The impact of the non-perturbative parameters in
the PB method on the predictions for low energy
DY measurements
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Introduction

The PB method :
e valid in a wide range of x, k|, MZ
e applicable to exclusive observables & MC generators

e connection to DGLAP

PB method is successfully applied to the DY at the LHC see talk of Qun Wang
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This talk:

1. examine in detail non-perturbative parameters in PB method
2. assess their impact on

® TMDs

e DY at the LHC

e DY at low energies



Non-perturbative parameters in PB evolution equations

The PB evolution equation:

JHEP 1801 (2018) 070
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Where do the non-perturbative parameters enter?



Non-perturbative parameters in PB evolution equations

The PB evolution equation:

JHEP 1801 (2018) 070

A (x, k1) = Bg (1, 115) A ( 1?) © (W — up)

/ e e #02)) Pab (z,0s((1 = 2Y'u?)) Ab( k(1= 2), )

Where do the non-perturbative parameters enter?

e Initial distribution: Ao,a(x, ko, po) = fo,a(x, po) -
where
[ ]
notation: k = (k0, k1, k2, k3) = (Ey, k, k3), where k = (k1, k2), and k | = |k|, p/ = \/pn/?



Non-perturbative parameters in PB evolution equations

The PB evolution equation:
JHEP 1801 (2018) 070
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A (x, k1) = Bg (1, 115) A (
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A, (W2, 113)
Where do the non-perturbative parameters enter?

e Initial distribution: /Zo,;,(x7 ko, 10) = E),a(x, o) *
where

e soft gluon resolution scale:
in equation above, but also in the Sudakov form factor:

2 q,,2
Do(p?, p3) = exp < Z /l du / dz z PE, (z,05 ((1— 2)2;/2))>

notation: k = (k0, k1, k2, k3) = (Ey, k, k3), where k = (k1, k2), and k | = |k|, p/ = \/pn/?



Impact of soft gluon resolution scale on TMDs

2 12
8,02, 1) = o (= T, 15 5 i dz 2 P (2,04 (1 - 7))

zm=1—qo/p
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Impact of intrinsic kK, on TMDs

AVO,a(Xa

where

k1o, Ho) = fo,a(x, 1o) -

gs affects only the low
k| region

with smaller gs values,
TMDs at low k; larger

with large gs smooth
matching of intrinsic
k| and evolution

NB: gluon at small x:
spectrum dominated by
the evolution, the
effect of gs much less
visible
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Application of the TMDs to measurements

Procedure: Phys. Rev. D99, 074008 (2019). 1804.11152

e DY collinear ME




Application of the TMDs to measurements

Procedure: Phys. Rev. D99, 074008 (2019). 1804.11152

e DY collinear ME

e Generate k| of qg according to TMDs
(mpy fixed, x1, x> change)

e compare with the measurement



Impact of soft gluon resolution scale and intrinsic k; on

spectrum at the LHC

Data: ATLAS 8 TeV measurement Eur.

Effect of qo
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described better with go ~ 1 GeV.

291 (2016)

Effect of gs

Z — ee, dressed level, 66 GeV' < myr < 116GeV, [yr| < 24

MC/Data
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only visible in the very low p; region

Toy Model: TMDs with no fit, LO ME



Impact of soft gluon resolution scale and intrinsic k; on

spectrum at the LHC

Data: ATLAS 8 TeV measurement Eur. Phys. J. C76, 291 (2016)

Effect of qo Effect of gs
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What about low energy DY?

We apply the PB method to the NUSEA (E866) data
fix target experiment at Fermilab for proton-hydrogen and proton-deuterium collisions at /s = 38.8 GeV
Phys. Rev. Lett. 80, 3715 (1998), J. C. Webb, Ph.D. Thesis, hep-ex/0301031, 2003

Toy Model: TMDs with no fit, LO ME



go dependence

Drell-Yan: 4.2 < My 1), <52 GeV
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Here: gs = 0.5 GeV
Strong dependence on qo
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Toy Model: No fit for TMDs, LO ME with K-factor = 1.8 hep-ex/0301031
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go dependence
Drell-Yan: 42 < M, 1, < 52 GeV
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3 35
p;‘ " (GeV)

qs dependence
Drell-Yan: 4.2 < M, 1, < 5.2 GeV

o dxpdpl

26
N

gs = 0.3 GeV

MC/Data

Here: gy = 1.0 GeV,
Strong dependence on gs

Toy Model: No fit for TMDs, LO ME with K-factor = 1.8 hep-ex/0301031

3 35
p;‘ " (GeV)

up, x=0.05, =7 GeV

TMDplotter 220



Dynamic zy,

go dependence qs dependence
Drell- Yan: 42 < M, |, < 52 GeV. Drell-Yan: 42 < M,, - < 52GeV
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Data described similarly well by TMDs with different combinations of gg and gs
— qo and gs are not independent
One needs to use different datasets since they give complementary information (NUSEA, ATLAS,...)

Toy Model: No fit for TMDs, LO ME with K-factor = 1.8 hep-ex/0301031



NUSEA with Benchmark PB TMDs and MCatNLO method

Results with PBSet2 obtained from the fit  PhysrevD 99.074008 & talk of Sara Taheri Monfared
with the MCatNLO subtraction Procedure for PB TMDs and MCatNLO: Phys. Rev. D100, 074027 (2019) & talk of Qun Wang
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Variation of gs not included in the fit, shown separately (variations by factor of 2)

Very good description of the low energy and low mass DY with PB TMDs and MCatNLO
PB method applicable in a wide kinematic range



PB TMDs and MCatNLO subtraction scheme

PB TMDs with MCatNLO subtraction method: Phys. Rev. D100

Drell-Yam: 42 < M+, <52 GeV. Drell-Yan: 52 < M, <62GeV.
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MCatNLO prediction (ME after the subtraction, not physical) orders of magnitude smaller than data. The
phase space is then populated with TMDs
Transition between the low and high p, physics treated by the MCatNLO method



Outlook: application the PHENIX

VERY FRESH RESULT! ®
pp collisions at /s = 200 GeV at the RHIC Data: PhysRevD.99.072003
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Very good description of the low energy and low mass DY with PB TMDs and MCatNLO again!
PB method applicable in a wide kinematic range
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Summary & Conclusions

® The effect of intrinsic k distribution and soft gluon resolution scale studied in TMDs, DY at LHC and
DY at low energies

e NUSEA & PHENIX data described by the benchmark PB TMDs with MCatNLO method
PB method applicable in a wide kinematic range

e sensitivity of the NUSEA data to the intrinsic k| and soft gluon resolution scale illustrated

e Presented results important for the further development of the fit procedure within the PB method

11
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Impact of g,
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Impact of g; on iTMDs
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Impact of go on TMDs, =10 GeV
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Z boson p,, g, dependence
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Z boson p,, qo dependence

MC/Data
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NUSEA, Dynamic zp, other mass bins

qs dependence
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Here: gs = 0.5 GeV Here: gp = 1.0 GeV
Strong dependence on qo Strong dependence on gs

Toy Model:

No fit for TMDs, LO ME with K-factor = 1.8 hep-ex/0301031
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