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Studies of the North American 
central high plains for the next 
large cosmic ray experiment

Prof. Nick Solomey
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Abstract:
A series of ongoing studies of the suitability of the Colorado-

Kansas-Oklahoma high plains has been going on since 
2010 as a possible location of the next large cosmic ray 
experiment. These studies have included the necessary 
features of a flat high altitude plateau, but the next large 
cosmic ray experiment will also need a vastly greater area 
than current ongoing experiments with a final aim towards 
a 100 by 100 mile area. This brings new problems such as 
communication system and air quality studies. Concluding 
with a summary of the usefulness of the North American 
central high plains of Eastern Colorado, Western Kansas 
and the Oklahoma panhandle for the location of the next 
very large area cosmic ray experiment.
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Location
This area has the 

basic necessary 
properties:
– Large flat landscape
– High Altitude
– Clear skies
– Infrastructure with 

low population 
density

NM
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Science

A large cosmic ray experiment would 
have multiple major science goals:

>>  Astro-particle physics questions such as Cosmic-ray 
origin, acceleration mechanism, relics of big bang

>>> Preform new fundamental Particle Physics such as ultra 
high energy cross sections, new super large mass 
particles (Super symmetry, GUT or other new physics) 
after all we may never be able to build a larger energy 
accelerator than CERN's LHC and cosmic rays may be 
our only way to continue to look for higher energy states.
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The RDA array in southeast Colorado 
 RDA

 10 tanks 
 11 communication stations

 7 stand-alone masts
 4 towers (including concentrator)

 Main objectives
 Test new communication scheme
 Test new tank design and SD electronics

 Deployment status (as of Jan 2012)
 All 10 SDs deployed with power system

 Top insulation installed early January
 SD electronics installed on all tanks
 At least two liners are leaking (tanks R and D)
 No signal from one tank PMT (tank B)

 All 7 masts & 3 towers deployed in the field 
with power system
 SD electronics installed only on some (GPS 

antenna issues)
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Surface detector assembly

Battery boxes
(UNM) in Lamar
Batteries (CSM)

PMTs & Bases (IPN Orsay)

Enclosures (Grenoble)

Water (CSU - Pueblo)

Liners (CSU)

Tanks (Brazil / Fermilab)

Solar panels (CSM)

Mast & solar panel assemblies 
(Fermilab / CSM)

Antennas (CSM)
Grounding (CSM)

SD electronics (IPN / APC)

Weather enclosures (UNM)

Comms electronics (MTU / KVI / CSM)

Power controllers (KVI)

GPS (CWRU)

Mechanical
Power system
Comms
SD electronics

LED flashers (Torino)

Regulators
(Fermilab)

Hatch covers (Fermilab)

Side/Top Insulation (CSU)

Cables / conduits (UNM / CSM)

(not to scale)
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Grounding
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To/from antenna

Comms goes here

TPCB

Canbus 
from LED driver

From solar panel

To/from battery

Vent

Diagnostic
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Electronics schematic

Base

Front-end

Local Station Controller

LED driver

GPS board

GPS antenna

To LED flasher

Tank Power Control 
Board (TPCB)

Comms - baseboard

Comms - RF board

To / From 
antenna

CANbus chain

Anode
Power
Dynode

External trigger

From solar panel

To / From battery
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SD electronics 
enclosure

5th dynode

Front end board

HV / anode

GPS board

Local station 
controller

GPS 
antenna

PMT base

SD electronics integration at CSM (June 15)

CANbus

SD electronics
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SD electronics
(FE + LSC)

GPS antenna

LED
driver

PMT “stabilizer”

Diagnostic

External 
trigger

LED 1&2

Canbus
loop
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Test in the field - June 17
SD electronics

L.Guglielmi
(APC)

H.Meyer
(WSU) J.Thompson & O.Wolf

(Mines)

Battery voltage (V)

Temperature (ºC)

Humidity (%)

Diagnostics:

Pictures from L.Guglielmi & H.Meyer

Cosmic-ray anode

anode x 0.1

dynode
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Top Insulation
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Standalone mast assembly

Battery boxes
(UNM)

Batteries (CSM)

Solar panels (CSM)

Standalone mast & solar panel 
assemblies (Fermilab / CWRU)

Antennas (CSM)
Grounding (CSM)

Weather enclosures (UNM)

Comms electronics (MTU/KVI/CSM)

Power controllers (KVI)

Mechanical

Power system

Comms

Regulators
(Fermilab)

Cables / conduits (UNM / CSM)

GPS (CWRU)
LSC (APC)

Extra weather enclosure (CSM)

(not to scale)
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TPCB + Comms

LSC + GPS
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Tower assembly

Solar panels (CSM)

Commercial towers (CWRU)

Antennas (CSM)
Grounding (CSM)

Weather enclosures (UNM)

Comms electronics (MTU / KVI / CSM)

Power controllers (KVI)

Mechanical

Power system

Comms

Deployed

Not deployed yet

Battery boxes
(UNM) in Lamar
Batteries (CSM)

Regulators
(Fermilab)

Solar panel brackets: Fermilab 
(design) / CWRU (fabrication)

GPS (CWRU)

LSC (APC)

Cables / conduits (UNM / CSM)

Extra weather enclosure (CSM)

(not to scale)
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Orlen Wolf

Leonard Pruett

TPCB + Comms

LSC + GPS



19
/24



20
/24

Tank D
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The RDA HQ tower
Two antennas?

Outside box(es) or cable(s) go inside?

?
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Air quality

The main concerns are:
– Air quality for florescence light
– Darkness of the area
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Air Quality

Observation of Vega with and without 
filters show the relative air transparency 
quality as very good.
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Air quality

Cities in the area are a concern due to Air 
Night Glow, but even just 2 miles outside 
of the small cities the darkness is 
spectacular.
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Air Glow Comparison -- Lower is better
Both eastern CO and western KS are really dark
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AN array (Newton, KS)
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Conclusion
A two hour meeting with DOE, NSF and 

NASA in Washington DC has suggested:
– There will only be one next very large cosmic ray 

experiment and all of those interested should come 
together to help formulate how, where and when such a 
project is needed. They envisioned current students of 
now operating cosmic ray experiments would be the new 
leaders to design and analysis the data for new physics.

– Our test array does not determine what technology will 
be used, but we had to use something to compare and 
evaluate the area.

– A large area cosmic ray experiment fills a gap between 
small shower experiments and space born super high 
energy showers and should not be ruled out.
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Conclusion

We have been funded by a 3 year DOE 
grant of $1,000,000 that has allowed us 
to do the Colorado, Kansas & 
Oklahoma site evaluation studies:
– Communication system
– Small cosmic ray array
– Air quality studies (by WSU & Bethel College)

The Eastern Colorado, Western Kansas 
and Oklahoma panhandle high planes 
area seems well suited for a future large 
cosmic ray experiment
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