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PHENIX
Overview
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":> Since last AUM:

Productive year for PHENIX with a
comprehensive set of new results

» Large data sets on disk

» Active analysis,
o Finalizing traditional channels
o Exploring new

Jin Huang <jhuang@bnl.gov> RHIC AGS AUM 2017



Small systems : p/d/3He + Au flow
°°
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» Well reproduced by hydrodynamic model calculations

Indicating initial geometry is the source of final state anisotropy
See also: Q. Xu (Tue), Mark Mace (Wed)
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Small systems : d-Au energy scan

62 GeV

Central Trigger
Enhancement!

» Dedicated centrality trigger

» Observation of v,{4} in d+Au at all
energies

Minimum Bias
Trigger

» Strong evidence of collectivity
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See also: R. Belmont (Tue), S. Huang (Wed)
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Small systems : d-Au energy scan

200 GeV
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Hydro theory agrees with
higher energies very well,
under-predicts lower energies

At low p;: AMPT similar to
hydro

At 200 GeV, AMPT and hydro
models describe data well

AMPT flow only describes
lower energies very well at
mid and forward

See also: R. Belmont (Tue), S. Huang (Wed)
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Small systems : high p; hadrons
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Large systems : Effective temperature
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Photon excesses are observed in Au+Au at 62 and 39 GeV
» Vs =200 GeV : T consistent between Cu+Cu and Au+Au

See also: T. Sakaguchi (Tue)

RHIC AGS AUM 2017



Large systems : 2 y

Modification of fragmentation y

Photon
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See also: H. Ge (Tue) correlated with the jet?
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PHENIX Silicon detectors and Heavy Flavor Results
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» Confirms b-quark is less suppressed than
c-quark in QGP

» Expect full stat. final Run14 results by

next AUM! _
See also: M. Lomnitz (Tue)
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First open-HF FVTX results:
Open-b production via non-prompt J/Y
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First open-HF FVTX results:

Open-b production via non-prompt J/Y

arXiv:1702.01085
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Next: Run14 Au+Au, single muons
See also: M. Lomnitz (Tue)
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See also: A. Sen (Tue)
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DSSV14: 10.1103/PhysRevLett.113.012001

Hunt for the gluon spin
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XAg [

» Finalized PHENIX 1° double spin asymmetry
published in 2016

» Favor positive gluon polarization in x ~ 102

IRHICH rangel

» Additional constrains in global fit on gluon o I e
helicity beyond DSSV14 P R B L
107 107 0! g 1

10.1103/PhysRevD.93.011501
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See also: B. Page (Tue), S. Park (Wed)
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https://arxiv.org/ct?url=http://dx.doi.org/10.1103/PhysRevD.93.011501&v=9b12d58f
https://arxiv.org/ct?url=http://dx.doi.org/10.1103/PhysRevD.93.011501&v=9b12d58f

Hunt for the gluon spin

» Forward J/ asymmetry couples
better-known region (x~107) and
much less constraint region (x~103)

» Consistent with current gluon polarization
band from light-quark process

» Demonstrate constrain additional
constraint (under assumptions)

10.1103/PhysRevD.94.112008

DSSV14: 10.1103/PhysRevLett.113.012001
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See also: S. Park (Wed)
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Hunt for gluon transverse spin effect

» ¥ @ x.~0: transverse spin effect is small for p+p, p+Al and p+Au

» Forward heavy flavor muon
Cross section hints higher than FONLL calculation

Transverse spin asymmetry consistent with D—u models using tri-gluon
correlation functions. Larger data set of Run15 data being analyzed

10.1103/PhysRevD.95.112001

0.15
F(a) p+p— u +X at Vs =200 GeV —— Twist-3 model 1 (D—y) ]
0.01 p+A—>:r|:°+X, h”||<0-35 10 10.1103/PhysRevD.95.112001 o [ PHENIX 125<p,<5.0 GeVlc - Twist:3 model 2 (D) 3
Ul j " r ]
3.4% polarization ngs p+p - (u +1 )I2+X at (s= _200 GeV 3 oosf 3
uncertainty not included é; o PHENIX 1.4<|y|<2.0 OE )
- o -- FONLL charm F——m~ -
L 0.005- S - FONLL bottom oosE 1 E
> £ — FONLLc+b ~E ]
Q L g 01F <p>=21,15,15,2.1 GeVic 3
(D : p /I\ + p p /[\ +AI p /I\ +A u _-86' o5 Y (3 4}/ pollarlzatl‘on scaJIe unclertainlly not Thown) e
<r A — E % ' -01 008 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
A - i *
= i 0.15 E (b) p+p— u*+X at Vs =200 GeV —— Twist-3 model 1 (D—y) ]
. Q—. 0.1[-PHENIX 1.25<p <5.0 GeV/c ----- Twist-3 model 2 (D—p) ]
L s ' ‘ - - ]
Z-0.005 N~ o 4fF * Data/FONLL - oosf =
PH "ENIX 2 [ e 1, F
preliminary g e O o gwm oy g | & of :
—Illll 1 1 1 IIIIII 1 1 1 IIlIlI 1 0 t L - L t L - L . L . '0-05__ -a _:
-0.01 N 1 2 3 4 5 6 7 E E
1 . 10 10 Py (GeVic) 0.1 <p>=2.1,15,1.5,2.1 GeVic -
Aton’"c N um ber [A] E ‘ (3.#'.% pollarizatiu‘:m sca‘le unclertainlly not s‘hownI)
0151 0.08 -0.06 0.04 0.02 0 002 0.04 0.06 008 0.1

Xg
See also: M. Skoby (Tue), S. Park (Wed)
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Hunt for gluon transverse spin effect:
Forward J/y production

» The results indicate large unexpected effect in p+Au at lower p; region.

» Indication that alternative mechanism playing important roles at p+Au
at lower p; J/Y production?
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See also: M. Skoby (Tue), S. Park (Wed)
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New explorations:
Neutron transverse asymmetry in ZDC

arXiv:1703.10941

0.4— N : :
PHENIX ® ZDC inclusive 4 InCIUSIVe AN IN

- pT+p/A->n(@ZDC)+ X, |n|>5.9

p'+A — n+X at \s,=200 GeV
Xz >0.5,03<6<22mrad

| » Show surprising sign change and
3% scale uncertainty not shown )
" enhancement in asymmetry

o2 P » Indicates that a process additional
L " 2 .
< to 1-a, int. model becomes
i dominant in “zero”-degree
- neutron production in the p+A
p Al .7 Au o
0 " g collision

—
%

1 | |
0 100 200 . Eakel
A (atomic mass number) P——— N

Inclusive A ~ had * had + had * EM + EM * had + EM * EM

See also: M. Skoby (Tue), S. Park (Wed)
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New explorations:

Neutron transverse asymmetry in ZDC

arXiv:1703.10941

0.4~ PHENIX ® 7ZDC inclusive
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3% scale uncertainty not shown
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Require BBC veto (3.1<|n|<3.9)
Enhancing QED-type process

A
‘Q‘}‘A\\—BBCQ@# - *g %?BBC —/-0 708

A N7, ...

See also: M. Skoby (Tue), S. Park (Wed)

~had * had + had * EM + EM * had + EM * EM

Require BBC coincidence (3.1<|n|<3.9)
Suppress QED-type process

#DC -\ BAC ip;4 ————————— *B8C — /- winm
A_é}?g
19
p—&>n
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New explorations:
Access the Non-Abelian nature of gluon field

ass0C

| P

2012 PHENIX Detector . Di-hadron production ‘1};} + k2
PC3

3 Central
, Magnet

~aAS50C

Pair observables

In transverse plane — -
direct photon pzflg

Small scale, “Aycp

West Beam View East < "
| Large scale, ~Q2
g .
» Sensitivity to initial and final Histogram p
_ Phys.Rev. D95 (2017) no.7, 072002
transverse momentum S OF ooy e G
» Not factorizable in TMD 8 . ot 0 s
framework e drateocee P
. . . . 107 i, “ % 12415 (x109)
» But how is their behavior different 7l wp mewx 7707 .

from the factorizable observables
like Drell-Yan)?




N ew ex p I O rat i O n S : Phys.Rev. D95 (2017) no.7, 072002
Access the Non-Abelian nature of gluon field

| P =
I p n
Example of TMD-factorized process: Non-TMD-factorized process: m%+h, y+h
DY in Pythia simulation Data and Pythia simulation:
Positive width against scale (M) Both show negative width slope against scale (p;'8)
As expected in CSS evolution Opposite to CSS indicate impact from color flow
s Phys.Rev. D95 (2017) no.7, 072002 os v/m%-h pairs in p+p @ Vs = 510 GeV
S PYTHIA Perugia0 Simulation S | CPHENIXz-h* ~ PHENIX n%-h® Linear Fit
8 N Drell-Yan Dilepton i 8 I;g$1E'SIII)\(I¥’ o PHENIX y-h" Linear Fit
1= lePs 4 GeVie = erugia0 n®-h" —— PYTHIA n°-h* Linear Fit
= Py < B PYTHIA Perugia0 y-h" ----- PYTHIA y-h* Linear Fit
= n|<0.35 s 07+~ —
S 4 p+p at Vs=510 GeV . = In<0.35
p [ 1 c u +p at Vs=510 GeV .
@ L P thla | -% A - 572;“:‘:‘1«0 Geﬁl,’c
3 2 06— o e
J I SR S 8 . S ,
6 3= b I - . O e ythla
I by + 1 o8-
- Data
L I [ R R B R S I RN ETRN R B B N ‘ .
50 60 70 80 90 %00 4 5 6 7 8 9 10 11 12_ 13 14
M, [GeV/cT] Pl [GeVic]

See also: H. Ge (Tue), M. Skoby (Tue)
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30-64 T T T T T T T | T
—~ — -
% 0.62— M p+Auat s, =200 GeV, 0.7<p>**<6 GeVic ]
) - ¢ pHAlat |5, =200 GeV, 0.7<pI <6 GeVic 7
< 06 | O ptpat Vs=510 GeV, 0.7<p7™"<10 GeVic (arXiv:1609.14769) _
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© — - I preliminary -
) | ¢ - = |
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New explorations:

Mystery deepens in p + A>n° + h (+ X)

trig 14
P, [GeV/c]

o L \ I \ | —
> 0-20% Centrality ~ P+Auat Vs,=200 GeV
(06 ) | 0.7<p™**<6 GeV/c
= | 20-60% Centrality '35 |
- . .
S ge 00-84% Centrality  FitRange: [-1.1,1.1] GeVic_
= i
c 8
0 0.55 %= a
w
[}] L _
2 —
¢ 05—
. PHUENIX |
0.45— prelﬂ\'ninary —
4 6 8 10 12 g 14
P, [GeV/c]

» Wider Gauss core for p_ . in p+A collisions: multiple scattering in A?
» Stronger p;'& dependence in peripheral p+Au: Ideas for interpretation?

Jin Huang <jhuang@bnl.gov>

See also: H. Ge (Tue), M. Skoby (Tue)
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PHENIX hall is being upgraded to sPHENIX

* Many detector preserved, reused in future exp.
e Thanks to the removal and repurposing crew!

B | Pipe Removed

SPHENIX col.,  § ol el
A. Sickles (Fri) @ »
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PHENIX collaboration maintains
high productivity in analysis and publication

Vs [GeV]

PR T YL

510
200
130
62.4
39
27
20
14.5
7.7

©0000 ®
®

Published PHENIX papers in each year
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» Large data set in analysis
» Multiple golden data sets (&3
from decades of hard work

» Expect many new result from
existing data

Cumulative Citations of PHENIX papers
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Building analysis force: latest event

» Pass on analysis know-how @ scon
» 30+ registrants, % are thesis students
» 3-day full-day lectures + weekend social

» Just before AUM: 15t PHENIX School ' o e
L

~
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Summary

» Since last AUM: a productive year for PHENIX with a comprehensive set of
new results:

o

o

o

o

o

(o]

(o]

Systematic study of collective dynamics in small systems
Parton mass dependence of suppression, b-production cross sections

Investigations of the interaction of hard probes with hot and cold
medium

Map effective temperature over collision energies

Gluonic spin structure of proton

Exploring rich transverse dynamic of nucleon/nuclei collisions
And many more that | couldn’t cover ....

» The PHENIX experiment is being upgraded to sPHENIX

» The PHENIX collaboration maintains its productivity, is
committed to completing data analysis, publishing results and

exploring new measurements

Jin Huang <jhuang@bnl.gov> RHIC AGS AUM 2017 25



