What we have Learned from d+Au Collisions at RHIC
M.J. Leitch, LANL

High Enerqgy Hadron Physics with Hadron Beams
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Cold Nuclear Matter (CNM):
« Central Physics Questions
« What we have learned so far & Goals for the future
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Saturation of Small-x Gluons or Shadowing

NSAC Milestone: DM8 - "Determine gluon densities at
low x in cold nuclei via p + Au or d + Au collisions. "

o)
(o

Leading twist gluon shadowing
data with large uncertainties, arXiv:0902.4154

Also coherence models & higher-twist (HT)
shadowing, e.g. Vitev PRC 75, 064906 (2007)

Small-x gluon saturation or Color Glass .
Condensate (CGC) b

* At low-x there are so many gluons that 7= '”(%(]
2— 1 diagrams become important and
deplete the low-x region

* Nuclear amplification: x,6(x,) =
A3x,6(x,), i.e.gluon density is ~6x higher
in Gold than the nucleon
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Energy Loss of Partons in Nuclei

Related to NSAC Milestone: DMI12 - "Measure production rates, high p
spectra, and correlations in heavy-ion collisions at /sy = 200 GeV for
identified hadrons with heavy flavor valence guarks to constrain the
mechanism for parton enerqy loss in the gquark-gluon plasma.”

And what about energy loss in cold nuclear matter?
E866/NuSea, 800 GeV, J/¥ p+W / p+Be ratio
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Cronin Effect in p(d)+A Collisions

Cronin effect, or p broadening from
soft initial-state pre-hard-interaction

scatterings

P.B Straub PRL 68, 452(1992)
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Jets - CNM Energy Loss & Jet Modification



Jets - CNM Energy Loss & Jet Modification

 Confirmation of the Cold
Nuclear Matter (CNM) baseline
from d+Au was essential for the
jet quenching “discovery” in
heavy-ion collisions

* Large energy loss in QGP medium
is poorly understood - consistent
description of quenching, flow,
light and heavy quarks is complex

 Jet correlations unmodified in
d+Au but strongly modified in A+A
- another (even more complex)
story

1/6/2010

Leitch - LANL

FION FRODUCT RATIO R

2

ris =2 e b2 s e i

=
a

Agp DISTRIBUTICON

A

-
=

iimi***;&ii }1}

@ d+An g—
1 & Au+ An central PH EN Ix
ﬂ-O

1]

- iIIIIILIIEEEE

i 1 2 3 d 5 b T i) ] 10

TRANSVERSE MOMENTUM Py {GeV]

#r Au=Au conbral
# d-Au

igTAR

if A

1R0"
AFIMUTHAL ANGULAR DIFFERENCE A



Jets - CNM Energy Loss & Jet Modification

S.Bass et al in arXiv:0808.0908
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* Large energy loss observed in QGP
medium, but complex to understand -
radiative, collisional energy loss, efc.
* Need to measure & understand CNM
energy loss as part of this puzzle
e Drell-Yan measurements at FNAL
will measure incident-state quark
energy loss (E906/SeaQuest)
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Forward Rapidity Hadrons in d+Au
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Rapidity-Separated Hadron Pairs in d+Au

Mono-jets in the gluon saturation Dilute
(CQC) pic‘rure give suppression of parton ®_>4_ P, is balanced
pairs per trigger and some system \e 5 ey s
broadening of correlation (deuteron)
Kharzeev, NPA 748, 727 (2005) Dense gluon

field (Au)

Tag on forward particle, look at pairs by adding mid-
rapidity particle

* no substantial suppression & no broadening of
correlation wrt p+p (within present uncertainties)

* no evidence for mono-jets (so far)

BRI A STAR/FMS:
1 2 2 <prmoc5beVic ) Slightly more
= " *++1|+* broadening for
05 & 14ct <20 - PHENIX: S"ahﬂy)
R G KN No suppression 'gher pr
1.5 ' *+ or broadening
%0: """ L i S nucl-ex/0603017
11« priri9 < 2 GeV/c
0 1 2
p3°%°¢ (GeVic)
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Rapidity-separated hadron correlations in d+Au

NGl =35) + (= 0)[ NG5, (7 = 0)
NP =35)+ (7 =0)]/NYE, (7 =0)

Trigger Associate 1°%: 3.1<n<3.9 p; = 0.45-1.59 GeV
10 or hi\ 2r
1710 - Trigger Particle: | <0.35
d_)_ _—— - Y= = = - Au 1'85 o % pT=2.0-50 GeVic
Y<0 Y>0 1.6 h*": pT = 1.0-2.0 GeVic
1.4
:_ Trigger pT scale uncertainty 5%
IdAL.l S.uppr‘essed GT for‘war‘d 31-25 Associate pT scale uncertainty 10%
I"Gplley fOI" more CGHTF‘G' % 1L e
collisions 80
But no broadening seen within  °¢-
uncertainties 0.4t
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Rapidity-Separated Hadron Pairs in d+Au using Forward Trigger

Mid-rapidity charged particle yields h are off-line "triggered” by

MPC cluster or m°

Ratio of forward (d) / backward (Au) triggered yields is shown:

d Going Side Cluster Triggered/Au Going Cluster Side Triggered; h* @ [n|<0.35, 1.0<p <3.0 GeV

1.15

-
[=]
o

=
w0
[n)

=
w

=
-]
]

E 12 - ® Centrality A, <N__ > = 15.6

31_15 — [ | Centrality B, <N__ > =10.8

II;: E A Centrality C,<N_ >=7.1

% 11 :_ A 4 Centrality D, <N__ > =3.4

=] -

£1.05—

3 C
Lo

] C

EU.QS = ‘

2 C

= 09— ) A

s F — |

= - B *
085L-  PHENIX ° P

s F Preliminary

3 D-a | | 1 | 1 1 | 1 | | | 1 1 | | 1 | |
s o 5 10 15 20 25

Mean Trigger Energy [GeV]

d Going Side Triggered / Au Going Side Triggered

=
=]

d Going Side n° Triggered/Au Going n° Side Triggered; h’ @ |n|<0.35, 1.0<p_<3.0 GeVic

Centrality A, -:NCu"P =154

= O

- ] Centrality B, <N__ >=10.7

E & Centrality C, {NCu"? =71

;_ <> Centrality D, <NCu"> =3.5

- o ¢ 1
- i
o A N

E TN |:| é
— PH -ENIX O O
- Preliminaryl | | | |
o I2 4 BIIIBIIIWII|12|||14|||16

Mean Trigger Energy [GeV]

Suppression increases with centrality & with trigger energy

PHENIX, Z. Citron, arXiv:0907.4796v3 [nucl-ex]
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Forward-Forward d+Au A®(mmO)

Guzey, Strikman, and Vogelsang, PL B603, 173 (2004)

Two forward n¥'s probe
small x

* STAR preliminary data
shows substantial
reduction of away-side
correlation peak
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Akio Ogawa, STAR - Dec ‘09 - Scanning p+

- —> T +X, Vs = 200 GeV

Normalized to number of events d+Au? P Pum Pus” Prave/ 2
Y >=3, SNg =34

with leading p 0.018
P (T[O) >2.0 GeV E [ L 2.0GeV/ c [ 2.560CeV/c [ 3.0GeV/c [ 3.5 GeV/c
T ' 5 0016L 067001 [ 0.640.02 | 054£0.04 | 0.5410.11
No efficiency corrections 25
(may have some ¢ dependence) SED-D”’ n -
; 350012 . .
Away-side broadens & b
weakens for higher pr S 001 -
. . L K
° C&CPI"@O’/C?‘S 0,0,005'/7"2 EE(}_{}UE,' .
trend , Marguet NPA796,
41 (2007) CO0BE
* as would also be 0.004f
expected from soft 0 000k
e 002} Sk
physics - Preliminyary I |
°0 5 0 5 0 5

Wider range p+ scan (p+'"9 =2.0 to 3.5 GeV, p1#s5° = p;™"9 /2) for dAu is coming
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1st ¢ > u'u- measurement at RHIC

Lei Guo (LANL/PHENIX)

* d+Au nuclear dependence from 2008 data

» Strong suppression at forward rapidity
(small-x) in d+Au

3| drAu0-20%
O \Jsr- 200 Gev
r

_ " : i
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* no suppression at backward rapidity (nor F
at mid-rapidity from e*e- msmt) ~ PHENK
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pT(GeV/c)
é‘i £F PHENIX Preliminary (2008 data) ﬂ?j 2: PHEMNIX Preliminary (2008 data)
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1.4 l 1.4F J
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0.8f 0.8BF ¥ g
0.6} 0.6 } i{' "
D.4:— ~ _1 8 D.II:—
0 2'_ Svys. Err. y ‘ DE__ Sys. Err.
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Outlook - Forward Hadrons in d+Au

* Hadrons are suppressed at forward
rapidity but it is difficult to distinguish
traditional or QCD coherence shadowing
from gluon saturation (CGC)

* Mono-jets are a more unique signature of
saturation, but no clear evidence seen so
far

* Forward calorimeters in both
PHENIX(MPC, FOCAL) & STAR (FMS)
promise improved measurements soon

Pro (GEV/C)

PHENIX FOCAL |
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Heavy quarks in Cold Nuclear Matter?

Prompt muons from open charm & beauty:

e unaltered at mid-rapidity

« suppressed at forward rapidity (in small-x shadowing region)
* enhanced at backward rapidity

R s (Prompt )
5S¢
?H‘llH‘llllllHHlIIHIHHlHHlHHHHHH% 4-55_ PHENIXP I' H
~d+Au (0-20%) ¢+ i = South:ip” retminany
2 —— Non-photonic = 45_ North: -
[ — Systematic error | 3.5 14=<|n|<1.8
E — PHENIX pp fit 3 3 E_ Sys. Err. _
L PHENIX . = =-
Preliminary E 2-5;— y 1.8
3 E 2F }
u N 1.5 L]
F 7 15___ T =
= E = =1.6
- 1 055 B ] i /
| Ll | Ll [ =
05 1 15 2 25 3 3-5 4 45 5 G:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Pr [GeVic] 1 12141618 2 22 24 26 28 3 32
pPT (GeV)
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Outlook - Forward Heavy Quarks in d+Au

* Robust measurement of open-heavy at forward
rapidity contrasted with complementary
measurements at mid-rapidity using vertex
detector upgrades - VTX/FVTX (PHENIX), HFT
(STAR)

« Charm & beauty via semi-leptonic decays,

with separation via detached vertices

* Exclusive measurements of beauty with

B> J/NV

« DO - K (HFT)
« Access to modified gluon structure functions g S
in nuclei
» Separation of initial-state gluon energy loss
using measurements at multiple energies (like e
E906) %
« c-cbar correlations via e-u measurements oo

1N, dNidag (rad™y
e = £ g8
= = P Y
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J/y CNM Physics - PHENIX, E866, NA3 Comparison

_ (04

J/y o for different Vs collisions

E866 p+A & lower-energy NA3 at CERN

| PRC 77,024912(2008)

4+ O

(b)

NA3 (19 GeV)
E866 (39 GeV)
PHENIX (200 GeV)

Suppression g Fqe=1696ev?

not universal o’F pps.. A
VS X, as o7
expected for  [7Ep .

shadowing

10" 107 107 10" 1 XZ
Closer to scaling with x¢ or rapidity
* initial-state gluon energy loss?

Energy loss of incident gluon G
shifts effective x; and A D
produces nuclear suppression \
which increases with xg Xp

10
. . Xz
(x, is x in the nucleus)

Scaling of E886 vs PHENIX better vsy,,

1/6/2010
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* or gluon saturation?

Gluon saturation from non-linear gluon
interactions for the high density at
small x; amplified in a nucleus.

high x

21



Comparing Open & Closed Charm
Isolating Initial-state Effects

E866/NuSea 800 GeV p+A

Open-charm p+A nuclear dependence (single-u p+> 1 GeV/c) - very similar
to that of J/¥ (Klinksiek, Peng, Reimer):
e implies that dominant effects are in the initial state

* e.g. dE/dx, Cronin (since shadowing disfavored by lack of x, scaling)
« weaker open-charm suppression at y=0 attributed to lack of absorption
for open charm

Open Charm - E866/NuSea | |
(Preliminary) .
Lk O NP - E866/NuSea | Need to follow this example
: o . . . .
s D78 | at RHIC in d+Au collisions
N I O _
o--o- DBy o | Will be enabled by Vertex
0.9f Ff?;“l-ﬁ\a i detector upgrades
| ox,) =0.960 ( 1-0.0519 x_ - 0.338 x°,.) O\c?\_
0.8 — O
0 0.5 1 1.5 2
yC.]Tl.
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CNM Constraints from d+A

u on A+A data

EKS shadowing + dissociation
from fits to d+Au data (using 08
R. Vogt theoretical calcs.)

PRC 77, 024912(2008)
& Erratum: arXiv:0903.4845

R

\
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_

N

—a—ip

by

et e :
... +11% Global Systematic -
1 ....... N s_m_q_l_l____x i
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Rep

New CNM Constraints from d+Au on A+A data

New CNM fits using 2008 PHENIX d+Au Rcp - (Frawley, Vogt, MJL, others...)

* similar o before, use models with shadowing & absorption/breakup

* but allow effective breakup cross section to vary with rapidity to obtain good
description of data

* large effective breakup cross section at large positive rapidity - probably
indication of need to add initial-state dE/dx?

N 0-20% / < N 0—20%> }

RO_ZO% — o coll ;_ NIXsys +5.0-4.1 mb
CP T\ 0-88% / < N 60—88%> 60 T e~
inv coll 1aC HERAB H

o = S T T v o = SVCVE U= 12; EKS shadowing H
14 Initial d*Au J/¥ update from4 &, 1 %

E %3 new 2008 data (~30x 2003) | &' $ '

e = [ E ‘g‘z 8:_ t
-:1.9;— @]%] % —; g 6;— H }
0.8 = A HM :

- PHENIX Preliminary #j g of i f
07-45.05% Global Scale Uncertainty E%] E - m
0.6E-0-20% E 0F

:_'2_51{"42' 2_|||||\|\||||||||||||\|\||||||||||\| | | Il

y 2 15 1 05 0 05 1 15 2
rapidity
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New J/¥Y CNM Constraints from d+Au on A+A data

Example of Comparison of Anomalous Suppression of RHIC & SPS in
A+A Collisions (QGP) after dividing out d(p)+A baselines

- Not a PHENIX Result
Plot by Leitch @ Seattle/INT Uses Preliminary PHENIX d+Au RCP (QM09)
Workshop - June 09 [T T T S S ———
: e PHENIX Au+Auy=0
1 6 EKS98 CNM baseline  PHENIX AusAu i s
: dnder i PHENIX Cu+Cuy=0 |1
Caution - Many — 4 PHENIX Cu+Cuy = 1.7
systematic e - NAG60 In+In
construction 2 NASO Pb+Pb

uncertainties on
relative (SPS vs RHIC)
energy density scales:

i

I
Use tau*energy ol HNH i
denSiTy scale o Na.rmwboxes-cmrelatec.l sys w H

. Wide boxes - CNM baseline sys
e but is T same or 0.4—I(global fm; each -:lataI set) | | |
different between SPS o 1 2 3 4 5
2

& RHIC ener'QY?? Tke (G@V/fm /C)
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Upsilons (15+25+3S) in d+Au

Just beginning to explore Upsilons at RHIC

* Enabled by increasing luminosities
* Known to have strong CNM effects from FNAL

measurements

« PHENIX p+p Y prelim. 2005

« PHENIX - Kwangbok Lee (Korea U.), working on
2008 d+Au & 2006 p+p Y data (also working on 1y,

using MPC)

« STAR - Ry, = 0.98 + 0.32 + 0.28 (QM09)

T r Total Sum

8 w = Pythia Drell-Yan

s F —— Pythia Open Bottom
: F |
%
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£EE Total Sum

:F —— Pythia Drell-Yan
%101 I = Pythia Open Buttornl
= F i

FPHENIX

'F2008 d+Au

4 3 [] Fi

e Dbl Ll
¥ 10 1 12
mass|Gel)
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doy/dy [nb]

IS~ N AR N e
T T
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Counts
5

E772, p+A—> pu'p

Integrated Cross Section Ratios
T

25+38

L Y(1S+25+38)

10 100
Mass Number

—
PH ENIXPRELIMINARY
ptp

s =200 GeV

; 1

80

B R BT
rapidity

STAR Preliminary

e L L L L LA

§d+Au + —— unlike sign

----- like sign E

d+Au s, =200 GeV ]
STAR (H.A

Liu) =
QM09 |

8,

b b b L b | i
8 10 12 14 16 18
M,, (GeVic?)




Outlook - Quarkonia in d+Au

* Increased accuracy of J/¥ measurements via higher statistics and continuing
efforts to beat down systematics
 Adding other pieces of the J/V¥ puzzle
* Y at forward rapidity separated via FVTX
* x¢c With calorimeters + dileptons
« Complementary open-charm measurements to separate initial-state and
final-state effects
* Better p+p measurements to clarify configuration of the c-cbar or b-bbar
states that travel through CNM
* Increased luminosity for more useful yields of rarest states, e.g. the Upsilon

MA3 (19 GeV)
1 ©O Esse& (39 GeV)

Y F’HENI)\' tzoo Ge\!]
" 1 M

%g _
5%
LI

cjbrnalcup {I‘I"I b}

-2
yc:m

1/6/2010

3

-
=]
T

18}
16
14}

EKS98
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_____

- EBG6 .
*  HERA-B _
T
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T TT TTT TTT TTT

2 15 41 05 0 05 1 15 2
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FHENIX AutAuy =10

T
- L4 H
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_ @igaﬁ_
- U E E
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Photons & Gamma-jet - Probing the
Gluon Structure Function at Small-x



Initial State with Direct Photons

Au+Au\[s,,, = 200GeV, 0-10%

1.8

3
" el ~— Au + Al
n PH  ENIX PHENIX preliminary
1.4 o 70
1.2 ;— : dir. photon
0.8 * * i *
a.af_ +
0.42— §+§l _ + +
0.2;— 1'El“.l;“;uéniﬁ;'lﬁiiiiii+ " . +
N T N R T R R TR T
pPT(GeVic)

Isospin, Cronin, shadowing, dE/dx
Vitev, nucl-th/0810.3194v1

(data all PHENIX preliminary)
] | ] | ] | 1

Bigy =1 {504

dNfdy 1;5%:_.
5" = 200 GeV

AuALl, Coh+Cony.+ AE(IS)
AuALL, COMY.+ AE]IS)
Cu+Cu, Con+Cony.+ .ﬂE:E]
CIHCU, Conv.+ AE]IS)
AUsAL, Incoh+Cony.

CUHCU, Incoh.+Cony.

R, O-10% prediminary Au
R, O-10% predminary Au (fi]

Au+Au photons have some modification at higher p, but may be
just CNM effects - i.e. Cronin & neutron vs proton (isospin/charge)
effects - need d+Au direct photon measurement!

1/6/2010
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Outlook - Direct Photons in d+Au

* Direct photon measurements at forward rapidity with
forward calorimeters contrasted with same at mid-rapidity
* Gamma-jet measurements to access nuclear modifications
of the gluon structure functions

—
P direct
photon

E =

1/6/2010 Leitch - LANL
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Other Physics at Forward Rapidity

(not covered here)
w 12r a::Hme AuAu UPC s> =200 GeV
Ultra-peripheral A+A collisions E b < lunle-sign ek
. S "k [ Juw
* quarkonia - nuclear gluons at small- ol T e coterent ontnam
o . E - t‘._ """" max/min e’e” continuum
X via electromagnetic probe Sl arXiv:0903.2041
o 141 ub! Au+Au
Drell-Yan probe of anti-quark sea R . S T 1
distributions at small-x L st B Reviedy
* need vertex detectors to suppress
back riounds F’RIT 8I3, .23(.)4 |(1?99.) (hef)-e|X/?996(?19)
9 | Drell-Yan at FNAL
_:g . JAP(3.097, o 1
= L E866/NuSea g 0
; 1 (3.686) ~12% of total statistics ;
0} - Ll \9/ 09
10} § i |
: i, Y(9.46) 0.8 'E866 R(W/Be) i N
i0 "H—“-L-\ Drell-Yan events l [J ]F.I ._.:;.:-_: 1 | E772 R(W/D) -
35 \\q Ol =" o0s o ous
4 5 [ 7 & L) A:;Iﬁ' X2

Dimuon mass



Summary/Outlook

* How are gluons modified (saturated) at small-x in a nucleus?
 what picture do we work with - pQCD or CGC?

In 1/x

Y

permrbeﬁve region

saturation
region

In QX(Y)

BK/AJIMWLK

/i\BFKL

* How do gluons and quarks lose energy in nuclear matter? 2

 Robust measurements of charm & beauty to pin down heavy-
quark energy loss and shadowing
* lower energy runs to help separate these?

L Q2= 169 GeVZ: RS
« Use forward calorimeter to look for mono-jets &=L nDS

* Measure all the quarkonia with complementary open-heavy via'
increased luminosity & upgrade detectors

* Access gluon structure function modification at small-x via 7
gamma-jet using forward calorimeters

Total Sum
— Pythia Drell-Yan
— Pythia Open Bottom

Upsilon

d+Au vs=200 GeV

F PHENIX
'£ 2008 d+Au

*

:g 1.2 BRAHLS, PRL 43, 742303 (2004}
e Lo BRAHMS K-
1 F# BRAHMS b
L* Preliminary STAR n°
0.8 - r# t '~

0.6 -“'-\’?>-2-2 * wnrm3 -5
0.4 g et
[ L J <n>=4.00
0z
->
T S R N S p
pr(GeV/c)
1/6/2010 Leitch - LANL
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Extending Gluon Saturation & Energy Loss Studies to EIC
(a few comments)

Gluon distributions in Nuclei L)_L/I_/B_ _

« DIS with wide x coverage & large luminosity 4

*p, ¢, J/¥ production on nuclei % . — 5
» spatial dependence of distributions P 2
 Forward y production (DVCS) <] sy,
 Diffractive interactions with (colorless) multi-gluon ~|s @,

virtual excitations (Pomerons) : /@5 J

i BFKL

D

Energy loss & hadronization in CNM
* DIS hadron & heavy-quark production

=
3
i
2
©
=
| =
<]
=
In
l'ls i

Electron in e+A is clean well understood probe
* But d+Au is direct gluon probe, e+A is not

Synergism between e+A and RHIC/LHC .
* Initial conditions for QGP - Small-x gluons? Glasma?

* Energy loss & hadronization - CNM vs hot-dense
matter - consistent theoretical picture?



Other Physics that may Play a Role
o 1:
Sudakov 09k
suppression 08}
(energy 0.7t
. conservatio 5
Intrinsic charm nservation)
Kopeliovich et al, [
Vogt, Brodsky, Hoyer, NP B360, 67 (1991) PRC 72, 054606 (2005) O-°F
1.00 i‘ I 1 I' | l | 04_
= 0.75 030204 06 08 1.
B i
T 050
i nucl-ex/0409021 Fro®TS
E'a - - K =0 IC - a) * 200 GeV (1/1.6)dAu (50-70%)
) 025 — -.-. g—0 = 5- oome, p + Emulsion
o ' Too™ : N o
L. st o~d=0 E772 J/q’s- — ar .' Cpm;. 03277 GeVv ]
ooo b1+ 1 . [, s | %ﬁ% vt
0O 025 05 0.75 1 =° 3 . o Sl 112cev
Xy B s o "o o B s67GeV -
of . ]
Limiting Sl % *
fragmentation | ‘
0 1l
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E866/NuSea Open Charm Measurement

target
beam Si) g
_________ dump 1t
* hadronic cocktail explains PH
~30% of target & <5% of
dump p's oi[ E
« as expected since dump . larget | Dump
absorbs light hadrons [ charm . charm
before they can decay “EE, hadrons ™23 1 b e hadrons
* charm decays consistent i .data .
between Cu target and Cu B DA vl I A
dump bk Y
* use same method for Be to ok ’fT L i
get nuclear dependence Y TT I TT T
E866/NuSea 800 Gel/ p+A F 3 1 ﬁ |
« 5. Klinksiek thesis - hep-ex_0609002 | HiE : |
* paper in preparation o NP N i W ] P .i?:é. Lad )

(20 Gev/io
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Anomalous Suppression vs dN,/dn

L L I | T T T T T ]
l 6 | ® PHENIX Au+Auy=0 ||
| m PHENIX Au+Auy=1.7
¢ NAG60 In+In |
g 1.4+ A NAS50 Pb+Pb 3
6 1.2+ EKS98 CNM baseline -
— i iy i
< A —.';I|
< 1 e _
o' T el ]
~ gl =l
< 0.8F = 1 -
ST E ]
0.6 -
- Narrow boxes - correlated sys ﬁ 7
(.4 Wide boxes - CNM baseline sys L -
|

1 | ! | 1 ] 1 ] ! ] 1 ] 1 | ! ] I ]
0O 100 200 300 400 500 600 700 800 900
dN/dn|
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dN,,/dm,, [{GeV/?)"]

s

Upsilons Suppressed in Au+Au, what about d+Au

PH ENIX PRELIMINARY
pp @N5=200 GeV |y|<0.35

10’
—8— Measured Yield
Total signal
10° Lz gy
w'
Y(15S+25+3S)

....... Correlated ¢t and bb
Drell-Yan

by
=

2 3 4 5 6 7 8 910 o
e*e invariant mass [GeV/c'|

Z. Conesa del Valle, C. Silva,... — QM09

ity

Probabil

0.012 i—

0.015—
0.008F- PHENIX preliminary
0.0061- R,a, < 0.64 at 90 % CL
o004/ Includes Yis,55.35
0.002 ;

02040 08 12 id Tis e 2
R,,a, fOr m, € [8.5,11.5] in (GeVic?)
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@
Z10°E* PHENIX preliminary
-o=m= Au +Au at y[s,, =200 GeV
B . . oo
1'|:|2 E- = e'e +ee
- o e
C —I O e*e mixed
E 4
'E AutAu %
- -
-1 _I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 F*T 1 1
1074 5 6 7 8 9 10 1 12
m,. (GeV/c?)
Dimuon Mass (GeWV) I
=
b“‘—;“n Entries 300008
No d+AL 120 Upsilons from

measurement at !
forward rapidity *°

yet, but...
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Run8 d+Au?
(online spectrum)
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STAR/FMS QMO9 Results

0.06 0.06

p+p-> TO+TT0+X d+Au-T 1:r0+110+x |OW€I" PT:
0.04 0.04 . . , R - . pTFMS > 2 GeV/C
G = 0.8950 + 0.012 o = 1.088 = 0.03 pEMS>16GeV/c
0 1|]:* ' 25 .5'1 . 0 .é._ 25 5
Ad Ad:
- p+p-> TIO+TT0+X - d+AU-> TIO+TTO+X (SllghTIY) hlgher' P
0.03 0.03 FMS >
G =0.7430 £ 0.019 G = 0.835 + 0.039 pTEMS 2.5 6GeV/c
0.02 0.02 . pT > 15 GQV/C
NUOPESA SIS . 5 AP = (I)nOFMS . (I)nOEMC
Ad Ad:

Broadening smaller for correlations of higher-p; m%s
Ac = 0.09 + 0.04 (higher p;) vs 0.19 + 0.03 (lower p+)



	What we have Learned from d+Au Collisions at RHIC�M.J. Leitch, LANL�High Energy Hadron Physics with Hadron Beams�KEK, Tsukuba, Japan, 6-8 January 2010
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39

