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Systems	  In	  Place	  (Veto-‐shield)	  
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•  32	  m	  x	  14.5	  m	  x	  11	  m	  
cavern	  

•  Covered	  top	  and	  sides	  with	  
proporQonal	  tubes	  

•  Neutron	  MulQplicity	  Meter	  
(NMM)	  placed	  toward	  the	  
north-‐west	  (lead	  stack	  
visible	  at	  leT)	  



Veto-‐Shield	  ProporQonal	  Tubes	  
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Center	  fed	  wires	  at	  2350	  V	  



Systems	  In	  Place	  (NMM)	  
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1	  µs	  Correlated	  Timing	  
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•  Symmetricom	  card	  
synced	  to	  GPS	  

•  Front	  end	  
electronics	  count	  a	  
disciplined	  5	  MHz	  
signal	  

•  DAQ	  computer	  
records	  the	  absolute	  
Qme	  of	  every	  event	  
–	  best	  accuracy	  
about	  ~	  1	  µs	  



1	  µs	  Correlated	  Timing	  
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1	  µs	  Correlated	  Timing	  
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•  Symmetricom	  card	  
synced	  to	  GPS	  

•  Time	  latched	  in	  
response	  to	  
hardware	  trigger	  
from	  NMM	  

•  DAQ	  computer	  
records	  the	  absolute	  
Qme	  of	  every	  event	  
–	  best	  accuracy	  
about	  ~	  1	  µs	  



1	  µs	  Correlated	  Timing	  
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Making	  a	  Facility	  	  
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•  Each	  quadrant	  (approx.)	  of	  the	  shield	  read	  out	  by	  an	  
independent	  DAQ	  

•  Other	  detectors	  inside	  the	  shield	  can	  be	  synced	  (like	  
the	  NMM)	  to	  record	  coincident	  events	  



The	  Physics	  Case	  
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•  Generally	  the	  facility	  has	  the	  ability	  to	  examine	  the	  
topology	  of	  events	  of	  cosmogenic	  origin	  deep	  
underground	  

	  
•  Specific	  analyses	  can	  constrain	  simulaQons	  (2	  ex.)	  
•  In	  conjuncQon	  with	  NMM	  can	  discover	  how	  HE	  

neutrons	  correlate	  to	  remote	  cavern	  muons	  
•  Tagging	  verQcal-‐going	  single	  muons	  will	  be	  used	  

to	  study	  mulQple-‐muon	  (muon	  bundle)	  events	  
	  

•  Use	  with	  exisQng	  experiments	  as	  acQve	  ‘veto’	  or	  as	  
tagger	  for	  background-‐type	  events	  



Coincident	  Events	  
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Muons	  with	  NMM	  (special	  NMM	  run)	  

•  Track	  these	  muons	  across	  the	  shield	  	  
•  Use	  the	  muon	  NMM	  data	  to	  help	  with	  muon-‐bundle	  

analysis	  
•  Have	  about	  ~	  1	  month	  of	  good	  correlated	  muon	  data	  

Below	  
NMM	  

Ceiling	  



Coincident	  Events	  
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Neutrons	  with	  NMM	  

•  Structure	  in	  the	  Qming	  spectrum	  provides	  info	  about	  corr.	  acQvity	  
•  This	  effort	  will	  extend	  and	  improve	  the	  NMM’s	  primary	  goal,	  by	  

answering	  quesQons	  about	  the	  parent	  muons	  related	  to	  the	  HE	  
neutrons	  

•  Have	  about	  ~	  6	  months	  of	  good	  correlated	  muon	  data	  

Delayed	  structure	  from	  
mult.	  trigger	  



The	  CDMS	  Experiment	  	  
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•  CDMS	  detector	  located	  outside	  the	  shield,	  searching	  
for	  rare	  WIMP	  scaier	  events	  

•  Does	  have	  instrumentaQon	  with	  a	  GPS	  signal	  and	  
Symmetricom	  readout	  

•  Also	  equipped	  with	  an	  outer	  scinQllator	  veto	  	  



CDMS	  Coincidences	  and	  Data	  Period	  
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•  LeT	  is	  a	  sample	  
correlaQng	  with	  only	  
CDMS	  events	  with	  
CDMS-‐veto	  acQvity	  

•  The	  Veto-‐shield	  
acQvity	  period	  spans	  
from	  about	  June	  2012	  
to	  present,	  
overlapping	  with	  the	  
SuperCDMS-‐Soudan	  
runs	  



CoGeNT	  and	  C4	  	  
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Not visible in Fig. 2 is an active muon veto composed of
10 flat panels surrounding the HDPE shield, with six
120 cm! 120 cm panels on the sides and four 100 cm!
100 cm panels covering the top with considerable overlap
and overhang. The veto panels are 1 cm thick and readout
via a single photomultiplier tube (PMT) located at the

center of each panel. The light collection efficiency was
measured at a grid of positions in the panels using a
low-energy gamma source, observing a minimum yield at
all locations better than 50% of the central maximum.
A "90% geometric coverage of the shield is estimated
for this muon veto. Further discussion of its efficiency is
provided in Sec. IVA.

B. Data acquisition

Figure 3 shows a schematic of the data acquisition
(DAQ) system used in the present CoGeNT installation at
SUL [12]. It combines analog amplification of detector
pulses with digitization of preamplifier traces, the second
permitting the rejection of events taking place near the
surface of the germanium crystal via rise time cuts [4].
An initial data taking period from the end of August 2009
to 1 December 2009 did not include preamplifier trace
digitization. This period allowed for the decay of short-
lived cosmogenic isotopes (e.g., 71Ge with t1=2 ¼ 11:4 d).
In early December 2009 a third National Instruments
PCI-5102 digitizer card was installed to collect preampli-
fier traces. During this initial period a parallel DAQ system
based on the GRETINA Mark IV digitizer [13] was
also tested, but found to provide limited information for
low-energy analysis [14].
A pulse-reset preamplifier, typically employed for

silicon X-ray detectors, is used in combination with a
field-effect transistor (FET) specially selected to match
the PPC’s small ("2 pF) capacitance. This allows for the
lowest possible electronic noise and energy threshold [1].
The preamplifier generates two equivalent signal outputs,
an inhibit logic signal when the pulse reset circuitry of the
preamplifier is active, and accepts a test input (electronic
pulser). The test input is normally disconnected, termi-
nated, and isolated to avoid spurious noise injections.
While the ORTEC 671 and 672 shaping amplifiers utilize
the inhibit logic signal to protect against distortions
caused by the preamplifier reset, the amplifier outputs are

FIG. 2. Layout of the complete shield for the CoGeNT detec-
tor. The outermost component is a layer of recycled HDPE, used
to moderate neutrons. Next toward the interior, a 1 in thick layer
of borated polyethylene captures moderated neutrons. Three
layers of lead are indicated by the three different inner shaded
regions. The outermost lead is composed of stock bricks, not
chemically etched, the middle layer is chemically etched and
cleaned, and the innermost layer consists of ultralow background
ancient lead. An automated liquid nitrogen transfer system refills
the detector Dewar every 48 h, maintaining the germanium
crystal at a near constant temperature. See text for a full
description of these components.

FIG. 3. Schematic of the data acquisition system for the CoGeNT detector at SUL (see text).
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•  CoGeNT	  and	  C4	  are	  prime	  
examples	  of	  detectors	  
probing	  very	  interesQng	  
physics	  from	  inside	  the	  
shield	  

•  Can	  provide	  acQve	  vetoing	  
info	  event-‐by-‐event	  

•  Or	  ancillary	  info	  on	  
background	  modulaQon	  	  

•  DAQ	  hardware	  needs	  
Symmetricom	  Qme	  
implemented	  



The	  Soudan	  SimulaQon	  

3/19/14	   AARM	  March	  2014,	  FNAL	   16	  

•  Aside	  from	  experimental	  vetoing	  or	  monitoring,	  independent	  
physics	  requires	  efficiencies	  

•  We	  have	  a	  Geant4	  simulaQon	  of	  the	  whole	  cavern	  and	  are	  
updaQng	  this	  with	  all	  detector	  structures	  in	  the	  mine	  to	  get	  full	  
informaQon	  

•  Since	  the	  muon	  distribuQons	  at	  Soudan	  are	  known,	  can	  throw	  
many	  properly	  distributed	  primaries	  



Summary	  
•  The	  Veto-‐shield	  allows	  correlated	  Qming	  at	  the	  ~	  1	  µs	  
level	  

•  Many	  detectors	  can	  be	  used	  in	  conjuncQon	  with	  muon	  
tracking	  

•  Can	  be	  used	  as	  direct	  veto	  for	  Soudan	  low	  background	  
experiments	  

•  Rich	  possibiliQes	  for	  other	  physics	  results	  supporQng	  
neutron	  benchmarking	  efforts	  

•  To-‐do	  list	  includes	  Veto-‐shield	  coincident	  analysis	  and	  
simulaQon	  on	  Qmescale	  of	  Spring/Summer	  

•  Always	  Interested	  in	  correlaQng	  new	  and	  interesQng	  
detectors	  underground	  –	  especially	  neutron	  detectors	  
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