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NEW questions due to RHIC discoveries

« Compelling goals for 2015+ - 2020
« Address with ion collisions

Are quarks strongly coupled to the QGP at all scales?
Are there quasiparticles at any scale?
Mechanisms for parton-QGP interaction?
and QGP response?
Is there a relevant screening length in the QGP?
How is rapid equilibration achieved?
What is the structure of cold nuclei at small-x7?

« Polarized proton running to answer
Internal landscape of nucleons: Spin? parton correlations
Color Interactions in QCD Drell Yan, jets A
What governs hadronization?

PHEKENIX PAC talk — Y. Akiba



RHIC: eight key unanswered questions

Hot QCD Matter Partonic structure
“«
- Quark-Gluon Plasma ‘ -
300 - d’ e ‘)‘é “
3 e .
g = / 6: Spin structure of the nucleon
: s .-;ﬁ._\_ 7. How to go beyond leading twist
. o W S and collinear factorization?
ot g \ \ T - Q. (1) ‘ Q:(T),-"AJ
Hadronic Gas % B e . M
0 f&
o 500 750 1000 74
Baryon Chemical Patential i, (MeV) T (k.) ;l‘j“":"' : Parton Gas
1: Properties of the sQGP wex
2: Mechanism of energy loss:
weak or strong coupling? - "““i
3: Is there a critical point, and if so, where? A* k3 lnQ’
4: Novel symmetry properties 8: What are the properties of
5: Exotic particles cold nuclear matter?

STAR Decadal Plan — June, 2011 PAC Meeting




Today’s discussion

® How LHC informs approach to these questions
Mostly we’ve learned about QGP at LHC, so | shall
focus mostly upon the heavy ion questions.

@ See Joe Seele’s talk for spin physics discussions

PHKENIX



The bulk matter flows collectively

~ o 0.1:
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@ Elliptic flow @ p; < 2 GeV/c agrees with hydrodynamics
~ideal hydro flow
Thermalization time < 1 fm/c
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® Flow scales with # of valence quarks

® How is equilibration achieved so rapidly?

® Are there quasiparticles in the quark gluon plasma?
If so, when and what are they?



LHC tells us

® QGP flow is very similar
Also must have very rapid equilibration at LHC

@® Various clever theoretical ideas about rapid equilibration
Plasma instabilities (maybe growth is too self-killing?)
Holography to describe the early system

® Not so many ideas about experimental probes for how

equilibration happens

® Hunting for quasiparticles

Are there composite quasiparticles (Al Mueller, Wiedemann)?

Theorists have suggested comparing collisional energy loss of
different mass probes

Similar approach (and no knowledge yet) at RHIC/LHC
Will this be answered in next 5 years w/ vertex detectors?
Any reason to prefer RHIC or LHC for this study?

PHKENIX



Quantify viscosity of QGP

vV, described by both Glauber and CGC vy, described only by Glauber

- but different values of 1/s breaks degeneracy
: 0.1
PHENIX —m— . PHENIX —m—
Glauber —A— arXiv:1105.3928 Glauber —A—
Ty KIN —e— | | 7 KIN —e—
02 R 0.08 | =
013 r S0e Theory calculation:
= = Alver et al.
01 F 0.04 | PRC82,034913
0.05 L 0.02 r PH ENIX
1.75 < pr < 2.0 GeVic 1.75 <pr < 2.0 GeV/e
arXiv:1105.3928v1 arXiv:1105.3928v1
| 1 1 1 1 1 | 0 L . .
v 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
N Npart

part

® Low viscosity/entropy — good momentum transport
. strong coupling
® At what scales is the coupling strong?
l. ® What are the initial conditions? Glauber, CGC, or ?



v; and other higher harmonics

@ Hot topic on both sides of the Atlantic
Careful and systematic study could yield n/s(T)

® Study of v,, v; v, at low energies at RHIC a key part of

this mapping
Will be done with data from existing energy scan!

PHKENIX



Strong coupling at what scale?

® Test by using probes at different mass, p; scales

® Heavy quark energy loss vs. gluons & light quarks

@ Jets
At different energies (up to 40-50 GeV at RHIC)
Heavy quark jets using vertex detectors to tag

v-jet coincidence to compare energy tagging by photon
with reconstructed jet energy

PHKENIX



Energy Scan topics

® STAR question 3: Is there a critical point and if so, where?
Unique to RHIC (at least until CBM at FAIR)

® STAR question 4: Novel symmetry properties
Need to show they turn off when QGP cannot form
Of course, LHC energies are key part of the scan, too

@® | shall argue that PHENIX question about the color
screening length is also an energy scan topic...

® Current energy scan is effective for large cross section
observables. Need larger acceptance in ¢, ) and p; to look
at Vs dependence of rarer probes.
o(Vs) implies focus on upper part of RHIC Vs range
PHKENIX
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Beam Energy Scan

Large acceptance = Energy scan of rare probes at lower
beam energy

« Jets

« High p+ single hadrons
* Open heavy flavor

« Quarkonia

repeat energy scan of 20 — 200 GeV with large acceptance
detector to characterize the suppression as a function of
sqrt(s)

* Photon-hadron, Photon-jets

Probe Energy loss and QGP response in lower beam
energy

PHSKENIX




Hard probe insights from first LHC results

® Quarkonia energy dependence not understood!
Need charmonium and bottonium states at >1 Vs at RHIC
+ guidance from lattice QCD!

® Jet results from LHC very surprising!
Steep path length dependence of energy loss
also suggested by PHENIX high p; v,; AdS/CFT is right?
Unmodified fragmentation function of reconstructed jets
looks different at RHIC, depends on “jet” definition?
Lost energy goes to low p; particles at large angle
is dissipation slower at RHIC? Due to medium or probe?
Little modification of di-jet angular correlation
appears to be similar at RHIC

® Need full, calorimetric reconstruction of jets in wide y range at

RHIC to disentangle probe effects/medium effects/initial state

12
PHSKENIX



jets at RHIC?

m:g <<
® 0-5% Pb-Pb \[s, =2.76 TeV o
© 70-80%
118 } """ =
4
10-—I’I_lllllll ll‘lll_: 1 I 111 I 111 l 1 11 l 1 ‘ 1 l 1 11 l 1 1 I_
06 2 4°6 8 10 12 14'>16 18 20
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Why bother with
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1.8
1.6
1.4
1.2
1
0.8

0.4
0.2

T

IIIIIII|III|III|II

IIIIII

0.6—‘}‘}%%%#% ot «}; %‘ + + } -

|III|II
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PHENIX Preliminary

* 0-20%
> 1100—10%,(z) = 0.7 (PRL 101, 162301)

un—5 Cu + Cu\/s,,, = 200 GeV

aussian filter,0 = 0.3
1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 | 1 1

oy

L L e e e by
5 10 15 20 25 30 35
prTeC_pp (GeV/c)

® 20-35 GeV jets may not be the same as 100 GeV jets!

@® Requiring narrow jet -> same suppression as leading hadron
Hard to reconcile if eloss is splitting inside the jet cone
Jets of ~¥100 GeV don’t seem to get wider at LHC
CMS sees excess 1-2 GeV particles in interjet region |,

PHKENIX



Structure and correlations of 20-40 GeV jets

® Yet, we DO see hints of medium-induced fragmentation
function changes in y,, -h (PHENIX) and jet-h (STAR) @ RHIC

® Fragmentation more affected by coherent scattering?
Maybe parton virtuality vs. medium T, p, mfp matters?

® Perhaps more jet-medium effects (beyond eloss) at RHIC??

Would really like to scan from ~T_ to 300 MeV to probe
temperature dependence

Control system size by asymmetric species (eg. Cu+U) to
control for pathlength dependence

@® More from Berndt on this subject

14
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Is there a relevant screening length?

@® Plasma: interactions among charges of multiple particles
spreads charge into characteristic (Debye) length, A,
multiple particles inside Debye sphere

they screen each other
plasma size > A,
@® In strongly coupled plasmas: few (~1-2) particles in
Debye sphere
Partial screening -> liquid-like properties
sometimes even crystals!
® Test with heavy quark bound states sl e ol Bl i
Do they survive?

£ (CeVim?)

Y(35)  y(2s)

All? None? Some? Which size? ’ w
Fiy

PHKENIX g e



J/1 vs. system size, Vs (SPS to RHIC)

arXiv:1103.6269

< _I LI I L I L I L I L I L I L I LI I_
B 2004 Au+Au, |y|<0.35, globalsys.=+12% |
® 2007 Au+Au, 1.2<|y|<2.2, global sys. =1 9.2% _:
SPS J/4 suppression -
ol -
- Eﬂﬂ\h i E‘ ]
0.4— —]
- ¢ Bodfo, .
0.2 B g @ % =
- :usl. | I (R NI N ::
B 2 1.6 =
> 14E —
S . 120 =
S< F global sys. =+ 10.7% 4
o | ]
o I Iﬂ .
© 0.8— —
T F § ]
0.6 El El Iil —
04:_|||||$|_:
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Npart
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—8—— \[s_,= 200 GeV Au+Au (2007), arXiv:1105.1966

1.4 global sys. =+ 19.6%
— Peripheral (60-93%) : <Nco“>= 145+27
1.2 —— @ \[S,;= 62.4 GeV Au+Au (2010)
B global sys. =+ 11.6%
1

:|: Peripheral (60-86%) : <Nco“>= 143+1.6

PHENIX Preliminary

JI¥ >y, 1.2 <ly| < 2.2
0.6 III
o U lg
o2 Plary g
030100150 200 250" 300 350 400
Npart

No obvious pattern of the
suppression with €, T!

Why more suppression at y=27?

To understand color screening:

study as function of Vs, p;, r +

onium

d+Au to disentangle cold matter effects



Suppression pattern ingredients

@® Color screening | | arXiv:1010.1246

U/ in dsAu at\s,, =200 GeV ~ ~ N,

@ Initial state effects
Shadowing or saturation of
incoming gluon distribution
Initial state energy loss

0.6
Centrality 60-88%

Global Scale Uncertainty +10%
~—— —— Gluon Saturation
EPS09 and ¢, =4 mb

1

Ry, (60-88%)

0.4

L IIII]IIII]II

lllllllll IJllllllll

. ° g 0.85—
(calibrate with p+Aord+A) & | E
o 0_45_ Centrality 0-20% e @ E
- Global Scale Uncertainty +8.5% E
@® Final state effects = =

Breakup of quarkonia due
to co-moving hadrons

: Centrality 0-20%/60-88% + ]
Coalescence Of q and qbar s Globalst::,ale Ul:certalnt;ts.z% B
at hadronization B B e

(calibrate with A, centrality dependence)
PHEENIX
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Look at higher Vs at LHC

) n_1.4
(6]

Mid Rapidity Low py x

B PHENIX |y|<0.35\s = 200GeV 12
SPS \[§ = 17.5GeV

JlyR at2.76 TeV
CcP

——p— ATLAS, inclusive: |y|<2.5, pT>6.5 GeVic

IIIIII

—— CMS, prompt: |y|<2.4, 6.5<pT<30.0 GeVic

08

0.6 08

04

0.6

0.2

Forward Rapidity
[ PHENIX 1.2<|y|<2.2ys = 200GeV .02
PHENIX 1.2<|y|<2.2\s = 62GeV

IIIIIIIIIIIIIIIIII
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OO

® prompt JAp < inclusive?
(b states less suppressed)

e e by by e by by by by
0 50 100 150 200 250 300 350 400

- ®\s dependence is weak
scale J/i Rep to “R,,” to compare LHC less suppressed!

Final state coalescence?



Expect if c-cbar pairs numerous or correlated

PRL.98: 172301,2007

o [ + yHF
> e e V2 |:|
- = Greco etal. c flow van Hees et al.

0.2 | ----- Grecoetal.nocflow van Hees et al. no reso.
B Zhangetal.10mb == van Hees et al. c only
= Zhangetal. 3 mb

0.15+
0.1
0.05— 5
0+ -
0.05 %

JAp seems not to
So coalescence @
RHIC is not large
PHKENIX
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Need to understand quantitatively!

® Coalescence could be important at LHC

More c- cbar palrs produced Use b-bar to probe

g [

14 CMS Prellmlnary -
- PbPb \f =276TeV |
12 ]
1i + Y(1S) E
- AuAU\5=200GeV | -
08— Yr STAR preliminary -
N - lyl<0.5 B
0.6 + + 7
0.4 + -
0-2—00<Iyl<24 —

B 65<p <SOOGeVIc 00<pT<2OOGeV/c

vl b b b b beana b

Noar

Cbl 50 100 150 200 250 3(X) 350 400

LI L

°:§ F . data CMS Prellmlnary ]
3 O — popori A PDPD \[Spgy = 2.76 TeV
I [ pp shape 0-100%, 0.0 <lyl<24
3'50:_p;>4Gewc 0<p, <20 GeVic
% woF L, =7.28 ub’ E
Y (28’38) & o =92 MeV/c? (fixed to MC) E
" i PbPb"
suppressed b | 4:
: \ l |
10 BN EERE 40T I
i
G B R TR P R a7
m,, (GeV/c?)
"'l‘-ll
Y(25+38)/Y(18)yp, _ o 1010, 0 03
Y(2S+3S)/Y(1S), "

@® Does partial screening preserve correlations, enhancing
likelihood of final state coalescence?

@® arXiV:1010.2735 (Aarts, et al): Y unchanged to 2.09T,

%, modified @ 1-1.5T, then free. Need Y states at RHIC! 20
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Figure 3. Uncertainties of output spectral functions in PS (left) and V}; (right)

channels at all available temperatures. The shaded areas are errors of output spectral
functions from Jackknife and the solid lines inside the shaded areas are mean values

of spectral functions.

J/W¥: Not yes/no!

Is the correlation
gone@T>15T.?

What happens at
1.0-1.2T_?

Is there observable
evidence of partial
screening?
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Need to:

® Understand onium suppression patterns in terms of
medium effects on the correlation screening length

Relate correlator to screening length
Lattice should be able to do this...
Connect lattice results to observables!

® Update recombination calculations using correlator from
the lattice in place of purely thermal quark distributions

® Must make sense of observed (non) dependence on Vs
Experimental data on different c,b bound states
Measure as a function of T at >3 points!
This is a job for RHIC, down to ~ 40 GeV Vs
Needs a large acceptance detector, sensitive at low p2

PHKENIX
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@® backup slides
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Context: QCD matter at T =300-600 MeV

@® Collective flow with low viscosity/
entropy ratio: “perfect liquid”

How low? Strong coupling...

@® Opacity very high

Effectively stops quarks & gluons
How and why? Strong coupling...

@® Even heavy quarks lose energy & flow
Not expected from pQCD; mechanism?

->(very) strong coupling

® Color is screened
How much?

PHKENIX

y

ﬂl T,.;

Non photonic electrons
0
» N

|
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A
9

Example of the
viscosity of milk.
Liquids with higher
viscosities will not
make such a
splash when
poured at the same
velocity.
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Similar to forefront question in other fields!

Quark gluon plasma is like other systems with STRONG COUPLING

— all exhibit liquid properties & phase transitions
E \‘

7 matter on earth
are alike!

Ly N

Dusty plasmas &
warm, dense plasmas

have liquid and even e

Ultracold atomic gas Strong Iy co rrelated

A C 1€ DIl - oA SRk

In all these cases have a competition:
Attractive forces < repulsive force or kinetic energy

Result: many-body interactions; quasiparticles exist?




J/ vs. system size, Vs

—8—— \[s_,= 200 GeV Au+Au (2007), arXiv:1105.1966

global sys. =+ 19.6%
Peripheral (60-93%) : <Nco">= 145+27

—8—— \s,= 62.4 GeV Au+Au (2010)

alobal svs. =+ 11.6%

Q

Major step forward in precision and

kinematic reach!
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+Au to disentangle cold matter effects
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JY R, Centrality Dependence — LHC & RHIC ¢

ALICE, G. Martinez-Garcia QM 2011

m ALICE (Pb—Pb\}sNN =2.76 TeV), 2 5<y<A4, pT>0 (preliminary)
o PHENIX (Au-AU\[sNN =02 TeV), 1.2«lyl<2 2, pT>0 (arXiv:1103.6269)

I”l

Jp=> nu, p>0

I

& No obvious pattern of the

() ALICE <N _ >is weighted by N__ suppression with energy

| I | l 1 lminl I | I | I | - l | 1 l
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Jhp R, larger at LHC (2.5<y<4) than at RHIC (1.2<|y|- 9.2)
S|m|lar to RHIC ( _|y|<O 35), except for most central bin
Note — chh/dn(Npan)LHC ~ 2.1 X chh/dn(Npm)RH'C

John Harris (Yale) Workshop on Future Strategy for RHIC, BNL, June 21 - 24, 2011




Dense gluonic matter (d+Au, forward y):
X 10101246 Iarge effects observed arXive1108 5112
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v-jet correlations

Measure the fragmentation function

Does QGP medium modify how q, g
T meennsssg,_moaess e fragment into jets of hadrons?

PHENX pep bp ."“ GeVen Tep  «10 G PrrpsResD 22 072001

MLLA In madhors £, o7 GV x 10"

—_
THUII LILRA

1N, dN/dE
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3 e (PHENEX AueAu 0-20%) / [D.1°TASSO)
: comelaied sysiematc error

¢ A8% Global Scale Uncertainty

it b Set bive )
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10"
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Direct y+h
+ 8.8% Au+Au Global Scale Uncertss
+ 8% p+p Global Scale Uncertainty
[ correlated systematic sror |
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o 05 T s 2 25
h

Pr (1,,)=0.662+0.087
x*/ NDF =12.16 /7

Differs from that in e*e collisions!
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Direct photons flow!

arXiv:1105.4126

Hydro. Thermal vy

Au+Au@200 GeV = - - Hydro.Thermal+Hard v|
- Y Ir. Vz((Dz)

minimum bias S

PH ENIX

Direct photon v,

—~——
PH “ENIX

s b b b b b b by :AuAuo_zoo/o
1 2 3 4 5 6 7 8 ol v b b by

1 2 3 4 5 6
.p T !GeVlc! p, [GeV/c]

Flow magnitude is a real surprise!

Stefan Bathe for PHENIX, QM2011 ()
PHAAENIX Toward NSAC milestone DM 13




gluon & sea quark polarization

0‘04:_ XA{I _::_ an _f 0.04

Current result 0"’3;’ -- _—— - 0.02
from global fits o 1 .

0.02F
- — DSSV

1-0.02

0,04 .---- DNS DSSV Az =1 __ 1.04
° e o ’ - —— GRSV DSSV \'/_:/'/_:=2‘vi:: 4
Still surprisingly R R
small 004 XAS b *48
C I — g 02
0.02 3 é ]
: D N A ENEL
— - i “\..\ 7
See talk from Elke "= =TT L\
Aschenauer i e i
ol gty om0
. H4F - - GRSV min. Ag ;.= -0.2
Toward NSAC mllestone HP12 llllll -2 11 lllllll 3 11 1111l 1l 1 lllllll -2 111 llll[ 3 11 1111l
10 107 10 107 x

@® 500 GeV p+p: w° A, to constrain Ag (0.01<x<0.3)
central/forward correlations tag kinematics

® W A at forward, backward, mid rapidity for Au, Au, Ad, Ad
CPTERENIX 31



Mysteries in heavy ion physics

€ Energy loss mechanism NSAC milestone DM11, 12
@ LHC 40 GeV jets opposing 100 GeV jets look “normal”
no broadening or decorrelation
no evidence for collinear radiation from the parton
@ RHIC low energy jets appear to show medium effects
but, “jet” is defined differently
> ¢ & b to probe role of collisional energy loss VTX, FVTX
> quantify path length dependence U+U, Cu+Au
@ )/ suppression and color screening NSAC milestone DM5
amazingly similar from vs=17-200 GeV; but initial states differ
not SO different at LHC

> Other states y & Vs dependence (e.g. \’) FVTX, statistics
> d+Au for initial state; 130 GeV Au+Au eventually?

32
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PHENIX->
SPHENIX->

ePHENIX
plan

PHKENIX

Physics

PHENIX Midterm
Physics Plan

sPHENIX SuperQCD Era
Physics Plan (s+e)PHENIX
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To answer these questions

Questions

Quarks strongly coupled
Interaction mechanisms

Quasiparticles in medium

Screening Length

Thermal Behavior

Thermalization time

PHKENIX

Observables Needs
Jets, Dijets,
v-Jet(FF,radiaton) PP | PP
Charm/Beauty Jets ® O« @)
Jhp at multiple energies @ O ¢
Upsilons (all states) ® O«
-+ Direct v* flow ® O O
@ Large Acceptance
O High Rate
O Electron ID
@ Photon ID

© Excellent Jet Capabilities (HCAL)
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Upgrade Concept

=t 2m

n=2 80cm
Direction of

=3 - 40cm
P- d e :} =4 1T+ L 10cm

< == (FVIX

,7—Tmcker

PreShower PreShower
Solenoid
Focused on capabilities to answer compelling questions

Don't try to do everything

+ Compact detector covering -1 <n <4

* Measure jets, electrons and photons in mid-rapidity - Measure QGP properties
» Gluon saturation physics at forward region (n > 1)

» First eRHIC detector (not yet optimized)



Cost estimate

Carry over from existing PHENIX:
« VTXand FVTX
-« EMCal in Forward Arm and perhaps barrel
- DAQ
+ Infrastructure (LV, HV, Safety systems...)
What is new: PreShower
« 2-3T solenoid (R = 60-100 cm)

} $20M

« Preshower detector "
- Barrel EMCal (maybe new) apy =
. Hadronic Calorimetry Y58 10M Can be built incrementally
- Additional tracking layers of Si at ~40cm; ¢5_ 7\
- Forward Arm with RICH and GEM tracker: ¢10M
Other :
- Forward magnet Total Project Cost $53-62M
’} $10-15M

— Forward HCAL * Approx Y replacement cost of existing
— Barrel trking layer ~60c $130M PHENIX detector

: ) » DOE contribution estimated to be 60% of
All cost estimate include total $32-44M

overhead and contingency |- Forward detector is key for eRHIC physics
X (part of eRHIC project?)




Staging

nN=2.

n=3

|l=4 4

PreShower

2m

« Mid-rapidity detector

S5-7 M

80cm

Additional Gitracking 19" ' &5

I/

‘ s0em Solenoid Direct y, 7°
illl L"’cm ’

‘ ’ =

\

il (F)VTX pre_shower _ Quarkonia

Tracker

GEM-Tracker

—— 20 M
‘ EMCal ‘
Solenoid
Hcal Jets
- } 8-10M

Forward Detector C/’;%b
RICH and GEM tracker ; © o
= . orward magnet Saturation
— ™ Forward Hcal - QGP @ Fwd
<..eq More barrel tracker 1 eRHIC
10-15M

GEM-Tracker
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Azimuth (@)

Azimuth ()

sPHENIX acceptance

O e*v.jet

hadron
B muon

Pseudorapldlty (n)
SPHENIX Upgrade

Compact
R Forward

Upgrade Upgis

—t—tttttt
+4 +3 42 +| o -1 -2 3 4 n
< Hadron Direction Electron Direction —

+ DAQ/Trigger: 50B events / year!

Much larger acceptance than PHENIX

=
<

Increase in Acceptance (Upgrade/PHENIXno
=

—
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Acceptance Increase

wen  Dijets with R=0.15 conlainment
sennnnnn Dijets with R=0,03 containment
s Ja5 vrith R0 30 containment
-------- Jets with A=0.15 containment
simonien Jets vith R=0.05 containment

0

5 10 15 20 25 30 35 40
Transverse Momentum (GeV)



HCal improvement to Jet Energy Measurement

tracking p < 10 GeV/c required
to avoid fake jets
Tracking + EMCal EMCal + HCal(45%)

T T e <~ L =-T%",. ® . 80F i e
1’- tr.ﬂ- '.} LI -—Q"‘ : . ™ ?-¥-|1 I'-. i =
o p T e f . e .
- | s | 70_— R | t.. -.! l -3
‘h- ‘.'-' N " il £ - _t -
—0.25 % L .:"I!':q" . 2 —o.25
l-t . E) 1 -r
) . B —0.2 - .ld o2
4: .- " r.
—0.15 o —{0.15
e l*.
g
—0.1 ‘T

20

10

» . . L1l l LA L1l I Ll Ll I LA Ll I LA Ll I LA Ll l
10 20 30 40 50 60 70 80
(horizontal strips nermalized to eff) jet

(events w/o h" above 10 GeV/c) meas pT

0

% 10 20 30 40
(horizontal normalized to eff)

No fake jet due to tracking background
Catch neutral energy

No asymmetric tail in measured energy - Essential for A, measurement




HCal for jet measurement

True Jets at 60 GeV/c

=) =)

=) =

= ®
LI

relative efficiency
o ¢
LI l%l UL LI

0.04

ol

]

80

meas p™*

With 10 GeV tracking cut off, only tiny

100

T

fraction of jet can be reconstructed

True Jets at 60 GeV/c
)
1)
c
2 r
© 0.1 —emcal+ Heal (45%)
= [
@ | )
.g 0.08— = EMCal + Tracking (<20GeVic)
© [
® - p(track) <20 GeVic
0.06
0.04:~
o.oz:—
',“ﬂlll,lluﬂl e | A A
00 10 20 30 40 50 60 70 80
meas p’T"

« Fordi-jet asymmetry (A;) measurement, the tail is the Killer

* Hcal eliminates the tail.

* Hecal is not the cost driver of sSPHENIX

With 20 GeV tracking cut off, still less
than 1/3 of jet is reconstructed at

proper energy



Spin Physics with sPHENIX

A, of DY at forward rapdity

v-jet transverse spin moment
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Forward physics upgrade

® Transverse spin phenomena
Reach high x; at || >2
Drell-Yan: test QCD prediction SIDIS vs. Drell-Yan
Separate Sivers and Collins; do flavor separated PDFs

® Longitudinal spin phenomena
Extend x coverage for AG and Aq
® Drell-Yan in d+Au
Quark distributions in nuclei
@® First EIC physics

Polarized and unpolarized inclusive structure functions
inep and eA (F,, F,, F;, 84, 8, 8:)
DVCS + other diffractive processes?
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Direct photon flow ingredients

200GeV Aut+Au 20-40%

o~ C
> 025
£ r PHENIX Preliminary
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PHKENIX

@ Key cross checks:
Yinc are really y’s:

check using y-> ete-

Ry for virtual vs. real vy
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High m_; — large collisional energy loss

PEQ/DEq |

1,2

0,8

0,6
1,8
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c/iight |
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\
/w
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® mt =450 MeV

R. Kolevatov &
U.A. Wiedemann
arX1V:0812.0270

@ Composite
quasiparticles?

@® b/c separation
provides the test!
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Fig. 3. The heavy-to-light ratio AEg/AE, of collisional energy loss for charm quarks (upper
panel) and bottom quarks (lower panel), compared to that of light quarks (m, = 200 MeV). The
results for the numerator AFg and the denominator AE, are the same as used for plotting Fig. 2.

PHKENIX

44




