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�  ~350	  members,	  >55	  institutions	  (4	  international)	  
�  Co-‐spokespersons	  Bob	  Svoboda	  (UC-‐Davis)	  &	  Milind	  Diwan	  (BNL)	  
�  LBNE	  Project	  Manager	  Jim	  Strait	  (Fermilab),	  Project	  Scientist	  Mary	  Bishai	  (BNL)	  

Long-‐Baseline	  Neutrino	  Experiment	  Collabora;on	  Mee;ng	  	  
Argonne	  Na;onal	  Laboratory	  

December	  15-‐17,	  2011	  	  

LBNE	  Science	  Collabora4on	  



Physics	  Objec4ves	  
�  COMPREHENSIVE	  PROGRAM	  TO	  MEASURE	  NEUTRINO	  OSCILLATIONS	  
�  CP	  Viola4on	  in	  the	  neutrino	  sector	  
�  …and	  other	  missing	  pieces	  of	  the	  neutrino	  puzzle	  

�  Resolve	  the	  neutrino	  mass	  hierarchy	  unambiguously	  
�  Precision	  measurements	  of	  oscilla4on	  parameters	  (mixing	  
angles,	  mass	  differences)	  

�  Precision	  neutrino	  interac4on	  studies	  (near	  detector)	  	  
�  New	  physics	  (non-‐standard	  interac4ons,	  sterile	  neutrinos)	  

�  …	  and	  other	  fundamental	  physics	  enabled	  by	  massive	  detectors	  
�  Proton	  decay	  measurement	  
�  Astrophysics	  -‐-‐	  supernova	  ν	  burst	  
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Measurements:	  
	  νe	  appearance	  in	  a	  νµ	  beam	  
	  νµ	  disappearance	  from	  a	  νµ	  beam	  

	  

�  Next	  genera4on(s)	  of	  neutrino	  experiments	  should	  not	  focus	  on	  
single	  parameter	  measurements	  –	  even	  δCP	  

�  A	  comprehensive	  program,	  must	  have	  the	  ability	  to	  
�  observe	  spectral	  distor4on	  due	  to	  oscilla4ons	  –	  peak	  and	  valley	  
�  observe	  different	  behavior	  for	  neutrinos	  and	  an4neutrinos	  –	  direct	  
evidence	  of	  CPV	  

�  Non-‐zero	  and	  large	  	  θ13 =>	  event	  rate	  is	  high	  enough	  to	  achieve	  this	  

Neutrino	  Oscilla4ons	  
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LBNE:	  1300	  km	  Beam	  Path 	  	  

1300	  km	  
ν	  ν	  ν	  ν	  ν	  

ν	  

Ash	  River	  Soudan	  

Homestake	  

�  Op4mal	  baseline	  for	  oscilla4on	  parameter	  measurements	  
independent	  of	  other	  experiments	  

�  New	  beam	  line	  –	  allows	  for	  future	  higher	  power	  beam	  



Far	  Detector	  Site	  :	  Homestake	  mine	  
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Broadest	  long	  term	  LBNE	  science	  program	  

DUSEL	  



Tale	  of	  Two	  (Far	  Detector)	  Technologies	  	  
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�  Liquid	  Argon	  TPC	  (34	  kt)	  
�  Bubble	  chamber-‐like	  imaging;	  

detailed	  event	  topology	  with	  few	  
mm	  resolution	  

�  Very	  high	  efficiency	  and	  background	  
rejection	  ⇒	  ~6x	  lower	  mass	  than	  
WC	  

�  600	  ton	  ICARUS	  now	  operating	  at	  
Gran	  Sasso	  

�  No	  free	  protons	  for	  nucleon	  decay	  or	  
inverse	  beta-‐decay	  studies;	  excellent	  
for	  kaon	  ID	  

�  Water	  Cherenkov	  (200	  kt)	  
�  Tried-‐and-‐true	  technology	  and	  

physics	  productivity:	  50,000	  ton	  
Super-‐Kamiokande/T2K	  

�  Low	  cost	  sensitive	  medium;	  
photosensor	  	  “off-‐the-‐shelf”	  

�  Free	  protons	  for	  nucleon	  decay	  and	  
inverse	  beta-‐decay	  ν	  interactions	  

�  Could	  be	  supplemented	  with	  
gadolinium	  for	  low	  energy	  ν	  physics	  



Chapter 1: Introduction 1–7

Figure 1–2: Detector configuration within the cavern. The TPC is located within a membrane
cryostat, shown in orange. The interior dimensions of each cryostat are 24 m wide ◊ 18 m high
◊ 51 m long. The highbay is 150 m long and has a 32 m span. Cryogenic equipment is located
in the septum area between the two cryostats.

LBNE Conceptual Design Report
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Cryostat Volume:  
          2 x 24 m x 18 m x 51 m 
Fiducial Mass: 2 x 16.3 = 33 kt  
Active Mass:    2 x 20 = 40 kt 

Liquid	  Argon	  TPC 	  	  
January	  2012	  

NOνA  15.6 m x 15.6 m x 68 m 

5–20 Chapter 5: Project Scope

Concrete Liner

Foam Insulation

Anode Plane Assemblies

Field Cage

Cathode Plane Assemblies

22.4m

14m

3.74m

Figure 5–5: TPC cross section view

Volume 1: The LBNE Project
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Chapter 6: Experimental Capabilities 6–29

Figure 6–3: Examples of neutrino beam interactions in an LArTPC obtained from a GEANT4
simulation [12]. A CC ‹µ interaction with a stopped µ followed by a decay Michel electron
(top), a QE ‹e interaction with a single electron and a proton (middle), an NC interaction which
produced a fi0 that then decayed into two “’s with separate conversion vertices (bottom)

tions in the T2K 2-km LArTPC demonstrated that the single fi0 misidentification rate can
be reduced to a few % using dE/dx alone as shown in Figure 6–4. Therefore, the 6.9% NC
misidentification rate could be greatly reduced by including e/fi0 separation in the analysis.

The last three studies in Table 6–3 comprise visual scans of simulated events in which

LBNE Conceptual Design Report

GEANT4	  simula4on	  of	  LArTPC	  neutrino	  interac4ons	  
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•  Neutrino	  Beam	  similar	  to	  NuMI	  low	  energy	  tune	  but	  op4mized	  for	  longer	  
baseline	  and	  background	  reduc4on	  

•  Expected	  spectra	  in	  34	  kt	  LAr	  TPC	  with	  and	  without	  oscilla4ons	  for	  5	  years	  
running	  with	  neutrino	  (le_)	  or	  an4neutrinos	  (right)	  

•  Clear	  (bi-‐nodal)	  oscilla4on	  spectrum	  

Chapter 6: Experimental Capabilities 6–37
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Figure 6–11: The expected spectrum of ‹µ or ‹µ events in a 34-kton LArTPC for five years of
neutrino (left) and antineutrino (right) running with a 700 kW beam, with and without neutrino
oscillation.
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An	  Even`ul	  18	  months	  for	  LBNE	  
Winter	  2010/11	  	  	  	  -‐	  	  	  NSF	  DUSEL	  terminated	  
	  

Spring	  2011	  	  
	  	  -‐	  	  	  	  DOE	  assures	  us	  that	  NSF	  DUSEL	  is	  not	  required	  for	  LBNE	  
	  	  -‐	  	  	  	  DOE	  Review	  Panel	  on	  cost	  effec4veness	  of	  Homestake	  
	  	  	  	  	  	  	  	  -‐	  LBNE	  design/costs	  believable;	  urges	  FD	  technology	  choice	  
	  	  -‐	  	  	  	  NAS	  panel	  reiterates	  importance	  of	  the	  science	  
	  

Summer	  2011	  
-‐  Indica4on	  of	  non-‐zero/large	  θ13	  from	  T2K,	  MINOS	  
	  

Fall	  2011	  
-‐  More	  hints	  of	  non-‐zero/large	  θ13	  from	  Double	  CHOOZ	  
-‐  Intensive	  performance/cost	  comparison	  of	  Water	  Cerenkov	  and	  

LAr	  TPC	  	  
-‐  (External)	  Scien4fic	  Capability	  Review	  Commihee	  set	  up	  to	  advise	  
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Even`ul	  contd.	  
January,	  2012	  	  
	  -‐	  	  Far	  detector	  technology	  decision	  made	  	  
	  -‐	  	  Cost	  and	  schedule	  for	  a	  34	  kt	  	  LArTPC	  at	  Homestake	  4850’	  level	  and	  a	  	  
	  	  	  	  	  new	  700	  kW	  beam	  submihed	  to	  DOE	  Office	  of	  Science	  	  

March,	  2012	  	  
	  -‐	  	  Proposed	  budget	  profile	  does	  not	  fit	  an4cipated	  DOE	  budget;	  	  Fermilab	  	  
	  	  	  	  	  tasked	  to	  prepare	  plans	  for	  affordable	  phases,	  which	  could	  include	  	  
	  	  	  	  	  "alternate	  configura4ons”	  
	  -‐	  	  Daya	  Bay	  (followed	  shortly	  by	  RENO)	  confirms	  large	  θ13	  	  

June,	  2012	  	  
	  -‐	  	  Fermilab-‐convened	  Steering	  Group	  iden4fies	  three	  phasing	  plans	  that	  	  
	  	  	  	  fall	  within	  the	  guidelines	  for	  an	  affordable	  first	  phase:	  
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LBNE	  Reconfigura4on	  Phase	  1	  Op4ons	  

�  New	  700	  kW	  beam	  line	  to	  Homestake,	  no	  Near	  Detector,	  10	  kt	  
Far	  Detector	  (on	  surface	  unless	  addi4onal	  funding	  obtained)	  

�  Use	  exis4ng	  NuMI	  beam	  and	  build	  a	  15	  kt	  detector	  
underground	  at	  the	  MINOS	  site	  in	  the	  Soudan	  Mine.	  

�  Use	  exis4ng	  NuMI	  beam	  and	  build	  a	  30	  kt	  detector	  on	  the	  
surface	  at	  the	  NOVA	  site	  at	  Ash	  River.	  

Interim	  report	  of	  the	  LBNE	  Reconfigura4on	  Steering	  Group,	  R.	  Svoboda,	  Neutrino	  2012,	  Kyoto	  
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Preliminary:	  LBNE	  Physics	  Working	  Group	  

Phase	  1	  νe	  Spectra	  

10	  kt	  Homestake	   15	  kt	  Soudan	  

30	  kt	  Ash	  River	  

Mis-‐ID	  νµ CC	  
Mis-‐ID	  νµ NC	  
Intrinsic	  νe	  
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Phase	  1	  Mass	  Hierarchy	  and	  CP	  Viola4on	  
Sensi4vity	  

5	  years	  neutrino	  +	  5	  years	  an;neutrino	  

Preliminary:	  LBNE	  Physics	  Working	  Group	  
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Sensi4vity	  including	  T2K	  with	  5.5x1021	  pot	  	  

5	  years	  neutrino	  +	  5	  years	  an;neutrino	  

Preliminary:	  LBNE	  Physics	  Working	  Group	  
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Performance	  of	  Phase	  1	  Op4ons	  

 

22 
 

 

 

 
Table 3. Summary of the oscillation measurements using accelerator neutrinos and the non-accelerator based 
physics reach with various configurations. For the oscillation measurements, we assume 13 = 8.8o, 23 = 40o, and 
m231 = +2.27 x 10-3eV2. All correlations and uncertainties on the known mixing parameters, as well as the 
uncertainty in the mass hierarchy, are included.  The numbers shown in parentheses indicate the expected results 
when combined with NOvA and T2K data. 

 

Phase 1 
Option  

15 kton 
Soudan 

(underground) 

30 kton 
Ash River 
(surface) 

10 kton 
Homestake 

(surface) 

Phase 1 
Science 

Capabilities 
 

assuming 
6 x 1021 

protons on 
target 

 
or  

 
10 years 

with 700 kW 

Mass Hierarchy: 
fraction of CP at 3 

0.17 
(0.38) 

0.47 
(0.50) 

0.81 
(1.00) 

CP Violation: 
fraction of CP at 3 

0.05 
(0.23) 

0.27 
(0.55) 

0.27 
(0.45) 

Resolution of CP 
 = 0, 90o 

23o, 30o 
(14o, 26o) 

18o, 29o 
(13o, 25o) 

17o, 30o 
(12o, 25o) 

Proton Decay 
p  K 90% CL in 10 years 1 x 1034 years No No 

Number of observed neutrinos 
from a supernova explosion at a 

distance of 10 kiloparsecs 
1,300 No No 

Atmospheric neutrinos  
Mass Hierarchy in 10 years 1.5  No No 

Precision Measurements: 
(13) for =/2 
Neutrino (23) 

Anti neutrino (23) 
Neutrino (m312) (10-3eV2) 

Anti neutrino (m312) (10-3eV2) 

 
0.60o 
1.1o 
1.3o 

0.036 
0.055 

 
0.40o 
0.74o 
1.1o 

0.035 
0.050 

 
0.40o 
0.69o 
0.97o 
0.025 
0.040 

Phase 1 
Risks Work in progress 

Geotechnical 
studies for the 
underground 

detector 

Cosmic ray 
backgrounds in a 
surface detector 

Cosmic ray 
backgrounds in a 
surface detector 
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Comparison	  of	  Phase	  1	  Op4ons	  
	  	  	  	  Homestake	  (10	  kt)	  

�  Excellent	  mass	  ordering	  
reach.	  Good	  CPV	  reach	  with	  
no	  a	  priori	  knowledge	  of	  
ordering	  

�  Explicit	  reconstruc4on	  of	  
oscilla4ons	  due	  to	  long	  
distance	  and	  broad	  band	  

�  Poten4al	  for	  underground	  
physics,	  but	  would	  cost	  
~15%	  more.	  Possible	  delay	  
un4l	  Phase	  2	  

�  Clear	  Phase	  2	  path.	  Beam	  
upgradable	  to	  full	  Project-‐X	  
intensity	  (>2	  MW);	  
underground	  lab	  available	  

�  Surface	  could	  be	  ~10%	  
more	  expensive	  than	  other	  
op4ons.	  Possible	  CR	  muon	  	  
risk	  on	  surface	  

	  	  	  	  	  Soudan	  (15	  kt)	   	  	  	  	  	  Ash	  River	  (30	  kt)	  

�  Broadest	  Phase	  1	  physics	  
program.	  Includes	  both	  
beam	  and	  underground	  
physics	  

�  CR	  muon	  background	  risk	  
mi4gated	  

�  Weaker	  beam	  physics	  
based	  program	  than	  other	  
op4ons	  due	  to	  shorter	  
baseline	  and	  non-‐op4mal	  
on-‐axis	  beam	  

�  Exis4ng	  beam,	  upgradable	  
to	  ~1.1	  MW	  with	  
significant	  addi4onal	  
investment	  

�  Phase	  2	  could	  include	  
addi4onal	  mass	  at	  Soudan	  
or	  Ash	  River	  

	  

�  Best	  Phase	  1	  CPV	  sensi4vity	  
for	  current	  value	  of	  θ13	  in	  
combina4on	  with	  T2K	  and	  
NOVA	  results	  

�  Excellent	  mass	  ordering	  
sensi4vity	  in	  half	  the	  δCP	  
range	  

�  No	  poten4al	  for	  
underground	  physics	  in	  
Phase	  1	  

�  Possible	  CR	  muon	  risk	  on	  
surface	  

�  Exis4ng	  beam,	  upgradable	  
to	  ~1.1	  MW	  with	  significant	  
addi4onal	  investment	  

�  Phase	  2	  could	  include	  
addi4onal	  mass	  at	  Soudan	  
or	  Ash	  River	  

	  



Conclusions	  
�  An	  new	  intense	  neutrino	  beam	  from	  Fermilab	  will	  enable,	  in	  a	  single	  
experiment,	  unequalled	  measurements	  of	  mass	  hierarchy,	  evidence	  
of	  CP	  viola4on	  in	  the	  lepton	  sector,	  and	  the	  poten4al	  to	  reveal	  new	  
physics	  

�  Due	  to	  funding	  availability	  LBNE	  will	  be	  divided	  into	  phases	  

�  The	  Steering	  Group,	  in	  its	  Interim	  Report,	  “strongly	  favored	  the	  
op4on	  to	  build	  a	  new	  beamline	  to	  Homestake	  with	  an	  ini4al	  10	  kton	  
LAr-‐TPC	  detector	  on	  the	  surface”;	  a	  decision	  is	  expected	  soon	  

�  The	  LBNE	  Science	  Collabora4on	  will	  con4nue	  to	  inves4gate	  phase	  1	  
op4ons	  for	  underground	  si4ng	  of	  the	  far	  detector	  and	  a	  fully	  capable	  
near	  detector	  through	  other	  funding	  sources	  
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Backup	  
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5–16 Chapter 5: Project Scope

These measurements constrain the beam neutrino flux and are used in conjunction with the
Near Detector measurements to extract more detailed information on neutrino cross-sections
and final-state interactions.

The Neutrino Measurements system will be placed underground in the Near Detector Hall
450 m downstream of the target. The reference design consists of a liquid argon time
projection chamber tracker (LArTPCT), based on the MicroBooNE design. The detector
apparatus will be enclosed in a wide-aperture dipole magnet based on the design of the
CERN UA1 [10] magnet. The magnetic field will enable charge-sign determination of particles
from their bend direction as they traverse the detector. Interspersed in the magnet yoke and
surrounding the magnet will be a plastic-scintillator muon-identification system (MuID).

5.4 Conventional Facilities at the Near Site

The baseline design for the LBNE Project at the Near Site incorporates extraction of a
proton beam from the MI-10 point of the Main Injector, which then determines the location
of the NDC and supporting Near Site Conventional Facilities. The Near Site Conventional
Facilities not only provide the support buildings for the underground facilities, but also
provide the infrastructure to direct the beamline from the below-grade extraction point to
the above-grade target. See Figure 5–1 for a schematic of the experimental and conventional
Near Site facilities.

Figure 5–2 shows a schematic longitudinal section of the entire Near Site, with an exaggerated
vertical scale of 3 to 1 to show the entire Project alignment in one illustration.

Figure 5–2: LBNE Near Site schematic longitudinal section view

The beam will travel approximately 1,200 ft (366 m) through the proposed Primary Beamline
Enclosure to the Target Hall Complex and through focusing horns and a target to create an
intense neutrino beam. This beam will traverse a 656-ft (200-m) long decay pipe followed by
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a hadron absorber; at this point the beam leaves the Absorber Hall and travels 689 ft (210 m)
through bedrock to range out (absorb) muons before reaching the Near Detector Hall. The
neutrino beam will then pass through the Near Detectors before continuing through the
Earth’s mantle to the Far Site.

The Near Site Conventional Facilities LBNE Project layout at Fermilab, the “Near Site”,
is shown in Figure 5–3. Following the beam from east to west, or from right to left in
this figure, is the underground Primary Beamline Extraction Enclosure, the underground
Primary Beamline Enclosure/Pre-target Tunnel and its accompanying surface based Service
Building (LBNE 5), the in-the-berm Target Hall Complex (LBNE 20), the Decay Pipe, the
underground Absorber Hall and its surface Service Building (LBNE 30), and the underground
Near Detector Hall and its surface Service Building (LBNE 40). The Project limits are
bounded by Giese Road to the north, Kautz Road to the east, Main Injector Road to the
south, and Kirk Road to the west.

Figure 5–3: LBNE overall project Layout at Fermilab

These facilities are described in detail in Volume 5 of this CDR.
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14-m active depth. In each row, 18 such stacks are placed edge-to-edge along the beam
direction, forming the 45.6-m active length of the detector. Each cryostat houses a total of
108 APAs and 144 CPAs. A “field cage” surrounds the top and ends of the detector to ensure
uniformity of the electric field. The field cage is assembled from panels of FR-4 sheets with
parallel copper strips connected to resistive divider networks.

Each APA has three wire planes that are connected to readout electronics; two induction
planes (labeled U and V in Figure 1–4) and one collection plane (X). A fourth wire plane,
grid plane (G), is held at a bias voltage but is not instrumented with readout electronics.
The gird plane improves the signal-to-noise ratio on the U plane and provides electrostatic
discharge protection for the readout electronics.
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Figure 1–4: TPC modular construction concept
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relatively slow cool-down rate will ensure that the temperature-induced stresses in the APA
frames and wires are kept well below the level experienced during testing.

An installation and integration detector mock-up will be constructed at Fermilab to con-
firm that interfaces between detector systems are well defined and to refine the installation
procedures.

1.2.10 The LAr1 One-kiloton Detector Prototype

The LBNE LAr-FD subproject will include the construction and operation of a 1-kton
LArTPC prototype cryostat in order to establish a credible basis for scaling to a 40-kton
size and to further develop the LAr-FD design. The LAr1 engineering prototype will be built
during the CD-1 to CD-2 (preliminary design) phase of the LBNE project. LAr1 will include
a representative sample of Anode Plane Assemblies (APAs) and Cathode Plane Assemblies
(CPAs) in a membrane-style cryostat. The APA read-out chain with cold electronics, cable
routing, and data acquisition (DAQ) system will be a scaled-down version of the full LBNE
LAr-FD, however many features of LAr1 will be at a 1:1 scale. Analysis software will be used
to reconstruct cosmic-ray events. This prototype is discussed in Chapter 7.

1.3 Principal Parameters

The principal parameters of the LAr-FD are given in Table 1–3.

Table 1–3: LAr-FD Principal Parameters

Parameter Value
Active (Fiducial) Mass 40 (33) kton
Number of Detector Modules (Cryostats) 2
Drift Cell Configuration within Module 3 wide ◊ 2 high ◊ 18 long drift

cells
Drift Cell Dimensions 2 ◊ 3.7 m wide (drift) ◊ 7 m high

◊ 2.5 m long
Detector Module Dimensions 22.4 m wide ◊ 14 m high ◊ 45.6 m

long
Anode Wire Spacing ≥5 mm
Wire Planes (Orientation from vertical) Grid (0¶), Induction 1 (45¶), Induc-

tion 2 (-45¶), Collection (0¶)
Drift Electric Field 500 V/cm
Maximum Drift Time 2.3 ms
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�  When	  a	  star's	  core	  collapses	  ~99%	  of	  the	  gravita4onal	  binding	  energy	  of	  the	  proto-‐
neutron	  star	  goes	  into	  ν's	  of	  all	  flavors	  with	  ~MeV	  energies	  

�  #	  interac4on	  from	  SN	  at	  galac4c	  	  
core	  (10	  kpc)	  	  
	  

�  SN	  1987A	  observa;on	  of	  	  
~20	  events	  →	  ~800	  publica;ons!	  
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Figure 10. (Top-left) The 90% CL proton lifetime limit in the proton decay mode, p  K, in units of  years as a 
function of time for Super-Kamiokande compared to different LAr-TPC masses at the Homestake 4850 ft level 
starting in 2020. The dashed lines show the limit for the Soudan 2340 ft level option, representing about 30% 
reduction in fiducial due to its shallower location. (Top-right) The mass hierarchy sensitivity from atmospheric 
neutrinos as a function of fiducial exposure or LAr-TPC mass x running time. The sensitivities for the Homestake 
option and the Soudan option are similar. (Bottom) The number of neutrinos from a supernova as a function of 
distance to the supernova for various LAr-TPC detector masses. Core collapses are expected to occur a few times 
per century, at a most-likely distance of about 10-15 kpc. The sensitivities for the Homestake option and the 
Soudan option are similar. 
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�  Liquid	  Argon	  TPC	  significantly	  beher	  than	  WC	  for	  kaon	  modes	  
�  becomes	  especially	  interes4ng	  if	  SUSY	  discovered	  at	  LHC	  	  


