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THIS IS NOT A SUMMARY TALK!

Those were done already on Monday afternoon by each
experiment

So if you do not see your favorite slide or

your own work,

I apologize
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Aftermath of EMC Spin Cirisis

Motivation of a proton-proton collider

The RHIC Spin program at BNL
— Status: An experimentalist’s view
Double spin asymmetry results

— Limitations and aspirations: short term outlook
— Needs

Summary & closing comments
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The spin crisis & its aftermath

* European Muon Collaboration’s discovery in 1988/89

— Quarks (+ anti-quarks) do not carry the expected fraction of
nucleon spin!

* Nature’s message: Look again, look elsewhere....
Ellis’s beer

- %AE HAG + Ioec |

Quark Model QCD + Orbital motion
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PDFs & Fixed target DIS

Limitations:

* Virtual photon can not directly interact with gluons
— Charge-less gluons and colorless quarks: don’t see “eye-to-eye”
— Indirect contacts: Photon-Gluon-Fusion process(es)

* Fixed target experiments ==> low center of mass:

— clean interpretation of results using pQCD difficult in certain
processes

* Virtual photon can not distinguish quarks from anti-quarks: To
accomplish this one has to consider fragmentation functions n,Ks etc....
uncertainties arise.

Not “limitations” of polarized DIS, but of fixed target polarized DIS
See talks on October 7, by K. De Jaeger & S. Aronson
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What other options do we have?

*  Why not collide protons on protons?

— Each is an ample source of “glue”, could be used to probe the gluon’s
role directly

* To keep the interpretation of results clean using pQCD
— A collider at high energy

This was the motivation for

the RHIC Spin program

It also allows a beautiful & elegant way to
explore the quark vs anti-quark spin contribution
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M. Bai’s talk Oct.2, 2006

RHIC pC Polarimeters
P BRAHMS & PP2PP

PHOBOS

Siberian Snakes

\

Spin flipper
: e Spin Rotators
Solenoid Partial Siberian Snake (longitudinal polarization)
\A LINAC BOOSTER
4/
200 MeV Polarimeter ~7 ~ / 4 AGS Internal Polarimeter
2 7 .
Rf Dipole  w ¥~ AGS pC Polarimeters

Strong AGS Snake

Installed and commissioned during FYo4 run

B Commissioned during FY o5 run
B Installed and commissioned during FY o5 run
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Polarized Collider Development
Parameter Unit 2002 2003 | 2004 | 200§ | 2000
No. of bunches - 55 55 56 106 ITI
bunch intensity 10" 0.7 0.7 0.7 0.9 1.4
store energy GeV 100 100 100 | 100 100
B* m 3 T T T I
peak luminosity | 103°cm?s 2 6 6 (o) 35
average luminosity | 103°cm?s? I 4 4 6 20
Collision points - 4 4 4 3 2
average )
polarization, store % 5 35 46 47 60°65
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The RHIC Spin: Physics

1. Direct determination of the polarized gluon distribution using many
independent probes

— Requires double longitudinally polarized pp collisions

2. Direct determination of the polarized quark & anti-quark
polarization using W*- production in pp collisions and its PV decay

— Requires at least one beam longitudinally polarized
— Also 500 GeV in CM

3. Transversity and other transverse spin effects which may lead to
better understanding of the transverse spin structure of the proton

— Requires at least one transversely polarized proton beam
— 'This will be described in A. Ogawa’s talk which follows
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Bunch crossing intervals 100’s of ns
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P = “"”
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 PHENIX Design philosophy: (details in Ken Barish’s talk, 2A, Monday)

» Detector Redundancy
» Fine Granularity, Mass Resolution
» High Data Rate

» Good Particle ID
» Limited Acceptance in central calorimetry and forward muon detectors

* STAR (details in B. Surrow’s talk, 2A, Monday)
— Large acceptance with azimuthal symmetry
— Good tracking, particle ID
— Central & forward calorimetry

* Both have collisions counters and zero-degree-calorimeters to
characterize events

YOU HAVE SEEN THEM IN MANY TALKS!
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Method of accessing AG: example

D (z)
(1)

Hard Scattering Process

- }:’\ 5

* Different hard scattering process: which result in final states (1) and (2)
— They could be: 2-Jets, Jet-photon

— Jets --> hadronize/fragmentation--> (, K, p...)
* Fragmentation function required for the appropriate process

— Inclusive and semi-inclusive: measurements in RHIC detectors
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The Processes..... On a partonic level

Direct Photon Di-Jet production Heavy Quark

Aq Ag Ag Ag
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Double Longitudinal Asymmetry

The measurement:

A = R =
P,PyN., + RN, _ N._

Where + and - indicate (longitudinal) spin orientations

R is a ratio of the number of collisions with [++ vs. +-] spin
orientations in the experiment: Relative Luminosity ratio

Experiments have to confirm that the spin orientation is indeed
longitudinal when they collide in the experimental IR

— Local Polarimetry

— Does not really measure polarization; only checks spin
orientation in collisions
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Interpretation of Ay

* The measured double longitudinal asymmetries have to be
interpreted in terms of AG:

— This is done in the framework of perturbative QCD

* How do we know that the perbative QCD approach is
appropriate for the kinematics in which A;; is measured?

* Compare the NLO pQCD calculations in the kinematics of
the experiment with their data
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p+p->n°+ X, 200 GeV CM & central rapidity

* Central rapidity of PHENIX

RO _ ) o experiment
g 107! PHENIX Run3, Preliminary
2 4 KKP FF (calc. by W.Vogelsang) .
E * Next-to-Leading order
"g . calculations match very well with
T 10 .
< 1 the available data
T 10°
i 08 7 1 "1
W 106 [
W. Vogelsang
107 - -
= 0.6 - _
10'“E I ]
A
10 = 0.7% scale uncertainty
10710 s not included 04 I
D g_l 1 1 1 I 1 ks 1 1 | 1 1 1 1 1 1 1 1 1
Q -
g1 :
g N\/ 02
2 M !
@ [ ettt —e 5]
® r
E'1 n 0
0 5 10 15 20 0

p (GeVic)
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7t° asymmetry at 200 GeV CM
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Run-5 (preliminary) + Run-6

. 4005 — —
< oo | HENXPreliminary . GRV-max (partial, preliminary)
g «Run5 Photon Trigg
0.03-.Run6 Photon Trjgger, high p;
022 Ag=-g ! GRSVstd | e Compared with the different AG
0.01H- S T i B scenarios coming from DIS fixed
C " .
RS B Ag=0 target experiments & some model
001 dependent inputs to them
-0'02;_ _Scali?g e:‘rtz’r gf 40%
D5 7S ROLIRCHAES * Preliminary: Zero Gluon more
T R R R R N A (%)3 o likely than the GRSV-Std (after
ev/ic . .
i Run-6 inclusion) ??
C.L. (%)
Theory model Run Runé6 Run . e .
v ’ N Rfm ¢ | Caveat: the variation in theory
uncertainty is not considered in
GRSV-std 18.0-22.1 0.5-7.0 1.5-8.8 Sreen Qo e lenea lhavd]
GRSV-max (AG=G) | 0.0-0.0 0.0-0.0 | 0.0-0.0 Cal(‘iulatlons yet. Detailed analyses
underway.
GRSV AG=0 16.9-18.6 | 14.2-16.5 | 11.I-12.2 y
GRSV AG=—G 0.0-0.9 0.0-L.I 0.0-0.0
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STAR Inclusive Jet measurement

10°E TS
= (a) o2r

107 = = =] I~ — e
= STAR 3 o I :cé - m

e~ p+p = jet + X . T — G0
S10° \5=200 GeV 5 MF Gl
(O] = S=eUL € 3 - W 2005 STAR Pralimnary »

% - midpoint-cone - - O 2008 STAR Projecions
:105 §_ Eone:0-4 —§ 0.1 '__

'_g. = 0.2<n<0.8 - -
510°E E -

;% = 9 005 I
c10°E E - —
S E 3 - &

TieE E °F i

= —&— Combined MB 3 C
105 _e— Combined HT = 'G'GE:_
1E —— NLOQCD (Vogelsang) — o 1: | | | | | |
: | ‘ | | | | | | | | | | | | | | ‘ | | | | | | |: n 5 1n 15 2“ 25 3“
> 1.85 Systematic Uncertainty (b)é Measured Jet P (GeV/c)
S 14E s Theory Scale Uncertainty = )

..':- ) %_ | e LT PP T TP P RV TYPT P TT I TT TR P OR NP TVRCTTRPTI VULV E LR A CAL UL LA LA ERE RN 1111 aviey _%

E ;22: """ T it S ST WENRER SR S I X cont. GRSV-STD: 1.1
© 0.6 =
© E =

025 . . = levels =G:
0 10 20 30 50 AG G - 1 2

40
p; [GeV/c]

Inclusive jet cross section at NLO
in agreement with the data over
7 orders of magnitude and wide pT

AG = 0: 0.7
AG = -G: 1.4
Rules out AG=G
(Run-5 data)
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O ) | ‘ 9 STATE UNIVERSITY OF NEW YORK
STAR: 7 production
“"E AL L L L B L B s PP — n®MJet + X at s = 200 GeV near mid-rapidity ]
“:_; 1 a] STARPFEHminﬂrF :II0.15_IIII‘IIII|I\II|IIII‘III\|IIII|\\II|III\|IIII|\\II_
L — standars - STAR 2005 preliminary n® _|
§ 10" © L ] STAR Data < r— g§§$ Atg Sgd o STAR 03."0438:5 {p|f2§hep—ex10608030 i
£ NLO KKP FF 0.1 —— GRsvVag=-ginput ®  PHENIX03/04 i PRD 73, 091102(R) 7
- g Yoo memmeees NLO Kretzer FF | —— GRsVag=ginput ]
s WE A —<— PHENIX PRL91, 241803 I - I ——
m;‘f 10° :g NLO calculations by W. Vogelsang E: 0.05 __‘é‘_/ —:
w = 3 L _
107 E? EE 0: ] T ¥ e T i s ‘_:
10° = - J( ]
- - -0.05— —
10*’;— = i % ]
1077 é— —é -0.1:— _:
_BE : 7||||‘||||||\II|||||‘|||\||||||\\||||||\||||||\\||7
10 g_ _§ 1 2 3 4 5 6 7 8 9 10 1"
- S | e p. [GeV/c]
® = b) point-to-point systematics - !
2 o2 —+ statistical errors — . .
e [ T E e C(Cross section at NLO in
g o—T1 1 s3I —1 | J . .
- E agreement with data
0.2 =
o i AT - ]
E total It I = [ )
g 155 c) 5 (f o o :Laoi’f;z"g?;';ﬁ 'Ek’g E*‘EZFD'_: = FlrSt asymmetry measurement
S LT o g, R S e Consistent with PHENIX
¥ 0.5 C}F T Tame=n == o e _;
5 of ? os o i - reviously released and dat
3 = = L - . E p V1i0Uus y reieased and neéw data.
O5F B LTt =
I S S S S R P PR [ . . .
b [Gevic] consistent with previous results from PHENIX
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RHIC Spin: inclusive n° and jet
p+p — m/Jet + X at s = 200 GeV near mid-rapidity
j 0-1 5 B ! | I I I | I I | | I | | | I | | | I | | | I | I | | i
<L | —— GRSV standard . STAR 2005 preliminary n” _
| GRSV Ag=0 . STAR 2005 preliminary Jets (p112} *
0.1 [ —— GRSV Ag-=-ginput u PHENIX 2005 preliminary n° ]
. - GRSV A g = g input [ PHENIX 2006 preliminary n” s
B |1 ]
0.05— —
I S B
N N f _
-0.05— —
0.1 —
B | I ] | | I ] | | | | | ] I ] | | | | | | | | | ] | | N
2 4 6 8 10 12 14
Thanks: F. Simon & K. Boyle P, [GeVi/c]
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STAR 2005 Inclusive 7t~ A;;

P +p — 7 + X at [s=200 GeV -1<n’<1 P +p — n* + X at \s=200 GeV << 1
< 0.1~ — GRSV-STD <tj 0.1~ — GRSV-STD
L — AG=0 - —AG=0

— AG=G

i . — AG=G
0.05— AG=-G 0.05— AG=-G
0 —— - — }
B ’ 0 T e
- + - ' !
: : [ ]
-0.05— -0.05—
. 2005 STAR Preliminary 2005 STAR Preliminary
-0.1_IlIIIIIIIIIIII|lIllllllllllllllllllllll -0.1_||]lIl]]|IIIlI|IIll|llIl|IllIIIlllIlIII
2 3 4 5 6 7 8 9 10 2 3 4 5 6 7 8 9 10
7 P; (GeV/c) * Py (GeV/c)

Charged pion measurements

luminosity hungry

Theoretical calculations
agree with the expectations
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Other PHENITX
measurements

QTA‘NY

15;P Ellinghaus
< F PHENIX Preliminary (Run 5)
~ —
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3
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01—
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L ]
- .
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_\III|IIII‘IIII|IIII‘IIIIlIIII‘IIIIlIIII‘IIIIlIII\
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AG Prospects

Il].IIIII""I""|I||||| — 1 T 1 T T T ] T T T 1T T 1
| - o1 B AR -
[ 'IE“EE J
N i
0os F )
i
g B
-l:l.ﬂj-l||||||||||||||,,|||I- _IIIIIIIIIIIIII
i 5 10 15 0 o - " -
pr [GeV] - [GeV]

* Left: A;; (m°) prospects by 2009 (65 pb-1 luminosity intregrated by
PHENX using nt° double spin asymmetries

* Right: A;; (jets) prospects by 2012 by STAR with 00 GeV in Center
of Mass data
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* Measured through single 1.0 ———e——
longitudinal proton collisions at X | RHICppvs= 510() GeV
500 GeV center of mass < _ JL dr =800 pb
e AL (W) e
B . 0.5 v
Ad+u —W j
Au+d — W~
_ v
Ad+u—W" 0 R —
_ oy
Au+d—W* | b
o0,
 PHENIX needs Muon Trigger . 5'_ Al /ﬁ/’ \Ad/d
upgrade (funded NSF, JSPS) and | )’ ,/ |
the STAR detector needs the | 9= My N
forward tracker (proposal being S GS95LO(A) ]
: L —— BS(Ag=0) \
written) 10 o e o
107 10"
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Now in the x space... how does this look?
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—_— 11—
¥ [ —— AAC2004
® r AAC 1-G limit . .
- - GRSV std * Spin plan:
I GRSV limit — 65 pbTat VYs=200GeV & 70% pol
e s Ll — 309 pb™ at Vs=500GeV & 70% pol
- = HERMES di-hadron .. -
- * SMC di-hadron 1 . RHIE Spin Plan 2005, Feb:
-0.5— v COMPASS di-hadron B
¥ COMPASS di-hadron projec1:tion e s
- = RHIC n°projection 65 pb | | a """
A
L oo L L L L
10° 10°* 10" X .L .
¥ [ —— AAc2004
S AAC 1-G limit
‘s | < o5 e GRSV std
Note the limited x range! e iyt
RHIC will constrain AG(x) very D
significantly, but how do we - ° HERMES di-hadron "
oy . . . * SMC di-hadron
utilize these constraints to its 05 v COMPASS di-hadron *
maleal impact> v COMPASS di-hadron projegtion | .. |
) - " RHIC Jet projectn. at s=500Gev |
-1_ | | | 1 11 I| | | | ’T’ | | | | |
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62 GeV CM.: probes a different x
A (1)
0.1 :
- — ﬁgﬁfﬁﬁﬁ“‘
0.08F —&— Run6 62G5VAPm]Jmmy' ’ %%*ﬁi%# Cross
- | = Run5 200GeV Preliminary ;—;& e section
0.06— 7 not
C yet
0.04F released!
0.02F
0 N 2pT
C | E r — =
-0.02[— 40% scale uncertainty \/E
C 1s not included T
_01ﬂ4l" I 1 1 “ [l 1 [ L 1 1 I 1 1 L I L [l I 1 | 1
0 0.02 0.04 0.06 0.08 0.1 0.12
X
.
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* Vary the range of CME at RHIC: 62 GeV --> 200 GeV --> 500 GeV.
— Difficult and with limited gain in x range...
— A;;s and quark-anti-quark parton distributions would be available

*  What else?
— Different probes
* Di-Jets, photon-Jet, open heavy quark production....
* W production and decay (anti-quark distributions..)

— Detector upgrades to increase the physics cabapabilities: heavy
quark program

e Si VTX tracker for PHENIX
* Inner tracker for STAR

* Last but not the least: A comprebensive pQCD analysis at NLO of the
global data set: A Global Analysis
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Global Analysis... an urgent need!

* To most fruitfully utilize all the data ==> to get the best possible
determination of polarized parton distributions we need

a Global Analysis of all available data sets:

* Perturbative QCD at the highest possible level of sophistication needs
to be used to analyze these data (presently NLO)

* An example : The Successful multi-year effort by the CTEQ
collaboration

— Experiments and theorists come together to and extract the un-
polarized parton distribution and their uncertainties

— Judicious input from experimentalists and theorists on various
1ssues

— Statistical, experimental systematics and its correlation, and theory
uncertainties need to be dealt with
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The method: A simplistic view

DIS data pp Data

Theoretical framework

@ > minimization
Af(z, Q%) £0(Af(z,Q%))

‘::(‘)ﬂ(lﬁf(.tz‘?j Qz)) e ::(Statdata) T (SyStdata) T (SySttheﬂrL)

e QObservation:

— Stat+Syst errors: mostly added in “quadrature” ignoring all
correlations: this can clearly be improved

— SyStieory Often least emphasized... but typically large
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One “recent” attempt of global analysis....
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1.5
— DIS + 1’ (Type 1)
1{ --- DIS only (Type 2)
| --- DIS + i’ (Type 3)

hep-ph/06070063: clearly says....

The large uncertamty in type-3 Ag(x) m the smaller-r
region 18 also reflected to the first moment: —(0.56 £ 2.16.
The large error comes from the small-r region, where
there 1s no experimental data which constrains the small-
r behavior of Agl(xr). In fact, if the type-3 Agl(r) 1=

Asymmetry analysis
collaboration (AAC)

— Hirai, Kumano, Saito
Pre-print: hep-ph/o603213
Recent: hep-ph/0607063

— This new paper deals
with large x only (!) and
only shows error bars of
the fit type 1 and 2

Recently the hep/ph 607063
was quoted (not by authors)
and value of AG and its
uncertainty:

>> 0.30 +/- 0.30

>> ignoring theoretical
uncertainties (low x)
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Initiation of the global analysis

As RHIC data starts becoming significant (next year or so), it is

absolutely timely that we have a framework in which they can be
analyzed in the most comprehensive manner

* A group of people not unlike the CTEQ collaboration is needed:
— AAC collaboration exists (could this be a seed?)

— Other theoretical groups already are working developing novel
techniques

* A fast Method for analysis of Inclusive DIS + RHIC pp data
M. Stratmann, W. Vogelsang PRDG64, (2001) 114007
* Inclusive & Semi-Inclusive data + PHENIX n° data
D. de Florian et al, PRD71 (2005) 094018
* Others?... apologies for not mentioning...
— Many experimenters are interested...

* Let this effort begin... earlier the better!
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gl(p,n,d) (x,Q2) AX
pp->Y+X

pp-—>W-->u/e
iy
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Sumrmary

* RHIC Spin program has begun: early data already on tape
* Exciting prospects for new data and unraveling of nucleon spin!

* While there is a lot to do in the next few years, the returns may
be phenomenal: Many exciting results anticipated in the
SPIN2008, 2010, 2012 symposia....

 Stay tuned...
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That’s it!

You want more???!!
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