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Outline 
• Neutrino properties summary. What do we know 

and what do we want to measure ? 

• Why a new accelerator Long-Baseline 
experiment ? How much flux, energy, event rate 
can we get ? What limitations ? 

• Strategies for the detector.  What are the key 
differences between a water detector and a 
tracking calorimeter ? 

• What is the full physics agenda ? 

• Technical information for a liquid argon TPC. 

• Description and Status of LBNE (US) design. 
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Pontecorvo 1981

Why Neutrinos ? 
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Daya Bay θ13 Results 

Observe electron-antineutrino disappearance
six 2.9 GWth reactors
six 20-ton detectors: 3 near (~500m), 3 far (~1650m)
139 days of running

antineutrino detectors

near
far

Rate only. Normalization floating

Sometimes nature is kind !

sin22θ13=0.089+-­‐0.010(stat)+-­‐0.005(syst)

4
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S. Parke 
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Best fit to all data. 
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If viewed as a collection of parameters with 3-
generations, we need to measure mass ordering, CP 

phase, ϴ23 octant. 
Parameters are such that a practical accelerator based 

experiment is possible to see 3 generation mixing ! 
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Credibility of leptogenesis

Impacts GUT models

Observability of double beta 
decay, and the problem of 

generations.

Connections to more fundamental issues

Tuesday, January 22, 13
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The full picture of the oscillation effect

•The neutrino oscillation model is based on limited dataset
•With very precise predictions:

• Large Matter Effects  (not yet seen in a laboratory experiment)
• Potentially large CP violation (not yet seen)
• We should measure this picture with a detailed spectrum 
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9Mary BishaiL/E = 515 km/GeV sin22θ13=0.1

Optimum ?
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Although the conventional beam has a small 
contamination. The expected signal is now much 
larger than the contamination because of sin22θ13~0.09

Tuesday, January 22, 13



Making a neutrino beam. Example from 
NUMI at FNAL
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Making an anti-neutrino beam: NUMI at 
FNAL 
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Oscillation and Beam Spectrum. As 
designed for LBNE 

• With 700 kW of 120 GeV protons from the Main Injector, we have 
designed a beam optimized for the 0.5 to 5 GeV. (yr=2 107sec) 

• The baseline and energy allows us to measure the spectral distortion and 
disentangle MH from CPV.  

• Measure asymmetries of event rates versus energy for both polarities. 
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Beam Constraints

• For fixed L/E the neutrino flux per 
pion in the forward direction is 
independent of distance since the    
1/L2 is compensated by the solid 
angle factor. 

• It is difficult to overcome the solid 
angle factor by the pion yield at low 
energies.  

Beam must be designed with many constraints that affect the 
configuration of the experiment. Beam must be broad band 
(on-axis) to measure the spectrum. 

E� �
0.42E⇥

(1 + �2⇥2)

dN

d�lab
� �2/L2

• Highest available beam power is at 120 GeV 
because the current is limited by the booster in 
the current scheme at FNAL. 

• The beam costs rise fast with primary beam 
bending angle and the near detector depth.

1300 km is a good 
compromise

14
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• Given the choice of beam and distance two different visions for the 
detector are possible: 

• Use all charged current events and identify each one and measure the 
total energy of each one. This requires a high granularity detector that 
can handle multiple tracks. But it can be smaller since using all cross 
section.  A LAr detector is a natural candidate.  

• Or use primarily the simplest topology events that can be reconstructed 
and measured. This leads to a detector that can measure single leptons 
well, but has limited track reconstruction. The detector must be large.  
WCD is a natural candidate.  

Cross sections 

15
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Total event rate

• For 0.7 MW per yr.  Detector mass above is fiducial mass.  

• Total charged current event rate with no selection cuts and no 
oscillation. (with oscillations in brackets)

Neutrino beamNeutrino beam Anti-neutrino beamAnti-neutrino beam

Event type 200 kTon 
WCD

34 kTon  
LAD

200 kTon 
WCD

34 kTon  
LAD

CC νμ 35000
(11200)

5900 
(1900)

4200
(2400)

720
(410)

CC νe (beam 
only)

260 44 38 6

CC νμ 1400 
(770)

240
(130)

13000
(4000)

2200 
(675)

CC νe 10 2 90 15

Efficiency for 
useful events

10-20 % 70-90% 10-20% 70-90%

16
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Detector Strategies

• Use a crude detector, but only 
select well identified single 
electron events(QE) to keep 
background low and energy 
resolution high.

• Known, successful technology 
with wide dynamic range (5 
MeV-50GeV).

• Can perform both p-decay, 
astrophysical sources,

• Can be deployed deep scaled 
up: 50kT to fewX100kTon. 

• Will have low efficiency and 
need very large mass. 

200 kTon Water 
Cherenkov

• Very high resolution detector should 
allow use of much higher fraction of 
cross section including multi-track 
events. 

• Energy resolution might need 
attention if using all cross section.

• Could use the fine resolution and 
below Cher threshold for 
background tagging.  

• Could do the specialized proton 
decay searches very well. Sensitive 
to supernova nues (not anti-nue).  

• Dynamic range for physics is less 
well-known. 

• Scale up factor needs to be 
substantial ~100.  

34 kTon Liquid 
argon
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Long-Baseline Neutrino Experiment in US

18

For LBNE the detector selection was extremely difficult.  
LAr choice was driven by scientific, technological 

considerations. 

34 kton 
of LAR

0.7 MW 
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Table 6–2: Estimated range of the LAr-TPC detector performance parameters for the primary
oscillation physics. Signal e�ciencies, background levels, and resolutions are obtained from the
studies described in this chapter (middle column) and the value chosen for the baseline LBNE
neutrino-oscillation sensitivity calculations (right column). ú For atmospheric neutrinos this is the
mis-identification rate for < 2 GeV events, the mis-identification rate is taken to be 0 for > 2
GeV.

Parameter Range of Values Value Used for LBNE Sensitivities
For ‹e CC appearance studies

‹e CC e�ciency 70-95% 80%
‹µ NC mis-identification rate 0.4-2.0% 1%
‹µ CC mis-identification rate 0.5-2.0% 1%
Other background 0% 0%
Signal normalization error 1-5% 1%
Background normalization error 2-10% 5%

For ‹µ CC disappearance studies
‹µ CC e�ciency 80-95% 85%
‹µ NC mis-identification rate 0.5-10% 0.5%
Other background 0% 0%
Signal normalization error 1-5% 5%
Background normalization error 2-10% 10%

For ‹ NC disappearance studies
‹ NC e�ciency 70-95% 90%
‹µ CC mis-identification rate 2-10% 10% ú

‹e CC mis-identification rate 1-10% 10% ú

Other background 0% 0%
Signal normalization error 1-5%
Background normalization error 2-10%

Neutrino energy resolutions
‹e CC energy resolution 15%/

Ò
E(GeV ) 15%/

Ò
E(GeV )

‹µ CC energy resolution 20%/
Ò

E(GeV ) 20%/
Ò

E(GeV )
E‹e scale uncertainty
E‹µ scale uncertainty 1-5% 2%

[LABEL: “tab:lar-nuosc-totaltable”]

LBNE Conceptual Design Report

Detector performance parameters for LBNE
19
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1300 km expectation with 34 kTon

• With 1300 km the full structure of oscillations is visible in the energy 
spectrum. This spectral structure provides the unambiguous 
parameter sensitivity in a single experiment. 

Long Baseline
Physics with

LBNE-
Homestake vs.

NuMI
Alternatives

Mary Bishai,
Sam Zeller

(for the LBL
Physics
Working
Group)

Oscillation
Basics

Experimental
Assumptions

Spectra and
Event Rates

Sensitivities

Physics
beyond PMNS

Summary and
Conclusions

Disappearance Spectra (Z. Isvan)

L=1300km, LBNE LE
⌫, normal hierarchy ⌫̄, normal hierarchy

Bimodal structure at 1300km = best constraint on �m2
32, sin2 2✓23.
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These events 
are very 

important 

For each bin, 
conversion fraction of 

electrons can be 
calculated. Matter 

effect can be 
substracted to obtain 

explicit CP signal. 

Potential surprises:

Matter effect is not 
what is expected !

CPV does not have the 
proper energy 1/E 

dependence. 
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Figure 6–8: The expected spectrum of ‹e or ‹e oscillation events in a 34-kton LArTPC for 5 years
of neutrino (left) and antineutrino (right) running with a 700 kW beam, assuming sin2(2◊

13

) =
0.1 for normal hierarchy (top) and inverted hierarchy (bottom). Backgrounds are displayed as
stacked histograms.

[LABEL: “fig:lar-event-spectrum”]

In Figure 6–12, the result from fits of the expected spectrum of ‹µ/‹̄µ CC in the LBNE LAr-1

FD is shown for di�erent values of �m2

32

and sin2 2◊
23

for neutrinos and antineutrinos. A2

‹µ/‹̄µ CC reconstruction e�ciency of 85% and a NC contamination rate of 0.5% is assumed3

for these measurements. The variation on the precision of the parameters for di�erent values4

of the NC contamination is shown in Figure 6–13. The LAr-FD can achieve <1% precision5

on these parameters.6

6.2.3 Observation of ‹· Appearance7

The LBNE baseline at 1,300 km will be longer than any long-baseline experiment currently8

in operation. As a result, ‹µ oscillations occur at higher energy and in particular the energy9

LBNE Conceptual Design Report
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440

LBNE 34 kTon performance 

Small tau background expected. 
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Baseline Choice !

• The design for a US based CP 
violation program started ten years 
ago before we knew the solar 
LMA solution and θ13

• The scale of the program needed is 
only weakly dependent on θ13 
because the CP asymmetry is 
smaller for larger θ13

• The scientific choice for 1300 km 
is close to optimum.  

• Additional backgrounds at longer 
baselines and strong matter 
suppression

This calculation optimizes the beam 
from the Fermilab Main injector for 
each distance and calculates the full 

sensitivity for θ13= 9 deg.

~1300 km

22
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Major scientific choices are 
associated with length.

23

2300 km300 km 1300 km

Low energy, less dynamic range Better to get spectral pattern

smaller matter effect, degeneracies Larger matter effect resolve MH

Better matched for huge water det. Better matched for tracking LAr det

Explicit CP asymmetry measured Matter suppression CP asym difficult

No backgrounds from taus More tau production background

No signal from taus Can see tau appearance in high res det

Tuesday, January 22, 13
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LBNE Parameter measurement

• LBNE will have  a definitive determination of the mass hierarchy.
• LBNE will have a measurement of the phase and θ13 with no ambiguities. 
• The phase measurement will range from ±20 to ±30 deg for Phase I when 

combined with reactor data. 
• Parameter measurement will continue to improve with statistics.  

10 kT

34 kT

Expected 
final 1 sigma 

error from 
reactors 

(centered on 
0.1)

Phase I   νe(anti-
νe) ~50 (~20) 

events per year 
with >50% 
modulation

24
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LBNE sensitivity will grow with exposure 

Tuesday, January 22, 13



LBNE CD-1 Director's Review - 26-30 March 2012

Far Detector Depth (numbers are within x2)

• In-time rate is calculated assuming 10 micro-sec beam gate for 107 pulses. 
• Using potential available levels at Homestake (Flat overburden:2.8gm/cc)
• LAR spallation not well understood.1202.5000 predicts large rate due to 40Cl. 

Depth will reduce the rate to manageable level. (<5k counts/day  <10 MeV)  
• Main Injector fine structure 53 Mhz with few ns bunches not used. 

Depth
(mwe)

LAR40 
(hz)

LAR40
in-time

265 2300 230,000

880 120 12,000

2300 3 300

2960 0.9 90

3490 0.4 40

3620 0.3 30

4290 0.13 13

26
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reason, even a single detected event would be evidence of physics beyond the Standard Model1

and would strongly support the idea of grand unification.2

6.3.1 Proton Decay3

Figure 6–18 shows experimental limits on proton decay, dominated by recent results from4

Super-Kamiokande, compared to the ranges of lifetimes predicted by an assortment of GUTs.5

From the body of literature, two decay modes emerge that dominate experimental designs.6

First, there is the decay mode of p æ e+fi0 that arises from gauge mediation. This is the7

most famous proton decay mode, often predicted to have the highest branching fraction,8

and also demonstrably the most straightforward experimental signature. The total mass of9

the proton is converted into the electromagnetic shower energy of the positron and the two10

photons from fi0 decay, with a net momentum vector near zero. The second key mode is11

p æ K+‹. This mode is dominant in most supersymmetric-GUTs, which also often favor12

several other modes involving kaons in the final state. This is due to the simple fact that the13

interaction would proceed via SUSY-Higgs exchange, which couples most strongly to quarks14

with the largest mass. The strange quark is the heaviest one with mass less than the nucleon15

mass.16

The expected e�ciency and background rates for the main experimental proton decay modes17

are summarized in Table 6–6. For p æ e+fi0, an LArTPC of fiducial mass 34 ktons makes18

no improvement over the projected Super–Kamiokande limit by itself.

Mode E�ciency Background Rate (evts/100 kton-y)
B-L

p æ e+fi0 45% 0.1
p æ ‹K+ 97% 0.1
p æ µ+K0 47% < 0.2

B+L
p æ µ≠fi+K+ 97% 0.1

p æ e+K+ 96% < 0.2
�B = 2

NN̄ æ n(fi) TBD TBD

Table 6–6: [LABEL: “tab:PDK-effic-bg”]
Liquid argon e�ciency and background numbers used for proton decay sensitivity calculations
obtained from the paper by Bueno et al. [26].

19

LBNE will have a unique sensitivity to p æ K+‹̄. The event signature is highly described20

by an LArTPC because the momentum of the kaon will result in a high-ionization density21

which can be compared to the range of the kaon. In addition, the charged kaon decays at22

Volume 1: The LBNE Project
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Figure 6–18: Proton decay lifetime limits compared to lifetime ranges predicted by Grand Unified
Theories. The upper section is for p æ e+fi0, most commonly caused by gauge mediation. The
lower section is for SUSY motivated models, which commonly predict decay modes with kaons
in the final state. The marker symbols indicate published limits by experiments, as indicated by
the sequence and colors on top of the figure. The expected limits for 10 live years of 34 ktons of
LAr are shown as bands terminating in an open symbol.

[LABEL: “PDK-limits-theory”]

rest to fully reconstructible final states, so high signal e�ciency with low background is1

possible. Figure 6–19 shows a LArSoft [25] simulation of a K+ decay. Reference [26] finds2

that an LArTPC has 97% detection e�ciency for this mode, with a background rate of 0.13

events/100 kton-year.4

The most serious background to p æ K+‹̄ is from cosmogenic neutral kaons undergoing5

charge-exchange in the detector; in [26] this background is reduced using muon-veto detectors6

and fiducial cuts, but for LAr-FD at the 4850L no additional background rejection is required.7

Another background to p æ K+‹̄ could result from misidentified atmospheric pions. For8

this reason, the ability to di�erentiate between kaons, pions, and muons in the LAr-FD9

is important for sensitivity to proton decay. Figure 6–1 shows the particle-identification10

capabilities of an LArTPC.11

Figure 6–20 shows the proton-decay lifetime limit as a function of time for p æ K+‹̄ for12

Super–Kamiokande and LBNE. The LAr-FD can produce significant improvement to the13

LBNE Conceptual Design Report
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Figure 6–20: Proton decay lifetime limit for p æ K+‹̄ as a function of time for Super-
Kamiokande compared to 14-, 28-, and 42 kton fiducial LArTPCs starting in 2019. LAr-FD
at the 4850L has a fiducial mass of 34 kton. The limits are at 90% C.L., calculated for a poisson
process including background assuming the detected events equals the expected background.

[LABEL: “fig:kdklimit”]

Figure 6–21: LArSoft simulated event, pp̄ annihilation at rest
[LABEL: “fig:PPbaranno5”]

LBNE Conceptual Design Report

Proton
Decay

LAr inclusive 
performance on B-L 

modes might be 
competitive

Measurement is well justified, but any hint of SUSY 
from the LHC or other experiments will  make this a 

must do experiment 27
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Supernova

6–48 Chapter 6: Experimental Capabilities

stalls at the radius of about 200 km, while the material keeps raining in; and the cooling stage,1

in which the hot proto-neutron star loses its energy and trapped lepton number, while the2

re-energized shock expands to push out the rest of the star. All these stages are predicted3

to have distinct signatures in the neutrino signal. Thus, it should be possible to directly4

observe, for example, how long the shock is stalled. More exotic features of the collapse may5

be observable in the neutrino flux as well, such as possible transitions to quark matter or to6

a black hole. (An observation in conjunction with a gravitational wave detection would be7

especially interesting.)8

Supernova neutrinos are emitted in a few tens of seconds duration, with about half in the9

first second, they have energies of a few tens of MeV, and their luminosity is divided roughly10

equally between the three neutrino flavors. In addition to shedding light on the explosion11

mechanisms of the supernova, the detection of supernova-burst neutrinos would allow for a12

wealth of neutrino-oscillation physics measurements ranging from independent determination13

of the neutrino mass hierarchy to the equation of state of matter at nuclear densities, to14

constraints on physics beyond the Standard Model. Neutrinos from a core collapse arrive15

earlier than electromagnetic radiation; the detection of a neutrino signal would provide an16

alert for astronomers, allowing the observation of light-curves in early stages of the supernova.17

The expected rate of core-collape supernovae in the Milky Way is 2–3 per year; in a 20-year18

lifetime, there is a 40% chance for LBNE to observe such an event.19

The sensitivity to physics associated with a supernova burst is determined by the total20

detector mass. Figure 6–22 shows the neutrino event rates as function of observed energy21

for a 34-kton fiducial LArTPC using the Livermore model [27] of supernova-neutrino flux.22

Table 6–7 lists the event rates predicted by both the Livermore model and the GKVM model23

FIXME: Add reference. The primary sensitivity is to the ‹e component.24

Channel Events, “Livermore” model Events, “GKVM” model
‹e +40 Ar æ e≠ +40 Kú 2308 2848
‹̄e +40 Ar æ e+ +40 Clú 194 134

‹x + e≠ æ ‹x + e≠ 296 178
Total 2794 3160

Table 6–7: Supernova burst neutrino event rates for di�erent models in 34 kton of LAr.
[LABEL: “tab:argon_events”]

Figure 6–22 also compares event rates for normal and inverted hierarchies in a 34-kton25

LArTPC, for a late-time slice of the ‹e spectrum in a particular flux model. The di�erence26

between the hierarchies is quite dramatic.27

Initial estimates of cosmogenic backgrounds to the signal of supernova neutrinos in an LAr28

detector at the Sanford Laboratory are documented in reference [?]. The location at the29

4850L will significantly reduce the background level and backgrounds in the LArTPC will30

be well-characterized and can be statistically subtracted from the burst signal.31
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Figure 6–22: Event rates (per 0.5 MeV) in a 34-kton LArTPC as a function of observed energy
for the Livermore model [27] of supernova neutrino flux (left), and comparison of total event
rates (per 0.5 MeV ) for normal and inverted hierarchies, for a late-time slice of a di�erent flux
model in a 34-kton LAr module (right).

[LABEL: “fig:SNspectra”]

6.5 Atmospheric Neutrinos1

Atmospheric neutrinos are unique among sources used to study oscillations: the oscillated flux2

contains neutrinos and antineutrinos of all flavors, and matter e�ects play a significant role.3

Since the oscillation phenomenology plays out over several decades in energy (see Figure 6–4

24) and path length, atmospheric neutrinos are very sensitive to alternative explanations or5

subdominant new physics e�ects that predict something other than the characteristic (L/E)6

dependence predicted by oscillations in the presence of matter. This power has already been7

exploited by the Super-Kamiokande in fits that compare their data binned in terms of energy8

and zenith angle to a host of new physics including CPT violation [28,29], Lorentz invariance9

violation [30,31], non-standard interactions [32], Mass Varying Neutrinos (MaVaNs) [33], and10

sterile neutrinos [34,35,36]. In numerous cases the best limits on exotic scenarios comes from11

the atmospheric neutrino analysis.12

The excellent CC/NC separation and the ability to fully reconstruct the hadronic final state13

in CC interactions in an LArTPC would enable the atmospheric neutrino 4-momentum to14

be fully reconstructed. This would enable a higher-resolution measurement of L/E to be15

extracted from atmospheric-neutrino events in an LArTPC compared to the measurements16

obtained from Super-Kamiokande. Using the expected range of performance parameters17

for the LAr-FD as summarized in Table 6–2, the zenith angle distribution of atmospheric18

neutrinos of di�erent flavors in a 17-kton fiducial LAr-FD module and five years of running19

is shown in Figure 6–25. The atmospheric neutrino flux obtained from the Bartol model as20

LBNE Conceptual Design Report

@10 kpc

Liquid Argon is sensitive to electron neutrinos. Water is sensitive to 
electron anti-neutrinos.  Must have 10 MeV threshold for this physics. 

28

Tuesday, January 22, 13



Why Liquid Argon ? 
• It is one of the few pure and inexpensive 

substances that allow long electron lifetime, 
therefore can be used for ionization detection. 

29
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Key	
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A CMOS, or a BiCMOS, technology with circuit design and operating conditions for long 
term operation in LAr will be used. A preliminary goal is  multiplexing in two steps by 
16 x 8=128. Power dissipation has been estimated to be ≤10mW/signal wire. 

Channel	
  Count
Lower	
  limit	
  
• 10	
  m	
  sense	
  wire	
  length
• 5	
  x	
  5	
  mm	
  sense	
  wire	
  spacing	
   	
  	
  	
  	
  	
  	
  ⇒	
  ~18/ton
• 2.5	
  m	
  electron	
  drig	
  distance
Upper	
  limit
• 5	
  m	
  sense	
  wire	
  length
• 3	
  x	
  3	
  mm	
  sense	
  wire	
  spacing	
  	
   	
  	
  	
  	
  	
  ⇒	
  ~60/ton
• 2.5	
  m	
  electron	
  drig	
  distance

Cold	
  electronics	
  (in	
  LAr)	
  keeps	
  cable	
  lengths	
  and	
  	
  
capacitance	
  small,	
  increasing	
  SNR.
MulQplexing	
  minimizes	
  
number	
  of	
  cryogenic	
  
penetraQons.

Key	
  enabling	
  technology:	
  Cold	
  (87K)	
  Electronics?

369k/20kt

1.2M/20kt

Must	
  have	
  extremely	
  high	
  reliability	
  !	
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Secondary objectives Italized parts either require an 
underground location or 
additional resources. 
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LBNE CD-1 Director's Review - 26-30 March 2012

Far Detector Design at depth (not in current plan):
LAr TPC Detector at 4850 ft

• Two detectors in a 
common cavern at 4850 
ft. depth

• Active volume of each 
detector: 
22.4 x 14 x 45.6 m3

• 33 kt fiducial mass
• TPC design:
o3.7 m drift length
o5 mm wire spacing 
othree stereo views
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Beam

Beam
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Sample with bullet points

• First Bullet
• Second Bullet
• More
• Yet more
• Still more

• Less important
• Trivial

Long Baseline Neutrino Experiment
Currently Planned

DOE Briefing – June 6, 2012

LBNE-doc-5484

8–148

Chapter 8: Contribution to the Liquid Argon Far Detector

�νμ-QE Cross Section Discrepancy 

~30% 

Figure 8–1: LAr-FD Config: The beam enters from the east, placing Detector (cryostat) 1 north

of Detector 2.

LBNE-India Proposal
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Sample with bullet points

• First Bullet
• Second Bullet
• More
• Yet more
• Still more

• Less important
• Trivial

New Neutrino Beam at Fermilab…

Long Baseline Neutrino Experiment
Currently Planned

Directed towards a distant detector 
10 kTon LAR TPC on the surface. 
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Sample with bullet points

• First Bullet
• Second Bullet
• More
• Yet more
• Still more

• Less important
• Trivial

New Neutrino Beam at Fermilab…

And all the Conventional Facilities required to 
support the beam and detectors 

Long Baseline Neutrino Experiment
Currently Planned

Directed towards a distant detector 
10 kTon LAR TPC on the surface. 

DOE Briefing – June 6, 2012

LBNE-doc-5484

8–148

Chapter 8: Contribution to the Liquid Argon Far Detector

�νμ-QE Cross Section Discrepancy 

~30% 

Figure 8–1: LAr-FD Config: The beam enters from the east, placing Detector (cryostat) 1 north

of Detector 2.

LBNE-India Proposal
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The LBNE New Beam Design

41

FNAL	
  main	
  Injector:	
  
Energy:	
  60	
  to	
  120	
  GeV	
  
cycle:	
  1.33	
  sec	
  
Pulse:	
  	
  9.6	
  micro	
  sec
intensity:	
  4.9e13/pulse
Constant	
  beam	
  power	
  above	
  
80	
  GeV

6.5	
  1020	
  POT/yr	
  at	
  120	
  GeV

Less	
  expensive	
  and	
  beoer	
  for	
  safety

Not	
  in	
  
current
plan

Main	
  Injector
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Near Detector Design: Straw tube tracker or 
a small Liquid Argon TPC; both magnetized. 

LAr	
  Secondary	
  
Containment

Magnet	
  Coils

Muon
Detectors

Beam

µBooNE-­‐type
LAr	
  TPC

42
Tuesday, January 22, 13



Status of the Homestake site
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LBNE	
  CollaboraQon	
  MeeQng	
  Dec	
  2012

LBNE	
  Far	
  Detector	
  (current	
  plan)
• 10	
  kton	
  fiducial	
  mass	
  Liquid	
  Argon	
  (LAr)	
  detector	
  located	
  on	
  the	
  
surface	
  in	
  Lead,	
  SD	
  	
  (two	
  5	
  kton	
  modules)

• Detector	
  designed	
  to	
  detect	
  accelerator	
  neutrinos

APA

Detector	
  2
Detector	
  1

CPA

Concrete	
  liner

InsulaQon

SS	
  Membrane

Se
pt
um

13’-­‐6”	
  
composite	
  
cover

Beam
Beam

Side	
  View

200	
  local	
  
grade
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LBNE	
  CollaboraQon	
  MeeQng	
  Dec	
  2012

	
  Cryogenic	
  and	
  Cryostat	
  Proposed	
  Layout
1

2

3

4

5

Design	
  Layout	
  for	
  Cryo
1.	
  LAr/GAr	
  Delivery
2.	
  Gas	
  Purge	
  &	
  Filtering
3.	
  Cryostat	
  with	
  Pumps
4.	
  Refrig	
  &	
  Condensers
5.	
  Liquid	
  Filters	
  &	
  
RegeneraQon

Plan	
  View	
  of	
  Cryo	
  Systems

Three	
  LN2	
  Plants	
  (55	
  kW)
And	
  Storage	
  Dewars

Beam
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Fundamental Equations of Physics 
Kautilya: Check the King’s treasury 

before starting a project. 
(Koshpurvaa Sarvaarambha’)

Brahe:  drink 
with the 

King for the 
sake of 
science. Columbus:  find a king  bold 

enough to support you. 
Tuesday, January 22, 13



Costs after Reconfiguration 

47

Scope Cost (TPC)

LBNE 34 kTon@4850L 
and near detector $1.440B

LBNE Phase I, 10 kTon 
surface $0.789B

+Place Underground $0.924B

+ Near Detector $1.054B

US cost estimate includes labor, 
contingency, escalation.  
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LBNE Phase 1 Schedule

• This is the review driven schedule. Current funding profile is 
expected to cause 11 month delay. 

• The period up to far detector construction start offers good 
opportunity to seek major non-DOE and international partners. 

• Deep placement of far detector as well as a near detector expansion 
can be accommodated in the current plan by CD2. CD3 is 
construction start; it will be split in CD3a and CD3b.  

48

CD1 CD2
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Phased LBNE Program: Possible Example

49

1)	
  10	
  kt	
  LAr	
  detector	
  on	
  surface	
  at	
  Homestake	
  +	
  LBNE	
  beamline	
  
(700	
  kW)

2)	
  Near	
  Neutrino	
  Detector	
  at	
  Fermilab
3)	
  Project	
  X	
  stage	
  1	
  à	
  1.1	
  MW	
  LBNE	
  beam
4)	
  AddiQonal	
  20-­‐30	
  kt	
  detector	
  deep	
  underground	
  (4300	
  mwe)
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Phased LBNE Program: Possible Example

49

1)	
  10	
  kt	
  LAr	
  detector	
  on	
  surface	
  at	
  Homestake	
  +	
  LBNE	
  beamline	
  
(700	
  kW)

2)	
  Near	
  Neutrino	
  Detector	
  at	
  Fermilab
3)	
  Project	
  X	
  stage	
  1	
  à	
  1.1	
  MW	
  LBNE	
  beam
4)	
  AddiQonal	
  20-­‐30	
  kt	
  detector	
  deep	
  underground	
  (4300	
  mwe)

AddiQonal	
  naQonal	
  or	
  internaQonal	
  collaborators	
  could	
  help	
  
accelerate	
  the	
  implementaQon	
  of	
  the	
  full	
  LBNE	
  program.
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Conclusion

• The goal of finding the phenomena of CP violation in the neutrino 
sector is extraordinary and has been strongly endorsed.

• Current technology can be pushed to achieve desirable sensitivity. 

• High intensity (~1-2MW) accelerators and very large detectors 
(~30-50kTon efficient mass) with good particle identification and 
energy resolution needed. 

• Liquid Argon technology is well matched to the desired distance of 
>1000 km. 

• The LBNE collaboration and project are well organized and ready to 
construct and operate LBNE in the US.  

• The US/DOE is proceeding with the plan for construction in stages. 
These could be accelerated with additional US national and 
international collaborations. 

50
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Conclusions 

51Pontecorvo 1981
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