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- The 1-st run with the BF3 detector in IR-2: 1.29.2004

- Place the counter next to Q4 outboard flange next to LER side. The same flange

on the backward side is the source of background for DIRC.

- The proportional tube, filled with BF3 gas, is 1” dia., and about 6” long.

The polyethylene cylinder is about 5” dia. , and 8-9” long. The wall thickness is

2”. The  cylinder sits vertically on top of CsI #2 about 5” from Q4 flange.

- BF3 detector is imbedded in the polyethylene cylinder.

Location

of the

BF3

counter

J.Va’vra, The last entry: 10.30.2008
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•  Neutron	  source	  
from	  radia@ve	  
Bhabha	  scaCering	  
striking	  flange	  

•  Confidence	  from	  
low	  neutron	  rate	  
with	  HER	  or	  LER	  
only	  in	  ring	  

•  No	  residual	  ac@vity	  
•  Three	  neutron	  

detectors	  installed	  
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Simulation of the neutron yield by Fluka (by A. Fasso)
1) Iron slab:

Neutron rate per cm2, or flux Phi(E) , produced by 4 and 8 GeV electrons striking 20cm x 20 cm, 5

cm thick slab (flux monitored downstream of a face):

Rate plotted per unit of lethargy (Phi(E)*E vs. log(E)), which gives a better idea of where most

neutrons are. They peak around 1 MeV as in a typical evaporation spectrum:

Energy spectrum from FLUKA 
simulation: 
4-8GeV electrons hitting FE slab 
Gives ~1 MeV neutrons 
Negligible thermal neutrons in Babar 
(measure without Polyethylene) 

J.Va’vra, The last entry: 10.30.2008
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Mike Sullivan’s trajectories of radiative Bhabhas:
Super B-factory workshop in Hawaii, 2004

Forward direction:

Backward direction:

Two sources from Bhabha scattering hitting 
flanges (backward side only below) 
Backward side more important (lower energy)? 



Neutron	  Detectors	  
•  BF3	  gas	  propor@onal	  counters	  

–  B(n,α)Li	  dominant	  reac@on,	  large	  cross-‐sec@on	  for	  En<100eV	  
–  Wrapped	  in	  2”	  polyethylene	  to	  moderate	  neutrons	  
–  Calibrate	  with	  Pu238-‐F	  neutron	  source:	  1.5MeV	  neutrons	  (close	  
to	  expected	  neutron	  spectrum)	  
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90% efficient for thermal neutrons (~0.02eV) 
Few percent for 100eV neutrons 
 
Measured detection efficiency ~2-3% (with  
Polyethylene) 

J.Va’vra, The last entry: 10.30.2008
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c) Source on a side of the BF3 counter (~2 inches of polyethylene)

1V/div, 5µs/div

 

  a) No small pulses – trigger the scope on a very few gammas

  b) A huge pile up since the source is hot

  c) Measure 245237 counts/10 seconds, i.e., ~24.5kHz

  d) Measure 250243 counts/10 seconds, i.e., ~25kHz

- BF3 tube #2 at +2kV

d) Repeat (c)

a) Measure 242799 counts/10 seconds, i.e., ~24.2kHz

e) Repeat (b)

a) Measure 15923 counts/10 seconds, i.e., ~1.6kHz

b) Repeat: 16345 counts/10 seconds, i.e., ~1.6kHz

- The detection efficiency depends on the geometry. The
  most efficient way is to put the counter perpendicularly to

  beam pipe.

- We have two excellent neutron detectors!!

- “Action items” (this word should be forbidden in science…):
- Put one next Q4 magnet on the forward side to test things.

- It is up to the BaBar management to open the forward door ASAP.

- Put two counters, one with a polyethylene and one without.
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Figure 1. BABAR detector longitudinal section.

• excellent energy and angular resolution for
the detection of photons from π0and η0 de-
cays, and from radiative decays in the range
from 20 MeV to 4 GeV;

• very good vertex resolution, both transverse
and parallel to the beam direction;

• efficient electron and muon identification,
with low misidentification probablities for
hadrons. This feature is crucial for tagging
the B flavor, for the reconstruction of char-
monium states, and is also important for
the study of decays involving leptons;

• efficient and accurate identification of
hadrons over a wide range of momenta for

B flavor-tagging, and for the reconstruction
of exclusive states; modes such as B0 →
K±π∓ or B0 → π+π−, as well as in charm
meson and τ decays;

• a flexible, redundant, and selective trigger
system;

• low-noise electronics and a reliable, high
bandwidth data-acquisition and control sys-
tem;

• detailed monitoring and automated calibra-
tion;

• an online computing and network system
that can control, process, and store the ex-
pected high volume of data; and
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Figure 28. Longitudinal section of the DCH with principal dimensions; the chamber center is offset by
370 mm from the interaction point (IP).

also eliminates the need for a massive, heavily
shielded cable plant.

A longitudinal cross section and dimensions of
the DCH are shown in Figure 28. The DCH is
bounded radially by the support tube at its in-
ner radius and the DIRC at its outer radius. The
device is asymmetrically located with respect to
the IP. The forward length of 1749 mm is chosen
so that particles emitted at polar angles of 17.2◦

traverse at least half of the layers of the chamber
before exiting through the front endplate. In the
backward direction, the length of 1015 mm means
that particles with polar angles down to 152.6◦

traverse at least half of the layers. This choice en-
sures sufficient coverage for forward-going tracks,
and thus avoids significant degradation of the in-
variant mass resolution, while at the same time
maintaining a good safety margin on the electri-
cal stability of the chamber. The DCH extends
beyond the endplate by 485 mm at the backward
end to accommodate the readout electronics, ca-
bles, and an rf shield. It extends beyond the for-
ward endplate by 68 mm to provide space for wire
feed-throughs and an rf shield.

6.2.2. Structural Components
Details of the DCH mechanical design are pre-

sented in Figure 29. The endplates, which carry
an axial load of 31,800kN, are made from alu-
minum plates of 24 mm thickness. At the forward

end, this thickness is reduced to 12 mm beyond
a radius of 46.9 cm to minimize the material in
front of the calorimeter endcap. For this thick-
ness, the estimated safety margin on the plastic
yield point for endplate material (6061T651 alu-
minum) is not more than a factor of two. The
maximum total deflection of the endplates under
loading is small, about 2 mm or 28% of the 7 mm
wire elongation under tension. During installa-
tion of the wires, this small deflection was taken
into account by over-tensioning the wires.

The inner and outer cylinder cylindrical walls
are load bearing to reduce the maximum stress
and deflections of the endplates. The stepped
forward endplate created a complication during
the assembly, because the thinner forward end-
plate would deflect more than the thicker back-
ward endplate. The outside rim of the forward
endplate had to be pre-loaded, i.e., displaced by
2.17 mm in the forward direction, to maintain the
inside and outside rims of the rear endplate at the
same longitudinal position after the load of the
wires was transfered from the stringing fixture to
the outer cylinder.

Prior to installation on the inner cylinder, the
two endplates were inspected on a coordinate-
measuring machine. All sense wire holes, as well
as 5% of the field and clearing field wire holes,
were measured to determine their absolute loca-
tions. The achieved accuracy of the hole place-

Drift Chamber Electronics 
48 FPGAs (arranged in quadrants of 
the wire chamber)  

FPGAs in radiation area….can we learn anything? 



Source	  Loca@on	  And	  Fluxes	  
•  Use	  simula@on	  and	  neutron	  counters	  to	  iden@fy	  
single	  main	  (ignore	  2nd	  source	  in	  calcula@on)	  source	  

•  Extract	  neutron	  background	  environment	  from	  
source	  loca@on	  and	  intensity	  
–  Assume	  point	  source	  and	  4pi	  emission	  
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Neutron	  detector	  	  

Distance	  from	  source:	   240cm	  

Incident	  rate	   6.38e5	  Hz	  

Flux	   2.2e3	  Hz/cm2	  

DCH	  electronics	  

Distance	  from	  source:	   ~250cm	  

Flux	   ~2.0e3	  Hz/cm2	  
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Experiment	   FPGA	  type	   Footprint	   Neutron	  cross-‐
sec=on	  per	  Bit	  

FIT/Mb	   #	  configura=on	  bits	  
(used/max)	  

BaBar	   Xilinx	  Spartan	  3,	  
90nm	  (XC3S1500)	  

23x23mm	   2.40x10-‐14	  
(3.48x10-‐14)	  	  

190	  (173)	   2M/5.2M	  

HPS	  (?)	   Xilinx	  5	  series,	  65	  
nm	  (XC5VFX30T)	  

27x27	   6.7x10-‐15	  
(3.96x10-‐15)	  	  

165	  (692)	   2M/9.7M	  

HPS	  (?)	   Xilinx	  7	  series,	  
28nm	  (XC7A100T)	  

27x27	   6.99x10-‐15	  
(6.32x10-‐15)	  	  

79	  (31)	   2M/?M	  

Two definitions 
1.  Standard FPGA soft error rate measure is FIT 
FIT: # Failures per 109 hours (sea level neutron flux)  
=>FIT/Mb: FIT per 106 bits (configuration or RAM)  
2. Neutron cross-section per bit 
Measured with irradiation ~1-100MeV neutrons at LANL (~40k feet spectrum) 
Measured per bit (configuration or RAM)  

FPGA for HPS has ~70% lower neutron cross-section (and x2.4 better FIT) 
Assuming same area, neutron flux and configuration bits: expect ~22% SEU rate 



Failure	  Rate	  Predic@ons	  for	  HPS	  

•  f	  
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Experiment	   FPGA	  type	   #	  FPGAs	   Neutron	  cross-‐sec=on	  per	  Bit	   FPGA	  footprint	   SEU/day	  

BaBar	   Xilinx	  Spartan	  3,	  90nm	  
(XC3S1500)	  

48	   2.40x10-‐14	  (3.48x10-‐14)	  	   23x23mm	   1	  

HPS(?)	   Xilinx	  5	  series,	  65nm	   12	   6.7x10-‐15	  (3.96x10-‐15)	  	   27x26mm	   <<1	  

HPS(?)	   Xilinx	  7	  series,	  28nm	   12	   6.99x10-‐15	  (6.32x10-‐15)	  	   27x27mm	   <<1	  

Takes into account: 
-  Footprint 
-  SEU susceptibility 

Assumes 
-  Same nr of configuration/RAM memory 

blocks 
-  Same neutron flux profile  
 
Uncertainty: all in all factor of 2-3? 
 
Conclusion so far:  
-  hard to make this a huge problem? 
-  Mitigate with detection mechanisms 


