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GZK	Process	and	Sources	
•  Greisen-Zatsepin-Kuzmin	(GZK):		

Cosmic	rays	with	E	>	1019.5	eV	interact	
with	cosmic	microwave	background	
(CMB)	photons		

•  Process	produces	BZ	neutrinos,	some	
at	ultrahigh	energies	(UHE)	

•  Neutrinos	happily	conXnue	on		
•  UHE	neutrinos	could	also	be	produced	

at	a	source	locaXon	
–  If	observed,	will	trace	back	to	source	

•  Low	x	at	Earth	
•  Less	than	1/km3/year/energy	decade	
•  Need	large	volume	detectors	

2016-03-01	 2	EVA	Concept	and	Developments										
UHEAP	2016	

Proceedings	of	UHECR	2012	

(E/eV)
10

log
18 18.5 19 19.5 20 20.5

))2
 e

V
-1

 sr
-1

  s
-2

 J 
/(m

3
( E

10
lo

g

22.6
22.8

23
23.2
23.4
23.6
23.8

24
24.2
24.4
24.6
24.8

E[eV]
1810×2 1910 1910×2 2010 2010×2

 1.102 )×Auger (ICRC 2011) (E 

 0.906 )×Telescope Array (E 

 0.561 )×Yakutsk (E 

 0.911 )×HiRes I (E 

 0.903 )×HiRes II (E 

FIGURE 2. Compilation of cosmic ray energy spectra, with the flux multiplied by E3, published by
Auger (combined Hybrid/SD), TA SD, Yakutsk SD, HiRes I, and HiRes II after energy-rescaling as shown
in the figure has been applied. The reference spectrum is the average of those from Auger and TA. From
[19] where also references to the respective data sets can be found.

sistent in normalization and shape after energy scaling factors, as shown in Fig. 2, are
applied. Those scaling factors are within systematic uncertainties in the energy scale
quoted by the experiments. This is quite remarkable and demonstrates how well the data
are understood. Nevertheless, cross-checks of photometric calibrations and atmospheric
corrections have been started and as a next step, common models (e.g. fluorescence
yield) should be used where possible. The data in Fig. 2 clearly exhibit the ankle at
⇠ 4 · 1018 eV and a flux suppression above ⇠ 4 · 1019 eV. The flux suppression at the
highest energies is in accordance with the long-awaited GZK-effect [5, 6]. However, as
discussed below, the data of the Auger observatory suggest that the maximum energy of
nearby sources or the source population is seen, instead.

COSMIC RAY COMPOSITION AND INTERACTION MODELS

Obviously the energy spectra by itself, despite their high level of precision reached, do
not allow one to conclude about the origin of the spectral structures and thereby about the
origin of CRs in different energy regions. Additional key information is obtained from
the mass composition of CRs. Unfortunately, the measurement of primary masses is the
most difficult task in air shower physics as such measurements rely on comparisons of
data to EAS simulations with the latter serving as reference [20]. EAS simulations, how-
ever, are subject to uncertainties mostly because hadronic interaction models need to be
employed at energy ranges much beyond those accessible to man-made particle accel-

Ankle	@	5x1018	eV	

GZK	suppression	
above	~4x1019	eV	



Size	scale	of	shower	
Rmoliere	 	~10	cm	

ParXcle	shower	

DetecXon	technique	
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•  How	to	get	large-scale	detecXon	- 		
–  Brute	force:	make	100X	IceCube	
–  Use	a	different	approach	–	radio	Cherenkov	
technique	

•  Coherent	Cherenkov	signal	from	net	
“current,”	instead	of	from	individual	tracks	

–  In	dense	medium,	a	~20%	charge	asymmetry	
develops	in	the	shower	(positrons	annihilated,	
electrons	not)	

–  If	λ	>>	RMoliere	(radial	size	scale)	→		
	 	Coherent	Emission	

– Hypothesized	by	Gurgen	Askaryan,	1962	
– Effect	observed	in	ice,	water,	salt	
–  Impulsive	bipolar	signal	

•  Long	(~1	km)	ahenuaXon	lengths	in	0.1-1	
GHz	!	large	observable	volume	
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SynopXc	Detectors	

•  	SynopXc	–	balloons,	satellites	
–  ANITA,	EVA,	PRIDE	

•  Large	target	volume	-	O(106	km3)	

•  Good	as	a	“discovery”	instrument	for	
highest	energies	(>1020	eV)	
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ANITA-II	 EVA	



In-ice	vs.	Balloons	

5	

Kotera	'10	models	

p,	High	Emax	

Mixed	
composiXon	

Iron	

•  In-ice	antennas:		
•  lower	energy	

threshold.		
•  Reduced	visible	

volume.	
•  Balloon-borne	antennas:	

•  Higher	energy	
threshold.	

•  Increased	visible	
volume.	
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In-ice	vs.	Balloons	
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Kotera	'10	models	

p,	High	Emax	

Mixed	
composiXon	

Iron	

•  ARA37:		
•  Large	number	of	

staXons	increase	the	
visible	volume.	

•  EVA:	
•  High	gain	antenna	

reduces	the	energy	
threshold	while	
increasing	visible	
volume.	

•  EVA	antenna	gain	is	
32	dBi	compared	to	
10	dBi	for	ANITA.	
This	is	a	factor	of	
160	improvement.		
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ExaVolt	Antenna	(EVA)	concept	
reflective 
region


feed array 
on inner 
membrane


•  Use	balloon	surface	as	a	part	
of	the	detector	
–  Focus	signal	to	interior	

•  Would	be	the	world’s	largest	
aperture	airborne	telescope	

–  1000’s	of	square	meters	
–  150-600	MHz	(λair≈0.5-2	m)	

•  Increase	in	sensiXvity	to	radio	
frequency	neutrino	impulses	
by	factor	of	100	over	any	
previous	experiment	

P. W. Gorham et al., arxiv:1102.3883 

Recently completed a 3 
year feasibility study 

funded by NASA
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incoming plane wave at -6 to 
-13 degrees below horizontal




ZPB	vs	SPB	-	Flight	Consistency	
•  Zero	pressure	balloons	(ZPB)	–	
e.g.	ANITA	
–  Balloon	pressure	at	equilibrium	
with	ambient	pressure	at	float	
alXtude	

–  Shape	can	change	dramaXcally	
•  ANITA:	40%	drop	in	volume		

•  Super	pressure	balloons	(SPB)	
–  Balloon	pressure	higher	than	
outside	pressure	

–  Stability	due	to	lobed	structure	
–  NASA	test	flights	

•  591NT	–	Dec.	2008,	54	days,	7	
Mr3,	1%	change	in	height,	
diameter	
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EVA	1:20	
scale	
model	
design	

Source:	Raven	Aerostar	



Current	Design	

•  SPB	–	29	Mr3,	payload	would	contain	DAQ,	much	of	the	electronics	
•  Feed	array	–	separate	Vpol	and	Hpol	channels	

–  Elevated	with	respect	to	the	reflector	for	downward	viewing	
–  At	least	three	feed	antennas	tall	
–  ~2000	channels	
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Method	of	Moments		
SimulaXons	with	NEC	

10	

•  Simulates	the	reflector	
using	a	wire	mesh.	

•  Reflector	is	dipole	fed.	

•  OpXmizaXon	of	feed	
posiXon	provides	25	dBi	
of	gain.	

•  Likely	an	under-esXmate	
due	to	sparseness	of	wire	
model	reflector	and	it	
does	not	account	for	the	
non-dipole	feed	gain.	
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XFdtd	ReflecXon	SimulaXon	
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•  FDTD	discreXzes	a	volume	and	applies	Maxwell's	equaXons	on	each	cell.	
•  A	plane	wave	illuminates	the	surface	of	the	balloon	and	its	reflecXon	is	propagated	to	find	the	

focal	point.	
•  A	gain	of	24	dBi	is	achieved	at	the	focal	point.	

Incoming	
plane	wave	
(propagaXon	
direcXon)	

ReflecXve	
Balloon	
Surface	

Focal	
Point	
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SimulaXons	with	GRASP	

12	

•  GRASP	is	the	tool	of	choice	for	reflector	antenna	designers.	

•  Fast,	flexible;	not	Xme	domain		

•  Physical	opXcs	simulator	fully	accounts	for	the	surface	shape	and	the	feed	antenna	gain	
pahern.	

•  Surface	simulaXons	using	an	opXmized	feed	illuminaXon	pahern	results	in	a	peak	of	32	dBi.		

2016-03-01	 EVA	Concept	and	Developments										
UHEAP	2016	



Hang	Test	at	Wallops	Flight	Facility	
(Sept	2014)	

13	

1/20th	scale	model	balloon.	
	

Dual-polarized	sinuous	
antenna	feeds.	

Balloon	and	feed	
system.	
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Scale	Model	Hang	Test	
•  Suspended	a	1:20	scale	
model	balloon	with	limited	
instrumentaXon	

•  Notable	differences	from	
full-scale	
–  Fewer	lobes:	28	vs	280	
–  Only	1	instrumented	receiver	
panel	

–  Reflectors	=	rectangular	
patches,	not	conXnuous	strip	

–  Transmiher	smaller	than	full	
collecXng	area	of	reflectors	
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Reflector	patches	

1	Instrumented	
receiver	panel	



Transmiher/Pulser	

•  Assembled	an	impulsive	signal	transmiher	with	dish		
–  Fast	(1-5	GHz)	pulser,	dual-ridge	horn	antenna,	1.8m	satellite	dish	
–  Tested	and	characterized	using	faciliXes	at	the	OSU	
ElectroSciences	Lab	(ESL)	
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Reflector	

Receiver	

Transmiher	
Dish	

dual-ridge	
horn	antenna	
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Hang	Test	SimulaXon	

•  Limited	signal	region,	less	focused	reflecXons	
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Hang	Test	Results	
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polyethylene film we plan for the full-scale article, as the latter film is still under development, as
an element of this proposal. The microwave reflectivity of the panel material, coated with about
500 nm of vapor-deposited Aluminum, was measured using a waveguide reflectometer and found
to be excellent, consistent with theoretical expectations [51]. A view of the fully-deployed balloon
during the test is shown in Fig. 7.

−2 0 2 4 6 8 10 12 14 16
−0.2

−0.15

−0.1

−0.05

0

0.05

0.1

0.15

p
u
ls

e
 a

m
p
lit

u
d
e
, 
a
rb

. 
u
n
its

EVA 1/20 model pulse gain, 2−5 GHz frequency band

−2 0 2 4 6 8 10 12 14 16
0

0.005

0.01

0.015

0.02

0.025

time, ns

in
te

n
si

ty
, 
a
rb

. 
u
n
its

direct pulse at feed

reflected pulse from
EVA panels

Figure 8: Direct and focused pulse as measured
in our 1/20th scale EVA test, both received
voltage (top) and intensity (bottom).

Prior to inflation of the balloon, we inserted a scale-
model of the antenna feed array membrane through the
top cap of the balloon, which was flanged with a 1 m
opening. The feed array was folded to accommodate in-
sertion, and was married to internal support lines which
drew it out of its folded position during inflation, and
eventually provided both support and a slight outward
tension to give a fully deployed feed array. The feed ar-
ray membrane was instrumented with dual polarization
sinuous patch antennas over a portion of its circum-
ference, and four of these antennas were also instru-
mented with microwave receivers coupled to RF-over-
fiber transceivers which inserted the RF signals into op-
tical fiber, as shown in Fig. 7. The fibers passed through
the top cap bulkhead, and then to an external receiver,
which allowed us to capture the received signals at the
balloon focal plane with minimal transmission losses.

Our goals in this test were to demonstrate that it
was possible to deploy a feed membrane antenna array
within a super-pressure balloon, and that the optics of
the balloon and patch antennas would function as pre-
dicted by antenna models when subject to an external impulsive plane-wave stimulus. To create this
stimulus, a 2.6 meter offset parabolic dish was used as an RF collimator, with a broadband dual-
ridge horn at its feed position giving microwave impulses. The impulse used was short enough that
it could be observed both as it passed by the feed patch antenna initially, and then as it returned
again after being focused by the reflective panels. We made several compromises on the scalability
for the sake of the test: The number of gores was set at 28 for this balloon, rather than 280, to keep
construction simple; and the width of the collimation dish was much smaller than the receiving
width of the reflective panels due to constraints of portability of the dish. These compromises were
understood and incorporated in the models. The results of the microwave test are summarized in
Fig. 8. In the upper pane, the received amplitudes are seen, both for the low-gain feed, and after
focusing by the reflective panels; the bottom pane shows the corresponding intensity of the signals.
It is evident that the temporal coherence of the arriving impulse is preserved in the focused pulse.
The observed pulse gain also matches our model estimates within about 2 dB, a solid validation of
the simulation tools and our methodology. We have thus improved the credibility of the estimates
for the full-scale article.

3 Impact of EVA supporting technology.
The EVA mission has potential to make a profound impact on the field of ultra-high energy neu-

trino and cosmic ray astrophysics, and the supporting technology we propose in this phase II effort
will lead us to a stage where a flight proposal is feasible. The technology development we plan
to undertake will advance capabilities for suborbital investigations using the new superpressure
balloon technology, and the large RF feed arrays we plan to validate will be a unique contribution
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Direct	pulse	

Reflected	
pulse	

Hang	Test	Data	 XFdtd	SimulaXon	Results	

•  Data	from	scaled	model	test	shows	increased	gain	is	achieved	with	pulse	coherence	is	maintained	upon	reflecXon.	
•  The	gain	esXmated	from	this	measurements	is	~11.4	dBi.	
•  GRASP	simulaXons	of	the	scaled	model	antenna	predict	11.5	dBi	while	XF7	predicts	10.0	dBi.	
•  Results	are	consistent	within	~2	dBi	lending	credibility	to	the	EVA	concept.		



Expected	EVA	Results	
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•  Also	expect	~300	cosmic	ray	events	from	geomagneXc	effects	
EVA	Concept	and	Developments										
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Design	Improvements	

•  Compact	folding	design	permits	larger	feed	array	through	the	top	
•  Preliminary	bowXe	antenna	design	improves	gain	over	sinuous	antenna	

–  UnidirecXonal,	meets	gain	requirements	of	opXmal	feed	antenna	(GRASP	
simulaXons	give	~31	dBi	)	

–  Not	flat	but	could	be	deployed	in	situ		
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Top-down	view	of	compacted	feed	array		



Summary	
•  EVA	is	a	novel	design	that	uses	
the	balloon	itself	as	part	of	the	
antenna	

•  Would	increase	gain	by	a	factor	
of	~100	over	previous	radio	
neutrino	experiments	

•  Hang	test	1:20	scale	model	was	
tested	(2014)	and	results	are	
consistent	(within	2	dB)	with	
simulaXon		

•  Proposal	and	development	in	
progress	for	full	scale	detector	
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Backup	
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Challenge	
•  Bow-Xe	shape	
•  Collapsible	
•  Self-deployable	
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•  		
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