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Collisions of nuclei are inherently different from collisions of bare nucleons

Nuclear PDF is modified: S,AS, EMC, saturation?
® RHIC probes a unique crossover region in x, both shadowing

and anti-shadowing regions easily accessible
® Heavy quarks especially sensitive R R R
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Effects in Nuclear Collisions-Cronin—

Collisions of nuclei are inherently different from collisions of bare nucleons
Nuclear PDF is modified: S,AS, EMC, saturation?

® RHIC probes a unique crossover region in x, both shadowing PRC 88 024906 (2013)
and anti-shadowing regions easily accessible
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® Heavy quarks especially sensitive

d+Au
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Partonic interactions in nucleus
® Energylossin CNM 1.5

® KT kicks (“traditional” explanation
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Baryon enhancement, recombination?

Possible hydrodynamic phenomena in d+A? 0.5
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Effects in Nuclear Collisions-QGP

Collisions of nuclei are inherently different from collisions of bare nucleons
Nuclear PDF is modified: S,AS, EMC, saturation?

® RHIC probes a unique crossover region in x, both shadowing PRC 84 044905 (2011)
and anti-shadowing regions easily accessible g "~ T T T T T T T
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® Heavy quarks especially sensitive

II|III|III|II

1.4:
to gluon nPDF e
Partonic interactions in nucleus E

® Energy loss in CNM 0.8

® KT kicks (“traditional” explanation 0.6/ 4} =
; 2 04— 3 3 =

of Cronin, but mass dependence?) = 5 S B , % % =
2" AutAu @ Sy = 200 Gev A [*]f t =

Baryon enhancement, recombination? L .2 P e e
>N E (b) q - o n° Raa E

. . . 0.15—  minimum bias H v >2 GeV/d
Possible hydrodynamic phenomena in d+A? N g - 2 Py ]
01:_ o e&*R,,, e ViF B

In A+A collisions, all of the above effects plus: T ME] [*] | ]
— . —

® Strong charm flow and energy loss 0.05— #@jﬂ =
® Color screening in deconfined medium o= =
® Recombination (likely at LHC, maybe at RHIC) 0 1 2 3 a5 6 7 8 9
P, [GeV/c]
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H ENIX " Quarkonia at PHENIX - losAlamos

Designed to measure quarkonia down to pT = 0 through dilepton decays at mid and forward rapidity:

Electrons: |y| <0.35,
Muons: 1.2< |y| < 2.2, -Tracked with DC,PC
-Tracked with wire chambers @ -ID with RICH, EmCal

-Further muon ID with layers of X = 3 % 10—
steel and streamer tubes Near anti-shadowing/shadowing crossover

NEW: Precision silicon tracking )
.y -3 r X = 8 x 10~
X -~ 5 x 10 Anti-shadowing region
d

Shadowing region

H
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Open HF versus J/Y

Sensitive to same initial state effects: gluon shadowing, kT broadening,
partonic energy loss in nucleus (details on open HF in S. Lim’s talk)
BIG difference: nuclear breakup of charmonia bound states

*Keep in mind different kinematics for decay leptons from single charm quark versus fully

reconstructed cc state
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*Keep in mind different kinematics for decay leptons from single charm quark versus fully

reconstructed cc state

Open HF versus J/Y

Sensitive to same initial state effects: gluon shadowing, kT broadening,
partonic energy loss in nucleus (details on open HF in S. Lim’s talk)
BIG difference: nuclear breakup of charmonia bound states

"PH ENIX  0-20% centrality

- arXiv:1310.1005 [ = |HFp, 14<y<20
- PRC87,034904 [E]Jlv,12<y<22

i p. (GeVic)
Forward: similar behavior

-Short time in nucleus
-Low co-mover density
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Open HF versus J/Y
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Sensitive to same initial state effects: gluon shadowing, kT broadening,
partonic energy loss in nucleus (details on open HF in S. Lim’s talk)
BIG difference: nuclear breakup of charmonia bound states

*Keep in mind different kinematics for decay leptons from single charm quark versus fully

reconstructed cc state

EPH\?NIX 0-20% centrality
- arXiv:1310.1005 [ = |HFp, 14<y<20

" PRC87,034904 [@]Jhy,1.2<y<2.2

—

p. (GeVic)
Forward: similar behavior

-Short time in nucleus
-Low co-mover density
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Mid- and backwards rapidity: DIFFERENT behavior
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enhanced open HF versus suppressed J/{
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Sensitive to same initial state effects: gluon shadowing, kT broadening,
partonic energy loss in nucleus (details on open HF in S. Lim’s talk)

BIG difference: nuclear breakup of charmonia bound states y B
[ Sl co-movers
*Keep in mind different kinematics for decay leptons from single charm quark versus fully o D

reconstructed cc state
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-Short time in nucleus enhanced open HF versus suppressed J/y

-Low co-mover density

Compelling evidence for significant cc breakup effects
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Excited charmonia: ¢(2s)
p+p
Very weakly bound: E, ~50 MeV = [ ® =
L 0ok P oV
PHENIX ee measurements at midrapidity in p+p: é - I ® o — Comclaed@andbb
Y(2s) /P(1s)=2.110.5% E *:’2';'315)5' 092004
. "
*\ff ——
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e*e” invariant mass [GeV/c”]
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Excited charmonia: {/(2s)

Very weakly bound: E, ~50 MeV

PHENIX ee measurements at midrapidity in p+p:

Y(2s) /P(1s)=2.110.5%

Finalized measurement in d+Au:

PRL 111, 202301 (2013)
Peripheral d+Au

10°0<p [Gevicl<5 '« paa 3
. - 60-88% [_1 Total Fit 3
107 —— Correlated BG
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p+p
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[ Total signal
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By eye, clear difference in peaks between peripheral and central d

+Au
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Nuclear Modification R,
PRL 111, 202301 (2013)
S I U L L L DL
1.4 oV -
i Global Sys +27.8% N
19 = J/y Phys.Rev.Lett. 107, 142301 (2011)
i Global Sys + 14.6% .
| . e =
2 08F 2 g =
'E‘mg 081 i 0 .
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0-4 ;_ '\/‘ L _;
oo PHENIX E
F|y|<0.35 \Sy,=200 GeV d+Au e
0 | | 11 | 1 | | | 11 | 11 | | | 1 | 11 |
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NcoII

Y(2s) more suppressed by a factor of ~3 in central collisions
Very different trend than ¢/(1s)
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Confirmation at LHC =227

== ().2F *® ALICE, p-Pb, {(s,=5.02 TeV

0.1 - B PHENIX, d-Au, |5,,= 0.2 TeV

Similar effect observed by ALICE in Min Bias p+Pb
arXiv:1405.3796



PH ENIX =
Relative Modification of ~'%2me:
P(2s)/¢Y(1s) — time in nucleus
6 e —
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After cc formation, the pair = 1.4 =
expands as it crosses A - .
nucleus Z 1.2— -
c u N

O g | R SR S % ............................ S =2

Y(1s) formation time % C 4 % ﬁ — | .
~0.15 fm S 08— = y + Q f Q I* -]
e — T A —

'.6 - [ | } YT 7]

§ 0.6 > NAS50 ]

Seoar = E866/NuSea =

e F .

© 0.2 N

| r F. Arleo et al. -

o 0 - PRIT 111, 2023q1 (2013)I ] s

10
Proper time in nucleus (1) [fm/c]
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Relative Modification of ~+A%ames
¢[J(Zs)/¢:(1s) tlme |n nucleus

- 1 6 T
. = n \/— N
After cc formation, the pair = 1.4 PH ENIX =
expands as it crosses iy ] .
nucleus Z 12— o —
= s .
' - o Y| TETETTT | P 3'% ............................ P e e e e e e -
(1s) formation time = L . T x % . . | u
~0.15 fm L o8 + y * 5 f O L =
= - [ + oo _
o] - 1 x N
§ 0.6 + O NA50 ]
At RHIC, T~ 0.05 fm o 04 > = [E866/NuSea -
i 3 ® PHENIX d+Au .
Precursor state crosses % 0-2:_ F. Arleo et al. =
nucleus before final state (C ERGE 171202301 (2013) L | .

meson forms o 10"
Proper time in nucleus (7) [fm/c]

Increased suppression NOT due to same breakup mechanism while inside nucleus.
Breakup outside nucleus (co-mover interactions)?
Or is there an altogether different mechanism at RHIC energies?



PH ENIX =
2 Relative Modification of ~"%48me
Y(2s)/yY(1s) — particle density

A NA50 Pb+Pb
trend with increasing

produced particle density.

" NA38 S+U
1 S, % ““““““““““““““““““““““““““““““““
0-8 :_ ) é)'

18— T
g | NA38 p+A
1.6 - . NA50 p+A
aE ' HERA-B p+A
L ® PHENIX d+Au MB Relative modification in all
1.2 systems follows common

Co-mover (or medium?)

Relative Modification (y'/J/wv)
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0.6 density seems to be the
0.4 relevant quantity.
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Mini-summary

e Charmonia production in the nucleus suppressed beyond open
charm — breakup effects are significant

* The magnitude and trend of ¢)(2s) suppression in nuclear
collisions is quite different from J/y

* Very short crossing time: effect likely to occur outside the nucleus
 Approximate scaling with produced particle density

* Measurements at different rapidities at same CM energy would:
— Effectively vary produced particle density, proper time in nucleus
— Increased discrimination between models
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Forward Rapidity: the FVTX

EST.1943
* Four layers of silicon sensors in each end of central
rapidity silicon

Forward Silicon Vertex Tracker

75um pitch inr, 3.75 deg in phi

IS

Full azimuthal coverage at forward and backward
% rapidity

—r

e

. Constant 1340£17.7 . Constant 9627+ 15.1
\ South Station 0 e North Station 0
1 Mean  -1584+0.345 Mean 01427+ 0.3742
{ e 1000
g Sigma 2862+ 0.41 i Sigma 269+ 04
‘ L
J :. ) 1200 o
i 1000 i
% 600
800(— L
600(— 400
4001~ i
2001~
2001~ r
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900 300 200 -100 0 100 200 800 400 960 300 500 100 0 100 200 300 400
(Projection Residual) x ¥3/10 (um) (Projection Residual) x Y3/10 (um)

 Position resolution better than 30 um in each station

Details just published:
S e Single hit efficiency >95%

NIM A 755 (2014) 44
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#1000 PHENIX muon trackers only
E
8 800—
. Run-13 p+p ys = 510 GeV
600— 22<y<1.2
400—
RPC3 B !
Central Magnet 200— L o : o
B 1 1 1 1 I 1 1 1 1 ' 1 1 1 1 I 1 1 1 1 I 1 I ' I . 1 - I
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Side View
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FVTX in PHENIX
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% PHENIX muon trackers only
@’JOOO
*§ —|— with FVTX opening angle |
© 800[— i
. Run-13 p+p ys =510 GeV 1
- i
600— 2.2<y<1.2 i
B 1
400— ] }
B 1
- J/ b4
200— “‘ /LIJ
- P, :'.,, o d) o ‘4. LI)(ZS)
| .’ Nl -, 0.5 ..T.‘...o‘o“ ' ) e,
Il = 1 1 1 1 1 1 1 1 1 1 ! I 1 M
00 1 2 3 4 5

u mass (GeVic?)

Opening angle in front of absorber:
Greatly improved mass resolution
and background rejection

20
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Extracting the ¢/(2s) peak
I y B
"1 Runt3 pep 15251 %03 Run-13 p+p s =510 GeV
600~ 22<y<1.2 %J ;
400— UO) -
o 3 [ 22<y<1.2
C ."‘“«. ) C »
o : 3 Y2/NDF = 51.75/52

—h
o
V)

Signal peaks: Crystal Ball + gaussian

10

—
PH ENIX
preliminary

Bg: mixed event combinatorial +
exponential continuum

2 3 4 5
uu mass (GeV/c?)

Matt Durham - Quark Matter 2014 21
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(2s) production vs Vs

EST.1943

6
/5\ -
S _
~ 5 PH ENIX
= B Taal CDF
i preliminary b .
g F P? ?E 5\; I‘z(, “i B— y removed Exclusive
}m: F 2<lyl<2.2 | +
& E E70s ISR
Py - p+L1
< 2= + + ALICE
/;b C PHENIX e* Ufgl\, /
) 1— NA50/51 lyl<0.35 Py vie
> = B p+H, p+d, p+Be
m |
O—I | 1 IIIIIII 1 1 IIIIII| 1 1 IIIIII|
10 20 30 10° 2x10° 10° 2x10° 10*

|San (GeV)

First measurement at 510 GeV. First measurement at forward rapidity at RHIC.
Consistent with world data.

=> p+p baseline well understood experimentally.
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Near Future Plans

Run-14: 200 GeV Au+Au:

Run-15: 200 GeV p+Au

PHENIX luminosity goals reached, First p+Au at RHIC

still 7 weeks to go in run.

Our BEST Au+Au dataset ever. | y', p+Au, 64 nb”’, Z = 10 cm
First Au+Au with FVTX. 2 Projection for Run-15
1F |
: e
0.8 ? )
0.6:— 0‘ 1
0.4 ‘
C | e y=-1.7
02| * y=00 -l
L | e y=17
IR RE RN ARERE NI RRERI AN RNl AR RN RREE
1 2 3 4 5 6 7 8 9

N

coll

Reconstructed FVTX tracks in a typical Au+Au event
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Summary

* The difference between suppression of charmonia
states in d+Au collisions at RHIC indicates late stage
breakup that occurs outside the nucleus

* PHENIX is actively exploring this topic with greatly
enhanced capabilities at forward rapidity

e Looking forward to Run-15: p+A at RHIC
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antrality in dA

d-Au @ 200 GeV Results
------------- Minimum Bias 0-100% <N__, > = 7.590

T T 1T

[ B B |

T T T T11T]

Centrality 00-20% <N e 15.061
— Centrality 20-40% <N"° > = 10.249
—____ Centrality 40-60% <N""> = 6.580
——— Centrality 60-88% <N"""> = 3.199
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Number of Binary Collisions
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