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Quark Distributions
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Quark Distributions
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PT
g1s(x, pT) = Sig(x, pF) — v
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his(x, pr) = Shi(x, p7) — Pr

Eight distributions of twist two, and 16 distributions of twist three.
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SIDIS, eN — €'hX

(A.Bacchetta et al., JHEPO2 (2007) 093; JHEPO8 (2008) 023)
do o? y
= — T Ae T ST SiAe T, S| T, ST,
dx dy dz dgrs don dPZ, xQ22(1—s){ vt XeTeu + Sy T+ SpAe T + 1S | Tur + (S0 | LT}

Tuu = Fuu,T + €Fuu,. +1/2e(1 + €) cos ¢p FUU @h +€ cos(2¢h) Foos 24)"

T = \/2e(1 — ) singy Frp ®h
Tur = 1/2e(1 +€) sin ¢y FSln ®h + esin(2¢4) F, Smwh
T =V1—¢2F +4/2e(1 —€) cospp FLCZW”

Tur = sin(¢p — bs) ( Si"(¢h7¢5) +e Fsm(¢h d)S)) + € sin(¢n + ¢s) Fyy + ¢ sin(3¢p — ¢s) X

sm(sd)h d>5 +v2e(1+¢) sings FSIn ?s 4 V2e(l+ ¢€) sin(2ey — ¢s) Fz;;(2¢h7¢5)

Tir = V1 — €2 cos(¢pp — ¢ps) Fz;s(d)h_d)s) +1/2¢e(1 — €) cos ¢s Fc°5¢5 +4/2e(1 — €) cos(2¢p — ¢ps) X

FE;S(Zd)h —és)

s'n(¢h+¢s)

Fxy,z — X - beam polarization, Y - target polarization, Z - virtual photon poalrization.
X, Y=U,L,T,Z=L,T.

1—
€ is the ratio of longitudinal and transverse photon flux, ¢ = 4

1—y+y2/2
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SIDIS

(A.Bacchetta et al., JHEP02(2007)093; JHEP08(2008)023)
The following notations are introduced:

CwfDl =x > e / &*pr k7 6P (pr — ky — Pyi/2) wpy. ky) F2(x,p7) D(2.K3),  (2)

where w(py, k1) is an arbitrary function and the summation runs over quarks and antiquarks and the unit
vector h = Pni/|Ph].

The expressions for the structure functions are:
Fyy,r = C[AD:]
Fuu,t =0

R . R .
sy, _ 2M T h-kg L, My D™\ h-pr n My H
FUU =0 C|: M xh H{~ + v fi 2 ™ xf— D1 + i hy .

Fcode),,: C|:—2 (il-k-,—) (i1-pT) — kT'pT
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b |

: oM h-k M, Gt h-p M, E
leljd)h:?C[* MhT (er#+JﬂT>+TT(XgLD1+Jh1LZ>]
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Experiment HERMES J—

Spin Rotator

Spin Rotator
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Asymmetry A,y

do = doo(1+ Al cos gy + Ay 27 cos 26 + P - Ay PP)
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Asymmetry A,y

New analysis.
All data sets.

96-97 — threshold Cerenkov detector:
pions 4.5 < P < 13.5 GeV

97-07 — dual radiator RICH detector:
pions, kaons 2.0 < P < 15.0 GeV
(anti)protons 4.0 < P < 15.0 GeV

Hydrogen — 53 miIn DIS events
Deuterium — 20 min DIS events

1D and 3D analysis
3D — kinematical range is separated in four x, four z, and four P,y bins.

The results are presented in 64 (x,z, Py ) kinematical bins for each particle type.

V. Korotkov, Protvino Recent results on TMDs from the HERMES Experiment 10/34



Asin(qS)

vs. x, 3D
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vs. z, 3D
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Aii8(¢) vs. Py, 3D
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Asymmetry Ayt

do = doo(1+ Ao cos i + Alre>?h cos 20 + |S 1| - {AIh ™7 sin(¢, — s) + A h ) sin(, +
os) + Asm(w" s) sin(3¢p — ¢s) + ASIn S sin g + ATJ:SM" #s) sin(2¢5 — ¢s5)})

o (b — h-
Asnon=0) o pEn(on=os) _ ¢ [7 A/”’T fﬁTDl] — Sivers asymmetry (PRL 103 (2009) 152002)

) ; h-k
ASL'/"T(¢/1+¢$) o FLSI';(%M)S): C [777—h1H1L] — Collins asymmetry (Phys.Lett. B693 (2010) 11)
b
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Sivers Asymmetry
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Sivers vs. x, 3D, 7", K™
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Sivers vs. z, 3D, 77, K"
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Collins Asymmetry

Phys.Lett. B693 (2010) 11 NEW
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Collins vs. x, 3D, 7", 7~
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Collins vs. z, 3D, 7", 7
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Collins vs. P,, 3D, 7", 7~
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Pretzelosity AS'"(3¢ os)
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Pretzelosity vs. x, 3D, 7", 7
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Asymmetry A;t

do = doo(1 + Ai;(jd)” cos ¢p + AZ)ZM” cos2¢p + Xe|S1| - {Ai¢(¢h_¢5) cos(pn — ¢s) +
cos(2é,— cos
A5 cos(20 — ) + AT S cos(95)})

cos(¢p— cos(dp— h-p
ALT(d)” ?s) o FLT(¢” ?s) = C[ TngD1i|

Other asymmetries are twist-3:
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Summary

e HERMES continues the study of the azimuthal asymmetries in SIDIS.

e Azimuthal asymmetries A y, Ayr, and Ar7 in SIDIS production of (anti)protons
have been evaluated.

e A new, extended, analysis of A;y asymmetries was carried out: high statistics,
all types of charged hadrons, deuterium target.

e 3D analysis of the asymmetries in x, z, and Pp was carried out.
Each plot contains four x, four z, and four Py, bins, i.e. 64 bins in total.

e It is expected that the 3D asymmetries could be much more useful for a
phenomenological analysis with a goal to constrain the TMDs. At the moment
HERMES is able to present 18 3D plots for A,y asymmetries, 90 3D plots for Ayt
asymmetries, and 60 3D plots for A; 7 asymmetries.

e Asymmetries for neutral pions are expected to be soon.
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