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Find the parameters that fit the most data

Standard Model: 19 free
parameters

Fermion Masses (9)

Gauge Couplings (3)

CKM matrix (4)
Bocp (1)

Higgs vev (1)

Higgs mass (1)
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PYTHIA: ~ 60 free parameters (from Monash Tune)

Final State Radiation (6)

Initial State Radiation (15)

PDF and Matrix Elements (3)
Multiple Parton Interactions (12)

Hadronization (23)
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How do we tune so many parameters?

Surrogate Models with PROFESSOR

(at least for now)

Bin by bin
Polynomial e d X2 MINImMization | Prediction
Interpolation

Parameter Space
Sampling

NuSea: pp Drell-Yan /5 = 388 GeV,—{L05 < xp < 0115 NuSea: pp Drell-Yan /5 = 38.8 GeV,—{L05 < xp < [L15
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Initial momentum transverse to the beam direction

We expect the partons to
have, at least, an average
momentum of the order of

/ Proton at Rest \

QCDN:SOOMeV /
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Initial momentum transverse to the beam direction

/ Proton at Rest

We expect the partons to
have, at least, an average
momentum of the order of

QCDN3OOM€V
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Initial momentum transverse to the beam direction

/ Proton at Rest

QCDNBOOMQV

We expect the partons to
have, at least, an average
momentum of the order of

ﬂitial State Radiation (Space-like Parton Shovm [

4 )

2
cht

/

Role of
Primordial ky

- /

Fermi motion of
partons below the
ISR cut-off.

4 )

- )

Radiation not
accounted for by
the parton shower
evolution.
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Primordial kT in PYTHIA

In PYTHIA the primordial k7 is applied as a correction on the transverse momentum
that the space-like parton shower produces.

Parametrization is two gaussians: o e % /9 ZJ [ All the parameters are in the width! ]

\.

A

m IsortQ1/2 + Onara
m + My 2Ydamp Q1/2 + 0

o(Q,m) =
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Primordial kT in PYTHIA

In PYTHIA the primordial k7 is applied as a correction on the transverse momentum
that the space-like parton shower produces.
\.

(

Parametrization is two gaussians: o e % /9 ZJ [ All the parameters are in the width! ]

.

A

IsortQ1/2 + Onara

Q12 + 0

o(Q, m)

“Technical
Dampening Factor”
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Primordial kT in PYTHIA

-
In PYTHIA the primordial k7 is applied as a correction on the transverse momentum
that the space-like parton shower produces.

\.

-

Parametrization is two gaussians: < e i /9° [ All the parameters are in the width! ]

\

Width of Primordial Kt Distribution

1.81

1.61
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|

A
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“Technical 1.0 0,(Q, Q1n = 1.0)

. 0:(Q, Q12 =1.5)
Dampening Factor”
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Primordial kT in PYTHIA

-
In PYTHIA the primordial k7 is applied as a correction on the transverse momentum
that the space-like parton shower produces.

\.

-

Parametrization is two gaussians: < e i /9° [ All the parameters are in the width! ]
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Drell —=Yan Process as Primordial kT Probe

Collinear Factorization: Oy = Zq f dxldxzfq (x1; Qz)fc‘l(XZ; Q2)0q51—>l+l_
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f7(x2) X, P,

Y/Z
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YY VY

l+

KNe generalize the PDFs: \

dxf(x) = d2kpdxP(ky,x) = d2krdx h(ky)f(x)

In the simple model of a Gaussian Distribution:

. 1
h(kr) = Fe"k%/az
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Some Tuning Results

NuSea Data: Drell-Yan dimuon production (pp - u~ut + X ) at+/s = 38.8 GeV.

NuSea: pp Drell-Yan +/5 = 38.8 GeV, —0.05 < xp < 015

MuSea: pp Drell-Yan /s = 38.8 GeV, 015 < xp < (L35
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Some Tuning Results

NuSea Data: Drell-Yan dimuon production (pp - u~ut + X ) at+/s = 38.8 GeV.
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Work in Progress

/

Experiment: NG Q (GeV)
NUSEA 38.8 GeV [4.2,6.2,7.2,8.7,10.9,12. 9]
PHENIX | 200 GeV (4.8, 8.2]
CDF 1.96 TeV [66, 116]
ATLAS 7 TeV 66, 116]
CMS 13 TeV [50, 1000]
ATLAS 13 TeV (66, 116]
U(SQ) T u‘({éj A
4
r,-f-""' o ,,P;
r'/, IPI
.r'w‘f ,..-"’n‘.‘f
3 -4
- > >
Q N5

\

Last tune was
Monash 2013 with
very few data points

\

)

New tune bound to
happen and maybe re-
parametrization of the
primordial kT in
PYTHIA!

/
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THANK YOU FOR
LISTENING!

Division of Particle and Nuclear Physics —
PhD Day
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