PHENIX Measurements of Heavy Flavor &
DY In p+p and p+Au at 200 GeV
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® Introduction

@ Heavy flavor
o Charm from p+p
o Bottom from p+p and p+Au

® Drell Yan from p+p and p+Au
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Heavy Flavor Measurements in p+p and p+Au

Production and Hadronization of Heawy Quarks

® In p+p test pQCD calculations

» Sensitive to relative importance of LO
and NLO OQCD processes
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(a) s-channel Flavor (b) t-channel Flavor
Creation Creation

=X <

(c) Flavor Excitation (d) Gluon Splitting

» Relative contributions dependent on Vs
» Study through qq pair correlations

@ In p+Au sensitive to modifications of the

PDF and to initial/final state effects
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Semi-leptonic Decays of Charm and Bottom
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® Charm | ® Bottom

\

o Single leptons et o Single leptons et
» Lepton pairs ete”, utu o Lepton pairs TagT , pEpt
» Mixed lepton pairs efut » Mixed lepton pairs
c/b from single electrons in p+p 200 GeV : Phys. Rev. D 99 092003 (2019)
c/b and DY from dimuons in p+p 200 GeV : Phys. Rev. D 99 072003 (2019)
c/b correlations from pfu-, g, e*e~, eut in p+p at 200 GeV: arXiv:1805.04075v1
b from g# 4 in p+Au at 200 GeV: Ph.D. Y.H.Leung SBU (2019)
DY from g/ uin p+Au at 200 GeV: Ph.D. Y.H.Leung SBU (2019)
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The PHENIX Experiment

Central Arms Muon Arms
In| < 0.35 1.2<|n|<2.2

Vertex Tracker
VTX: | < 0.35
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Single Lepton Measurement in p+p

® Charm and Bottom life time:

o Bf 5491 um
o D* 5312 um

® VTX detector
o 2 pixel layers

o 2 strip-pixel layers
» Measure DCA; withopca, ~100 um

Beam
Center .~ -

TTTr—

R

@ Bayesian unfolding method to separate

charm and bottom

» Input:

differential cross section of HF electrons
pr dependent DCA; distributions incl. electrons

Fraction of photonic electrons

o Output:

Charm and bottom hadron spectra

» Refolding:

Single electrons from charm and bottom
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Charm and Bottom from Single Leptons

PHENIX: Phys. Rev. D 99 092003 (2019)

® Refolded heavy flavor electrons @ DO results compared to STAR
» Results are self-consistent » Good agreement
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Charm and BQttom Electron Results

PHENIX: Phys. Rev. D 99 092003 (2019)

® Bottom fraction

» Results consistent with previous
publications

@ Differential cross section vs FONLL
o Data more accurate than FONLL
» Difference is shape and magnitude
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Muon Pair Measurements in p+p and p+Au

® Iterative simultaneous fit pfu~ and ptu® in mass-p+:

» Combinatorial and background mostly from of pfromK, =
o Decays fromn,n’ - ptuy; p, o, ¢, Iy, v, and Y Hptu-
» Charm, Bottom, PHENIX : Phys. Rev. D 99 072003 (2019)
§1 05 %(a) Unlike-sign pirs 1 g:?: Iftg?l c;‘.s:‘ ,,g E % E § @ _ :;p 200 GeV §
- - —— comb. BG = 1 3 a~
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Bottom Cross Section In p+p

PHENIX: Phys. Rev. D 99 072003 (2019)

® Extrapolate to 4w phase space

E 103|§ (a) LHiJﬁJ
- =3.75 + 0.24 T2 f
015 3.75 + 0 (stat) 035 b'ﬁ 10°L CDF p+p ALICE p+p
+ 0.45 (global) * 350(sys) ub = PHENIX p4p
- 13
. 10 . _
» Most precise measurement : This anaiysis ® P e
» Consistent with earlier publications 1
using different methods Fermpsi NLO pQCD (Vogt) (m,= 4.75 GeV)
- 10 | /£ FONLL (m = 4.75 GeV)
bb cross-section measurements - S e POWHEG (m = 4.75 GeV)
at p+p 1s=200 GeV at RHIC 102 - MC@NLO (m = 4.75 GeV)
----- FONLL MC@NLO — stat. error —
— NLO(Vogt) --- POWHEG — stat. © sys. error Z‘ 4]_ — ' — ”i , R ’I
R sea | x ®)
|'E g 22— o T
T N T e —————
- sz e w o
——®—— Lrcos ozis07 = s [GeV]
o Pt 100 e ® Compare to pQCD calculations
» Different pQCD results very consistent
| | | » At RHIC data factor ~2 above pQCD

|
6 7 8 9 10 » Better agreement at higher energy

Indication for missing (Vs dependent) effect?
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Opening Angle of cc¢ and bb Pairs in p+p

PHENIX: Phys. Rev. D 99 072003 (2019)
@ Compare A¢ to POWHEG and PYTHIA tune A and arXiv: 1805.04075v1
» Normalized to measured cross sections
» Bayesian analysis fit pair creation, flavor excitation, and gluon splitting to data
x10°° (PYTHIA) x10°

167 il
% [ PHENIX (a)pp —cEX — ' X 5, 5 PHENIX (b) pp > bB X —> pc* X
Ig. 14 ® p+p 15 =200GeV FPC 99990000 ———4—— =, ) [ ® p+p 5=200GeV .
= | ==+POWHEG o =0.316mb = = -----PO‘NHEGU =3.94b
3 12 ormine o {3 2Emmeai,
E 10t :g:::: :ﬁ:l\:uir:ﬁ;:;m; + E - PYTHIAvE {:avur excitation)
L] I PYTHIAVS (gluon splitting) (a) s-channel Flavor mm '51 5' [ PYTHIAVS (gluon splitting)
8r p >3 GeVie,1.2<lf1<2.2 Creation Creation L p, >3 GeVic, 1.2< 'l <22
K “1.5:n1l_._.[GeWc2]:2.5 e | 35<m__[GeVic*] <10.0
6:_ Global Uncertainty 12.0% A % ﬁ 1" Global Uncertainty 12.0% f
4- — | : —
cC 05t bb
2:_ (c) Flavor Excitation (d) Gluon Splitting L A d
L T e oot I e S e
O R Free FGS 0‘... T T ov eyl
0 05 1 i5 2 25 3 0 05 1 1.5 |2 2.5I a%!
9,5 0, llrad b -6 lrad]
® Charm ® Bottom
» POWHEG predicts broader » POWHEG and PYTHIA describe
distribution; Data favor PYTHIA data within uncertainties
o Fit to data consistent with PYTHIA + Fit to data consistent with PYTHIA
Fee > Fpe > Fgs Fpc > Fre > Fgs
Flavor excitation dominate Pair creation dominant

\ 2 Gluon splitting small
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Extending the cc Phase Space

@ Data PHENIX: arXiv:1805.04075v1
» Yields of ete-and e*u+ dominated by charm

» Cover wide kinematic range
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® POWHEG and PYTHIA normalized to ptu~analysis
» PYTHIA consistent with data over large kinematic range
o Distributions from POWHEG broader for all datasets
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bb Pairs in p+Au

Yue Hang Leung Ph.D. SBU (2019) - https://www.phenix.bnl.gov/\WWW/p/talk/theses.php

x107°
E 2.5 bb — i X| & 250 p+Au SbBX - X T 35<m,, [GeVic] < 10.0
E. : IS = 200 GeV 2:_ VSuy = 200 GeV _ZZ_ - p“>3GeV/c
N 2r ® -2.2< 1) < -1.2 (Au-going) - T PH: <ENIX
S : * ® 1.2< 1 < 2.2 (p-going) 151 1 m preliminary
s__';:1.55 * 1.2<In |<2.2(N_, X pp) ~t 4
5% O ; m P i
1 PH.ENIX Iy E[d]{— esmnemmrnesnnenenanoc |
_g. . + preliminary - T I#
Z o5 0.5F 4 T y
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® p, spectra @ Comparison to nuclear PDFs
» p+Auin large-x (Au-going) » EPPSI16 predicts constant R, as
small-x (p-going) consistent! function of p;
o Possible modification » Systematic deviation of data from
compared to p+p (see R;,) prediction observed , though with
- ST limi ignifican
® Opening angle distribution ted significance
o p+p and p+Au (forward/
backward) no modification
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Drell-Yan in p+p and p+Au

Yue Hang Leung Ph.D. SBU (2019) - https://www.phenix.bnl.gov/\WWW/p/talk/theses.php

® First Drell-Yan measurement - T . pru, 222y, <12 (Augoing)]
. o) . p+Au,-2.2<yuu<-1.2(Au-going)' I o p+Au, 12 < ““< ! oin
at RHIC constrain: D alig e peAut2<y <22pgoing) y: fﬁ .§+:,1.122<.yt:i‘<22.: (Frocine
U I . d TMD PDF 210 o % ® p+p, 1.2<ly 1<22 E g 10~2__ & (arXiv:1805.02448) -
9 npO arize S % (arXiv:1805.02448) 1 a E 1
> I “.  PH ENIX
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. .. ~ relimin o
» Nuclear initial state effects 2102 g, DY %
é‘- s :"1 0° fmp.v: H::\feewc E
. T - o u e, . _Tac -
@ Drell-Yaninp+p E f.-:tﬁii;?;’,,,..,, - $ 2 \cfac. =1.23
> NLO calculations consistent <5 3| prell-van -y | % | Drell-Yan -
e = o ® ] 48 <m [GeV/c’] <8.2
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] DFEII-Yan in p+Au i 2— — EPPS16 + PYTHIA (Au-going) ~ 3 | —EPPSI6+PYTHIA (Au-going) §
- : . x~0.1 |
» Backward x~0.1 (Au-going) = WW.@___M_M. ] T i L I{P -
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- 3 - = + oin ] = _—EPPS16+PYTHIA( ing) f, 1
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= - "‘: """ .';_‘,':'."_";:'ﬁ"'_""-;':"‘ m e e chracccaana __________- _____________________ ?_}__
R, shows possible | Vg q
enhancement for p;>2GeV/c %6 & 10 12_ 14 G oETi522533544
051152253354 4,
m, [GeV/c?] P, W[GeV?c]r’
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Summary

@ Heavy flavor production in p+p at Vs = 200 GeV
» Separation of charm and bottom
Single electrons with vertex tracking
Muon pairs
» Data more precise than pQCD calculations
» Measured cross sections 2x larger than pQCD central values
» Charm production dominated by NLO Flavor Excitation
» Bottom production dominated by LO Pair Creation
@ Bottom production from p+Au at Vs = 200 GeV
» Hint of possible p; dependent modification compared to p+p

® First Drell-Yan measurements at RHIC in p+p and p+Au
o p+p cross section well described by pQCD

» p+Au consistent with nPDF ESSP16, with possible deviation for
p>2GeV/c at low X
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," DY measurements from Fermilab
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Solid: Fe/Be, W/Be from
800GeV/c p-Be,Fe,W(EB66)

Open: Fe/C,W/C from
800GeV/c p-C,Fe, W(E/72)

Line: Shadowing calculations
(EKS98, MRST)

m = 4.0-8.4 GeV/c?
x, ~ 0.04

“Characteristic of multiple scattering of incident
\  partons traversing the nucleus” PhysRevlett.83.2304 ,!

-
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