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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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Main Problem

® Usual Pythia tunes don’t described LHCf data
* other generators aren’t that great either ...

default tunes

LHCf pion spectrum LHCf neutron spectrum

pp— 7 at /s = 7TeV for 0.0 < pr[GeV/c] < 02
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Importance for Forward Neutrino Fluxes

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

Generate Events
with sets of
tuning
parameters
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Tuning Pipeline

YODA — Yet more Objects for Data Analysis

small, mean and full of Jedi magic

Rivet — the particle-physics MC analysis toolkit

Combine experimental analyses with Pythia simulations

Generate Events
with sets of
tuning
parameters
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Tuning Pipeline

YODA — Yet more Objects for Data Analysis

small, mean and full of Jedi magic

Rivet — the particle-physics MC analysis toolkit

Combine experimental analyses with Pythia simulations

Generate Events
with sets of

tuni .
puar:'lanr?]eters pyapprentice 1.0.6

Predict Pythia response
to tuning parameters
and fit to experimental
data
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Before Tuning
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After Tuning
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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?

18



Forward Experiments

LHCS (n > 8.81)

Analysis Vs [TeV| | HD | Refs. RIVET
forward 7¥ or 7 Vv (1] LHCF 2012 11115479
2.76, 7 v 2] LHCF_2016_I1385877

13 Vv 3 LHCF 201811518782

forward ~ (diffractive) 13 — 4 —

forward neutrons 7 Vv 5 LHCF 2015 11351909
13 v [6] LHCF_2018_11692008
13 — | 1

CASTOR (5.2 < n < 6.6)

Analysis Vs [TeV] | HD | Refs. RIVET
forward E 13 Vv 14 CMS_2017 11511284
forward E vs central N¢p, || 0.9, 2.76, 7 | / 15 CMS_2013 11218372
13 —= 16 oMs_2019_T1747892(1)
dE [/dn 13 — 17 CMS_2018 11708620

TOTEM (L2) (5.3 <7 < 6.5)

Analysis || /s [TeV] | HD | Refs. RIVET
dNen/dn 7 Vv [10] TOTEM_2012_11115294

8 v [11] TOTEM_2014_11328627

8 Vv [12] | cmsToTEM_2014_11294140
OpD 7 \/ [13]
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Analyses Targeting Diffractive Processes
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13 v 24 AThAS. 2010 11410062 1 gap 7 = 32 CMS_2015_11356998
MB: Y Erp 7 Vv 25 ATLAS 201211183818 TOTEM SD o, w. tagged p 3 P, 33
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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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Neutrinos [1/bin]

Estimating Uncertainty
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Estimating Uncertainty - Replica Tunes
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Estimating Uncertainty - Replica Tunes

pp— ' in92<y<94ats=7TeV

TﬁYTIYI1YIlllﬁ[ﬁlfllerﬁl T

2 10-1 k- .
3 10k é
Ul ;
LS 7
T 107 2
L) ~ — -
~ - 3
@ § —— Data‘ II_L_ :
T 10 3 — bestfit -3
2 F —— min = = g e Preliminary error bars
i A - — max
10 é' 3
1075 3
- Ll Il l il 1 1 l 411 1 1 1 1 | ) ol S e | l R P e
E 1] | 1] I ' 1] | ] I ! ] | 1 l 1] 1 L] | 1] | 1 | 1] 1 | §
1.4 & -3
1.3 E- —
£ 12E =
= | —
| ST 1 | =
= o8 -5
0.7 E =
8:? SRR N AR AU T U SRS O R o s B ) N
0 0.1 0.2 0.3 0.4 0.5 0.6

Transverse momentum pr|GeV /c]
24



Main Questions

Can we tune Pythia for forward experiments?

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

How can we estimate the uncertainties in our tune?
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Thank You!
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First Results

® we tested 76 Pythia8 parameters, plotted key gf‘gr;g‘];tfef;;tive. ——

distribution, and identified 9 relevant parameters  |Sigmabiffractive:lowMEnhance

SigmaDiffractive:maxAX

SigmaDiffractive:maxXX

® We tuned them to the LHCf pion and SigmaDiffractive:mResMax
neutron ana|),ses SigmaDiffractive:maxXB

SigmaDiffractive:maxAXB

SigmaDiffractive:SaSepsilon

® First results look promising strmgPTisigma
Analyses:
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Tuning Parameters

Parameter Def.
SigmaDiffractive:maxXB 65
SigmaDiffractive:maxAX 65
SigmaDiffractive :maxXX 65
SigmaDiffractive:maxAXB 3.0
SigmaDiffractive:mMin 0.28
SigmaDiffractive:lowMEnhance 2.0
SigmaDiffractive:mResMax 1.062
SigmaDiffractive:SaSepsilon 0.0
StringPT:sigma 0.335
Diffraction:mMinPert 10.
Diffraction:mWidthPert 10.
Diffraction:probMaxPert 1.0
Diffraction:pickQuarkNorm 5.0
Diffraction:pickQuarkPower 1.0
Diffraction:primKTwidth 0.5
Diffraction:largeMassSuppress 4.0
Diffraction:sigmaRefPomP 10.
Diffraction:mRefPomP 100
Diffraction:mPowPomP 0.0
SigmaDiffractive:PomFlux 1.0
SigmaDiffractive:PomFluxEpsilon 0.085
SigmaDiffractive:PomFluxAlphaPrime 0.25
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LHCf Neutrons

pp—n at /s = 7TeV with 8.81 < yy < 8.99
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Total 1/Njyy dE/dy [GeV]
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