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Horizontal and upward tau airshowers in valleys from mountains
and space: Discovering UHE neutrinos and new physics

D. Fargion
Physics Department,INFN,Rome University 1,ltaly

Abstract. Upward and horizontat Air-showers emerging TeV) are again polluted by atmospheric neutrinos; higher en-
from the Earth crust or mountain chains are the most powerergy neutrinos/,,, 7, above10'3eV may better probe the

ful signals of Ultra High Energy UHE neutrines, v, andr, astrophysical neutrino, but upward ones unfortunately are
at PeV and higher energy. The multiplicity-inAir-showers ~ more and more suppressed by the Earth opacity. Upward
secondary particlesy,,; ~ 10'2(E, /PeV), N, (< E, >~ Tau neutrinos, to be discussed later, are less opaque, but at
10 MeV) ~ 103(E,/PeV) , Ne-o+ =~ 2-107(E,/PeV)  103eV — 10'4eV, they leave shorter tracks and are less de-

, N, ~ 3-105(E,/PeV)%8 make easy its discover. UHE tectable. Therefore the best strategy in underground detec-
v, , v, following Super Kamiokande evidence of neutrino tors should consider Horizontal Underground Arrays. For
flavor mixing, ¢, < v,), should be as abundant ag, 7. this reason we criticized present vertical tower-like under-
Also anti-neutrino electrons;., near the Glashow W reso- ground array detectors and we strongly suggest to consider
nance peakE,, = M2, /2m. ~ 6.3 - 10'® eV may gener-  the construction of wide disk-like arrays finalized to Hori-
ate 7 Air-showers . Upward UHE,, — N interaction on  zontal UHE astrophysical neutrinos. At the depth h the hori-
Earth crust at horizontal edge and from below, their con-zontal distanceg(§) =:

sequent upward UHE air-showers beaming toward high
mountains, air-planes, ballons and satellites should flash |(Rg —h)-sinf+ \/(R@ —h)2. sin? 6 + (2hRe — h2)|(2)

1, X and Cherenkov lights toward detectors. Such upward

T air-shower may already hit nearby satellite GRO gamma h

detectors flashing them by short, hard, dilutecburstatthe ~ d(0 = 0) = \/(2Rg - h) ~ 1104/ T Km 2

edge of BATSE threshold. The air-shower may test the m

UHE neutrino interactions leading to additional fine-tuned  Such distances are not too deep to suppress UHE neutrinos
test of New TeV Physics both in Mountain Valleys and in even at GZK10'°¢V energies. Therefore nearly horizontal
Upward showers. UHE muon traces are cleaner signature of UHE neutrino as-
trophysics.

Moreover UHEv, andv,. may be converted and they may
reach us from high energy galactic sources, as pulsars, Su-
pernova remnants or galactic micro-quasars and SGRs , as
well as from powerful extra-galactic AGNs, QSRs or GRBs,
even at highest (GZK) energy because of the large galactic
ngcs) and extreme cosmic (Mpcs) distances:

1 Introduction: UHE astrophysical neutrino detection
by Vertical and Horizontal detectors

Ultra High EnergyU H E' neutrino of astrophysical origin
above tens TeV might overcome the nearby noisy signals o
secondary atmospheric neutrinos. Present and future under- 9 -1
ground cubic Kilometer detectors are looking for the muon Ly v =4-10"3pe ( E, ) ) Amg; A3)
penetrating tracks to associate spatially to remarkable persis- “ 1016 eV (10-2eV)?

tent astrophysical source (AGN,SN,Microquasar) or to rarest

GRB event. Downward muons, secondary of air-showers, ) ) )

are dominating and polluting the down-vertical signals; up-2  Tau Air-shower detecting UHE neutrinos

ward muons by UHE neutrinag,, 7, at low energies (below

These Tau air-showers are detectable in deep valleys or on
Correspondence tdD. Fargion front of large mountain chains like Alps , Rocky Mountains,Grand
(daniele.fargion@romal.infn.it) Canyons,Himalaya and Ande; the latter chain is near present
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AUGER project (Fargion et al.Y1999) and could offer an 3 The UHE 7., v,, 7, and 7 interaction lenghts

ideal lateral source of nearly horizontal air-shower. A natu-

ral valley to locate the future Array Telescope able to traceMoreover the expected. signals, by their secondary tau
such EeV Tau Air-shower fluorescent lights is the Death Val-tracks at highest cosmic ray energy window - 10*! eV >

ley in USA: its size and depth may capture EeV events. TheE; > 1.6 - 10'7 eV, must exceed the corresponding (or
mountain chains and the air act as a fine tuning multi filtermuonic) ones, making UHE, above).1 EeV the most prob-
detector: as a screen of undesirable rare but noisy horizonable UHE signal. Indeed, the Lorentz-boosted tau range length
tal (> 70°) UHECR showers (mainly electro-magnetic ones, grows (linearly) above muon range, far. > 1.6 - 10°GeV/;
Cherenkov photons, X,gamma and muons); very rare un{see Fig (1) eq.5): the tau track reaches its maxima extension,
explicable hadronic horizontal interaction by UHE secondarybounded not by bremsstrahlung radiation length nor by pair
pion from a mountain may occur. The Mountain acts as aproduction (eq. 4), but by growing nuclear (mainly photo-
dense calorimeter for UHE nuclear events (three order of nuclear) and mainly, later, by electro-weak interactions (eg.
magnitude denser than air slant depth on the horizons); as @), Rr,.. ~ 191 Km, at energyF, ~ 3.8 -10° GeV in
distance meter target correlatingpirth place and its horizon-  water.

tal air-shower opening origination with the cosmic ray energy
density; as a characteristic anti neutripaletector by the ex-
treme resonant cross section— e at Glashow peak and the
consequent fine-tuned energy (f&wV’) shower events; as a
very unique source of dense muon bundles from a mountait
by main tau hadronic air-showering.

The vertical up-ward tau air-showers (by small arrival nadir
angle) occur preferentially at low energies nearly transpar-
ent to the EarthE, ~ 10' — 10'6 eV). The obliquer
air showers (whose arrival directions have large nadir angle)
may be related also to higher energy, or v, nuclear in-
teractions £~ > 10'7 — 10'° eV). Indeed these horizontal
- upward UHEv, cross a smaller fraction of the Earth vol-
ume and consequently they suffer less absorption toward th
horizon. Moreover the consequent ultra-relativistig-( >
107 —10' eV) tau may travel in atmosphere for few or even 102 sl
hundredK'ms with no absorption before the decay to the de-
tector located at few Kms distance. On the contrary the hor-
izontal gamma, electron pairs and muon showers by primary
(down-ward nearly horizontal) UHECR proton are severely
suppressedX 10~3) after crossing> 2-10% g-em=2) slant
depth, or equivalent at one atmosphete 16 Kms) of hori-
zontal atmosphere target.
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Fig. 1. The tau ranges as a function of the tau energy respectively
for tau lifetime (dashed lineR-,, for over-estimated tau radiation
rangeRr. , (short dashed line above) and tau electro-weak interac-
tion rangeRyw, , for two densitiep = 3, p = 5, p, (long dashed
lines, continuous) and their combined rang@e. Below the corre-
These huge horizontal or upward air-shower signals besponding radiation rangg,, for muons (dotted line). Finally the
ing at least million to billion times more abundant than the solid line Rx.. shows the interaction length due to New physics
original and unique UHE or UHE p track in underground  (extra dimension Gravity) at TeV for a matter density of rpck 3.
Km cube detectors are much easier to be discovered with
no ambiguity. These high energy PeVs tau air-shower are
mainly of astrophysical nature. Indeed they cannot even be In {( B, ) ( gmin )1]
produced by PeV atmospheric neutrino secondaries bornin 5 105GeV / \ 104GeV
atmospheric muon flavor and oscillating in tau state, becausé' - = 1033 Km or T (In10%)
their high PeV energy and their consequent large oscillation
lengths are much (hundred times) longer than the Earth di-
ameter. R
Present air shower is analogous to the well-known Learned ™
and Pakwas&1995) "double bang” in underground neutrino
detectors. The novelty of the present "one bang in” (the rock,p,,, — ~
the mountain, the Earth) - "one bang out” (the air) lays in the oNapr pr
self-triggered explosive nature ef decay in flight and its

e . . . -1 Tev \ —4
consequent huge amplified air shower signal at a characterisg . — 1 ~ ( E- ) ( Enew ) Km )
tic few Kms distance. oNewNapr — \10°GeV 10°GeV pr

(4)

= ¢y, = 4.902Km ( ®)

E, )
108 GeV

1 2.6 - 10> Km E. —0.363
~ ( ) ®)

108 GeV
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v 10" vy e e absence of, < v, oscillation should be well identified and de-
m:sr Riow Fe/‘ tectable. More copious>( 5 times more) events by PeV up to
1018 tens PeV charged currept N interaction occur following Super
[ | Kamiokande flavor mixing discover. It will be also possible to ob-
10t 3 serve UHEv,, by the upward tau air-shower arriving from tens or
= 10”-1?-\._\ 1 hundred Kilometers away (near horizontal edges) from high moun-
E 1012 ; N . ] tains, high balloon and satellites; such UHE tau created within a
Ll " AN o 3 wide (tens thousands to millions square*wide and hundred me-
2 o ey 1 ter UHE Tau depth in Earth crust) target would discover only UHE
Hoowp ) v,,U> Neutrinos at PeV up to EeV energies and above, just within
oo e s v - s, ﬁ;ﬁffiﬁzl ! the mysterious GZK frgntiers._ From the same highest mountains,
10° AN ! N O balloons and near orbit satellite, looking more downward toward
” : ' ~ r.‘,t} the Earth itis possible to discover more frequent but lower energetic
il 1 i Tan astrophysicat 10'* = 10'% eV neutrinos (by consequent Tau Air-
: |

showers) being nearly transparent to the Earth volume;(See Fig.2).
The UHE neutrinog,,v,, 7, are default and expected UHECR>(

10*® eV) secondary products near AGN or micro-quasars by com-
mon photo-pion decay relics by optical photons nearby the source
(PSRs, AGNS)g+~ — n+nt, 7t — putv,, ut — etven,), or

Fig. 2. The Gandbhi et all (1998) UHE neutrino ranges as a function by proton proton scattering in galactic interstellar matter. The max-
of UHE neutrino energy in Earth with overlapping the resornanf imal observational distances 1from mountains, balloons or satellites,
v- N interactions; below in the corner the UHEange, as in Fig, may reach~ 110 Km(h/Km)2 toward the horizon, corresponding

at the same energies in matter (water). Finally the solid Rrg ., to a UHE T energy~ 2 - 10'® eV (h/Km)%. Therefore we pro-
shows the interaction length due to New physics (extra dimensiompose to consider such upward shower nearly horizontal detection
Gravity) at TeV for a matter density of rogk= 3 to test the highest UHE energies at GZK cut off. The expected
downward muon number of even¥.,(.e — D, u) in the reso-
nant energy range, in Kinwas found to beV,, = 6 a year. One

It should be noticed that the radiativelength estimated above ~€XPECt @ comparable number of reactiense — v;7). However
has been considered for bremsstrahlung radiation length only. Pai® Presence of primordial., v, by flavor mixing andv., v; N
production energy loss is more restrictive in the fifat, length ~ charged currentinteractions lead to a factor 5 larger réte, = 29
(by an approximate factdf=) as well as the growing photo-nuclear event/year. If one imagines a gamma/optical detector at 5 km far in

interactions at highest ( t%rEeV) energies. However the very firo(r;; ?if aat:i:]ilr?ovmvgru?/S}Lnrrggoorg?:rlvj;:s %/\(ztrljm;?\gngvlv lgg;;}gz
dominant electro-weak interactions at these energies are alrea one (I\;ol'ere radius~ 80 m / distance~ 5 Km): (Af 10
suppressing the growth and the combined interaction length are : u ' : o

-5 ; ~ Q. -5 3
slightly less, but almost comparable to the one shown in figureAQ 2-1077) e_md an effective V°|um_é/"’ff = 9 10. Km
above. for each observational detector. Each single detector is comparable

h K . h . . | to roughly twice a Super Kamiokande detector. Following com-
At the peak maxima the tau range is nearly20 times longer .\, AGN - SS91 model [The Gandhi et all,1998] with a flux at
than the corresponding muon range (at the same energy) Irnplylngpresent AMANDA-Baikal bounds we foresee a total event rate of:

fpr compargple qu>.(es, a r.ati‘ki) times larger inv overv,, detec- (6) (7€) + (29) (v N) = 35 UHE v, eventlyear/Kr. At energies
tion probability. T_hls domln_aljce, may lead to a fe\_/v rare spe_ctacu-‘,jlbove 3 PeV we may expect a total rate of N 158 event/year in
lar event a year (if flavor mixing occurs) preferentially in horizon-

; 3 this mountains valley and nearly 3.20~° event/year for each fn
tal plane in new concept undergroufdm® detectors. The Earth

. . ) . _size detector. In a first approximation, neglecting Earth opacity, it
opacity at those UHE regimes at large nadir angles (nearly horizong possible to show that the Earth volume observable from the top
tal, few degree upward direction) is exponentially different for UHE

b th ) of a mountain at height, due to UHET at 3 PeV crossing from
muons respect to .tau above EeV : t. e ratio among WHEBverv,, below, is approximately V& 5 - 104 Km? (ﬁ) ( By ) These
tens Kms signals is exponentially highexp(10).

3 PeV
upward shower would hit the top of the mountain. For the same
Therefore UHE TaLEq— 2 10506‘/ -5 107G€V air-shower in air shower beam|ngde ~ 10’ AQ ~ 2. 1075) we derive how an
front of high mountains chains will be easily induce peculiar hori- effective volume~ 1 Km3. Therefore a detector openat angle
zontal UHET (Fargion, Aiello, Conversano 1999). Energies above on a top of a 2 Km height mountain may observe nearly an event ev-
will be probably missed. An hybrid detector (gamma/optical air- ery two month from below the Earth. The gamma signal above few
shower array) would get precise signal and arrival direction. Be-\eV would be (depending on arrival nadir angle) betwgen0 2
possible to estimate, by stereoscopic, directional and time structurg pey energies. A contemporaneous (microsecond) optical flash
signature, the spatial air-shower origination in air, the primary tau (- 300+ 0.1 em~2) must occur. Keeping care of the Earth opacity,
distance decay from the mountain (tens or a hundred of meters foét large nadir anglex 60°) where an average Earth density may be

fine _tuned PeVs QHEE and metgrs up to few ;(ms for UHE”DT assumed< p >~ 5) the transmission probability and creation of
at wider energy windowt. > 10°GeV —5-10"GeV. Additional upward UHEr is approximately

energy calibration may be derived sampling shower intensities.

Hundreds of array (scintillator,Cherenkov) detectors in deep wide

valley horizontally oriented would be necessary to get ters— D R (Er)

showers events a year; the induce@ — 7 air shower evenin  P(6, E,) =e T (B (1 —¢ Buvr(Bv)), (8)

sasamed 2 osened sased socid isem el il I ErrTr EPET
10 1001000 10% 10° 10° 107 10° 107 107 10%710%?

E, [Gev]




1300

This value, at PeV is within a fraction of a milliof#60°) to a Terrestrial Gamma Flashes on EGRET Map
tenth of thousands#&90°). The corresponding angular integral a0
effective volume observable from a high mountain (or balloon) at 70
heighth (assuming a final target terrestrial dengity= 3) is:

o s (P L) ~(5Fv) (L)l'm
Vers = 0.3 Km (3) (Km e \3Pev TPV 9)

A popular "blazar” neutrino flux model (like Berezinsky ones) nor-
malized within a flat spectra(at a standard energy fluerze0> ;n—vz) 0 270 180 Al 0
is leading, above 3 PeV, to 10 UHE v, upward event/Kr year. Right Ascension Degrees

Therefore we must expect an average upward effective event rate
observed on a top of a mountain{h2 K'm) (Fig. 4):

Declinations

Fig. 3. The TGF on EGRET map. The TGF clustering toward the
N g CVents <p> ( h ) () ( E )1.363 10) galactic center and known EGRET sources, their squeezing along
eff = SKm 3PV the Galactic Plane make them probably of astrophysical nature.

year \3

This rate is quite large and one expecteair air-shower signal
(gamma burst at energies10 MeV') should bep, ~ 107*+107°
cm2, while the gamma flux at¢ 10° ¢V) or lower energies (from ~ are npt _themselve; source c_>f TGF. In particular their observed char-
electron pair bremsstrahlung) may be two order of magnitude largeraCteristic propagation velocity( 100 Km/s) from distances- 500
The optical Cherenkov flux is largk,,; ~ 1 cm™2. Km, dlsagre_e Wlth sho.rt TGF millisecond timing and would favor
a characteristic TGF time of few seconds. Moreover TGF data
strongly dis-favor by its hard spectra the terrestrial Sprites con-
4 Upward 7 Air Shower in Terrestrial Gamma Flash: nection. The correlations of these clustered TGFs directions to-
evidences of UHE neutrinos? ward well known and maximal powerful galactic and extra-galactic
sources either at TeV, GeV-MeV, X band , recent first anisotropy dis-
The tau upward air showers born in a narrow energy window; covered on UHECR at EeV by AGASA, (see Hayashida 1999,Far-
eV < B, < 5-10' eV (Fig.3) may penetrate high altitude leaving gion 2000), Milky Way Galactic Plane (Fig.3) and Center and well
rare beamed upward gamma shower bursts whose skatpi- known EGRET sources, support and make suggestive the TGF iden-
dredsusec because of the hundred kms high altitude shower disfification as secondary gamma burst tail of UrEhduced upward
tances) time structure and whose hard (0°eV) spectra may hit ~ air shower. The present TGFair-shower identification could not
near terrestrial satellites. We claim (Fargion 2000) that such gammée produced by UHE. charged current resonant event At;{ =
upward events originated by tau air showers produce gamma burstdf3, /2m. = 6.3 - 10'° eV), because of the severe Earth opacity
at the edge of GRO-BATSE sensitivity threshold. In particular we for such resonart., and therefore it stand for the UHE v exis-
argue that very probably such upward gamma events have been alence. Consequently it gives support to the Superkamiokande evi-
ready detected since April 1991 as serendipitous shard @ * dences fov, < v flavor mixing from far PSRs or AGNs sources
sec) and hardx 10° eV) BATSE gamma triggers originated from toward the Earth. The same argument, as shown in Fig.2, imply
the Earth and named consequently as Terrestrial Gamma Flashésnew upper bound on the possible New Physics Energy edge: It
(TGF). The visible Earth surface from a satellite, like BATSE, at should not arise at threshold energies beld(., = 3TeV). At
heighth ~ 400 Km and the consequent effective volume for UHE the present the very probabler. source of TGFs and their prob-
v, N PeVs interaction and air shower beamed withiMQ ~ able partial galactic location infer a first lower bound A,
2107 %rad® is: (note< p >~ 1.6 because 70 % of the Earth (L < 4 Kpc, A, > 1078 eV?) and it offers a first direct
is covered by sead).rr = VrorAQ ~ 60 K m?. The effective test of the same existence of the last evanescent (hardly observed
volume and the event rate should be reduced, at large nadir anglenly recently), fundamental neutral lepton partiale:andv-.. The
(6 > 60°) by the atmosphere depth and opacity (for a gi¥en new physics interaction at TeV while forbid UHE signals in under-
energy). Therefore the observable volume may be reduced approxground K'm? detectors it will amplify thev, signals by two order
imately to within 15 Kn? values and the expected UHE PeV event of magnitude making extremely fruit-full UHE, astrophysics in
rate is near future.
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