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QGP: Quark Gluon Plasma

High Energy Nuclear Collisions
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CMS p+p Event

C CMS Experiment at LHC, CERN
Data recorded: Sun May 23 07:22:45 2010 CEST
Run/Event: 136066 / 37028366
Lumi section: 374
Orbit/Crossing: 97978542 / 401

Famgar blas Lam
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CMS Heavy lon Event

E.‘ﬂ i CMS Experiment at LHC, CERMN

o4 Data recorded: Mon MNov 8 11:30:53 2010 CEST
v X”’}{; Run/Event: 150431 / 630470
= | Lumi section: 173

Particles O ‘Rama!

2 particles in, ~50,000 come out
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RHIC, PHENIX, etc.
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Three Traditional RHI/PHENIX QGP

Thermal Soft Photons
Light

ese observables and many others — QGP!

Justin Frantz - PHENIX @ RHIC Ohio University



.g.: Quenching R, , in Large Nucl. systems

All particles suppressed at high p+ (w CuiA9 ( lAg m

JET E LOSS SUPPRESSION

-::2'4 PHENIX Au+Au, \s,, =200 GeV, 0-10% most central

2.2 fi direct y (PRL109, 152302) ¥ J/y 0-20% cent. (PRL98, 232301)
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Ria @t High p-
® “Centrality” : Number of Nucleons Participating In Collision N,

® We are interested in learning more about this region—is there a
complete turn off of QGP effects at some system size?
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conserve momentum

same jet or "awayside” jet
Correlation function: C(A®)

—> Convert toYields of jet associated particles

NAB (A Corrects
C(A¢) x NE?;((A?) for imperfect
mized detector

Justin Frantz - PHENIX @ RHIC Ohio University

Trigger particle = high momentum 0 = proxy for jet
Partner (Associated) particle = charged hadron from

Two particle ANGULAR (mostly Ag)
JET correlation

Jets must be produced in back to back (pairs) to

near-side away-side

1IN, dN/dAg

Ag {rad)

Awayside suppression
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Jet Particle Behavior in A+A

~ Trigger p_ 7-0 GeVic

n’-hadron Away side [ - % T+ %]
200 GeV Au+Au

V,,V,,V, subtracted

2010 & 2011)

. 0-20% L ] 20—40' PHTN[X
preliminary

AA
YAway
Ypp

Awav

-
. 2
Lo s sl s s asdaas s aal
2 3 4 5 6
assoc p_ (GeV/c)
® Suppression at high p+

NN ST - A Lou i 4

® Enhancement at low p; -- where lost jet E goes!

Thermalized by Plasma
Justin Frantz - PHENIX @ RHIC Ohio University



1' Enhancement At Large Jet Anglles

=/ Tngger p 7 0- 9 0 GeV/c (20 40%) .

- Associate p_(GeVic) n%-hadron 4 ® 1, vs Ad to explore
4 @30 80 '1'°'2L oi0azo1n 1 substructure of jet w/

- e - 11°=h correlations

i | ® Enhancement at large
ol ; angles

i E:,EF,E:I E%:IEPE: 7 ® Consistent with soft

"""""" e o e B gluon radiation

a = S e SR by = _

-A+A
YAway p+p
pp |
YAway /\
2 4 Ad) 6 2 4 Ad)s 2 4 A(I) 6 2 4 Ad)s
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events

2
measurement of b
: —=-1.5
ntrality dependence @
f low z; enhancement g 1
o0 judge true centrality 2
dependence of 0.5
enhancement, must
account for overall 0
reduction of jets due to 6
suppression
Engrgy recovery fac_tor :§ ‘!a?'“ 4
—High z;/low z; ratio— & |
shows monotonic ‘:,'- ﬁ'-
increase toward central” | 3 2

Centrality Dependence of Enhancement

vy -h |Ad-T] <g+u.1o<zT<o.zs
dir ——0.28<2z_<0.80

PHENIX Run 10+11 Au+Au

/S, =200GeV [n|<0.35

e, T
PH F*A

~.eliminary H

Justin Frantz - PHENIX @ RHIC Ohio University

200 250 300

Many measurements like this one: hard to get good precision in
peripheral A+A ... another idea to look for turn off QGP effects....
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o to Smallest Systems!—E.qg. Soft Flow

ecent High profile idea of go directly to the VERY SMALLEST systems
QGP-like flow observed there — QGP droplets!

,,,,,,,,,,,,,,,,,,,,,,,,,,,

d+Au \s,, = 200 GeV 0-5% (b) I °He+Au |s,, =200 GeV 0-5%  (c) 4
PHENIX T ;

—e- v, Data

—4— v, Data -
&= v, SONIC o |
S5 v, iEBE-VISHNU o Lie™

- ~ I
] x] “ E - ~ =
=10 4 L E M m I

MR B - BN - S Uy S B - By
pT(GeV/c) pT(GeV/c)

Nature Physics 15, pages214—220 (2019)

Models w/QGP Hydro match well
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Even in high multiplicity p+p ! (?)

Num of participating partons (low x) / produced particles
increase w/ E— collective "QGP” to be expected???

1 | | | I 1 | 1
o 0.015 e e LA B e e s s s s s s e
- 0.1~ ATLAS E | ATLAS B p+p 15=502 TaV .
B 5 I EvSel M _ Wprp f5=13Tev ]
o4 03<p_<3GeV B p+Pb 5 =5.02 TeV
u b ﬂm__hﬂ"g-g & Pi#+Pb |5, =276 TaV 7
I — e 5 R
' VR et :
005 I . . i
| == 0.005 |- R ~
n __-u.-""' s
- 8 2 0<|An| Mﬂ.ﬂ *Phys. Rev. C 96 (2017) 024q08
- D-El b, Eur Phys. J. C77(2o17) 428
_ spo=< D A B R B
ST 0 100 200 300 200
0 ] (N,( p.>04 GeV))

® Alsoin p+p!!! Same Flow Parameter p; |GeV|
® Use N charge particle as proxy for “centrality”

owever, big “non-flow” effects — behavior different, still not
CJLQ#FIryng - PHENIX @ RHIC Ohio University 14



Jet Quenching in Small Systems?

By now many have looked for jet quenching also in small
systems — but expect small effect
* Need more precision: Double Ratio Rlinstead of IAA

. /Yoo
Double Ratio: R, = “"’“" s
away/ynear ,
dawr  0-20 % centrality RI, 0-20 % centrality,
un8 d+A at./syy = 200 GeV Run8 d+A at./syy = 200 GeV
e
- Yaa y RIS YA /YN —
s Away | = Yﬁ: +5<pI<7 - i RI=_YAUIYNU «5<p<7
s m L 12 L B
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W | | [ b e
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. 06— — 07 g
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zp=ph/p’ zr=p0/po
“ Justin Frantz - PHENIX @ RHIC Ohio University
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Jet Modification in Small Systems

He3Au, p'o' [5-7] GeVic
He3Au, p [7-9] GeVic

dAu, p [5-7] GeVic

dAu, p ' [7-9] GeVie

p-" [0 6-1, 1-2, 3.5, 5.7T] GeVlic
Near' |Ao|< Away: |..u:»-::|<—

WBV Near
R = Y XAu

7 way Near
v;,, g
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han

—>— >
°
-
“
>

TIH IIIIIHHIIIIIIHHNIH HHIHIIIIIH]HII

[ ]
v, subtraction not applied —~——
0t PH ENIX
\SNN = 200 GeV, 0-20%, ="-h preliminary
1 l l 1 1 l l 1 1 1 l 1 1 1 J | 1 1 1 | 1
0.2 0.4 0.6 0.8 L hyard
=p,/p;

Hints of suppression in small systems at high z; and enhancement at low z;

Similar to energy loss effect observed for jets in A+A

Justin Frantz - PHENIX @ RHIC Ohio University 16



Jet Modification in Small Systems

rger size)

Justin Frantz - PHENIX @ RHIC Ohio University

=s1.4
< C R AWEY - Near constant fit: 0.876 + 0.061
E_1 3 _—( I)HESAu - YH;EA He3Au A p:"; [5-7] GeV/c
— — way .. ,N
2400 R)uaw  Youo IYN ® pl:[7-9] GeVic
“i.‘; m pﬁh : [0.6-1, 1-2, 3-5, 5-7] GeV/c
—_— 1A . T Aol
o = FL Near: |Ao|<5, Away: |[AD 11:|*=2
— 1 — 1 T -
09— H $ % . $ 1
- |
0.8— | .
0.7
0.6 v, subtraction not applied i
- e - e
0.5 \S,\ = 200 GeV, 0-20%, n°-h~ PH -ENIX
- preliminary
D 4 [ | | | | | | | | | | | | | _ | | | | | |
: 0.2 0.4 0.6 0.8

1 0
2 = pi/p;

® Right ordering with system size: (more suppression for




Actual QGP Jet Quenching?

There are number of "KNOWN"” NUCLEAR EFFECTS we need to
rule out... some we can, others we need more input from
theory

However this has implications beyond Heavy lon Physics: new
observables to constrain longstanding nuclear physics effects --
a theme for several observables

Example "Trivial” "Cold Nuclear Effects:

\\ 1/4
Hydro” v3, va
@ L _ 1 A1 b 1
crindarnced Nudciedr KT
Iitidl oldic riucicdl 1ioadiliicu rur \lirvir ) cricels
o DaniAdirv, Cfa~d+~ Micraary~hin~a ninm ~ A D"
r\C||JIUILy LLIITC LD IviiDoliiaiLcllil |9 I.JTI.J VOMATD.

Color Transparency ?

“Cronin” Nuclear Effects

Justin Frantz - PHENIX @ RHIC Ohio University
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I,«,»’o 20

n% n|<0.35, {s,, = 200 GeV
- 1X Global uncertainty 9.7%

preliminary

0'5{_ 7 0-20%, prelim. * {‘
o d+Au, 0-20%, PRL98, 172302
- e “He+Au, 0-20%, prelim.

| I 1 'l i i I 1

0;I....I.1..I..
© 5pT[1C?AeV/<::]1

S 20

Justin Frantz - PHENIX @ RHIC Ohio University

R g Collision dependences

@‘o Cronin enhancement at

low p

® Projectile dependence

® Very small Suppression
seen at high p;

d+Au FULL JET

FULL JET RECO goes to much
higher pt --confirms small /~no
suppression at high pt

19



Scaling of Cronin Region in RAA

_4 _I | I 1 I I I L T L : I T T 1 I T T 1 I T T 1 | I T T 1 | 1T T 1 | T T 1 :
107 20t 5, = 200 Gev 3 L af 70 at {Syy= 200 GeV |
§ : ® p+Au | § T C ° S+iu .
C | +AU ]
-t L | EH’-\U ] q>) 1.2 L4 + °He+Au ]
m el B 5
L + “He+Au ] C | ]
O] & padl -+ S - L + p+Al .
Q i ® pi+p W 0 l © 11 1 . ]
A|— — Ng,, scaling - ﬁ VI_ - 7;{ \ -
2105 * —_ o 1= # | [ _a— PR | =
o N j;}:}/ i A E + E
E} i yg+ i N 0.9 -
- L ] Am C ]
% i et . & 0.8 =
— T~ % C P _
C i PH ENIX 0.7C PH ENIX i
—_— preliminary ./~ preliminary —:
1 0'6 — — L | | | | | | | | 1 | 1 | | 1 | 1 | | 1 | 1 | | 1 | 1 | | Bl
N . N " 0 5 10 15 20 25

1 10 NColl

N
® Croninfegion follows N_, scaling
® Interesting observable to study Cronin with:
The point: we need to understand "normal nuclear effects

I
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igh pt v, for Hard Probes in Small System

0 3_ S — nonflow estimate not included in systematic errors
~  PH ENIX
- Preliminary
! ‘5;'; = 200 GeV
0.2} [ Jieey 5
A _
J AP
0.1—." s ' °
. d+AL +
2 B
L
0f . .
- @ x° d+Au0-5% (In| <0.35), rfm =178+1.2
[ x’ Au+Au 50-60% (PRL 105 142301 2010), N = 46.0 £ 5.3
L = = d+Au0-5% (PRC 97 064904 2018)
| I l i i i ] L i I | L1 I | I L i | | L
] 2 4 6 8 10 12

GeV/
® Non-zero asymm " v." at high p; Ll
® In Au+Au this is attributed to pathlength dependent energy
loss
Another piece of evidence for AuAu like Jet Eloss?

Justin Frantz - PHENIX @ RHIC Ohio University 21



Thermal
Photons in A+A
Collisions

PHENIX has long history
of making direct photon
measurements

High pt exactly in line with
scaled p+p (no
suppression : colorless
probe)

LOW PT Photons
attributed to
Thermal
“Blackbody”
PLASMA radiation

10”7

107

u—v+X qﬁm = 200GeV, 0-20%

2014 conversion method
PRC 91, 0645904 (conversion)
PRL 104, 132301 (virtual y)
PRL 109, 152302 (calorimeter)
pZ \n
N, scaled pp fit: h(‘l-rp—T)

\ 0

. _
i “
N . -
o

= g,
I s,
. g
 PH ENIX
- preliminary

1 | 1 I L1 | I | L1 [ 1 ] 1 | L1 1
0 2 4 6 8 10

Justin Frantz - PHENIX @ RHIC Ohio University

P, [GeV/c]
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Scaling of Thermal Photons in A+A

Some
mysteries —
e.g. large
flow

look for
scaling
properties

Similar
scaling for
heavy ion
collision
systems
measured by
PHENIX and
ALICE

—_ -—
3 3 = B
N Ly - o ¢

dN,/dy (1.5 < P < 5.0 GeV/c)
o

10

1
dN,fdn |

Justin Frantz - PHENIX @ RHIC Ohio University

Collisions
[ pAA)+P(A) - 7, + X o=1.25
= W/ Pb+Pb, |5, = 2760 GeV (ALICE)  BTW MOST
~ ¥ Pb+Pb, {5, = 17.3 GeV (WASS) ICDIISCI)DPERTIES
= M AusAU, sy, = 200 GeV LIKE THIS ONE
- W Au+Au, Yoy =624 GeV sindependent 4
= | AutAu, |s,,, = 39 GeV R
— ¥ Cu+Cu, \s,, = 200 GeV ig
= 0 ptp, {5 = 200 GeV I-E
= [¢]AutAu, |5, = 200 GeV ETI
_ (2014 conversion method) .Y
& m N, scaled prompt photons
— p+p fit, Vs = 200 GeV
- __pQCD, Vs = 2760 GeV
i __pQCD, Vs = 200 GeV
= __pQcCD, Vs = 62.4 GeV
= ] ] ||||||| | ||||||| | | ||l]|||
1 0° 10°

23




hermal Photons in Small Systems

10°E
= P(dA) *+ P(A) = v, * X gt o=1.25
[ ¥ Pb+Pb, (S = 2760 GeV PH: <ENIX
S 1O§ B Au+Au, |s,, = 200 GeV pre“mmary
S — ® AutAu, |s,, = 62.4 GeV s ﬁ
O  [9] Au+Au, {Syy = 39 GeV o
O TE v curcy, {5 = 200 Gev B
o - [# d+Au, s, = 200 GeV
o 10 * p+Au, \sy, = 200 GeV
AT E o s
& _F
> 107E
O =
Re = . Scaled prompt photons
Z 1073 =
o = p+p fit, Vs = 200 GeV
= pQCD, Vs = 2760 GeV
- —pQCD, Vs =200 GeV
104 =pQCD, Vs =62 GeV
§ 1 | L1 111 I 1 1 1 1 1 111 |

2 3
n=0
Smooth trend between small and large systems

Justin Frantz - PHENIX @ RHIC Ohio University 24



Future: sPHENIX - New Collaboration

New Detector/Collaboration in same hall as PHENIX! ) N
Will RUN in 2023! SPHER X
® Optimized for LHC/RHIC

Jet Comparison | ouUTER HCAL

® Hcal

® better
uniformity

® QGP at two diff
Temperature
profiles!

® Build of detector
already underway! MVIX

Justin Frantz - PHENIX @ RHIC Ohio University 25



Conclusions
® PHENIX continues to characterize QGP with
more and more precision/ new probes

® Some progress in different kinds of probes in
determining if there is a smaller limit to various
QGP “signature” effects

® Main Observable: Flow Seen in A LOT of small
systems

® Possible confirmation in Jet Energy Loss Quenching
Effect

® Possible confirmations in thermal photons

® Other observable: Quarkonia modification (melting)

Justin Frantz - PHENIX @ RHIC Ohio University



BACKUP

BACKUP

Justin Frantz - PHENIX @ RHIC Ohio University



/AS Ratios: A Nice Observable for
searching forsmall E_, ?

ssume well-known surface bias picture for Au+Au should apply as the
ystem goes peripheral—possibly even in “small systems” p+Au, d+Au,
le+Au

ook for Differences in Awayside Modification compared to Nearside

%‘*_3“ °-355;= | 4 dAU, 2N, 57 ©0.61
i n.s?f i i pp, =-n,57 2061 l
/ trigger 028 i I
X P‘ o
B a 7 0 15_ B -
(0 0.1t "
\ as 0.05F- "
/ O._- : .; '] . |
2 0 0.5 2 353
Ad
AA AA
RI = Yaway/ynear Black
~ ybDp pp
Y /Y vear Red

away

@ RHIC Ohio University



t Pair Quantification N

| m°-h: 5-7 x3-5 GeV
clear Modification Factor (I, ) =YAA [YPP (Away >

05

——— pp fit x¥/NDF=4.494631

'_ [ ]

Y roughly represents the number of particles ) s PHENIX
produced per jet R A®= ]2

Y is Per Trigger: any deviation from unity represents ol | Y (nearside) | Y (away-side) %
modification i :
AA/pp Partner h* SINGLES EFFICIENCIES vs Pt
NEEDED

* Uncertainty dominated by singles charge hadron
uble Ratior A1 = Liur/"ite

pp pp
Yaway/ Ynear

® NO EFFICIENCIES NEEDED (Cancels in AS/NS)

aAUN O1YO 'SISaYL "d'yd "eIX g @3N

(7102) AJiss

® Dominant systematic errors due to single charge hadron efficiency are
completely removed

® Surface Bias: levels of modification mostly unchanged (going from IAA to
RI)

Contribution of v, even harmonics from hydrodynamic flow is zero (e.g. v,)

ibution of higher order odd harmonics (>=v,) can be neglected--only

tLQirV-Liantz - PHENIX @ RHIC Ohio University 29



k; constraints from STAR

easurements =2 No effect for
% Minbias

ever, k; smear larger in
tral?

Using STAR k; Increase (Minbias)
115

Rnaliltic k, Comparison
‘v

1.1'— =—;—F‘, o S<p,<7

o I F
‘_ @'.“”.‘d.“ﬂﬁia&'.
".".‘f' '

c:r}EL

- PH ENIX
asa Lind o b AT SR SO S S B
Bs 1 15 2 25 3 a5 4 as
p"
T

“)LIIIFIGIILL S FPHCRNIA (@ RO VIV ULHIVEISILY

OLD PYTHIAG6 Nucl k- Test

Ours

@’IAH Preliminary d+Au STAR Preliminary
00 GeV, anti-kt, R = 0.5 Y 5y 5/200 GeV, anti-kt, R = 0.5
i =2.83+0.05 GeVic
iiindf: 4.25 +

Crrray = 298+ 0.08 GeV/c
| yindf: 0.64

1080

0%

09

0%

ﬁ B

-

0) [GeVic]

FOBL ZLOLAXIE(HYLS) uedey

3 Exaggerated k_ Comparison
s flhlv"
HI=—I_Y*h ﬁcp;-:?'
1.1= '
» Yor! You
b PYTHIA & . 1028
- [ PY™A K 1424
| I."_t"‘.“.'
- -, Ea Py 0‘1.1’ . "‘*’
HFWETE SWWHE PUTTE PWTE T ST wd Fwwew e
S 1 15 ' 25 3 15 “ 45
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\TED PYTHIA 8
ar k; test

ing k; constraints from STAR jet measurements = No
fect for 0-100% Minbias

owever, k- smear larger in Central HeAu—> Exaggerated has
ome shape similarity but this is very large kT

o f o f
- PYTHIAS, kT:3.3/3.0 Al ool PYTHIAS. KT:3.3/2.0
- . N
105~ - Herhu, 0:20°% 51— - *He+au, 0-20 %
- P 5<p” <7 GeV B n“
1 Realistick; P B Exaggerated k; 5<p7 <7 GeV
B . 11— "’0',0..."_ .
- [ COmMPANISON | “Comparison
095 ] 095— K
oo ’ oo ’ + e
085~ I 085 ]
08 08
vl e b b b bea b by :||[I\|||||||||||\||||II||E\I|IIII|IIII‘IIII
1 15 2 25 3 35 4 45 5 i 15 > 25 3 35 4 15 5
P; p

T
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D EPSog Initial State Nuclear PDF's?

F effects would seem unlikely to cause this, since they probably
n affect both jets in a di-jet

dies with EPSog (and 0gs) confirm this expectation

NOTE UNITS: << 1% negligible effect
Rl Extracted from EPSog Study

z 1.03

+ 5.0 < p_’; < 7.0 GeVic

—%— 7.0<p]<9.0GeVic

— Valence u
= Valence d
m— Seau
— Sead
Gluon
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1.02

25
b5

ot
2
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-
IIII|IIII
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1.015 Ftetele
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o o e
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T it
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>
=

1.01

\J 1005

0.9

i

|3

T f
I
...... AT e
S e S et

if

%

e st
et st
Rty et e ety

sttt

0.8
- RS
toletolels!
e

6<=Q<7 GeV
- 0.995

10°® 107 10% 107 107 107 1
X 0.89

' ' ' z
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PDATED EPPS16 &
“Real” He+Au nPDF

viously only p+Au test for scale —
Wave Fn make a difference?
udies with EPPS16 and full HeAu

ill negligible

1.028 —E— 50< p? <7.0GeVlc

Agail

1.026

NOT

1.024)

» 7.0< pi <9.0 GeVlc

TS
C
=
_l
n

1.022

102

1.018[—

1.016[—

- R, Extracted from EPPS16 \§
1014 StLJde

| | | ‘ | | | | |
0.2 0.4 0.6 0.8 1

‘Ustin Frantz - PHENIX @ RHIC Ohio University

| EPRSz6code

— Valence d

1'1? — Seau AU19 A
- — Sead 7

nPDF extracted from

1.2_
B — Valence u
11__ —— Valence d
F ~—— Seau
C — Sead
1__ ___(_5|U_0n____________________ 7 A .
0.9j
08
07E 6<Q=<7 GeV
06
C I!Hl 1 I IIIIJ \ |
10° 10° 104 10° 10 107
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” sPHENIX Build Underway!

OHCAL

Production sectors started
arriving at BNL in Sep 2018

Sector o production
underway

SC Magnet
Full field magnet
festat 1.4 T at BNL
in Feb 2018

-Justin Frantz==Ohiogmniversity =sPHENIX — 34



2-p Correlation Analyses - Methods

® Statistical Methods: subtraction: Not EvByEv
dNAB

function) dA¢as

® Correlation Function — bkgd (Flow)

dNAP
kel 1+ 2viv 2A +V
bun oc vivs coS(2Ad ) N

>3

§ Jet
o
b ---- - <l ----—----
Background
0 Ad n}
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® Need to measure per-triggeryield C(A¢up) = J(Adag) + bo—c2mb.
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Away-side Prompt y-h Yield
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1,5 @s a function of z;
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Average l,, vs. Centrality
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® Low z; and High z; behaviors different.
® High z; suppression for all centrality bins
® Low z; NOT SUPPRESSED, relatively flat with centrality-- E,... Recovery

olation cut allows more precise analysis of the semi-peripheral and
ipheral centralities
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h z; energy loss enhances
z; production

tmeasurement of centrality
ependence of low z;
nhancement

To judge true centrality
dependence of
enhancement, must account
for overall reduction of jets
due to suppression

Energy recovery factor — High
z;/ low z; ratio — shows
monotonic increase toward
central events
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Average

IAA

Enhancement and suppression for all away-side regions!
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Increasing low z enhancement for wider integration regions (blue points right to
left)

Seen by previous gamma-jet and LHC jet reconstruction analyses
oth high z suppression and low z enhancement

ncement above suppressed jet level (black ratio) monotonically increasing
central events for all away-sides
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Improvement in precision

Detailed centrality shape of suppression

High z; Average |,, and t° R, , approximately
match

Photon tagged jet geometric distribution
geometry) is exactly the same as

inclusive jet geometric distribution
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Implication: Causes? |
lts are pretty well tested and confirmed in

Au — Need Theory Input—Important Question!

ny potential Trivial or Cold Nuclear Explanations—but also shares qualitative
atures of Eloss

rivial” explanations we could test: None of these could
v “Hydro” v3, v1 reproduce the effect

v/ Trivial Rapidity Distributions Mismatching p+p vs d+Au?
v HIJING show anything like this?

® "“Cold Nuclear Effects”:
v/ Enhanced Nuclear ks
v Initial State nPDF effects (partial—EPSog(s) only checked)
® Check other npdf’s?

® Get bonafide theory calcs from theorists (need input from theorists)

® Could QGP/Hot Eloss Cause This?

® Get bonafide theory calcs from theorists (need input from theorists)
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