
	  
	  
	  
	  
	  

Your	  text	  would	  go	  here.	  	  
The	  reference	  design	  of	  the	  near	  detector	  for	  the	  LBNE	  experiment	  is	  a	  
Fine-‐Grained	   Tracker	   (FGT)	   capable	   of	   precisely	   measuring	   all	   four	  
species	  of	  neutrinos:	  νμ,	  νe,	  νμ,	  and	  νe.	  The	  FGT	  is	  composed	  of	  a	  Straw-‐
Tube	  Tracker	  (STT)	  with	  transiIon-‐radiaIon	  capability	  surrounded	  by	  a	  
high	  resoluIon	  electromagneIc	  calorimeter	  (ECAL)	  and	  embedded	  in	  a	  
dipole	   magnet.	   Muon-‐ID	   detectors	   instrument	   the	   iron-‐yoke	   of	   the	  
magnet	   and	   the	   downstream	   and	   upstream	   staIons	   outside	   the	  
magnet.	  The	  STT	  is	  instrumented	  with	  Ar	  and	  other	  nuclear	  targets.	  The	  
goal	   of	   the	   FGT	   is	   to	   constrain	   systemaIc	   errors	   below	   the	   staIsIcal	  
error	   in	   all	   oscillaIon	   studies	   in	   the	   far	   detector.	   The	   FGT	   will	   also	  
conduct	  a	  panoply	  of	  precision	  measurements	  and	  searches.	  

•  Constrain	   the	   systemaIc	   uncertainIes	   in	   the	  
oscillaIon	  studies	  

•  Conduct	   precision	   measurements	   of	   neutrino	  
interacIons,	   including	   cross-‐secIons,	   exclusive	  
processes,	   electroweak	   and	   isospin	   physics,	  
structure	  of	  nucleons	  and	  nuclei	  etc.	  

•  Conduct	   searches	   for	   new	   physics	   covering	  
unexplored	   regions,	   including	   heavy	   (sterile)	  
neutrinos,	  large	  Δm2	  neutrino	  oscillaIons,	  light	  Dark	  
MaRer	  candidates	  etc.	  

HiResMν	  So+ware	  (HiSo+/hiso+)	  

Fine-‐Grained	  Tracker	  as	  a	  Near	  Detector	  for	  LBNE	  
Xinchun	  Tian,	  Sanjib	  Mishra	  and	  Roberto	  PeW	  for	  the	  LBNE	  CollaboraIon	  

University	  of	  South	  Carolina	  
	  

THE LBNE NEAR DETECTOR

✦ Straw Tube Tracker 3.5m×3.5m×7.0m
(ρ ∼ 0.1 g/cm3) with target embedded

✦ 4π ECAL in dipole B field (0.4 T)
✦ 4π µ-Detector (RPC) in return yoke and

downstream
✦ Pressurized Ar target ∼ ×10 FD Stat.
✦ Precise measurement of 4-momenta

✦ Combined tracking and particle ID
✦ Transition Radiation =⇒ e−/e+ ID, γ
✦ dE/dx =⇒ Proton ID, π+/−, K+/−

✦ Magnet/Muon detector =⇒ µ+/µ−

LOW-DENSITY ”ELECTRONIC BUBBLE CHAMBER”

Roberto Petti USC(1) STT;   (2) ECAL;   (3) Magnet;   (4) RPC’s;   (5)  Electronics;   (6) Simulation
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Indian	   insItuIons	  have	  proposed	   to	  prototype,	  develop,	  and	   fabricate	  
the	  Fine-‐Grained	  Tracker	  (FGT),	  in	  collaboraIon	  with	  the	  US	  insItuIons,	  
as	   the	   LBNE	  Near	  Detector.	   The	   proposal	   (DPR)	  was	   submiRed	   to	   the	  
Indian	  funding	  agencies,	  DAE	  and	  DST,	  in	  Dec.,	  2012.	  

•  STT:	  Panjab	  Univesity	  with	  some	  contribuIons	  from	  US	  groups	  

•  ECAL:	   India	   InsItute	   of	   Technology	   (GuwahaI)	   and	   Delhi	  

University	  

•  Magnet:	  Bhabha	  Atomic	  Research	  Centre,	  Trombay,	  Mumbai	  

•  RPC:	  Variable	  Energy	  Cyclotron	  Centre	  

•  SimulaIon	  &	  SensiIvity	  study:	  University	  of	  South	  Carolina	  

Chapter 3: An Overview of the High Resolution Near Detector for LBNE 3–27
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HiResM! design
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THE STRAW TUBE TRACKER

! Build upon NOMAD experience

! The ATLAS TRT technology allows to improve upon
limitations of the NOMAD design while keeping all the
advantages of a low density - ρ = 0.1g/cm3 - detector:

" Small cylindrical drift tubes insensitive to track angles;
" More sampling points along the track

( ×6 ⊥ beam axis and ×1.5 along the beam axis)
=⇒ efficient proton reconstruction down to 250 MeV/c

" dE/dx and Transition Radiation (TR) for particle identification
=⇒ proton and electron identification with little background

! Mass of the active target is completely dominated by
the radiators (85% of total mass) and can be tuned to
achieve desired events & momentum resolution

! Basic design for the proposed modules after COMPASS

" Operate with Xe/CO2 gas mixture;
" As baseline calculate radiator thickness in order to give same

density as in NOMAD (1X0 = 5 m);
" Default radiator with 75 foils interleaved by 2 straw layers.
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Dipole Magnet for HiResMnu 

Figure 3–1: Sketch of the proposed HIRESMNU detector showing the inner STT and the 4fi
ECAL in the dipole magnet with the muon-ID detector (MRD). The internal magnetic volume is
approximately 4.5m ◊ 4.5m ◊ 8m. Also shown is one module of the proposed STT.

LBNE-India

Item	   Requirement	  
Inner	  MagneIc	  Volume	   4.5m×4.5m×8.0m	  

Tracking	  Detector	   3.5m×3.5m×7.04m,	  88	  modules,	  
123,904	  straws	  

Targets	   1.27	  cm	  thick	  argon,	  water,	  and	  
other	  nuclear	  targets	  

TransiIon	  RadiaIon	  
Radiators	  

2.5	  cm	  thick	  radiators	  

ECAL	   X0=10	  barrel,	  10	  backward,	  and	  18	  
forward,	  32,320	  scinIllator	  bars	  

Dipole	  Magnet	   0.4	  T,	  2.4	  MW,	  60	  cm	  thick	  steel	  

MagneIc	  Field	  
Uniformity	  

<2%	  magneIc	  field	  variaIon	  over	  
inner	  volume	  

MuID	   32	  RPC	  planes	  interspersed	  between	  
20	  cm	  thick	  layers	  of	  steel	  

Performance	  Metric	   FGT	  
Straw	  Tube	  Detector	  

Mass	  
8	  tons	  

Vertex	  ResoluIon	   0.1	  mm	  

Angular	  ResoluIon	   2	  mrad	  

Ee	  resoluIon	   5%	  

Eμ	  resoluIon	   5%	  

νμ/νμ	  ID	   Yes	  

νe/νe	  ID	   Yes	  
NCπ0/CCe	  RejecIon	   0.1%	  

NCϒ/CCe	  RejecIon	   0.2%	  

CCμ/CCe	  RejecIon	   0.01%	  

THE STRAW TUBE TRACKER

✦ Main parameters of the STT design:
● Straw inner diameter 9.530± 0.005 mm;

● Operate with 70%/30% Xe/CO2 gas mixture.

● Radiator/target ∼ 20mm with 75 (C3H6)n foils (40 µm)
for Transition Radiation and tulle spacers;

● Straws are arranged in double layers glued together (epoxy
glue) inserted within C-fiber/Al composite frames;

● 160 modules arranged by alternating vertical and horizon-
tal orientation over ∼ 6.5 m (total 112,640 straws);

✦ Proven design and technology:
● Based upon the NOMAD experience
● Combine tracking & particle ID like the ATLAS TRT
● Basic design/geometry after COMPASS straw tracker

✦ Mass of the active target dominated by the radia-
tors (82.6% of total mass) and can be tuned to
achieve desired events & momentum resolution
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HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

STATUS OF LBNE ND G4 SIMULATION

X. Tian, T. Alion (USC)
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✦ HiResMν Software (HiSoft or hisoft)

✦ Framework - HiSoft

● Based on ART framework;
● Using Git/mrb;
● Compile, run ART job, but no
Geant4, ROOT stuff at the moment;

● Start adding G4 to the framework.

✦ Geometry - Python based script

● Straw Tube Tracker (STT) and
radiators/targets are in place

● Working on ECAL, Magnet,
Muon Chambers, etc.

✦ Fast MC = Fast Detector Simulation + Fast Reconstruction

✦ The Chain: G4LBNE→GENIE→ND Fast MC→Analyzing the output ROOT files

● G4LBNE produces the flux
● GENIE produces the interactions with a homogeneous detector
with approximately the same composition as the current design of HiResMν

● ND Fast MC will mimic the detector simulation and recontruction
to produce the “reconstructed” variables for downstream analysis

● Analyzing the output “reconstructed” ROOT files for specific topics

✦ Use the exisiting NOMAD data to benchmark the whole chain

✦ Re-use as much as possible the existing Fast MC codes
developed by Dan and Rik. It is also a good cross check of the
existing code

Roberto Petti USC

✦ HiResMν Software (HiSoft or hisoft)

✦ Framework - HiSoft (following LArSoft)

● Based on ART framework;
● Using Git/mrb;
● Compile, run ART job, but no Geant4,
ROOT stuff at the moment;

● Start adding G4 to the framework.

✦ Fast MC = Fast Detector Simulation + Fast Reconstruction

✦ The Chain: G4LBNE→GENIE→ND Fast MC→Analyzing the output ROOT files

● G4LBNE produces the flux
● GENIE produces the interactions with a homogeneous detector
with approximately the same composition as the current design of HiResMν

● ND Fast MC will mimic the detector simulation and recontruction
to produce the “reconstructed” variables for downstream analysis

● Analyzing the output “reconstructed” ROOT files for specific topics

✦ Use the exisiting NOMAD data to benchmark the whole chain

✦ Re-use as much as possible the existing Fast MC codes
developed by Dan and Rik. It is also a good cross check of the
existing code

Roberto Petti USC

Framework	  
•  Based	  on	  ART	  framework	  

•  Using	  Git/mrb	  

•  Under	  development	  
Geometry	  
•  Python	  based	  script	  

•  Straw	  Tube	  Tracker	  and	  radiators/targets	  are	  in	  place	  

1.	  The	  LBNE	  Fast	  Monte	  Carlo-‐	  Poster	  195	  
2.	  SensiIvity	  of	  Quasi-‐ElasIc	  ScaRering	  in	  the	  LBNE	  Near	  Detector	  -‐	  Poster	  232	  

•  Straw	  Inner	  diameter	  :	  9.530	  ±	  0.005	  mm	  

•  Operate	  with	  70%/30%	  Xe/CO2	  gax	  mixture	  

•  Radiator/target	  thickness	  ~	  20mm	  with	  75	  (C3H6)n	  
foils	  (40	  μm)	  for	  transiIon	  radiaIon	  and	  tulle	  
spacers	  

•  Straws	  arranged	  in	  double	  layers	  glued	  together	  
inserted	  within	  C-‐fiber/Al	  composite	  frames	  

•  166	  modules	  arranged	  by	  alternaIng	  verIcal	  and	  
horizontal	  orientaIon	  with	  total	  length	  of	  7	  m	  

•  Mass	  of	  the	  acIve	  target	  dominated	  by	  the	  
radiators	  (82.6%	  of	  total	  mass)	  can	  be	  tuned	  to	  
achieve	  desired	  events	  and	  momentum	  resoluIon	  

Combined	  tracking	  &	  
parIcle	  ID	  like	  the	  ATLAS	  

TRT	  

•  Al	  tubes	  filled	  with	  pressurized	  Ar	  gas	  to	  provide	  same	  target	  as	  in	  FD	  (LANL)	  

•  Radiators	  (C3H6)n	  and	  C	  targets	  for	  flux	  and	  precision	  measurements	  (Carolina)	  

•  Develop	  Ca	  target	  for	  FD	  oscillaIon	  analysis	  and	  isospin	  physics	  (Carolina)	  

•  Steel	  target	  (Fe)	  for	  INO	  experiment	  

Barrel"ECal"Side"Module"
(4"total"modules)"
3.96mVY,"3.71mVZ"
8"layers"of"7mm"thick"Pb,""
10mm"thick"ScinPllator"

Barrel"ECal"Top/BoBom"Module"
(8"total"modules)"
2.06mVX,"3.71mVZ"
8"layers"of"7mm"thick"Pb,""
10mm"thick"ScinPllator"

Upstream"ECal"Module""
3.9m"x"3.9m"
8"layers"of"7mm"Pb;"10mm"thick"ScinPllator"
Each"lead"layer"weighs"1200lbs"(545kg)"

150"mm"
Downstream"ECal"Module""
3.9m"x"3.9m"
58"layers"of"1.75"mm"thick"Pb;"
10"mm"ScinPllator"

500"mm"

•  Lead–scinIllator	  based	  on	  the	  T2K-‐ECAL,	  embedded	  inside	  the	  0.4	  T	  dipole	  magnet	  

•  58	  layers	  of	  alternaIng	  horizontal/verIcal	  scinIllator	  strips	  per	  1.75	  mm	  Pb	  along	  
the	  z-‐direcIon	  

•  PlasIc	  ScinIllator	  bars:	  4m×2.5cm×1.0cm,	  160	  bars/layer,	  9,280	  bars	  in	  total	  
	  
•  Two	  sided	  readout	  

•  4.5m×4.5m×8.0m	  inner	  
dimensions	  

•  <2%	  magneIc	  field	  variaIon	  
over	  inner	  volume	  

•  0.4	  T	  magneIc	  field	  

•  Muon	  Range	  Detector	  –	  idenIfy	  muons	  at	  low	  
momenta	  exiIng	  the	  sides	  of	  the	  detector.	  	  

•  External	  Muon	  IdenIfier	  –	  idenIfy	  high-‐
energy	  forward	  muons	  
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