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Motivation

e HF is mainly produced in the initial early stage hard scatterings and ends up a
in a variety of final states
— sensitive to both initial and final state effects.

e While passing through hot and dense nuclear matter HF interacts, but leaves
relatively intact
— a good tool to study hot and dense matter created in heavy ion collisions

e Production in p+p can be calculated in pQCD
— calibrated probe.

In order to understand what’s happening in HIl collisions, we need to fully understand
“cold nuclear matter effects” by studying HF in “small” systems.



In this talk...

e J/\ polarization in p+p collisions @ 510 GeV
e J/w and y(2S) in p/d/He3 + Al/Au collisions @ 200 GeV

e Open charm/bottom via di-electrons in p+p and d+Au @ 200 GeV
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J/y polarization in p+p @ 510 GeV

Cross-section and p;or rapidity distributions are relatively easy to
predict theoretically, many theories do it right.

“Polarization” is much more complicated, and allows stringent tests of quarkonia
production mechanisms.

More appropriate name is spin alighment. Measured via angular distributions
of decay products relative to some axis.

In the most general case full angular distribution for the decay of

spin-1 particle into two spin-1/2 particles can be written as

do
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Very often A, and A, are assumed to be zero.



Polarization frames

Angles are calculated for positive decay
lepton relative to:

Helicity (HX) frame: The axis is chosen as
the J/\v momentum in the lab frame.
- most commonly used frame iIn
collider experiments

Collins-Soper (CS) frame: bisector of
colliding partons boosted into J/y rest
frame.

Gottfried-Jackson (GJ) frame: one of the
colliding parton momenta boosted into
J/y rest frame.

- used In fixed target experiments
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J/y polarization in p+p collisions at 510 GeV

Phys. Rev. D 95, 092003 (2017)
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Calculations in NRQCD factorization approach in Helicity frame describe A, well at
high p,, but fail at low p;. No predictions currently for frame-invariant A



J/p and y(2S) in p/d+A : previous PHENIX results

At “backward” and mid-rapidity J/\y in d+Au are more suppressed than open HF
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FVTX detector allows for y(2S) measurement
at backward/forward rapidity in p+p

W mass [GeV/c?]

counts/(50 MeV/c?)

MuTr only
Phys. Rev. D 85, 092004

Resolve Y(25)
by measuring opening angle
in front of absorber

FVTX+MuTr
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W(2S) / J/y in p+p vs. world data

arXiv:1609.06550
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Once a precursor ccbar is produced, the probability that it will project onto a given
charmonium state is insensitive to the conditions which formed the initial ccbar pair.

11



y(2S) in different colliding systems
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Summary plot
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y(2S) in nucleus-going direction
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y(2S) vs. co-mover particle density
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increases as the co-moving
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Supported by LHC data.
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Open C
at mid-

narm and bottom via di-electrons

rapidity in p+p and d+Au

“cocktail” including HF contribution describes data well.
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EXODUS: a detailed fast MC
package developed within
PHENIX framework .

Models yield of electrons
from pseudo-scalar and
vector mesons based on
measurements.

Charm, bottom and Drell-Yan
from PYTHIA.
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Mass and p- distributions ot HF

After non-HF cocktail subtraction.

Mass distribution
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Charm/bottom separation

Use technique described in
PRC 91, 2015, 014907:

Fit mass and p; distributions
simultaneously:
charm: low mass, low p;
bottom: high mass low p; or
low mass high p

Model dependent separation.
Three independent calculations
based on PYTHIA, MC@NLO
and POWHEG

di-electrons from heavy flavor
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Model comparison
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Charm and bottom cross-sections
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