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RHIC as a polarized p+p collider
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The PHENIX detectors

PHENIX Detector

*Central Arm Tracking In] <0.35,xg~0
*Drift Chamber (DC)
smomentum measurement
*Pad Chambers (PC)
epattern recognition, 3d space point
*Time Expansion Chamber (TEC)
eadditional resolution at high pt
*Central Arm Calorimetry
*PbGIl and PbSc
*Very Fine Granularity
*Tower ApxAn ~ 0.01x0.01
~ *Trigger
J / «Central Arm Particle Id
*RICH
selectron/hadron separation
*TOF
*t/K/p identification
*Global Detectors (Luminosity,Trigger)
*BBC 3.0<|n|<3.9

*Quartz Cherenkov Radiators
ZDC North «ZDC/SMD (Local Polarimeter)

*Forward Calorimetry 3.1<|n| <37

*MPC

i % i «Forward Hadron Calorimeter
|H||||| South Side View North | sForward Muon Arms

*PbWO, Crystal
South arm: -2.2 <n <-1.2

. Northarm: 1.2<n<24
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Heavy Quark Production at PHENIX

Gluon Fusion

» Sensitive to gluon polarization: Ag(x)

» Gluon Fusion dominates at LO
PYTHIA estimate: |
o(gg — 00): o(qq — 00) ‘

Double spin asymmetry:
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1/Psi: NRQCD and PHENIX data
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Theoretical predictions of J/W production at RHIC are in good agreement with
the PHENIX data: COM process dominant

= PRD 68 (2003) 034003 G. Nayak, M. Liu, F. Cooper
= PRL 93 (2004) 171801 F. Cooper, M. Liu, G. Nayak
KT factorization & CSM ... PRD 77 (2008) 05416 S.Baranov,A.Szczurek
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Ay NRQCD and CSM

PRD 68.-034017(2003)
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Not very sensitive to “fragmentation” processes
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J/Psi A;; Measurement

o Inclusive J/Psi events
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J/W A;; from Run6

JIPsi: |y| = 1.2-2.4
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. PHENIX Preliminary(Run6)
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- Phys.Rev.D. 56 7331; 68 034017
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J/W A;; from Run5+6

JIPsi: y| = 1.2-2.4
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Open Heavy Flavor
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Open Heavy Quark Production: hard fragmentation function

« very different from Light hadrons
Carry most of initial quark’s energy,

E, ~80%E, .
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Open Heavy Quark A, Calculations

0 LO calculations

= Phys. Lett. B 246, 523 (1990) A.P. Contogouris et al.
= Phys. Lett. B 324, 209 (1994) M. Karliner and R.W. Robinet(*)

0 NLO calculations
= PRD 67, 034010 (2003) I.Bojak and M. Stratmann(*¥*)

10 or—r— T T T
I I

l T T T T ol ©) Al i “; T T T T T

?\ ~ L O * I" 025 b — Afgg+2.7-Afy, /
- _S /‘: [—— Af(o) *%
_'\.\\ =1.1 s 1] (:)g © NLO

05 \\ /’I.’— 02 [ =eeeeem fs8 -0-2.7~f8's J
e - —— £O -
- \ < F / i fgg \
T

N 28] 015 |
S 1.5 A
/'

i \ - —
0.0 F Yy S e e =

B N /s e

& S 2 e 01t

-05 [ iy 0.05

T - S 0 S
e s [oogpg lig cosn Fe oo g o e

-1 0.5 0 0.5 1 v n
¥ = e 1x10° 1x10° 00001 0001 001 0.1 1 10 100 1000

&=s/(4 m) -1

October 10, 2008 Spin2008 14



Open heavy flavor via semi-leptonic decays

Open charm and bottom can be measured
through single leptons and lepton pairs TCO V

e*: 1n1<0235,p, >05GeV f/})
w: 12<Ink24,p, >05GeV /
;\‘ 4
c

PHENIX Detector
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A;; vs. pT through electron channel

10?2

E do¥/dp° [mb c*/GeV?]

P
(e'+e)/2

« Data
w— Cocktail Total
Cocktail components:
m— y CONVersion
e ye'e
n - vye's
p—e'e
w—e'e andw — n'e’e
cese gaeeandé o ne’e
~— Direct y conversion
Kaon K, decay

10"

| TIITTT[

Relative Contribution to Cocktail

10?

T T IITHI

10° PR N A

pore'e

T'I' - yeQe.

October 10, 2008

4.5 5
p; [GeVic]

Heavy Flavor Asymmetry

ol 0.2
&

cc,bb
o
—
N

-
-

<

-0.05
-0.1

-0.15

:lllllllllllllllllll

—— A%(p): GRSV std
....... A% (p): GRSV Ag=0]
A‘,i(p:): GRSV max
A% (p): GRSV min

Lllllllllllllll

lllIllllllllllllllllllllllllllllll

05 1 15 2 25 3 35

P (GeV)

16



Muon Track Candidates in the Muon Spectrometer

Central Magnet

1.2<|n|<2.4

APp=2n

P>2GeV/c
Candidate Tracks:

Prompt Muons

Punch-through L ZDC Nor’thd
hadrons
MulD

Stopped hadrons

Decay muons

October 10, 2008
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Aj; VS. P

A, vs P, (Prompt ) A, vs P, (Prompt )
- B | B
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Current measurements are statistically limited. The can not constrain the gluon polarization.
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About A;; NLO/LO

O At central arm y =0

PRD 67 034010 (2003) Bojak & Stratmann
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A; vs. prin the forward and backward rapidities

A vs P, (Prompt )
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A; vs. M

October 10, 2008
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Projection for Run9

A, Vs P; (Prompt u)
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Forward Silicon VerTeX Detector for PHENIX N

Four Layers of silicon mini-strips, covering Muon Arms
«12<n<22

e 1.1 million mini-strips

o Strip size: 7Suminrand 3.75%in ¢

y D

3. W)
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(-)-ly charged track production at n = -1.65

FVTX d@t@Ctor perf()rmance -’t’.:‘o. E ..... Decay u fromn, K
o 104;5_ ----- Punch-through
O E™e e ufromD, B (signal)
The problem: backgrounds (it ->p,e and K->y ,e) Sl "
overwhelm the signal S, l !'
}§“‘°‘E ‘ -------- | I
_ o &= T | TR g
Solution: Average ~100 um resolutioninrand ~300 <. e : 9:.-.-,._1_,.__.1
um resolution in @, sufficient resolution to separate ; | .
prompt, heavy quark, and light meson decays. SF S A A 8 o A a8 aley
to Central arm
f._;_‘_)_'rompt
Silicon planes ,
to Muon arm
H m->H
B \\!|/
, ', - 40 cm
collision’-\Distance-of Closest Approach
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A;; with FVTX

200GeV 500GeV
W . =
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With FVTX, measurements will put constrain on the gluon polarization

October 10, 2008 Spin2008 25



Summary and Outlook

0.15
_ _ _ - PHENIX Preliminary(Run6 + Run5)
O First measurement of gluon polarization 01 PHENIX
with J/% and high pT single muons and electrons 005t ’ csamt
in polarized p+p collisions at 200GeV : cs-ALO)
O Promising heavy flavor spin measurement < or S
: ; MR 8550w es oa0r
with FVTX upgrade 005/ JIPsi > i
O NLO calculations needed for PHENIX accpt. - ol
0.1
i (Scal. Uncer. 40% Not Shown)
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Prompt muons from open heavy flavor decay

Cartoon depiction of the relative flux of particles in the PHENIX muon arm

MuTR Stations 1-3 MulD absorber plates

Inclusive
Muon
Candidates

log (particle flux)

[T

MulD Gap 0
Z (cm) : F - - — . ,

0 40 120 690 770 870
-- p<3GeV, decay muons dominant and exhibit a well known

linear z-vertex dependence
-- p=3GeV, punch through hadrons dominate and can not be
directly distinguished from prompt muons
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A a ] /Psi Production @RHIC

GS-A(NLO) GS-A(LO)
S A PRD 56,7331(1997)
0.1 0.1 ———
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0.08 | o.o8 | - . Dashed =  3pw®
- A Z Dash-dot= ' ©
0.06 | 0.06 |- - s,
! i . Dotted = CSM
0.04 | 0.04 |- 3
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- Sensitive to gluon polarization distr.
- Good “x” measurement

- Weak process-dependence
10/06/2006 SPIN2006 Ming X. Liu




Gluon polarization

O Polarized hadron collision
= double longitudinal spin asymmetry

= €

Versus

=

= leading-order gluon measurement
direct-photon production
heavy-flavor production

proton beam

Yy VY

2> or < gluo*g?m\m_(_
1 heavy flavor
luon s
666
-2 or & 666%

Y v ¥y

proton beam
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Proton Spin Structure at PH.

SINIX

First moment of the
Spin dependent
Gluon distribution
AG

Transverse spin physics

Flavor separation
of the quark and
anti-quark sea

Inclusive Hadron Production
A (99,992>h+X)

Prompt Photon  A.(90 = v+ X)

Heavy Flavors —Au (99— cCT.bb+X)

Single Spin Asymmetries A

Transversity 0q

n*, " Interference fragmentation :

A; (plp — (n*, )+ X)
Drell Yan A

W Production
A (U+rd—= W* = £ +v))

A (T+d—> W — £ +¥))

= =

Versus

Se- o -8
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Versus

]
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Versus
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Versus
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PHENIX Muon Detectors

o Muon arms
= 1.2<|n|<2.4

o
% Central Magnet
= Ap=2n !
m P>2GeV/c ' gl
= Triggers ZDC South — | ZDC North
o “Muons i MulD
[ |

= Light meson decays

m Heavy decays
o J/Psi
o Open charm
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NLO al.L.
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Raw Asymmetries fill-by-till
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