
	  
	  
	  
	  
	  

We	   present	   sensi*vity	   studies	   of	   the	   νμ-‐induced	  
Charged-‐Current	  Quasi-‐Elas*c	  (CCQE)	  interac*ons	  in	  the	  
Fine-‐Grained	   Tracker	   (FGT)	   which	   is	   the	   LBNE	   Near	  
Detector.	   Efficiency	   and	   purity	   of	   QE	   selec*on	   is	  
presented	   in	   energy	   bins	   spanning	   0.5	   to	   25	   GeV.	  
Constraints	   on	   nuclear	   effects	   such	   as	   ini*al	   state	   pair	  
wise	  correla*ons	  and	  final	  state	  interac*ons	  that	  can	  be	  
obtained	  from	  the	  CCQE	  data	  are	  discussed.	  

•  Parameterized	   detector	   response	   benchmarked	  	  
NOMAD	  data	  and	  simula*on	  

Sensi*vity	  of	  Quasi-‐Elas*c	  ScaWering	  in	  the	  LBNE	  Near	  Detector	  
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	  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	   transi*on-‐radia*on	  capability	  surrounded	  by	  
a	   high	   resolu*on	   electromagne*c	   calorimeter	   (ECAL)	  
and	  embedded	   in	   a	   dipole	  magnet.	  Muon-‐ID	  detectors	  
instrument	   the	   iron-‐yoke	   of	   the	   magnet	   and	   the	  
downstream	  and	  upstream	  sta*ons	  outside	  the	  magnet.	  	  

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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1.  Fine-‐Grained	  Tracker	  as	  a	  Near	  Detector	  for	  LBNE	  -‐	  Poster	  233	  

µ
/p

µ
 pδ

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

Ev
en

ts

0

1

2

3

4

5

6

7

8
310×

 / ndf 2χ   7145 / 197
Constant  17.5±  7064 
Mean      0.0000618± 0.0005378 
Sigma     0.00006± 0.03358 

µ
/p

µ
 pδ

-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 0.2

Ev
en

ts

0

0.02

0.04

0.06

0.08

0.1

0.12
610×

 / ndf 2χ  1.535e+05 / 197
Constant  6.933e+01± 1.039e+05 
Mean      0.000016± -0.000186 
Sigma     0.00002± 0.03311 

NOMAD	  	  
μ	  momentum	  resolu*on	  

FGT	  	  
μ	  momentum	  resolu*on	  

2.	  	  	  	  The	  LBNE	  Fast	  Monte	  Carlo-‐	  Poster	  195	  
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•  Preselec*on	  

•  Muon	  momentum	  &	  min.	  
#hits	  

•  Muon	  ID	  based	  on	  
NOMAD	  experience	  

•  Neutral	  veto:	  π0/n/K0	  

•  Proton	  candidate	  
momentum	  &	  min.	  #hits	  

Mul*variate	  analysis	   signal	  eff.	  :	  48%	  	  
signal	  purity	  :	  81%	  	  
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NOMAD	  experience	  

•  Neutral	  veto:	  π0/n/K0	  

•  No	  second	  track	  
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CCQE 2-track

Constraiting Nuclear E↵ects using 2-track events
• Constraints on nuclear e↵ects such as initial state pair wise correlations and

final state interactions.
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M. Jen & C. Marani (VT) helped generate 2 M CCQE sample, 1 M with modified Q2
,

1 M with modified Q2
and SF. I will analyze them and show the results in the upcoming

NDWG meeting (Many Thanks!).
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•  2	  Track	  topology.	  	  
•  The	  difference	  between	  the	  Evis	  and	  Eν	  to	  

constrain	  ini*al	  state	  pair	  wise	  correla*ons	  
and	  final	  state	  interac*ons	  
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•  1	  Track	  +	  2	  Track	  	  
•  Compare	   1-‐track	   and	   2-‐track	   cross	   sec*ons	   to	   constrain	   final	  

state	  interac*ons	  

•  Generate	   CCQE	   interac*ons	   in	   GENIE	   and	  
GiBUU	  

•  Compare	  Q2,	  x	  and	  y	  distribu*ons	  with	  and	  
without	  FSI	  

•  Study	  different	  nuclear	  targets:	  12C,	  40Ar	  and	  
40Ca	  

HiResMν:

Costs and Detector Design

R. Petti

University of South Carolina

LBNE Near Detector Workshop

Columbia SC, December 12, 2009

Roberto Petti USC

STUDY OF NUCLEAR EFFECTS

✦ Multi-variate analysis to separate QE from backgrounds (RES, DIS)
2-track sample: ppr, pTµ , p

T , θµ, θpr, θµ,pr; 1-track sample: ppr, pTµ , θµ, θpr
=⇒ Need good proton reconstruction and identification
=⇒ Improvement by a factor of 2 with respect to NOMAD analysis

✦ Compare Evis=Eµ+Epr with EQE
ν from Eµ and θµ to constrain nuclear effects and FSI

✦ Compare cross-sections obtained from 2-track and 1-track samples to constrain FSI

✦ Generate QE, RES and DIS interactions in GENIE and GiBUU

✦ Compare Q2, x and y distributions with and without FSI
=⇒ FSI poorly known, e.g. comparisons with MiniBooNE 1π (nucl-th/1107.5947)

✦ Study different nuclear targets: 12C, 40Ar, 40Ca

Generator GENIE GiBUU

Nuclear Model Modified Relativisitc Fermi Gas model & ν+N Plane Wave Impulse Appr.

Initial State Pair w/ short-range n-n correlations w/ n-n momentum correlations &
Wise Correlations (Bodek-Ritchie) density dep. mean-field potential

FSI hA BUU transport

Roberto Petti USCM. Mehedi, 
S. Prakash, 

R. Gandhi (HRI)

5

3. NwFSI/NwoFSI

vs. Q2
: Calcium vs. Argon (QEL-CC)
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FIG. 3: Plots showing NwFSI/NwoFSI

vs. Q2
for Calcium and Argon. The left panel is for GENIE and the right panel is for

GiBUU.

binning NwFSI

Calcium

NwoFSI

Calcium

NwFSI

Calcium

/NwoFSI

Calcium

NwFSI

Argon

NwoFSI

Argon

NwFSI

Argon

/NwoFSI

Argon

0 - 0.0805183 9512 9315 1.02115 9399.09 9462.73 0.993275
0.0805183 - 0.143297 9499 9389 1.01172 8641.82 8545.45 1.01128
0.143297 - 0.21294 10058 10056 1.0002 9050 8935.45 1.01282
0.21294 - 0.293594 10024 10107 0.991788 9147.27 9080 1.00741
0.293594 - 0.393414 10384 10267 1.0114 9240.91 9316.36 0.991901
0.393414 - 0.518361 9823 10156 0.967212 8990.91 9000.91 0.998889
0.518361 - 0.68837 10319 10086 1.0231 9230 9251.82 0.997642
0.68837 - 0.939473 10099 10271 0.983254 9147.27 9220 0.992112
0.939473 - 1.39793 10228 10317 0.991373 9176.36 9222.73 0.994973

1.39793 - 18 10053 10035 1.00179 8884.55 8872.73 1.00133

TABLE V: Table for events numbers vs. Q2
bins. Events generated using GENIE.

binning NwFSI

Calcium

NwoFSI

Calcium

NwFSI

Calcium

/NwoFSI

Calcium

NwFSI

Argon

NwoFSI

Argon

NwFSI

Argon

/NwoFSI

Argon

0 - 0.0805183 8953 8660 1.03383 9266 9166 1.01091
0.0805183 - 0.143297 6955 7099 0.979715 7085 7113 0.996064
0.143297 - 0.21294 7056 7015 1.00584 6925 7122 0.972339
0.21294 - 0.293594 7388 7259 1.01777 7421 7177 1.034
0.293594 - 0.393414 8169 8050 1.01478 7984 8109 0.984585
0.393414 - 0.518361 8969 8898 1.00798 8671 8659 1.00139
0.518361 - 0.68837 9985 10094 0.989202 10029 10130 0.99003
0.68837 - 0.939473 10789 10879 0.991727 10923 10834 1.00821
0.939473 - 1.39793 12213 12326 0.990832 12243 12196 1.00385

1.39793 - 18 19507 19704 0.990002 19434 19477 0.997792

TABLE VI: Table for events numbers vs. Q2
bins. Events generated using GiBUU.

✦ Multi-variate analysis to separate QE from backgrounds (RES, DIS)
2-track sample: ppr, pTµ , p

T , θµ, θpr, θµ,pr; 1-track sample: ppr, pTµ , θµ, θpr
=⇒ Need good proton reconstruction and identification
=⇒ Improvement by a factor of 2 with respect to NOMAD analysis

✦ Compare Evis=Eµ+Epr with EQE
ν from Eµ and θµ to constrain nuclear effects and FSI

✦ Compare cross-sections obtained from 2-track and 1-track samples to constrain FSI

✦ Generate QE, RES and DIS interactions in GENIE and GiBUU

✦ Compare Q2, x and y distributions with and without FSI
=⇒ FSI poorly known, e.g. comparisons with MiniBooNE 1π (nucl-th/1107.5947)

✦ Study different nuclear targets: 12C, 40Ar, 40Ca

Generator GENIE GiBUU

Nuclear Model Modified Relativisitc Fermi Gas model & ν+N Plane Wave Impulse Appr.

Initial State Pair w/ short-range n-n correlations w/ n-n momentum correlations &
Wise Correlations (Bodek-Ritchie) density dep. mean-field potential

FSI hA BUU transport

Roberto Petti USC

•  A	   preliminary	   sensi*vity	   study	   of	   CCQE	  
interac*ons	  in	  the	  Fine	  Grained	  Tracker	  using	  
ND	  Fast	  MC	  has	  been	  performed	  

•  The	   high	   precision,	   high	   sta*s*cs	   Near	  
Detector	   data	   will	   provide	   the	   strength	   to	  
constrain	  the	  nuclear	  effects	  

•  Systema*c	   uncerta in*es	   eva lua*on	  
underway	  

•  Propagate	   constraint	   to	   the	   FD	   oscilla*on	  
analyses	  underway	  
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