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“If you are the 100th person to look under a 
rock, you are unlikely to find anything…

...but if you are using a new tool, or find a 
rock that’s been left unturned, you don’t 
have to be smart to find something” Dr. Steven 

Chu 6



1. Can we tune Pythia for forward experiments?

2. Which experiments can we hope to tune to?

3. How can we estimate the uncertainties in our tune?

Main Questions
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https://arxiv.org/pdf/1811.12522.pdf

https://arxiv.org/pdf/2101.10338.pdf

https://indico.fnal.gov/event/48868/contributions/213502/attachments/142718/180250
/Strange_PDFs_Snowmass_21.pdf



Main Problem

12



Most neutrinos come from pion / kaon decays inside the LHC’s beam pipe. 
→ Neutrino spectrum sensitive to forward pion / kaon production. 

Importance for Forward Neutrino Fluxes

Neutrino Energy [GeV] Neutrino Energy [GeV]
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Generate Events
with sets of 
tuning 
parameters

Tuning Pipeline
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Generate Events
with sets of 
tuning 
parameters

Combine experimental analyses with Pythia simulations

Tuning Pipeline
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Generate Events
with sets of 
tuning 
parameters

Combine experimental analyses with Pythia simulations

Predict Pythia response 
to tuning parameters 
and fit to experimental 
data

Tuning Pipeline
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Main Questions

1. Can we tune Pythia for forward experiments?

2. Which experiments can we hope to tune to?

3. How can we estimate the uncertainties in our tune?
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Poor 
predictions in 
the forward 

region. 

How much forward physics data can we fit at once?

19



Poor 
predictions in 
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An 
improvement, 

but some 
analyses are 
problematic
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Problematic 
analyses can 
be generated 

by Pythia



Main Questions

1. Can we tune Pythia for forward experiments?

2. Which experiments can we hope to tune to?

3. How can we estimate the uncertainties in our tune?
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Forward Experiments
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Analyses Targeting Diffractive Processes
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Main Questions

1. Can we tune Pythia for forward experiments?

2. Which experiments can we hope to tune to?

3. How can we estimate the uncertainties in our tune?
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Neutrino 
Energy [GeV]

Neutrino 
Energy [GeV]

● Naively, one could take 
the error band defined 
by multiple generators’ 
predictions

This is problematic:
uncertainty strongly depends 
on the weakest generator

Want something more robust

Estimating Uncertainty
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1. Create replica datasets 

2. Create replica tunes from these

3. Use these replica tunes to explore 
parameter space effectively 

Estimating Uncertainty - Replica Tunes
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Estimating Uncertainty - Replica Tunes

● Preliminary error bars
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1. Can we tune Pythia for forward experiments? ✅

2. Which experiments can (or should) we tune to?
Are there other experiments we should focus on?
Are there other experiments we are ignoring?

3. How can we estimate the uncertainties in our tune?

Main Questions
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Dr. Steven 
ChuForward Physics     

( w/ tuned Pythia ) 30



Thank You!
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Backup
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First Results
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Tuning Parameters
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TOTEM
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LHCf Neutrons
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CMS
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LHCb
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