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Purposes of this talk :

e summarize latest status and main new developments in the field

e introduction to (some of) the talks in WG E

parallel session organizers Anselmino / van der Steenhoven



Vernon W. Hughes (1921-2003)



Outline :

Part | : Nucleon Helicity Structure
e \What we know, and what we'd like to know
e Today's facilities & experiments in Spin Physics

e Recent results & future prospects

Part |l : Transverse-Spin Phenomena
e [ransversity
e Single-spin asymmetries

e Developments in ~ past year



Part | : Nucleon Helicity Structure



1. What we know, and what we’d like to know

Spin physics < 2000 :

e dominated by inclusive DIS —
t SLAC,CERN,DESY 2
° g1(z, Q%)
— "—
—— —
—

e learned about
x+ [Aq + Aq] (z,Q?) distributions @ - @
« small axial charge ~ <PW7M ~P O|P) ~ 0.2, axial anomaly

« Bjorken sum rule [ dx [¢] — ¢}'] >« ga confirmed
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e identified goals for near future :

zPet 2 p. 3BsT 2
+ | gluon polarization Ag(z, Q%) = ’+£}X‘ — ’ ﬁ}x‘

1 . . . .
fo dx Ag — a likely major contributor to the nucleon spin !

a main emphasis at most current experiments

x | more detailed information on quark distributions :

— flavor separations : Au vs. Ad, As, As vs. As etc.
(models, Pauli blocking, . . ., relation to baryon § decays)

— small-x / large-x behavior

x | orbital angular momentum of quarks and gluons :

— (a? X T)q,g) matrix elements can be measured in DVCS & Co.

(Ji)



® spin structure on the lattice :

* can calculate low moments of pdfs

+ agreement w/ phenomenological values at 20% level (or worse)

* chiral extrapolations? Arndt,Savage; Chen,Ji; Detmold,Melnitchouk,Negele,Renner, Thomas

* continuum extrapolations 7 QCDSF

1.2

« quenched vs. full 7

T s e

axial <[ _

charge | :

PPt ~+Full QCD ]
Aq —-Quenched QCD : LHPC/SESAM Negele



e g4 = [dr (Au— Ad)  RBC: Sasaki,Orginos,Ohta,Blum
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2. Today’s facilities & experiments in HE Spin Physics

Lepton-Nucleon :

e HERMES (E. < 27.5 GeV)

* DIS structure functions, semi-inclusive, transversity, DVCS/excl., . . .
« recent run with transversely polarized target

o JLab (F. <6 GeV)

x structure functions in valence region, GDH sum rule E99-117
« + DVCS, beam-spin az. asymmetry in ép — er™X CLAS

e COMPASS (E, = 160 GeV)

x gluon polarization, transversity, DVCS

o £161 (E, = 35— 45 GeV)
x gluon polarization
« currently on hold



A new milestone : polarized pp collider RHIC
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02 run: P <0.2
currently P > 04

ultimately P =~ 0.7

e 55 bunches

e different spin comb.
every 212 nsec.

e maintain pol. for 10 hrs.

currently /S = 200 GeV (500 GeV later)

'02run: L ~1.5x 10 cm 2571

current goal : L ~ x10% cm 257!

ultimately L ~ 2 x 10%? cm™
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3. Recent results & future prospects

e gluon polarization Ag(z, Q%)
e more detailed information on quark distributions :

— flavor separations

— large-x behavior / valence region



Probing gluon polarization Ag



e |lepton-nucleon : for direct measurement, may use vp — ccX

COMPASS, E161, HERMES

Marchand v.d.Steenhoven

(NLO corr. Stratmann,Bojak; Contogouris et al.)

e can also use high-pr hadrons HERMES, COMPASS

(idea Bravar,Kotzinian,v.Harrach) Marchand




Excellent prospects for RHIC

e several different reactions with sensitivity to Ag can be studied :

pp — X, |pp —jetX || pp — 71X | pp — (cO)X,

L e G s S

e can check consistency of Ag determinations

(universality / factorization theorems)

e theory framework under control :
+ experience from unpolarized case (Tevatron,SpS)

x* NLO corrections now known for all relevant reactions

Gordon,WV; Contogouris et al.; de Florian,Frixione, Signer, WV; Stratmann,Bojak;

de Florian; Jager,Stratmann,WV; . ..



Already in present run : pp — 7°X

V'S = 200GeV, PHENIX
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Jager,Stratmann,WV
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improvement in scale dependence:

10°¢

dAG / dp; [pb/ GeV]

10

variation of scales: ;1 = pr/2 ... 2pr

pr[Gev] ®

Jager,Stratmann, WV



pp — 7V X by

PHENIX

(+30% normalization unc.)

Sato

STAR to come
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e jet physics at STAR Rakness

p+p —> jets, vs = 200 GeV, 3 pb™', Py.y,=0.4
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Further information

on quark distributions



e inclusive DIS cannot distinguish between ¢ and ¢

e considerable interest :

+ SU(2) breaking in sea (meson cloud models, Pauli exclusion, . . .)
(Thomas,Signal,Cao; Diakonov,Goeke,Polyakov,Weiss; Gliick,Reya; Schafer,Fries; Kumano; Wakamatsu)

« strange quark polarization
(Ellis,Karliner et al.; Brodsky,Ma Bo-Qiang et al; . . . )

e one option : semi-inclusive DIS. Detect a hadron h = 7=, K, ...

(E. p)

LO : z = E"v

Y, ea[Aq(x) D (2)+Ag(z) DI (z)]
>, €2|a(z) D (2)+q(x) DE(2)]

« _ h Af(x)
( — %Pf(x,z) ()

~ A?(x, z) =




Last year’'s HERMES results :
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HERMES analysis :
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current points of discussion :
e small sea polarization 7

e positive strange polarization ?

Bass; Leader,Stamenov

e validity of MC “purity’ approach?

Christova,Kretzer,Leader; | Kotzinian

e and/or higher twist ?



A neat way at RHIC : TV production Bourrely,Soffer

1.0 —
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i - L dt =800 pb*
AWt Auley) d(w) — Ad(z1) u(zs)
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D e
HO corrections, lepton level : <><>;>\Q%
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New JLab neutron results at large-z :
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e testing ground for models at x — 1 :

* constituent quark models : Ad/d — —1/3
+x pQCD models with hadron helicity retention :

E99-117

McCormick

| @ This experiment
| OHERMES

LSS(BBS)

0

0.2 0.4

06 0.8 1
X

(Close, Thomas; Isgur)

Ad/d%l

(Farrar,Jackson; Brodsky,Burkardt,Schmidt — Leader,Sidorov,Stamenov,Boglione)

« “statistical” pdf approach

Soffer

, duality phenom.

Fantoni




Part Il : Transverse-Spin Phenomena



e Ralston,Soper '79 : Parton density of transversity

oq(z) =

;T_Géi})(‘ 2

P 1 2
Pt~ ip B
> = }X‘
e in helicity basis :
1

N =(H+i) 1= (10 - i9)

e then :

+ -
" | -
0q(x) %}/}/ \{\Oi “Helicity flip” !

e ~ not for gluons at leading twist
Jaffe, Ji; Ji; Artru,Mekhfi; Soffer, Teryaev




e Standard Model probes preserve chirality (= helicity)

’

byt = Ly*L + Ry"R
oy WE 0 | VT R
VY = LML — RyMR

e however, spontaneous xSB, m, # 0, . ..  Collins,Diehl; Jaffe; Polyakov, Weiss . . .

e transversity not accessible in inclusive DIS :




e Collins '93 : use fragmentation as “transversity polarimeter”

T Z.ST'(P:TX]{T)

e contributes to leading power single-spin asymmetry in ep! — enr X

AL o [Selsin(é+ 6s) X, €2 da(x) H(2)

SMC
HERMES - soon ! Schnell
COMPASS Pagano

e (at small measured k7 a special factorization theorem applies)



e recall, HERMES measurement of ep — en X Schill

. N
A o %Sm(@ > €q 0q(x) Hy(2)

i

+ other power suppressed
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e ( QCD corrections ? Sudakov effects . . . )



e however, intrinsic kr of quarks in proton 7

£ - P /f; _ AT/?‘

St

asymmetry apr(z, k) # qpr(z, —k7)

e however Collins '93 : for distribution functions correlation
§T : (15 X ET) ruled out by T invariance



e | Brodsky ||Hwang,Schmidt 02 : find leading-power asymmetry

from final-state interaction in model calculation

11-2001 (a)
8624A04

e assumes ordinary fragmentation function |

e then realized : gauge links that make pdfs gauge invariant allow the
Sivers “T-odd"” structure Collins; Belitsky,Ji,Yuan; Boer,Mulders,Pijlman; | Metz

e non-standard time-reversal discussed also by  Anselmino,Barone Drago Murgia



® gauge-invariant parton distributions : ¢ g
-V L

P P

a(@) ~ / 4e~ &€ (P (€7) U o1 Uy 4 (0) | P

e
Uge] = Pexp <—ig/ d)\A+()\)>

e with kp dependence

X (Pl (€ r) U (7000] v+ (0) | P) _.._

e gauge link survives even in AT = 0 gauge
(Belitsky,Ji,Yuan; Boer,Mulders,Pijlman)



Implications for phenomenology :

e two leading contributions to ep! — er X

sin(¢ + ¢s) Y, €2 dq(x) Hy(2)
sin(¢ — ¢s) Do, €2 fi7"(x) Dy(2)

Teryaev || Gamberg

e hadronic single-spin asymmetries in p'‘p — 7.X

— O-T_O-l
AN = el

e large Ay seen in fixed-target experiments at
BNL,ANL,Fermilab,Serpukhov
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e in pQCD, Ay is power-suppressed as 1/pr

e intrinsic transverse momentum effects a la Sivers,Collins,Boer

Anselmino,Boer,D’Alesio,Murgia; Leader,Boglione; Boer,Mulders; . . .

e “"Twist-3 quark-gluon correlation functions”

Efremov, Teryaev; Qiu,Sterman; Koike et al.; . . .

cat.




e | D'Alesio |,Murgia l

p'p O mX: Sivers effect
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ealso: plp — X, pp — AIX

Soffer; Anselmino,Boer,D’Alesio,Murgia; . . .

e also : cos(2¢) dependence in unpolarized Drell-Yan

NA10; Brandenburg,Nachtmann,Mirkes; Boer; Collins; Boer,

Brodsky

,Hwang . . .



STAR i} pr+p —> w4+ X
< | STARFPD Preliminary Data
Rakness 0 4 - Assumes A(CNI)=0.013
1.1<p;<2.5 GeV/c
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______ Collins effect
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e higher pr . ..
e Drell-Yan ff‘T’DY — —ff'T’DIS Collins; Brodsky,Hwang,Schmidt:

Belitsky,Ji,Yuan; Boer,Mulders,Pijlman; Anselmino,D’Alesio,Murgia



e another recent development :
Fourier transforms of off-forward parton distributions give information
on position space distribution of partons

o(2.57) = / PAp e~ AT f (20, —A2)

Burkardt: Ralston,Pire: | Diehl

e for transverse nucleon polarization : expect distortion  Burkardt
(Brodsky,Hwang,Schmidt; Ji,Ma,Yuan)

e may lead to An asymmetry

—

e connection between ¢(z, /ZT) and q(x,br)  Burkardt

e similar in spirit to early “rotating constituent” models
Boros,Liang,Meng



ux(z,b1)  <«— transverse pol.

model by Burkardt
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More possibilities for transverse-spin physics at RHIC :

e transversity also from :

AN

F=y, jet, pion, W, ..
Y, J€. pion dO_prT B dO_prl

dopP'P! + dop'p!t

ATT —
y

p —




Predictions : Arr < ArL

1-jet high- hoton
T
STAR PHENIX
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Jaffe,Saito; | Soffer |Stratmann,WV; NLO corr. Mukherjee,Stratmann, WV




Enjoy talks of WG “Spin Physics” !



