
The LAr1-ND experiment 

Roxanne Guenette 
University of Oxford 

 
NuINT 2014 
22 May 2014 



2 

�27

10/US/institutions/
‣434DOE4National4Laboratories4
‣464NSF4institutions4

447/European/institutions)
‣4CERN4
‣414Swiss4institution4
‣454UK4institutions

The4LAr1#ND4Collaboration

114insjtujons4also4on4MicroBooNE4
Nearly4all4interested4in4longer4term44

long#baseline4FNAL4program

Possibility4for4NSF4contribujons4and4
significant4in#kind4hardware4

contribujons4from4non#US4insjtujons4
currently4being4explored

�27

10/US/institutions/
‣434DOE4National4Laboratories4
‣464NSF4institutions4

447/European/institutions)
‣4CERN4
‣414Swiss4institution4
‣454UK4institutions

The4LAr1#ND4Collaboration

114insjtujons4also4on4MicroBooNE4
Nearly4all4interested4in4longer4term44

long#baseline4FNAL4program

Possibility4for4NSF4contribujons4and4
significant4in#kind4hardware4

contribujons4from4non#US4insjtujons4
currently4being4explored

�27

10/US/institutions/
‣434DOE4National4Laboratories4
‣464NSF4institutions4

447/European/institutions)
‣4CERN4
‣414Swiss4institution4
‣454UK4institutions

The4LAr1#ND4Collaboration

114insjtujons4also4on4MicroBooNE4
Nearly4all4interested4in4longer4term44

long#baseline4FNAL4program

Possibility4for4NSF4contribujons4and4
significant4in#kind4hardware4

contribujons4from4non#US4insjtujons4
currently4being4explored

Roxanne Guenette (University of Oxford) 22 May 2014 



Outline 

•  A Short-Baseline Neutrino Programme at FNAL 
•  Motivations 
•  Description of the programme 

•  The LAr1-ND experiment 

•  Physics reach 
•  MiniBooNE low-energy excess 
•  Sensitivity to SBL neutrino anomalies 
•  Cross-section measurements 
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Motivations 

•  Control of systematic uncertainties 
•  Cross-section measurements 
•  Test bench for LAr R&D for future experiments 
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A staged Multi-LAr detector Programme 
A4Staged4Multi#LAr4TPC44

Short#Baseline4Neutrino4Program

�5

Phase40:4MicroBooNE4
864t4active4volume4TPC4

L4=44704m4
start4in42014

Phase41:4LAr1#ND4
824t4active4volume4TPC4

L4=41004m4
2017#2018

Phase42:4LAr1#FD4
10004t4active4volume4TPC4

L4=47004m4
2020+Existing4enclosure4

vacated4by4
SciBooNE4detector

MicroBooNE 
(470m) 

Far Detector 
(700m) 

LAr1-ND 
(100m) 

BNB source 

MiniBooNE 
(540m) 

MINOS/Minerva 
buildings 

5 Roxanne Guenette (University of Oxford) 22 May 2014 

A4Staged4Multi#LAr4TPC44
Short#Baseline4Neutrino4Program

�5

Phase40:4MicroBooNE4
864t4active4volume4TPC4

L4=44704m4
start4in42014

Phase41:4LAr1#ND4
824t4active4volume4TPC4

L4=41004m4
2017#2018

Phase42:4LAr1#FD4
10004t4active4volume4TPC4

L4=47004m4
2020+Existing4enclosure4

vacated4by4
SciBooNE4detector

Far Det. 



A staged Multi-LAr detector Programme 

6 

A4Staged4Multi#LAr4TPC44
Short#Baseline4Neutrino4Program

�5

Phase40:4MicroBooNE4
864t4active4volume4TPC4

L4=44704m4
start4in42014

Phase41:4LAr1#ND4
824t4active4volume4TPC4

L4=41004m4
2017#2018

Phase42:4LAr1#FD4
10004t4active4volume4TPC4

L4=47004m4
2020+Existing4enclosure4

vacated4by4
SciBooNE4detector

MicroBooNE 
(470m) 

Far Detector 
(700m) 

LAr1-ND 
(100m) 

BNB source 

MiniBooNE 
(540m) 

MINOS/Minerva 
buildings 

A4Staged4Multi#LAr4TPC44
Short#Baseline4Neutrino4Program

�5

Phase40:4MicroBooNE4
864t4active4volume4TPC4

L4=44704m4
start4in42014

Phase41:4LAr1#ND4
824t4active4volume4TPC4

L4=41004m4
2017#2018

Phase42:4LAr1#FD4
10004t4active4volume4TPC4

L4=47004m4
2020+Existing4enclosure4

vacated4by4
SciBooNE4detector

A4Staged4Multi#LAr4TPC44
Short#Baseline4Neutrino4Program

�5

Phase40:4MicroBooNE4
864t4active4volume4TPC4

L4=44704m4
start4in42014

Phase41:4LAr1#ND4
824t4active4volume4TPC4

L4=41004m4
2017#2018

Phase42:4LAr1#FD4
10004t4active4volume4TPC4

L4=47004m4
2020+Existing4enclosure4

vacated4by4
SciBooNE4detector

Roxanne Guenette (University of Oxford) 22 May 2014 

A4Staged4Multi#LAr4TPC44
Short#Baseline4Neutrino4Program

�5

Phase40:4MicroBooNE4
864t4active4volume4TPC4

L4=44704m4
start4in42014

Phase41:4LAr1#ND4
824t4active4volume4TPC4

L4=41004m4
2017#2018

Phase42:4LAr1#FD4
10004t4active4volume4TPC4

L4=47004m4
2020+Existing4enclosure4

vacated4by4
SciBooNE4detector

Far Det. 



MicroBooNE4
at44704m

LAr1#ND4
at41004m
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A4LArTPC4Near4Detector444
(824t4acjve4mass)4in4the4SciBooNE4hall,44

to4run4in4conjuncjon4with4MicroBooNE4on4the4BNB,4
for4an4exposure4of42.2x10204POT4

(in#the#last#year#of#the#MicroBooNE#run)

Summary4of4the4LAr1#ND4proposal

ν4beam

Phase 1: LAr1-ND 
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Why a Near detector? 

8 
�6

νµ4disappearance4probability4at4Eν4=47004MeV44
as4a4function4of4distance4in4a4sterile4neutrino4

4model4with44Δm2)=)1.0)eV2

Distance (meters)νμ4source

os
ci

lla
ti

on
 p

ro
ba

bi
lit

y

❖ A4Near4Detector4
close4to4the4BNB4
source4is4a4key4
element4in4each4
phase4

➡ Sample4the4beam4
before4the4onset4of4
L/E4dependent4
physics4

➡ Provide4a4high4
statistics4constraint4
on44intrinsic4event4
rates

LAr1#ND4
location

uBooNE4
location

LAr1#FD4
location

�6

νµ4disappearance4probability4at4Eν4=47004MeV44
as4a4function4of4distance4in4a4sterile4neutrino4

4model4with44Δm2)=)1.0)eV2

Distance (meters)νμ4source

os
ci

lla
ti

on
 p

ro
ba

bi
lit

y

❖ A4Near4Detector4
close4to4the4BNB4
source4is4a4key4
element4in4each4
phase4

➡ Sample4the4beam4
before4the4onset4of4
L/E4dependent4
physics4

➡ Provide4a4high4
statistics4constraint4
on44intrinsic4event4
rates

LAr1#ND4
location

uBooNE4
location

LAr1#FD4
location

C. Adams’ talk from Monday 

𝝂𝜇 disappearance probability (E = 700MeV) 

Roxanne Guenette (University of Oxford) 22 May 2014 



The LAr1-ND location 
(SciBooNE experimental hall) 

•  SciBooNE enclosure (on-axis at 100m from BNB 
target) is currently empty and is an ideal, ready to 
use, location 
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!The4enclosure4formerly4used4by4the4SciBooNE4experiment44(located4on#axis4at41004m4
from4the4Booster4Neutrino4Beam4target)4is4currently4empty4and4provides4an4ideal4
locajon,4readily4usable4for4the4LAr1#ND4detector

The4SciBooNE4experimental4hall

Length#(beam#direcNon)#=#4.9#m#
Width#=#7.0#m#
Depth:#floorGgrade#=#8.5#m,##
#############floorGceiling#=#11.6#m

!The4SciBooNE4
enclosure4is4a4below4
grade4rectangular4
concrete4structure4with4
interior4dimensions:44

ν4beam
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LAr1-ND detector design 

•  Membrane cryostat (supported by outer walls) 
(5.1m(w) x 4.8m(h) x4.4m(l))  
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LAr1-ND Proposal / 25

Figure 4.6: Conceptual design of the LAr1-ND TPC. The FR4 field cage panels are removed from

view.

Overview

The TPC is located inside the cryostat vessel, completely submerged in liquid argon at

89K. The entire TPC structure is suspended under the cryostat roof via integrated attach-

ment points. All cables (power and signal) from the cold electronics are routed through

four feedthrough ports on the top of the cryostat to the DAQ system. The TPC (Fig. 4.6)

consists of two APAs near the beam left and right walls of the cryostat. The active area of

the APAs is 3.65 m wide and 4 m tall. The CPA is centered between the two APAs. The

open sides between each APA and the CPA are surrounded by 4 FCA modules, constructed

from FR4 printed circuit panels with parallel copper strips to create a uniform drift field.

The drift distance between each APA and the CPA is 2 m. The active LAr mass in the TPC

is 82 tons.

LAr1-ND detector design 

•  TPC: 2 APAs near the walls and 1 CPA in center 
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➢ A4foam4insulated,4corrugated4stainless4steel4membrane4cryostat4is4constructed4in4the4pit,4supported4by4
the4outer4concrete4walls4of4the4enclosure,4and4filling4the4entire4length4in4the4beam4direction.4

➢ The4interior4dimensions4of4the4rectangular4cryostat4are:4
➢ 4.44m4long4in4the4neutrino4beam4direction,45.14m4wide4and44.84m4tall,44
444444amounting4to41504tons4total4of4liquid4argon4

➢ A4Time4Projection4Chamber4(TPC),4located4inside4the4cryostat4vessel,4consists4of4two4APAs4(Anode4Plane4
Assemblies4#4to4read4out4ionization4electron4signals)4near4the4walls4of4the4cryostat,4and4one4CPA4
(Cathode4Plane4Assembly)4centered4between4the4two4APAs4
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Top view schematic drawing

*4Shielding4blocks4are4used4to4narrow4
the4hall4by414m,4to4approximately4

center4the4detector4on4the4beam4axis4

3.654m4(beam#direction)4x44
4.04m4(wide)4x44
4.04m4(tall)#4

=458.44m344(824tons4of4argon)
*

ν4beam

The4TPC4active4volume:4

LAr1#ND4Detector4Design4(I)44

Roxanne Guenette (University of Oxford) 22 May 2014 �21

The4entire4TPC4structure4is4suspended4under4the4cryostat4roof4via4integrated4
attachment4points.

CPA4is4made4of4a4stainless#steel4
framework,4with4an4array4of4stainless#
steel4sheets4mounted4over4the4frame4

openings

APA

CPA

APA 
active area:"

3.65 m wide and 4 m tall

Each4pair4of4facing4CPA4and4APA4
forms4an4electron#driq4region

Time4Projection4Chamber4

�/.#%034!,�$%2)'.�
/&�3(%���1�����

���

drift4d
istanc

e4#424m
Open4sides4between4each4APA4and4
the4CPA4are4surrounded4by444FCA4
(Field4Cage4Assemblies)4modules,4
constructed4from4FR44printed4circuit4
panels4with4parallel4copper4strips4to4

create4a4uniform4driq4field At4a45004V/cm4driq4field4and424m4driq4
distance,4the4cathode4plane4is4biased4at4

#1004kV4(<4than4MicroBooNE4HV)



LAr1#ND4Physics4Goals
❖ �/3/�44���14<�+3+7->�+=)+88�

❑ Directly4test4the4anomalous4excess4of4electron4neutrino4events4reported4by4MiniBooNE4

❖ �8)/11'9/438��A@�F�A+�'55+'7'3)+�
❑ In4combination4with4MicroBooNE,4much4improved4sensitivity4with4a4near4detector4(ND)4

❖ �8)/11'9/438��A@�*/8'55+'7'3)+�
❑ Only4possible4with4a4ND4

❖ �8)/11'9/438���+:97'1�):77+39�*/8'55+'7'3)+�
❑ Direct4test4for4sterile4neutrino4content.44Only4possible4with4a4ND4

❖ �+:97/34�'7-43�/39+7')9/438�
❑ 15x4the4rate4compared4to4MicroBooNE.44~1M4events4per4year.4
❑ If4low#energy4excess4determined4to4be4a4Standard4Model4photon4production4mechanism,44444

LAr1#ND4can4make4measurements4of4the4rate4and4kinematics4with4100s4of4events4per4year4

❖ �'70�2'99+7�8+'7).�</9.�(+'2�4,,�9'7-+9�7:33/3-�
❑ Requires4future4beam4off#target4running.44See4talk4by4B.4Batell4&4R.4Van4de4Water �7

LAr1-ND physics Goals 
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Sensitivity4to4MiniBooNE4Low#Energy4νe4Excess

�10

By scaling directly from 
observed rates in MiniBooNE, 
MicroBooNE expects to see   

~50 background and 50 excess 
events in 6.6x1020 POT run

MiniBooNE

Assuming NO L/E dependence 
LAr1-ND would expect to see   

~320 background and 300 excess 
events in 2.2x1020 POT run

An4estimate4of4systematics4based4on4MiniBooNE4analysis4
indicates4a4>6.5σ4observation4of4a4MiniBooNE#like4excess

A.4A.4Aguilar#Arevalo4et#al.,4Phys.4Rev.4Lett.411041618014(2013)

LAr1-ND Proposal / 42

Process Events Events MiniBooNE dE/dx Total Error Error

(µB) (LAr1-ND) unc. unc. unc. (µB) (LAr1-ND)

µ ! ⌫
e

21.5 171.3 0.26 0.1 0.28 6.0 47.7

K+ ! ⌫
e

6.4 51.3 0.22 0.1 0.24 1.55 12.4

K0 ! ⌫
e

1.8 14.7 0.38 0.1 0.39 0.73 5.79

⌫
µ

CC 4.9 38.9 0.26 0.0 0.26 1.27 10.1

⌫
µ

e ! ⌫
µ

e 3.8 30.7 0.25 0.1 0.27 1.03 8.26

NC ⇡0 6.7 53.4 0.13 0.1 0.16 1.10 8.77

Dirt 0.9 6.9 0.16 0.1 0.19 0.16 1.31

� ! N� 2.5 19.8 0.14 0.1 0.17 0.43 3.40

Other 0.9 7.6 0.25 0.1 0.27 0.26 2.04

Total 49.4 322.1 6.55 52.23

MicroBooNE LAr1-ND

Total Events 97 775

“Low-energy Excess” 47.6 380

Background 49.4 394.6

Statistical Error 7.0 19.9

Systematic Error 6.6 52.2

Total Error 9.6 55.9

Statistical Significance of Excess 6.8 � 19.1 �

Total Significance of Excess 5.0 � 6.8 �

Table 5.2: Anticipated event rate and errors in MicroBooNE and LAr1-ND with reconstructed

neutrino energy 200-475 MeV determined by scaling from the observed events at MiniBooNE [11].

Estimated significance to the MiniBooNE “low-energy anomaly” at each location is determined by

assuming the MiniBooNE excess is not dependent on the neutrino propagation length.

in detector volume shapes, target material or the di↵erences between neutrino interactions

on carbon vs. argon are ignored. Nonetheless, the exercise is valuable for estimating the

experiment’s sensitivity to the exact anomalous event excess reported by MiniBooNE, an

important aspect of the physics program of LAr1-ND. In the following sections we will turn

to utilizing a full simulation to assess the sensitivity to various searches for oscillations with

the combination of LAr1-ND and MicroBooNE.

5.2.2 ⌫µ ! ⌫e Appearance

In this section we present the sensitivity of an experimental search for sterile neutrinos

in the context of a 3 active + 1 sterile neutrino model (3+1). The signal is taken to be the

Roxanne Guenette (University of Oxford) 22 May 2014 

MicroBooNE will tell if the 
excess is electrons or 
gammas 

LAr1-ND increases the 
significance AND will 
determine if the excess is 
inherent to the beam or 
to oscillations 
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+ND
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νμ4Disappearance
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❖ Previous4result4from4MiniBooNE+SciBooNE4(red4dashed4contour)4#4unlike4here,4detectors4were4different4

technologies,4and4detector4related4uncertainties4did4NOT4cancel

Same4MicroBooNE4exposure4+4

42.2x10204POT4exposure4for4LAr1#ND4

to4measure4unoscillated4νμ4
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LAr1-ND provides a great 
venue to conduct high statistics 

precision cross section 
measurements in the !
1 GeV energy range

GENIE estimated event rates 
 2.2x1020 POT exposure for LAr1-ND

Energy4threshold4on4protons:4214MeV.44
The40π4topologies4include4any4number44

of4neutrons4in4the4event.

Event4rates4based4on4categorization44
in4terms4of4exclusive4experimental44

topologies

Event4rates4based4on4classification44
by4physical4process4from4GENIE4
Monte4Carlo4truth4information.
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NuMI
Beam

Booster
Beam

MicroBooNE
     (470m)

LAr1-FD
 (700m)

LAr1-ND
 (100m)

Figure 3.1: Aerial view of the NuMI and Booster beams and the di↵erent detector locations.

The predicted fluxes at locations beyond MicroBooNE have almost identical shapes,

however some di↵erence is expected when compared to the 100 m location due to its proximity

to the neutrino source. Fig. 3.3 provides the ratios of the absolute fluxes as a function of

neutrino energy in order to highlight di↵erences in the shapes of the neutrino spectra. The

ratio �(MicroBooNE)/�(LAr1-ND) is on the left and shows clearly the e↵ect of LAr1-ND

being only 50 m from the end of the decay region. The e↵ect is more pronounced in the ⌫

µ

spectrum, but note that the ⌫

e

flux does fall o↵ slightly faster than 1/r2 between these two

locations (1002/4702 = 0.045). In contrast, the ratio �(LAr1-FD)/�(MicroBooNE) on the

right indicates that the neutrino flux past MicroBooNE falls o↵ almost exactly as 1/r2 at all

neutrino energies (4702/7002 = 0.45).

3.2 The NuMI Neutrino Beam

Neutrinos in the NuMI beam are produced by impinging 120 GeV protons on a graphite

target. Two magnetic focusing horns are used to steer charged pions and kaons down a 675

NuMI Off-Axis Angles 
 

- To LAr1-ND: ~30° 
- To MicroBooNE: ~8° 
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Figure 3.4: Predicted fluxes from the o↵-axis NuMI beam at the di↵erent detector locations: Top:

LAr1-ND, Middle: MicroBooNE, Bottom: LAr1-FD. The left plots are for neutrino mode running

and the right plots are for anti-neutrino mode running.
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Figure 3.4: Predicted fluxes from the o↵-axis NuMI beam at the di↵erent detector locations: Top:

LAr1-ND, Middle: MicroBooNE, Bottom: LAr1-FD. The left plots are for neutrino mode running

and the right plots are for anti-neutrino mode running.
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Figure 5.7: Event rates expected from the o↵-axis NuMI beam in neutrino mode running at the

di↵erent detector location for 9⇥1020POT : Top: LAr1-ND, Middle: MicroBooNE, Bottom: LAr1-

FD. The left plots show the expected CC event rates and the right plots show the expected NC event

rates.
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Figure 5.7: Event rates expected from the o↵-axis NuMI beam in neutrino mode running at the

di↵erent detector location for 9⇥1020POT : Top: LAr1-ND, Middle: MicroBooNE, Bottom: LAr1-

FD. The left plots show the expected CC event rates and the right plots show the expected NC event

rates.
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There’s more! NuMI events 
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NuMI4beam4events4(I)
Neutrino events from NuMI beam in neutrino mode 9x1020POT*
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Low energy neutrinos! Opens low-energy cross-section 
measurements 
 
Great for supernova studies 



We are still optimising 
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Roxanne Guenette (University of Oxford) 22 May 2014 

•  We have studied (and are studying) many 
design details, systematics effects, and physics 
models 

•  Example: muon containment study 



Conclusion 

•  Clear scientific motivations for a Near Detector 
in the BNB 

•  Great statistics available for cross-section 
measurements 

•  It gives a test bench for R&D and for expertise 
expansion 

 
•  It opens the door for definitive answer to the SBL 

anomalies with a 3 detector experiments 
 
 

23 Roxanne Guenette (University of Oxford) 22 May 2014 



Backup 

22 May 2014 Roxanne Guenette (University of Oxford) 24 



Fluxes at LAr1 in nu mode (100m) 

25 

tot
al 

Numu from K+ 
Numubar  from K- 

Numu from Pi
+ Numubar from Pi- 

Numu  from K0 
Numubar  from K0 
Numu  from mu- 
Numu  from mu- 
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Fluxes (nu mode MicroBooNE) 

total 

Numu from K+ 

Numubar  from K- 

Numu from Pi+ 
Numubar from Pi- 

Numu  from K0 

Numubar  from K0 

Numu  from mu- 

Numu  from mu- 
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U Top
Boards

U Top
Boards

U Side
Boards

V Side
Boards

V Top
Boards

V Top
Boards

Top ASIC+FPGA
Boards

Side ASIC+FPGA
Boards

Y Top
Boards

Field Cage
Anchor

➢ Each4APA4holds4three4planes4of4wires4(U,4V4and4Y)4on4one4side.4The4wire4pitch4(34mm)4and4
angles4(00)and4±6004from4vertical)4are4identical4to4that4of4MicroBooNE

Corner view of an APA. Wires at 00 (collection plane) and ±600 from vertical (2 induction planes)  
are attached to wire bonding boards at the sides and ends of the APA.

Readout boards"

Single4sided4APA:4uses4the4same4wire4bonding4method4developed4for4the4LBNE4APAs,4but4
without4the4conjnuous4helical4wrapping,4to4minimize4ambiguijes4in4track4reconstrucjon.4

Anode4Plane4Assembly

Each4wire4is4connected4to4a4front#end4readout4channel.4The4wire4readout4arrangement4is4also4
identical4to4MicroBooNE,4with44cold4electronics4boards4at4the4top4and4vertical4sides4of4each4APA4
444444The4total4number4of4readout4channels4is447364per4APA4(94724in4the4entire4detector)

Each APA has "
55 front end "

mother boards "
(19 on top - 128 channels, 18 
on each side - 64 channels)

27 Roxanne Guenette (University of Oxford) 22 May 2014 
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➢ The4electronic4readout4chain4is4implemented4as4CMOS4ASICs4designed4for4operajon4in4LAr,4and4
commercial4FPGAs4(muljplexing).4Both#analog#Front#End#(FE)#ASIC#and#ADC#ASIC#have#already#
been#developed#for#LBNE,#and#analog#FE#ASIC#is#being#used#in#MicroBooNE4

➢ 84FE,484ADC4plus4a4FPGA4comprise4a4single4128#channel4front4end4mother4board
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10GbE Interface
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10GbE Interface
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Mother Board

... 64-ch Front End
Mother Board

36 64-ch FE Mother Boards per APA: 2,304-ch

128-ch Front End
Mother Board

... 128-ch Front End
Mother Board

19 128-ch FE Mother Boards per APA: 2,432-ch

......
2 APAs: Total 9,472 Channels

Warm Interface Module
In: 36 x 2 Gbit/s
Out: 12 x 6.6 Gbit/s

1 x 2 Gbit/s 1... Cryostat

Warm Interface Module
In: 38 x 2 Gbit/s
Out: 12 x 6.6 Gbit/s

2 2...

......4 Feed-throughs

Data Concentrator Module
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PCIe Gen3

Detector Hall

12 x 6.6 Gbit/s 12
PC with PCIe Gen3 Slots

Commercial Router

PCIe NIC 10/40GbE

10/40GbE

Farm
Node ...... Farm

Node

Event Builder Farm

➢ The4FPGA4on4each4motherboard4transmit4data4
out4of4the4cryostat4through4a4feedthrough4to4
the4DAQ4system.4

➢ The4DAQ4system4is4located4external4to4the4cryostat4vessel,4with4components4in4the4detector4hall4and4
in4an4on#site4control4room.4It4consists4of4the4Warm4Interface4Module4(WIM),4timing4system,4and4
commodity4Data4Concentrator4Modules4(DCM),4network4switch4and4computing4farm

DAQ block diagram

Front End Mother board
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➢ Detecjon4of4scinjllajon4light4plays4several4important4roles4in4LAr4TPCs:44
➢ For4a4surface4detector4in4a4beam,4like4LAr1#ND,4the4scintillation4light4provides4a4tag4of4

events4in#time4with4the4beam4pulse,4allowing4rejection4of4cosmic4rays;4
➢ The4light4also4provides4the4T04for4non#accelerator4events4(such4as4supernova4events);4
➢ If4a4suitable4high4efficiency4light4collection4system4is4in4use,4energy4deposited4into4light4can4

be4related4to4energy4deposited4into4charge4for4an4improved4calorimetric4reconstruction.4
"

➢ A4compact4light#guide#based4system4has4been4proposed4as4Photon4Detector4(PD)4for4LBNE4
(acrylic#bars#read#out#by#silicon#photomultipliers,#SiPMs).4The4results4of4an4R&D4program4
show4that,4while4more4development4is4still4necessary,4the4system4works4properly4and4is4
proposed4as4the4basic4design4for4light4collection4in4the4LAr1#ND4detector4
"
"
However,4the4relajvely4small4volume4of4LAr1#ND4provides4an4excellent4test#bed4for4light4
collecjon4systems4being4designed4and4opjmized4for4LBNE4and4for4studies4of4the4light4

collecjon4efficiency4as4a4funcjon4of4the4photocathode4coverage

Trigger4#4Light4Collection
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➢ The4construcjon4costs4for4LAr1#ND44are4esjmated4based4on4recent4experience4at4Fermilab4
from4building4related4LAr4projects4including4MicroBooNE,4the4LBNE4354ton4membrane4cryostat,4
and4the4Liquid4Argon4Purity4Demonstrator4(LAPD)4

➢ The4total4project4cost4for4the4detector,4modifications4to4the4conventional4facilities,4and4project4
management4is4estimated4at44$13M

Estimation4of4Costs

*

*not4including4contingency �25
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