U(rn't{E..
J)Tg,[eifl f‘”

3/&1



L R

ﬂ'husfkrm (o lar { LIND Dala

Pﬂb:ﬂfm':r,kh‘ G‘-ir ﬂnﬂ‘-fgl" ﬂﬁfﬂ-‘},ﬁi

- b“uhz
g frcnernme Yo e
%FP f[mnﬁ /Inﬁﬁ" 7“ —
;(.t zl\}uﬂ A (+7is) Yes -
ey B0 e T
 Degohem Yoo e

>% e Dinessrans YU Ye,

me Yo
ol by
7,

a3

Mo

fos

o dexpt- ﬂ“'-ff)
(5 expl- “'iffy

T cpald
€ S‘:m I 5530
Tt (@ Mafe, =otS 4
Detulmuu T"f‘: ¢ 4 S Etﬂ’l—-*r.',)

14 v= PJE fo-'?lu 5!'{,,.

) f«r“



09 -~

08 -

08 -

i'ﬂ} Iy

03

Extra Dvmenmong

L

. |

. .
e :
'l-'-'i‘T(. e

E




JeraT
-—-L- FINC ¥NUNC yﬂ

(M=2) (y %)
+V furﬁ) /.lb’ )““’
Dw7 (Aet) Ne
Extre Dimens'eas Jor-







CXFEE!’EE ’T#H"-H! i AL 4
(c’i ener9y .rf::;'f‘m /-,CIHH‘?J’)

' 9 -@mi 55107 mo de /"
[l absorplon.

' EM_ " "[f, th; h_..
ﬁmnuj , J{ﬂr- J"“{bf
TS, k’fr Jtt‘l?.

, ?f_:“ﬂ r.:,,jamfhﬂni }5:-::':15.1‘5.

g'ﬁ'{’-‘-f - 1 f:iau‘uc.Tl;h .
}1-1}3'1):;2:1:0.

! e | 2

[ i 'y - /. ;
9.3- 2An frafﬂwvd?ﬂ.&-a mede f

P

2i% o~ orrs i

‘i f¢¢ '?:.—'_’;' Aeﬁf’/’.

- Jone Lracten T pp—> b .

_‘-—'} i’ﬂhf'f J‘i%i:;c Xhﬂd‘}



=45
e
l
A
&
T
A
¥

I .ﬂau_jL E:Tn-ft. -)[ﬂ' rﬂﬁ’* .
r* iﬁ %/s’wmw,—ﬁ:mﬁf]*q” ]}

{!—FE XE}

o, 52 Sl 23 (0=



Uﬂuﬂlﬁ """“":7 -l:]r"n[ﬂ--a.- \

ot
- ".‘/,l' Tau Track !
.,-.-"‘:- il |

i
S
f 3
: huulfr:u Ixtrrrebiom

Figure 1: A wchematic view of o *double bang® event peat & deep voenn
detecior whose medules are Jadicaled by dids. Suech crscedes shonld be
visilile bo delectons from headreds of meters distance.

f.iqif frm 17 Gaseaole

- Em«j_; <Ep= <y E,

Lljj‘f :Fim 2nd ; Cascade



4.0

k2 ‘/f :

{ PeV) /!

AN

0.0 sz FeV 4.0
El
{ PeV)

a0

Figure 2: Disgramatic representation of the region of double bang signals
and backgronnd signals, as discussed in the text. The signal is eszentially
background free after cuts on minimum total energy and requiring the second
cascade to be the larger.

17



F, / -y
hence  decay /tagTh
f—_ '

J qﬂ;ﬂﬂ“
L (Er1E k) = qlem m .
: 'SB'!'!TEPL th fﬂUt Ua'fiv ¢

H# pholns m S19R r
i " rﬂr_fj ﬁnJ;-.:.m < Crowehl ‘.Qﬂh

fo
VY, = T ¢ ¢ evenl
| -
Lok v mMmimum [ani 2 |'*l:[= fradk
~ 0 (len) M ’jf':"":""’“ <
200" ¢ [ecend 5"_3 CAsCa de 7(\“"'“
T decay
C—r Ay T evy.
E"f'h i{-\ o .f.i';.i_r_,E JI"I!:ﬂ"l'l:'.':'l: ._,," LI .'rl..-‘:

Conne T / 4 2 & ?M ?{‘i"f‘
. ‘{QAVP T—~ ﬂ.ﬁf €ar anc exP z
. B&: e,

. e, Fhey Y% — 3-"" ose . or Y
EMiShioh - .-Jny v. 2aTeres 7‘5"{_}.



PRI EETE L R R AT S R TR A

Fveat Cfnﬁ:'ﬁ'ﬁﬁéh -.'
. Dowbk Em_aj :Ir‘ufr _:,..)i.-f{ )Gu;

‘H'fuf"ﬁﬂi —iy ,-'ji*';*

. O:auﬁ (g’:?& ﬁ'r) — [;th :E ) (cramg

1(__3"_1-’13_‘)
.+ ) Nc

A
Jr = (N};JN;)/Nf

A+ E, =64 py WMM;@,O
('ﬂmﬁ/.f-u deJuce /Upﬁ

Vn.i V']cﬂ —_ W -, S‘J{mwﬂ_



{ k;h-l.“l.?f:f
e . e
ME#\IHFL E‘ {- 'EE. Eh&U:EJ L
t.la Cnsr:oJ'f- oy " E},ﬁ' Ei”
Eir“-f < -7
r - & E<
)UE"HII‘- fEr q‘,—\_.r“'t.-;.r_ X
6> ~(38) ~[5)
)
~ 2K,
3 _ ;‘-’
<(E#R)> ~ zE ~ vow
T ed il “'_; E;)
7
{‘EJ"}I'{E;'? P A
'::*;' Sjn
f 9
:ﬂ?,ﬂjr” £
Jond 7 6, ~ 63 Ef’rmr BG .
‘Al Y

.III [ _.r" ..? i N
G;t &r 151 aAnle '..nF..-'-‘.'{ c o, 2 Pa :;f,.::

- o ( ) o €f-' ' ﬁ'l'L
con e )I {F"“‘Ci j‘)‘:rnari)



L.pf“r"":':;‘?f'-r'“‘_. ‘-II- A% A9 f-“ﬁfy t"ﬂ'h.ﬁ.fl
éayj
f .-)]l‘ . '
. LEF oM e Véﬂrh p,p?f,' SeR{ s o
Y --;/c» iy Eﬁmﬁ, & ~ O(resm)

cc T wif
LR AW ﬂﬁZPfh

ALY
™ — i
Kﬁfnw g-},ﬂgé“ > T '!_ T~y
Ej} ~ ¥ E . HDJ 2 [2.g ..-"ﬂ“ *
K| i M e’ a——
‘ ,b .r.r.tg.é, =) EijE .
"X 00y




Ded
¢4

~Joe 'f

Hrl-t

~ |60 F‘tb%

~ |ood
R

”
'IJ? ‘

~ | KM3

I AF)/(GeV em™ s7!

1”" mgfag'c:m'}
g o R

Fugure 1k T expocied dilfose s, < 8, intemsity st Earth The batched bands show the
spread in results obtalved using both spectown (&) ael specorum (hi, and modsls (a) e
(=) of Moripawn =f o [35] and the model of Maconzaro of ol [37] for the luminowity
Tunstiion. Rescils are shown bor b=l (bosisontal helcking), k=10 (thin abliqwe hazching]
and be 100 (thick odlique katching). Ap integralion over a al disbrilmlion in lowg ey has
bemn madde for 10< 2y <100 Alse shewn: Stecker of af. |25,28] [chain curvel, Sikore and
Degelmar [37] (dotted curves) for sourees 21 = = O 2nd 5, Hiermann 53] {lowes dashed
linc), and blazer soatributions caleulated by Stecke: [28° [chaio b, and Mellen ef al,
[€1] {upper dasbed line). The simnapheric nestring izteasity 58] is skown by the wertica
hatched band: the NPT Gl (LT Py scls Lo sanil .-*:r'l- g = W* and the legsr earen
correnpenes o @ = 0

Y Flx ¢ 5 ec /7 Um '/:J-m




dutified (4 dbn: SE ROT dec
N N V¥ o3¢
S eV can e *}HMJ



Ne P'f ﬁ-; ﬁ-t
L Detedsr .
If Km0
i (,,«.,#,,MJ'-‘M!’ )
E[:'l?h- 3“-“, =) /A}' ﬁ‘l- ”l)
, £,1)
E<<l,
ﬁ;:;&;t. C“”"‘u ‘F‘7
) Ugm
(/= [
Gunt
Uen = W Y6 °
T A Y-
% L '/ﬁ
u : /4' 2L E/
o 245 /G ‘/f

s s






> 3
OFH =

102

10+

1

- i _.-"l.t_m Vg, Wa” - >

# i # - a #
# # # # # &
- F w &
* “ . o s
' ’ & #

M | '»'wn

sensitivity (of all possible uxpu['illlu]ll*«l

Wi

Visible Universe
E DB mlﬂl - Aé ”

15x l{}
lines of constant .~ i
h’l ':.cv:} ," — .-' r‘l

A 3, } I[I . Ry
\ ', l' F_-I' 'l'
# r J #
il"|I !‘ .I'* "
. g L 1 II] o +

J'* --I' r-r
-r' " i' ..-ll
l'il r"‘ J" Il
'-i' r' rr 1 5 X ]ﬂ .."'
r'I ""r e -" ' .illlI
J" J' |I" -I'r
S " 2sxiot
' ~ ¥ I"r r, I
# Lolar # N - #

Cosmic
Ray
Limit

- "“.““". B -

&
L

P | Pl Pl | 1 |

-H':I'I lﬁ,ﬁ "]Q 1‘}“' “]H I_D”F '|”:|
E, (eV)



¢ ﬂf'ﬁihmj v {"'_,:_‘. LAFT F T
» Jelesc nf!l_

-t o.3(? L
c(¥n),, (sm) ~ 55310(Ey) cnm

6;“/"“ ~ 04 go

R
ﬁkf: + ﬂ{{ﬁ{mf 7&'1" ¢
Eﬁc:nﬁ :tbw'- GZ K '-'-'H?r"‘ﬁ'i

m . .EHL!“HO(. G.('P'.H;‘ od Y/ twn'ffr'

K*Ut G‘(].!:N'-}lj')ﬂ; Frﬂt‘:pwﬂﬁ

e (vN) an nise by ovderof
(U‘*?flr;"l}‘) emg‘jﬂl.-ﬁ'jt A 2-20 g V/&%

. Zrh.'# a4t c(:':'fﬂ'ﬁufin:n ? 1..;"'1'
£~ RV f“‘ye =) ﬂm‘nnn ren

= Herdle Sy Jensis
(-Fﬂ' ko E"#fuﬁ'h}

-



U@EEC““} ncirc

T ~11°K
JT 13 _a = fﬂf:;lr_,
—~ O t~ 8 —_—
L)F ’ (Hﬂa ,.......’] r'qnpr-'ﬂ[!l"}}

'-H;ﬁt C(ﬁijf{ﬂ_:{__ AR

. &lec Tran \l}ih Pﬂ ﬁ [iem ffu:ﬁﬁ
ayisl cavest Couplity
= §E ~ 2faGe 'V

f:‘:.. ﬂVa{i.‘*'. E{{e;f 6 -'m.ﬁll"-lf? Ta

(Y P rqﬂ'}_.r & ~

e av = d =ialeodidial disterce
- YN fr.:'ﬂ - th.'n;'f — 'Iitftﬂﬁl.h
ot N*
ﬁ{lﬁ;vﬂwu" . . (m,Fo)

-232
ogn )~ 157 emfos (o )



. )
yvtu
‘f"".'l'

Aln
{TM.-. >
5.‘
L3 Hll 9 D
fov & 72.:/;5}/”r






‘ \Sf'”u;’;‘?;
At = fé_f m.(_é;r ..Ei:/
’ f‘bﬂnﬁu :

At= fJ1 (m ~ e

. CAIU; in 'Ffﬂun Iﬂfl"ai.’:

B(,:' .ﬂnzﬁ .I‘rtc"ﬁ

¢= F/3)

| 7 -

Le),,-ﬁ{ a L EF‘!‘H—&,
measare At aﬂ-J/u:r ¢
1§68 kner = frow £

::‘—) h{hm{fu‘h L i‘.al H ﬂ"“{e.




Tt ¥ Cenlana r“""'f]fwlh}u.

IIC J'I} 9 K hob™, F fﬁ“;r ra f'l .ﬂj

1[\}# $ff  cowws am Fir 2, H £,
1)



f}f'b{ dTV ~ 20 f=/Mpc |
{{«fﬂﬂEJ
~ h.'zﬁlﬂfrnﬁ{ @ fﬂ‘f’*ﬂf
+" TmE~ (EF)L
g‘hﬁl{[’lr ﬁnn B"J‘Cﬁ;

gwt' -r,c ‘ p:‘.u'ﬁéy T;ﬂf ~— Cl(']ﬂw’

(Fawerak:
(.g;anTr j’k‘uz‘b Pi-'ﬁ-, m, ~ M . il
b @ r ar,{"wqﬂﬁf

7’: f'ﬂfr-"’f L
Lfdh* O triky, :f_{l‘l"#k)

B SN@ 1o kPCisy™s~ ° (heer?
Jives At(%v) ~ O (1o0c r&)



ANd  Now  Foks
fﬂMETHH‘UG'

CoMPLETELY
DIFFERST



NEH frrnv s 1 - h = R 22
€ u e, :_-'-“."I__J:

. inﬂcf .ﬁw’ 5‘}‘#1‘#4’:--{: (‘fl"“*."'f -ﬁr
ﬁJﬂHIE‘J .h'_!':hﬂffﬂ A
ey kLB n—-:u'."l'j ffr””/” ace ¥ mwnﬁ

-’L-:"'li-t:f JAI& P T De 3T oesr.
qu-\( ._,,f"‘-r‘:' aced T f..‘.!f:.‘:ﬁjf:_

-'-'[Im':f Atz +s Aema’n 7"'”(""'”:‘.;?#-:’.

 Need . shble  cheki of
{l}iﬂ‘ t fﬂir;ﬁfﬂ ’b re L.r‘.l':d b
7{:&'{' /&'mrur:r # , 7‘}.”..54’9
{ ‘( H“‘F"} narfers,
. ¥ ﬂ)[ rdg."ﬁ-ﬁd:n 42 ﬁlh?r
#'Flﬁi dalfi., ows fﬂye
Jirfﬂtq_

. Cﬂrwrff’ K n o m -fuTuf /.':chr

-25

2 Jeay! T, ~ 167 s




- il

o I

Tf & Coilgafon s

fec ‘--’7“ ePe
£~ fo

. M3
—ﬂ‘-lh e A :w lpih"l
ir-'-';’%] ( J{—' IL,,JH

Regiremest 22
ﬁwl F

#";.7 ?“ 'e

ot maﬂ'-‘f““ ?

deTe cTor

f:]ﬁr ‘

(ro ATA &k))

Soorce

!ﬂ'fr'y rte.

T,

Wﬂ'{‘( ~this have heen

as "

Ceer
..“IJLL, M76f M’i

Dyjn,._ :d:ﬂh

Z*. l.Fﬂllﬁ

..fhw’7
(r ..TJ'?)?

5#1:. or man
7R fiavees)

. o Fme .Rulmf _3
Yﬂil.‘n';tl' Ah“l):” ! h!_ learr -h"“’if':r

j—,“ Jee 5.






