V

PHENIX overview

>

HESZ workshop 2017,
Nagoya, Japan

September 28,

Ralf Seidl(RIKEN)

RIK=N



P — - QOutline -

Introduction to PHENIX
Cold nuclear matter effects studied in PHENIX
(Mostly)Forward spin physics:
e Discovery of gluon spin contribution
 Transverse single spin asymmetries
e Single spin asymmetries in pA

The Future of RHIC and eRHIC
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old nuclear

* Main questions:

e Are there nonlinear
effects at low x when
gluon densities get too
large?

e [s the saturation scale at
x to be reached in p(d)-
A collisions and e-A
collisions large enough
to be perturbative?

e What are actual
smoking guns for such
effects?
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_ Dyjet suppression in

Suppression increasing Decreasing with
with increasing N Increasing momentum
(related to increasing x)

coll

Phys.Rev.Lett. 107 (2011) 172301
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http://arxiv.org/abs/arXiv:1105.5112

~ Indications o OW X

Peripheral collisions:
little to no di-jet
suppression

Central collisions: Strong
suppression at lowest x
visible
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2016 MPC-EX data analysis ofgoﬁg

Successful dAu@200
GeV data taking in 2016

with MPC-EX for di-pion ¢,,
. c ()
measurements with high g, d+Au
. . . <A Ryg.p (0-88%/60-88%
statistics will access o
nuclear gluon PDF for g,
X < 1072 S
g 0.6
=
g0.4
204/
o
Wo.2 /S = 200 GeV
Lya, dt=77 nb"
O35 2 hs A oE
Logm( gluon)
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CNM effects at moderately forward
- — rapidities ra

J/Psi and open heavy
flavor production at

rapidities 1.4<|n|<2.0 in Phys.Rev.Lett. 112 (2014), 252301

3r

dAu collisions extracted & | @i sackwera psom o He i, backwara (-11.0%);
F 1 (d 2_5_-qu1 forwa rd( 9.0%) = HF ', forward (+11.0%) __
or lower-x, , (d-
forward) suppression up 3 -- § -
to 50% seen in both 15 l :
particle types " 535‘:’@ ﬁ h';L q 8 @.
I 0.5 "'1 E
ngher XAudShOW - Centrality 0-20% 1
pronounced T S S R S S
enhancement in HF p, (GeVic)

muons at lower pT but

not for J/Psi
3
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http://arxiv.org/abs/arXiv:1310.1005

—— R Iin pA for charged hadrons
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Similar suppression seen
for charged hadrons in pA
collisions in p going
direction

Similar enhancement seen
in A going direction

Effects strongest for central

collisons, much smaller for
peripheral collisions

pAl and pAu suppression
consistent within
uncertainties but
enhancement different

3
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e
~— UPCJ/Psi production

At impact parameter larger

.
fC>N¥
.
!
é\/
ﬁ

Mool > TG than nucleii sizes use
e i T» : i fields f
L P g virtual photon fields for
m DIS-like diffractive
[\
e measurements
Especially VMs have same
%%02 AuAu,\'s,,=200GeV, UPC JAy Xn(N)+Xn(S) Quantum numb ers as
- I ]
L gt T+ photons and their mass
"y 4 .
* I N—— can provide the scale
PHENIX 27 03503 Experimentally triggered
limi T .
e e T by no activity in main

collision triggers but
various neutrons in ZDCs p
O
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Spin Physics




“Gluon polarization

Barely access via DIS data
through DGLAP evolution
(no large Q? lever arm)

Some access in SIDIS
through high Pt hadrons
and charmed mesons

Polarized pp collisions at
LO in og sensitive to
gluons

=>»long. double spin
asymmetries A;; access Ag
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irst nonzero gluon's

 DSSV:Phys.Rev.Lett. 113 (2014) 012001

ICatlion

Also confirmed by NNPDFpol fit
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)
“Gluon spin: To higher energles

Nonzero gluon < | ppo X Ini<035
polarization oo & B
established with RHIC f 510,01 00 Go¥ pa. scse unaer .59/ 45% 1
Vs = 200 GeV data O pHenix + + P o
RHIC 510 GeV data s

in workhorse (jet, oot or
pion) measurements e
Extend access to lower

X by higher energy PHENIX result:

RIKEN press release
BNL and DOE research highlights
DOE labs 2016 research highlights

report
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http://www.riken.jp/pr/press/2016/20160108_4/
https://www.bnl.gov/newsroom/news.php?a=26123
http://science.energy.gov/np/highlights/2016/np-2016-06-b/
https://energy.gov/downloads/annual-report-state-doe-national-laboratories

..and lower
Phys Rev. D94 (2016)

l.e. forward) —

=, 012
i [ (a)
< ok EHENIX p+p 510 GeV : 513VENIX forward
RAEIN
0081} pHENIX 2013 Data measurements i
006 H resemnn s reach close to LS
0.04 X~1073 Pl
. -k
0.0} Including feed- =
of down almost
o002l entirely produced
) 1 2 3 4 5 6 7
p, [GeV/e] from gg
J/W+X = uTu + X @ forward rapidity Due 1?.C1< Of
N 1 knog/lvmg
] production
I mechanism
= interpretation still
7 B, o (e
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¥ i’:"lu._-u;_-.uu:?:?bac‘t;_._” .-:Iéo-s_
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02 \ \\\\\B\}\\\%\i\%&&g\\m\
o
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HESZ 9/28/2017 -07160_3 e S "x1view

RPD 92 (2015) 094030

1.5
1215 + SIS data — DS5W 2014
no pp data in it with BFE C 1. band
RHIC spin EIC projections:
1 B projected data up o 2015 B V=775 GeV _
El +s=1227 Ge¥
W +s= 1404 GeY
0.5
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Q" =10GeV" 1
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Other forward ©° measurements ongoing
to get better precision down to x~1073

Eventually EIC to pin down integrals,
strangeness and need for OAM
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http://arxiv.org/abs/arXiv:1509.06489
http://arxiv.org/abs/arXiv:1606.01815

Inclusive single hadron left-right =

—

—asymmetries in pp collisions

Both initial state and final
state effects contribute

e Only one scale = need to
be described by collinear
higher twist functions

e Initial state higher twist
effect related to kt
moment of Sivers TMD

 Final state effect related to
transversity and kt
moments of Collins
fragmentation function

e Some indications for
potentially other origins

HESZ 9/28/2017 R.Seidl: PHENIX overview

Z

<

Explicit hadron-in-jet and
DY asymmetries directly
related to TMDs

Also study A dependence
in pA collisions
Phys.Rev. D90 (2014) 7, 072008

Phys.Rev. D90 (2014) 1, 012006

(a) _
0.2 @ 1 ((N)=3.52, {s=200GeV)
-<[7 PHENIX o5 1 (3 1 <il<3.7, {s=62.4GeV) ®

% 7 (()=3.3, 5=200GeV)
STAR f\..'(' o ((l-l}:}_"r ‘5:2'30'5‘3\'{)

E704 O w" (1.0<n<4.6, {s=19.4GeV)

0.1k

L .,:‘_') *
0.0 el K W e




/
~— Heavy flavorasymmetries

Heavy flavor
asymmetries most
sensitive to Twist-3 ]
counterpart of Gluon
Sivers and tri-gluon
correlator,

no final state effects
expected due to heavy
quark mass

Both contributions
poorly known

HESZ 9/28/2017 R.Seidl: PHENIX overview

Phys.Rev. D95 (2017) 112001

0.15

C (a) p+p — 1 +X at Vs =200 GeV —— Twist-3 model 1 (D—y) J
u_f_PHEle 1.25<p <5.0 GeV/c -+ Twist-3 model 2 (D-5u)
0.05 —
< O —M—y :
-0.05(— t —f
-0.1?— pT>-21151521GeW -
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_01 1 | |II |III|III|III|III|II |\ 1]
%1 ~0.08 0.06 -0.04 0.02 0 0.02 0.04 0.06 003 0.1

ertainty n thw)

Xg
0151
(b)p+p—>u +X at Vs = 200 GeV —— Twist-3 model 1 (D—p) _
0.1/-PHENIX 1.25<p,<5.0 GeV/c - Twist-3 model I2(D—>y)
0.05 —
=z
< 0
-0.05— —
-0.1 <p> =2.1,1.5,1.5, 2.1 GeVic =

(34;" pol arization scale
-0.15 Ll by ||||||||| Lo 1 ]
‘b'l 003-00’6 004 002 0 0.02 004 00’5 003 01

Model calculations from: Koike
et.al. Phys.Rev. D84 (2011) 01402

tlty thw)
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http://arxiv.org/abs/arXiv:1703.09333
http://arxiv.org/abs/arXiv:1104.3943

P J/PSiAS e

Surprising nonzero J/Psi —  "Toa v
. o o o= ® pAu preliminary oif- ® pAu preliminary
Ays seen in pAu collisions | +
while pp Asymmetries are x| ¢ + ——
mostly consistent with | +
ZEro T e
Nonzero effect only visible S e
at the lowest available Pt
Diffractive effects as cause v PHENIX
. °1- « pAu preliminary
not very likely due to
coincidence with hard " |
collision trigger =3 +
pAl data is being analyzed 6 I
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/
/Amlependemntral ’TL’Q/KNS

Central rapidity Ays
mostly sensitive to Gluon
Sivers Twist-3 counter-
part

pp results consistent
with zero at even higher
precision

No surprises in A
dependence
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~A-dependence of charged hadron As

Clear nonzero charged T N
c R ‘ . - . <+ g
pion, kaon and proton o A L . |
° -nsp .q F .‘ o9 '. -
a Symm etrl e S S e e n by ) 1i 0.5<p_(r)=0.75 GeVic i 1.0=p (x)=1.25 GeVic 1.25=p [m)<1.5 GeVic 1.5<p (m<2.0 Ge\".l;‘- _+_

Brahms at X¢>0.1 R ML
PHENIX can cover U4

charged hadrons in the
muon arms at -
overlapping x; WE
Hadron composition P - I
mostly understood

pp and pAu data '0‘0-30:2' = :0.|15: = '-o|.1' - -'o.|05' = (Il — '0_55' = '0!1' = 'o_%s' —52
X
expected soon

projection pT+p(Au)a h(+) + X at {s=200 GeV
L —e— ptp
—+&— p+Au MinBias
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~——Forward neutron asymmetries

arXiv:1703.10941

< : @® 2zDCinclusive P;_l\/E_NIX
ZDC & BBC p-dir & BBC A-dir preliminary
O . 3 __ ® ZDC & veto BBC p-dir & veto BBC A-dir
N ®
0.25
- p'+A - n+X
0.2~ YS= 200 GeV
X>0.5 ®
| 0.3<6<2.2 mrad
01 5 5 22% scale uncertainty not shown
0.1
[ ]
0.05[-
. p+p p+Al p+Au
O? R B R B R A O o e S s
- ® @
-0.05}-¢
_01'111L1|1111[1111‘11111111
0 50 100 150 200
A (atomic mass number)
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Unexpectedly large A
dependence in neutron
asymmetries

Sign change seen

Possibility of ultra-
peripheral collisions

(UPC) effect, enhanced
by Z2 for nucleii

(anti-)Correlations with
main Collision detector
system enhance/reduce

UPC contribution p
®
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http://arxiv.org/abs/arXiv:1703.10941

~UPC explanationof neutrfmﬂ(

From MAID simulations Mitsuka: Phys.Rev. C95 (2017) 044908
c c 0.4+ o Tusiv
UPC cross section in _PHENIX Only UPCsim/ ® ¢
ZDCs is indeed R es et e | A mesmcaas
o . 3% scale uncertainty not shown
SUbStantlal n pAu . vetoatBBC (3.0<|n|<3.9) —»4
COHiSiOIlS 0.2 rejects hadronic contribution
= = C)
Mitsuka: Eur.Phys.J. C75 (2015) 614 <

E i

(d) RHIC neutral - UPC+hadron sim.

- pAu 200 GeV o PAIL - Au

- Hadronic A : "

Jgractions ¥ Only hadron sim. (small A-dep))”

ZDC 0 100 200
A (atomic mass number)

do/dn [mb]

UPC models
1/2

More details to follow with explicit
T 'c‘)l S Pt dependent Asymmetry analysis
' ®

Pseudorapidity (Ong()lng)

HESZ 9/28/2017 R.Seidl: PHENIX overview 22 AIKEN



http://arxiv.org/abs/arXiv:1702.03834
http://arxiv.org/abs/arXiv:1503.03694

//Iﬁ-hadrcnmcorrelM

Phys.Rev. D95 (2017) 072002

g 10 p+p at ys=510 GeV vhi Ttk 9 [GeVic]
= i - R
Look at angular g b 0
=. 10 2n 4 .
= §1O'2 11(_1 GeV/ | Yy v :-::Eg“;
. al 0.7<p>***<10 GeVic . # % % LA
correlation between ETE AN
Tz 1ot oL
nearly back-to-back o
10 .

particles B

10
10°

Widths Of GaUSSian 11[::'_- >|‘)+|,|/r fJl MEPEPEN B |\ \\. |1
components seem to be

6 8
p_, [GeV/c]

o
[

decreasing with trigger = LePUENXZR  PHENDOHE e
G, O PYTHIA Perugia0 rr“-[r — PYTHIA n%h" Linear Fit
artiCle O entu % 0.?_l PYTHIA Perugia0 y-h~ - PYTHIA y-h” Linear Fit |
p moim m = In|<0.35
while increase is -, b =10 Gevic
2 06 T
expected 8

Pythia qualitatively o5+
describes this effect e,
p‘T”g[GeEJc]

g o
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http://arxiv.org/abs/arXiv:1609.04769

/
_ RHIC future (for spin and CNM physics)

Currently 510 GeV run ongoing in
STAR for Sivers function
mesurements in Ws, Z and DY

sPHENIX detector (-1.1<n<1.1):

e 1.4T Babar magnet

e (Central TPC + MAPS vertex
tracker

e EM+HCAL
e CDoin Fall 2016

For spin and CNM interest in
Forward rapidites:

e origin of large asymmetries,

e high/low x reach
fsSPHENIX (2<n<4):

e Reused PHENIX EMCal

.. e jet transverse asymmetries (flavor
e New HCAL (joint development for ] (

STAR/fsPHENIX/EIC led by e“haf}lICEd or Co hnfs ) 1
UCLA) e DY/photons in pA for nuclear

 Tracking (GEMs or sTGCs ) /gluon PDFs

e Hadronization in medium p

HESZ 9/28/2017 R.Seidl: PHENIX overview 24 RIK=NH

Most detectors directly useable for
eRHIC

Main Goals:




/

HESZ 9/28/2017

2015 NSAC long range plan
highest priority new
facility: electron Ion
Collider (EIC)

Currently National
Academy of Science review
ongoing

DOE CD process starting
soon

2 potential realizations:

e JLAB (CEBAF+new pol.
ion accelerator —
concentration on first high
intensity, lower CMS

energy)

R.Seidl: PHENIX overview

CeRHIET

e eRHIC (RHIC + new pol

electron beam -
concentration on first

high CMS energy,
initially lower intensity)

e ePHENIX (fsPHENIX +

25 RIK=NH



P um

Indication of CNM More to come in the
effects seen in PHENIX, future:

more to come soon e RHIC (CNM 2017-23
Gluon spin contribution plan)

confirmed at higher

collision energies, FIC

started accessing lower x

New information
towards understanding
transverse asymmetries
in hadron collisions, but
also new puzzles (such
as A dependence)
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http://arxiv.org/abs/arXiv:1602.03922
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Other 200 GeV results not

~ yet used in global fit

Phys.Rev. D91 (2015) 3, 032001 Phys.Rev. D87 (2013) 012011
:.D.M - . Lot
“ o) ALL (TE+) @ f A (1) 2 A“Fe p-l-p\ $=200GeV (n, |<0 35)
o) . = NNPDF | S, ]
D_ggf_ H e vertical scale uncertainty | _ - Egsv sl T ———

0.06}

0.04F

—— Ag/gl=0.00

0.02F -0.05F

----- Wg/gl=0.10 v
R o T et MR e . N Ag/gl=0.20 I syst. error from dilution factor
0 : 0 T Ag/gl=0.30 syst. error from rel. lum. and A"
-0.02 :-_- E:j::_g :g (not including 8.8% % pol. scale errlcla:"}
AT T T T TN T -0.1 : ' : ' ' ] '
-0.04 5 6 = 5 o 10 1 1 2 5 5 = s 5 10 1 I3 5.4 0.5 0.6 07 0.8 0.9 { 1.1 [GEVJ'(;]_;
p_(GeVic) p, (GeV/c)
Charged pions as potential direct indicator Single electrons at central rapidity

from heavy flavor production

for sign of Ag via pion A ordering
directly sensitive to gluon helicity

500 GeV analysis ongoing
Large scale given by the HF quark

Reduced statistics compared to 7’ due to
masses

triggering

Also central n
HESZ 9/28/2017 R.Seidl: PHENIX overview




Real W productionvas.access to.—

| (a/nti)quark helicities

Maximally parit?r violating V-  (a)

A interaction selects only Proton helicity ="+"
lefthanded quarks and —{
righthanded antiquarks: ey

=» Having different helicities for

the incoming proton then ) N
selects spin parallel or -
antiparallel of the quarks

=» Difference of the cross ®) o

. . S roton hglicity ="+

sections gives quark helicities j@}
Aq(X) *E,(m) 4 .';»’
No Fragmentation function N
requlre.:d | Ay NI
Very high scale defined by W —
mass

Bourrely , Soffer
Nucl.Phys. B423 (1994) 329-348
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Proton hC]iCit}f —_n_n

-—

€} — |
-{«-‘:(-T1) p v
ey N

Proton helicity ="—"

:fﬂx 1) y ‘w

wo

_ A (x2) *, A

2
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Sga/quark polarization-via' W produetic{(

Single spin
asymmetry W' p_>20 GeV W' p_>20 GeV
proportional < FTTBRS e <. [ TUBNS max i
tO quaI'k u.z:_ gggumin C Eggjmin =|_|=|=|
polarizations o} GREV val °'4i_jf3:a_'r %E'
Large asymmetries azf] __EH: ﬁ- VI
- Ll ——
Forward/backward oar i :
separation smeared : b
by W decay
kinematics
wt o
AV &
AVT =
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" Central W+Z-e as

STAR: Phys.Rev.Lett. 113 (2014) 072301
PHENIX: Phys.Rev. D93 (2016), 051103

0.5

L a) Wiz Io)w+z" ;
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Leptonic W decays very clearly
visible via Jacobian peak

Large asymmetries found,
consistent between experiments

e” significantly above latest
global fit
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http://arxiv.org/abs/arXiv:1404.6880
http://arxiv.org/abs/arXiv:1504.07451
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At forward rapidities no
Gaussian peak to identify W
decay muons

Lower Py hadrons as fake high
P, “muons”

Successfully performed
unbinned max likelihood
analysis to identify signal
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Asymmetries as expected

Still working on improving the
uncertainties
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* At forward rapidities no
Gaussian peak to identify W
decay muons

* Lower P hadrons as fake high
P, “muons”

* Successfully performed
unbinned max likelihood
analysis to identify signal
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http://arxiv.org/abs/arXiv:1406.7122
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— hadron transverse
momentum correlation (in
fragmentation)

Proton-spin — quark orbit (ki)
correlation

Suggested in '93 — dead due to

time reversal Analyzer for quark transversity

—> access to tensor charge
(Lattice, BSM?)

A polarized (ie signed)
fragmentation function

Brodsky-Hwang-Schmid ‘o2
model example of Sivers
function using gauge links

Belitsky-Yuan ‘02 = gauge
links generally needed

Collins =2 function can exist,
but modified universality (the conservation requires some
SIGN change) compensation ( Terayev-

Transverse momentum
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http://arxiv.org/abs/arXiv:1207.3221

