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Eal

BRAHMS &

B RHIC SPIN PYSICS effort of colliding polarized protons complements on-going relativistic-heavy ion
program (Au-Au, Au-d) at RHIC

B RHIC SPIN Collaboration: Coordination of overall spin issues for RHIC accelerator and experiments
(Spokesperson: Gerry Bunce)
= RHIC accelerator spin group
= RIKEN and RIKEN/BNL research center
= STAR and PHENIX experiments (Spin physics working groups)
= pp2pp experiment
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m Cross-sections and Structure Functions (unpolarized)

e Quantify spin-averaged structure of proton in terms of F, and F:

dEdQ) 0'\ E

In terms of kinematic variables: py xB-t |2 py b |2

(9= [ S==)x| + | E=)a
d’c 27a’Y A 2 q
= = F,(x, ——F, (x,
[ddezj o'y { 2(x,07) Y, L (x,07)
Y, =1=(1-y)
—V> Quantify unpolarized
F, :structure function F, structure of the proton!
QPM:  F, =xY e2[g(x)+7(x)] Unpolarized parton distribution function q(x)
T (momentum distribution) q(x)=f*(x)+f-(x):
F, =F, -2xF, :long. structure function F,
QPM: F, =F,(x)-2xF,(x)=0
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m Cross-sections and Structure Functions ( )
e Quantify spin structure of proton in terms of g; and -
7
= Take difference of hadronic tensor: (P,q,5) — " (P,q,5) <_{ < 6
R E
= Specialize to lepton with helicity Aand £ (1,S) =a \
2_(a) 2 _(a+7) 4
(d E J—Ed 2 J= /If 5 Quantify polarized
ddyd§ ddyd$ ) 47°Q structure of the
222 2.2 2 |
.{cosa{l_x_@} ey } protonl
2 0 0 N

2.2 2 |
—sinozcos(ézm—x\/(l—y—%J(l + j} |
0 0 2
=For a=0, g,!

=>For a=1/2, yg,+2g, suppressed by m/Q! Polarized parton distribution function Aq(x)
(longitudinal spin distribution) Aq(x)=f*(x)-f-(x):

2 P
Pt o~
}X
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g, :structure function g, |
P

}X

2
P, 4

QPM: g = %Zej [Ag(x) - Ag(x)] Aq(x) =




m  Quantum Chromodynamics (DGLAP fits of F, and g, data)

e NLO evolution according to DGLAP integro-differential equations:

= F, results: = g, results:
%?‘ o D\l*.lx - Iflcmr:r.u'l o |1tl'|)rl\,1l‘_',mul | * Good dCSCPipTiOn L o e
a, for

x-0a0002 03l x=0.008 (=2048) NLO __
i ¥-0.00005 o 1 Of F /9 dGTCl by 1o 35 E
( = 1-—""/’ el AL W HI %697 preliminary - 2 1 . p F x=0.015 (=1024) ]
:";',// Zr:?:::l " W HI 0T NLO DGLAP fITS! Bt /_,_’—Wt'—r—/ 501z ;
i / ’ m::m —  NLOQCD Fi ] ) 02 t LRl i
[ ’,‘,,.r"';';// - ] u HERA CO”Idel" ﬁ X005 (x128)
I % e e 1 daTa CXTended E /_,—b—ﬁ‘i’r_/ X=0.08 (x64) 1

; kinematic region oL Ej____r_+__¢dx-n_w32, _
] towards larger Q2 : - Shrn

[
:a M L] : Gnd IOW X for‘ FZ : : + . dl\ = X025 (#8) :

: (scaling violation - | -
e ehan e L ] : T b4 0350 3
8 - clearly seenl) : :

A
B

4 orders of magnitude in x!

_.W-l-l.-llr'— x=0032 ] N ]
-_mnc_.-.-.-* i HH—Q-Q;LQ—::I-:H.-II:-I—.—.—X u:‘uwﬂ - _1_ Mﬂ.ﬁ (=2) 1
A e e 1 = g;limited by 0°F | s E
T N fixed target data oo .
I BT m———— e e T S - 025 I & SN i
E e — ol oo ] at low Q2 and 4l e EMC +
\ — - v ] h|9h X 10 E HERMES \H\H_TS 3
! |Iu |Iu I;IU" |I[1J‘ ”;mlln" I . = e I
\ o GLJIL ! 10 Q> (GeVYy 107
" — _J
V
4 orders of magnitude in Q?! Limited range in x and Q?!
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m  Quantum Chromodynamics (General structure of W)

e Considered so far only fully inclusive DIS: f(x) and Af(x) are accessible!

e General leading-twist structure of the proton (collinear approximation):

W — Zezj.d—%5((k+q)2)-rr[®7/ﬂ(k+ q)w]
= Leading-twist 7k (27[ )4
structure of proton in

collinear approximation qUark-quark correlation matrix:

in ferms of: o l{f P AN P+ (0)Py.8 }
/Z(x) N (X)7s (XK Handbag diagram
Unpolarized (Helicity) trans. Polarized (Transversity) distribution functions!

e Transversity cannot be probed in fully inclusive DIS (Helicity conservation, &f is chiral
odd), but in hadron-hadron collisions or semi-inclusive lepto-production (Pair of chiral
odd effects required, e.g. k,- dependent Collins fragmentation ® &f)

e Additional distribution functions appear with inclusion of: 2

cP. T
p4
* Quark transverse momentum k. : six k, - dependent ~ 99(x) :‘ #(:é }X

distribution functions (leading twist)
= Higher twist

2

p 4+ ol -
s =T
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m RHIC Spin program (e.g. AG)

e Fundamental question: How is the proton spin

made up?
Q‘;::::'p,ns::o J= % = %AZ FAG+ I+ I
&

= SMC result: Fraction of proton spin carried
by quarks is small:

AZ 1y =038 05 1o at 07 ~1GeV?

= Where is the spin of the proton then?

AG and (L +L%)

= SMC QCD-fit: X ATK)

04
3 03
302
§3 01
| EI

RN
1 -02 ¢
3 -03

04 F

T -0'4 L L IR
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At present: AG is only poorly constrained from
scaling violations in fixed target DIS experiments

AG 45 =0.99 o omoa at 07 =1GeV?

SMC, Phys. Rev. D58 (1998) 112002.

Need: New generation of experiments to explore
the spin structure of the proton: polarized
proton collisions at RHIC which allows to access

directly AG in polarized pp collisions!

RHILC Spivn pragram: |

Unique multi-year program which has just
started..!
Explore various aspects of the spin structure of

the proton in a new domain:

= Spin structure of the proton (gluon
polarization, flavor decomposition, transversity)

= Spin dependence of fundamental interactions

= Spin dependence of fragmentation

= Spin dependence in elastic polarized pp
collisions

Bernd Surrow



= Measurement of asymmetries (A): Principle approach to study spin effects

m Asymmetries

= Ultimately at RHIC, any combination of beam polarization (longitudinal (+/-) /transverse (T/1)) is
possible, which allows to access different parts of the proton spin structure

e Double longitudinal-spin asymmetry: e Double transverse-spin asymmeftry:
)= (0.to )0, t0,) wmW>-mm | (oy-0,)(oy+oy)
Versus L — Versus e
;‘:’<1: (c.,.+0 )+(o,_+0.,) < 2 <@ » . (oy +0,)+(04y +04)
= Study helicity dependent structure functions! = Study transverse dependent structure functions!
e Single longitudinal-spin asymmetry: e Single transverse-spin asymmetry:
= }$‘ ) A (7+ or g‘___*‘ B ) - GT _GL
Versus — - Viesus N — . .
o, to_ K ) ere),
2 e
= Study parity violation effects! = Study left/right asymmetries!
e Statistical significance (FOM=figure-of- = Single spin asymmetry: i -det
merit):

= Double spin asymmetry: P* -_[Ldt
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m Experimental and theoretical remarks on Ay

e Several approaches beyond the basic "naive QCD
calculations” yield non-zero A values at RHIC
energies:

e Basic, "naive QCD calculations” (leading-twist,
ignore masses of quarks) predict: A=0

e Non-zero values of A have been observed at the FNAL
experiment E704 for:

p+p—m°+X pep = 43, Y2200 GeY, E_=25 Gey , 1500 nb|

il
Vs = 20 GeV (10 X smaller than at RHIC), 0.5 < p < 2.0 GeV 2 7 [ Detectoratz=750Gm, =45 Gm /‘ n*
poF : _
N Emﬁ o iz alculations for p= 1.5 GEWE:H |
0.4 1 4 . . !
} * P < E 4.1 —
0.2 ad - 2 -
S s & ¥ "5 Y : -
S oy Glder S S gL N
= O << Q -T2 p .g E o
~ 3 *, S R
N~ -0.2 - . § ba < B -
L ol N e F N
ol %_ o -eos F -
| } | 11, B L
0 020405608 -0.] F Riu ond Starman modal, k ="Eﬂ'-hju'|' P
g [ leadingm® . T
. - lpadingm® B
e Does the E-704 effect persist to RHIC 015 mding o H‘n‘
energies? [ Projested gtatistios {1500 nb™) —-
. . . _u.'z-IIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘-II
e Challenge to theory community to explain this & W d 5 IEF' 9 . Ba
measured effect! ion energy (6et]
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Tuesday Seminar, DESY

m  Measurement of Ay

Measurement of A for forward n® production:

Left detector (L)
p+p—on’+X  Forward 7 (m® - yy) production Target N

Xe (= Eo/E,,,,) ~01-06and p;~1-4GeV

beam

Asymmetry:

Ny/Ly =N, /L, _ Ny =R-N,

8=PAN:N =
L+ N L, Ny +R-N,

Determination of Ay requires
three measurements:

1. Spin dependent event yield: Ny,
2. Relative luminosity: R=L./L,

3. Beam polarization: P

Ay : DIFFERENCE over SUM - In general
quite small = Require therefore:

1. Statistical precision

2. Control of systematic effects

Hamburg, 03/18/2003

P: Beam “
larizati
?Spt;rlza‘non \ Right detector (R)

Reconstruction of m® — yy requires three
basic measurements:

1. Total n° energy: E,,

2. Energy sharing between two daughter photons: z,
ZY:(EVI —EVZ)/(EVI +EV2)

3. Opening angle between two daughter photons: ©

M =E, -Jl—zi -sin2(®W /2)

BROOKHIVEN Bernd Surrow

NATIONAL LABORATORY



Absolute Polar'lme‘rer'
— (i jet)

v ﬁD “_ \\
PHOBOS ——— 5 BRAHMS &PP2PP
Liax = 2 x 1032 cm2s7t \\\

( 70% Beam Polarization
PHENIX 50 < /s < 500 GeV
Spin Rotators @ S ®
Partial Siberian

2 x 10! Pol. Protons / Bunch
e = 20 t mm mrad

AGS Internal FYO3 devices

. Polarimeter

After FY02
™~ AGS pC Polarimeter

Snake
Pol. Proton Source LINAC
500 mA,300ms ~  * T BOOSTER o

200 MeV Polarimeter ——*

Rf Dipoles —— =~

e RHIC performance in FY02: e Expected RHIC performance in FY03:
= Beam energy: 100 GeV = Beam energy: 100 GeV
= Inst. luminosity: ~ 11030 s cm2 = Inst. luminosity: ~1- 103! st cm
= Integrated luminosity: ~ 0.3pb! = Integrated luminosity: ~ 3 pb! recorded at STAR (long.
= Bunch crossing time: 213ns polarization)
= Polarization: ~ 0.2 at injection approximately maintained = Bunch crossing time: 107ns
at 100GeV (transverse) = Polarization: ~ 0.4 from AGS (trans. and long. at RHIC)
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Polarization Pattern at 4 and 10 o'clock IP's

m  Spin pattern

[ Loy ~ o
—e

—_ —_ —_

FE

Y [Cle|e/e|e|e|o|e/e/a/s/0|s|0/s/a/e/0|s|0[C/s|0|s|0/0 /0|0 |s/0/0/0/0/0/s/0/0/0s/C/0|0/0/s/0/0/0s/00/000)s| | | | | |
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- = N @ 5 @
Polarization Pattern at 6 and 12 o'clock IP's
-~ = N @ 5 a
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B [Oje/e|e|e|s|s|ee|s]/e]e|s|s|ee/s]/ssls|cje|s]/ess/sjesseeeesl | | | | [Oees|s/ees|ssessssss|see
~ et = < - =
e Different spin combination every 214 ns e Spin Up

= reduce systematic errors ® Spin Down
< Unpolarized

e ~47 polarization reversals before RHIC

injection ® Requires extremely careful timing
adjustments for both RHIC and

e Because of snake magnets, same bunch has _
experiments

opposite polarization at IP6 and IP12

= 5x10? polarization reversals in RHIC for a e Essential to sort all data by which bunch
~10 hour store pair interacts at experiments
Tuesday Seminar, DESY BROOKHPIUEN Bernd Surrow
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m Upgrade of the STAR detector

STAR Detector

Silicon Virrex
Coils Magnet =Iracker

E-M
, Calorimeter
L Time Projection
k.~ Chamber

b — Time Of
. Flight

Electronics
Pﬁtforms

Forward Time Projection Chamber

HIEEEEREEERERIN
gac I } % ] ssc East
West East
Ilu“lm-"-.- - “_T'TT“MH -
] ? ]

[ ™

-

HIiENEEEEEENIN
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Upgrade program of the STAR experiment for the first
polarized proton collisions:

e Beam-Beam Counter (BBC):
= Relative luminosity measurement
= Rejection of beam-gas event in pp collisions
= Minimum bias trigger
= Beam funing to make collisions at STAR

= Luminosity monitor
e Forward-Pion Detector (FPD)

= Electromagnetic calorimeter system: Prototype
setup of 3 Pb-glass arrays and 1 Pb-scintillator
calorimeter

= Energy and shower profile measurement (n® — vy)

= Event yield for Forward n° production

e Commissioning of EM-calorimeter (Barrel)
modules and trigger

e Commissioning of spin scaler system

Bernd Surrow



05T Silicon Vertex
| Tracker

TPC

Endcap &

MWPC Forward TPCs
ZCal : 24 <|n|l <4.0

Endcap EMC e e \‘.'-:'--ic:x
1< <2Ad=2n : Position

Barrel EMC
0<n<1A¢$=2n/5

In| <1 Ad =2n

Forward Pion Beam-Beam Counters
2< Inl<5

Tuesday Seminar, DESY BROOKHIVEN Bernd Surrow

n=-In [‘ran (9/2 )] Detector 3.1<n<4.4

NATIONAL LABORATORY
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m STAR Beam-Beam Counter (BBC)

e Hexagonal scintillator array structure at +3.5m from IP:

= . inner (outer) diameter 9.6cm (48cm) of
18 pixels

= Quter annulus: inner (outer) diameter 38cm (193cm) of
18 pixels

e Singe scintillator ftile:

= 1 cm thick scintillator

= 4 optical fibres for light
collection

= ~ 15 photoelectron/MIP

Version 4/16/01- 2

Tuesday Seminar, DESY Nﬁﬁ?ﬂ'ﬂ[‘;ﬁg&% Bernd Surrow
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m STAR BBC luminosity monitoring 130
1.2:—
016025 BBC3 Sum i E.W| ] - R Q 1
=10 Ment = 129 C - L’N #
S Mean = 56.71 11—
n Abprt gaps R4S = 33.01 -
9 12005 IS e =TT
o i 1 N C o

%' S 1000} ' ool -

o l| = ° - - g

= = oo ' - 01/11/02 - - ’

n— i 0.8 — s —te —

i : | | - 01/23/02 -

s M gooff ' -

JU : || 0_7_|||||||||||||||||||||||||||||||||||||||
(] I I 0 20 40 60 80 100 120 140 160 180 200
] 400[m d Time [Run Number]

2000 v i e Determine relative luminosity of bunch
0 20 4‘[! &0 &0 100 123\

) - directions

~
\
1

\ Bunch Crossing e Abort gaps = beam-gas background

~

~

- = \ N = i Q@ Ty
‘ s
Y [clsjs|elo|e|s|e|o|s|s/e|s|s|o/eln|e|o/e|c|s|e|o|e|o/e|s|e|o|e|s|e/o|e|s|eo|e|scle|s|eo|e|s|elo|e|s/elole|o] | | | | |
B [cle|s/e[e[s|s|s/e/s[s|s[se]e] ['[ | | [cle/e|e|s|a[e|s|s|s[e|s|s|s/a]s|s|e[e[so|s|e[a|e|s|e[as|s|s/a[s|s|e|e[s|s|0e)
i Q -~ = " @
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m Forward-Pion Detector (FPD)

Top
« NS calorimeters are mounted Ph-glass Top
close tothe beam pipe a
distance of ~7.6m east of the
STAR IR
Bearm pipe
North South
iy
North Tz South
Ph-scintillator 5(} Ph-glass
(near posT) pn g pu 5 X e
e Proz
.l:.il.jiill..l . 'W‘ (N-IquV'IrC
E!!!E!i!!!i!i!!il . at E=25 Gev)
— ShY strips
1 2tower prototype of endeap EMC + Ph-glass detectors
sampling calotimeter built by IHER Protwing
for FRAL E-704
¢ preshower detectors Bottom
Ph-glass - ~18radiation lengths
« shower-maximum detector
1o measure fransverse profile Bottom - Cerenlov defector
- ertensively tested at SLAC
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m  Measurement of forward n@ production at RHIC

FPD event, Run 1563 , event 8% M= 0.0158 0.0157 Gev® Worth calorimetar (E>20 Gav}, RHIC fill number 2201
EEGD LI DL B B EMGD :—'"I"'I"f‘dwmﬂﬁqﬁ 4 TT T T[T T T T[T TTT[T1 |f}.-r|.dfll1|?3|5| I_.-rli"lﬁ
& s a0 | I, - Peck cta 171.47
= = oez e Transverse shower 350 - Centroid 01330
< 200 <o | [otioz  nmap) . L o Q191 3E—H
E ] pl"Oflle r‘esponse Of bkgnd al S0
200 | 200 [ : shower maximum ~ —o0 [ bkgnd 4554
F » ] i bkgnd o2 =2103,
100 | 100 M . detector 250 -
Q o %uﬂ n 1 1 o am WP My 1 r =
20 40 80 BO 100 23 40 g0 BO 100
SMY stip (her) SMY strip (ver) 2 5 ]
150 H — Raw trigger _
Z300 P B i —E, — EJ(E, + E5} <= .5 i
5200 - £ Calorimeter and 00 H — background .
I e =
Elig Y Preshower detector I 7
R 50 | ]
0 response
D L1 11 I L1 1 1 I L1 11 L
LN .1 0.2 0.3 0.4 0.5 0.6 .7
Cluster pair invariant mass {(Gev,/¢h
= Cluster separation in shower = Clearly identified 7% mass
maximum detector and measured peakl
calorimeter energy serves as input
to the n° mass determinationl!
Tuesday Seminar, DESY BROOKHIVEN Bernd Surrow
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0.5 Top/Bottom Pb-glass
? Bl X Top
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o3 5‘%\\9‘?‘
E ‘ ?‘g\»\
L 0.2 \'4
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0.1F
M
o TOP/BOTTOM )
0% 10 20 30 40 50 60 70 80

l:,Bsea m-left Pb-scint. sampling calorimeter

m FPD Asymmetry results:

Energy (GeV)

Tuesday Seminar, DESY
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Beam Right Pb-glass

~ 0.5
= r
Q o0.4f &
_Q L
S o3 5‘:\\\9‘?‘
g ?S"\} :
L 0.2 A4 %
w
"R
0j m% N
: SN
o7 RIGHT
0% 10 20 30 40 50 60 70 80
Energy (GeV)

Top = Bottom = 0 as
expected for vertical
polarization!

NATIONAL LABORATORY

LEFT = RIGHT as
> expected for vertical
polarization!

J

Assuming A\ (CNI)=0.013
(25 GeV) at 100 GeV!

Bernd Surrow



m First measurement of Ay for forward n® production at RHIC

pr+p — 04X

- e - e Several approaches beyond the basic "naive QCD
= - STAR FPD Preliminary Data calculations” yield non-zero A, values at RHIC
0.4 | Assumes A(CNI)=0.013 energies:
- 1.1<p;<2.5 GeV/c = Sivers: include intrinsic transverse component, k,, in
L Vs=200 GeV initial state (before scattering takes place)

= Collins: include intrinsic fransverse component, k , in

~ _ Collins final state (after scattering took place)

O 2 | Sivers

Qiu & Sterman

= Qiu and Sterman: more “"complicated QCD
calculations” (higher-twist, multi-parton correlations)

0 e A, is found to increase with
energy similar to E704 result
- Syst. Uncer. = £0.05 e This behavior is also seen by
:O 2 | \ | | \ | | | \ | | \ | SCVZI"OI mOdels WhiCh pr‘ediCT
0 0.2 0.4 0.6 0.8 1 non-zero Ay, values
xc = E / 100 GeV
Tuesday Seminar, DESY BROOKHEVEN Bernd Surrow
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m FPD upgr'ade View of East tunnel platform from STAR

East-South

East-North
FPD lﬂ 4 | | FPD | | | East-Top
West ;[ | E East =, | | i il
:- BBC m:_:zzimlssc -: '
West j [ East

i

e ———— 3
e Physics motivation: f’f \ East-B+om

= A, measurement for p+p—-z’+X expect
FOM to increase by factor 40!

= Tuning of STAR spin rotator (Local polarimeter)

= Gluon density in heavy nuclei: d+4u— 7z’ +X

5 X 5 matrix
HEoEs

GeEes

e Acceptance:
= Forward rapidity: 3<n<4 T O
= High xq: x> 0.2 sEasass )
= Moderate Pt 1« pr < 4 GeV 7X7 maTr'lx5 %5 ma‘rr-ix7 X 7 matrix

L
Bt

i2Pb-glass

Bz
Tuesday Seminar, DESY BROOKHPAVEN e Bernd Surrow
NATIONAL LABORATORY
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m Access AG in polarized pp collisions

e AG sensitivity in polarized pp collisions

= High-p; (prompt) photon production
= Jet production
= Heavy-flavor production

e Access AG: Double longitudinal-spin asymmetry A |

- 2 “_m
) » ¢ -
) Versus A LL
- = <8

= Study helicity dependent structure functions!

_o0,—0_

o, +0.

e Measurement of A, requires:
_ 1 N,-RN.
“ PP, N, +RN_

1 Jl—(PleALL)Z

““pp \ N.+RN.

1L N, : Spin dependent
event yield

2. R: Relative luminosity

3. P: Beam polarization

e FOM ( = Figure-Of-Merit):
> AJA: PP Ldt
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P b — jet(s) X|

pp—>yrX

—ccX,bbX

st
st

> A /A P Ldt
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e Theoretical advantage of RHIC:

6_.... T T

1 W. Vogelsang,

oo/ 2) /0 1eg) 1 M. Strattmann

HERMES
5 {hedron pairs)

[

r ////EOIMPASS

hadron pairs
P

2 L _/ E7068 (dir. 7)
B et ———————

RHIC {dir. ¥) :
1] / ]
3 4
- eRHIC {1—jet) CDF (dir. 7}
o Laisl el e
0.5 1 3] 10 50 100
pr (GeV)

= Smaller scale dependence at RHIC
compared fo HERMES/COMPASS!
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m The golden channel at RHIC: Quark-Gluon Compton scattering
o A for QGC scattering interpreted inLO QCD: &9 — 78

:‘-J_] -

T o T
A (g+a>7+q) i Lo o g ——
A, = A (cosd) = Polarized cross-section is Mg e LA
strongly peaked when photon is L SO0
emitted in direction of incident i I_ i _6_ — _I

Gluon quark R } I : I

polarization  measured asymmetry ~ PQCD result o (0 1) IO I S

from polarized DIS for QGC = Best determination of AG for: <ic
scattering final-state photon || to initial- B

= Note: QGC scattering dominates over state quark

competing background process: 99 =78

ﬁ(coﬁ i

e Reconstruction of initial-state partonic kinematics:

= Event-by-event determination of py, (photon = Large x quark (large quark polarization)
energy), h,(photon direction) and n; (jet analyzes small-x gluons (gluon-rich)
direction) allows to reconstruct: = Asymmetric QGC scattering (forward boost in

direction of incident quark)

recon

= max[x1 X xz] e Background:

recon

12 = s = min[x,, x,] S
S X, = minjx;, x, = 1o(n°) — vy: 7°(n°)/y discrimination needed
= Isolation cone requirement
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m  Quark-Gluon Compton scattering: Prospects at STAR

e Simulated A, at two different RHIC center-of-mass

energies. = Multi year program at RHIC which requires:
PP ov+jer+ X 1. High luminosity
T T T T 11T T T T TTTT 31(1:0‘}?.., T T TTTTT T T TTTTT 2 ngh pOIGr‘lzaTlon
: 3 s = 500 Ge ¥ 3. Vs = 200 / 5006GeV
w04 H¥ls=200GeV 320p6 ] a 506 pb1 ]
o Heo s =500 Gev 80005 [ 369,000 evenis
- = e -
: 03 g 2 ] 20000 135.:35}.5}.;'1;&;.’- \ e
» q = 220 phe X oyt
2 oo | 3 ﬂu|§ : 185 000 avents] % } A 2—( 2 AP (x )-&(g I (cos %)
E C *_ . ‘ L, == G(x ) 1 q JHL
2 ol - ﬁ*"“ -4 100 / . ' g
B o LUR0Co o _ ] i et
n -? 3
01 Gl Ll 11 L1l 'l T RN I
0.01 0.1 1 0.01 0.1 1 ~ -
Reconstrueted xgpy o h
PP vt et X W5 = 200 GeV, 320 pb!
: . 1
= Combined data sample at 200 GeV and 500 GeV is - - g =500 Ge'V, 800 pb
essential Yo minimize extrapolation errors in determining - T T T AT 5=042] o 4 2= 232]
AG: S GS-A7 [ n=lexkosz| YT |n=ozixoo?
-ﬂ N . | g =0.58+03] g =1.52+078
. g 04 : : 0_4:ﬁ p:—Z.@QiQ.S?_ 02 p:ﬂS.l_I!i_Cl.OG +
2 2 i 7 1 . u .
AG(Q”) = [ Ag(x,Q%)dx Accuracy: 05 EonloEN T ] oY e
9 0 Blazos+olg e - OFF ]
0 = le=sszx0d | 7 [], F}S'IE' Lo 70 F}S':C L
001 0.1 001 0.1 001 0.1
= Ultimately: Global analysis of various AG! Reconstructeds ;o
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m Prospects on constraining AG from inclusive jet production in RUN III

Qn2! =100 GeVAh2!

p+p — jets, vs = 200 GeV, 3 pb™", Pyyom=0.4 g
‘:Lj 0.1 5‘ 3;4; 08 :7 -- GHS\.»? maximun‘ll, NLé
& F — GSSetA NLO '
o =08 GS Sét C, NLO
Q - i 5
'E; .1 . E { 07
= I B ¢ E
g 0.05 |
1
D DU R
GRSY — max
_ | ! |
0.05 3 10 15 20 25
0.15
0.1 1 e Simulation based on Pythia including trigger and
and jet reconstruction efficiencies
0.05 5 ? %
o ] e Assume: Coverage of EMC (barrel)
e o 1 +0c@cznandOcns!
Vo o—
GRSV — std e Jet Trigger: E+ >5 GeV over at least one "patch”
- I I I (An=1) X (A2=1)
0.05 3 10 15 20 25
Measured jet transverse energy (GeV) e Jet reconstruction: Cone algorithm

(seed = 16eV,R=0.7)
(B.S. at SPIN 2002)
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1 Installed

m Status during the first pp run

PbSc

e Commissioning of spin scaler system and :
relative luminosity monitor | Pbse

e Calorimeter components
- Lead Scintillator (PbSc)
s 6 sectors (15552 channels)

- Lead Glass (PbGl)
s 2sectors (9216 channels)

e Calorimeter coverage

m Active
-
Pb Sc West Beam View East

- Inl<0.38 0:%%0 [ e
- ¢=180° N
e First run coverage:
- ¢ =45°+ 90° are active ZDCSouth ] 0 Nowh
= 2 sectors PbSc i .

= 1 sector PbGI

= Crucial component for the first m0
production cross-section measurement in
polarized pp collisions!

Tuesday Seminar, DESY BROOKHPEAEN Bernd Surrow
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%]

)

. . E
m PHENIX 70 production cross section “ F
& 10
'E 1 E 2 PHENIX 200GeY p+p->rl+X
e Data covers over 8 orders of magnitude O NLO paCD
210 = -
s pr=1-136GeV/c D m_}_; oL
E E o3 las - p= 2P
= based on combining minimum bias trigger - E SR PSP
and EMCal trigger data 10 =
4F
e NLO pQCD calculation is consistent with data 0=
SF
= CTEQSM PDF + PKK FF 0E
sF
: e 10
= with a scale variation: u = pr/2 and 2p+ g
Fr
10 &
10°L
= Confidence in understanding subprocesses 3
of
. . . 1u
= Solid basis for future polarized pp asymmetry E R
measurements
0.2f
0_
Normalization error of 2| ‘ll ;5 ;1; 1|0 1|2 1|4
30% is not included! p.{GeVic)
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m Local polarimeter development: IP12 = PHENIX test setup

1800cm

1800cm

Hadron Cal
Based System

Dipole Magnet

i e

EM Cal

Based System

Dipole Magnet

Beam-Beam
Hodoscope
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m  Asymmetry results

Neutron Asymmetry |

EMCal

~ 0.15
0.1
0.05
OF
-0.05F
-0.1E
-0.15E
-0.2E
-0.25F

FE v v 0 1 s 0 4 0oy
0.3 20 40

| BRI L RLAL) LR
—a—
——

Neutron Asymmetry ¢ Distribution

Neutron Asymmetrﬂ

/DC

12.06 /9
0.1076 £ 0.008705

= 0.2
<< 0.15f
0.1
0.05EF

-0;
-0.05
Photon Asymm z -0.1 :
q:z 0.15¢ -0.15E
0.1F _ SN B
0.05F 02151
0F
-0.05E : f
-0.1F
-0.15F
-0.2F
-0.25F
0.3%"—"20 20 60 80 100
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m  Flavor decomposition

e Explore spin structure of sea is crucial:

= Is polarization of sea shared by quarks and anti-quarks?

= TIs there any flavor dependence?

e W: production in pp collisions probes flavor
structure analogous to deep-inelastic scattering

e Polarized proton beams allow the measurement of
(the expected large) parity violation in W+ production

e Forward e/p detection gives direct access to probe
the underlying quark (anti-quark) polarization which

is dominated at RHIC by u/d quarks

_:|.
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Hamburg, 03/18/2003

W - d+u
W' > u+d
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1.0 ————— :
N RHIC pp Vs = 500 GeV
<] JL dt = 800 pb!
¢ AL (W) 4
0.5 0 A (W) -
Ad/d
| A
___________ ‘%%
/NN A -
05k Ai/it N / i
\
Q2= M%/ \\ |
——————— GS95LO(A) \ _
| ——— BS(Ag=0) \
~1.0 .
107 10"
X
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e Gluon polarization

m Topics

= Direct photon (STAR/PHENIX) + jet production \
(STAR)

* Hadron production (STAR/PHENIX)

» TInclusive jet production and di-jet production
(STAR)

» Heavy-flavor production (STAR/PHENIX)

e Quark/Anti-quark polarization and flavor

d ecom p 0s l 1. l on bl e

New opportunities in
SPIN physics!

» W production (STAR/PHENIX)

e Transversity and transverse spin effects
» Single-transverse spin asymmetries
(STAR/PHENIX)
» Transversity via Drell-Yan (PHENIX)

e Physics beyond the SM

= Varity violating asymmetries (STAR/PHENIX) /
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m Timeline
e FYO2:

» First polarized proton run and
= First polarization observable measurement at RHIC in
transverse polarized pp collisions

e FYO3:

= Continue with measurements on transverse-single spin
asymmetries with upgraded STAR FPD

= Confirm tuning of spin rotator magnets via absence of
left/right and up/down spin asymmetries (STAR/PHENIX)

= A, for mid-rapidity inclusive jet production (STAR) and
hadron production (PHENIX) as a first probe on the gluon
polarization at RHIC

= Continue commissioning of RHIC for polarized proton
running (L = 1031 cm2stand P = 0.4)

o FYOA4:
» Installation of polarized gas jet target for CNI polarimeter
calibration
= Commissioning of /s = 500 GeV and first run

e FY05 and beyond:
= Strong snake in AGS for improved polarization
= Improved luminosity
= Embark ony and W physics and heavy flavor production

Tuesday Seminar, DESY Nﬁﬁ?ﬂ'ﬁﬂﬁgﬁ'&
Hamburg, 03/18/2003

Completion and
upgrade of
STAR/PHENIX
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m General comments on a future Electron-Ion Collider (EIC)

e @7 (GeVY) L Q7 (GeV))
. Polarized DIS  Unpolarized DIS
wil. — Fixed target u-DIS wii Ml HERA
------ Fixed target e-DIS F EEEIC
5[ EEDEIC il T Fixed target DIS e
1] ; w? ' !!: H:h:
. = ARy &
- A S e et e
v w® w' w? o wt aw? T BT R 1
(a) X (b) X
e Explore new QCD regime in eA e Essential features for new EIC facility:
scattering and polarized ep scattering o luminosity: 5 105 e st
in collider mode beyond the fixed + High luminosity: >10% cm™ sec
target DIS era = High polarization: # 70%
9 , « High energy: E, % 10 GeV, E, » 250GeV
e Complement current physics program « Variable center-of-mass energy: 25 - 60 GeV
at RHIC (AA/pp = eA/ep) - Optimal detector for physics to be explored
at EIC (Lessons from HERALI)
Tuesday Seminar, DESY BROOKHFELVEN Bernd Surrow
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m Physics program

a4P(x)
f EIC White paper,
. . | ot BNL-68933
e Unpolarized ep scattering: o
Longitudinal structure function F | //_\' e
Flavor separation f f
Precise direct measurement of the gluon ' 400 pb at EIC
(0.001 < x < 0.5-1) f :-
Exclusive reactions | i g:iuﬁéfw
Transition region (Q% — 0) ' T mm. @ =20 GeW?
.......... Q% = 100 Gey?
e Polarized ep scattering: |
Polarized structure function of the proton e e w
Gluon polarization (Complement effort at P J :
il B | EIC White paper,
RHIC, COMPASS, HERMES) | BNL-68933
Exclusive reactions L » EIC U% 1
, , : 1 NMIC {SniC) g -
Deeply-virtual Compton scattering (Orbital wozl « HERA b ;
angular momentum of quarks) _ I Tf' L
- ]
. o(F//FY)om@* o+ } b A { AT
e c¢A scattering: - P
e Influence of nuclear medium within : b
hucleon/nucleus: F,*/F,P a0 gk
e Gluon distribution within nucleus b |
e Parton saturation at low-x mr —orani 1 i I
L T T T R T T
x
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m Requirements on a future EIC detector

e Basic requirements:

E.=10GeV E,=2506eV

Measure precisely scattered electron
(Kinematics of DIS reaction) 103

Tag electrons under small angles (Study of
transition region)

Measure hadronic final state (Kinematics, jet 102
studies, flavor tagging, fragmentation studies)

Zero-degree photon detector to control
radiative corrections

Missing E for events with neutrinos in the 10 -
final state
Tagging of forward particles (Diffraction) i
) 1e
E ©=179
GEANT detector 10 10 10 10 10 10 1
> simulation work has g /X
started!
~
“:b EIC x-Q? acceptancel!
J
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m Past:

e Series of workshops

Before 2001:
= Indiana/MIT: EPIC
n CRHIC

e Merge to EIC: EIC = eRHIC + EPIC (Sept. 2000)

e White paper (March 2001)

e EIC workshop (Febr. 2002)

e Result of submission: NSAC 2002/2003: Formal project in long-range plan
m Present:

e Next large-scale project at BNL beyond RHIC

e Beam cooling for RHIC already within EIC machine budget

e Strong intention to have a dedicated EIC group at BNL from 2004 onward

e WWW-page: http://www.bnl.gov/EIC
m Future:

e Series of CDR's (CDRO: 2005) (rough institutional responsibility and interests, functionality of
detector)

e Start of construction (CDR3=TDR) in 2008
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m Future EIC program at BNL

m RHIC Spin program at BNL

First successful polarized proton collisions ever at RHIC

Successful upgrade and commissioning of various hew STAR
components for the first polarized proton run at RHIC

First measurement of single transverse-spin asymmetries A, for
forward m° production at RHIC (= Probe new domain in QCD%

Unique opportunity to explore the spin structure of the protonina

new unexplored regime at RHIC over the next years:
= Gluon polarization
= Flavor decomposition
= Transverse spin effects and transversity

This requires various accelerator, polarimeter and detector
components to be completed (High polarization and luminosity)!

Explore new QCD regime in eA (high parton
density - saturation phenomena) and polarized ep
scattering (complement ongoing RHIC
physics activities)

o Uniiue opportunity to establish such a QCD
facility at BNL!
Tuesday Seminar, DESY BROOKHPLAVEN
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= A very exciting time is ahead
of us to explore the spin
structure of the proton at
RHIC and to establish a new
ep/eA facility at BNL!
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