n° production in Cu+Au
at PHENIX




Outline

* Why pions?

— Path length dependence and energy loss
e Why Cu+Au?

— Centrality dependence

— Reaction plane dependence

 Conclusions



Why study neutral pions?

* |dentified particle with good signal-to-background,
lots of statistics

* Low p; =2 soft medium effects
— Experience flow, hadronization

* High p; = good proxy for a jet
— Leading particles of a jet are a good measure of the jet
energy

— Can probe the path length dependence of energy loss of
the hard parton in the medium

— Compare to reconstructed jet to learn about
fragmentation, modified fragmentation functions



I\/Ieasurmg no’s at PHENIX

m° - yy >m__ #5115 Geve o 7.5-8 GeV/c
2012 PHENIX Detector C o0 '
West Beam View =1ﬂm ’:_'°E
. Cuts:
— |vertex| < 30cm 3
— E >400 MeV in PbSc or PbGI :
— Chi2 < 3in PbSc
— Photonsin the same sector o
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Raa (A4, P7)
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m° Raa (A, pr) in Au+Au

(a) Au+Au 0-10%Ys,,=200GeV (b) Au+Au 10-20%\s,,=200GeV

—8— 157 <A¢ < 30°
30° <A < 457
—a— 457 <Ap <80°
—8— 60" <A¢ <T5°
75° <A < 90°

C  —a— 0P<AG<15°

1 0'1 1 1 I'=|_ 1
(e) Au+Au 40-50% ysy,=200GeV
1
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R,a path length dependence

* Simple approximation: |L.

by 1+e€

- J1+€ cos(2A¢)

— Path from center of an ellipse (defined by ¢, b)

to the edge for an angle of Ag

5<p, <8 GeVic

Au+Au
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LAD)

n? Raa(p

10"

a) AMY: radiative & coll. energy loss, high T ]
b) HT: higher twist corrections to DIS,

Models of

energy loss

[ ==+ AMY-pQCD (in)
- == AMY-pQCD (out) }{

Au+Au 20-30% |'s,,=200GeV

[ ==-HT-pQCD (in)

[ = HT-pQCD (out) {} ]
EIR | -f-{
_______________ P i ieetaieiels
¥
—— 0°<A0<15°
—a—T75%<Ad <90° (b)

[ === ASW-pQCD (in)

radiative processes

c) ASW: radiative processes, A >>r;

d) ASW-AdS/CFT: ASW-like hard processes,
strongly coupled soft processes

[ === ASW-AdS/CFT (in)
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T e B, U f. R s i ' Sl ]
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—
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Why Cu+Au?

_
 Asymmetric collisionsat RHIC < | e
— Higher energy densities ;; Lt
— New collision geometries oy A
* Asymmetric overlap regions - :5322[_2::;:
* Cuembedded in the Au nucleus 1:_| s
— Odd flow harmonics not from © 7 Number of participants
fluctuations Participant density (log-z scale)
* Asymmetric pressure gradients ' ﬂh&ﬂ

e/

 Asymmetric density profiles ;il:

* Asymmetric path lengths

1
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oN,g/dp._dy

" Ryg in Cu+Au

- ()t VS =200GevV T (b) 7T CutAu 7
- 1 N> 1772 ]
B Cent: 0~10% | ':Ncoll> . 373.3 —
H"'""“""""""""'"""""E """"""""""""""" :_::_:: """
- 1 PHENIX |

_ preliminary |
o v by by v Lo v by vy by 1y |:_| ol b b b b g
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p, (GeVic) p_ (GeVic)
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1.2 __ (a) Tc+ "JSHH = 200 GEV —“- (b) T'L-

1:?'_ : ® CutAu: 0~10% 1 <N, :
3 ﬁ'}: 1ﬂE| O AutAu: 20~30% <N_,>:
S |Z

m| - -
2| 08f
B|E |
z =
D.ﬁ_—
Il |
[ui ] -
o 04f

" Ry, in Cu+Au

IIII|I|II|IIII_
Au+Au Cu+Au -

166.6 177.2 -
3738  373.3 -

....... 2gssreueed
PH ENIX _
preliminary |

* Cu+Au charged pion R,z agrees with

Au+Au R,; at similar N

Par

* Does this hold at higher p;?
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Uncorr n° yield/Event
o

-
e
L

10°

10®

107
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Uncorrected pion vields in Cu+Au

centrality bins
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Cu embedded in the Au-nucleus

0

Au

==
E> et

FCAL

0

Interaction
Point
DX
Dipole Magnet ﬂ ﬂ

BBC: 3.9 > |n| > 3.0

k

DX ]
Dipole Magnet FCAL

ZDC: |n| > 5

* |In events where the Cu is embedded in
the Au nucleus, there should be very few
hits in the North ZDC

Sarah Campbell -- Hot Quarks 2014
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Cu embedded in the Au-nucleus

II]|IIII|I]IIlllll|IIII|I]II|IIII]IIII
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~70% of events in the
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S asof} +++++H++
=z 1 H&+++++++

440+ +++++*

i Fayl
42011 7+++++

|

2 +++

400 T “
+

1 +i
380[+ |+

) -+

+ o

| ¥ Lines at 1%
360H +

| ++ .

I bin centers

1K
340 :;+

[ T T A P (T A T A 1 PR A o A

700 750 800 850 _ 900 950 1000
BC N+S Charge [Run-12 Cu+Au 200 GeV]

Sarah Campbell -- Hot Quarks 2014 15



Cu embedded in the Au-nucleus

Data

III|IIII|IIII|IIII|IIII|IIII|I
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~70% of events in the
0-1% centrality bin have
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0.15}

T v2 in Cu+Au
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h* v, and v, in Cu+Au

0.2

0.151-

liJ-l'l
e
s

0.051

* v, =2 clear centrality

dependence

* v, =2 nosignificant
centrality dependence

Sarah Campbell -- Hot Quarks 2014

- CuAuy/s,,,=200GeVL
l h1|-=:0.:5i5\]T " PETE_NIX l L
.Y, preliminary : EEEEE . EEEE E__E
P+ _gE8E | . : LI
o i l l
L N HHHHHE 2 HHHHH < UK
| . E : - [ - H H E -- H H s * H =
S g : : -
[ sa 0~10%; .= ‘ 10~20% w" H 20~30%| HH H 30~40%
L v b by ey b ey by ey Py PR T N NN N 1 T N T N T A N S AN M A NN
1] 1 2 30 1 2 30 1 2 30 1 2 3
p,[GeV/cl p [GeV/cl p [GeV/cl p [GeV/c]

Similar to Au+Au
behavior
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Comparing h* v,, v; to other systems

\"
&
T
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System size dependence
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Comparing h* v,, v; to other systems
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n® azimuthal distributions w.r.t. v,
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* p;reach outto ~6 GeV in Cu+Au
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dN/d(Ao)
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can measure odd harmonics
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v, > 0 >More particles
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“ e y,and vy, are
correlated:

— Y=V,

BBC \|/2 and y, planes
_\|’1 PRk’

| |
ﬁ< Psi2
S Psil

H-|_5HH-1HII-&5” U Ilﬂj”lllllulﬁll“ |..111|‘|H||I&5|\HUHHMHLL' 1115 SPS|21
BBC v, South BBC v, North

* Create y,, to resolve Cu+Au vs Au+Cu left-right asymmetry
in y, plane
— BBC vy, with BBC y; South pointing in the Au direction

— Benefit from good BBC v, resolution
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Conclusions

* |n Au+Au:
— At RHIC, n° energy loss has an ~L3 dependence

* |In Cu+Au:
— Higher energy densities

— 1%, h* vy small and * v, > 0 at central rapidity
* more charged pions emitted from the Au-side

— 10 will extend out to higher p;
e ~10 GeV/c in Ry,, ~6 GeV/c in v,
* Future of n° analysis
— Working on simulations
— Finalizing v,, extracting odd harmonics
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The limitations of R,,

(a) 0-5% PHENIX Au+Au 200 GeV
e ALICE  Pb+Pb 2.76 TeV
S ﬁ‘é‘ i::%—fi):‘—c}j;% i
k. ;» o
<
< 10
o (b) 70-80%
HETTTCTT I [—%—
1'4‘“1 el e ol :T:
I = PHENIX =0
> ALICEh™"
o ALICE h™", alt. p+p ref.
ot | | | | I[PLB sesl(zoﬁ)ao]l
N T R T R V R TS R )
P; (GeVic)
R RHIC ~ R LHC
AA AA

BUT

Energy loss is not the same

RHIC and LHC p; spectra have

different shapes, powers

Sarah Campbell -- Hot Quarks 2014
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Fractional momentum loss, S, ..

(a) 0-5% PHENIX Au+Au 200 GeV
i ICE  pouph 276 7oV Siss 2 How much does the
- ’
: ) ﬁ%ﬁ parton’s momentum change
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< 10 o
o ]
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AA c °.
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RHIC and LHC p; spectra have
different shapes, powers
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Sio<s Path length dependence

* L. 2 path from center of an ellipse (defined by €, b)
to the edge at an angle of Ag bViTe

L =
€ J1+ecos(2A¢)
8 oasf s<pr<scevic 10-20% g 025r 5<pr<8Gevic
N 20-30% I i
0.2F §  30-40% 021
i 40-50% - Eﬂ
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o @E@l 0.1 ;
%E'I 0.05- “Iﬂéiﬂ@
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- : 005
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ALICE recently performed similar study

e Using Pb+Pb 2.76TeV data (ALICE). L should be equivalent to
the Le in the previous slide

e L is not very good at higher p;?
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NEW: BBC Psil, Psi2 N, S correlations
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Simulation

e Calibrationto data E scale and resolution
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On the way to efficiency
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FIG. 20: (Color online) ¥ vy vs. inclusive Ras. The points
denote bins in pr as follows: triangles 2 < pr < 2.5 GeV/e,
inverted triangles 2.5 < pr < 3 GeV/e, circles, 3 < pr <
3.5 GeV/e; squares, 3.5 < pr < 4 GeV/c; open triangles,
4.0 < pr < 4.5 GeV/e; diamonds, 4.5 < pr < 5 GeV/c;
crosses, 5 < pr < 6 GeV/e. Centrality bins are indicated
by the colors: light blue, 0-10%: black, 10-20%; red, 20-30%:;
green, 30-40%; blue, 40-50%; magenta 50-60%.
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