
FNAL to DUSEL long baseline experiment
• Milind Diwan (BNL, USA) 6/16/2009  CAEAI Briefing

•

1

300 kT water 
Cherenkov 

Tuesday, June 16, 2009



!"#$%!&%'()(*(#)!+)$,*!'#-!./0!

1234!5%6%7!

Supporting Information and Relevant Graphics 

(May 9, 2008) 

 

!"#$!"%&!
!

'#()

*+%,,-.!/0-12!

3%/4!5!!678#9&(:#!;%$#!<!=>?@!-#A#-!%$!+#-(&%7$!&7!&7"7/+("2.!($)!8(%$!92(B&9!C678#9&(:#!

7+%/%$(-!)(&(!D(9#E4!

Beam

The Detector @ homestake

Tuesday, June 16, 2009



  

MEGATON MODULAR MULTI-PURPOSE NEUTRINO DETECTOR

Mark A. Laurenti November 2007

! Chamber Design

Controlled Blasting in Chamber

Could use Instrumented Cables 
for Engineering / Geotechnical 
Study

(Former Homestake Chief engineer)
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MEGATON MODULAR MULTI-PURPOSE NEUTRINO DETECTOR

Mark A. Laurenti November 2007

! Modular Configuration

Rock removal at 5000L (new)

Parallel Access tunnel at 4850L (new)

180 ft dia

muon rate/cavern 0.1-0.3 Hz
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     IMB
  3 ktons

Kamiokande
    1 kton

Super-Kamiokande
      22 ktons

Water Cherenkov Detector

1 module fid:100 kT

53M I.D.

85M I.D.

300 kT
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Why deep ? Cosmic Muons

7

Depth (mwe) Rate (Hz) Spallation (Hz)

0 500 kHz 8.5 kHz

265 3 kHz 50 Hz

880 400 Hz 7 Hz

2300 5 Hz 0.1Hz

2960 1.3 Hz 0.022Hz

3490 0.6 Hz 0.010 Hz

3620 0.26 Hz 0.0044 Hz

4290 0.09 Hz 0.002 Hz

Uncorrelated rate ~ few 
hundred/day

Tuesday, June 16, 2009



Various Signal Event Rates

8

Physics Rate/100kT/yr Energy Range

1 MW, 120 GeV 
FNAL Beam ~30000 0.5-10 GeV

Proton decay 1 1 GeV

Atmospheric nu 14000 1-100 GeV

Solar nu_e 45000 >5 MeV

Supernova at 
10kpc 23000 >5 MeV

Relic Supernova 30 15-25 MeV
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Amount of signal
Water Cherenkov spectrum
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Normalized Spectrum
1 GeV Mu after 25 m of water

Detected with
bi-alkali photo-cathode

Efficiency = 0.20

5 MeV = 25 p.e.

for 25% coverage with
20 % Q.E.

Gammas, Showers 
fluctuate due to 
electrons below 

threshold 
n=    1.35         1.34      1.33                        
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Muon Pattern

Multiple scattering limit is ~1-2 deg. 

For average light path length of 25 m  => 
~50 cm spacing between tubes is sufficient. 
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PMT R&D
• Issues are: making 150000 tubes in 6 years 

time, their efficiency, and their pressure 
performance. 

• If PMTs can stand higher pressure, the 
cavern can be taller => more fiducial 
volume. 

• Have had meetings with Photonis and 
Hamamatsu: no barrier to PMT production 
except money.
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M.Diwan

PMT considerations
10 inch R7081 20 inch R3600

Number (25% cov) ~50000 ~14000

QE 25% 20%

CE ~80% ~70%

rise time 4 ns 10 ns

Tube length 30 cm 68 cm

Weight 1150 gm 8000 gm

Vol. ~5 lt ~50 lt

pressure rating 0.7Mpa 0.6Mpa

∢ coverage/pmt 0.6 deg 1.1 deg

∢granularity 1.0 deg 2.1 deg
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M.Diwan

PMT: further choice
Items

Example

12-inch PMT

R7081

10-inch PMT

R5912

8-inch PMT

Diameter 300 mm 253 mm 202 mm

Effective Area 280 mm min. 220 mm min. 190 mm min.

Tube Length 330 mm 245 mm 220 mm

Dynodes LF/10-stage LF/10-stage LF/10-stage

Applied Voltage 1500 V 1500 V 1500 V

GAIN 1.00E+07 1.00E+07 1.00E+07

T.T.S.(FWHM) 2.8 ns 2.9 ns 2.4 ns

P/V Ratio 2.5 2.5 2.5

Dark Counts 10,000 cps 7,000 cps 4,000 cps

Characteristics Comparison of Large PMT

NEW !
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M.Diwan
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We are focussed on the R7081 tube
It is more efficient than the R3600.  

25% *R7081 => 35% *R3600
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M.Diwan

Baseline Plan
• The Baseline plan is R7081 with 

25%cov*25%QE(Learned recently that high QE 
can be made at same rate). 

• The correct number to look at is 
Coverage*QE*Collection eff. 

• We will need 30000 to 60000 per chamber 
depending on shape and QE to obtain similar 
amount of light collection as SK.  

• R7081 has been used by Icecube. There is also 
production for other projects. 

• Only issue for us is pressure performance.
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M.Diwan

SuperK incident. 
• On November 12, 2001, a single failed 

20 inch PMT at the bottom of the tank 
caused a chain reaction and imploded 
6777 out of 11146 PMTs. 

• Support structure, black optical 
barriers, cables, suffered damage. 

• Subsequent analysis: time to generate 
shockwave ~ 10 ms,  shock strength on 
neighbor ~ >10 MPA, 50 microsec. 
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What kind of information ?
• Pressure at implosion

• Implosion process. (fast motion 
movie), photos

• Pressure pulse

Breakage 
at pins
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Pressure History of 6 R7081 Tests

All break 
same way

ta4769
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Typical R7081 failure 
(TA3085 failed at 13.4 bar)

0 ms 2 ms

4 ms 6 ms

20

base

dome

first break at pins

dynodes break 
thru dome

This sequence can be followed with fast pressure tranducers
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Pressure Versus Time at Implosion
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ETL tube #2 

sn 8629 2 microsec/framebroke at 104 psi
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EMI 9350ka sn8629
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Materials 

• http://nwg.phy.bnl.gov/~diwan/300kt/

• analysis example

• J. Acoust. Soc. Am. 121 (2), Feb. 2007

• Stephen E. Turner, Underwater implosion 
of glass spheres, Naval Undersea 
Warfare Center, Newport RI.  
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Simulation from paper

were deleted at one instant, allowing the water to instantly
flow inward from all directions, the duration of the collapse
is a minimum !0.462 ms". For the cases with finite glass
failure rates, the presence of the elements restricts the in-rush
of water, causing the collapse to take longer. It was found
that as the glass failure rate was decreased, the peak pressure
decreased. One exception is that the model results for the
infinite failure rate predict a peak pressure of 32.2 MPa,
which is 1.5% lower than the peak pressure for the 1830 m/s
case !32.7 MPa". Further review of the model results indi-
cated that the blocked cells located below the glass sphere
restrict the in-rush of water from the bottom. For the infinite
failure rate case, the water begins to flow inward from all
directions the instant the rigid elements are deleted. There is
limited water available between the blocked cells and the
bottom of the glass sphere, which restricts the flow rate from
the bottom. Consequently, the flow restriction causes the gas
bubble to migrate toward the blocked cells. However, for the
cases with finite failure rates, the first rigid elements to be
deleted are at the bottom, causing the initial in-rush of water
to be in the +z direction. After all the rigid elements are
deleted, the collapsing gas bubble has momentum in the +z
direction. The combination of an 1830 m/s element deletion
rate starting at the bottom and the restricted flow rate from
the bottom, simply produces a more symmetric collapse !and
higher peak pressure" than is observed for the infinite failure
rate case.

The computational analyses followed the simplifying as-
sumption that the glass failure rate was uniform with respect
to time and space, and that the rigid elements remain station-
ary until they are deleted. Even though these assumptions
were not verified directly, the pressure time history for the
275 m/s glass failure rate provides a reasonable representa-
tion of the measured pressure time histories. The results for
the 275 m/s analysis case are overlaid on the data from tests
1 to 4 in Fig. 12 !again, aligning the peak pressures at
0.8 ms". The 275 m/s case was selected because the peak
pressure of 26.6 MPa matches the test data peak pressures
!25.8–27.2 MPa". Additionally, the analysis matches the
data with respect to the duration of the collapse, the pressure
drop during the collapse, and the shape/duration of the posi-

tive pressure peak. The start of collapse was defined as the
time at which the local pressure at the sensor drops below
99% of the hydrostatic pressure. The end of the collapse is
considered to be the point at which the local pressure in-
creases to the hydrostatic pressure. In each of the four tests,
the duration of the collapse is between 0.505 and 0.6 ms. The
275 m/s analysis case had a slightly lower collapse time of
0.473 ms. The pressure drop for the test data !all three sen-
sors and all four tests" is 1.624 MPa; for the analysis case, it
is 1.87 MPa. Finally, the model results agree well with the
test data with respect to the shape and duration of the posi-
tive pressure peak. Even the minor peak on the tail of the
pressure peak is captured by the analysis. This corresponds
to reflection from the test stand/mechanical initiator.

IV. CONCLUSIONS

The primary conclusion is that a computational model of
an underwater implosion event must include the structure
that separates the low pressure air from the high pressure
water. If the structure is neglected, the model will overpre-
dict the peak pressure. To support this conclusion, four ex-
periments were conducted with glass spheres subject to hy-
drostatic pressure at, or near to, the failure load. The use of
brittle glass was expected to result in near instantaneous
structural failure. However, a computational model that does
not account for the glass structure !instantaneous failure" was
found to overpredict the peak pressure by 44%.

A uniform failure rate !in time and space" was imple-
mented in the model to determine its influence on the pres-
sure time history. Failure rates from the maximum crack
propagation speed of 1830 down to 200 m/s were evaluated.
Model results were found to agree with the test data when a
structural failure rate of 275 m/s used. Since the rate of the
collapse determines the momentum of the water as it ap-
proaches the point of closure, it is reasonable to expect good
agreement with the peak pressure if the collapse rate has
been determined.

Finally, the constant failure rate of 275 m/s is an effec-
tive value that only applies to the set of test conditions de-
scribed. It is expected that the failure rate would change if

FIG. 12. Comparison of pressure time histories
between experiments and DYSMAS calculation.

J. Acoust. Soc. Am., Vol. 121, No. 2, February 2007 Stephen E. Turner: Underwater implosion of glass spheres 851

was specified in m/s measured around the circumference. As
the rigid elements were deleted, the high pressure water
flowed into the sphere, compressing the low pressure air. The
flow area increased with time until all the rigid elements
were deleted. The local water pressure at the sensors re-
sponded to the water in-rush, as the sphere filled, and to the
sudden decrease in water velocity when the compressed air
reached a minimum volume. Additionally, since the rigid el-
ements have no thickness, the model included a
0.762-mm-thick layer of sand on the inside of the rigid ele-
ments. The sand represents the volume of incompressible
glass after structure has failed. A P-! equation of state is
used for the sand.11

III. RESULTS

A. Glass failure by hydrostatic instability

Each of the four tests was conducted with glass spheres
subject to an external hydrostatic pressure of 6.996 MPa and
an internal pressure of 101.3 kPa. In test 1, structural insta-
bility occurred without activating the mechanical initiation
device. Consequently, the point of failure initiation with re-
spect to the sensors was unknown. The pressure time history
for each sensor of test 1 is plotted in Fig. 7. Each curve was
shifted in time by the same amount such that the peak pres-
sure for sensor 1 occurs at 0.8 ms. Due to symmetry condi-
tions, the pressure time histories of sensors 2 and 3 align
with sensor 1 in time. The beginning of the collapse is ob-
served as a decrease in the pressure at the sensors, which
occurs between 0.12 and 0.16 ms. As the high pressure water
rushes in to compress the low pressure gas, the local water
pressure decreases by 1.6 MPa, according to Bernoulli’s
principle. The collapse phase ends when the gas reaches a
minimum volume !closure"; and the velocity of the water
must go to zero. The large hydrostatic pressure used in these
experiments caused the water to achieve a very high velocity
during the collapse phase. Upon closure of the gas volume,
the rapid change in water momentum caused compression of
the water, and released a pressure wave in the outward radial
direction. The pressure wave propagates toward the pressure
vessel wall and then is reflected back toward the center. The
distance between the sensors and the wall of the pressure
vessel is 66 cm. In fresh water, the time for the pressure
wave to travel from the sensor to the wall and back is about
0.9 ms. Therefore, the onset of reflections in the pressure
time history is expected at 1.0 ms. Had the experiments been
conducted at a lower hydrostatic pressure a lower peak pres-
sure would be expected. The peak pressure is influenced by
compression of the water and reexpansion of the compressed
gas volume. The momentum of the in-rushing water during a
collapse is dependent on the differential pressure !hydrostatic
pressure minus initial gas pressure". Even if the momentum
of the in-rushing water is not sufficient to cause the water to

FIG. 6. Description of axisymmetric GEMINI model.

FIG. 7. Pressure time history for test 1.
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Problem 1 
• Assume instantaneous glass failure and 

calculate the pressure history for following 
conditions

• 10, 12 inch diameter sphere with 
vacuum

• infinite volume.  6 bar of static pressure 
at failure. 

• 40 cm, 50 cm, 100 cm distances. 
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Problem 2

• Introduce some boundary conditions in 
problem 1. In particular,

• Place tube 50 cm, 70 cm, 100 cm from 
tank wall. 

• calculate pressure history at neighbor’s 
location 30 , 50, 100 cm away. 
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Problem 3
• Introduce different failure modes in the 

tubes and introduce asymmetries. Two 
failure modes most important

• Complete Dome failure. Assume back 
remains intact.

• neck failure. Assume Neck failure only 
and water rushes in. 

• use measured time constants in the 
calculation.  
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Problem 4

• Mitigation of shock wave on neighbors. 

• Introduce a simple rigid cylindrical baffle 
around PMT.  

• calculate the shock wave field around 
the tube and in particular the neighbors 
and opposite wall.  
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Problem 5

• How to validate the calculations ? 

• This is more open-ended at this moment, 
but a design for a test would be helpful.   
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