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Calibrations: Overview 
Calibrations have 4 basic goals: 
 
•  To generate corrections: e.g., conversion of ADC counts to charge. 
   Usually applied to data 
   Example: Pulser 
 
•  To measure parameters: e.g., electron lifetime, diffusion. (could also be response functions) 
   Usually provide inputs to simulation model 
   Example: Laser source 
 
•  To measure acceptances: e.g., Cut acceptance, fiducial volume. 
   Usually included in normalizations and background estimation 
   Example: Sample of cosmic muons? 
 
•  To provide tests: Comparison of model prediction to data, reconstruction response 
   Usually provide estimations of systematic uncertainties 
   Examples: Sample of cosmic muons? Radioactive source? 
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Calibrations: Overview 
Calibrations have 4 basic goals: 
1.   To generate corrections. 
2.   To measure parameters. 
3.   To measure acceptances. 
4.    To provide tests. 

Depending on philosophy and needed precision, some of these 
elements can be used in place of others. 
 
Ex 1. Fiducial volume (3) can be predicted by a calibrated model (2), 
rather than measured.  Uncertainties on model can be measured via 
cosmics (4) or by varying uncertainties from measurements in (2).  
 
Ex 2. Drift correction could in principle be mapped (1) by a source, 
or parameters like E field (2) could be measured and drift correction 
predicted. Uncertainties could come from cosmics (4). 3	
  



Calibrations: Overview 
Calibrations have 4 basic goals: 
1.   To generate corrections. 
2.   To measure parameters. 
3.   To measure acceptances. 
4.    To provide tests. 

Top-down example:  Where will NC background estimate come from? 

a.  Could be a calibrated full simulation model  
b.  Could be from fast MC or analytic calculation with measured response functions 

(b)	
  Requires	
  careful	
  handling	
  of	
  correla1ons	
  and	
  extrapola1ons	
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Simulation model of detector includes: 
•  ν interaction cross sections (dσ(Eν)/dEedΩe) 
•  Particle propagation through LAr (e.g., GEANT4) 
•  Ionization and any non-linearities 
•  Detector geometry 
•  Creation of scintillation light  
•  Electron drift including speed, diffusion, lifetime, 

etc. 
•  Response of TPC wires and front-end electronics 
•  Response of light detection system and 

associated electronics 

Calibrations: Overview 

Model needs to be valid for all times, all energies, and positions and 
directions within detector.  
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•  Ideally, the model should be over-constrained. 

•  It will be necessary to also test the model, independent 
of parameter constraints 

Calibrations: Overview 
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Detector model will rely on parameters provided by: 
•  Benchtop measurements 
•  DUNE prototypes 
•  Other experiments  
•  Other detectors (e.g., near detector, beam monitors) 
•  Analyses of in-situ physics events in Far Detector 
•  Explicit in-situ calibration systems in Far Detector 

Some parameters are universal: 
•  Cross sections 
•  Ar ionization energies 
•  Particle passage through argon 

Calibrations: Overview 

Here, protoDUNE and other detector measurements play a big role. 
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Detector model will rely on parameters provided by: 
•  Benchtop measurements 
•  DUNE prototypes 
•  Other experiments  
•  Other detectors (e.g., near detector, beam monitors) 
•  Analyses of in-situ physics events in Far Detector 
•  Explicit in-situ calibration systems in Far Detector 

Other parameters are detector-dependent: 
•  Drift velocity, diffusion…. 
•  Reconstruction efficiency 
•  Particle ID 

Calibrations: Overview 

protoDUNE helps verify model of detector 
But hard to see how to avoid in-situ tests… 
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Calibra1on	
  Working	
  Group	
  
Preliminary Charge Elements 

Calibration WG will: 
1.  Provide complete list of parameters, corrections, 

efficiences/acceptances  to be measured 
2.  Generate requirements for calibration system(s) 
3.  Design a calibration program to meet requirements 
•  May include analyses of data (cosmics, tagged 

events…) 
•  May include explicit sources 
•  Laser? 
•  Cosmic tagger? 
•  Radioactive sources 
•  Radioactive spikes 
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Charge---Scope? 

•  Electronics corrections and response functions (pedestals, ADC…) 
•  Photon system response (light yield, timing…) 
•  TPC response (electron lifetime, drift velocity, diffusion…) 
•  Detector geometry (e.g., wire positions) 
•  High-level acceptances such as fiducial volume and uncertainties 

As it stands, charge includes 

Other elements of the model are not in our scope: 
•  Neutrino cross sections 
•  Beam flux and flavor composition 
•  Particle propagation through LAr 
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Calibra1on	
  Working	
  Group	
  
Deliverables 

•  Requirements for calibration program 
•  Requirements for any necessary instrumentation 
•  Outline of how calibrations will be integrated into 

analysis path 
•  Analyses demonstrating how program will constrain 

parameters as well or better than physics requirements 
for all physics topics of interest 
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Calibra1on	
  Working	
  Group	
  
Inputs and Foundations 

•  Input from all Physics WG on what requirements are 
on knowledge of detector response 

•  Simulation of Far Detector 
•  Reconstruction and analysis tools 

Calibration WG will need: 
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Path Forward 
Are we done already? 
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Path Forward 
Are we done already? 
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Path Forward 
Are we done already? 
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Path Forward 
Are we done already? 

From	
  Vitaly	
  

Three different sets of code give agreement on muon 
spectrum at 4850 ft to ~2% 
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Path Forward 
Are we done already? 
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Path Forward 
Are we done already? 

But DUNE FD will be different in many ways: 
•  Neutrino energy spectrum 
•  Much smaller number of cosmics/APA 
•  Probably too big for single laser 
•  Illumination and understanding of dead regions 
•  Very different primary physics program 
•  Broader physics program than other detectors 
•  PDS likely to be different 
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Path Forward 

•  How much of detector should a laser illuminate, and how much 
can it reasonably do? Are we happy to get our ADC-to-energy 
conversion based on the agreement of 3 simulations of muon 
spectra? 

•  How are things like “fiducial volume” and/or its uncertainty 
measured? 

•  Do we need a way of independently tagging/measuring cosmics? 
•  Do we need low-energy calibration sources? 
•  How well do we need to know front-end response so that 

deconvolutions are accurate? 
•  How often do we need to measure detector response? 
•  How do we know mis-ID efficiencies? 
•  … 

Many	
  Ques1ons…	
  

Answers to these and many others must be demonstrated solutions 
(And not “We’ll just…”). 
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Path Forward 

One suggestion: Start from the top-down 

How	
  have	
  far	
  detectors	
  for	
  other	
  LBL	
  experiments	
  been	
  calibrated,	
  
and	
  how	
  have	
  the	
  calibra1ons	
  been	
  used?	
  
	
  
How	
  have	
  LAr-­‐TPCs	
  been	
  calibrated,	
  and	
  how	
  have	
  those	
  
calibra1ons	
  been	
  used?	
  
	
  
What	
  are	
  the	
  outlines	
  of	
  DUNE	
  physics	
  analyses,	
  and	
  what	
  
assump1ons	
  do	
  they	
  make?	
  
	
  
What	
  uncertain1es	
  are	
  important	
  for	
  DUNE	
  physics	
  programs?	
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Path Forward 

In next several meetings, need to hear from: 

•  MINOS, NOvA,T2K 
•  Argoneut, ICARUS, MicroBooNE, SBND 
•  35t, protoDUNE 
•  Physics WGs (maybe summary from Detector Performance?) 
•  Photon System 
•  Electronics 
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Path Forward 
Near-term deliverable will be list of all parameters that must be 
measured, in-situ or not, how often, how many places within the 
detector. 

N.	
  Barros,	
  LBNE	
  DocDB#9262	
  

YES—but	
  
predicted	
  
exactly?	
  

NO	
  

YES—pos/1me?	
  

YES,	
  but	
  1ny	
  
uncertain1es	
  
rela1ve	
  to	
  ms	
  

YES-­‐-­‐-­‐pos/1me	
  dependent?	
  



Path Forward 
Near-term deliverable will be list of all parameters that must be 
measured, in-situ or not, how often, how many places within the 
detector. 

N.	
  Barros,	
  LBNE	
  DocDB#9262	
  

YES?	
  
YES?	
  YES-­‐-­‐-­‐

idendent	
  of	
  
drid	
  
velocity?	
   NO	
  

We	
  need	
  a	
  table	
  of	
  all	
  of	
  these.	
  



24	
  

Path Forward 

A	
  first	
  (and	
  inconsistent)	
  start:	
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Path Forward 
Schedule	
  

We (unfortunately) also have to deal with project/schedule realities: 

•  Need	
  to	
  ensure	
  calibra1on	
  needs	
  of	
  protoDUNE	
  are	
  in	
  hand	
  
•  Need	
  to	
  ensure	
  that	
  measurements	
  by	
  protoDUNE	
  will	
  provide	
  
needed	
  calibra1ons	
  input	
  for	
  DUNE	
  

•  Need	
  to	
  provide	
  specifica1ons	
  for	
  DUNE	
  FD	
  conven1onal	
  facili1es	
  
•  How	
  many	
  lasers,	
  mirrors,	
  feedthroughs…?	
  

These are all needed before end of this CY(?) 
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Organization 

•  Given potential breadth of charge, we are very manpower-limited 
•  Some things will proceed by themselves (e.g., 35t calibrations 

already ongoing) 
•  Probably don’t have time for separate subgroup phone calls 

•  But “obvious” subgroups are protoDUNE, 35 t right 
now 

•  Later might be instrumentation, in-situ analyses, etc. 
•  Will meet biweekly at first, may move to monthly as things settle 

down 
•  Need to define available manpower for work: 

•  Cosmic-ray calibration studies 
•  Tagged beam-event studies 
•  Simulations of PDs (from PD WG) 
•  Laser studies---how much illumination? 

 


