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¢ (Strong) Cold Nuclear Matter (CNM) effects
 Heavier Quarkonia - Upsilons
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For the hot-dense medium (QGP) created in A+A collisions

* Large quark energy loss in the medium implies high densities
* Flow scales with number of quarks
* Is there deconfinement? — Quarkonia screening??

Matsui and Satz, Phys. Lett. B 178 (1986) 416:

"Tf high enerqgy heavy ion collisions lead to the formation of a hot quark-gluon
plasma, then colour screening prevents ccbar binding in the deconfined interior of
It is concluded that J/ ¥ suppression in nuclear collisions

the interaction region
should provide an unambiguous signature of quark-gluon plasma formation.”

------

Debye screening predicted to destroy J/y's in a QGP with other states
"melting” at different temperatures due to different sizes or binding energies.

state

Satz, hep-ph/0512217
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Small or no J/y flow at RHIC!

Many theoretical expectations
& option #2 probably ruled
out?
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At RHIC - Forward-rapidity J/y's are
suppressed more than Mid-rapidity - Why?

1) Stronger forward rapidity suppression due

to CNM effects?

2) Regeneration at mid-rapidity reduces
suppression relative to forward (and gives
net suppression similar to SPS)?
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coalescence:
- at freeze-out, MB [1]
----- in transport model, MB [2]
-~ in fireball, 7.8fm [3]
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& “EMid Rapidity

PHENIX |y|<0.35 \/§ = 200GeV ]'Cl” P
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CMS p; > 6.5 GeV/c

 LHC suppressed more than RHIC at y~0
CMS prompt J/¥ 0.0<|y|<2.4 \Js = 2.76TeV (bu-|- CMS is pr> 6.b GeV/c)

 LHC suppressed less than RHIC at forward y
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important - stronger screening/QGP
suppression at the LHC?
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CNM effects appear to provide a large fraction of the observed
suppression

 So difficult to conclude much w/o a thorough understanding of CNM
and its extrapolation fo A+A from d+A
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Probably have to understand CNM in a fundamental way in order
to extrapolate to A+A correctly
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Recent Gluon Saturation (CGC) calculations (arXiv:1109.1250v1) also
leave room for QGP effects in A+A collisions

* However, they do not help explain the stronger suppression at
forward rapidity in A+A
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Traditional shadowing from fits to
DIS or from coherence models

14 anti-shadowing

o'
Bjorken x

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

high x
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Absorption (or dissociation) of CC

into two D mesons by nucleus
movers

A
Energy loss of incident f

or Co-

gluon shifts effective x;
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Scaling between measurements at different Energies

PHENIX, E866, NA3 Comparison O A=0 A
p pp
J/y a for different Vs collisions

E866 p+A & lower-energy NA3 at CERN Suppression not universal vs x,
as expected for shadowing
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cm

(x, is x in the nucleus) - initial-state gluon energy loss?
» or gluon saturation?
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J/y in d+Au - learning about CNM thickness dependence
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g F E EPSO9 nPDF + 6,.=4 mb for
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J/y in d+Au - learning about CNM thickness dependence
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Vary the strength of suppression (a) &
see what relationship between R, and
Rep is given strictly by Glauber
geometry for different dependences
on density-weighted thickness

A(r) = pi-[ dzp(z,r.) { Woods-Saxon
0

Exponential : M (1, ) = e (™)

* Break-up has exponential dependence

« EPSO9 & initial-state dE/dx have
unknown dependences

The forward rapidity points suggests a quadratic
or higher geometrical dependence
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The various CNM effects are difficult to disentangle experimentally - multiple
probes, types & energies of collisions, wide kinematic coverage are key

* open-heavy suppression - isolates initial-state effects

« other probes of shadowing & gluon saturation - forward hadrons, etc.

* Drell-Yan to constrain parton energy loss in CNM

And strong theoretical guidance & analysis - not just for certain measurements
but for the ensemble of measurements

145 anti-shadowing

~ Drell-Yan

- Dilute
: ®
L parton — {o <= P+ is balanced
Bjorken x Sysfem ® T
(deuteron) by many gluons

Dense gluon
field (Au)

Sept 28, 2011 Leitch - LANL 13



Open-heavy suppression - Isolates initial-state effects

Open-charm p+A nuclear dependence (single-u p+> 1 GeV/c) - very similar
to that of J/V (E866/NuSea, 39 GeV):
« implies that dominant effects are in the initial state

* e.g. dE/dx
Soon hew PHENIX c,b measurements
Opp =0, A” with VTX/FVTX to isolate initial &
T final-state effects via precision
o Open Charm - E866/NuSea| | comparisons with Quarkonia
(Preliminary)
L1k 0 J/¥ - E’66/NuSea | (and la'l'er‘ STAR HFT)
NEne 0 D’ E789
L [absorption ]
S -
| Mg
o ~--6---o3
*’Qmﬁ-*.?}_ﬁﬂ
0.9 g -
[ a(x,) = 0960 (1-0.0519 x,, - 0.338 x°,) NN
0.8 . l . l . l . a
0 0.5 1 1.5 2
yC.I'Il
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Other probes of shadowing & gluon saturation - Forward hadrons

Dilute
®
5 asr:::\ (:)"4- P; is balanced
(dezl.l‘rer'on) by many gluons

Dense gluon

3J raf

EPS09 NLO Q'=13.0 GeV™

Error sets 2-31

0.4
field (Au) b e
Mono-jets in the gluon saturation o e e
. . . Bjorken x
(CGC) pICTure glve SuppreSSIon Of L] L] mrrrri L] L] L LI III L T L rri III
. . 0 _ .
| | [ h+m,, 60-88% Preliminary T 0-20% T
pairs per‘ T gger and S(.)me - hen s 0-20% Preliminary v ’ 7
broadening of correlation ! |
Kharzeev, NPA 748, 727 (2005) -
= IF——R————- - -
z F :
a ¢ i
5 ]
..l?: -
=
3 Q  0.50.75 GeVle 60-88%
—_ O 0.75-1.0 GeVic 60-88%
0.1 A 1.0-1.5GeVic 60-88% [
: o ®  0.5075GeVic 020% |7
) | 75-1.0 GeVie 0-20% | -
PHENIX Vs =200 GeV d+Au/p+p s ?gsl 150(;2\/\,'2r oogg%q .
3 Iy 0-20% -
MPC L L L L L. 1 II L L L Ll L L1 I > L L L LI L LLL
10° 107 10"
frag -y
x,, = or x,(Jy)=(MNs)e
Sept 28, 2011 Leitch - LANL A ’

15



A o(p+A) /A, .o(p+d)

ol

=

S

S

Drell-Yan to constrain parton energy loss in CNM

FNAL E906/Seaquest - Drell Yan Drell-Yan

In E906 at 120 GeV, nuclear suppression in
Drell-Yan should only be from dE/dx (x, > 0.1)

[S=
! |

AE _ Wil InE/O,

oF . -_ AE~A?§ i
| Vitev —aeAT | F A, E
S8 M=5GeV ]
| % =06-07 1A L E
6 _ 2p 12G 27p1 BEg Wy Dpy, \ _ E A'g QU
L a1 1 5 1 5 1 4 L 1

0 1t 2 3 4 5 6 7
A" (Atomic weigh ™)

10 inches

h
1 = N HH

« Distinguish radiative from collisional (L% vs L)
* then "extrapolate with theory” to energy loss of gluons for

quarkonia production
First E906 data expected in 2012
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UpSilonS Suppr'essed in CNM at RHIC (& at FNAL) " Integrated Cross Secton Rtios
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Upsilons at LHC in Pb+Pb
* suppressed more at
mid-rapidity

« show classic Cronin (pt
broadening) effect
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Jhy 200 GeV Au+Au | © NA3SIS0/60
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CGC calcs. (DHJ) - arXiv:1109.1250v1

— y=0+s=200 GeV
y = 1.7 s=200 GeV
y=3.25 Vs=2.76 TeV

y = -1.7 Vs=200 GeV

Sept 28, 2011

y=0s=5.5 TeV _
B d+Au, y=-1.58
A d+Au,y=0 PHENIX 200 GeV d+Au J/y 4
® d+Au, y=1.58 (arXiv:1010.1246v1)

1 I L I 1 I L I 1 I L I 1
4 6 8 10 12 14 16
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T 11 T 11
Coalescence
at freeze-out (PLB595,202)

in transport model (PLB655,126)

wamnn [Nitially produced 'y (PRL97:232301) ]

- in fireball (PRL97:232301) Comovers (Lynnik priv. comm.) —
B + initial mix (Zhao, Rapp priv. comm.) B
L 1l [ ] |
B - 1y L M'""\\ _
I 10 ey AW e -

IJ.__I.I_-.I.'__.,I.' 'LM“.LL L Ll -II_III_III'_ ..llu--rrﬂI'I'|-|-||_E_=IIIIIIIIII-\"'-1_-|%-IIIII1' |||||IINII LRRRRNRRRNAN] IRERURRRRNRNTY
N " .
- e @ Jjy Au+Au 200 GeV [20-60%]
— PHENIX preliminary —
~ il Oy lyl<0.35 42% Run-7 —
~ Global Relative Syst. + 3% | 1 ® lvi=l1-2.2.2] online filtered
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B, do/dy [nb]

=]
==

* What kind of state is the precursor heavy-quark pair that eventually forms a
quarkonia; this effects how it interacts with the media

« What happens to other charmonium states & how much feeddown do they give
to the J/y

Feedown fractions from PHENIX for 200 GeV, y=0

e arXiv:1105.1966: 9.6 +2.4% ('), 32 +9% (x.)

6
[PRD82,012001 (2010)] s F vAl CoF
| B Scaled NRQUD-GRVOS gy iy > [ o ItX s200GeV  [y[<0.35 > 4 poee B
F — Scaled NRQCD-CTEQ6M = 6 F B> mmoved
7O} - Scaled CSM-CTEQ6M ml/y— cte < ®  Helicity Frame = 3F ISR PHE NIX P (#
==~ Scaled CEM-CTEQ6M . — — s-channel cut CSM [PRL100,032006] | = £ B T
60 X scale global uncertainty = 10% 0.5 P M
- — Fermi function \  zzz COM [PRDS81,014020 (2010)] | .° F — % B
- — double Gaussian v\ | —— NLOCSM [arXiv:1003.4319] ST | = NA50/51
= el | I E p+HE, p+d, p+Be
**i Sy A i L | .
(1] s S ~ T 10 20 3040 100 2x10° 100 2x10°
'i' 7 da “ Js  (GeV)
] = ,_ﬁ_lﬂ 2%
,; T~ Z s Ir 0 M+A — % 4X
= - == — "‘\L‘_'X L < e
-0.5[— e - ost o PTA — ¥ AX
: ap+p = %X
0.6
| L | [% )
) 1 2 3 4 5 04" g "HE\”X CEM
p, [GeVic] ﬁ @]
0.2 %
| L MR | L
o= 10 10° 10
Ns [GeV]
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« Heavy-quark motivated detector upgrades at
RHIC - e.g. the vertex detectors at PHENIX &

STAR; forward calorimeters (MPC-EX) to
extend to larger rapidity

Table B.1: PHENIX run plan for the years 2010-2015. Longitudinal polarization is

VIX Au+Au event

indicated

° A new d+AL| run W|'|'h above upgr-ades - 1-0 by (L), transverse by (T).

understand CNM effects & provide the reliable = ==« e Jre re o commens
extrapolation to A+A that we desperately need o o e
" AutAu 200 8 0.7nb1 heavy flavor (VTX)
« Comprehensive comparison of results from — T T oo o
RHIC (atf various energies), SPS, and emerging =+ s s won sp s wiegen s
results from the LHC B e
AutAu 1 52pub ! energy scan
» Increasing luminosity at RHIC (and LHC) to [ 00 0 0. C0 D0 L.
allow more quantitative measurements of the Suds o0 2 ol ey
rarest quarkonia, and over wider kinematics S ——— —
w PP 62 3 0.6 pb~! 0.2pb~" 60% (T/L) } Hl comptrans
» Constraints from Drell-Yan on quark energy phe e e } owrocat
lOSS in CNM (E906) Au+Au 200 10 2.8nb7! High Bandwidth
15 Au+Au 62 4 0.13nb1 HF vs ,/snn
p+3He 132 5 (T) Test Run
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Projected Luminosities & (Evolving) Strawman PHENIX Run Plan

mmmm-

27 pb? 50%(L) W program + AG
Au+Au 19.6 1.5 13.7M MB evts energy scan
Au+Au 200 7 915 ubt 790 pb heavy flavor (VTX)
Au+tAu 27 1 5.2 ub? energy scan
12 p+p 200 5 13.1 pb! 4.7 pbt 60%(T) HI ref. + transv. spin
p+p 500 7 90 pb? 30 pb? 50%(L) W program + AG
Cu+Au 200 5 2.4 nbt geometry
U+U 200 3 0.4 nb? explore geometry
13 p+p 500 10 200 pb? 74 pbt 60%(L) W program
p+p 200 5 20 pbt? 4.7 pbt 60%(T) HI ref. + transv. spin
Au+Au 200 7 800 ub? Heavy flavor (FVTX/VTX)
14 p+p 200 10 34 pb! 12 pb? 65%(T) HI ref. + transv. spin
p+p 62 3 0.6 pb! 0.2 pbt 60%(T/L) HI ref. + transv. spin
d+Au 200 8 260 nb?! 150 nb! CNM
d+Au 62 2 6.5 nb?! 3.8nbt CNM
d+Cu 200 ? CNM
15 Au+Au 200 10 2.8 nb? high bandwidth
AutAu 62 4 0.13 nb? HF vs \'s
p+3He 132 5 (T) test run

Sept 28,2011 Leitch - LANL 26



PHENIX Mid-rapidity Vertex Detector (VTX)
* Running now: charm, beauty; improved Upsilon resolution

Assumption here: Full 8 weeks
used for data taking in RUN11

ot Au+Au at \s = 200 GeV
kN Expected with VTX
: "‘""-::'-..‘%‘ 700 pb-!
. D-BZ_ .%- . *'~—+__ ]
Expectations .- . 1
for open-charm b g5, "~ ‘
and beauty  ©  <D>e e ]
WiTh VTX ; | | | | i I.....I .|..I
0 1 2 3 4 5 6 T a8 9
transverse momentum, GeV/c
%ow:— ®* D+B=e
- * B>e !
3 *D>e A
0.1_— I |
C ; 1 ]
0.05:— . b i+ ' - !
o ml] SO
e AR B C “J[J Lor b | I
VTX endview: detector (Top); 005 gl '"é""zfs'"'a'""a.'s""-i'"'4-'-;" ','5
Au+Au event (bottom) Py (Sovic)
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Silicon planes

collisions,

PHENIX Forward-rapidity Vertex Detector (FVTX)
 Runs in 2012; forward charm, beauty; improved J/y resolution

prompt

M\
\\
\é\\
a
NV
-

point .\ |/

J— - H‘,—Q 40 cm
-~ Digtarce of Closest Approach
[Cham = w1222

E 0.05 H =— Xy
i H__ .
¥ omEs : xl
g Echarm
5 ao3f
% c 1 2< T] <

no2fE-

.o i—
i 0.06 E— Beauty — p{Ini=1.2-2.2) x1
% posp{ "

TTE | —y
F0.04F
2 003 g_beauTy

0.02;—1.2< n 2.2

0.01F-

[||SE—

102
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X1, X3

RS with FVTX|

Resolving radiative &
collisional dE/dx 2
with the FVTX

0.8t

x coverage for

open-charm
and beauty
with FVTX
Improved
separation
of ¢
Leitch - LANL

1.2

0.6
0.4

0.2

| Charm+beauty with FYTX

pp: 14.8 pb™', AuAu: 4.6 nb™
1__Prﬂscale 1/3 for P, < 3 GeV

DGLV c+b dN/dy =1000

Collisional Dissociation

i
2 25 3 35

ass (Ge“i;)
28



The MPC Extension (MPC-EX)

Enhance the forward direction (3 < n < 3.8) in PHENIX with
a combined preshower and tracking device o ”

 Enable J/y measurements in MPC with low background % S
« Enable reconstruction of s in the MPC out to high p+ i
« Measurement of direct photons |
« Reconstruction of jet direction with charged hadrons
Technology:

« Sidetectors (pad and 500 mm strips) plus W absorber

Projections for J/y (acceptance only, no efficiencies!):
« 260 nb! d+Au run: ~9.7k J/y -> e* e~ in North MPC
* 34 pb1 200 GeV p+p run ~3.6k J/y sum for two arms

[ MPC-EX coverage in parton x |

1035— xd
- xAuu n

10°E s U,

Ready for next
d+Au in 2014?

105

[ J/y — e+e-
"EL Illlﬂ"ﬂ"

T -6 5 -4 -3 -2 - log(x) .
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Decadal upgrades of RHIC detectors; at PHENIX:

* Larger acceptance and luminosity for rarest (quarkonia) probes

* Very forward rapidity constraints on CNM

2m

B0cm

40cm
10cm
(FYVTX

Tracker
’i’PreShower

:EMCal

TS

Solenoid
HCal

e)) Acceptance Increase

c‘m:— — Jy s ete

o ° Ve

U 60— J‘/

S o \4 Y

[

Q) dof-

(@) C

g 30—

£

Q 1of

8 E..I..\. Lw oo oo b b by oo by w by gy

< 0 2 4 6 8 10 12 14 16 18 2

pr (6GeV/c)

Sept 28, 2011

Leitch

- LANL

10

(-]

0.3

Current Accep (12-37 deg)

Future Upgrade (5-37 deg)

Future Upgrade (2-37 deg)

0.5

J/y Xg for
12,5,2 degree
min. theta

- X; = 0.0-0.1 (<x,>=0.09314)

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

-y
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10°

- % = 0.1:0.2 (<x >=0.01285)

[ %=0304(x,>=0.002115)
|:| X = 0.5-0.6 (<x_>=0.001182)
- ¥; = 0.7-0.8 (<X >=0.0008067)

J/y x,
for
different
Xg ranges
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