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Outline

1. AT B—-C+X
TMD’s + helicity formalism in SSA =
many effects at work: role of phases and kinematics;

2. p'p = D+ X high vs. moderate /s
RHIC: gluon Sivers function
J-PARC and PAX (p'p): quark Sivers function

3. p'p = v+ X high vs. moderate /s
RHIC: gluon Sivers function
J-PARC and PAX (p'p): quark Sivers function, transversity

Conclusions and outlook
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Polarized cross sections: Helicity formalism with &k |

For the inclusive process A(S4) B — C + X in a generalized factorization

scheme with inclusion of k | :
doASatB—C+X _ Z a/A,Sa

pA AL fa/A SA(xaka_a)(X)p)\/ A fb/B(xbakJ_b)
a,b,c,d,{\}

9 Ao A
® MAC7>\d;>\ >‘ M>\,ca>\d7>\, )\’ ®D>\C)\/C (Z7 kJ—C)

pi/ bV 4. : helicity density matrix of parton a inside hadron A with spin S 4

dé ab—)cd ~ . .
° T ZA AU, | M, A A, |2 (scattering amplitudes)

o DA )\, generahzed ff = Doye(z,kic) =1/2 35,0 if,’)\)\c
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- pi/ fl)\’,s 4 fa /A,S4(Ta,k1q) gives the 8 twist-2 spin and TMD distributions.

By summing over {\}: many effects (from the soft parts) appear together:
Sivers, Collins(®h+ ), Boer-Mulders(&h ), linear gluon polarizations...

Hard (if not impossible) extraction !... But

A X Whereas the hadronic process (A, S54)+B - C+ X
takes place in the (X Z) plane, the partonic sub-processes
o (soft and hard) are not planar any more (k1 4, K1p, K1 ¢)

A B = partonic azimuthal phases

A /
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- Each mechanism (or combination of mechanisms) appear with a specific
azimuthal dependence and must be integrated over the partonic phase space
and over some specific experimental region.

It has been shown that in pTp — 71X (Ay at large zr):

- Sivers effect alone allows a good description of E704 (and STAR) data;

- Collins effect 1s suppressed and not able alone to describe E704 data (pre-
venting also the access to the transversity distribution);

- all other effects are negligible.

UD, Murgia ’04, Anselmino, Boglione, UD, Leader, Melis, Murgia ’05, ’06.
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Strategy to access different mechanisms in pp collisions:
- choice of the final state (selection of partonic channels)

- choice of kinematics to control the role of the azimuthal phases

Exercise:
study of maximized A by using (trivial positivity bounds):

ANf(CU, kJ_) — (Q)f(ﬂf, kJ_)
AND(z,k,) = (2)D(z, k)

Two examples: heavy meson and direct photon production.
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pr — DX

RHIC: /s = 200 GeV

- unpolarized cross-sections:

qq — cc (§-channel) + gg — cc¢ (dominant: up to 10 times)

Apn contains various spin-TMD contributions:

- My 4.+ # 0: heavy quark mass!

-NO h1 ® fr/p ® AZADD/CT (h1g = 0 and no L spin transfer in 5- channel);
- proper phases: integration washes out all terms other than the Sivers effect

Anselmino, Boglione, UD, Leader, Murgia ’04.
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Maximized Ay (D) at RHIC, 1/s = 200 GeV for various pseudo-rapidities.
Sivers effect, saturated: g (thick lines), q (thin lines).

Access to the gluon Sivers function.
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What happens at lower energies?

-inp'p — DX at J-PARC (y/s = 10 GeV)
-inp'p — DX at PAX (/s = 14 GeV)

In both cases we probe larger x values (at xp > 0).

In the second case (p) we enhance the gg — cc subprocess.

Low energies implies enhanced threshold effects, resummation...

expected (likely true) to be less important in A 5; (ratio of cross-sections).
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pp --> D X -- JPARC p pbar --> D X -- PAX
05 L B e L 05 LA BN BN B BN AL NN BN
: from fit —— 1 i
045 | p_l_=15 GeV/C i 045 :_ gluon ........... ]
0.4 | g ........... 1 0.4 ;_ E
0.35 | : 0.35 | ]
03 | ] 0.3 | ]
0.25 | 1 F o025} ]
0.2 | j— | 02 | , ]
: - s =196 GeV :
0.1t 0.1 | -
005 005 F ]
0 L ,-': 1 I n L A S O : ..... gt |“ 1 A - 1 Ly It yen
0.8 -06 -04 -02 0 02 04 06 08 08 -06 04 02 0 02 04 06 08
XF XF
Maximized An (D) at J-PARC, Maximized Ay (D) at PAX /s =
Vs = 10 GeV in terms of the 14 GeV in terms of the Sivers ef-
Sivers effect: fect [gqg dominance over all x 7 val-
q dominance at large |z F|. ues: ¢ in pJ.
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p'p — ~X: high vs. moderate energies,
p'pvs.p'p

- 2 elementary processes: qg — vq and q@ — g
- only Sivers effect in gg (no transverse spin transfer);

Afyar ® fo/m Afyar ® fou/n
- Sivers effect and transversity ® Boer-Mulders 1n qq:
Afg/ar ® fq/B Afgr/ar @ Afgr /B

- coupling to v = > _ ¢ eg...: u flavour dominance

Which mechanisms are really active and where?
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pp --> 7y X -- RHIC

02 [ AR B B B B L B B

- Sivers [g] e
015 F xg=-0.3 others -
01 F e ]
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Maximized An(vy) at RHIC,

/3 =200 GeV at zp = —0.3:

gq (~ 1/4) larger than qg (~ 1/1),
larger than qq (low x).
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pp --> v X - RHIC
0.3 S T S
pr=20 ]
0.25 | -
[ eervennnn pT=50
02 _ """"""""""" pT=25 _
0.15 ]
Z
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thick/thin lines: Sivers [g/q]
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Maximized An(vy) at RHIC,

Vs = 200 GeV in terms of the
Sivers effect. (cfr. Schmidt, Soffer,
Yang ’05).
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pp —> Yy X - JPARC Egy = 10 GeV

0.8 ——m—mmmm—m——mr——/—r—————r—r—r—
[ T ]
—_— fit ]

17 [fit] xe =0
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Maximized An(7v) at J-PARC,
Vs = 10 GeV at zr = 0: dom-
inance of the quark Sivers effect.
Same at zr > O.
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pp —> Yy X - JPARC Egy = 10 GeV

08 A I ML B B L B I
[ —— fip [fit :
07'_ XF=—O.2
SR frrlel
06_‘ """"""""""" h1 “““““““ 1
< 04r¢ ]
03f _:
0.2 | i
0.1 | -
0- ““““““““““““““““““““““““““““““ | PP R
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Maximized An(v) at J-PARC,

Vs = 10 GeV at zp = —0.2:
dominance of the gluon Sivers ef-
fect.
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p pbar -->y X -- PAX Egy =14 GeV
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- — i [l -
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Maximized Ay () at PAX, /s =
14 GeV, at xr = 0: dominance of
the quark Sivers effect. Access to
the transversity distributions?
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p pbar -->y X -- PAX Egy =14 GeV
1 L S L B LI I B B

XF = 02

- —— fip [

Maximized Ay () at PAX, /s =

14 GeV at xr = 0.2: same at
xr = 0. [z > 0.1 and g in p].

Notice u flavour enhanced by eg.
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Conclusions

1. Generalized k| factorization scheme within the helicity formalism for

one-particle inclusive pp collisions;

2. role and relevance of the azimuthal phases: suppression of the Collins

effect in pTp — 7X;

3. p'p = CX: choice of C to select partonic channels
- high vs. moderate energies
- kinematics (forward/backward rapidities)
- crucial interplay of the azimuthal phases

4. p'p — D+ X: access to quark (low 1/s) / gluon (high /s) Sivers TMD;
pTp — v+ X: access to quark (low +/s) / gluon (high +/s) Sivers TMD;
pTﬁ — v 4+ X: (low /s) access to the transversity distribution.

U. D’Alesio TMD distributions in hadronic collisions 15



