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RHIC Run 12

 RHIC versatility — energy and species scans

- Recent Improvements

 EBIS source

« Horizontal stochastic cooling in both beams
(small beam size, high luminosity, low beam loss rates)

 Allows for unigue collision environments
- First U+U collisions at 193 GeV
- First Cu+Au at 200 GeV

species Vs  wks + 30 cm + 10 cm Events motivation
U+uU 193 29 1712 ub-1 89.9 ub-1 1.2B explore geometry
Cu+Au 200 5.5 4.96 nb-1  2.47 nb-1 7.6 B control geometry
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CUAU: asymmetric system

e Forward/Backward asymmetry

- Along the beam axes

« Left/Right asymmetry

- In the initial geometry |
profile, perpendicular to the
beam ‘

- Use as a control parameter
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Test of the Initial geometry

Multiply-interacting

Left/Right asymmetry nucleons

e Core: asymmetric density
profile

Study

e Naturally arising odd
harmonics

Glauber model CuAu, b=4fm
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Test of the Initial geometry

Singly-interacting

Left/Right asymmetry nucleons

« Core: asymmetric density
profile

e Corona: larger on Au-side

Study

* Naturally arising odd
harmonics

Glauber model CuAu, b=4fm
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Test of the Initial geometry

Non-interacting

Left/nght asymmetry nucleons (spectators) _ .

e Core: asymmetric density
profile

e Corona: larger on Au-side

Study

« Naturally arising odd
harmonics

e Central collisions:

- Cu completely swallowed,
no Cu-going corona Glauber model CuAu, b=0fm
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Global particle production
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BBC charge distribution

 |[nitial forward/backward asymmetry — reflected in the particle
production
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Transverse energy density, E_

. E_production is independent of “{';?:%pgty

the collision system = ¢
O

— Similar E In Cu+Cu and £ . " =
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Charged particle spectra

« Pion nuclear modification factor, RAB

- Cu+Au comparable to Au+Au at
the same N values.
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« Significant baryon enhancement in

Baryon to meson ratio

central collisions

- For both positive and negative

ratios.
141
C %— Cu+Au 200 GeV
12— Erellmlizrri\ila[:(y s pit*: 0-10%
1 0 pin*:60-90%
08l ¢
® T ii'}é*ﬁ' :
S . L]
U.ﬁ:— ji
U4} aggooﬂooogéééggé
02 ¢"
: II|IIII|IIII|IIII|IIII|IIII|IIII
% 05 1 15 2 25 3
P, (GeVic)

26 June 2013

3.5

A.lordanova

1.4
C Cu+Au 200 GeV
- PHIENIX
1-2: preliminary ® pin: 0-10%
1 0 PIn:60-90%
0.8
- gi*iiii
0.6 NIl
= L ]
0.4F 2 0000000
E i!a - D©@
0.2 =
: II|IIII|IIII|IIII|IIII|IIII|IIII
00 0.5 1 15 2 2.5 3
P, (GeV/c)

3.5



Baryon to meson ratio

R Wrmmeara | ] s emsoion
« Significant baryon enhancement i |n [ = Mingias prp + A AurAu60-92%
central collisions ' 1_‘ ;H
- For both positive and negative - pint ;; 1 pim JH
. T A
ratios. - sl o .
; ' m
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Azimuthal particle production
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V. measurements in Cu+Au

R Dnor p=PTrue

« Asymmetric density profile will lead
to asymmetric pressure gradient

- Measure particle production Wrue
relative to the Spectator(true) >
reaction plane. . W1,SMD

 |n data

- Use the shower max in the

ZDC (neutron). a2 T
irecti - z ~ Au
- Direction decided by the Au S .
spectators. A |
_ R : Cu ]
S s
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V. measurements in Cu+Au

R Dnor p=PTrue

« Asymmetric density profile will lead
to asymmetric pressure gradient

- Measure particle production Wrue
relative to the Spectator(true) >
reaction plane. . W1 SMD

* In data

- Use the shower max in the o o |
ZDC (neutron). f |

— Direction decided by the Au
spectators.

- Y1 SMD: combination of
P1,SMDSouth with flipped
PT1,SMDNorth.

south
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Hadron V.

* An asymmetric dN/dAo
distribution is observed with
¥, ,SMD

the Au side than from the
Cu side.

E
3
- more particles emitted from 2 .
Z
.=

« Hadrons at mid-rapidity exhibit

large v (not observed in
Au+Au) and v, .

- Not consistent with a large v..
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Event plane correlations

» Correlation (¥ ¥ )(S)
stronger than (W : ¥ )(N)

- v, larger on Au-going side

- ¥ expected to correlate with

‘Pland ‘P2 from the initial
asymmetric geometry

- very weak raw correlation
seen in data
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Modeling v_

AMPT (v1.21) calculations by H. Ruiz and J. Nagle
with string melting cross section () of 3 mb

® . | 1d- ~ 30-60% CU+AU |5, =200 GeV ~  _i==a, Au
Comparison with AMPT at mid - y |
Toll — A V(P mp) X Cu »~ \". F1.5m0
rapldlty e v, ::MPT,)cF:mb) X4 - I
L ® V,(¥yaac) K ..
- v observed trends are PR R ANPTOTID) e e e e
expected. ot el e
- Stronger v, (zero in AuAu) A
041 Pﬁr?ulx
° . C preliminary
Wrong sign. e
. . 0 0.5 1 1.5 2 25 3 3.5
* Nalively explained by P (GeVie)
(%) §E Cu-Au200GeV ©=20-30% /2
Vi 4f — viER) /7 3
 New models (E-by-E hydro) 3f «—= V{EP} 1/s=0.16 E
attempt to reproduce the v, 2F —— VARF} feven) E
. : 1f o—e v{RP} (odd) E
sign in data. of ot 0
1F =
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Hadron vV,

- Sizable positive pion v, is observed at p,

> 1GeV/c at mid-rapidity oaf
— Increases with p._. S o3
T > -
- Observed in all centrality bins. i
- May be due to asymmetric density o1
profile. oo g3t 1
— Need more statistics for proton. 0_4f
o i
~ 03[
b
« New models (E-by-E hydro) attempt to S 02
reproduce the vV, sign in data i i E
FoH e
- Hashimoto, Murase and Hirano, oof i : ﬁ preliminary,
JPS13 00705 1015720 2530 0510155025750
P, (GeVic) P, (GeV/c)
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Hadron vV,

« The vzof pions and protons are

: 0.25F , I , Jo.25
measured as a function of p_and - 0-10% @)y 10-20% (b).
centrality e S 1020
o 0150 PP I |'§; 10.15
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. . C ‘Allgg T “I' ]
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Hadron vV,

- The v of pions and protons are
measured as a function of p_and

centrality

- The v, measured from ‘Pl and
LP2 are consistent with each
other (¥, ).

- ngscaling holds in Cu + Au
collisions at 200 GeV.

26 June 2013
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Hard probes — J/y

* Do the observed initial geometrical effects in charged hadrons hold
for hard probes?

26 June 2013 A.lordanova
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Jhy production

d+Au — cold nuclear matter effect

- Forward/backward asymmetry

“suppression” at forward rapidity

Add more variation to the initial
geometry ...

Cu+Au

- Forward/backward momentum
asymmetry like d+Au, but also
includes hot nuclear matter

- Left-right asymmetry — test of
possible core/corona effects

26 June 2013
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http://link.aps.org/doi/10.1103/PhysRevLett.107.142301

JIy Nuclear Modification Factor (R, )

e Cu+Cu and Au+Au —» CNM and final-state effects

- Suppression observed

- Independent of collision system

e L] |
Jy—up
d-going 1 2<y<2.2 -
Au-going -2.2<y<-1.2

_________________________________________________________________ J—

dAu (gl. sys. 12%)

* Au-gomg « d-going
B AuAu (gl. sys. 9.2%) 7
¥ CuCu (gl. sys. 8.0%) 7

t
st &EEE :
T~ | |
~PH.“ENIX LI !
" preliminary

| | | | | | | | | | | | | |
OU 100 200 300 400

Number of Participants
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Jy R, In Cu+Au

« Same suppression as Au+Au/Cu+Cu measured in the Au-going direction

* More suppressed in the Cu-going direction

« J/Y not significantly more suppressed in completely swallowed-Cu (top 5%)

f: f T lp—)p.t | | CuAu (gl Sys 7. 1%) 7
oY, Cu(d)-going 1.2<y<22 e# Au-going o« Cu-going -
] ] E— Au-gomg -22<y<-1.2 #20-5% central ____________ |
H dAu (gl. sys. 12%)
1 *» Au-gomg = d-going
L # AuAu (gl. sys. 9.2%) 7
15 ﬁ ¥ CuCu (gl. sys. 8.0%) 7

8 1 = ]

0.5 ﬁ] *j N
- B :
“PH. ENl)@ "I Yo ]
prellmlnary L
00 100 200 300 400

Number of Participants
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Outlook

 Cu+Au, as an asymmetric system, provides the unique opportunity
to test the relation between the initial collision geometry and the
final particle production

e Some ongoing and near-term planned analyses:
- m spectra to high p;

- direct photons
- heavy quark flow

- J/y side-to side production

- jet production

* New detectors: VTX and FVTX

26 June 2013 A.lordanova



26 June 2013

Backup

A.Iordanova

27



Hadron v1

26 June 2013
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V, models

Integrated pt, 20-30%

= 1 1 1 I 1 1 I 1 1 1 I 1 1 1 -
. . - 0.1 Cu-Au 200GeV -
 The direction of Voo IS 1N the Al —V{RP} n/5=0.08 -
direction of the Au nucleus OF ]
Vi ' —V,{RP} 1/5=0.16 J
S . 01b 3
- At mid-rapidity v, is : :
negative — more particles 0.2 3
flow in the direction of the F ]
-0.3 — —
Cu half of the plane. : | | N
-4 -2 0 2 4
« Measurable Vv, P.Bozek, Phys.Lett.B717(2012) Mps
v, | nf's=lﬂ.08 016 Cu-Au ZOOGE\,I '
0.1 =+ 0-5% Pl
—— a—a 20-30% —
0.05+
26 June 2013 A.lordanova 0 29




FVTX Event Plane

Cu + Au 200 GeV

m FVTX (n>1.0)

70

0.6
- * MPC
‘A 05
D — L [ ] —
ée& - [ - > BBC
PE 0.4
o -
‘N 03 . * o =
] - -
3 C s e 0 ‘
V02 - .
~ - 8
0.1
: 1 I 1 1 | 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1
0 10 20 30 40 50 60
Centrality(%)
0.30 O bbe 0-10% O bbe 30-40%
s mpe 0-10% 4 mpc 30-40%
0.25 e fvtx 0-10% ® fyvtx 30-40%
0.20

f T0as
0.10

0.0s

F 3 |
-
_ﬁ I 1 1 1 L | L L 1 1 | L L L 1 I L 1 L L
.0 0.5 1.0 1.5 20

p.(GeVic)

Shengli Huang

Cu + Au 200 GeV B FVTX (in>1.0)
* MPC

" BBC

—
[

5 2
i
——

: : 5
| L | T 1T | 1T | T 1T | T

<CO0
] [}
= -y
5 (=]
L]
»—C—c —il—
—_——

1 1 1 1 1 I 1 1 1 1 I 1
20 30 40 50 60 70
Centrality(%)

ST
.t
=)

1.Event plane resolutions are
significantly improved by FVTX
detector for ¥, and 'Y,

2. The measurements of v, and v,
in CuAu will come out soon with
FVTX EP and full statistics 12



Baryon to meson ratio

=3 T
a

. r I. I"Iu"lirIlEE-;aSI d+Au T A Au+Au 0-10%
° Pbar/p ratio | = MinBias p+p + 1 A Au+Au 60-92%
1L
- in symmetric systems | VORS |
. | . I |
depends on Vs, with small ot & o i3]
centrality and p_dependence sl A 1 & 1
T : A 1 “
' A %}H‘*T + 1 " '
° ~ I 1 i Al L ]
200 GeV ~ 0.8 | *ﬁ? | (&.ﬁﬁﬁ} |
. 62.4 GeV ~0.5
- in Cu+Au at 200 GeV ? o i
C Cu+Au 200 GeV
 Need feed down 12r Emﬁ ® Bin: 0-10%
corrections (8 7 Pmeemer
0.8
BT q.i'i' ¢
2 o6 iﬁ*“ *
B L
0_4:— ;.OOOOOOQGQ
- ava oow
0.2F *
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........................................................................................................................................................................................................................................................

RHIC ions - 6 species and 15 energies to date

238 J92+-238( J92+ Y first time in 2012, 3 weeks physics,
complete

96.4 GeV/nucleon
197 Ay 79+=197 A 79+
3.85, 4.6, 5.75, 9.8, 13.5, 19.5, 27.9, 31.2, 65.2, 100.0 GeV/nucleon
63Cu29+=197TAu’9+ Y}, first time in 2012, 5 weeks, under way
99.9/100.0 GeV/nucleon
63Cy29+=63C 29+
11.2, 31.2, 100.0 GeV/nucleon
d=197Au’9+
100.7/100.0 GeV/nucleon
pai—pia
31.2,100.2, 204.9, 249.9, 254.9 GeV
Can collide any species from protons (polarized) to uranium

— with each other or with another species
BROOKHPEAEN
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