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A@ ) correlation

rigger particle = high momentum pi0
proxy for jet

artner (Associated) particle = charged
adron from same jet or “awayside” jet

orrelation function: C(AD)

NAB (Ag) Corrects
C(A¢) x :E;L for
Nmixed(A¢) imperfect
detector
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Two particle ANGULAR (mostly

near-side away-side

1IN, dN/dAg

Awayside suppression
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2-p Correlation Analyses - Methods

Statistical Methods: subtraction: Not EvByEv
Need to measure per-trigger yield C(Abup) = J(Adap) + bo dNiib‘

function) dA¢ap
Correlation Function — bkgd (Flow)
AB ,
92 o 1+ 2v4vE cos(2A¢,p) TV
daﬁ.ﬁbﬂﬂ' 202 FAB n> 3

§ Jet
o
bl ----- <l - -
Background
0 A I'T}
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2-particle Correlation Analyses — Methods
-- Many Statistical Subtractions- not
o=
vByEv

< -h: double subtraction of 2-particle measurements

=

Y-Ii‘i?"ﬁ ct —

Yd’irect X Cz'ncl — Bkgdzncl(onw) — [Odeca'y — Bkgddecay(Flow)}

Ya:ma: X Ca:m:n — bO (1 + 2(Ug> <’Ug'> COS 2AQ§)

Norm Bkgd(Flow)

=Y.

For isolation cut - Y, isolated

inclusive
For p+p — no flow background subtraction
No flow subtracted in small systems (e.g. p+Au and d+Au)
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Two-Particle vs Reco'd Jets

Jet Reconstruction Observables Becoming More and More Varied
and Sophisticated

“Jet Substructure” Observables with Found-jet Q/Jet E Scale Good
progress in theory/experiment exploring Jet & Jet Substr. relation
Fragmentation Function combine particles w/ jets

Di-jet Two Particle Correlations Are Less Constrained

They are related to the above observables but integrate over possibly
wide Jet E ranges — and lately revealed different shower properties
Still they are still very useful where Jet Reco still cannot go:
Particularly:

at the lowest jet E's ~ 5-15 GeV

when prompt photons are one of particles is prompt y (provides jet scale)
at large angles w.r.t. jets

...which helps especially when viewing complex geometrical e.g. event plane, event
engineering, peripheral dependences

Lot’s of theory development focused rightly on reco jets, but many
theory frameworks can still address 2PC

= OHIO 3/20/2020 Justin Frantz - Ohio U -Jetscape 2020 5
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Example | Jet Imbalance A,
@ RHIC

Slide from YJ Lee at Santa rebalanced
Fe several months ago within R < 0.4?
Quenched Energy Flow at RHIC
51 1de shown by RKE, HP ?HLB The Shape
e ot Y BT parameters
c ::nn-un" B4 ] H @, 00 o
Matched ’““1“”1’.3’:'3“},1, : D W oi<n,, <02 being
Ay Eﬂi % ] b vt varied here
prom>0200vrc 8 f 8 ] o are still
5 ® YR i
° : prITa + prfeee ~small
Matched jets of ) SRETNTTINTGA | T  — - angles <04
different s, L e T teewmmemaee ]
selections are _ ..@""" Jo | meentn> 8 Geve ; )
balanced at %z; $ :-\}i* _ Obviously
RHIC E | ﬁ $ by q A) within
gl gi + 54“ _ this radius
‘l- n1 n_t IM [u.a p'—;j 11 mz ula u qna M" “M is no.t.
n sensitive
« STAR high tower triggered A, : lost energy recovered within R=0.4 enough to
+ On the other hand, STAR h-Jet and PHENIX y-hadron correlations . o
_ feel this?
(not shown): the quenched energy goes to large angle
I Yen-Jie Lee Jet Physics in Heavy lon Collisions 22 E
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Example | (continued)

The recovered STAR result is for matched jets, to be
compared to Hard core jets— very subtle
modification there

HardCore Jets
- :“E"T::‘:"""Tf - R This is an example
«= naf- Chide Jets, i+ =10 = ] =i, = o o
G | oot subiee : % ::z.m:j of Wh)’ it will be
s #as 'I -
[ b ] STAR Prefminary
§ Pogge %, great to get more
op precision and
| . el PO
m_m.u.;,_-qu':.m“ 1 oo Optoeton | another
S [, Trigger] = 23 E 'I'I'Iﬂ-r.]-ltl:l,rl-ﬂ--ﬂ-'l'.l': .
G o T j mewenctowe 1 independent check
g : e - : "
i THoagas o with sPHENIX!!!
E |:|| -_-,‘_ ! 1 & E
.. O TR
'3 5
Ih“”‘ﬂ-.'l-‘I“ﬂl’l”“ﬁ.‘i“‘ﬂuu&-!aﬂﬁl ‘”I:l!.‘l“. ‘D.JI"”HJ I:II IZIE I:I.?‘LI.?'
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Energy flow @ large Angles

As speaker pointed out, energy flow is
well established out to very large

angles/values

Jet’s (LHC) and at RHIC STAR Jet-h/y-h...

02 04 08 08
é

3/20/2020

B
g 5
= ¥ .
*—'j 4 o ,
= N ANANSNN A
: 3 \h“\i‘*ﬂib
— 5 . xégt
ﬂi c?ax Recall CMS Result
1";"\?:,7..—_-“-“# ——————————————————————

STAR 1302.6184

T T T

T
n j1.u+-11.u IJ—’I]'“ —‘;aJ'E.'tl DE

- detector uncertainty
21 v, and v, uncertainty

- n'igger jet uncertainey
o 1< piI“-"-“ <15 GeVic
m 20< pJT“-“‘ < 40 GeVic

11 11 1 1 11 L1 1 1 11 L1 1 1
2 4 [1] 8 10 1z 14 16
P (GeVc)

Zy
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(No) Disagreement Recent STAR data!?

Many caveats already stated by STAR

when presented (recoil vs inclusive
jets, ratio to PYTHIA(!) etc.)

-:EE'- e Pb+Pb 30-40% -
But magnitude/pt of mods also PF > 100 CeV -
' VS = 2.76 TeV F
1. anti-k, R =04 jets -
not large from LHC data R A

. L. -
-no tension here o e

%EEE_ :"T:-Evﬁjﬁ[:'aﬁik I STAR Preliminary 1

EF oo e <avoaey I (40-60%)/(PYTHIA) I 2 PoAPD 50-80% T
o T,rrig 1 1l 1. o . "

= 15 <p" <20GeV/c 20 <p;° <25GeV/c | : o, > 100GV
315 F 14 ATLAS
g f 1 ~ 1 j
ER \H:H—HF " niacareg
E N i ] . 4
oCos - . M | e bkl
L Lol ! L1 1 2 4 10 20 &0 10
10~ i 107! 1 P, Ice

Z Z
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In y-h, PHENIX
asured/Reconfirmed Several Ways

iy -+ r - r r r r r 1 r r r T+ T1 r  r 1 * r *r 1 L
2 1g 5.0<p:<9.0 Gecho.5<p'T‘<7.o GeVic g
L E Ad o L = =
0-40% events — Most central 3 F M T ew 4 :
Au+Au Z 10 - Hee p+p/d+Au/AutAu — 7 +h+X 3
o : ' @mocy
No clear modification in d+Au [ % + d+Au 0-100% R, < 0.4 (-0.05)
o ENIX e Au+Au 0-40% (2007+2010+2011)
Enhancement in AutAu I preliminary O p+pR_ < 0.4 (PRD82,072001) (¢-0.1)
10_30 I 055 — 5 — 1,I5 — 2I — 2.I5 —
Run 7+10+1 1 Aut+Au more 3
— 2FE —— T T v T — T 1 ==
precise than previous 3 18 ® AutAu0-40% (2007+2010+2011) I =
< 16E + d+Au0-100% R, < 0.4 (5-0.05) =
measurement (Run 7+Run 10) = 1.5 ’ +I =
125 =
FT -~ 1 T T T T [ T T T T 1 T T [ T T T T 1; ii; +I i z
2_5i___ BW-MLLA in medium Ejet=7 GeV E 0.8 + .{. —
of =~ YaJEM 9-12 GeV/c E 0.6 ]
- 15§ 5<p] <9 GeV/c x 0.5 < p! <7 GeV/e + [$] B 045 I o
= " HA¢-ml < /2 P il I 02 l 3
1t \il _____ = = E = P T (R S SRR H =
0.5F oo T = 0 0.5 1 15 2 25 )
0;__5}----' -global sys—+6% (b)é g
05 i 15 2 25 . . E=In(|/zT)
= In(1/z,) Z Increasin
PRL 111, 032301 '(2013) 2 , L
How does enhancement behave with centrality?
=& OHIO 3/20/2020 Justin Frantz - Ohio U -Jetscape 2020 10
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Updated Method - Isolation Cut in Aut+Au
Reone = N(AD) + (An)?

and central photon energy

Use cone method Ery = aE + b.
Sum energy in cone around -
particle, if less than threshold, g
particle is isolated
Optimal threshold depends on ak
centrality, background event energy, Econe < ETH Feme> Ern 8

- Centrality (%) Reone a b (GeV)
-l 11 Py 5-7 GeV/c 0-20% R=0. 0 - 20 0.1 0.1 2.0
i yﬁ_ Solid line - b 20 - 40 02 01 4.0
Tl Dunadine - mow 0zoor
0.04_— ++ L - . . .

0.03

0.02

(Etn)=0.1%(py ) +b

Underlying event
Decay Photon

- 0 background subtraction
oot = * Background level — using abs norm
: IlJ Ll J |- Ll l Lol I Ll lI method
0 2 4 B 8 10 12 14 16 18 20 .. .
el e Decay photon statistical subtraction
=g OHIO 312012020

UNIVERSITY

Causes complications

* Measuring isolated particle v, for 2-p
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Away-side Prompt y-h Yield

k]
_g' 103 PHENIX Run 10+11 Au+Au ys_ =200GeV
% 10 [n|<0.35 Integrated Away-Side Yields
| 107 a S<triggerp <7 —&— p+p x 10*
Integrate away- 25106 a 7<triggerp <9 AutAu 0-20% x 102
side of per-trigger = . o 9<triggerp_<12 —8— Au+Au 20-40% x 10°
ield 10 o 12<triggerp_<15 —=— Au+Au 40-60% x 107
Y 104 56.@ =h |Ad = x| ﬁ% —=— Au+Au 60-92% x 10
Seems to scale 10° e, PHENIX
. _ ) o . preliminary
with z; = pp/py, 1-:10 ®
L
2
1 ]
'F Cag.
10 (=] = »
102 Gm o T o
10° R P -
10 E‘“? o2
5 =
10 QET T4
10° 7 ¥
107 ﬁ
10° | | | | |
0.2 0.4 0.6 0.8 1
¢zT>
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YAu+Au (p;, pl%)

Yr+r(py, py)

1, as a function of z|

IAA(p’JI/”': p];') =

Ty oD 0-20% |Ad -7 “-'—
—a— S <trigger pT-=T
—m 7T <trigger pT-=9

_e._ﬂ-ttnggerp <12
g 12€tnggerp =15

v, 20-40% |A¢ -] <
PHENIX Run 10+11 Au+Au

M=

| 1,5 points
in two z <
regions to a
constant to

extract the u____ _______________ ,} ﬁ _________________ s % i _______ % _____ . _____________________

average |, , for | .

. 4-h 40-60° <— . -h 60-92¢ -n| <X
each z; region i ac A s i Yair 2% Bo-ml<3
and centrality 2 B ' PH ENIX

A preliminary
i Eg : 1
RLPTETRRNE, i o
i ] i
"
L] i L TN
04 06 08 1 02 04 06 08 1
<z > <z > _
Zr = Pri/Pry
el O H IO 3/20/2020 Justin Frantz - Ohio U -Jetscape 2020 13
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Better bin for STAR comparison :1,,

as a function of z e )
AA(PTvPT) = Spir( 7
/_\ Y (PT»PT)
THIS BIN
AN L ‘hhn"z;f" ﬂp‘l}r i - P:Ei:l?l :::lf:f-;rl E:i::ul s
INTEGRATI 7 & imess j:; BRI e
ON RANGE _ 12 = trigger 15 % i féﬂi | |

OF pi/5 ~ 0.¢
cone size

Note for 2
must judge
relative
difference

Ty, -h 40-80% |Ao- ;-|:|-:=
_r.rhuragl

.................................
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Average 1,, vs. Centrality

2
h A .| < ——010<2, <028
_3 VM 1407 3 . 0.28<z <0.80
o 19 PHENIX Run 10+11 Au+Au
S 4 H (S =200GeV [n|<0.35
g At m -----------------------------------------------------------
< I s
0.5 i j  PH ENKX
preliminary E|
0_,,..1.,,,1....1..,.|,,..|..,.|
0 50 100 150 200 250 300
Npart

Low z; and High z; behaviors different.
High z; suppression for all centrality bins

Low z; NOT SUPPRESSED, relatively flat with centrality-- E

Isolation cut allows more precise analysis of the semi-peripheral and
peripheral centralities

Recovery

loss

= OHIO ustin Frantz - Ohio U -Jetscape 2020
3/20/2020 J ] P

UNIVERSITY



Average |, , — /2 away-side

High z; energy loss
enhances low z; production Vg 180 -7 <5 —-0.10<2,<0.28

15t measurement of gﬁ 15 m m —+— 0.28<2.<0.80 H.]
centrality dependence of . S,
low z enhancement 2

. : 0.5—

To judge true centrality i H i
dependence of 0 L
enhancement, must account B PHENIX Run 10+11 Au+Au {
for overall reduction of jets ISm=200GeV [nl<0.35

. e PH EM
due to suppression =& 4 o]

u T
Energy recovery factor — v R tﬂ
- : NN oL
High z;/ low z; ratio — ElE g
shows monotonic increase | %
toward central events % 50 100 150 200 250 300
Npart
[ O H I O Justin Frantz - Ohio U -Jetscape 2020 16
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Average |,

Enhancement and suppression for all away-side regions!
2

art

art

2 2
h |A¢-7n] <E ——010<z <028 T 010<2z <0.28 T —s 0.10<z <028
2 -h -n| <t T -h |Ad -7 < T
_215 —+028<z <0.80 ) Yo N A0 - 3 . 028<z <080 _515 Yo A0 5, 028<z,<0.80
o @ 1.5— o
o o o
1 - H < B
0.5 m m El 05— i i 0.5 ® /
#
0 M| — . [ IR ] o- , L [ . , T R | 0 PPN PR BT [ PR |
T T T T L N T b ———+ i + T T T T
6 PHENIX Run 10+11 Au+Au PHENIX Run 10+11 Au+Au PHENIX Run 10+11 Au+Au
{Suw=200GeV  [n<0.35 6— [S=200GeV In|<0.35 6 [$,=200GeV [n|<0.35
e B B
—_— PH ENIX . PH ENIX —
a ﬁ 4 preliminary g g 4 preliminary g g 4— ;?r':iimEi:glr);
7R 7R 7R
L*geg 2 Ly m I NN ol i
| _= 2 32
(R e
1 L L L L L 1 . 1 1 . 1 1 1 PE— | PUNEPUN EFUE I ST R ———
% 50 100 150 200 250 300 % 50 100 150 200 250 300 % 100 150 200 250 300

* Increasing low z enhancement for wider integration regions (blue points right to left)
» Seen by previous gamma-jet and LHC jet reconstruction analyses
e Both high z suppression and low z enhancement

* Enhancement above suppressed jet level (black ratio) monotonically increasing
towards central events for all away-sides

-5 OHIO

UNIVERSITY
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Quick Aside What’s Next?

Chen, XN Wang: et. al. Take awayside yield all

the way to nearside!
This will be hard in small PHENIX acceptance

"o 0.6

]
R. 0.4

STAR = sPHENIX! arXiv:1704.03648v4
- * Au+Au jet-ll—m.e. + AU+AU j:e1:-¢::|r*|l1,.r « p+p e
(a) 0 < pj < 1GeV/c (b) 1< p} < 2GeV/c 1.2
2.0 o 7=10.046 ¢ *o=0.681,
3 | & Pt L
9 34 "'; \ o 20 0.8
E,‘-‘:;h .




STAR h-Reco Jet, y-Reco Jet: RECOIL

TAR Prompt y-h/jet Analyzers busy with first y-Reco’d

QFet Result at RHIC!
ragmentation Fn |AA (and other Substructure) Using
Jet Angle will help with many of the previous studies

2
1
IAA of
Number
of
Awayside 0.2
Jets 0.1
0.03

9 <Er°<11GeV, p*™™' < 15 GeV/c

Au+Au, 0-15%, anti-kT, Flim=ﬂ,2

me®
------
R e

STAR Preliminary

E =rt+et My, +Het i
B | ] ] ] ] | ] ] ] ] | | l | | I | i
(;Ihﬂ 15 20
Pliet [GeV/c]
3/20/2020 JusUIl 1Al = VIV U SjeuaLaps Lvev 19



The lesson

With two particles in Aut+Au, can access
larger opening angles, lower jet E, where
specifics of jet findings would be less
Important anyway

...and thus we can still gain valuable
insight into Jet Eloss




Example Il: STAR Event-Plane Dep. Jet-h “2PC”
No event plane dependence!

(Similar results seen in resular 2PC also)

HQ2018
= [ In-plane [ Mid-plane Out-of-plane [ All combined angles
[ 10pf™ =15 GeVe | AuAu 5 = 200 GaV, 20-50% e, E"®s20GeV | STAR Preliminary
ﬁ 0.6 lanl < 0.6 - Anli"r—:ful jota, R=04 [ 'i, _u:: [ . mircomlmd une.
E : pl;"u*:'_=15-mmwc 'y [Background unc.
' gﬂ_d
= [
b=} 0.2}
E
< O
H_[IE- Lol Ly By g My g Lo byl b b laaaa by Loaaalay
-1 0 1 2 3 4 4 0 1 3 4 14 0 1 2 3 4 4 0 1 3 4
Ag Ad Ad Ad
JLIl  Away-side yield p™ ﬁ? O
— s yiull s,
Talk b)’ = = p:::.“ =15-20 GaVic
NI
S. Oh = 1|14 pc, E7">2.0 GeV
i " pleed comaiing ) GV
WWND 19 g8 L % T o
10 [ Mid-plang
.E- S -~ [l Out-of-plans
- - [ Background unc.
Zg B Scale uncartainty 6%
= i #
“® [ STAR Preliminary e
=
= Linl<0.6
.‘:-“}_E:_ AS yield range: 203 < A6 < 4n/3
u points dizplacad for vizibility sy
_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1 2 3 4 5 6 7 8 9 10
= OHIO 3/20/2020 p:_asm (GeV/e) Justin Frantz - Ohio U -Jetscape 2020 21
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More Differential w/ 2PC

2PC correlations where trigger and partner
NOT symmetrized and measured w.r.t
“handed” direction reveals hidden dependence!

i MWL L, WAINT LWL |

Au+Au s, =200 GeV 30-40% P, ® pl=4-10® 1-2 (GeVic) STAR preliminary
3 radial axis = 1/NdN®/dag 3

&g, 10p 20%
== a, bottorm 20%

Awayside suppressed in direction of
longer path length direction, which moves
and thus washes out in inclusive

3/20/2020 Justin Frantz - Ohio U -Jetscape 2020 22




Example lll: STAR Dy-h 2PC:

Charm-jet 2PC have similar behavior to light di-
hadrons

Here, ¢ quark, like for y provides interesting
momentum direction / Scale even w/o Jet Reco

: Near-side width Near-side yield HP2018
< T F : .
«] — il " n’\‘/ e - —&— di-Hadron, Mean Trigger p_ = 5.7 GeVic [3]
% 188 T figger p, = 5.7 GeVic [3] £ |+ diHadron, Mean Trigger o - 236 GeVic 3
bz - —s— diHadron, Mean Trigger p_= 2.56 GeVic [3] o [ Pythia O Hadron, Mean D' p, =3 GeVic
185 o —— DP-Hadron AuAu 200 GeV, Mean DF p_ =3 GeVic
- Pythia D"Hadron, Mean D” p, =3 GeVic @ r .
C STAR Preliminar
1'4: —*—Dn—HaﬂrmAuAuﬂﬂnGe‘u',MeananT=EGe‘m § 10 Y _I_
1.2 -
- STAR Prell ﬁ _*_ '
= =
C I
08— '
D'E-:_ 1= ]
- —
04F &
0.2 I
ot | | |
— pythia 20-80% 20-50% 0-20% pythia 50-80% 20-50% 0-20%

Centrality (%) Centrality (%) 23




Jet Corr.Widths from 2PC:

A Recent focus (reason in a moment)
Finally PHENIX re-analysis with full vn:

o 0 2/ ®1-2GeVie PRL 104 252301 (2010) _
3 o5 ocevoz 4 | 0.4 F57@1-2GeVic - 020%AurAu —
;_ 04- =hadron ]
- +8.8% Scale Uncertainty
f 0.3 PHIENIX -
- o2L preliminary |
0.1 -
D-_ - - - E _____ _‘
_0_1 1 1 1 1 1 1 . | |
0 ! 2 3 gﬁrad) Previous PHENIX results

Especially towards low pT (closely related to the
enhancement)

A serious width broadening is present even after

vn

3/20/2020 Justin Frantz - Ohio U -Jetscape 2020



Jet Corr.Widths from 2PC:

assoc p_ (Gevic)
o

assoc p_(GeVic)

A Recent focus (reason in a moment)
Finally PHENIX re-analysis with full vn: (Run 10/1 1)

T [ T T T [ T T 1
7-9GeVic

LI B I B B R N B
9-12 GeV/c

T T [ T T T [ T 11
12 - 15 GeV/c

' P gl o pap (20150 ®* Au+Au  0-20%
leﬁE"m PRD 98 072004 s Au+Au 20-40%
preliminary {2010 & 2011)

200 GeV
Vo V¥, subtracted
& ;
A
SN I
$°1 § @0l Py
i 1 + & O
I 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
2 4 i (5] 2 4 i

assoc p_ (GeVic)

2 4
assoc p_ (GeVic)

assoc p_(GeVic)

A serious width broadening is present even after vn

Centrality dependence

This is the thing we are after —> go more peripheral...

3/20/2020
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.Because of small system results
Width results: different variable;

Doyt Distribution in p+A

arXiv:1809.09045v1

1 Near side Away side

= e —— 1 —— —h ]
£ Pl pep ~‘:! ‘ [T -
= 3 = =
E 107 piENm o 001015 E PHENIX e 00115 E
| ozl Vo =200GeV = 001525 (K10 ) T 101 VS = 200 GeV B0 0.150<0.25 (x10) =
ing 0 DRSS (107 ¢ 0 0P5cG<DS (K0T -
?E?“H ETT < eV + @050 07 ﬂ E“TEE 5<p <8 GeVic * 5050t (xi0Y 3
- F<Ab Z ook 23:: _ 4TH . -
e = E
10" e 1048 -t B
105k o
108k =
107 & =
10_3: + ! ' :
of L]

10 4 2 0 2 4
P [GeWic]

* Narrower near side p,,,; distribution
than the away side as pJog’ depends
on jp only

. pﬂwaj’ depends on both k¢ and jp

¥ = = sy 0S8 Bour = B - sin(ag)

: i (}lll\_} I 3/20/2020 JUSLIN Irrdlitz = VIO U =jewldpe Lviv
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Small System Broadening of Jet Corr

Of course this cannot be yet asserted to be

due to Eloss, but we need to investigate
_ar}(ilv:lﬂﬂﬂ.ﬂﬂ'ﬂdS}rl _

o [
S 02 pueNiX o D+AI 0.15<x <0.25 —~
o] , + p+AU ﬂ.15-=:xb-=:ﬂ.25
= \Su=200 GeV' o, pya10.25<x <0.5
~20157 5p™9Gevie ¢ prAu0.25<X <0.5
oD
<

i &

< 0.1

~2

I:pE
f:."l QL
=]

n

o
T 1

| | .
~0.05 2 - B 8 10

|"l'JCl.‘.III

Centrality/N,,;; dependent: broader ﬁg:: as N, increases

s—Underling-How2 v, and v, are ruled out

* Higher k; for parton in nucleus?

o ?
Energy loss: ; .




Back to y-hYields High z+ Average
I, Centrality Dependence

1.2 PHENIX Run 10+11 Au+Au i 1<l 1.2[  PHENIX Run 10+11 Au+Au T
] VSw=200GeV [ni<0.35 nhe-ml <3 ; [S.=200GeV [n<0.35  Yar " KO- <5
—~ — —a— 0.28<2,<0.80 L —a— 0.28<z,<0.80
08l PHENIX 1 R,, p >5GeVic 0.8l PHTENIX 1 R, p_>5GeVic
i PRL 101, 232301 (2008) 5 prefiminary PRL 101, 232301 (2008),
0.6 2 0.6
<04 ﬁ H £04- * H
0.2 H 0.2
o—llIl|IIII|llll|ll"|""|""|" 0—||||||||||||||||||||||||||||||||
0 50 100 150 200 250 300 0 50 100 150 200 250 300
part Npart
Isolation cut/New stats substantial ? SARMEARNEAN AN
! . . . s - o thl, 51583-5GeVic -
improvement in precision - 8-_ : P sSCaVe
Detailed centrality shape of suppression N PREVIOUS :
< 0.6 PHENIX .
High z; Average |,, and 1° R, approximately = RESULT ]
0.4 =
match Tt H] ]
o o o o . 02i— —:
Photon tagged ]e.t geometric distribution - pRC 80,024908 (2009 ]
(E\oss geOmMetry) is exactly the same as O ~="50""700 150 200 250 300 350
single inclusive jet geometric distribution - Noar

/,

g OO Ran = Ysjet Iaa expected
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Ultimate Goal Eloss Turn-off? Eloss
In Small systems?

We want to focus on region where Eloss is small in A+A to study

whether it may be expected in small systems and how large does a
system have to be!

Isolation cut helps most in mid-central to periph: but low statistics we

need analyze Run14/Runlé6 statistics to gain sufficient statistical
precision

IX Run 10+11 Au+Au s
200GeV [n|<0.35 Vg A -7l <5
—a— 0.28 <z, <0.80

n® Ry, p >5GeVic
PRL 101, 232301 (2008)

—
PH ENIX
preliminary

%‘ 0. *
<04~ H
0.2—
0—| TN T AN TN TN S T [N T T TN N A TN S T T N T T N T [N N TN TN M AN N
0 50 100 150 200 250 300
Npart
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Ultimate Goal Eloss Turn-off? Eloss
In Small systems?

Alternative solution:

Using piO-h correlation to gain statistical
precision.

Finding new observable other than |IAA to
take care of systematic errors.

3/20/2020 Justin Frantz - Ohio U -Jetscape 2020
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NS/AS Ratios: A Nice Observable for
arching for small E,_ . ?

ume well-known surface bias picture for Aut+Au should apply as the

system goes peripheral—possibly even in “small systems” p+Au, d+Au,
He+Au

Look for Differences in Awayside Modification compared to Nearside

£
2“.5 :
5 0.35;2 o dAu, #-h, 57 ©0.6-1
3 = -
= osBlIN o pp, =™h 57061 ;
" -
. = -
trlgger 025 ge
L ]
4
02 :
-
0.15 p -
0.1F -
L]
0.05- * 3
]
e, fan
o ‘?..a

RI = Yéway/ynear Black
~yPP PP Red
away/ * near

EE J%ﬁﬁé@ - Ohio U -Jetscape 220/2020



Jet Pair Quantification B

—&— dAu
ookt 7%-h: 5-7 x 3-5 GeV
PTY Nuclear Modification Factor (15, ) =YAA [YPP )
( Aw ay Si d e) L 0.15% pp fit x/NDF=4.494631
— \ —
* Y roughly represents the number of particles 1 PH ENIX
produced per jet 1 AD= 12

NI

* Y is Per Trigger: any deviation from unity represents || Y (earside) } Y (away-side)  w
0.05— | =

modification ﬁ\, s w‘/‘i"
* AA/pp Partner h™ SINGLES EFFICIENCIES vs Pt I

NEEDED o s T s e '2.'5‘A'cép
* Uncertainty dominated by singles charge hadron

efficiency VAL 0y /YA,

Double Ratio: RI =

pp pp
Yaway/ Ynear

NO EFFICIENCIES NEEDED (Cancels in AS/NS)

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,)

Contribution of higher order odd harmonics (>= v;) can be neglected--only
sensitive to v,

. ZYAM systematic is also small since residual mis-subtraction contribute to
=5 OBoth/NS and AS.

oS

SAIUN OIYO ‘SISBYI "Q'Yd ‘BIX g 924N

(1107) Aus



Energy loss + Suppress ?: I1AA
(/R]) Most Sensitive Observable?

- T 1]

___é ALCE, 0-10% Pb-Pb, ﬁ =276 TeV
5 |; "9 < 16 GeV/c ]
Away side -

o
1]
1=
m
=
x|
[

73]
IIIIIIII|II][|I11|II1I|III

pissgc (GeV/c)

6 7

QC}
ol
w
iy

Reminder 2PC IAA (LHC):
relative rise from high pta (Rl = ~0.5) to low pta (RI=5) is factor of 10!

MUCH BIGGER FACTORTHAN RAA SUPPRESSION!!!
(better signature? )

More sensitive then jet reco measurements because no ‘“found-jet-

9 H
_——onl Blas
o EEE o 6 ¥I I 3/20/2020 JUStin Frantz - Ohio U -Jetscape 3620
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Other end of spectrum: Small Systems:?

No Eloss in p+Pb at LHC? -LHC
only very high energy observables.
ndpfs account for ALL jet ATLAS ATLAS CONF 20)‘4 024 |

modifications? | - 0.3<y"<+0.3 p-Pb B
LHC focus on found jets, 161
observables like x.s. excludes i
largest modification e.g. for A+A 1.0 ettt e ke
jets (AR > | enhancement)

Greater sensitivity in low Ejet? 0.4

J':*’[:-F*I:n

¢ p+Pb, 0-90%
—— EPS09

lowest possible “jet” pt: 5-15 GeV.

Exploit enhancement—Exploit 40 100 1000
trigger bias for sensitivity: 2PC/RI Pr (GeVIE
can do both
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d+Au: pi0-h correlation

In PHENIX we put all these ideas together a few years ago which can demonstrate




., vs Rl

* Clear improvement of uncertainties in Rl compared to |,

* Rl can be more sensitive to small levels of suppression or small cold nuclear
effects

e Shows small high z suppression and low z enhancement in d+Au

Away Side | ,,,0-20 % centrality Rl; 0-20 % centrality,
Run8 d+A at /syy = 200 GeV Run8 d+A at /syy = 200 GeV
< 16 o & -
- i YA $ 1.3 _ YdAu/YdAu i 7
- Away |, =3 ¢+ 5<p <7 i RI="ya /yn 2R S
“E Ypp 7 <pr <8 P dAu, 0-20%, 20-h P l=p=t
B p " y U= o, JL =
-~ dAu,0-20%,xh = <p < S
12— g ' i l
I L : 7 [
i b 7 B B
osl- : R
06— o PI-\I;’Ele
.
- PH ENIX o | Ry
L ‘ ‘ ‘ ‘ pr‘e”minary 0.2 04 0.6 0.8 , 1= ph /pﬂ
%4 02 04 06 08 1 12 LA

zT=p$/p$

=g OHIO
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1Au Rl Ratio Centrality Dependence

o N
135 8 ryM 1af- ya iyt g
Rl = 'l";p +5<p <7 : H:W +5<p <7
H dAu, 0-20%, 0-h e YL dAu,2040%,7%n (T TP
; H m 1.1:—»{
By B By $
3 1 o §og
g i T E 4
= 08—
3 PHENIX a7 PHENIX
- o Iplrellim!nalry . | preliminary
0.2 0.4 08 ¥ 1 i —— B T e
_E.I.ll'#fp; ET-p‘.IE.fP’.i.
3 A =
: RI_% 4+ 5<p<T ”E‘ Yana ! Yanu +5<p <7
- =] -
' dAu,4060%,0h T <Pi< 3 +7<p; <9
E 11
o [B 1 \%.
iTh e b ot $ >
S . f - -
- 1=
- PHENIX "7 T PHENIX
. I | | | prellmlnary . preliminary
i [ [ [ [ i b5 RN [T T S NN TR ST R N T T P B
0.z 0.4 08 [1E: ] 1 o2 0.4 0.& 0.8 1
=519} =88,

stem size evolution in d+Au? Peripheral to Central? More low z enhancement at
zT - High pt suppression? Not clear? Can we confirm this with another

?
P N
g B %ﬁgffb 3/20/2020 Justin Frantz - Ohio U -Jetscape 2020 37

UNIVERSITY




Causes?
We investigated a lot of trivial “COLD NUCLEAR” effects

@one of these could reproduce the effect

But this is (WAS) only one channel in one
system, can we confirm the result in other
data ?
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Newer Datasets

@9

9 3He

He3+Au

2014 Run (He3+Au)
2015 Run (p+p)

Centrality: 0-209

2016 Run (new d+Au)

\VSNN = 200 GeV
No. of pi0 triggers: 386 k (vs. Run8 d+Au:5 m)

[386308 vs 4942516 ]

Run |5 p+p improves statistics of previous d+Au

result and HeAu

No. of pi0 triggers in Run |5 p+p:6.9 m (vs . Runé

result

p+p: 1.5 m) [6883699 vs 145871 1]
Thus better to use Run|5 p+p for better statistics

Run |6 d+Au data also available
Initial rough (pre-) re-analysis also confirms 2008

result TBA

3/20/2020

+Au
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Correlation Functions

As in 2008 d+Au Analysis:
Runl4 He3+Au at /sy = 200 GeV
Background level: ZYAM method

e Trigger bins: [5-7,7-9] GeV/c gz:::‘azg: Recent
Partner bins:[ 0.6-1, I-2, 3-5, 5-7] GeV/c

5-7 x 2-3 GeV/c 5-7 x 5-7 GeV/c

1.15 5-7T x 0.6-1 GeVic 1.5 5.7 x 1-2 GeVic 5 5.7 x 3-5 GeVl/c 7
1.4F
1.3F 4 §
1.2¢ oF 5 fit to CF
s CFA) N2 (Ad) : =ZYAM level
2F 29 T8 He3Au
g'g- 1 mixed 2 + L
-8E 3 1
0.7F ] O S e 0

.8
0 05 1 15 2 25 3 0 05 1 1.5 2 25 3 0705 1 15 2 25 3 % 05 1 15 2 25 3 0 05 1 15 2 25 3

7-9 x 0.6-1 GeVic 7-9x 1-2 GeVic 7-9 x 2-3 GeV/e 5 7-9 x 3-5 GeV/c g 7-9 x 5-7 GeVic

) 2 PHENIX

2f atf preliminary
2

T 1

Ot - - T R X N - R R o 7 e e e e e i :
/ A Ad Ad
i OHIO 3/20/2020 Justin Frantz - Ohio U -Jetscape 2020 40
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Correlation Functions

As in 2008 d+Au Analysis:
Runl5 p+p at /syy =200 GeV
Background level: ZYAM method
e Trigger(m®) bins: [5-7,7-9] GeV/c
Partner(h*) bins:[ 0.6-1, 1-2, 3-5,5-7] GeV/c
Excellent p+p statistics for comparison in Run8 d+Au

. 5-7 x 0.6-1 GeV/c gg 5-7 x 1-2 GeVic i 5-7 x 2-3 GeVlc 5 5-7 x 3-5 GeVlc 7 5.7 x 5-7 GeV/c
Kln '2 " -1
12k 18 : ¢ AB 5 fit to CF
w’ : 2.5 N (Ad) -
1.4 3 4
O 2 2| 0.20%, n0ht CF(Ag)e< ﬁ 3 =ZYAM level
0.8f 0.8k o TYS,,, =200 GeV 2 mixed . +pp -
0.6F 1 1
0.6F - gg- ; 0
0 05 1 1.5 2 25 3 ’ l.'l‘ 0.5 1 1.5 2 25 3 l}l 0.5 1 1.5 2 25 3 IJIJ 0.5 1 156 2 25 3 0 05 1 1.5 2 25 3

7-9 x 5-7 GeVic

PH ENIX
preliminary

7-9%x 0.6-1 GeVie | 2.5 7-9 x 1-2 GeVic 7-9 x 2-3 GeVic 7-9 x 3-5 GeVlc

(= - I I |
T T T
(= N N ]

0 1 15 2 25 3

1 L 1 1 ] 1 1 1 ] 1 [
05 1 1.5 2 25 3 0 1 15 2 25 3

A9

el O H IO 3/20/2020 Justin Frantz - Ohio U -Jetscape 2020 4]
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Similar Modifications in HeAu?
By eye can see suppression in the AS Shape

5 -7 X 3-5 GeVic 5 5-T x 3-5 GeVlc

dHe3+Au ptp

3 "'--..,v...-— =-arrb:{-":"-'|j}
'PH ENIX! CFR(a0)- ==

k-

preliminary

95 1 15 2 983 % 05 1 1.5 2 25 3

7-9 x 0.6-1 GeV/c

At low z statistical precision of He+Au is

7-9 x 0.6-1 GeV/c
He3+Au

Ad ' A(b
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Rl: He3+Au

o 14
= Away ,Near constant fit: 0.848 = 0.060
1.3 "R = YHeaa He3Au A pﬂ°; [5-7] GeV/c
- Away . Near %
1261 Yeo oo ® pl:[7-9] GeVic
= p;h : [0.6-1, 1-2, 3-5, 5-7] GeV/c
11 :—H ’J_‘ Near: IA¢I<72‘, Away: IAq)-nléé
1 f ? T h
0.9 H $ $ " % X
0.8
0.7
- L
0.6 v, subtraction not applied
: — T~
0.5 |'S,, = 200 GeV, 0-20%, n%-h* PH--ENIX
- preliminary
0 4 _ 1 1 I 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1
) 0.2 0.4 0.6 0.8

r L p?/pi0
* Significant Suppression at high z; in He3+Au

* Shape similar to d+Au, w/rise at low z, although unlike d+Au, uncertainties
too large to confirm low z shape with significance

-5 OHIO
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Comparison of He3+Au and
d+Au RI

.4 _
X C YAway Near A He3Au, p:: [5-7] GeVic
13 o _ Yxau Yyxau ®  He3Au,p:[7-9] GeVic
uit A B way . ,Near A dAu, p”: [5-7] GeVic
= .
1.2 YSP IYpp @  dAu,pl:[7-9] GeVic
1E p:":[0.6-1, 1-2, 3-5, 5-7] GeVic
E $ Near: |£~.¢|<%, Away: |A¢-n|<% l
1: l T T - _ F
09 = T + * : ® A
0.8 _
0.7 '
= ®
= v, subtraction not applied —~———
0.5E-\'S,,, = 200 GeV, 0-20%, n%-h* PHoSENIX
- NN | preliminary
[ | | | | | | | | | | | | | | | | | | |
04 0.2 0.4 0.6 0.8

1 0
z, = p?}’pT

* He+Au confirms behavior of d+Au: similar shape overall, and suppression at high z;
* How statistically significant is the suppression level?
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Ratio of RI’s of He3+Au
to that of d+Au

s1.4-
.....% 5_(R) \AWaY  Near constant fit: 0.876 + 0.061
o 1-3¢ RIHESAU = Hm.l; I:IESAU A p_I;“; [5-7] GeVic
gyl — ear
““;1_2:_( ' dAu Yaau Ygag ® pf: [7-9] GeVic
ﬁ . p§“ : [0.6-1, 1-2, 3-5, 5-7] GeVic
E“— 11 { Near: |A0|<E, Away: |£\.q3-n|<%
-~ 1f l T
0.9— $ T qﬁ L. % L
0.8
0.7 —
0.6 v, subtraction not applied b
- 17 —~—
0.5 \/S, = 200 GeV, 0-20%, n°-h" PH -ENIX
- preliminary
04 [ 1 | I I | I I | I I I I I | I I

0.2 0.4 0.6 0.8 1 0
= h/nx®
zr = p/p;

* High z; suppression in He+Au is about 12% larger than d+Au with at least 2-
sigma significance.
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“Trivial” Causes?

Strategy: address all “trivial” explanations we can test:

“Hydro” v3,vl Jet S/B STILL TOO HIGH- NEGLIGIBLE
Enhanced Nuclear ky

Initiai State nPDF effects

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

If none of above = INTERESTING

Looking for other ideas?
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OLD PYTHIA6 Nucl

Usmg k constraints from STAR
easurements =2 No effect

| d+Au |STAR Preliminary
Y 5y, /200 GeV, anti-kt, R = 0.5

Lo "m_zaamusﬁevm Oy raw = 2:98 £ 0.08 GeV/c

or 0-100% Minbias

ver, k; smear larger in

| afndf:425

| yindf: 0.64

Central?

: N 1y
2 4 6 B8 -8B 463

FOBL ZLOL AXIE(HYLS) uepdey

8 6420 a2 02
P, * sin(A ) [GeVic] P, 1* sin(A ) [GeVic]
Using STAR k; Increase (Minbias) B
— P o s
1 e Haalistic k, Comparison : Exag%nratog k, Comparison
Y™ u.-" e
e W\‘F‘ S<p)<? —) RiToykn S<B <7
PYTHIA &k 10248

1.004=

I ‘ PYTHIA, & : 3.0

'_“"---’-‘qp‘.."

18—

[ PY A K, 1828

{ —— Ay 5208
- _,_»--ﬁi\iiv.‘."‘..‘

"L‘l‘fl" ‘ ..“"'#
0.96 W or
0% = m m l:l‘!_-
FH ENIX !
prrhmln-:ry' Caaaalaaaald aablasaalasaad,, Lo i
ila 2 bassabassalaasalasaalas " 1]

asg ="y 15 2 25 3 15 4 45 Bs ' 15 < «3 3 35 ‘ s

pl p'T

i N AL ANS 5/2U/ ZUZU T justun rrantz - Unlo U -jetscape ZUZU 4/
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UPDATED PYTHIA 8
Nuclear k; test

* Using ks constraints from STAR jet measurements = No effect
for 0-100% Minbias

* However, k; smear larger in Central HeAu—> Exaggerated has
some shape similarity but this is very large kT

o [ o[
= _ o
: sl PYTHIAS, KT:3.3/3.0 s el PYTHIAS, kT:3.3/2.0
B 3 N
105 - *Herau, 0-20 % o5 —F *He+Au, 0-20 %
C ; B
B o ¢ 5<p’ <7 GeV K 0
F1 Realistic ky - N Exaggerated k;  5<p <TGV
_ . 1i— ~'-'_0.-” °
C R 51 5y} AVISON i - ’~":C.9mparlson
055 :— 055 __ " ‘~°¢'J.~. >
- ‘ oo ’ T
085 ] 085 ]
08 08
e b b Lo b b Lo b e I S DTS NS N N R R S
1 1.5 2 25 3 35 4 4.5 P 1 15 2 25 3 35 4 45 5
pf p

T
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OLD EPSO09 Initial State Nuclear PDF’s?

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

Studies with EPS09 (and 09s) confirm this

expectation

RI Extracted from EPSO9 Study

NOTE UNITS: << |% negligible effect

—_ \alence u

= Valence d
Seau

—_— Sead

Gluon

nPDF extracted from EPSQ

0.9

0.8

IIII|IIII|III_|'|IIII|IIII

6<Q=<7 GeV

74

10* 10° 102

107

: OHIO

3/20/2020
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107

X

1.03

1.025

1.02

1.015

1.01

1°005

0.895

0.99

+ 5.0 < p_’; < 7.0 GeVic

—=%— 7.0 <pl<9.0GeVic

P
4 P L L R
P L e L R e
ety

IR
’
N T At 1505 s e et b o
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i reet SR et ey
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o

e
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U PDATED EPPS I 6 & ... NPDF extracted from

* | EPRS¥6code

“Real’” He+Au nPDF + =" | au
ﬁ /\

Gluon

* Previously only p+Au test for scale —
Wave Fn make a difference?

e Studies with EPPS16 and full HeAu

* Still nggligible

—E— 5.0<p¥<7.0 GeVlc L. vl il vl vl

1.028

A =L 10° 10° 10% 10° 10% 10" K
aln ﬂ
g1.026— | 70 < pT < 90 GeV/C %:_1.2_
NOTE UNITS S
1.0241— 1'1—_ —— Seau
L \ - — Sead He
1_022i 1:_. | Guon | 4 /h\\—)/
102/ 09 ‘\
1.018— 08
ot - 6<Q<7 GeV
- R, Extracted from EPPSI16 "
1,014 Stuldy | | 06
: : I : : : 1 IIlI[HI L lIlIIIII | llIIIIIJ 1 Illlllll 1 IIJIIMI 1L L 1Ll
0.2 0.4 0.6 0.8 1 . 10 = - o 102 o ,(1
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Conclusion HeAu I, ,:

He3+Au shows similar behavior to d+Au:
Suppression at high zT and possible rise at low zT

Ordering of increase in suppression with
volume/system size is confirmed

» HeAu Rl is more suppressed than dAu Rl in

nigh zT

» Ratio of HeAu to dAu at high z: (>0.48) is
more than 2 sigma below the unity

Motivations to theorists to determine possible
explanations : whether they be Cold Nuclear to
evaluate the likeliness whether could they also be
consistent with Hot QGP Eloss?




Implication: Causes!?
Results are pretty well tested and confirmed in

He+Au - Need Theory Input—Important

Question!

Many potential Trivial or Cold Nuclear Explanations—but also shares

qualitative features of Eloss
None of these could

CTominsinl? : ild fact-
Trivial” explanations we could test: reproduce the effect

v “Hydro” v3, vl
v Trivial Rapidity Distributions Mismatching p+p vs d+Au?
HIING-s hine like-this?
“Cold Nuclear Effects”:
v"Enhanced Nuclear k;
v Initial State nPDF effects (partial—EPS09(s) only checked)
Check other npdf’s?
Get bonafide theory calcs from theorists (need input from theorists)

Could QGP/Hot Eloss Cause This?




Final Note Centrality Dep: Event
gineering needed in “turn on region”

Something that Jet Reco will have a harder time
oing than 2PC

STAR EVENT PLANE RESULT WAS ALSO
I
2| PHENIX Run 10+11 AutAu 0\ ot EVENT ENGINEERED!
/5, =200GeV [n<0.35 e 5 - cuso |
1 - —o— 028<2,<0.80 1-2 (GeVrc) STAR preliminag
& iminary PRL 101, 232301 (2008) ~%7q’ bottom 20%
z ;
g 0. $
S ,
0.2 o
0—. Y T N T T T T TN M N T T M T T N T A T N HY S I
0 50 100 150 200 250 300

vart jer

igger : i) < ¥

‘ trigger
a9 rgger 1 g, <0 ¥

For these small multiplicity, event fluctuations

. heed controlled

3/20/2020
UNIVERSITY
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What about shower dependence of

Eloss?

Obviously this is one thing 2PC can’t access

However sophistocated MC tools like
Jetscape can let us now assess sensitivity

Effects

aren’t <
huge so
far?

Should

be

studied
for 2PC

1.5

0.5

3/20/2020

1.0

T | T T T T | T T
ATLAS Prellmlnary
L Pb+Pb 1.72 nb™, pp 257 pb ', 5.02 TeV

L ® 0-10% _|
M 10-20%
A 20-40%
+ 40-60%
60-80%
I S N E— !
_+ —
A
_. + +
. +‘"’ +
AA 4 A t h

[v|<2 0 200< p. <251 GeV

Heclustered R T Ojels 2
I 1 1 1 1 1 1 I 1 1
tS‘ 50 100 150
L P
(4, 1GeV]

™

anti-k., charged jets R = 0.4 ]
Softdrop 2, =01 =0 7

3 80 < pi“-il:‘: <120 GeVic 3

L ——

E o= __:

ﬂ_ In{k;} >0

. L

}I‘I 0.15 DEC‘IES ﬂ3ﬂ3504045 5
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Conclusions

Good progress being made in Jet-related 2PC at
RHIC

Still plenty of space that is complementary to
reconstructed jet results and new jet observables

¥Y-h : e.g. Studying Eloss E-flow at Large
Angle/Smallest Jet E (Large Systems)

Event Plane Dependent h-h:allows new tools such
as event plane engineering

h-jet, y-jet, charm-h....
Especially promising for sorting out Eloss and
competing effects in Small Systems

He+Au RI result confirms d+Au
Suppression/Enhancement — need theory input!!!
especially hot Eloss in Small System




BACKUP
 BACKUP
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Enhanced Nuclear k!

kT == Acoplanarity of di-jets
Smears Awayside = Known part of the
2pc AS width

If d+Au had long sought after enhanced
nuclear k+, could this cause this effect in

1PN




“Trivial” Causes?

Strategy: address all “trivial” explanations we can test:

“Hydro” v3, vi
Enhanced Nuclear k;
Initial State nPDF effects

Trivial Rapidity Distributions Mismatching p+p vs
d+Au!

HIJING show anything like this!?

If none of above = INTERESTING

Looking for other ideas!?




OLD PYTHIA6 Nucl

Usmg k constraints from STAR
easurements =2 No effect

| d+Au |STAR Preliminary
Y 5y, /200 GeV, anti-kt, R = 0.5

Lo "m_zaamusﬁevm Oy raw = 2:98 £ 0.08 GeV/c

or 0-100% Minbias

ver, k; smear larger in

| afndf:425

| yindf: 0.64

Central?

: N 1y
2 4 6 B8 -8B 463

FOBL ZLOL AXIE(HYLS) uepdey

8 6420 a2 02
P, * sin(A ) [GeVic] P, 1* sin(A ) [GeVic]
Using STAR k; Increase (Minbias) B
— P o s
1 e Haalistic k, Comparison : Exag%nratog k, Comparison
Y™ u.-" e
e W\‘F‘ S<p)<? —) RiToykn S<B <7
PYTHIA &k 10248

1.004=

I ‘ PYTHIA, & : 3.0

'_“"---’-‘qp‘.."

18—

[ PY A K, 1828

{ —— Ay 5208
- _,_»--ﬁi\iiv.‘."‘..‘

"L‘l‘fl" ‘ ..“"'#
0.96 W or
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Nuclear k; test

* Using k; constraints from STAR

jet measurements = No effect
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* However, k; smear larger in
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OLD EPSO09 Initial State Nuclear PDF’s?

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

Studies with EPS09 (and 09s) confirm this

expectation

RI Extracted from EPSO9 Study

NOTE UNITS: << |% negligible effect
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U pDATED EPPS i 6 & ... NPDF extracted from

* | EPRS¥6code

“Real’” He+Au nPDF + =" | au
ﬁ /\

Gluon

* Previously only p+Au test for scale —
Wave Fn make a difference?

e Studies with EPPS16 and full HeAu

* Still nggligible
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“Trivial” Causes?

Strategy: address all “trivial” explanations we can test:

“Hydro” v3, vi
Enhanced Nuclear k;
Initial State nPDF effects

Trivial Rapidity Distributions Mismatching p+p vs
d+Au!

HIJING show anything like this!?

If none of above = INTERESTING

Looking for other ideas!?




HIJING

We ran HIJING with default settings

First, this can test for very trivial effects
e.g. due to the 2p method and to the
mismatch in rapidity distributions

More importantly any other “cold”
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(a) Charged hadrons in central HIJING (b) 7° triggers in central HIJING




HIJING RI
With default settings, HIJING does not

reproduce the effect

Small enhancement at low z; appears to
be « RI from HIJING simulation with kr = 0.44 GeV/c.
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lllustration of v, Measurement With
Isolation Cone

Underlying event
shape

Underlying event

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1
-1 0 1 2 3 4

Ao = ¢r—Vrp




lllustration of v, Measurement With
Isolation Cone

Underlying event
shape

Isolation cone

Underlying event

1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1
-1 0 1 2 3 4

Ao =o¢r —Vrp
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lllustration of v, Measurement With
Isolation Cone

Underlying event
shape

Isolation cone

Accept more
particles when
number of
underlying event
particles is low

Underlying event
Accepted isolated particles

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1
-1 0 1 2 3 4

Ao =o¢r —Vrp
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lllustration of v, Measurement With
Isolation Cone

Underlying event
shape

Isolation cone

Accept more
particles when
number of
underlying event
particles is low
(out of event
plane) Underlying event

Accepted isolated particles

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1
-1 0 1 2 3 4

Ao =o¢r —Vrp
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lllustration of v, Measurement With
Isolation Cone

Underlying event
shape

Isolation cone

Accept less
particles when
number of
underlying event
particles is high

Underlying event

Accepted isolated particles

1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1
-1 0 1 2 3 4

Ao =o¢r —Vrp
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lllustration of v, Measurement With
Isolation Cone

Underlying event
shape

Isolation cone

Accept less
particles when
number of
underlying event
particles is high (in
event plane)

Underlying event

Accepted isolated particles

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1
-1 0 1 2 3 4

Must correct for
this bias.

Ao = ¢r—Vrp




Complications of v, Measurement with
Isolation Cut

Isolation cut efficiency
€ = €0 (1 4 2v2p cos(2A¢)) Ad = ¢r—Upp
How does it effect the trigger particle’s distribution?

dNp ‘ | o
L — A(1 + 2B cos(2A¢) + 4C 0033(2A¢)) B =vor + 02k
dnd C = vorv9g.

How does the event plane resolution effect this distribution!?

J = (vor + v2E)(cos(267)),
=T(1+27 cos(2A¢) + K cos*(2A¢) — 4L cos(4A¢) K = varvep, and
L& VoTU2E .-

dNsrsk

dA¢
How does it effect the correlation function background distributi

AN A G =1+ 2vervap,

dAd Adpa = & 5 H = voa(vor + V2E)
For 2 particic Editiaud i, Uiy “eed sum Voiso = Vo1 T Vo Which is what is ~directly measured
from isolated triggers using ‘typical’ event plane method

=F(G+2H cos(2A¢74))

These equations have been verified using toy MC simulation
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