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Outline
- ProtoDUNE-SP experiment
- Proton-argon cross-section 
  measurement
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Controlled environment
CERN H4 beamline with known particle type 
(hadrons and electrons) & incident energies
A variety of test-beam particles in 
broad range of momenta

    0.3-7 GeV/c (π+/p/K+/μ+/e-)
Rich data to study hadron-Ar 
interactions 
Over 4 million beam events collected 
(all momenta) 
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Introducing ProtoDUNE-SP

LArTPC (main detector)
Excellent tracking & calorimetric capabilities

6 m

6.9 m
3.6 m x 2

● ~740 tons of liquid argon
● One of the 2 prototypes for DUNE at CERN Neutrino Platform 

Particle beam

ProtoDUNE-SP

H4 beam line

CERN 
Neutrino Platform

Primary physics goal: Measure hadron-argon cross sections 
Results provide critical information on hadron scattering in LAr and help better understanding of 
FSI in neutrino-argon interactions

ProtoDUNE-DP
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Cross-section (XS) measurements using XS reweighting

Working principle of XS reweighting:
→ Observables served as representations of XS model(s)
→ Validate XS models by comparing MC observables with those of data

 Use Geant4 Reweight for XS reweighting
 - Geant4 version: v4_10_6_p01 (released on Feb. 14, 2020)

Address & measure all detector systematics required
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Determination Method of Cross-section Measurement

Pictures from https://quan-inc.jp/en/

MC: Model A

Observable 1

Observable 2

Observable N

MC: Model B Data

Comparison
Model A!

Observable 1

Observable N

Observable 1

Observable N

Observable 1

Observable N
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Very limited proton-argon cross-section measurements 
made in the past

Inclusive Cross-section
- Elastic
   Nucleus is left in ground state

- Inelastic
  Nucleus is left in an excited state 
  and/or one or more nucleons 
  are knocked out

Proton-argon Cross-section
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10 cm

Beam proton
Elastic scattering candidate (Data)

10 cm

Beam proton

Pro
ton

Inelastic scattering candidate(Data)

Interaction vertex

P
roton

Inelastic scattering:
Shorter track length

Inelastic scattering:
Shorter track length

Elastic scattering:
Longer track length

Elastic scattering:
Longer track length
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Track length observable & beam momentum sensitive to XS
Peak position difference between data & MC
→ Detector systematics due to beam momentum difference between data & MC
Technique developed to reduce beam momentum systematics
Data agree with Geant4 MC prediction
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Track Length for Cross-section Measurement

Observable 1

Observable 2

Observable N

Observable N

Before reducing beam 
momentum systematics

Before reducing beam 
momentum systematics

After reducing beam 
momentum systematics

After reducing beam 
momentum systematics

Preliminary Preliminary

Address & reduce 
detector systematics
Address & reduce 
detector systematics

Modify XS model?
Or detector systematics? 
Modify XS model?
Or detector systematics? 
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Summary & Outlook
ProtoDUNE-SP measures hadron-argon cross-sections with great precision
→ Well-controlled environment + high resolution LAr TPC 
Measuring inclusive proton-argon cross-section using Geant4 cross-section 
reweighting

Evaluating & reducing detector systematics on-going

Working toward the proton-argon XS measurements, which will provide valuable 
information to DUNE & entire neutrino community 

Our first paper on detector performance: 
JINST 15 (2020) P12004

Our first paper on detector performance: 
JINST 15 (2020) P12004
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Backup



You Inst LogoYou Inst LogoPresenter Name | Presentation Title 8 **Pandora reconstruction algorithms: https://link.springer.com/article/10.1140/epjc/s10052-017-5481-6

Particle identification:
→ Use the info from TOF & Cherenkov counters*
Event reconstruction:
→ Use Pandora** multiple algorithms to reconstruct tracks/showers

Pandora Event Display (Data)

Blue: Cosmic Ray Particles
Purple: Beam Particle
Red: Trigger Info

High & Low Pressure 
Cherenkov Counters

Particle Identification & Event Reconstruction
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Data/MC Beam Momentum

Data beam widths wider than those of MC
Fit Gaussian on each sample and extract its mean & sigma to study systematics 

Preliminary
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Beam Momenta – Control Samples

Data
MC

1 GeV/c protons:
Before entering cryostat

1 GeV/c protons:
Before entering cryostat

* Mean (µ) & sigma(σ) of fitted Gaussian

Stopping protons:
 within TPC

Stopping protons:
 within TPC
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ProtoDUNE-SP has developed two techniques to mitigate beam momentum systematics: 
(1) Jake’s data-driven beam MC [       ]   (2) Beam momentum reweighting

Use beam momentum reweighting to mitigate beam momentum systematics
- Weighting function definition: Gaussian with weighted µ & σ / Default Gaussian

 

Grid search in (µ, σ) space
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Mitigation of Beam Momentum Systematics

MC
Default

Weighted 
(µ, σ)

Weighting 
Function

*Reference point for reweighting (no reweighting) 
    µ

0
: Mean of beam momentum [MC default]

    σ
0
: Sigma of beam momentum [MC default]

* Grid setting
  - µ: 0.95 – 1.02, ∆µ=0.001
  - σ: 0.90 – 1.40, ∆σ=0.002
    (each orange dot represents for single grid point 
     for beam momentum reweighting)

Reference point:
MC Default

Reference point:
MC Default

link

MC Default

Weighted (µ, σ)

https://indico.fnal.gov/event/44165/contributions/194440/attachments/133224/164256/Data_Driven_Beam_MC2.pdf
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Beam Momentum Reweighting

Use control sample for beam momentum reweighting
 → Control sample = stopping protons
Prod. 4 MC needs to reduce µ by 0.5% & increase σ by 31.8%

Minimum χ2:
µ  0.5%↓
σ 31.8%↑

Preliminary

Preliminary
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Thin Slice Method

Developed by LArIAT experiment*

Treat wire-to-wire spacing as a  
series of “thin-slab” targets 
Each thin-slab is an independent 
measurement

1 2 n

Interaction!

...

LArTPCBeam direction

N(KE)Interacting 

n

XS(KE) = S
f
· 

N(KE)interacting 
N(KE)incident

S
f
 ~100 barn for ProtoDUNE-SP

N(KE)Incident 

2n 1

*Reference:  arXiv:1611.00821 

 - XS formula:
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Thin Slice Method: Proof-of-Principle
Verification of the thin slice method using stand-along Geant4 application 
(G4HadStudies*)

* Hans Wenzel’s package: https://github.com/hanswenzel/G4HadStudies

ProtoDUNE-SP Preliminary


