4 August 2003
Pacific Spin, Seattle
G. Bunce

Spin Physics from PHENIX

1. The goals of the PHENIX spin program
2. RHIC spin: colliding polarized protons at root(s)=200 GeV
3. Spin physics at PHENIX: gluon polarization using n°
---longitudinal polarization
---measuring A
---2003 run
---2004/5
4. Gluon polarization using direct y
5. Anti-quark polarization by flavor using W', W

6. Micro-vertex detector upgrade

-—identify jet axis for gluon polarization measurements
---heavy quark trigger: gluon pol. using c,b

7. Summary/remarks

See also at this conference:

Gluon session this afternoon:
—RHIC-PHENIX, by Kenske Okada

Low energy hadron physics session Thursday morning:
---pC Polarimetry at AGS, by Sandro Bravar (STAR)
--—-pC Polarimetry at RHIC, by Osamu Jinnouchi (PHENIX)



Goals of the PHENIX Spin Program

Ref.: “Prospects for Spin Physics at RHIC",
Ann. Rev. Nuclear Part. Sci. 2000, 50:525-75
G. Bunce, N. Saito, J. Soffer, W, Vogelsang

Proton spin sum rule:

%z/lgz;gq +Aq)+AG +L ¢ 1980s-present: X(Aq +Aq) -=%

Aq=@, - q-, g=u,d,s,..; AG=g, -g ; [dx assumed

Probe the spin structure of the proton using pQCD

---using polarized quarks (and gluons 7)
===> gluon polarization (y, jets, ¢, b)

===> transversity/orbital ang. momentum/
quark-gluon correlations in proton

—using parity-violating W™ production

===> u, dbar, d, ubar polarization in proton

Searches for surprises using parity violation

-—sensitivity to right-handed Zs; quark substructure; ...
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Requirements for the spin program

Ref.: “Polarized proton collider at RHIC”,

NIM A499 (2003) 392-414

I. Alekseev et al. ( W.W. MacKay Corresp. Author)
Design Report (T. Roser, Spokesman)

Accelerator

Polarized proton (H") source —-P=75%, 200 pA
Maintain polarization in AGS to 24 GeV ---P=40% in 2003
Transfer polarized protons to RHIC —-Ppuuuc 24 6ev = Pacs

Polarimetry in RHIC -—-proton-carbon scattering in Coulomb-
Nuclear interference region

Accelerate polarized protons to 100 GeV ---Siberian Snakes

Longitudinal polarization at STAR, PHENIX ---Spin rotators and
local polarimeters

Maintain polarization over store -—14 hours
-=but Pntm =7 P24 GaV in 2003

Know |P] to +/- 5% ---polarized atomic hydrogen jet target ready
for 2004

L=8x10" cm?*s” —L =4 x 10* in 2003
LT =20 pb™ /week —L = .5 pb™ /week in 2003
P=.7 at 100 GeV ---P = .3 in 2003

P =.7 at 250 GeV ---not tried yet
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Measuring A,, with n” at PHENIX

1. Longitudinal polarization — spin rotators

--need to find reaction sensitive to spin direction at collision

-==2001/2 run: very forward neutrons!

---Galibrated spin rotators in 2003

2. The problem of measuring relative luminosity to 10
A, =(o, -0,.)/(o,+ 0.), with c_=0,,and 0., =0,
= (1P (N /L —NJL_)/(NJL+NJL.)

where L, = integrated luminosity for
(blue beam + helicity, yellow -)

= (1/P) (N, —RN._)/(N.+RN,)

where R=L_J L._, the ratio of
relative luminosities for (+,+) to (+,-)

We use two (primary) luminosity monitors at PHENIX:
---scattered-beam counters along the beam lines (BBC)
---neutron detectors at 0° in crotch of both beams (ZDC)

We need to show that these monitors

a. can measure relative luminosity to 10™

h. are free of polarization effects
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Local Polarimeter Collaboration/ RHIC Spin

Neutron Asymmetry
e
s,
=
_P

¢ distribution
P
ff [ om—
AN -P :ﬁu—(alm'naﬂ
2 ¢ =-n2 N = N, (1 4—?,4”%{:)3

square root formula is used for
¢ dependent asymmetry
(for example red area, blue area)

EM Calorimeter

mm;m" ::""' S

t

Prelimm'. ary
0 08 4 18
: ¢ (rad)
<An>=-0.108 +0.0087
additional scale-error
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Qur Progress toward physics goals

1. proton-carbon polarimeter works: large hadronic spin-flip!

2. 7’ cross section at mid-rapidity (PHENIX): -—-pQCD with NLO
describes cross section well p; = 2-14 GeV/c

3. beam-beam counters at STAR: ---observe transverse
asymmetry, used for local polarimeter (and min-bias for pp
spin and heavy-ion comparison data)

4. large n asymmetry for p; < .5 GeV/c (PHENIX spin) ---used in
2003 as local polarimeter

5. large transverse asymmetry for forward n’ at STAR -—physics
interpretation transversity/orbital ang. momentum/
quark-gluon correlations

6. relative luminosity by crossing measured to .05% (PHENIX)
(also expect STAR, BRAHMS)

7. first measurements of A, -—-PHENIX, STAR in 2003 (.35 pb™)
8. measurements of Ay and slope parameter (pp2pp)

9, need 5 pb”', P=4 for jet/r measurement: very sensitive to
AG(x)

10. need 300 pb”', P=.7 for direct y probe of AG(x)

11. need root(s) = 500 GeV, 800 pb™', P=.7 for W parity violation
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