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/ Single Spin Asymmetries, unpolarized cross sections \

and the role of partonic intrinsic transverse momentum

Outline: [In collaboration with: F. Murgia (Cagliari) ]

o Sizable SSA: PPP(AT), ARP(r), A% (m).

Description in terms of k, - dependent distribution and fragmentation functions;

e Consistent treatment (LO) of unpol. cross sections: role of Kk, in
o pp = (0 X

o pp = vX
o pp => X

e E704 AN(pr = 7TX) data re-analysed (full k, kinematics) in terms of Sivers

effect. Preliminary estimates for RHIC,;

KConclusions and outlook: /
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A generalized pQCD approach to Single Spin Asymmetries

1) Extension of usual pQCD formal-
ism (based on factorization theorems)
for (semi)inclusive hadronic processes,
AB = (C X, at large energies and
(moderately) large p..

\

fects

2) Inclusion of spin and intrinsic (par-
tonic) transverse momentum, k , ef-

4) Soft,

3) New, nonperturbative, twist-two, spin
and k, -dependent partonic distribu-

tion/fragmentation functions are intro-
duced

generates correlations between

/ in
observed at the hadronic level

nonperturbative dynamics

hadron(parton) transverse spin and the
parton(hadron) transverse momentum,
which imply an azimuthal asymmetry

in the K, probability distribution. This
turn originates the asymmetries
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o ANfr(wk) = fopr (@ k) = foppe(@, k) fir]  [Sivers (90)
o AVfi, (k) = forp(x k) — fu,,(z k) [AT]

o ANDhT/q(Za k )= DhT/q(Z7 k )— ﬁhi/q(za k,) Dyl

o AVDy (2. k) =Dy 1(2,k, ) — Dy 01 (2,k, ) [HT] [Colins (93)]

A

Note: f,/pi(z, k. )= fq/pT (x,—k, ) and so on

General formalism and applications

P.J. Mulders, R.D. Tangerman, NPB461 (96); D. Boer, P.J. Mulders,
PRD57 (98); D. Boer, PRD60 (99), D. Boer et al., NPB564 (00);

M. Anselmino et al., PLB362 (95); M. Anselmino, FMurgia, PLB442 (98);
M. Anselmino et al., PRD60 (99); M. Anselmino et al., EPJC13 (00);

M. Anselmino, F.Murgia, PLB483 (00);

\. J/
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Role of intrinsic k£, in unpolarized cross sections

SSA are calculated as (‘é)Ad‘ff where the unpolarized cross section for a generic pro-

cess A B = C X reads:

dO- — Za,b,c fa,/A(aja,y kﬁa) ) fb/B(ajb7 k_Lb)
® A5 (20, T, K0y K yp) @ Dcye(z, k. )

Not proven in general but widely used from the pioneering work of Feynman et al.
[77] to recent papers of Zhang et al. [02].

NLO calculations within collinear factorization not completely in agreement with data;

Our approach and goal:
e L O treatment (consistent with SSA)

e partonic k, effects in do and in pdf’s (ff’s) through Gaussian distributions:

fq/p(aj k ) fq/p( ) € —" kL

Qp to an overall factor ~ 2 (compatlble with NLO K-factors and scale dependences)/
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-~

‘ Processes and kinematics I

o pp= ptpu~X

o pp => X

\_

o pp =X pp=~X
20 < /s <60Gev 1.5<p,<10GeVic |xr,|<0.4
Vs >~ 600Gev 10 < p,. < 80 GeVic

20 < /s <60Gev 5 < M <10GeV ¢, < 3GeVic

20 < /s <60Gev 1.5<p,<10GeVic |x,.|<0.5

~

/

U. D’Alesio (Univ. and INFN, Cagliari)

SSA, unpol. cross sections and the role of intrinsic kJ_

5



SPIN 2002 BNL, September 9-14, 2002

S e

e LO = elementary process: q7 = ¢~

e collinear fact. = ¢q,, = 0
e . # (0 = direct access to intrinsic k, = fixing <kf>1/2 =1/8(x)

@2 < M?  0*(pg+pg—q) = d(zg — M/\/se¥)d(xy, — M/\/se7Y)
’{:2 %qi X 52(kLa+kLb_qT)

J4 A 2 22 2132
o _o0 BB [‘55 f@ qg] S €2 f/0(wa) Fayolan)
q

dydM2d?q,  ms B2+ B2

Go = 4mal,, /(OM?), B = B(za) and B = B(zs).
pdf set GRV94 — Best value 3 = 1.25[+/s = 20] — 1[y/s = 60] (GeVic)™?

Q (kf>1/2 = 0.8 — 1 (GeVic) /
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Kiac=1.8 B =1.25(GeVic)™
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Kic=1.6 B =1.11(GeV/c)™
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a7 [GeVic]

10°

Estimates of the invariant cross sec-
tion at £/ =200 GeV vs. g, for several
different invariant mass bins (in GeV)
at fixed rapidity y = 0.4. Distribution
function set: GRV94. Data are from Ito

et al. PRD 23 (1981).

Estimates of the invariant cross sec-
tion at £/ = 400 GeV vs. g, for several
different invariant mass bin (in GeV)
at fixed rapidity y = 0.03. Distribution

function set: GRV94. Data are from Ito
et al. PRD 23 (1981).
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w10 ¢ 1
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Estimates of the invariant cross sec- : S
tion at £ = 800 GeV vs. ¢, for several Estimates of the Pr distribution at /s
= 62 GeV vs. g integrated over the

different invariant mass bin (in GeV) at _ _ S
fixed T, = 0.1 Distribution function invariant mass and 48 o Distribution
function set: GRV94. Data are from

2}?%35&%“(‘ 1[93836)‘_% Ll LR Antreaysan et al. PRL D 48 (1982).
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4 N

Prompt photons: pp = v.X

[For a compilation of data and discussion at NLO see Vogelsang, Whalley (97)]

Strong dependence of pQCD calculations on factorization scale.

Moderate p,. = k, /p.. significant effects [Owens (87)]:
e shiftin (z ;) to lower values = larger pdf's ~ (1 — (z,))"

e shiftin £, 4 to lower values = larger d6 /dt ~ C(1/t + 1/4)

We use u = pT/2 and control IR singularities [f — 0] by shifting t—1t— ,u%
(110 = 0.8 GeV]. Similar to work by Wang, Wong (98).

Notice: the enhancing factor from intrinsic k, is a function of /s and p.... In partic-

ular it goes as exp[(1 — z..) ~2] and grows as /s decreases (x.., = 2p.../+/5).

\_ /
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pply X ppy X
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Estimates of the invariant cross sec- Estimates of the invariant cross sec-
tion at £/ = 280 GeV for two differ- tion at £/ = 200 GeV and 280 GeV at
entp,. vs. T, with k, effects (thick Tp =0VS. pg. Distribution function
lines) and without them (thin lines). set: GRV94. Data are from Bonesini
Distribution function set: GRV94. Data et al. ZP C 38 (1988) [WA70-L =
are from Bonesini et al. ZP C 38 280 GeV] and Adams et al. PL 345B
(1988). (1995) [E704-E = 200 GeV].
L L
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pply X pply X
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Estimates of the invariant cross sec- Estimates of the invariant cross sec-
tion at 1/s = 62 GeV vs. p,. aty = tion at \/s = 546 GeV and 630 GeV
0, with k. effects (thick line) and with- vs. p,. aty = 0. Distribution function
out them (thin line). Distribution func- set: GRV94. Data are from Albajar et
tion set: GRV94. Data are from Anas- al. [UA1] PLB 209 (1988). Notice: k
sontzis [R806] et al. ZP C 13 (1982). effects here are negligible.

L L
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/ pp = 70X pp = Tt X \

12 Qal2 1.2
Fragmentation = extra k, - dependence: D7 (z,k, ) = D7 (z2) 57 e P

Uncertainties on D7 (z):
e Kretzer (00) [K]: 70, 7% with DZ;J; = (1 — z)ng+ (assumption) ;

e Kramer et al. (00) [KKP]: 7" D;TO < D,Z,Od z > 0.1 (from fit);
Dzlr+ = D;TO < DZ+ = QDZO — D;TO (assumption)
e We also consider a set with Dzod from [K] but DZ{J; = (1— 27)1'5D5+ [K-mod].

Previous studies at  , = 0 and with collinear fragm. functions: Apanasevich et al.
[98,02], Zhang et al. [02]

Extensionto z,, # 0 < roleof D7 (z, k)

Comparison with BNL 7r° data: bestvalue [3'(2)] 7! = 1.4213(1—2)%2 (GeVio).
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Ed%/d®p [cm?/GeV?]

E = 200 GeV 2.2

Keoe=2.4 [K], 1.9 [KKP]

10'32 1 1 1 1 1
0 01 02 03 04 05 06 07

Estimates of the invariant cross sec-
tion at £/= 200 GeV vs. z . for dif-
ferent p,. values. Distribution func-
tion set: GRV94; fragmentation func-
tion sets: K(thin lines) and KKP(thick
lines). Data are from Donaldson et al.
[BNL] PLB 73 (1978).
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1038 | 3
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Estimates of the invariant cross sec-
tion at /=200 GeV vs. p,. atx, =0.
Distribution function set: GRV94; frag-
mentation function sets: K(thin lines)
and KKP(thick lines). Data are from
Donaldson et al. [BNL] PLB 73 (1978)
and Adams et al. [E704] PRD 53
(1996).
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Estimates of the invariant cross sec-

tion at 2= 530 GeV and 800 GeV vs.
P averaged over y. Distribution func-

tion set: GRV94; fragmentation func-
tion sets: K(thin lines) and KKP(thick
lines). Data are from Apanasevich et
al. [E706] hep-ex/0204031 (2002).
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Estimates of the invariant cross sec-
tion at y/s= 53 GeV vs. p, for 2
rapidity values (y = 0, 1.6). Distri-
bution function set: GRV94,; fragmen-
tation function sets: K(thin lines) and
KKP(thick lines). Data are from Lloy-
dowen et al. [ISR] PRL 45 (1980).
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Estimates of the invariant cross sec-
tion for 7 production at E = 200 GeV,
300 GeV and 400 GeV vs. p,. at
fixed rapidity y = 0. Distribution func-
tion set: GRV94; fragmentation func-
tion sets: K(thin lines) and KKP(thick
lines). Data are from Antreasyan et
al. PRD 19 (1979)
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Estimates of the invariant cross sec-
tion for m~ production at £2 = 200
GeV, 300 GeV and 400 GeV vs. p,,. at
fixed rapidity y = 0. Distribution func-
tion set: GRV94; fragmentation func-
tion sets: K(thin lines) and KKP(thick
lines). Data are from Antreasyan et
al. PRD 19 (1979)
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/ SSAin p'p = wX: Sivers effect \

e Sivers effect (asymmetry in pdf)
An [:13 > O] . ® Collins effect (asymmetry in ff) —> access to transversity

e or both competing?

Previous studies [Anselmino et al. (95-98)]:

effective averaging on k£, and simplified kinematical configuration

Now:
complete k, kinematics and reasonable reproduction of unpolarized cross sections.

Sivers effect: upgraded (similar results); Collins effect: in progress.
0 "
do? P27mX — doP P X N [ da, day Pk, ARy dPk .

X{ANfa/pT (xaakJ_a) fb/p(xbak_j_b) %(waaxb; kJ_CHkJ_b) lA)TF/C(z7kJ_7T) T }

\_ /
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4 N

Sivers effect

Brief history:

90: proposed by Sivers [T-odd function]

93: proof of its vanishing by Collins [Time reversal invariance]

95: way out (Anselmino et al.) [Initial state interactions]

01: way out (Anselmino et al.) [Non standard Time reversal: up = — down]|

02: quark-diquark model (Brodsky et al.) [SSA in SIDIS different from Collins effect]

proof against its vanishing by Collins himself [compatible with factorization;

DY __ ,DIS)

original proof invalidated by path-ordered exponential of gluon field: q q

Ji, Metz ...

KOpen issues: factorization, universality, evolution. /
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‘ Sivers function: parameterization and fixing I

ANf (k)= ANf (2 k) (P-px k) ~k

L

~

— 2 2 .
e M ging,
Pk

Positivity bound:

|Aqu/pT(xakJ_)| _ |fq/pT(xakJ_) _fq/p¢(xak¢)|
2fq/p(xakﬂ_) fq/pT(xakJ_) +fq/p¢(xak¢)

Fulfilled by writing [cfr. f,/, (2, k) = f,,(x) g(k )]
AN foppt (@ k) = AN fo () h(k,)

where AN f, (1) = Ny(2)2f, (@) hik,) = H(k,) g(k,)

\_ /
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-~

with N, (z)| <1 Va,

1—r

Ny(z) = Nyx®e(1 — a:)bq (

H(E ) <1 VE,:

aq _I_ bq) (GQ+bQ)

aq 1bq
aq’ bq

 [Ng| <1

~

1/2
H(k ) = (26 ) Bk exp|—(1—r)/rB%k?] ,r=p5%/a* <1

r

Best parameters choice [3 = 1.25 (GeV/c) 1] from E704 A () data:

r=0.7
N,=05 a,=2 b,=0.3
Nd: —1 aq — 1.5 bd:0.2

[PRELIMINARY]

\_ /

19
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pr Ot X: Sivers effect
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XF

1.5 GeVlc.

Estimates of Apn with Sivers effect
at &/ = 200 GeV vs. 1z, at p,=

Distribution function set:

GRV94; fragmentation function sets:
K, KKP and K-mod (a modified ver-
sion of K). Data are from Adams et al.
[E704] PL B261 (1991)

prDn X: Sivers effect

0.2 -

0.1 r

-0.1

Vs=2 V
02| s= 200 Ge

pr =4 GeVic

g Jc J S U U U S R IR

XF

Estimates of A with Sivers effect at
\/8 =200 GeV [RHIC] vs. x,, atp,.=

4 GeV/c (also 1.5 GeV/c for 7°). Distri-
bution function set: GRV94,; fragmen-
tation function sets: K(thin line) and
KKP(thick lines).

U. D’Alesio (Univ. and INFN, Cagliari)

SSA, unpol. cross sections and the role of intrinsic k:J_

20




SPIN 2002 BNL, September 9-14, 2002

~

Conclusions and outlook

Preliminary results of a combined analysis of unpolarized cross sections for sev-
eral processes and SSA for pp = w.X assuming Sivers effect, within pQCD +
spin and k, - dependent pdf's and ff's:

— good account of unpol. cross section up to a factor =~ 2 (NLO, scale depend.)

- <k:2>11){§c ~ (0.8 — 1GeV/c <k:f>11f/2 ~1.4213(1 - 2)%? Gev/c

L

— good account of A ny [E704] data with reasonable parameters for Sivers func-
tion (x- shape similar to previous calculations);

Preliminary results for SSA at RHIC: Ay (7);
Collins effect: in progress. Access to transversity;

RHIC data at larger energies and at large p,. essential to test and improve our
knowledge on SSA and spin and k, - dependent pdf's and ff's. /
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