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* Current Experimental Situation
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QCD Analysis of available Data Sets:
(SMC Phys, Rev. D58:112002, 1998)
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RHIC Spin Collider
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® Spin Structure of the Nucleon

® AG measurements via prompt photon, n¥, and heavy
quark productions
® Agbar measurements via Drell-Yan production

(v, W,.2) '
® §q, dgbar measurements via Drell-Yan production

® Symmetry Tests

® study of parity wviolation in hadron collisions:
physics beyond SM, e.g. compositeness.

® QCD selection rule (R.L. Jaffe and NS)

® switch off gluon!
® arr/ain<<1

® Single Transverse Spin Asymmetry Ay

® large asymmetry observed at lower energies
® vanish in perturbative QCD, might be large due to
higher-twist effects




1. Inclusive Prompt Photon Production

® theoretically reasonably understood process up to
NLO; both spin average and polarized

® experimentally difficulty can be overcome

1. Inclusive n° Production

® cxperimentally rather easy; high  statistics
measurement

® penalty of fragmentation uncertainty

1. Open Heavy Flavor Production

@ analyzing power is maximal = -1, since annihilation
channel (mass correction small enough)

® possible cancellation at NLO is pointed out (not
completed)

® high statistics

1. Quarkonium Production

@ high stats of JAy; identification easy since resonance

® production mechanism not settled yet; polarization
measurement would be useful to select model

® important process for both HI and SPIN program




Ex-1: Prompt Photon Production

& Gluon Compton Dominates A Y
2 Small Contamination from Annihilation |
2 No fragmentation contribution in LO Ag q
=€ M e/ Ag,(x,)
i Versus i, — ® M > ®miﬁwmlva3
= &= : e; q:(x,) ﬂ/
.rmavm..z ._ | | proton -_
R __j i
ﬁay. 0.5
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Prompt Photon Production
¢ Gold Plated mode for both PHENIX & STAR

Comparison at cross section level

. x-reconstructed using jet
= direct observable
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RHIC Polarimeter

Physics Asym (x107)

Physics Asym (x10%)
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Year
FY2001
FY2002

FY2003

FY2004

FY2005

FY2006

RHIC Spin Plan (PHENIX and STAR)

CM Energy
200 GeV

200 GeV
500 GeV

200 GeV
500 GeV

500 GeV
200 GeV

500 GeV
200 GeV

200 GeV

Weeks Int. Lum.

Lh

o0 o CO b2 o0

10

7 pb’!

160 pb-!
90 pb!

160 pb-!
120 pb-!

480 pb-!
48 pb-!

300 pb-!
120 pb!

210 pb!

Remarks
Gluon pol. with pions

Gluon pol. with direct v, jets/ TT
PV W production, u-quark pol.

Gluon pol. with y+ jet/ TT
First ubar,dbar pol. meas..

Gluon pol. with ytjet, v,jet+jet,
heavy flavor, ubar, dbar pol.
Gluon pol. with v, ytjet, heavy flavor/TT

More statistics

Still on track if we change FY - CY or JFY




= Strangeness nuclear physics
(AGS, Jlab, Dafne, GSI)

= Nucleon and nuclear parton structure
(RHIC Spin,,,)

= Hadron spectroscopy and nuclei
Amnz:@-mv

= Hot and (dense) matter
(RHIC heavy ion)
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= Strangeness

'w AGS D-line (C-line)
Double hypernuclei (E906, E946)
y-spectroscopy (E929, E930)

AL —TEH
(HIHF. mR.RKR, RIEK, REXGE)




2 GeV (D6) Beam Line (BNL)

(1997-99)
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The nuclide and the decay mode
have been identified uniquely:

Y€+ E — JHe+ "He 4+t

rsHe — iHe+p+ 1

The A—A interaction energy
has been uniquely determined
for the first time:

ABar = 1.01 = 0.20 “937 MeV

The lower limit of the mass of the H dibaryon:

My > 2223.7 MeV (90% C.L.)




== Strangeness

Jlab (eeK)

High resolution spectroscopy (&EitXx)
Dafne (stopped K-,x-)

weak decay, spectroscopy
GSI (mt,K*y)

Y-Spectroscopy
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Figure 1: The existing GSI facility (blue) with the linear accelerator UNILAC, the heavy-ion
synchrotron SISI8, the fragment separator FRS and the experiment sloroge ring ESR; and the
rew project (red) with the double-ring synchrotron SIS100/200, mwwr&u
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Photo-production of A(1405) in nuclei

qqq state vs. meson-baryon resonance.

Big change of the decay width in nuclear
medium for the meson-baryon case .

—> Chiral unitary model .

Need to identify the decay products (Xm)
Time Projection Chamber is constructed.




K" Photo-production with linearly
polarized photons.

Search for missing baryon resonances.

SAPHIR and Jlab data indicate a structure in the p(y,
K*) A cross-section around W=1.9 GeV.

Photon-beam asymmetry is sensitive to the existence of
the baryon resonace.

Complementary to the experiment at GRAAL.
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¢ photoproduction near production threshold

Titov, Lee, Toki Phys.Rev C59(1999) 2993

o TP -> ¢p
Bigr=
H N = | m % 1”
a W_ __D llllll qﬂ
3 R
m 10" “ N
5 =sss=i8 OINN
o : J Total
10
10° bt ot
v 1 2 3 4 5

W [GeV]
P2 : 2" pomeron ~ 0% glueball (Nakano, Toki (1998))




Physics programs

* Photo-production of ¢ meson near
threshold in the forward angles.

— Pomeron (multi-gluon) exchange > meson exchange.

— Search for additional multi-gluon (0™ glueball)
exchange.

— Linearly polarized photons help to decompose
natural and un-natural parity exchange
contributions.

— Complementary to the CLAS (Jlab) experiments.
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Polarization of LEP Beam
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Laser electron Photon at Spring-8

e Laser
8GeV ———> €« " 35eV SPring-8:
_ . 8 GeV electron storage ring
C H.w.:,_::h,.:_.awﬁ.:: ing 100 mA W\xﬂ
—— NV, Max 24 GeV

e Y

s ) - ———
8 GeV Electron = e ==

Interaction Region e
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SPring-8
(Super Photon ring-8 GeV)

Third-generation synchrotron radiation facility

Circumference:

8 GeV
100 mA

1436 m
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