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LS2 Report: FASER is born

FASER, the Forward Search Experiment, has been installed in the LHC tunnel during
Long Shutdown 2. It is currently being tested and will start taking data next year

24 MARCH, 2021 | By Anais Schaeffer

Detecting Dark Matter with Far-Forward Emulsion
and Liquid Argon Detectors at the LHC

PYTHIA



Main

Problem

® Usual Pythia tunes don’t describe LHCf data
* other generators aren’t that great either ...
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Importance for Forward Neutrino Fluxes

Neutrinos [1/bin]
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Most neutrinos come from pion / kaons decays inside the LHC’s beam pipe.
— Neutrino spectrum sensitive to forward pion / kaon production.




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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Tuning Pipeline

YODA — Yet more Objects for Data Analysis

small, mean and full of Jedi magic

30100 3500
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Rivet — the particle-physics MC analysis toolkit

Generate Events
with sets of
tuning
parameters

Combine experimental analyses with Pythia simulations




Tuning Pipeline

YODA — Yet more Objects for Data Analysis

small, mean and full of Jedi magic

Rivet — the particle-physics MC analysis toolkit

Generate Events
with sets of
tuning
parameters

Combine experimental analyses with Pythia simulations

pyapprentice 1.0.6
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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?



Before Tuning

Poor
predictions in
=== the forward
region.
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After Tuning
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Tuning Parameters

Many parameters

A few parameters

Parameter Def.

SigmaDiffractive:maxXB 65 parm StringFlav:popcornRate (default = 0.5;minimum = 0.;maximum = 2.0)
;}gmg?iiracz?vefmaxﬁi (r):) gives the relative rates of B Bbar and B M Bbar production, roughly as

A S e _———=== Prob(B M Bbar) / (Prob(B Bbar) + Prob(B M Bbar)) = popcornRate / (0.5 + popcornRate)
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Tuning Method

A few parameters

parm StringFlav:popcornRate (default = 0.5;minimum = 0.;maximum = 2.0)
gives the relative rates of B Bbar and B M Bbar production, roughly as
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+ a few more

Tuning the fragmentation function on the
beam remnant to provide harder or softer
hadrons



How much forward physics data can we fit at once?
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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?



Forward Experiments

LHCf (n > 8.81)
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Forward Experiments

LHCS (; > 8.81)

Analysis Vs [TeV| | HD | Refs. RIVET
forward 7¥ or 7 v (1] LHCF 2012 11115479
2.76, 7 Vv 2] LHCF 2016 11385877 CASTOR (5.2 < 5 < 6.6)

: : 13 v $ GRS Ry ares Analysis V5 [TeV] | HD | Refs. RIVET
forward v (diffractive) 13 — '} forward E 13 Vv 14 CMS_2017_11511284
forward neutrons 7 v 9 LHCE_ 201571351000 forward E vs central Nep, || 0.9, 2.76, 7 | / 15 CMS_2013_11218372

13 \/ [6] LHCF 2018 11692008 13 o 16] (,“.\IS_:;)H)_X_IT-IT&Q'.Z(1)
13 B (7] dE /dn 13 —= 17 CMS_2018 11708620

TOTEM (L2) (5.3 <7 < 6.5)

Analysis || /s [TeV] | HD | Refs. RIVET
dNey/dn 7 Vv [10] TOTEM 2012 11115294

8 Vv [11] TOTEM _2014_11328627

8 Vv [12] CMSTOTEM_2014_ 11294140
OpDD 7 \/ [13]




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?



Neutrinos [1/bin]
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Estimating Uncertainty

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

Problematic:
uncertainty strongly depends
on the weakest generator




Estimating Uncertainty - Replica Tunes
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e Can diagonalize covariance matrix, find
principal axes in parameter space, and obtain
naive chi-squared confidence level

e But data do not follow a chi-squared
distribution®, so how to define a meaningful
confidence level?
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*See section 4A of FASERnNu technical proposal for a more thourough discussion on this



Estimating Uncertainty - Replica Tunes

pp—n at /s = 7TeV with 5 > 10.76
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Estimating Uncertainty - Replica Tunes
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Main Questions

Can we tune Pythia for forward experiments? u

Which experiments can (or should) we tune to?
LHCf has been the priority but we are looking at others

Can we estimate the uncertainties in our tune?
Yes, but the uncertainty should be taken with a grain of salt
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First Results

® we tested 76 Pythia8 parameters, plotted key
distribution, and identified 9 relevant parameters
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We tuned them to the LHCf pion and
neutron analyses

First results look promising

much better
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LHCf Neutrons
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