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RHIC In The 2010’s
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Exploit RHIC's Flexibility to study different systems, small and large
Geometry: Exotics CuCu, CuAu, UU, dAu, He3Au?
The BES : Phase Transition Physics

High p, / For jet guenching studies: exploit the large collision
energy difference within RHIC and between RHIC and LHC to
understand the physics of quenching

Robustness of theory and more! (sPHENIX goal): understand the
emergence of interactions by varying time spent near T..

Understand Geometrical and Initial State Effects In Quenching!
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Part 1

High p; Spectra Results
from Energy and
Geometry Scans

>

http://w.000finance.com/
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New Results Exploiting
RHIC’s Flexibility in s

e Another T-shirt Plot¢

STAR Preliminary

Stat. errors only

Mot feed-down corrected
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Understanding Cronin?

 Presumably there is still guenching below ~30 GeV
« Cronin Effect blows up at low Vs > ( k; (\s) )

o But note, not necessarily in p+Al See WA 98 next slide

 Quote from April Workshop:
“It's time we understand the Cronin Effect’...

-G. Barnafoldi
B STAR Preliminary
B Stat. errors only * T:I?:(‘:UU
] .
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Useful New Context for WA98

« WA98 LEDA: A RHIC Detector Too
o (Now PHENIX PbGl - JF/ Ohio U Manage Pbgl Operations ;> | ) égag:

e /s 17.4 Cronin Blowup starts only above N

part

WA98 0708.2630 PRL 100 (2008) 242301
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a 25
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Rep vs Ry 5: References!

» Draw back for R-p = Peripheral spectra might be the
hardest to get right theorefically : preferably use R,

o Note PHENIX Data below using Fermilab E706

« These A+A studies need references! p+p and ...

1.5

n®, Au+Au 0-10 %
O 39GeV

[0 62.4 GeV
200 GeVv

— 39 GeV

— 62 GeV
=200 GeV

® Justir
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PHENIX 1204.1526
PRL 109, 152301 (2012)

Peripheral d+Au

R, 60-88%

p, (GeVic)
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High p; pp/pA Energy “Scan”?

« Significant critical mass of theorists intferested in CNM developinge April
Workshop very successfull

e RHIC should continue to lead this effort!

« Short term “Scan” 2: Get p+p and p+A ~one point above and below ~
30 GeV ¢

 Longer term sPHENIX can contribute with full Jet studies - a key observablee

\

10 -Cronin Dominated ,  Suppression Dominated think color
- | tranparency effects
— ﬁ
R p O :
Rep at STAR Rep PHENIX R, 4 (Cu)
Pr= 1c
3-4 ~ \ ALICE
GeV/c [ \
Phase i | 5 S |
transition . e S =
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Expanding the Geometry Dimension...

Comprehenswe 2005 Cu+Cu Results from PHENIX

CutCu, 0-10% mostcentral | [ Runs CusGuns = 200 Gev | :_E- + ARun?
- \5yy =224 GV 2f- ® KPHENIXMBdata 7 of 5 p4E RUNT prelim
\ B ™ =62.4 GeV - = 0 PHENIX for MB .
¢1' { "\ nn = =200 GeV ess |15

O gy B e, A

0 *i*ﬂ.”ih+m++i+ bt T el

PRL101, 16]23[]1

G105
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. Cu+Cu 200 GeV ] e T
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e 2F
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PHENIX Preliminary _‘j i Wﬁﬂai_ﬂz‘;w ]\1’ y|Eﬂ|40 (,i/A +Au
| | .
|.|}H++++*++.§+++§ ..... + ........ _ 1 ‘ * &E%%g % \
p, (GeVic) p, [GeV/c]

e New Hl Geometries Cut+Au, U+U: p+Si, C, Au,

 Whole workshop this morning right now —
Organizers Hui Wang, Shengli Huang



Part 2: 2-particle
Measurements and Jets

.
’ l
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7
.

http://w.000finance.com/
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Di-hadrons are
undergoing surgery

« RHIC confinues to explore di-hadron correlations
but currently there is some noise that needs (and is
being) resolved (related to Jet-Medium coupling—
see next talk) before we can apply to quenching
constraints.

STAR, arXiv:1301.2187

20-60% AutAu, 3<p <4 GeVie, 1<p<2 GeVie v, (2,0,,=0.7}

R A L
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4 A Different
\ 4 Complimentarity?

Jet-h and y-h 2-p Correlations Can be used and should! ™
My Opinion:
Jet Reconstruction is crucial for final understandings of Jet

Quenching =2 Modifications to Showering Process
o SPHENIX!

In the short ferm DANGER : Don't let jet quenching
studies (RHIC/LHC) become too Jet Reco- biased!

We first need to learn what quenched jets look like!
o May need completely new jet finding techniques to study quenched jets

Complimentarity: Jet Finding + Angular Correlation (Jet-h and

v-h) Measurements

o We can study when modification is mostly NOT there with jet finding: e.g. Energy Asymm

o Don'tignore modification just because it not seen w/ jet finding observables
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Example: “Jet” Finding + Correlations

PLB 718 (2013) 773

L Opea=2 JLEEEE L L
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] . 12ﬂGEV{|:_n -
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% 0.2 0.4 0.6 0.8 1 0.5 1 1.5
® Just A

Event by Event CHOOQOSE Jets with quenching A,/X,;

The Ultimate Tool¢ |dentify perturbative quenching
regions, vary the quenching fraction?

Look for shape of quenched jets in regions of di-jet

asymmetry Direct y-jet/di-jet different systematics
o Dijet A, Gamma-jet x;, cut

Need to do it with and without guench reco axis!

Di-jet Asymmetry y-jet Asymmetry
Distribution Distribution
,Vitev J.Phys. G38 (2011) 124087 ATLAS
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“Jet” Finding + Correlations

e Walt...

what about current measurements

« LHC FF Modification Correlates with Large A ;2 No?

e Bias of found jets

0 -2 Look outside jet cone!
o0 => Look below jet finding cutoff

dN/dA .
e ,/. il I Ratio FF Pb+Pb / p+p =1 2 No mod?
- (c) ® FbPb0-30% - . ) y
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PHENIX Direct y—Hadron

1 08 ﬂE 04 T
sl é 1 | | | | | =
o PH NIX , E
— 1212.3323 $ -
E 1.6 PRL Accepted! + * 3
b t B remen
ﬂ F: [ | _E " anti-k; R=0.4
oE s 4+ - global sys =+ 6% (b) 3 Sk
— 05 1 15 2 '25 i
= In[1sz} g Mmi
Photon Hadron FragFn Modification! ;
Low z Enhancement STAR 1302.6184
Very Similar to LHC Jet-reco B detector vmcertainty T OF
0 LHC FF=1 ~= Jet RAA o L heger jot uncortainey
~Consistent with STAR Jet-hadron ey ¢ 0 1S Gevi
0o RHIC-RHIC Consistency! : - 20 <P <40 Gevie

These analyses are important!

Reco jets = All Jet Suppression (?) AN

Justin Frantz RHIC Users Mtg 2013
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There’s more information

« Modified FFisn’'t the whole story (don't stop therel)
 Correlations: angular shape

2.5 | =
- 'IM'?TI':THE E{p -:SIGew-:xﬂs-r:p -:?GEWCE
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A L :
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Angular distributions

03f  20<z<24 Ex2 16<:<20 ER 12<:<16 -
F  PHENIX i V,.; Uncertainty ] [ ]
v-h % 12123323 H I s m H 0.1[ i
0.1— PRL Accepted E E H} H E [ $ E E:
\ e et BT TTREFLLE
[ E " . i ] 0
R . I G S, ef 8 ©),
o 05 1 15 2 25 3 0 05 1 15 2 25 3 0 05 1 15 2 25 3
Ao [rad]
2_5:— 10 pj:’m <15 GeVic o Au+Au, 0-20%
2of- 0.5 <P <1GeVic L PP
Jet—h 2 STAR 1302.6184

So much broadening too “weird”e
-There's a lot of interesting stuff at R > 0.8l
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Also Keep in Mind

e Results dominated by <p>~6 GeV Jets with an RMS
O(2GeV) due to k;

0 <2X LowerThan STAR Jet-h
0 << than LHC Results

 No Isolation Cut applied: other photons sources:
e.g. more fragmentation photons (lso commq soon)

g OHIO
= BW-MLLA in medium E_=7 GeV PHENIX = " :
2-9E et 12123323 =
of~~ YaJEM 9-12 GeVic XKL Accep E
ﬁ 152_ + £ '..'_# . —__;
B 12 * R u___‘i'—-j-: 1 z
ﬂ'ﬁf— R = ~ B T = —f
oE |® L - global sys =+ 6% (b) =
IR - B S E—

c= In(1/z )
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Correlations + “Jet”(y) 2

o . . d Y
:;C :‘C}: * Iny-h Compton
HE scaftering means

g q /d 9 .
."'-..Sompton....-'": Annihilation quark Jet tag
s PHENIX PRD 82, 072001 (2010) ,
T e T Charge asymmetry

of cross section and
valence u vs d quark
should be reflect In

« 0%h*/m0%-h

Charge Asymmetry
Ll

? __f___Tf--—" final state charged

1 } . hadrons

N T I T T DO R Allow q vs g Eloss study in AuAu
02 0. 3 04 05 06 07 08 D.S‘x

m
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Charge Asymmetry

o Applying Iso Cut allows selection of Compton-- u, d

quark counting should govern expected scale of
asymmetry

0 :do~Z7Z,2 ud > 81 p+p, A+A, d+AU: 4.7-6.2
e ASsOC p Vs n similar - independent

y-h*/y-h Y-p/y-n
- 4
2.5~ Vs 200 GeV p+p Vs 200 GeV
- PYTHIA 355 byTHIA )
n+p 3= py,5-7 GeV PP
2,5 / n'l'p
n+n /
o o g Nn+n
1.5
1
5 6 7 osE

ph(GeV/C) 5 52545658 6 62646668 7
P (GeV/C)

e How do these efe together (d+A > p+A)e _
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Part 3 sPHENIX

« How PHENIX can access jet finding tools...

http://w.000finance.com/

—— Coincidence?
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sPHENIX

Upgrade optimized around jet/di-jet/photon/HF

measurements

Compact, High rate, large uniform acceptance over

In| <1

Submitted by BNL to DOE for MIE CD-0 review in ~Feb
Opportunity for detector building experience:
Prototyping is already underway! Join us!

_~ HCAL QUTER
A ’/’

___—— HCALINNER

T Emcal

_~ SOLENOID

® Justin Frantz RHIC Users Mtg 2013

Inner Radius 70 cm
B=2T

Fe-Scint Hcal Unique Design

Prototyping underway
(Previous Design Beam Tested
Dec 2012 ) ggzg OHIO

W-Sc EMCal — Accordion
Design
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sPHENIX MIE Proposal

« CD-0 DOE MIE Proposal: 60/120 pages:
Generic RHIC Physics Discussion!
o (A goodread! link to mie pdf)

e The crucial physics offered by an LHC-like detector at
RHIC using LHC-like Jet Reconstruction Methods

T I IIIIIIIIIIIIIIIIIIII
Run jet reco Determine set of R=0.2 seed jets
algorithm on 0.1x0.1 1% pass: towers in jet satisfy f'.];’,””f =3 10°
calorimeter cells 284 pass: jet By > 20 R

PYTHIA-S Inclusive Jets
v ¥

Fastlet anti-k, R=0.2 truth

=== sPHENIX measured with det. res.
sPHEMIX measured and Unfolded (Bayes Method)

- 10
Determine v, for event
- exclude towers within An < 0.4 of seed jet
. ¥ lv_ _ .
Determine background Er in n strips
- demaodulate by vz
- exclude towers within AR < 0.4 of seed jet f ld -
L Unfolding

Subtract background from jets Subtract background from event
tower-by-tower tower-by-tower
- first remodulate background by vz - first remodulate background by vz

I L
[ Run jet reco algurilhm]

o (Unfold Truth)

[ Output: background subtracted reco jets of various R values j

WE§MME
5
¢

Rt
=
&

Bkg Subtraction SRR
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1N, yenes ANy /dE; [(GeV)

Possible “in Principle”?

IIIIIIIIIIII|IIII|IIII|II—

-- Recon. not matched

AU @ 100 GeV,|0 - 20%

Recon. Jets

Recon. matched

IIlIllI |II|J.I.I.I IIII.I.I.l‘ 111

R = 0.2 Anti-k; Jetsé

matched jets:
within AR< 0.25 of a HIJING
truth jet (>5GeV)

Too mony Faoke Jets2  NOPE! Even at Vs = 100 GeV
l_[l.llll - .--r rl1r] rl1[l i-..l..i [I_. (T T T T rrrrprrrd
e AutAu @ 200 GeV,0-10% = 1ob " [AGH
F - HUJING True Jats 3 o
1?‘- ® sPHENIX Recon. Jots E 1=
AL — sPHENIX Recon. matched i - . .
107 ' -~ SPHENIX Recon. not matched = 10'1%‘ _
10205 R=0.2Antik;Jets = 102F *
0y TETN
104 M3
10°: E
10° M3
107L 3
10°F 10°F
oF _95 (a)
107 0,0, proe levualig =107
540 15 20 25 30 35 40 45 50 5 10 15 2

E, [GeV]

-vs LHC: Lower underlying event wins over s
spectra for E> ~18 GeV

0 25 30 35 40 45
E, [GeV]

teeper production

Lower E limited by stats not fake jets? (& stats good down to 100!)



Larger Cone Sizes?

* Yes: baseline for 0.4: E i, rom kg = 39 — fake rejection
should lower this

o LHC Interesting stuff at these cones, sSPHENIX energies

._ | L | UL | 1 | UL | 1t | [ | TTTTTEONTT | | L |
— 10k Au+Au @ 200 GeV, 0 - 10% <
Er 17 - HIJING True Jets -
Q EF‘ @ sPHENIX Recon. Jets =
o 10k e — SPHENIX Recon. matched .
'_"_ = " ----- sPHENIX Recon. not matched =
& 102k ‘. R=0.4Anti-k; Jets -
zﬁm"'g S
T 10% = -
5 E o
z?..t 10'55r =
- 10%. =
3 3 | PLB719220 E
107 5 200
2 = - p, [GeV]
1E£E' =
gf 1 :
10° 0 b b b LYl beea L 10158

10 15 20 25 30 35 41] 45 ﬁl]

E; [GeV] y

'F.'l'l



Event By Event Opportunities

* Dijet A, :0-10 % HIUING Embedding—Unfolding
procedure works well

« Good separation in raw disfributions

""" T'TTT TTTT
C ! ! Er,> 35 GeV, E_ > 5 GeV, antik_R=0.3 T Er>35GeV,E_ >5 GeV, anti-k_R=0.3
- L
Z|<L 550 < Truth: PYTHIA (vacuum case)
o L ——&8—— Measure: PYTHIA (vacuum case) O g/
m C o - ————— Truth: PYQUEN (Au+Au 10% central case)
A 2!.!. 3 r — & —— Measure: PYQUEN (Au+Au 10% central case) Zﬁ‘ C —m——— Unfold: PYTHIA (vacuum case)
5 — —B—— Unfold: PYQUEN (Au+Au 10% central case)
a4

5]
I
IIII|IIII|IIII|IIII|II

=]

_h_IIII|IIII|IIII|IIII|IIII|III
P
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v-Jet in SPHENIX

e Access high stafs...

o Clear Modification signal, comparable to current
LHC Results

» Separation in raw distributions at large x,,

. E, >0 Gell E_ > 10 Geld ontik R=10.3
%‘ 10 AutAu | Pb+Pb Ratios (Scaled NLO pGCD) zZ y *ﬁ: TUi: PYTIRA (vacuum case
E E Direct 11" (RHIC 200 GeV) L mf'- i: e Tiuithi: PYOUEN (=R 10% cenlial case)
8 —  PHENIX Data (RHIC 200 GeV) 1::_'45-’__ —f— Unfodil PYTHIL {vacuum ¢ase)
K] Direct 7/n" (LHC 2.76 TeV) r|z 5: e Undodl: PYCUEN (fu+fiu 10% cenlial case)
o 12—
a o
3 -
< 1 11—
= E C
< n a®
9 0.8
= |
E
- ; 0
- !
T} 0.6 |
£ 101 ? Ly ]
=] C +
o i
= L
3 =
1 |
L 02—
L 1 | 1 11 1 | 111 1 | 111 | 111 | 111 1 :
0 5 10 15 20 25 30 FETRINTEN] ETRRN ANNNE SNRE] FRER] i 5
Transverse Momentum (GeV/c) 135 06 07 08 09 1 14 12 15
Eiﬂ / E?
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Back to Di-Hadron?

e The status of di-hadron correlations:

® Justin Frantz RHIC Users Mtg 2013 6/27/2013 @28



2-Particle Correlations

STAR, arXiv:1301.2187

0.001F ' 0.5%
ml5
e US

® Justin Frantz RHIC Users Mtg 2013

e Hadron-Hadron @ RHIC:

Currently taking time off from jet
guenching studies to understand
medium and jet Medium

Strategy : understand Jet
Coupling to the Medium...

o Short of that: systematics thereof?

This effort continues at RHIC

Example: 2-p vs Reaction Plane

Quenching Shape vs RXNP!
(Pretty important constraint on E,
models —at least qualitative
agreement is needed)

6/27/2013 @29



2-p vs Reaction Planes

e |nitial Measurements WITH FULL v_n subtractions
need finalizede (Modulo experimental Q’s)

e Theory still addressing fundamental g's about

e Headed for good convergence of Theory and
Experiment in a few yearse (Understand Inif. State
Fluctuations/Volume - Apply to quenching models

0k A © 20-80% AutAu, S{Pt]“iﬁéwc' '1{&:#&{3&\};& | V2" {2 Ngap=0.7}

u e ] . e g e e i e e e O S ] = o e e e il e - -

Tppane 03F 0 = Au+Au 20-60%, 3<p‘“<4 GeVlc, 1-:.:-‘"

=0- lD [rad]

STAR 1010. 0690
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2-p vs n=3 Rxn Plane

e |nifial Measurements WITH FULL vn subtractions need
finalized?

e Headed for good convergence of Theory and
Experiment in Few Yearse

2 RN o
g . preliminary ]

S

g‘OOS ja— - _: m = . m = m = :_ -_;
T o 1i4n12<g -1113|-'=3:rr.ﬂz 3eH12<l -walazmz 2<lé -III:;I-W‘IZ 12 -w3|-=u '

-101234-101234101234-101234
AP =0 000 Pyplrad] 20-30%
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" Conclusions 4

 Jet Quenching Studies at RHIC are and should
exploit RHIC's Flexibility

e Spectra:

o Both STAR and PHENIX have nice comprehensive spectral data that can
be a nice starting point for finally understanding Cronin Effect

o With sufficient theoretical interest!
o RHIC spans the key energy range to do this uniquely!

 Two particle Correlations

o Di-hadrons at intermediate p; are focused on understanding medium/jet
medium systematics, not so much quenching itself

o Could this be largely resolved within a few years?

o Direct y-hadron and Jet-h and ARE important to quenching
considerations NOW and shouldn’t be disregarded because of bias in field
towards pure jet reconstruction

o SPHENIX!

o A powerful new detector to understand robust physics of jet quenching
across 2 orders of magnitude in Vs at RHIC and the LHC
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sPHENIX @ Vs 100 GeV?

o comd ood ool comd ol ool comd comd od ) e

:||| III!IIII!IIIIIIIII!I
. 10:5 Au+Au @100 GeV, 0 - 20%
T 135 - HIJING True Jets
:3; 1 - . ® Recon. Jets
5?_, 10 E_ —Recon. matched
:': 10-25‘[ !*._' -- Recon. not matched
w 10°E R = 0.2 Anti-k; Jets
2104
- A n-5L
S 10 3
=2 10°F
107
< 10°F
= 10°k
5

Jostin Frantz JET Collab 2013 PHENIX

E, [GeV]

fake-jet dominance
subsides at ~same E

Lower UE wins again!

Stats > 20 GeV ~1/50
compared to 200

Still T0>-10¢ Jets > 20

Even Lower E limited by
stats not fake jets?

How would this addt’l
factor of 21in s
leverage for theory ¢
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sPHENIX: u & d-jet “tagger”
e IR

—=— Lightgq + g jets

-
o=

—

®

8

=

z 10" , : :

< - —=— Direct 7 .20CeV 107 jets 108 jets 107 jets

< 10° —a— Fragmentation y 104 photons 103 photons  10* photons

= — e (R =02

e 10° - IEE— 106 jets 105 jets 106 jets

2 40 103 photons 10?2 photons  10? photons

{ms

% p =40GeV 10° jets 104 jets 10° jets

10

T

2 407 ) . .

W =50GeV 104 jets 103 jets 104 jets

£ 10° N

= N

2 4o9 % 10g p=p Ratios (NLO pQCD)

o : W, - Direct 172 (RHIC 208 GV}

1u-1ﬂn|uj1|u|1||2]n||Llalulllhlu -'- Iﬁlullll?hl‘;h N ——— PHEMIX Data [RHIC 200 GeV)|

Transverse Momentum (GeV/c) I Oiract 1/ (LHC 276 Tov)

rates based on full
stochastic cooling, but no
additional accelerator
upgrades

Ratio Direct ¥ / =° [proton-proton]
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Cronin Mass Effect
Strangeness?

o1 will almost Ppr’rmnfl
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" PHENIX Preliminary
- d+Auns = 200 GeV
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How do the models
Compare7

_I T T T I T T T I T T T I I T T T I T T T I
- STAR Preliminary . T 7 G'EV - AMF’T {utrmg-malhng on) < T.7GeV

- Stat. errors only " 11.5 GeV T ' 11.5GeV
j0. Notfeed-down corrected ~ * 19.6 GeV L (0-5%)/(60-80%) 19.6GeV
= e v 27 GeV = 27GeV

¥ 39 GeV T o 39GeV
= 62.4 GeV B 0 62.4GeV
= STAR(2003) 200 GEV B 2 200GeV

W & coll
e T AMPT st
=+ L
. B| TR b w R BT ﬁﬁ. L

4 6
pT(GeWc}

o
=
=
Lt
-
(=

« Models get some qualitative features right but are all
over the map--affected a lot by hadronization

e Use other hard observables (e.g. open HF) at higher
Vs's (talks yesterday p+A pre-workshop)
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Don't forget Geometry
Axis!!!

e Geometries Cut+Au U+U
« See Talks by Aneta, Jeff

25 T
Run5 Cu+Cu\/s = 200 GeV

® K*PHENIXMBdata : B
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What's on the ~2-yr horizon
for PHENIX vy-jet

e Run11/14 VIXinstalled : 10 x stafs (acceptance)
for y-jet associated hadron acceptance ~

e And ~3 x Integrated Lumi Run 7/10 Current Result

e |[solation cutin AutAu analysis well underway

o Should improve precision in peripheral collisions=> towards centrality
dependence of enhancement

® Justin Frantz RHIC Users Mtg 2013 6/27/2013 @40



0.3F

0.2

0.1

0.1F

1
1/N,,,, dN/dA [rad]

20<t<24

IIII|IIII|IIII|IL

x2 16<£<20 3
J V.., uncertainty E

1h

(b)7

I 08<z<12

1 a4k
IIII|IIIL_|

0-40% Au+Au @ 200 GeV |

gggéiﬁﬂﬁa

:HHEH.
0
:I||||I||||I||||I||||I|||I|!|c|]I|-I ||I||||I||||I||||I||||I||{|d|]I:
F 04<2<08 | x2 00<i<04
0041 5 < p? <9 | S v . -h Au+Au
T 1t dlr_hp_l_p
0.02F e ¥ gir il
B —1F ]
i " .M s BB
[":.ZTI PR B |[e]|—-'r 1 1 i | |{f]|:
0 05 1 15 2 25 30 05 1 15 2 25 3
Ao [rad]

® Justin Frantz RHIC Users Mtg 2013

6/27/2013 @ 4]



15 -
10 = p]TEL'H =15 CGeVie [ ] :l“.'h'lll, 0-20%

0.5 <p=* <1 GeVlc PP

- (5]
n =

=
=

‘\IIIIlIIIIlIIIIlIIIIl

r

N, dN/dAD

E(ﬂl}llllIIIIIIIIIIIIIIIIIIIIIIII
(= . — .
E 4P <6 GeVie [y = 200 GeV
ba—
= F7777] v, and v, uncertainty
(=
g - [ trigger jet uncertainty
:*’g “-*;— I detector uncertainty
ﬁiuf—
T oaf
a1f-
= (b)
0.0 [p-aad
-1

® Justin Frantz RHIC Users Mtg 2013 6/27/2013 @42



