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Primordial/Intrinsic kT and Drell-Yan Kinematics
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Primordial KT as Fermi Motion

The primordial kT inside the
proton at rest should be the

Fermi motion of its constituent

From heuristic arguments:

The variance
Modeled by a Gaussian: controls the

1 % kT:
G(kr,0) = e 202

2 JU
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PYTHIA and Primordial kT

The primordial KT is an effective model
that encapsulates:

* Fermi Motion of partons

 Soft gluon emissions below the
parton shower cut-off.

prl‘h ~ 18 GeV

A Baryon
W Antibaryon
© Heavy Flavour

Fig. by Peter Skands
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PYTHIA and Primordial kT

The primordial KT is an effective model
that encapsulates:

* Fermi Motion of partons

 Soft gluon emissions below the
parton shower cut-off.

prl‘h ~ 18 GeV

Monte Carlo Event Generators contain a
lot of “free” parameters.

The exact values are determined by tuning
to data:
»* minimization procedure

A Baryon
W Antibaryon
© Heavy Flavour

Fig. by Peter Skands
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Available Data for Tuning

The last tune of PYTHIA
(Monash) used three histograms.
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Available Data for Tuning

The last tune of PYTHIA
(Monash) used three histograms.

A much bigger set of data is now
available both on bins of Q and

Eqy-
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Available Data for Tuning

The last tune of PYTHIA
(Monash) used three histograms.

A much bigger set of data is now
available both on bins of Q and

ECM.
Strategy:

Tune the variance of the kT

distribution to every (Q, Ecm).
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Available Data for Tuning

The last tune of PYTHIA
(Monash) used three histograms.

A much bigger set of data is now
available both on bins of Q and

ECM.
Strategy:

Tune the variance of the kT

distribution to every (Q, Ecm).
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Current PYTHIA parametrization

Technical Dampening Factor
Width of Primordial Kt Distribution

(UsaftQhalf Ohard Q) m 1.8-
o(Q) =
(Qhalf + Q) (m + Mpairy damp) f
1.6 -
> parameters (Gsofv Ohard> Qhalf’ Mpaifs damp): Q e
o
=15 — = 0.0
Qhalf e Qhalf - Y
. — 05(Q, Q12 =0.5)
_ _ e —— 05(Q, Q12 = 1.0)
My ir = 1.0 — Mpyir = 0.0 ISt dron
0 10 20 30 40 50
Q
Model reduces to a single parameter that
O + O
can be tuned: 5 ( Q) _ ( SoftQhalf hardQ)

O = Ghard (Qhalf T Q)
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Tuning Methodology

We look at the shapes since

Step 1: Normalize Histograms =————> total cross section has NLO
and NNLO contributions.
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Tuning Methodology

Step 1: Normalize Histograms —————>

Step 2: Tune ISR ag on the tail for
all high energy data (>1TeV)

do/dpr(¢€) [pb/GeV]
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We look at the shapes since
total cross section has NL.O
and NNLO contributions.

The tails atfect the low pT
bins because of unitarity.
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Tuning Methodology

We look at the shapes since

Step 1: Normalize Histograms =————> total cross section has NLO
and NNLO contributions.

Step 2: Tune ISR g on the tail for The tails affect the low pT
all high energy data (>1TeV) bins because of unitarity.

CMS, 13 TeV, Z/~* — £+0~,106 < myy < 170 GeV

=107 DL R E
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Step 3: Tune o for every possible = HH—L %
§1O ?+ Data 7 ;
Q and ECM %10_4; 13000-106-170_defallt n |
l 106;Hm o FF

| 5 R N ; > Tail region
Only for the low pT bins were NS |
primordial kT should be relevant. B B o
PT e
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Tuning Methodology

Step 1: Normalize Histograms

Step 2: Tune ISR ag on the tail for
all high energy data (>1TeV)

Step 3: Tune o for every possible
Q and Ey,

l

Only for the low pT bins were
primordial KT should be relevant.
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We look at the shapes since
total cross section has NL.O
and NNLO contributions.

The tails atfect the low pT
bins because of unitarity.
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“Principled” Tuning of the ISR o

Principled

as VS SepScale

Tune ay the tail of

Tune aS Only {0 the . . . 0 TR 15 15 10 GeV < Sudakov Region < 100 GeV) -
¢« 7 . the dlStl‘lbllthIlS to == Exltralcted = 0.1310 £ 0.0034
Sudakov” region and HO effects. | Principled = 0.1277 % 0.0005
capture elrects. S Monash = 0.1360
recover CMW value. P 0.1310 0.134.- & Data (a
ac = 0. . T T
) ® ¢
Pragmatic = .°** }
[
e e . . e e e e . . . e ] . . . o e . . . . - .._ ______ .. _______ ‘__.
Push the a, higher  **

(Monash) to describe
data over the whole  o012s-
range.

Pick random values

or something
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Tuning Procedure for o

1. Take all bins for a set of

O Vs SepScale

- == Extracted o =2.0339 £ 0.0281
® Tuned value of (o)

Sudakov Region

(ECM9 Q)
2.006 -
2. For Q < 10 GeV define an
arbitrary separation scale. 2.05 1
: 2.04 -
3. Tune all bins at and below o
the separation scale. 5 03 -
2.02 1
4. Vary the scale and repeat.
2.01 -
5. Extract a ¢ value from an 0 5 10

envelope below 10 < GeV.
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Tuning Procedure for o

1. Take all bins for a set of
O Vs SepScale

(ECMa Q)
2.06 -
2. For Q > 10 GeV, define an -
arbitrary separation scale. 2.05 - )
. 2.04 - 1---¢
3. Tune all bins at and below S R N o s O S N S
the separation scale. 5 03 |

2.02 - ® ®

4. Vary the scale and repeat.

Sudakov Region
2.01 - - == Extracted o = 2.0339 + 0.0281

® Tuned value of (o)

5. Extract a o value from an 0 5 10 15 20 25 30 35 40 45
SepScale (GeV)
envelope below 10 < GeV.
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Tuning Procedure for o
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Tuning Procedure for o

1. Take all bins for a set of
(ECM9 Q)

2. For Q > 10 GeV, define an
arbitrary separation scale.

3. Tune all bins at and below
the separation scale.

4. Vary the scale and repeat.

5. Extract a o value from an
envelope below 10 < GeV.

2.06 -

2.05 -

2.04 -

2.03

2.02 -

2.01 -

O Vs SepScale

Sudakov Region
- == Extracted o = 2.0339 £ 0.0281

® Tuned value of (o)
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PRELIMINARY Tuning Results

E.m = 38.8 GeV

— = WA = 0.637 -
0.75 -
—eo—
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b + ‘
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0.55 -
4 6 8 10 12
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The parameter o
shows little to no
dependance if the
uncertainties fully
are accounted for.
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AT The primordial kT width depends on

Ey; and a 2 parameter form
improves description:

Envelope and Linear Fit

— \Weighted Fit: 0 =0.266In(E.,) — 0.400
® Data Envelope (Midpoint + Error)

| A

([ )
40 62 2000 2000 800@3000
Ecm (GeV)




PRELIMINARY Tuning Results

E.,, =38.8 GeV,Q =[6.2, 7.2] GeV E, = 13 TeV, Q = [106, 170] GeV
Better description of data

NuSea: pp Drell-Yan /s = 38.8 GeV,—0.05 < xr < 0.15 CMS, 13 TeV, Z/y* — £14~,106 < my, < 170 GeV
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SUMMARY/OUTLOOK

* Primordial kT in PYTHIA has a center-of-mass energy dependance
and little to no hard scale dependance.

* New parametrization that improves agreement with data.

* Tuning methodology that will go in a larger tuning effort.

* Physical interpretation and connection with other approaches in the
literature.

* Better estimation of uncertainties and completely reproducible tune.

» Publication with detailed description of the primordial kT model in
PYTHIA and the new tune under construction.
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Tuning Tools and Workflow

Bin-by-Bin

N Parameter Space : 2.
— : Polynomial ¥* Minimization
O Sampling :
A Interpolation
8 A biA P2
qa f[;l(pl) N 9)
) «_ A 7P = ) )= 1)
- ~ AR

l;1 1;1

Custom Scripts: Reproducibility Rivet+YODA
Bash/python for
automation and plotting Analysis/Post-processing
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More PRELIMINARY Tuning Results

NuSea: pp Drell-Yan /s = 38.8 GeV,—0.05 < xp < 0.15
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Outlier Histograms

Z. — ee, dressed level, 46 GeV < myy < 66 GeV, ‘}/gd <24 CMS,13TeV, Z/v* — 0t0—,50 < myy < 76 GeV
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o vs Parton shower cut-off

2.50 -
2.25 -
2.00-

S 1.75-
1.50 -
1.25-

1.00 -

On VS pTOref

—— 1.478 + 0.651In(x)

—— 1.318 + 0.262x

® tuned data 2-16 GeV

pTOref
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