W Glashow peak, their UHE tau production and the consequent tau traces inside matter and outside in air may lead, by final τ decay in flight, to rich amplified airshower traces. These huge air-shower signals being at least million to billion times more abundant (B. Rossi 1964) than the original and unique UHE τ track in matter are much easier to be detected. Experimental set up described in this paper may reduce or avoid common cosmic ray background noise leading to a meaningful UHE neutrino dis-

1INFN, Roma1, Italy 2Technion Institute, Eng. Faculty, Haifa, Israel

cover in near future.

The source of UHE ν_τ , since Super Kamiokande evidence of neutrino flavour mixing, must be as abundant as muon ν_μ ones. Moreover the expected ν_τ signals, by their secondary tau tracks, in underground Km^3 detectors at highest cosmic ray energy window 1.7 · 10^{21} eV > E_τ > 1.6 · 10^{17} eV , must exceed the corresponding ν_μ (or muonic) ones, making UHE ν_τ above 0.1 EeV the most probable UHE signal. Indeed, the Lorentzboosted tau range length grows (linearly) above muon range, for E_τ ≥ 1.6 · 10^8GeV . The tau track reaches its maxima extension, bounded not by pair production, but by nuclear electroweak interactions, R_{τmax} ≃ 191 Km, at energy E_τ ≃ 3.8 · 10^9 GeV . At this peak the tau range is nearly 20 times longer than the corresponding muon range (at the same energy) implying, for comparable fluxes, a ratio 20 times larger in ν_τ over ν_μ detection probability. This dominance, may lead (at present most abundant UHE ν_τ model fluxes) to a few rare spectacular event a year (if flavor mixing occurs) preferentially in horizontal plane in underground Km^3 detectors. The Earth opacity at those UHE regimes at large nadir angles (nearly horizontal, few degree upward direction) is exponentially different for UHE muons respect to tau at GZK limits, making their flux ratio severely suppressed. This signal may be hardly noticed in Km^3 detectors, but they must be recorded in fine tuned directional upward air showers.

Indeed because of the tau air-shower prolific behaviour, we, first, suggest new kind of UHE neutrino detectors located in deep hole (like Kimberly mines in South Africa) or better in deep valley in front of high mountains chains to discover their peculiar horizontal UHE ν_τ and τ decay beyond a thick mountain and their final induced air showers. The mountain act as a triple filter: a) as a screen of undesirable horizontal Ultra High Energy Cosmic Rays (UHECR) (electromagnetic shower, secondary Cherenkov photons and muons), b) as a calorimeter for UHE ν_τ ,ν̄_τ and ν̄_e, c) as a distance meter correlating tau relativistic track and birth and its air-shower opening distance from the mountain with UHE tau original energy. Indeed because of the different neutrino interactions with energy and flavors it will be possible to estimate, by stereoscopic, directional and time structure signature, the spatial air-shower origination, the primary tau distance decay from the mountain (tens of meter for PeVs UHE ν̄_e and nearly hundred meters and Kms for UHE ν_τ ,ν̄_τ ), the consequent most probable original UHE tau range and energy. Additional energy calibration may be derived sampling shower intensities. Secondly we suggest here to discover UHE τ , by observing the upward tau air-shower arriving from hundred Kilometers away (near horizontal edges) from high mountains, high baloons and satellites; such UHE tau created within a wide (tens thousands to millions square km^2 wide and hundred meter depth in Earth crust) target would discover UHE ν_τ ,ν̄_τ neutrinos at PeV up to EeV energies and above, just within the mysterious GZK frontiers. The discover will need capable gamma, optical and muon bundle detectors within present technology.

Finally from the same highest mountains, balloons and near orbit satellite, looking more downward toward the Earth it is possible to discover more frequent but lower energetic astrophysical ≃ PeV - tens PeV UHE tau trace within small and large nadir angles, by their air-shower secondaries (Cherenkov lights, muons and gamma bursts). These PeVs upward UHE tau may beam their airshowers and gamma secondaries to high altitudes toward existing satellites. We show that their signal is at the edge of detection of Compton Gamma Ray Observatory (CGRO) , namely BATSE experiment. These signals are, very probably, already recorded in Terrestrial Gamma Flashes. Their angular and directional distributions with galactic plane, considered for the first time in the present article, their clustering toward known active sources (Galactic center, Crab, ..) are very suggestive for their UHE ν_τ astrophysical origin.

1.1. The UHE ν̄_e, ν_τ , ν̄_τ and their UHE τ secondary

Ultra high energy astrophysical neutrino (UHEν) from PeVs (& 10^{15} eV) up to (10^{18} eV) EeV and GZK cut off energies (& 10^{19} eV) might be traced by τ induced air showers and by their millions to hundred billions multiplicity in secondaries particles.

Indeed astrophysical PeVs UHE antineutrino electrons, ν̄_e, near the Glashow W resonance peak, E_{ν̄e} = M^2_W /2m_e ≃ 6.3 · 10^{15} eV , (dominant over expected UHE PeV atmospheric neutrino signals), may be observable by their secondary horizontal τ air showers originated by UHE chain reaction ν̄_e + e → W^− → ν̄_τ + τ^− inside the concrete rock of a high mountain. Also UHE ν_τ , ν̄_τ at (10^{16} - 10^{17}eV) would be observable if flavor mixing ν_μ ↔ ν_τ take place as shown by Superkamiokande data.

The mountain and the air act as a clever multi filter:

a) as a screen of undesirable horizontal UHECR (electro-magnetic shower, secondary Cherenkov photons and muons), b) as a calorimeter for UHE ν_τ ,ν̄_τ and ν̄_e c) as a distance meter target correlating τ birth place and its air-shower opening with its most probable energy, d) as an unique source, by tau hadronic showering, of horizontal and deep muon bundle source. The process is analogous to the Learned and Pakwasa (1995) ”double bang” in neutrino detectors. The novelty of the present ”one bang in” (the rock) - ”one bang out” (the air) lays in the selftriggered explosive nature of τ decay in flight and its consequent huge amplified air shower signal at a characteristic few Kms distance. Detectable horizontal gamma bursts (mainly bremsstrahlung photons) are one of the most abundant signal. The huge secondary air shower amplification ( millionbillions fold) make extremely easier the UHE ν discover respect to a single underground μ or τ track. The PeV energy necessary to born such air showers are not ambiguous as a Km length track in a Km^3 volumes, whose identity may be associated also to more frequent secondary atmospheric (tens to hundred TeV) muons.

Screening by undesirable lateral or downward noisy cosmic rays or natural radiation is possible by directional and time clustering filter; therefore the induced ν̄_ee → τ air shower even in absence of ν_μ ↔ ν_τ oscillation should be identified and detectable soon. Its unique ν̄_e origin is marked by the peaked W resonance, and by the small mountain ν̄_e opacity and its high neutrino cross-section. Its identity is marked by the expected fine tuned PeV energy at W peak and the tau air-shower birth place near (a hundred meter) the mountain wall.

More copious (> 5 times more) events by PeV up to tens PeV ν_τ N interaction occur if ν_μ oscillate in ν_τ . The UHE ν̄_e are default and expected UHECR ( & 10^{16} eV) secondary products near AGN or microquasars by common photo-pion decay relics by optical photons nearby the source (PSRs, AGNs) (p+γ → n+π^+, π^+ → μ^+ν_μ, μ^+ → e^+ν_eν̄_μ). In this case their source directionality is frozen and it is conserved.

These neutrino secondaries may be also very rare photo-pion products during the EeV CR propagation and interaction in the diffused galactic lights. In this (rare) case they may loose their primordial source directionality. The ν̄_e signal at Glashow resonance peak does not depend on any ν_τ production or any ν_μ − ν_τ flavor mixing. Therefore ν̄_e UHE detection by a mountain screen is a necessary and unavoidable signal related to the existence of UHECR at 10^{16} eV and photo-pion production.

In addition to UHE ν̄_e role at Glashow peak, one has to note the peculiar behaviour of UHE τ tracks which are relativistically boosted (linearly with energy) longer and longer up to such lengths (L_τ & 5 Km for E_{ντ} & 10^{17} eV) comparable or exceeding the corresponding muon tracks L_μ in rock matter, being L_μ bounded by slow logarithmic law growth (with energy), at a few Kms, mainly by pair production losses. Because of higher m_τ mass and the pair production dependence approximately on m^{−2}_τ such electro-magnetic losses are negligible for τ .

Therefore neutrino tau (ν̄_τ , ν_τ at 10^{17} eV energies or above) leave the longest traces in matter and they are the most detectable UHE neutrino signals in Km^3 detectors. Unfortunately τ tracks growth in rock reaches a maximal extension, because of the growth of νN electro-weak nuclear interactions, at E_τ & 3.8 · 10^{18} eV, L_τ & 191 Km. This peak τ ranges are nearly twenty times longer than muon ones. For higher energies nuclear interactions bound and reduce the τ lengths. These τ traces, up to energy E_τ ∼ 10^{21} eV are nevertheless longer and therefore more detectable than muon ones; only at higher energies both flavors should share comparable (L_μ, L_τ ) lengths, uniformed by common UHE electro-weak-nuclear interactions. Astrophysical UHE ν_τ and ν̄_τ at energies E_{ντ} & 10^{16} ÷ 10^{21} eV are difficult to be directly produced by p + p scattering, but they might be copiously converted by full flavor mixing ν_μ ↔ ν_τ , ν̄_μ ↔ ν̄_τ , strongly required by recent Superkamiokande atmospheric neutrino asymmetries. Therefore UHE ν_τ and ν̄_τ may be converted and they may reach us from high energy galactic sources, as pulsars, SNRs, black holes or galactic SGRs microquasars, as well as from powerful extragalactic AGNs, quasars or GRBs, even for any small mass mixing, (Δm^2_{ij} ∼ 10^{−4} eV^2) or any high (GZK) energy because of the large galactic (Kpcs) and extreme cosmic (Mpcs) distances:

L_{νμ−ντ} = 40 pc ( E_ν 10^{20} eV ) · ( Δm^2_{ij} (10^{−2} eV )^2 )_{−1}

(1) Such UHE ν_τ ν̄_τ , as well as the UHE ν̄_e near a narrow energy resonant W peak (E_{ν̄e} = M^2_W /2m_e = 6.3 · 10^{15} eV), may interact on Earth (the calorimeter) leading to UHE τ which are mostly absorbed by the same planet.

However rare upward UHE τ , born by ν_τ and ν̄_τ nuclear (or rare ν̄_e−e interactions near the upward earth surface), may escape outside on air where they may spontaneously decay triggering upward vertical, oblique or near horizontal τ air showers. The vertical ones (by small nadir angle) occur preferentially at low energies nearly transparent to the Earth (E_ν ∼ 10^{15} − 10^{16} eV). The oblique τ air showers whose arrival directions have large nadir angle, are related mainly to higher energy ν_τ , or ν̄_τ nuclear interactions (E_{ν̄τ} ≥ 10^{17} − 10^{20} eV). Indeed these horizontal - upward UHE ν_τ cross a smaller fraction of the Earth volume and consequently they suffer less absorption toward the horizon.

These oblique - vertical τ upward air showers, complementary to the PeVs ν̄_e and PeVs and tens of PeVs ν_τ , ν̄_τ leading to horizontal air showers beyond high mountains, should be discovered at best from large arrival distances corresponding to the longer τ tracks from high ( & Km) mountain observatory hunting for secondaries shower Cherenkov lights, muon bundle and directional electron - gamma shower bursts from below toward the Earth. The maximal observational distances may reach ∼ 110 Km (h/Km)^{12} toward the horizon, corresponding to a UHE τ energy ∼ 2 · 10^{18} eV (h/Km)^{12} . Therefore we propose to consider such upward shower nearly horizontal detection from high mountains to test this highest ν_τ ν̄_τ energy window almost ”blind” to Glashow UHE ν̄_e fluxes. The comparison of upward showers with the horizontal tau showering beyond mountains, made up also (20%) by ν̄_e at 6.3 · 10^{15} eV energy, would constrain and measure the neutrino flavor mixing parameters.

The same tau upward air showers, observable from future balloons or dedicated satellites, UHE air showers born in a narrow energy window, 10^{15}

eV . Eν . 5 · 10^{16} eV may penetrate high alti-

tude leaving rare beamed upward gamma shower bursts whose sharp (∼ hundreds μsec) time structure and whose hard (& 10^5eV) spectra may hit near terrestrial satellites.

Here we claim that such gamma upward events originated by tau air showers produce gamma bursts at the edge of GRO-BATSE sensitivity threshold. In particular we argue that very probably such upward gamma events have been already detected since April 1991 as serendipitious sharp

(. 10^{−3} sec) and hard (& 10^5 eV) BATSE gamma

triggers originated from the Earth and named consequently as Terrestrial Gamma Flashes (TGF). However since 1994 (Fishman et al.) TGF understanding of presently known 75 records over nearly eight thousand BATSE triggers is based on an unexpected and mysterious high latitude lightening of geophysical nature (the so called ”Sprites” or ”Blue Jets”).

We do not believe in that interpretation. We notice that among the 75 records only 47 are published in their details, while 28 TGF are still unpublished. While Blue Jets might be in principle triggered by upward tau air showers in the atmosphere (a giant ”Wilson” room) we believe they are not themselves source of TGF. In particular their observed characteristic propagation velocity

(. 100 Km/s) from distances ∼ 500 Km, disagree

with short TGF millisecond timing and would favor a characteristic TGF time of few seconds. Moreover TGF data strongly disfavor by its hard spectra the terrestrial Sprites connection. On the contrary the expected UHE tau upward air showers (triggered by UHE ν_τ at energies 10^{15} − 10^{17} eV) lead to a gamma burst flux, spectra, and fine time structure fluence in agreement with the observed TGF ones and in reasonable agreement with the expected galactic - extragalactic UHE neutrino flux models and UHE neutrino experimental bounds, even considering the UHE neutrino Earth opacity. In addition time clustering of a few known TGFs, marked by their ”repeater” nature or directional clustering (triplets) toward defined directions makes the extra-terrestrial connection very plausible. Moreover the same correlations of these clustered TGFs directions toward (1) well known and maximal powerful galactic and extra-galactic sources either at TeV, GeV-MeV, X band , (2) recent first anisotropy discovered on UHECR at EeV by AGASA, (3) the Milky Way Galactic Plane, all these independent evidences support and make compelling the TGF identification as secondary gamma burst tail of UHE τ induced upward air shower.

The present TGF-τ air-shower identification could not be produced by UHE ν̄_e charged current resonant event at (E_{ν̄e} = M^2_W /2m_e = 6.3 · 10^{15} eV), and therefore it stand for the UHE ν_τ ν̄_τ existence. Consequently it gives support to the Superkamiokande evidences for ν_μ ↔ ν_τ flavor mixing from far PSRs or AGNs sources toward the Earth.

The TGF-τ air-shower connection may be soon verified and reinforced (or partially mystified) by the prompt BATSE-GRO publishing of 28 missing TGFs data which probably hide additional directional imprint of UHE ν_τ sources. Two main TeV sources , Mrk 421 and Mrk 501, absent in the 47 published TGF BATSE data, could be hidden in those unpublished events.

We notice that since two years the TGF rate is rare (3 event a year). We also notice that the variable satellite GRO height didn’t play in the past any role in the TGF detection rate. Nevertheless older BATSE trigger set up and threshold have shown a much proliferous (ten fold) sensitivity to TGF activity.

We remind that UHE ν interaction at PeV -EeV energies correspond to an invariant center of mass energy comparable or above future LHC accelerators, offering an additional powerful astrophysical high energy laboratory.

The upward τ air shower - TGF identification while opening a new UHE neutrino astronomy, offers a first ”directional” UHECR tool (νs are not bent by magnetic fields) and deeper (UHE νs are weekly interacting particles nearly transparent to dense AGN or PSRs cores surrounding) views of most violent cosmic accelerators.

Finally the very possible ν_τ origin of TGFs, better proved (or disproved) by near future experiment on ν̄_e fluxes (made beyond or above mountains) will finally test the ν_μ ↔ ν_τ flavor mixing. At the present the very probable ν_τ ν̄_τ source of TGFs and their probable partial galactic location infer a first lower bound on Δ_{mνμντ} (L < 4 Kpc, Δ_{mνμντ} > 10^{−8} eV^2) and it offers a first direct test of the same existence of the last missing, yet unobserved, fundamental neutral lepton particle: ν_τ and ν̄_τ .

1.2. Ten key questions and answers on Ultra High ν and τ role

1. ”Why the time structure of Terrestrial Gamma Flashes (due to UHE ν - UHE τ upward airshower) show a millisecond duration while the observed downward airshowers are only microseconds long ?”

Because upward and downward airshowers (respectively at sea level and high altitudes) are not symmetric processes due to the extreme difference (nearly two order of magnitude) in the corresponding air densities environment. From it derives the different shower scale times (see Appendix A).

2. ”Why Sprites lightening are not a good explanation to the TGF events ?”

Because their characteristic observed duration holds between 10 to 1000 milliseconds (K. Wright, 2000), while TGF rising time structure is as short as 0.1 millisecond (2-4 order of magnitude below).

Because Sprite most probable event rate (K. Wright, 2000) (1 event every 30 seconds on the Earth) occurring on the whole Earth (Area ∼ 5 · 10^8 km^2) may hit the observation area of the GRO satellite (. 3 · 10^6 km^2) leading to an expected TGF rate: Ṅ_{T GF} ≃ Ṅ_{sprites}^{AGRO}_{AEarth} ≃ 2 · 10^{−4} sec ; on the contrary the observed TGF event rate (ten years, 78 events) on average is 3·10^{−7} sec, leading to a discrepancy of nearly 3 orders of magnitudes.

3. ”Why the low energetic PeVs τ (10^{15} ÷ 10^{17} eV ) airshower may explain the observed TGF gamma fluence (Φ_γ ∼ 10^{−2} cm^{−2}) (F_ν ∼ 10^{−9} erg cm^{−2} ∼ 10^3 eV cm^{−2}) ?”

Because the UHE τ air-shower (E_τ & 10^{15} ÷ 10^{17} eV ) are beamed jets spread in a narrow area of (10^{10} ÷ 10^{12} cm^2), leading to the above observed gamma fluxes, at a rate for main predicted UHE ν spectra model, comparable to the observed one.

4. ”Why the Upward τ airshower spectra agree with the hard TGF spectra ?”

Because the electromagnetic cascade by τ airshower ends with hard bremsstrahlung photons .

5. ”Why the idea to look for UHE ν - τ showering from mountains or large nadir angles from the Earth is so recent ?”

Because the key penetrating role of UHE τ in matter has been noted only recently (Fargion 1997), combined with the more penetrating role of UHE ν_τ (Halzen 1998), combined with the last strong evidences by the Superkamiokande of a ν_μ − ν_τ flavor mixing. All these arguments linked with the unstable behaviour of τ and its decay in air were leading us to the present τ airshower powerful tool for UHE ν discover.

6. ”Why the τ airshower detector have a sensitivity to UHE ν exceeding the km^3 ice or water detector under construction ?”

Because other detectors trace mainly muons, seeking for their long track by their Cherenkov radiation photons. However the photon transparence lengths in water or ice

(L . 20 m) , imply a very frequent array

of elements (in principle (50)^3 ≃ 10^5 phototubes are needed). Moreover the total radiation losses in the Cherenkov photons in km^3 is only a tiny fraction (∼ 10^{−8 Eμ}_{P eV} ) of the primary UHE ν energy. Therefore the effective detection volume for each optical tube is small (V_{eff} ∼ 2.5 · 10^{−6} km^{−3}) and the total released photons in km^3 track are limited N_{op} ∼ 2 · 10^{7 Eμ}_{P eV} . Nuclear and/or electromagnetic showering in ice or water are useless because their huge diffused isotropic signals is severely bounded by Landau Pomeranchuck- Migdal at few meters, and it has no directionality and energy calibration (indeed these photon flash saturate the phototubes.)

On the contrary τ airshower produced at few kms distance from a mountain chain or upward to mountains, balloons or satellites, release huge amount (nearly all) of the primary τ (and primary UHE ν ) energy: N_{opt} ≃ 10^{12}(E_τ /P eV );

N_γ (< E_γ >∼ 10 M eV ) ≃ 10^8(E_τ /P eV ) ; N_e�_e+ ≃ 2 · 10^7(E_τ /P eV ) ; N_μ ≃ 3 · 10^5(E_τ /P eV )^{0.85}.

Therefore the ratio of the two used signal flux in (km^3 and in τ airshowers ) is at least 5 order of magnitude in favor of τ showering. Moreover the wide observable area (& πR^2_M & 300 m^2), where τ airshower spread imply a smaller number of needed detectors. (For a nominal chain mountain valley of 10 km length, 1 km height, 200 detectorelements at a reciprocal distance of a 2 - 4 Moliere radius may be enough. For upward τ airshower toward 1 km height mountain a ten (or a few tens) detector may be needed. For upward τ airshower toward a statellite one unique detector of a few m^2 as BATSE - GRO one, was just enough.

7. ”Why τ shower in water or ice loose their primordial directionality information, while τ airshower keep memory of it ?”

Because the Cherenkov showering in water /ice occurs within a wide angle θ_w = √ 2(1 −^1_{nβ} ) ≃ 42^0, while the corresponding relativistic showering in air occurs within a much narrow Cherenkov cone θ_a = √ 2(n − 1) ≃ 1.33^0, comparable with the same airshower jet air-shower cone (∼ 1^0).

8. ”Why even Auger widest detector seeking horizontal airshowers are not competitive with τ airshower (at a comparable area) ?”

Because of the same huge air target volume above Auger detector (∼ 50 km^3) at horizontal arrival directions play a disruptive role (in reducing the UHE ν showers effects) by its air opacity (Gillis, 2000). Indeed at low zenith vertical arrivals, Auger detectors are ruled by common hadronic CR showers noise; at larger zenith angles 90^0 > θ > 70^0 the severe air opacity to gamma shower signals ( a slant depth

& 2000 g cm^{−2}) lead to a flat suppressed

muonic shower component nearly 3 order of magnitude smaller than the main peak electromagnetic shower. Moreover Auger detectors is recording events at highest (E_ν & 10^{18} ÷ 10^{19} eV ) energies where the expected UHE ν flux is suppressed (respect PeV ν) at least by additive 3 order of magnitude. A possible improvement is the idea to move and locate the Auger detector much nearer the Ande Mountain chain to observe their lateral τ showering from the mountain chain (proposed by the author at Salt Lake ICRC 26^{th} 1999).

9. ”Why to concentrate on τ airshower mainly at 10^{15} ÷ 10^{17} eV ?”

Because the combined interaction probability growth with energy, the Earth opacity, the UHE τ length, and the confined atmosphere height of a few kms, the same atmospheric UHE ν noise, lead to such a narrow ”opportunity” energy window 5 · 10^{17} eV & E_τ & 10^{15} eV .

10. ”What experimental configuration for τ airshower are necessary ?”

Because of the complete analogy between τ hadronic and p showers the needed detector configuration are just comparable to known air-shower detectors of cosmic rate at the knee (J.W.Fowler et al. 2000): CASA-BLANCA, DICE,CASA-MIA, Akeno, Tibet are among the known ones. The expected τ air-shower flux will be (for comparable primary ν and CR spectra at PeV) nearly five order of magnitude smaller than common hadronic ones, but their presence behind a mountain a few degrees below the edge will be rare (one a couple of days for a PeV ν flux comparable to CR one) but much above the noise threshold and the angular uncertainty (±0.5^0) reconstructed zenith angle (Ave et al. 2000). For a UHE ν flux ∼ E^{−2} much below the CR flux (at ratio η =^{Φν}_{ΦCR} ) (η ≃ 10^{−2} ÷ 10^{−3}) (Berezinsky 1990, Stecker and Salomon 1991), the expected event rate for a CASA-BLANCA km^2 detectors is 150η(E/P eV )^{0.363} event a year. A wider detection area, like 1 % of Auger (50 km^2) would observe tens of events at 10^{16} eV a year even if η ∼ 10^{−3}. For a more detailed event rate derivation see section 7.2 − 7.3. A wide detector area in an array located on high mountain inclined down toward Earth at large zenith angle (or nadir angle) below the horizon, would inspect larger areas and detect even more events at PeV energy windows up to EeV energies at far horizon. Note that because energetic EeV τ lengths exceed 50 kms before decay the horizontal air-shower could be originated deep in the horizontal long atmosphere depth contrary to comparable EeV hadronic showers, severely suppressed by air opacity.

1.3. The structure of the article

This article is structured as follows:

In the second section we discuss the main roles of neutrino in elementary particle and astrophysics. In particular we recall the neutrino mass role and the flavor mixing.

In the third section we explain dominant role of UHE τ (E_τ > 10^{17} eV) over UHE μ by their peculiar penetrability in Km^3 detectors and air showers.

In the following fourth section we briefly summarize the expected source and spectra of UHE ν_τ . In the fifth section we reconsider the ν̄_ee charged current interactions at resonant energies leading to W , whose decay may lead to ultrarelativistic τ . The topic recall known ideas (as the double bang in Km^3) and new proposal as the UHE τ air shower behind a mountain chain (Fargion, Aiello, Conversano 1999), to detect PeVs ν̄_e and ν_τ , ν̄_τ N events. In this section the τ ranges are combined for all interctions, mainly in Km^3 detectors. In the sixth section we consider the ν_τ N , ν̄_τ N interactions at highest energy leading to upward τ air shower observable from above (mountains, balloons) and their expected rates and signal/noise signature.

In this last seventh section we also describe the consequences of UHE τ upward air showers into γ bursts. In particular we shall analyze the discover of TGF, their Sprite - Blue Jet models, and their untenable connection to TGF.

We show the known 75 TGF data, the 47 published ones in astronomical coordinate and their remarkable correlation with galactic plane and most powerful known source locations, giving the estimate of being located as they are by chance. A conclusion section summarize our arguments and derive first estimate on UHE ν_τ ν̄_τ fluxes.

2. Remarks on the ν_τ role in Lepton and Quark model

The century ended with the final success of the Democrito atomist view of Nature. Indeed at the present we believe that atoms, the ”undivisible” constitute of matter, are themselves made up by inner new fundamental ”atoms”, the elementary fermions known, by their different interactions, under the name of leptons and quarks. We are not yet sure if this particles are themselves really the final elementary core of matter. Nevertheless everything we see and touch are formed by these lightest and therefore most stable charged leptons and quarks: the well known lightest charged lepton is the common electron, of unitary electric charge, and the two lightest quarks are the up u and down d of fractional respectively charges 2/3 e, -1/3 e. Actually, hot dark matter may imply that what we do not see in the galaxy and in the Universe, are made mainly of the lightest stable neutral leptons (ν_e, ν_μ, ν_τ ) or more exotic supersymmetric partners.

These two quarks are strongly bounded among themselves in doublets or triplets, by inner strong charges described by SU(3) QCD (or by its gauge boson exchange, the eight spin-one gluons), building up hadrons whose most stable ones are the nucleons: common protons and neutrons. Nucleons themselves are often bounded together by more complex QCD (or nuclear forces) leading to the ”Democrito atomic nucleous”. Electrons in atoms are far away from nuclei bounded by the exchange of massless QED gauge bosons, the Einstein (virtual) photons. Lepton number and Quark number conservation is a yet unexplained conservation law, possibly related untested unified gauge theories. Photons themselves, within the unified electroweak U(1) × SU(2) Weinberg - Salam - Glashow model, share their own identity with heavier gauge bosons: a twin charged pair W^+ , W^− and a heavy neutral photon, the Z boson, linking and converting leptons to quarks and explaining at once both the Maxwell electromagnetic ”lights” and the observed nuclear radioactivity.

The up-down twin quarks, therefore, should be linked to their twin lepton pair. As Pauli and Fermi suggested, by energy conservation arguments, neutrino ν_e should exist and it should pair to electron, forming a first complete electron family. Electron neutrino should be extremely light (m_{νe} < 100 eV) by the yet undeciphrated Yukawa (masses) coupling matrix. Moreover lepton families, as discovered by the earliest astrophysical cosmic ray data (Conversi, Rossi) in 50’s, are mirrored in a second heavier and unstable lepton family made by muon and its own corresponding neutrino ν_μ. Finally in 70’s a third heavier lepton family arose: the tau and its complementary partner ν_τ . The last neutrino, while being necessary, it has not been yet directly observed. This is mainly due to its fast decay. Because of parity, charge, time symmetries (PCT) these six leptons and their six quarks associated have their own antiparticle leading to full antimatter counter partner. The corresponding third quark family, the heavy top, has been only recently (1994) detected experimentally, leaving only the ν_τ and ν̄_τ as the unique fundamental lepton quark unobserved today.

The lepton and quark are commonly described in the following scheme: ( ν_e e ) ( ν_μ μ ) ( ν_τ τ )

( u d ) ( c s ) ( t b )

Following Cabibbo (1964) flavor mixing for quarks, B. Pontecorvo (1967) promptly suggested a neutral lepton mass mixing responsible of light neutrino flavor changing. The obvious need of a non vanishing neutrino mass led to a wide chain of consequences in astrophysical and cosmological problems, ranging from dark matter role (Hot Dark Matter) in closure of the Universe, galaxy formation and dark halos. Therefore the (probable) heaviest neutral lepton neutrino tau, ν_τ , may deeply influence by its mass the same cosmological past history and future evolution. In particular its early gravitational clustering in galactic halo may offer a very efficient gravitational seed for baryonic clustering (Zel’dovich et al. 1980, Fargion 1983), moreover, light ν while forming dense dark galactic halos, may offer an ideal calorimeter to UHE ν at GZK energies, solving the UHECR puzzle (Fargion, Mele, Salis 1997 - 1999). The possible presence of an additional fourth neutrino (and quark) family, while unnecessary,it is allowed near M_Z /2 mass and it may lead to very exciting astroparticle consequence and observational possibilities in underground detectors (DAMA) and galactic GeV EGRET diffused halo (Fargion, Konoplich, Khlopov, Mignani 1995; Fargion, et al. 1998 - 1999; Fargion, Konoplich, Grossi, Khlopov 2000)

3. The neutrino mass in high energy astrophysics and cosmology

Elementary particles, gravity and astrophysics are well linked together (Weinberg 1972, Dolgov Zel’dovich 1981). In particular the neutrino mass has a direct impacts in fundamental modern questions in modern astrophysics:

the solar neutrino puzzle, the supernova neutrino fluxes, the atmospheric neutrino asymmetry, the hot dark matter in galaxy or in galactic cluster halos, the same galaxy formation the cosmological critical mass. Because of the observed mass hierarchy in the lepton sector, neutrino tau may be the heaviest and therefore the dominant one. Moreover neutrino mass may be either of Majorana or Dirac nature, leading to different elementary particle behaviours and early nucleosynthesis evolution (Fargion, Shepkin 1984). The same neutrino mass imply the presence (by Lorentz boost) of the ”sterile” right handed partner, whose role may be important in early Universe (Fargion 1981; Antonelli, Konoplich, Fargion 1981) and in highest energy astrophysics. The different ν_L −ν_R interaction and the different thermal evolutions may lead to different thermal neutrino populations. The multifluid clustering of such massive neutrinos has been widely studied (Zel’dovich 1980 et al.; Fargion 1983).

Just to emphasize the ν mass roles respect to massless gravitons, we remind the important case of a SN MeVs neutrino burst arriving slowed by its mass relativistic flight and its delayed arrival from far SN (galactic or better extragalactic) events respect to the massless gravitational waves. The expected time delay between the massless graviton wave burst (by supernova quadrupole emission at distance L) and the ν_e neutronization neutrino burst, will be an additional tests test to the elusive mass detection: Δt ∼ 50 sec (_{Eν} 5 MeV )_{−2} (_{mν} 5 eV )_2 (_L Mpc ) . (Fargion 1981).

4. The key role of UHE ν_τ , ν̄_τ and ν̄_e in km^3 detector

4.1. The UHE ν_τ , ν_μ oscillation length

High energy astrophysics is waiting for the new neutrino telescope generations able to reveal the expected TeV (and above) energetic neutrinos ejected by active nuclei (AGN) blazars as well as from galactic supernova relics or galactic mini-blazars. The common theoretical argument in favor for neutrino cosmic ray (c.r.) source is the last experimental evidence of extra galactic TeV photon sources (Markarian 421, 501) and the unique neutrino transparency through cosmic 2.75 K^∘ B.R. from cosmic distances. Secondary atmospheric neutrinos will play a negligible role at high (≥ 10^4 ÷ 10^5 GeV ) c.r. energy. The common expected UHE neutrinos are of electronic (ν_e, ν̄_e) and muonic (ν_μ, ν̄_μ) nature because of the “low energetic” pion progenitor masses ( m_π� ), and their consequent easier and larger productions in proton-proton scattering. However, at very high energy (E_p > 10^{15} eV ) the p-p scattering may lead, by charm production, to other secondary charmed hadrons able to decay also in tau leptons; this possibility allows (at least above 10^{15} eV ) the production of a small ν_τ component nearly as abundant as ν_e, ν_μ ones. Moreover, flavor mixing and oscillation like (ν_μ ↔ ν_τ ), even at most wide and unexplored parameter ranges (1 > sin^2 2θ_{μτ} > 0, Δm^2_{μ τ} ≪ 0.2 eV^2) are well compatible with characteristic large galactic and huge cosmological lengths L_g ∼ 10^{24} cm, L_c ∼ c H_o ∼ 10

28 cm. Indeed the flavor oscillation length is as in eq.1.

L_ν (ν_i → ν_j) = (2)

1.23 · 10^{16} cm ( E_ν 10^{20} eV ) ( Δm_{i, j} eV )_{−2} ≪ L_g , L_c Therefore flavor mixing strongly implied by recent Super-Kamiokande data may easily lead to an abundant ν_τ production. It should be obvious that there is not room for such an oscillation distance for UHE atmosphere ν_μ at tens TeV or above in Earth (if Δm_{ij} < 10^{−4} eV^2). However, ultra high energy ν interactions with matter, deeply overview and summarized by the last reports (Gandhi et al. 1996; Gandhi et al. 1998), received little attention to the ν_τ role (probably because of the very short unstable lifetime of the

τ lepton: (τ_τ ∼ (_{mμ} m_τ )_5 τ_μ ∼ 3·10^{−13} sec)) and its consequent short range track . Nevertheless, a first important UHE ν_τ role at PeV energies has been noted also recently by (Learned, Pakvasa 1995); in particular, these authors stressed that a characteristic hadronic showering behaviour at the initial event of the ν_τ N interaction and at the end of the lepton τ track: a “double bang” signal.

Here (Fargion 1997a) we underline the dominant and key role of ν_τ , ν̄_τ tracks signatures by their secondary tau at much higher energies (E_ν ≥ ( 10^{17} ÷ 10^{20} ) eV ) over muon ones because of the large Lorentz factors and the consequent longer tau tracks. This relativistic tau “longevity” makes the heaviest lepton the most easily detectable above 5 · 10^{17} eV (or 10^{17} eV in the rock) in a Km^3 detector.

4.2. The tau radiation length versus the muon one

Muons are commonly known as the most penetrating charged cosmic ray because their radiation length is much longer (at high energy) than the corresponding electron one. Indeed, the muon radiation length at high energy is roughly (_{mμ} m_e )_2 longer than that of the electron, because (Jackson 1962), eq. 15.48) the characteristic leptonic bremsstrahlung radiation length b^{−1}_L is found classically:

b�1_{L =}^{[ 16}_{3 Z}2_N^{( e2}_{~c}^{) ( e2}_{mLc2}^{)2}_{ln}^{( λ192m}L_{Z1/3me}^{)]} �1 (3) where N is the atomic number density which is proportional to the Avogadro number times the average density, λ is an a-dimensional factor near unity, m_L is the lepton (e, μ, τ ) mass and Z is the target nuclear charge. Therefore neglecting the “slow” logarithmic mass dependence, the radiation length b^{−1}_L is mainly proportional to the square of the lepton mass m_L. The radiation loss by pair production would be, at higher energies, the ruling one (over bremsstrahlung and over the negligible photo nuclear losses). Nevertheless, all the radiation lengths grow in similar form i.e., as the square of the lepton mass (∼ m^2_L). The reason of it is in the probability amplitude of the corresponding Feynman diagram, where an exchange of a virtual photon by a nuclei and by the incoming relativistic lepton leads to the emission of a high energy photon, or an electron pair. The process amplitude is roughly proportional (because of the lepton mass presence in the propagator) to the inverse of the lepton mass (m_L). The consequent cross section and its inverse (roughly proportional to the radiation length) decrease (or

grow) consequently as (_{mL} m_e )_{−2} (or (_{mL} m_e )_2 ) as it has been found classically and experimentally in Eq. 3. Therefore the most penetrating lepton must be the heaviest ones, i.e. the tau leptons. On the other hand, the lifetime τ_τ of the unstable tau lepton, being proportional to the inverse of the fifth

power of its mass τ_τ ≃ (_{mμ} m_τ )_5

τ_μ, makes its track extremely short: cτ_τ = γ_τ 9·10^{−3} cm (with respect to the muon ones). At higher and higher energies (E_τ ≫ 100 T eV ) the huge Lorentz factor boost the observed short tau lifetime and increase its value linearly with energy while the corresponding muon tracks already reached, in the water or in the rock, a nearly steady maxima (a logarithmic growth) of a few kilometers length. Consequently, at highest energy (E_τ ≥ 5.6 · 10^8 GeV in water, 1.6 · 10^8 GeV in the rock) the tau radiation length will be the longest one and the cosmic tau neutrino rays, ν_τ , ν̄_τ (if abundant as other flavors) will be the dominant source of signals in Km^3 detectors over other leptons at the same energies. Naturally, as for the muons as showed in Fig. 1, also the tau radiation length will be slowed down at the highest energies (∼ 4 · 10^9 GeV ) for two main energy losses:

a) The electromagnetic radiation losses (pair production). See interaction length R_{Rτ} in Fig. 1.

b) The electroweak interactions and losses with matter (mainly nucleons). See interaction length R_{Wτ} in Fig. 1.

The latter processes is the main restrictive constraint on tau tracks (in water and rock) at E_τ ≥ 5 · 10^9 GeV and it provides a maxima radiation length comparable to those of the neutrino at same energies (≥ 220Km in the rock, ≥ 498 Km in water) which will be discussed further in detail, below. The growth of the lepton τ radiation length and its (proportional) detectability leads to a fundamental and dominant role of ν_τ UHE (≥ 10^8 GeV ) astrophysics, in a near future Km^3 or larger neutrino telescope. Contrary to present arguments, we remind that the absence of ν_τ fluxes when flavour oscillations are forbidden, at lower energies (10^{11} ÷ 10^{13} eV ) has already been considered by us (Fargion et al. 1996), in order to bound the annihilations properties of any hypothetical heavy fourth neutrino generation clustered, as cold dark matter, in galactic halos.

The large ratio of the τ radiation length over those of the muons, reaching in principle a max-

imal factor ∼ (_{mτ} m_ν )_2 (or at least two order of magnitude), might imply a corresponding ratio in the detectability of the two leptons at those energies (10^8÷10^{10} GeV ); however nuclear interactions mentioned above and as shown later make this ratio smaller (& 20).

Finally, the secondary muons “tail” μ due to τ decays (μ_τ ) will also increase by a large fraction (∼ 100%) the indirect τ (and ν_τ ) detectability. Moreover, the most probable τ (≥ 60%) hadronic decay (and its consequent shower) or its electroweak nuclear shower will lead as it has been noted (Learned & Pakvasa 1995) to an unambiguous “hadronic” jet signature in underground detectors, contrary to common “quite” one-track muon leptonic decays. Finally as suggested in section 7 the decay of ultra high energy τ secondaries born by ν_τ → N inside a mountain and emerging in a deep valley or in upward air shower may lead to detectable signals.

5. The source of high energy ν_τ , ν̄_τ

Ultra-high energy neutrinos ν_e, ν_μ(ν̄_e, ν̄_μ) (E_ν > 10^{19} eV ) may be born either by nucleons events in Quasars or blazars cores, or copiously by photopion production of high energy proton (and neutron) (E_p ≫ 10^{19} eV ) onto cosmic 2.75K^∘ BBR and galactic radio waves background (the GZK cut-off). Unfortunately, these abundant photopion productions at 10^8 ÷10^{12} GeV cannot in general produce direct tau neutrinos. Nevertheless, there are other reactions able to lead to primary or secondary high energy tau and ν_τ :

a) charged neutrino-electron interactions; (ν̄_ee → ν̄_τ τ ) at the resonance W^− mass peak relevant only at energy peak E_ν ∼ 6 · 10^6 GeV .

b) Flavor oscillations ν_μ → ν_τ following last evidences by SuperKamiokande, at the widest and even unexamined parameter ranges: (1 > sin^2 2θ_{eτ} > 0), (1 > sin^2 2θ_{μτ} > 0); Δm^2_{i, τ} ≪ 0.002 eV^2 (1). For any realistic neutrino mass these parameter may be satisfied. Indeed, flavor oscillations lengths, as already mentioned, even stretched by the huge Lorentz factor is in general below to characteristic cosmological^c_{Ho} distances: (see Eq. 2).

c) Topological defects may inject directly abundant UHE ν_τ : this cosmological relics may pollute cosmic rays above GZK constrains (Sigl et al 1998). However recent proposal (Fargion et al. 1997; Fargion et al. 1999) to overcome GZK puzzle, based on UHE neutrino interactions onto relic light ones in clustered galactic halo (Fargion et al. 1999), also imply a higher primary and secondary neutrino flux (Yoshida et al. 1998).

Finally we remind that ultra high energy tau pairs production, by high energy photon (E_γ ≥ 5·10^{21} eV)-photon (B.B.R. at 2.7 K) Compton Scattering, may also take place, but at a very low rate with respect to pion and electron or muon pairs productions.

Therefore we shall consider in the following the neutrino and anti neutrino tau cosmic ray flows as abundant (or comparable) as all the other flavors ones. Astrophysical sources and fluxes for such a high energy (≥ 10^7 ÷ 10^{12} GeV) neutrinos have been modeled by many; we refer mainly to the flux calculated by (Stecker et al. 1991) which will probably dominate in the energy range (10^6 ÷ 3 · 10^8 GeV ), labeled by AGN- SS91 (Gandhi et al. 1996, in Fig.18) and also (Gandhi et al. 1998, in Fig.9) (Fig.2) due to pp scattering at source; in this range and scenario we must expect primary ν_τ . We also refer to the photopion production of cosmic rays and the secondary neutrino flux (ν_e, ν_μ, ν̄_e, ν̄_μ) considered by (Yoshida & Teshima 1993) either for turn-on QSRs time at maximal redshift z = 2 (labeled by CR–2 in (Gandhi et al. 1996)) and redshift z = 4 (labeled by CR–4 in (Gandhi et al. 1996)) and models by Manneheim AGN-M95 et Protheore AGN-P96 (Gandhi et al. 1998) (Fig.2). For the last two models the expected neutrino maxima fluxes at the neutrino energy range 3 ÷ 5 · 10^9 GeV reaches a value ∼ 10^{−18} cm^{−2}s^{−1}sr ÷ 10^{−17} cm^{−2}s^{−1}sr^{−1} i.e. fluxes one or two order of magnitude above to those observed at the same energies in known cosmic rays on Earth; these fluxes are comparable to the ones needed to explain the UHECR puzzle above the GZK cutoff by neutrino-neutrino interactions in galactic halo (Fargion et al. 1997; Fargion et al. 1999). The overall fluence spectra ( (_{dNν} dE_ν ) E_ν) of UHE ν models, following (Gandhi et al. 1996) is summarized in fig.2.

6. Interaction ranges of ultra high energy tau lepton

As we already mentioned the radiation length b^{−1}_τ for tau lepton, due mainly to pair production in Eq. 3, will increase the range of tau tracks (energy dependent) with respect to corresponding of muons, as soon as the Lorentz boost (γ_τ ) will reach large values (γ_τ ≥ 10^8) and as long as the electro weak interaction with nucleons will not bind their growth.

The radiation length b^{−1}_τ will play a role in defining the tau range by the general energy loss equation: − dE_τ dx = a(E_τ ) + b_τ (E_τ )E_τ , (4)

where a and b are slow energy variable functions respectively for ionization and radiation losses. The asymptotic radiation length b^{−1}_τ at high energies E_τ ≫ 10^{15} eV is related to the corresponding muon one by this approximated relation derived by classical bremsstrahlung formula in Eq. 3 scaled for the two different lepton masses:

b_τ ≃ ( m_μ m_τ )_2 · ln (_{λ192 mτ} z1^/3 m_e ) ln (_{λ192 mμ} z1^/3 m_e ) · b_μ ∼= (5)

∼= b^μ 219 = 1.78 · 10^{−8} cm^{−1}ρ^{−1}_r ,

where, ρ^{−1}_r stand for relative adimensional density in water unity, and where in the present energy range, E_τ ≫ 10^5 GeV , we assumed that the experimental phenomenological coefficient as in (Gandhi et al. 1996): b_μ ≃ 3.9 · 10^{−6} cm^{−1}ρ^{−1}_r . The corresponding radiation length b^{−1}_τ is: b^{−1}_τ ≃ 561 Km ρ_r . The ionization coefficients values are:

a_τ ≃ a_μ = 2 · 10^{−3}ρ^{−1}_r GeV cm. The integral of the energy loss equation will lead, from the radiation length b^{−1}_τ , to a larger, energy dependent, radiation range R_{Rτ} :

R_{Rτ} ≡ b^{−1}_τ ρ_r ln a_τ + b_τ E_τ a_τ + b_τ E^{min}_τ ≃ b^{−1}_τ ρ_r ln E_τ E^{min}_τ (6) The last approximation occurs because of the smallness (for E_τ ≫ 10^5 GeV ) of the ionization factor a_τ with respect to b_τ E^{min}_τ and b_τ E_τ terms.

In the Earth, according to the preliminary Earth Model (Gandhi et al. 1996, 1998) on the first few Km the relative density ρ_r is unity in the sea, near 3 in the early depth rocks, around 5 in the first 1000 Km Earth depths. Therefore the consequent tau radiation length from Eqs. 5–6 (for ρ_r ∼ 5), E_τ ≫ 10^4 GeV becomes: R_{Rτ} ∼= 1033 Km (ρ_r 5 )_{−1} · (7)

· 1 + ln [( E_τ 108 GeV

) (_Emin_τ

104 GeV )_{−1}] (ln 10^4) .

This extreme propagation range, comparable even to the Earth radius, is to be combined with and bounded by, the more restrictive tau lengths due to short tau lifetime, as well as by the range due to electro weak tau-nucleons interactions at the highest energies (E_τ ≥ 10^9 GeV ).

The role of tau lifetime and its free path length R_{τo} , boosted by large Lorentz factors γ_τ =^{Eτ}_{mτ c2} , grows linearly with energies:

R_{τo} = cτ_τ γ_τ = 5 Km ( E_τ 10^8 GeV ) . (8)

The electroweak tau-nucleon interaction range, R_{W τ} , on the other side, decreases with tau energies in analogy with the corresponding ones for neutrino-nucleon scattering (following parton model). In a first approximation the cross sections σ(ν_τ N ), at energy of interest 10^6 GeV ≤ E_{ντ} ≤ 10^{12} GeV may be described by a simple power law form, either for charged and neutral currents; because of the crossing symmetry in the Feynman diagrams we may also write (following updated (Gandhi et al. 1998)) similar expressions for σ(τ N ):

σ_{CC}(τN ) ≃ σ_{CC} (ντ N ) = 4.43 · 10�33 cm2 (_{Eτ} 108 GeV

)0_.363

σ_{NC} (τN ) ≃ σ_{NC} (ντ N ) = 1.35 · 10�33 cm2 (_{Eτ} 108 GeV

)0_.363

σ_{CC}(τ̄N ) ≃ σ_{CC} (ν̄τ N ) = 4.42 · 10�33 cm2 (_{Eτ} 108 GeV

)0_.363

σ_{NC} (τ̄N ) ≃ σ_{NC} (ν̄τ N ) = 1.84 · 10�33 cm2 (_{Eτ} 108 GeV

)0_.363 (9) The corresponding averaged electroweak range R_{W τ} in the energy range of interest in water for a total (charged + neutral) cross sections σ(τ N ) ≃ σ(τ̄ N ) ≃ 6.3 · 10^{−33} cm^2 (_{Eτ} 108 GeV )_{0.363} is:

R_{Wτ} = 1 σN_Aρ_r ≃ 2.6 · 10^3 Km ρ_r ( E_τ 10^8 GeV )_{−0.363} . (10) The total tau range, R_τ , is just the minimal value of the three above ones: the radiation one R_{Rτ} in Eq. 6, the lifetime one R_{τo} in Eq. 8, the present electroweak-nuclear one R_{W τ} in Eq. 10:

R_τ = ( 1 R_{Rτ} + 1 R_{τo} + 1 R_{W τ} )_{−1} . (11)

Let us notice that in the estimate of the electroweak range R_{W τ} we neglected the (otherwise) interesting electron-tau electroweak interactions in the atoms for two main reasons:

a) The tau-electron electroweak cross sections (τ e → τ e) do not experience the (corresponding) resonant peak (as for neutrinoelectron scattering: ν_τ e → W^− → τ ν_e) at energies E_ν ∼ 6 · 10^{15} eV . The analogous resonant reaction (τ^+e → Z_o → ν_τ ν_e) is forbidden by flavor conservation number. Tau and electrons may only interact weakly by electroweak exchange of a neutral virtual boson Z_o and a photon.

b) Even in the above (not allowed) case of a resonant cross section at energy E_ν ∼ 6 · 10^{15} eV and cross section σ_{τe} ∼ 10^{−31} cm^2, the shortest tau lifetime and its range R_{τo} , in Eq. 11, will mask and hide the short range R_{W τ} (due to hypothetical eτ “resonant” scattering).

It is important to consider the tau range R_τ at its characteristic regimes: when its value will overcome the corresponding muon one R_μ (R_μ = R_τ ), when it will reach its maximal extension R_τ = R_{τ max}, when it will be confined (because of nuclear interactions) at the highest energies to the same ranges as muon tracks (R_τ = R_{Wτ} = R_μ).

6.1. The critical energies for νø dominance

Let us define the first critical energy, E_{τ1} , where the tau range equals the muon one: R_τ = R_μ from (Eq. 11), (Eq. 6) and (Eq. 3) by substitution of b_τ with b_μ. This equation may be easily solved noticing that at this energy range (E_τ ∼ 10^8 GeV ) the shortest and main tau range is the lifetime one, R_τ ≃ R_{τo} ; therefore the equation R_τ = R_μ can be written as follows: R_τ ≃ R_{τo} = cτ_τ ( E_τ m_τ c^2 ) = (12) = 1 b_μρ_r ln ( a + b_μE_μ a + b_μE^{min}_μ )

where one imposes E_μ = E_τ ; numerically one finds that

5 Km ( E_τ 10^8 GeV ) ∼= 2.65 ρ_r ln ( E_μ E^{min}_μ ) Km (13) defines the critical energy E_{τ1} where tau track exceeds the muonic one. For water ρ_r = 1, and rock (in these depths ⟨ρ_r ⟩ = 3) the critical energy E_{τ1} and the tau range R_{τ1} are:

E_{τ1} = 5.6 · 10^8 GeV ; E_{τ1} ∼= 1.65 · 10^8 GeV (water) (rock) R_{τ1} = 28 Km; R_{τ1} ∼= 8.2 Km (14) Here we considered E^{min}_μ = 10^4 GeV as in (Gandhi et al. 1996). Let us remind that the analytical curve we are using in Eq. 6 for muons is a bit overestimated with respect to a more detailed study (Lipari and Stanev 1991) and therefore the present critical “analytical” value E_{τ1} and the range R_{τ1} , might be larger than the real one (by a factor 1.5 ÷ 2). Therefore from energies E_τ > 10^8 GeV above the tau signal will overcome the muon ones. Moreover, the prompt secondary muons from tau decays or from tau hadronic pions decays (let us label them μ_τ ), may in principle “double” the expected muonic fluxes; finally the characteristic tau hadronic decay (Learned & Pakvasa 1995, “bang”) may leave a unique signal, as we shall see, in upward τ air shower.

The linear growth of the τ range R_τ , in absence of the τ N weak interactions, would reach a maximal radiation range R_{Rτ} (due to maximal b^{−1}_τ in Eq. 5) as in Eq. 7, at least two orders of magnitude larger than the corresponding muon range (R_μ). Indeed, it is possible to show that in such an ideal (no-electroweak interactions) case the relation R_{τo} = R_{Rτ} would define an extreme energy E_τ ≃ 4 · 10^{10} GeV and a corresponding range R_{τo} ≃ 2000 Km, much longer than the R_{μR} range (at the same energy in the rock): R_μ(4 · 10^{10} GeV ) ∼= 14 Km.

However, the real maximal tau range is bounded by the more restrictive electroweak cross sections (in Eq. 9) (as for neutrinos) and its range R_{W τ} (in Eq. 10). The maximal tau range R_{τmax} is then defined by equal conditions in Eqs. 8 and 10, (R_{τo} = R_{W τ} ): R_{τo} = 5 Km ( E_τ 10^8 GeV ) = (15)

= 2.65 · 10^3 Km ρ_r ( E_τ 10^8 GeV )_{−0.363} , whose solution is (for ρ_r = 3 as in the few hundred terrestrial Km depths):

R_{τmax} = 223 Km (ρ_r 3 ) 1_{1.363} (16)

E_{τmax} = 4.45 · 10^9 GeV ( ρ_r 3 ) 1_{1.363} . For the peculiar case (“horizontal” neutrinos arrivals), in the sea, where we may assume ρ_r = 1, at a detector depth ∼ 10 Km, and a sea ∼ 20 Km depth, one gets R_{τmax} ∼= 498 Km , E_{τmax} ∼= 9.97 · 10^9 GeV .

It is clear that from the Equation above the total maximal tau range R_{τmax} extends above 20 times the corresponding muon range at the same energies. This imply a 20 fold more penetrating horizontal traces in Km^3 detectors. If we could observe the complete lepton horizontal tracks up to L ≫ Km we would count, for L ∼ 500 Km, an extreme ratio N_μ/N_τ ∼ e^{−20} ∼ 2 · 10^{−9}.

Finally at higher energies also the electroweak interaction will bound the muon radiation range and it will make comparable both the tau’s and muon’s ranges. This will occur once the relation R_τ ≃ R_{W τ} = R_μ at the same energy E_μ = E_τ (in Eqs. 3–6 and Eq. 10) is satisfied; i.e. when

R_μ ∼= b^{−1}_μ ρ_r ln E_μ E^{min}_μ

= R_{W τ} = 1 σ_W N_Aρ_r . (17)

This relation implies, for an adimensional density ρ_r = 3 a critical energy and ranges:

E_{τ2} ≃ 1.7·10^{12} GeV ; R_{τ2} ≃ R_{W τ} = R_μ = 16 Km . (18)

6.2. The UHE τ observability in underground detectors

Therefore from energy E_{τ1} = 1.6 · 10^8 GeV up to the energy E_{τ2} ≃ 1.7 · 10^{12} GeV , the tau tracks will overcome the muon lengths and it will imply a dominant role for tau neutrino astrophysics (assuming, of course, a corresponding ν_e, ν_μ spectra). This dominance may be detectable in horizontal rates in future underground Km^3 detectors (either of water or ice). The exact signature, of course, depends on the unknown primordial cosmic flux: assuming, as in (Gandhi et al. 1996) or more recent review and models as shown in (Gandhi et al. 1998) a model flux labeled CR– 2 and CR–4, whose event rates are summarized in Table 6 (Gandhi et al. 1996), the consequent tau event rate may be promptly derived by scaling the R_τ range in place of R_μ for effective Km^3 volume made by the effective area A: A⟨R⟩. The most optimistic rates for downward neutrinos (D-parton distribution, a CR–4 model, in

(Gandhi et al. 1996)) above 10^7 GeV may reach a muon event rate a year of ∼ 4.8 · 10^{−2} and a corresponding τ rate increased just near the unity for the longest τ tracks at its maximal range extension R_{τmax} in Eq. 16. Therefore the 10^8 ÷10^{12} GeV energy window dominance of ν_τ is at present models just at the edge of detectability at near future Km^3 detectors. However, more yet unobserved and abundant ultra high neutrinos fluxes, may increase drastically our predictions. The ν_τ and τ presence may also be discovered by other indirect effects: as described in next section, by τ air shower.

6.3. The resonant ν̄ee ! ν̄ø τ events in Km3 detectors: the hidden signature of τ tracks

It is worth to mention that the important and detectable tau contribution in downward ν̄_ee → W^− → ν̄_τ τ events at energy tuned at the resonant W^− formation mass in ν̄_ee collisions: E^{res}_ν = M 2_W 2m_e = 6.3 · 10

15 eV ; at these ranges of energies the muon range is a few Kms long while the tau range R_τ ∼ R_{τo} due to an average secondary energy ⟨E_τ ⟩ ≃^1_4 E_ν = 1.4 · 10^{15} eV is only R_τ ≃ 71 m. Therefore PeV tau ranges are nearly two orders of magnitude smaller than the those of the muons.

The expected downward muon number of events N_{ev}(ν̄_ee → ν̄_μμ) in this resonant energy range, in Km^3, (Gandhi et al. 1998, Table 7) was found to be N_{ev} = 6 a year. One expect (Gandhi et al. 1998) a comparable number of reactions (ν̄_ee → ν̄_τ τ ). However the possible presence of primordial ν_τ , ν̄_τ by flavor mixing and ν_τ , ν̄_τ N charged current interactions lead to a factor 5 larger rate, N_{ev} = 29 event/year.

Moreover assuming ν_τ ultra high energy cosmic primary rays at energy range 10^7 GeV > E_{ντ} > 10^4 GeV , the same nuclear electroweak ν_τ N interactions, (which lead to ν_τ (and τ ) opacity through the Earth at highest energies), are a source of copious horizontal τ secondaries (even in the energy range where the tau tracks are not longer than the muon ones). Indeed, in the energy range 10^5 ≤ (_{Eν} GeV ) ≤ 10^7 the tau production (by ν_eN → τ + anything) is almost identical to the muon one. The only difference is due to the range length of tau R_τ ≃ 50 m (_{Eτ} 106 GeV ) to be compared with a few kilometer of a muon μ radiation range

(very sensitive to the exact E^{min}_μ cut-off).

Only 18% (of these 20% of events) will mask their tau nature by a τ → μν_τ ν_e decay, nearly at the same energy direction and therefore hidden in a unique muonic track. Most (82%) of the above events will mark their identity by a 50m (_{Eτ} 1016 GeV ) tau precursor track either with a spectacular and characteristic tau-hadronic shower (a jet) (∼64%) and by a short and intense electron shower (whose length, by Landau, Pomeranchuck – Migdal effect (2), is as short as R_e ∼= 4m (_{Eν} 6·1015 eV )_{1/2} ) or, as noted in (Learned & Pakvasa 1995) by their double “bangs”. ¿From the arguments above we nearly expect ∼ 35 downward events a year to be associated with τ precursor tracks; other 10 (upward) τ PeV events may bring the imprint (and direction) of primary ν_τ cosmic rays born in Active Galactic Nuclear (AGN) or mini-galactic jets. These expectations may reach hundred events a year for most optimistic and abundant spectra of ν_τ sources (Gandhi et al. 1996, Fig.2). Because of UHE τ opacity in Earth above PeVs one should fine a marked anisotropy in km^3 favoring UHE τ tracks at horizontal arrival plane (±5^o). How can one better exploit the longevity of UHE τ near and above PeV?

7. UHE ν detected by τ air showers

7.1. Horizontal τ air shower beyond a mountain as an UHE ν amplifier

As we have seen the UHE muon and tau tracks in Km^3 detector above Km length are difficult to be distinguished: a shower in water might be either a catastrophic bremsstrahlung muon interaction or a tau decay in flight. The hundred Kms range of UHE τ at horizons in limited underground (Km^3) detector are not distinguished from PeV μ_S . In order to recognize with no ambiguity each lepton nature we propose here and in more detail elsewhere, a new detector able to filter and to reveal tau leptons (Fargion, Aiello, Conversano 1999). We suggest to consider for this aim a deep valley as the Grand Canyon, the famous Death Valley or near Inyo- White and Whitney mountains in Nevada as well as the glacial valley in the Alps or the Fjord in Scandinavian regions. It will be possible to observe UHE neutrinos by their contained horizontal showers in huge air volumes. The deep rock walls play the same role of the target beam dump for UHE neutrinos as well as of filtering atmospheric cosmic rays. Moreover the same kilometers volume sizes act as a filter avoiding random atmospheric muon decay but allowing the UHE tau ones at PeVs band. The same rock may increase the target matter (respect to horizontal shower in air as in Auger experiment) by nearly two order of magnitude. At far depth (≥Km) and at horizontal angles (60^o − 90^o) at energies above 1000 TeV the atmospheric muon secondaries (crossing two or more Kms of rock matter) will be negligible, while a primary neutrino may interact in the rock leading to secondary leptons: only muon and tau tracks are long enough to emerge often from the mountain wall rock . At Z pole (E = 6.3 PeV), the UHE secondary muon will decay, in empty space, at 10^7 Km distance while the corresponding tau at only 70 meters. Such muons may poorly interact by bremsstrahlung in air beyond 10^4 Kms distances; lower energetic muons originated in the mountains at GeV band windows will radiate at negligible level; therefore PeV muons in air will produce sterile single tracks while the corresponding tau should decay leading to copious air shower originated within ten meters from the mountain walls. These bounded horizontal atmospheric showers originated within the deep valley may be observed either by Cherenkov detectors inside the Km^3 volumes, or more economically just monitoring above the valley, by atmospheric scintillation traces and its fluorescence signals in the dark nights. Our first estimates for τ horizontal showers is based on an interaction volume defined for example as follows: Argentier Alps (Fig. 3) chain length ≃ 10 Km; characteristic height ∼ 1 Km;

UHE ν_τ - τ energies ∼ 3 PeV and its distance before the decay ∼ 150 m;

total interactive volume V ≃ 4.5 Km^3 (water equivalent).

The air shower tail may be observed also as a γ burst.

The τ air shower volume is therefore observable within a narrow beamed cone (Moliere radius ∼ 80 m / distance ∼ 5 Km): (Δθ ∼ 1^o, ΔΩ ∼ 2 · 10^{−5}) and it is reduced to an effective volume V_{eff} ≃ 9 · 10^{−5} Km^3 for each observational detector (fig 3b). Each one is comparable to roughly twice a Super Kamiokande detector. We expect, following AGN - SS91 model (Gandhi et al. 1998) a total rate of: (6) (ν̄_ee) + (29) (ν_τ N ) = 35 UHE ν_τ event/year/Km^3; at energies above 3 PeV we may expect a total rate of N ev ∼ 158 event/year in this Alps Argentiere mountains valley (Fig3a) and nearly 3.2 ·10^{−3} event/year for each detector. A few hundreds of detectors at a hundred meter distance each other should be located along the valley and their signal/noise would be strong enough. The most abundant τ air-shower signature, after 5 km air distance atmosphere, corresponding to a X_0 = 625 g cm^{−2} radiation length, would be a copious electromagnetic (and often additional hadronic and muonic) air shower whose hard (MeV) spectra has a rate flux at least ϕ_γ & 3 · 10^{−2} cm^{−2}/sec. A few m^2 scintillator would observe tens (or hundred) of M eV s γ events in a very narrow γ burst arrival angle and time in a screened (from upper electromagnetic showers above the edge of the target mountain)(Fig 4) the burst timing signal will be few microsecond long and its directionality would be easily correlated towards the horizontal mountains (Fig3_b). Technical details will be discussed elsewere.

7.2. Upward τ air-shower observable from a mountain

As we have shown the small flux and cross section of UHE ν_τ call for wider and wider target volume. As OWL experimental proposal has noted, the whole Earth may be the ideal beam dump not only for UHECR born in air but also for the UHE ν_τ upcoming from Earth and their τ secondaries decaying in space. The UHE νN interactions may generate their parental UHE τ whose consequent air shower will amplify the signal. The Earth opacity at 3 PeV has been evaluated (Ghandi et al. 1998) and corresponds in Stecker Salomon model to 5.2 events/Km^3/year for upward muons. The corresponding event birth rate for UHE τ , (following Sharada Iyer, M. H. Reno and Ina Sarcevic 1999) within a Stecker Salomon UHE ν flux model, are nearly twice larger: N_{ev} ∼ 10 event/Km^3 year. In a first approximation it is possible to show that the Earth volume observable from the top of a mountain at height h, due to UHE τ at 3 PeV crossing from below, is approximately V ≈ 5 · 10^4 Km^3 (_h Km ) (_{Eτ} 3 P eV ) . The upward shower would hit the top of the mountain (Fig. 4). For the same τ air shower beaming (Δθ ∼ 1^o, ΔΩ ∼ 2 · 10^{−5}) we derive now an effective volume ∼ 1 Km^3. Therefore a detector open at 2π angle on a top of a 2 Km height mountain may observe nearly an event every two month from below the Earth. The gamma signal above few MeV would be (depending on arrival nadir angle) between 3 · 10^{−2} cm^{−2}/sec (for small nadir angle) to 10^{−5} cm^{−2}/sec at far distance at 3 PeV energies.

Below MeV up to tens KeV the signal (secondaries bremsstrahlung hard X photons), may be hundred times larger. However, due to the variable Earth opacity with Nadir angle the highest UHE ν_τ and τ event would also arrive easily at the horizon leading to a compensation or even an amplification in the average gamma flux at the horizon edge.

At large nadir angle (& 60^o) where an average Earth density may be assumed (< ρ >∼ 5) the transmission probability and creation of upward UHE τ is approximately

P (θ, E_ν) = e �2R_{Earth} cos θ Rντ (Eν ) (1 − e− Rτ (Eτ ) Rντ (Eν ) ) . (19) The corresponding angular integral effective volume observable from a high mountain (or baloon) at height h (assuming a final target terrestrial density ρ = 3) is: V_{eff} ≈ 0.3 Km3 ( ρ 3 ) ( h Km ) e�(^E_{3 P eV} )^{( E}_{3 P eV}^{)1.363}

(20)

Because the upward event from UHE ν_τ above 3 PeV are leading to ∼ 10 event/Km^3 year, we must expect an average effective event rate on a top of a mountain (h ∼ 2 Km) (Fig. 4): N_{eff} ≃ 8 events year ( ρ 3 ) ( h 2 Km ) e�(^E_{3 P eV} )^{( E}_{3 P eV}^{)1.363}

(21)

This rate is quite large and the expected τ air airshower signal (gamma burst at energies

& 10 M eV ) should be ϕγ ≃ 10^{−4}÷10^{−5} cm^{−2}/sec,

while the gamma flux at (∼ 10^5 eV ) or lower energies (from electron pair bremsstrahlung) may be two order of magnitude larger.

A collection of scintillators and Cherenkov light detectors (for example as CASA-BLANCA ones),better screened from upward UHECR electromagnetic showers,(Fig 3b), may easily discover this UHE

(PeV) flux. Detailed scheme will be shown elsewhere. We notice that the horizontal atmosphere (air) target depth ( ∼ 360 water meter equivalent) at the UHE τ peak ∼ 10^{19} eV , R_τ ∼ 500 Km (Eq. 16) is nearly a thousand time smaller than the corresponding one through the Earth crust depth (from the horizon), leading to a corresponding suppression thousand factor in the ν_τ - τ visibility from above ( respect to those arriving from below the horizon), (Fig4). In a sentence the upward nearly horizontal UHE neutrino (at GZK) induced air-shower are three order of magnitude favored respect to downward ones.

7.3. The UHE τ main air-shower channels

The τ air-shower morphology would reflect the rich and structured behaviours of τ decay modes. Indeed let us label the main ”eight finger” UHE decay channels (hadronic or electromagnetic) and the consequent air-shower imprint, with corresponding probability ratio as shown in the T able1.

This complex air-shower modes would look to different interaction lengths in air at 1 atmosphere (∼ 300 meters for electromagnetic interaction length, 500 meters for hadronic interaction length or, more precisely 800 meters for tau pions secondaries). The consequent air-shower will reflect these imprint multi-channel modes also in its energy and time arrival structured Terrestrial Gamma Flash.

7.4. Ultrahigh energy τ air shower upward toward satellite: TGF events in BATSE data

The possibility for an upper τ air shower to reach high altitude and hit a satellite is related to a) UHE ν_τ N interaction probability within Earth b) UHE τ track in the rock at the upper crust c) τ decay in flight distance within atmosphere, d) Radiation length in air and air shower amplification and suppression.

The visible Earth surface from a satellite, like BATSE, at height h ∼ 400 Km and the consequent effective volume for UHE ν_τ N PeVs interaction and τ air shower beamed within ΔΩ ∼ 2·10^{−5}rad^2 is: (note < ρ >≃ 1.6 because 70 % of the Earth is covered by seas)

V_{eff} = V_{T OT} ΔΩ ≃ 60 Km^3. (22)

Table 1 Tau Air Shower Channels

Decay Secondaries Probability Air-shower

τ → μ^−ν̄_μν_τ μ^− ∼ 17.4% Unobservable τ → e^−ν̄_eν_τ e^− ∼ 17.8% 1 Electromagnetic τ → π^−ν_τ π^− ∼ 11.8% 1 Hadronic τ → π^−π^0ν_τ π^−, π^0 → 2γ ∼ 25.8% 1 Hadronic, 2 Electromagnetic τ → π^−2π^0ν_τ π^−, 2π^0 → 4γ ∼ 10.79% 1 Hadronic, 4 Electromagnetic τ → π^−3π^0ν_τ π^−, 3π^0 → 6γ ∼ 1.23% 1 Hadronic, 6 Electromagnetic τ → π^−π^−π^+ν_τ 2π^−, π^+ ∼ 10% 3 Hadronic τ → π^−π^+π^−π^0 2π^−, π^+, π^0 → 2γ ∼ 5.18% 3 Hadronic, 2 Electromagnetic

The effective volume and the event rate should be reduced, at large nadir angle (θ > 60^o) by the atmosphere depth and opacity (for a given E_τ energy). Therefore the observable volume may be reduced approximately to within 15 Km^3 values and the expected UHE PeV event rate is

N_{ev} ∼ 150 ( h 400 ) events year

(E_τ ∼ 3PeV) (23)

The present rate of observed TGF at best (low threshold and hard channel trigger set up) is much lower (∼ factor ten), and it may be possible that tens of PeV UHE ν_τ and τ are the needed ones to overcome the BATSE sensibility threshold. Therefore a small (factor 3÷5) exponential suppression, as in Eq. (21), may reduce the N_{ev} to the observed TGF rate while it may at once slightly increase their intensities.

The last τ air shower traces by 3P eV are mainly hard (10^5eV or above) bremsstrahlung gamma photons by last air shower electron pairs whose approximated umber flux is comparable to

N_γ ≃ E_τ < E_γ > ∼ 3 · 10^{10} ( E 3 P eV ) (24)

The atmosphere opacity may reduce the final value at least to 1/3: N_γ ∼ 10^{10}.

The expected X - γ flux at large 500 Km distances, are diluted even within a beamed angle ΔΩ ≃ 2·10^{−5}, leading to nearly f_γ ∼ 10^{−2}ph/cm^2. The consequent TGF γ burst flux is f_γ S ∼ 10^2 events just comparable with TGF observed ones. The characteristic γ burst duration is defined by L/c ∼ few millisecond in agreement with the observed TGF events.(See Appendix A). Its bremsstrahlung spectra is hard, as the observed TGF ones.

The possible air shower time structure may reflect the different eight τ decay channels (mainly hadronic and/or electromagnetic ones). The complex interplay between UHE ν interaction with nuclear matter overimposed on ν̄_ee interactions are shown in (Fig.5). The extremely narrow energy window where ν̄_ee rate is comparable to ν_τ N while being transparent to Earth makes upward τ air shower - TGF connection unrelated to ν̄_ee resonant W^− events.

The characteristic interaction regions responsible for most PeV vertical upward τ air shower is within a narrow dashed band described in (Fig. 5). Peculiar ν_τ N interaction (Fig.6) departing from parton model, would lead to a less restrictive UHE ν_τ - Earth opacity, and a more abundant vertical TGF event rate at higher energy; the TGF data do not support such a large flux variability and therefore it moderately favors the narrow energy window (PeV - few tens PeV) constrained by parton model (Fig. 5).

Indeed the TGF data, collected by NASA BATSE archive and described in T able1_a are located in celestial map (Fig.7a) with their corresponding error boxes (Fig.7b). They are better readable, after few error bar calibrations, in a galactic map over the diffused GeV - EGRET gamma background signal (Fig. 8).

The surprising clustering of TGF in the galactic plane and their correlations with important known TeV, γ, X sources, make more plausible the TGF astrophysical nature than any random terrestrial lightening origin (Fig.9). Additional correlations occur with AGASA UHECR (Hayashida et all. 1999) inhomogenities at EeV energy band (Fig. 10), as well as with most COMPTEL γ sources as the l = 18^o inhomogeneity.

Some important locations of known galactic and extragalactic source (as nearby QSRs 3C273 and 3C279) are listed in T able2. The 28 absent TGF data may hide, we presume, and predict important evidences of the TGF-τ air shower connection.

Conclusions

In this article the UHE ν_τ , τ propagation and the UHE τ air shower role have been analyzed. It has been shown that UHE horizontal and upward τ air shower within E_τ & 3 PeV may be observable and very probably have been already observed in upward BATSE - TGF events. The distribution of 7 (or 8) TGF events within a sample of 47 events at ±3^o along the galactic plane may occur (Fig.11) by chance (Poisson distribution) once over a hundred (or over 500) and it strongly favors the TGF - τ air shower connection (Fargion, Aiello,2000). Similar conclusion arise from larger angle TGF data clusterling from galactic plane (±10%) (Fig.12), but do not arise (as it should be expected) for too large angles (±20^o) from galactic belt (Fig.13).^3.

Moreover the coincidence in direction (T able1_b) and in time (T able1_c)(repeaters) structure of some TGF events (shown by corresponding color mark in T able1_a) make very probable their characteristic correspondence to active source (blazing galactic and extragalctic sources).

The observation of known source toward Anti Galactic Center (Crab, PKS 0528,Geminga) or toward the Galactic Center ( PSR 1706-44, PKS 1622-297,Rho Oph.) or in the Galactic Plane (Cyg X-3, Cyg A, Tycho SNR, COS-B) imply a minimal mixing distance and a consequent lower bound

3A natural question may arise: could the repeated TGF be a

brief sequence of lightening? The answer (for all published BATSE data) is definitively no. Because the GRO flys at equator at 8 Km / sec, within a few hundred of second, it will be far from its original geophysical region.

distance (. 4 Kpc) in the oscillation ν_μ ↔ ν_τ distance, and a consequent corresponding first upper bound to their square mass mixing: Δm_{νμντ} & 10^{−8} eV^2.

Therefore the need of UHE ν_τ call for flavor mixing and ν_τ mass as Superkamiokande atmospheric neutrino imply. A first rough consequence of the few observed event is the existence of a photopion opacity both at a galactic and at extragalactic regions at a level comparable to Stecker, Salomon model predictions (1991) , at a rate (one a month) (at PeVs energy) ∼ (1 − 5) · 10^{−13} event/cm^2/sr. Because of the compelling role UHE ν_τ N interactions in TGF events we are finally testing also the same existence of ν_τ neutrino. Even it may be possible that all the above correlations occur by statistical coincidence, we do not believe that Nature would be so perverse in mimic two completely different signals (τ upward air shower and TGF) by chance. Nevertheless Physics is an Experimental Science. Therefore an additional word should be also found within the 28 missing (secret) TGF data of BATSE experiment. Indeed the GRO BATSE satellite is the most sophisticated and revolutionary detector which opened,in last decade, new golden pages in γ astronomy. We are curious to know their final response: their data may open and confirm the new exciting UHE neutrino astronomical window.

Appendix A: Tau Air-shower timing

Upward and Downward airshowers are not symmetric event at all because the different atmosphere densities at sea level and high altitude. Indeed at sea level τ airshower holds just a μseconds. But at high level τ decays to produce millisecond showers.

The arrival time of γ air-shower (bremsstrahlung photons) is ruled by the last atmosphere distances where the gamma emission has been originated (while being nearly unabsorbed). The mean energy deposition profile in air shower is given by a common gamma distribution: dE dt = E_0b(bt)^{a−1}e^{−bt} Γ(a)

(25)

where the adimensional shower depth distance t =^x_{X0} and the adimensional energy y =^E_{Ec} , are well known variables. The characteristic critical energy E_c (see B. Rossi or Longair) is, in air, around 100 MeV value. The air shower maxima occurs at an adimensional depth t_{max} =^{a−1}_b , while the characteristic shower distance X_s ≡^{X0}_b , being b ≃ 0.5, is X_s ≃ 2X_0; (note that t_{max} = a−1 b ≃ (ln y +^1_2 ) defines a for a photon-induced cascades). Naturally the radiation length X_0 is the same for upward and downward air showers. However the corresponding length distances are very different because altitudes (sea level and high altitude) have extremely different densities. The air density decreases, respect to the sea level height, with altitude z as ρ = ρ_0e^{− zh0} , h_0 ≃ 8.55 km. If one considers the sea level case X_0 = 36.6 g/cm^2 and the radiation distance is X_0 = 304.2 m, the shower length is X_s ≃ 608.4 m and the corresponding shower scale time is (as it is well known and as it is observed in common downward air showers) t_s =^{Xs}_c ≃ 2μs; this result, as noted at the end of paragraph 7.1 is obvious. If now we consider upward τ air shower arising on the top atmosphere altitude, than the same X_0 = 36.6 g/cm^2 corresponds, in a more diluted upward atmosphere to distances X^′_0 ≃ 22 km and in a first approximation to a shower length X^′_s ≃ 44 km leading to t^′_s ≃ 75 t_s ∼ 0.15 ms. Additional time dilutions must be considered for the arrival nadir angle θ: t^′_s ∼^{0.2}_{cos θ} ms and geomagnetic Larmor precession of relativistic electrons. More precisely, the τ air shower timing is related to the total distance from the earliest atmosphere last scattering (X_0 ∼ 36.6 g/cm^2 and h ≃ 22 km) up to the BATSE satellite height (∼ 500 km). To summarize the maximal upward τ air shower extend up to t^′_s ∼^{500}_{c cos θ} km > 2 ms.

The exponential density decay in upper atmosphere makes most of the bremsstrahlung radiation generated at lowest (tens of kms altitudes) implying a fast raise of the gamma flash within a few tens of millisecond, (as the observed TGF ones) even if the gamma signal must also extend up to few millisecond times as indeed observed in TGFs. Different Tau Air-shower Channel (Table 1) and their consequent bifurcation may lead to rapid TGF millisecond timing modulations as the observed ones.

Acknowledgements

This work originated at Technion Institute (Fargion 1997). The author thanks Prof A. Dar and M. Bilenky for encouragement, Dr. F. Cesi for important suggestion on statistics, Prof. Barbara Mele, Prof. Tommasina Coviello, for useful comments, suggestion and support, Pier Giorgio De Sanctis Lucentini for graphical and computer elaboration. The author is also grateful to Dr. Marco Grossi for warm support and fruitful comments, to Dr. Andrea Aiello for first numerical simulation and to Dr. Roberto Conversano for last reading and correction of the text. This work is based among the others on the Bruno Rossi and Marcello Conversi discovers and understanding of cosmic rays and their opening of the lepton and quark physics; in particular this paper is devoted to the memory of Bruno Pontecorvo, father of modern neutrino physics and astrophysics.

REFERENCES

S. Weinberg, Gravitation and Cosmology, ed.

J.Wiley & Sons (1972)

A. Dolgov and Y. Zel’dovich, Rev. Mod. Phys. 1, 1, (1981)

B. Rossi, Cosmic Rays, Mc Graw-Hill, NY 1964.

Dar, A. & Laor, A. 1996, astro-ph/9610252; ApJ Lett. (97).

Gandhi, R., Quigg, C., Reno, M. H., Sarcevic, I., 1996, Astropart. Phys. Vol.5, 81

J. G. Learned & Pakvasa, S. 1995, Astropart.

Phys. 3, 267

Jackson, J. D., 1962, Classical Electrodynamics, J. Wiley, USA

Fargion, D., Khlopov, M. Yu., Konoplich, R. V., Konoplich, V. K., Mignani, R. 1996, Modern Phys. Letters A., 11 (17), 1363-1369

Bilenky, S. M., Pontecorvo, B. 1980, Phys. Lett.

95B, 233 Fargion, D. & Shepkin, M. 1984, Phys. Letters, 146B, 46 Rubbia, A. 1995, Nucl. Phys. B (Proc. Suppl.), 40, 93

Stecker, F. W., Done, C., Salomon, M. H. & Sommers, P. 1991, Phys. Rev. Lett., 66, 2697

Yoshida, S. & Teshima, M. 1993, Prog. Theoret.

Phys. (Kyoto), 89, 833

Landau, L. D. & Ya Pomeranchuk, I., Dokl, Akad 1953, Nauk SSSR, 92, 535;

Migdal, A. B. 1956, Phys. Rev., 103, 1811

Gandhi, R., Quigg, C., Reno, M. H., Sarcevic, I., Phys. Rev. D 58, 1998; hep-ph/9807264.

Fargion, D. Salis, A. Proc. 25th ICRC. HE-4-6, 153-156 (1997).

Fargion, D. Mele, B. astro-ph/9902024 ; 2nd Dark Matter ,Buxton,UK; ed Spooner, Kudryavtsev; (1999); astro-ph/9906451, 26th ICRC Conference, Salt Lake, USA, OG3.2.30, Vol.4 p.287 (1999).

Lipari, P. Stanev, T. Phys. Rev. D 44 3543 (1991).

Sigl, G., Lee, S., Bhattacharjiee, P., Yoshida, S.

hep-ph/9809242

D. Fargion, astro-ph/9704205

D. Fargion, A. Salis, B. Mele, Ap. J. 517 ,725-733, 1999; astro-ph/9710029.

D. Fargion , Lett.Nuovo Cimento Vol. 31, No. 199, (1981)

D. Fargion , Nuovo Cimento Vol. 31, No. 49, (1981); F. Antonelli, R. Konoplich and D. Fargion, Lett. Nuovo Cimento Vol. 32, No. 289, (1981)

D. Fargion, Nuovo Cimento Vol. 77B, No. 111, (1983)

D. Fargion, M. Shepkin, Phys. Letters, 146 B, 46, (1984)

D. Fargion, M. Khlopov, R. Konoplich, R.

Mignani Phys. Rev. D, Vol. 52, 1828, (1995)

D. Fargion, M. Khlopov, R. Konoplich, R.

Mignani , Phys. Jetp Lett. 68, 685-690 (1998), D. Fargion, Yu. G. Golubkov, M. Khlopov, R. V. Konoplich, R. Mignani, Jetp. Lett. 69, 434- 440 (1999) ; astro-ph/9903086.

D. Fargion, A. Aiello, R. Conversano , 26th ICRC Salt Lake, USA, HE6.1.10, 396-398 (1999) ; astro-ph/9906450.

D. Fargion, R. Konoplich, M. Grossi , M. Khlopov, Astroparticle Physics 12,307-314 (2000); astroph/9809260.

D. Fargion, A. Aiello,(in preparation, 2000)

D. Fargion, M. Grossi (in preparation, 2000)

Y. Zel’dovich, A.A. Klypin, M.Yu. Khlopov, V.M.

Chechetkin, Sov. J. Nucl. Phys. 31 (1980) 664.

Y.N.Hayashida et all. 26th ICRC Salt Lake, USA, HE, (1999) ; astro-ph/9906056.

J.W.Fowler et al., astro-ph/0003190v2 (2000)

M.Ave et al., astro-ph/0003011 (2000)

Cillis et al., astro-ph/0006108

V.S.Berezinzky et al., ”Astrophysics of Cosmic Rays”, North Holand ed. (1990).

K.Wright, Scientific American Quatery,Vol.11,N.1,49,(2000).

This 2-column preprint was prepared with the AAS LATEX macros v5.0.

Fig. 1.— The tau ranges as a function of the tau energy respectively for tau lifetime (dashed line) R_{τo} , Eq.8, for tau radiation range R_{Rτ} ,Eq.7 (short dashed line above) and tau electroweak interaction range R_{Wτ} ,Eq.10 for two densities ρ_r (long dashed lines, continuous) and their combined range R_τ , from Eq.11. Below the corresponding radiation range R_μ for muons (dotted line).

Fig. 2.— The Gandhi et all (1996) expected UHE neutrino Neutrino fluence for different UHE neutrino source models.

Fig. 3_a.— A panoramic view of The Alps Argentier Mountain chain.

Fig. 3_b.— A schematic draw of horizontal air shower originated by a mountain chain and the detailed and enlarged scheme of the γ/X burst τ secondaries signal; a shield from downward electromagnetic airshower is described.

Fig. 4.— A schematic geometrical draw of the nearly horizontal upcoming air shower cones, both from above and from below the Earth crust, target of UHE neutrino interaction and consequent τ airshower.

Fig. 5.— The Gandhi et all (1998) UHE neutrino ranges as a function of UHE neutrino energy in Earth with overlapping anti neutrino-electron electron and neutrino τ N interactions; below the UHE τ range, as in Fig 1, at the same energies in matter (water).

Fig. 6.— The Gandhi et all (1998) UHE neutrino ranges as a function of UHE neutrino energy in Earth with overlapping anti neutrino-electron electron and neutrino τ N interactions; different weaker UHE interaction models are also present.

Fig. 7_a.— Terrestrial Gamma Flash in celestial coordinate without error bar.

Fig. 7_b.— Terrestrial Gamma Flash in celestial coordinate with error bar.

Fig. 8.— Terrestrial Gamma Flash in celestial coordinate over EGRET GeV diffused galactic background.

Fig. 9.— Terrestrial Gamma Flash data and relevant known TeV, X, γ galactic and extragalactic Source in red dots as in Table 2.

Fig. 10_a.— Terrestrial Gamma Flash in celestial coordinate over UHECR diffused data by AGASA cosmic rays at EeV energies.

Fig. 10_b.— Terrestrial Gamma Flash in celestial coordinate over UHECR diffused data by AGASA cosmic rays at EeV energies with relevant known TeV, X, γ galactic and extragalactic Source in red dots as in Table 2.

Fig. 11.— Poisson probability distribution (and simulation) to find by chance N = (7/8) TGF events within ±3 degrees from the galactic plane.

Fig. 12.— Poisson probability distribution (and simulation) to find by chance N = (14/15) TGF events within ±10 degrees from the galactic plane.

Fig. 13.— Poisson probability distribution (and simulation) to find by chance N = (18) TGF events within ±10 degrees from the galactic plane.

Fig. Table 1_a.— BATSE terrestrial gamma burst data 1991-1999. The colored TGF events associate common arrival directions (Galactic Center, A.G.Center. . . ) associated also in time clustering; the date,time, celestial coordinate, error bar, and TGF-Earth Center angle are listed below; Hard Trigger set up Trigger periods (channel 3+4) have a colored orange side label.

Fig. Table 1_b.— BATSE gamma burst -GRBs- Trigger data 1991-1999 as a function of the Terrestrial Gamma Flash sequence. The different Trigger set up -Hard one for channel 3+4 - are the root of the two evident plateau growth in TGF rate; colored TGF events associate common arrival directions -Galactic Center, A.G.Center. . . - related also in time clustering as in Table 1_a.

Fig. Table 1_c.— BATSE TGF rate 1991-1999. The diagram shows the inverse of the time lag between to consecutive TGF. The colored TGF events associate common arrival directions (Galactic Center, A.G.Center. . . ) as in T able1_a; the inverse time lapse (inverse time interval between two sequential TGF events) marks the repeater nature of few TGF signals.

Fig. Table 2.— A Selected sample of very relevant Radio,X, γ, T eV sources, their nature and arrival direction as in Figs 9-10, very possibly correlated to TGF events.