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=] INTRODUCTION (1)

The azimuthal distributions of hadrons in SIDIS of leptons on T-
and L-targets are sources of information on the PDF and PFF,
characterizing the transverse spin structure of nucleons, e.g.:

doy, /dg ~h(X) ® H,'(2) (+N > 0'+ X +h
l) \‘pi | /0 Production plane
l "Z(}LL‘.' : i’ (Jf< do/d¢g
/ : \ \l\,qx;ifé} /
P | / ' P
= h (':Tx) e Scattering plane

A number of PDF’s and PFF’s enter in SIDIS cross section
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INTRODUCTION (2)

The cross section and asymmetry of the h production in SIDIS:
do =doy, +P,do, + P.(doy, +P,doy, )+|P[[doy, +P,doy; )

A9)= do”” +do™"

~P,_(doy, +P,do )+ P sin(@,)(doy +P,do;),

where contributions to o; (i=beam, j= target polarizations) from
each quark and antiquark (up to the order of (M/Q)) have forms:

Twist 3
do,, o« exhi (X)®H} (2)sin(2¢) +~/2 € (1-€) %x? [h ()@ H, (2)+ f () @ D,(2) |sin(g),
helicity Twist 3

do,, «cvl-€ xglL(x)GL)Dl(z)+«/2e(1—e)%x2[gﬁ(x)®Dl(z)+eL(x)69Hj(z)}cos(¢),

transversity

doy, o« e[xh (X)® H; (2)sin(¢ + @ ) + xhi: (X) ® H, (2)sin(3¢ — ¢ )  Mulders&Tangerman

: Boer&Mulders
Sivers

. ; Bucchetta et al.
—xf7 (X) ® D, (z)sin(¢ —¢;)], ®=convolution in k;

do; ¢ V1-€’xg; () ® D, (2)cos(¢— o). | ¢s = O for L-target
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INTRODUCTION (3)

—Quark transverse spin effects contribute to the asymmetries A (¢) in hadron
production from longitudinally polarized target.

Summary:

—Asymmetries modulations should be seen in A (9).

—Aims: search for A (), its possible sin(¢) (Sivers + Transversity), sin(2¢) , sin(30)
(Pretzelosity) and cos(¢) (Twist 3) modulations and ¥, z, p; -dependence of

corresponding amplitudes.
— A (d) expected to be small, <1%.

— Methods of analysis should be adequate.
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The single ratio method, SRM (1)
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SRM (2)

Usually the ¢- asymmetry is defined as

dN.(9) _dN_(9)
A@) =

* - are the target polarizations

L (P (P

where

Cis an acceptance (assumed to be ¢-independent) ,L, is a
N, = Id¢dN .(#) N

luminosity and <P, > are average products of target polarization

and dilution factors.

\—\- rJVIU L]

For COMPASS two cells target:

(dNB(@ B dN°(¢)]+(dNE(¢) -dNU(@] A, ()~ A (4)

lYdg  L°dg L°dg  L’dg¢

AJD(¢): N U N D N D N U ~1( )
[R5 ) o R (e N5 ) Ao (@) ~ (A, )+ A,
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The SRM method has been tested using a part of the COMPASS data of 2002,
standard COMPASS selection cuts.

Results on asymmetries: A/(9), fis a direction of the target solenoid
magnetic field, f=+ or -:

- different for f. and £, i.e. A(¢) distributions depend on the initial f
-different for U and D cells: A, (#) # A, (9),

J

Large false asymmetries,

‘ SRM can not be used for searches of small
larger than physics ones asymmetries
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METHODS OF ANALYSIS: THE MODIFIED a
DOUBLE RATIO METHOD, (MDR) (1)

2 @ NE@)_CLOL0.(9) CYPLi0. ()
UNE @) NY () CP@L0 (9) CY o ()

where

N ltof (9) is a number of events,

t=UorD for Upper or Down cell,

p =+or— polarization (along or opposite to the beam),

f=+or- solenoid field direction (along or opposite to beam),
C: () target acceptance factor (source of false asymmetries),
|_tIDf — q)tpf nt product of beam flux and target density,

o spin dependent cross sections.

p
Ltif and C; (@) cancel if beam crosses both cells and if one combines periods with the same f:

_dNY (g)/dg dN? (4)/dg _dNY (g)/dg dN? (¢)/dg
~dN® (¢)/dg dNY (g)/dg’ ~dNP (g)/dg dNY (4)dg
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MDR (2)

Configuration 1

Up Down
H(f) SN S
Beam N S
S(p) - -
N:),f N4L-J+ N—D+
Ct: cY c;
R : R, oo G 1
1+P’.a [P g
2 (- TP @)L Pha, ()

(1_ P—I,Df ay (¢)x1— P_L,Jf a, (¢))’
a(g) = (a, +a,sin(¢) +a,sin(2¢) +...)

a;(4) ~

Configuration 2

Up

R, (#)-1

(1+b, sin(g) +b, cos(¢) + b, sin(g) +...)
= a, +a, Sin(¢) +a, sin(2¢) + a, sin(3¢) + a, cos(@)... + O(ab;).

_ free of false (multiplicative) asymmetries connected with the field.
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: MDR (3)

SUMMARY:

-the MDR method has been tested using a part of data,

— possible ¢-dependent false asymmetries, connected with the
target solenoid magnetic field, are canceled,

— the MDR method can be used for studies of small modulations of

¢- asymmetries, of order 0.2% or smaller,

— the analysis of the full set of COMPASS L-data is in progress, first
the data of 2002-2004 from deuterium, presented in this talk.
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DATA SELECTION (1)

AIM: TO HAVE A CLEAN SAMPLE OF IDENTITYED HADRONS

(1) Selection of “GOOD EVENTS” out of preselected sample of

events with Q*>1 GeV? and y>0.1 (=167.5 M from 2002, 2003,
2004 data taking)

EXCLUDED EVENTS:

 originated from bad spills,

* with a number of rec.prim.vertex >1,

* v2/NDF>2,

* Z vertex outside the fiducial volume U or D- cell,
* 140 GeV >E(muon)> 180 GeV,

* invariant mass W < 5 GeV,

*y>0.. = 58% of initial sample
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DATA SELECTION (2)

(2) Selection of “GOOD TRACKS” from “GOOD EVENTS".
Total number of tracks from “GOOD EVENTS” =290 M

Excluded tracks:

e identified as muons,

e with z-variable >1,

e with Py <0.1 GeV -----mmm--- - “GOOD TRACKS” =157 M

(3) Selection of “GOOD HADRONS"” from “GOOD TRACKS”.

Each track should:
* hit one of the hadron calorimeters HCAL1 or HCAL2,

ehawn an accnrintad anoarov r||| +ar E SE Ca\/ r E S 7 (~na\/
nave an assscliated Ciicigy G ustier Lhcall/.l ucv or Cheal2 =~ 3V,

* energy cluster coordinates compatible with the track coordinates,
* energy cluster compatible with the momentum of the track > “GOOD
HADRONS” =53 M (25 M h"+ 28 M h*)

(4) Each “GOOD HADRON” enters in considerations of asymmetries
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RESULTS (1)

The weighted sum of azimuthal asymmetries (AA) a,(¢) and a_(¢) for h-(left) and h*(right)
averaged over all kinematical variables :

s _ : Preliminary
LM Frellmmary L
amsf  COMPASS 2002-2004 I

L L
150 100 -50 0 a0 100 150

i [degree] i [degree]

where solid lines are fit functions a,+a.=a,+a;sin(¢)+a,sin(2 ¢)+assin(3¢)+a,cos( ).
—Within a stat. precision of about 0.15%, parameters a,-a, are compatible with
zero; fits by constants: Chsq/DF=4.8/9(h") and 8.0/9(h*),

—parameters a, are different from zero and about equal for h* and h.

REMIND: a, ocdo;, oxg,,(x) @D,(z) , where g,, is a helicity PDF of L-polarized quarks in
L-polarized target
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RESULTS (2)

Dependence of the AA parameter a, for h* and h- on kinematical variables:

Lk

g-}_zEE Aﬂ! CUnS’t T
E COMPASS 2002-2004 {J
Ik E;TTHIE WORK ‘
F .: SIDIS {

11.1_—

H |

[ 7
b |
DE 4 ot ﬁkl'l u't'lmp“ﬁ
|||||||FI I L1l I
1w 1 X

alfz)

a0, const

oh COMPASS 2002-2004

) a0, const
Of COMPASS 2002-2004

pT [Ge‘u’.fn:]

— A(X)=2a,(x)/D,=A] (D,is avirtual photon depolarization factor) is in
agreement with COMPASS published data (PLB660(2008)458),

.
— a,(z, Ph ) for h- and for h*: small and flat.

—Statistical errors are shown, systematic ones are estimated to be smaller.
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Dependence of the AA parameter a, for h* and h- on kinematic variables:

— (.08

a0

)

T

(=

ai
al(z)

b a1, sin(¢) a1, sin(¢)

: a1, sin(¢)
- O comPass opn0-004 93 O coMPASS 2002-2004

E,:f-:GMPAss ZDDZFJU[}

g I i SN TURR | By SOYY
??“JFH* J | ml 3

alip

‘ 1 q. |
o.z— n + o0 # o0 +| % {
RE
" 'L}Mfw,s, 40 PRELIMINA o F'FilELrI‘.-TIN
[ g1 IERMES Ry h HERMES RY ELHERMEE ARY
e TR TR P § PR P T i = = IS L R T AR Tu.[aG Vi
X z p] [GeVic

— a,(x) are less pronounced than the HERMES ones,
—a,(py) is flat and do not confirm the HERMES trends.
REMIND: a, cdo, o« %xz (@ H, (2)+ f () ®D,(2))
where h,(x) and f are pure twis-3 PDF.

NOTE: HERMES data are for identified ©t* and ©~ and smaller <Q2>.
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RESULTS (4)
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Dependence of the AA parameter a, for h* and h- on kinematic variables:

)

T
L

-1

ad(z)

a2, sin(24) b a2, sin(2¢)

oifcompass 20022004 “F' &n  COMPASS 2002-2004

2. PRELIMINARY *

sin(20)

a2ip

d
9-

- 2
O COMPASS 2007-7004

II}I.'lllllﬂ."I.."lllllﬂl.iIli].blslll[l.ﬁ -u.l].1llll-[ll_'llllll]!ﬂllIII].-l-IIII{l.ﬁ-llllllﬂllllﬂ'.? 0.7 08 @O

. ' ' P! [GeVic]

— a,(x) are small and in general agree with HERMES and theoretical predictions by
H.Avakian et al., Phys.Rev. D77 (2008),

—a, (z, N ) - no other data.

REMIND: &, oc do,, oc xh (X) @ H, (z), where h; is a PDF not seen yet.
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Dependence of the AA parameter a, for h* and h™ on kinematic variables:

(x)

s b a3, sin(3¢) | T [ a3, sin(3¢) | £ a3, sin(3¢)
“ME oN CoMPaSS 2002-2004 OF COMPASS 2002-2004 “ o

e =

002 2.0

A i

L F.I-Eu
.u.u4:— ELIM"NAE-T.-

2.0

PRELFMINJ&RV

o nbz ohs obe ods ol ez ehe ahe e ol B TR A" PR PR N

X z ' BT [GeVic]

— a, are small, compatible with zero.

1 L 1
REMIND: & < dogr o« Xhy @ H{(2) \where Nyt is pretzelosity PDF ,additionally

suppressed by sing, ~ %
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RESULTS (6)

Dependence of the AA parameter o, for h* and h” on kinematic variables:

X

e 3D = [} —_ i
24 - M = = -
i adcos(t) | % ad,cos(0) | £.F _ a4 cos(o)
E'h' COMPASS 2002-2004 =k COMPASS 2002-2004 L =y )
- ] -
b g T ' - +
] T
W t A * ! % ‘ ry
ez PR 0 R y 41.01:— ’
E A C aR
anef '“"”"""‘E*Ff‘r 2. FR'E-L'I‘MI o FF-:EL‘MI'N
"'"-"d.hé'u'..hi'd.hh'{'n.hé' o oka'ohatohatahE Tl B T A P P T U o ;"'h!1"'+':'_z'"hEs"'Hi"hl&"b!d"h!r'"ﬂd"h!d"'

z p; [Gevic]
— a,(x) increasing with x in absolute value,

— a,(z)and a,(p; ) small, flat and consistent with zero,

—a,(x, z, p,) are studied for the first time.

REMIND: a, cdo, o sz (gf(x) ® D, (2), +) , Where gfis a pure twist-3
PDF (analog to the Cca?hn effect in unpolarized SIDIS).

RESULTS (1)-(6) DO NOT DEPEND ON Z-CUT (0.05 or 0.2).
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1. The azimuthal asymmetries (AA) in the h- and h* production on L-polarized target are observed and

parameterized with sin (¢), sin (24), sin (3¢) and cos(¢). For the AA integrated over-all-kinematical-
variables , these amplitudes are consistent with zero within errors.

2. The behaviour of the AA parameters are studied in the available region of kinematical variables
which have shown that:

o the constahnt term of the AA parameterization, Ay(x), is in good agreement with the COMPASS
dataon A" :

* the values of the sin (¢) parameter g (x, z, pg) are small and in general do not contradict to the
HERMES data, if one takes into account the difference in Q2 between the two experiments;

e the values of the sin (24) parametera, (X, Z, pl)  sin (3¢) parameter 3 (X, Z, Pr) and cos(¢)

THE REPORTED DATA ARE PRELIMINARY.

NEW DATA of 2006 on D and
NEW DATA of 2007 on H,

obtained with 3-cells target (smaller systematics) will be added
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BACK UP SLIDES (1)

PDF & FF APPEARING IN SIDIS:

f .(x)=q(x) is the PDF of non-polarized quarks in a non-polarized target,

9,,(x)=g,(x) =A4q(x) is the PDF of the longitudinally polarized quarks in the longitudinally polarized
target (helicity PDF),

g,-(x) is the same as g,(x) but in the transversely polarized target,

h,(x) is the PDF of the transversely polarized quark with polarization parallel to that one of a
transversely polarized target (so-called transversity PDF),

h; (X)(hz) is the PDF of the transversely polarized quark in direction of transverse momentum in
longitudinally (transversely) polarized target (so-called pretzelosity PDF),

hlL (X) is the PDF of the transversely polarized quark (perpendicular to transverse momentum) in the
non-polairzed target (so-called Boer-Mulders PDF),

fr (X)(f) is the PDF responsible for a left-right asymmetry in the distibution of the non-polarized
guarks in the transversely (longitudinally) polarized target (so-called Sivers PDF),

D,(z) is the PFF of the non-polarized quark in the non-polarized or spinless produced hadron,

Hf (2) is the PFF responsible for a left-right asymmetry in the fragmentation of a transversely polarized
quark into a non-polarized or spinless produced hadron (so-called Collins PFF),

1 1 1 . . q .
ee.,9,0,,hh,f" and fi are pure twist-3 trms entering the cross section with a factor M/Q
and having no clear physical interpretation.
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BACK UP SLIDES (2)

Sources of false asymmetries are identified using a simplified expression for A(¢):

A(g) ~ dN.(¢) dN.(#) . Po + P SIN(P) + p, SIN(29) + p, Sin(3p) + p, COS(¢) +...
N.dg N_dg .
~ Py + Py sin(g).

Remind, that ¢= arCCOS((dgxﬂg)”gqx p?‘)]'Sign[ﬁh'(zle)]

Sin(@) appears from the vector product (?x P, ), which is pseudo-vector.
But it could appear only being multiplied by another pseudo-vector:

spin of the target S, with a fraction P, } physics asym.
spin of the muon u, " P,
. il Py
target magnetic field H.
5 & H x i " false asym., due to incomplete
product “Hp Pr N T
oroduct (Fi xS) § b knowledge of H and/or misalignments
HS

So, P1~PsP,*Py ,PustPy sWhere false asim depend on:
- directions of the field,
- track extrapolations’ differ'enT for‘ U Gnd D Ce”S.

- sign of particles.
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B The distributions of events, passed all data selection cuts, vs. Q2 (left) and vs. y
(right). Cuts are shown by red lines.

w
Rl
Rl
1
w0’

Rl

T

The distributions of identified good charged hadrons vs. =z (left) and vs. p?: (right).
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BACK UP SLIDES (4)

x bins = hins p; bins (GeV)
0.05(0.120)0.200
0.004{0.010)0.012 | 0.200{0.216)0.234 | 0.100(0.177)0.239

0.012{0.020)0.022
0.022{0.051)0.055

(0.010)

(0.020)

(0.031)
0.035(0.053)0.076
0.076{0.098)0.132
0.132{0.190)0.700

0.234(0.253)0.275
0.275(0.299)0.327
0.327(0.361)0.400
0.400(0.455)0.523
0.523(0.661)0.900

(0.177)
0.239(0.289)0.337
(0.337(0.385)0.433
0.433({0.485)0.542
0.542{0.610)0.689
0.689{0.514)1.000

The size of each bin is optimized to have 2 1 M of events
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