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= ol +eos(26)doby + s cos(@)oty + Pigysin(6)dody |5,
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M disentangling the contributions:

¥ cxperiments with beam and target polarization states (U, L, T)
M cxtract the relevant Fourier amplitudes based on their azimuthal dependences

N(p,¢s) = o0 {1 +2(cos 8} cos & + 2(cos 26)uy cos 26
+ S7(206in(6 — 6.))ur sin(d — 6,) + 2sin(@ + ¢y sin(6 + 6,) +
2(sin(3¢ — 6,))ur sin(é + 65) + ...
+ SPi(2{cos(d — ¢4))ur cos(d — 6,) + 2(cos b, ) cos ¢, +
2(c08(26 — )} cos(6 ~ 6,) ) |
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do = dofy +cos(20)doty + 5 eos(@)daty + Pigsin(@)doty PR | e
. 4 1 . 5 6 1 7
+ S [sm(ng)daUL -+ é sin(p)dog;, + P (dULL + @ COS(¢)dULL)}
e i sy (20 o+ i
3 3 1 4 1 B 15
Pl<COS(</5 ¢s)dopy + 0 cos(@s)dorp + 0 cos(2¢ — ¢s)do

M disentangling the contributions:

¥ cxperiments with beam and target polarization states (U, L, T)
M cxtract the relevant Fourier amplitudes based on their azimuthal dependences

" if no perfect detection efficieny:

N(6,6s) = €(d, ds) b {1+ 2(cos8)uv cos 6+ 2(cos 20)yus cos 26
+ Sr(2(sin(6 — 6.))ur sin(é — 6,) + 2(sin(@ + @)z sin(6 + ) +
2(sin(3¢ — 6,))ur sin(é + 65) + ...
+ SPi(2{cos(d — ¢4))ur cos(d — 6,) + 2(cos b, ) cos ¢, +

2(cos(2¢ — ¢s))uT cos(p — %)) }
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do = dofy +cos(20)doty + 5 eos(@)daty + Pigsin(@)doty PR | e
. 4 1 . 5 6 1 7
+ 5 [sm(ng)daUL -+ é sin(p)dog;, + P (dULL + é COS(Qb)dULL)}
o oo it 50— b+ g~ e + oy
3 3 1 4 1 B 15
Pl<COS(</5 ¢s)dopp + 0 cos(¢s)dopp + 0 cos(2¢ — ¢s)dopr

¥ disentangling the contributions:
¥ cxperiments with beam and target polarization states (U, L, T)
M cxtract the relevant Fourier amplitudes based on their azimuthal dependences

" if no perfect detection efficieny:

N(6,6s) = €(d, ds) b {1+ 2(cos8)uv cos 6+ 2(cos 20)yus cos 26
+ S7(206in(6 — 6.))ur sin(d — 6,) + 2sin(@ + ¢y sin(6 + 6,) +
2(sin(3¢ — 6,))ur sin(é + 65) + ...
+ SPi(2{cos(d — ¢4))ur cos(d — 6,) + 2(cos b, ) cos ¢, +

2(c0s(20 — 65))ur cos(é — 6,) ) |
M {it the cross section asymmetry for opposite spin states

M systematics of neglecting cosine terms found to be negligible
Ami /Qostom_t/an 3 %ansve’zsity oo, Vel Ioéiry', Croatia

Wednesday, August 31, 2011



[eaaling twist amp/ituo[es ¥




Collins eﬂect 4

’ : 1 1 beam: | [target:

do = dofy + cos(2¢)dofy + 0 cos(¢)dogy + Pl@ sin(¢)do? ¢; Py || S.S8s
1 1
+ S [sin(qu)da?]L — 0 sin(fb)da?]L \ P (dUgL + 0 COS(Qb)dUzL)}
_|_
1 | 1
(cos((b b5 )dots + 0 cos(qﬁs)daLT -+ 0 cos(2¢ — ¢S)d0-}/571)j|

M the transversity DF hi(x) is sensitive to the difference of the number

densities of transversely polarized quarks aligned along or opposite to the
polarization of the nucleon

M= “Collins-effect” accounts for the correlation between the transverse spin

of the fragmenting quark and the transverse momentum of the produced
unpolarized hadron

M oenerates left-right (azimuthal) asymmetries
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¥ non-zero Collins effect observed! =

CO[[L.I/LS QMP[itUJQSﬁ? pions 'J Phys. Lett. B 693 (2010) 11-16

M both Collins FF and transversity sizable
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¥ non-zero Collins effect observed!
M both Collins FF and transversity sizable

Phys. Lett. B 693 (2010) 11-16
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" positive amplitude for 7T+

¥ compatible with zero amplitude for 7t ¢
" Jarge negative amplitude for 7 -

¥ increase in magnitude with x

¥ transyersity mainly receives
contribution from valence quarks

¥ increase with z

¥ in qualitative agreement with BELLE
results

¥ positive for 7t *+ and negative for 7t -

¥ role of disfavored Collins FF:

Hldistav o _pglifev
U= T d= n" (fav)
U= T ; d = 7t (disfav)
hy > 0
h{ < 0
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S wets effect
”' be?)m: tgrgégt:

1 1
do = dof + cos(2¢)dofy + a cos(p)dofry  + Pl@ sin(¢)doy
. 4 ]. . 5 6 1 7
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o
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M Sivers distribution function ffjlq(az, pa) describes the probability to find an
unpolarized quark in a transversely polarized nucleon; gives the correlation between
parton transverse momentum and transverse spin of the nucleon

¥ non-zero Sivers function implies non-zero orbital angular momentum
M correspondence between TMDs and GPDs: Sivers function and GPD E
M due to the final state interactions, Sivers effect generates left-right (azimuthal)

asymmetries
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give’zs amp[ituo[es fo’z kaons 1
K

M significantly positive
¥ clear rise with z
KN" rise at low Ph, plateau at high P

M= slightly positive

Ami /Qostomyan || %ansve’zsity i, Vel; Ioﬁry} Croatia =

Wednesday, August 31, 2011



Sive’zs amp[ituc{es ][O’Z Laons }
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Sivets amp[ituc{es ][o’z kaons 4
K+
M significantly positive
¥ clear rise with z
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.%m I . | f.c*n [ , K . .
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@ S @ | p Ty e —
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X X fip'(opd) @w DY (2 k)
St / K+
ff'(x.p}) @Dy (2. k)
M K+ amplitudes are larger in size than the m +
"2 115l Fm Q%< (Q%x)) [ ® Q> (Q%(x)) amplitudes
< ;) : : | l : ¥ non-trivial role of sea quarks
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do = doly + cos(2¢)dofy + %cos(gb)da%y + Pl% sin(¢)do g
1 1
+ Sz [Sin(2q§)daé—L | 0 sin(¢)do?, + P (dagL + 0 cos(qb)dazL)}
_|_
P, ( cos(¢p — (bs)da}ﬁf + - cos(qbs)da}ﬁﬂ —|— i cos(2q§— qﬁs)da}})]
Q Q

¥ “pretzelosity” DF hfj’ﬂ (, Pi2r) gives a measure of the deviation of the
nucleon shape from a sphere

M correlation between parton transverse momentum and parton transverse
polarization 1n a transversely polarized nucleon

M it is expected to be suppressed at small and large x w.r.t. f3 g hi

¥ satisfies the positivity condition: 59 < ! ( i+ g‘f)

A
2
¥ cnvolve quark and nucleon helicity flips; 3~
| | WO, ) = B 2,0,0
1s related to chiral-odd GPD (1 —x)
2
¥ oives the measure of ‘relativistic effects’ in the nucleon: %htﬁ(:p, p2) = gl(z, p3) — hi(z, p3)
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M suppressed by two powers of Ph compared

to Collins and Sivers amplitudes

M compatible with zero within uncertainties

M pretzelosity might be non-zero at higher Ph
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*—— - : be?)m: tgrgégt:

1 1
do = dopy + cos(20)dof + 0 cos(p)dop + Plé sin(¢)doy
) A 1 . 5 6 1 7
+ S {sm(2qb)dUL - @ sin(p)dog,; + P (dULL + é COS(Cb)dULL)}
N <

1

cos(@:)dotlr + 5 cos(26 — 6)dol ) |

describes the
ersepolarized quark in a
transversely/longitudinally polarized nucleon
M on a transversely target hfl’,q (x, p2T) accessible in the measurements through sin(2¢ + ¢)
Fourier component
¥ oives correlation between parton transverse momentum and parton longitudinal / transverse

polarization in a longitudinal / transversely polarized nucleon

Q

¥ model dependent relations: gﬁ’ﬂ(x, p%p)

1
1
fE/ ggi](y,p?r)dy

1
h y 7q

1L (37 pT) —J1T (xapizr)

1
1
1
Wb ) ~ —a / (s )y
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TSA in inclusive hadron production in p'p
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Inclusive hadron production

K

no scattered lepton detection

®__ DIS variables: Q2, z

®_ inclusive hadron production: z g, Pr
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comparison to previous measurements .
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