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COM PASS isa running xed-target experim ent at the CERN SPS w ith a rich
physics program focused on nucleon spin structure and on hadron spectroscopy.
O ne of the m ain goals of the spin program is the m easurem ent of the trans—
verse spin e ects in sem i-inclusive D IS o transversely polarised nucleons. In
the years 2002, 2003 and 2004 data have been taken using a 160 G eV =c natu—
rally polarised * beam and a deuterium target (°LiD ) transversely polarised
respect to the beam direction.In 2007 the run year has been devoted to collect
data with a proton (N H 3) target. T he prelim inary results for the C ollins and
Sivers asym m etries, extracted from the 2007 data w ith transverse target po-
larisation, are presented here. R esults are also com pared w ith existing m odel
predictions.
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1. Single Spin asym m etries

T he cross-section for polarised deep inelastic scattering® of leptonso  spin
1=2 hadrons can be expressed, at leading tw ist, as a function of three inde—
pendent quark distrlbbution functions: q(x), g(x)and rgx).The hatter,
which descrbbes the probability of nding a quark w ith spin parallel to the
nucleon spin In a transversely polarised nucleon, is chiralodd and can be
m easured in transversely polarised nucleon (anti)-nucleon hard scattering
or In sam iHnclisive desp inelastic scattering (SID IS) on a transversely po-
larised target.

In SIDIS rqg(x) can be measured in combination with the chiral odd
Collins fragm entation function D 2 , via azin uthal single spin asymm e~
tries (SSA ) in single hadron production. A ccording to Collins,? the frag—
m entation ofa transversely polarised quark In unpolarised hadrons presents
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an azin uthalm odulation w ith respect to the plane de ned by the quark
mom entum and the quark spin. In SID IS the hadron yield can be w ritten
then as:

N =No (@+f P Dn & sin(c)) 1)

where f is the target dilution factor, P the target polarisation and D ,, =
1 y)=1 v+ y*°=2) the transverse spin transfer coe cient from the
Initial to the struck quark.The angle ( isknown as \Collins angle" and
is conveniently de ned in the system where the z-axis is the virtual photon
direction and the x—=z plane is the muon scattering plane. In this fram e
c = n+t+t g ,where  isthe hadron azinuthalangle,and g the
azin uthal angle of the transverse spin of the initial nucleon.Finally Ac is
the C ollins asym m etry resulting from the convolution between the C ollins
fragm entation function and the transverse spin distribution:
o qué 1q(x) D2 (z;ph) )
: L €qx)Dh(z;p)

where e, is the quark charge, D § (z;p% ) is the unpolarised fragm entation
function, z = Ex=(E; Ep) is the fraction of available energy carried by
the hadron,and p is the hadron transversem om entum w ith respect to the
virtual photon direction. A s is clear from eg.l, the Collins asymm etry Ac
is revealed asa sin ¢ modulation in the num ber of produced hadrons.

A second source of azim uthal asym m etry is related to the Sivers e ect
arising from a possible coupling of the intrinsic transverse m om entum Ky
of unpolarised quarks to the spin of a transversely polarised nucleon. In
this case the num ber of produced hadrons can be w ritten as:

N =No (I+f P A sin(s)) 3)

where the Sivers angle s isde ned as j s, and the asymmetry Ag
probes the so called Sivers distribution finction | g:

P
e 7a(x;kr)DJ(z)
)

a5a

Ag = 4)

g eé q(x)D 2 (z

In this case the asymmetry A5 is revealed as a sih g modulation in the
num ber of produced hadrons.

It has to be noted here that since the C ollins and the Sivers angles are In—
dependent,* it is possible to m easure from the sam e data both the Collins
and the Sivers asym m etries.
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2. D ata sam ple and analysis

T he C ollins and the Sivers asym m etries have been m easured by COM PA SS

from 2002 to 2004 on a transversely polarised deuterim target; both the
asym m etries tumed out to be sm all, com patiblew ith zero 37 Tn 2007COM -
PA SS took data with a proton target (N H 3) and a 50% sharing between
longitudinal and transverse target con guration, accum ulating 40 16

and 42 1¥ on tape respectively.

A new targetw ith a Jargerdiam eter (4 an ) and three cells (upstream , cen—
tral, dow nstream , 30, 60, and 30 an long respectively ) have been used: the
tree cells setup ism eant to reduce the di erence in acceptance between the
two polarisations. The upstream and the downstream cells are polarised
along the sam e direction, which is opposite to the central cell. The Am —
m onia m aterial is characterized by a dilution factor £ 0.15 and a very
high polarisation: 90% . As in 2006 the target is Inside the new large
acceptance Superconducting m agnet. T he transverse run has been divided
in 12 "periods", each of them corresponding to about 5 filll days of data
taking. C onsecutive periods correspond to opposite polarisation of each of
the tree target cells. A sym m etries are extracted using at the sam e tin e the
inform ations com ing from cells in two consecutive periods w ith opposite
con guration.

A Im ost all the data collected in the transverse polarisation con guration
of the target have been processed a rst tin e. For the results presented
here about 20% of the whole collected data have been used. T hese data
have been selected requiring a good stability of the spectrom eter and of the
reconstruction between consecutive periods. In the analysis the events are
considered only if one prin ary vertex is found in the target region.To se—
Ject D IS events the photon virtuality Q ? is taken greater than 1 (G &V /c)?,
y between 0.1 and 09, and the Invariant m ass of the nal hadronic state
W > 5GeV/c?. The hadron sam ple on which the asymm etries are com —
puted consists of all the charged hadrons com ing from the reaction vertex
w ith p? > 01 Gev/cand z > 02.In table 1 the nal statistics entering
the asym m etries extraction is given for the 6 used periods, separately for
positize and negative hadrons. F igure 1 illustrates the Q ?-x B jprken phase-
space covered by the COM PA SS experin ent after the 9 ? > 1 selection.A s
it can be seen the high energy of the m uon beam allow to reach the 10 3

region of x, in the D IS regin e, m oreover m ost of the statistic is at low x
values: 0.008 0.02.

A num ber of system atic studies have been perform ed In order to determ ine
the systam atic errors. Extensive tests both to m easure false asym m etries
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Table 1. Num ber of hadrons used for this analysis.

Period Positive hadrons: N egative hadrons
W 39/W 40 2742704 2149343
W 41/W 42a 2199513 1752684
W 42b/W 42 761014 603061
Total: 5703231 4505088

Q? (GeVic)?

X

Fig.1l. Scatter plot ofQ? as function of x B Jorken for the events after all the kinem atic
cuts. M ost of the statistics is concentrated at low x B jorken values.

and to Investigate the stability of the physics results, in each data taking
period, were done com bining cells w ith the sam e polarisation and using
di erent splitting com bination of the target cells (top-dbottom , leftxight).
T he results obtained with di erent asym m etries extraction m ethods have
been com pared too.

From allthese tests the system atic errorshavebeen estim ated tobe 0:3  giat
for the Collins asymm etries and 05 s for the Sivers asym m etries.

2.1. Results

The Collins and Sivers asymm etries were evalniated as a function of x,
pTh ,and z dividing the corresponding kinem atical range in bins (w ith vari-
able width, In order to have a com parable statistics in each of them ), and
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integrating over the other two variables. In total, the asym m etries were

evaluated in 9 x-bins, 9 p? Jins, and 8 z-bins. The m ethod used for ex—
traction is based on a two dim ensional (8 tines 8) binningin 1, and s.
C om bining the inform ation of the opposite target polarisation cells a non—
linear system of equations for the cross section am plitude m odulations can

be w ritten, and the extraction of the am plitudes is then obtained via m ax—
Inum likelihood m ethod. T he results have been checked w ith severalother
statisticalm ethods described in Ref. 6. In  gure 2 the prelin nary results
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Fig.2. Collinsasym m etries for positive unidenti ed hadrons (triangles) and fornegative
unidenti ed hadrons (circles) as function ofx,p]; ,and z.

for the Collins asym m etries as function of x, p? , and z are shown both

for positive and for negative unidenti ed hadrons.T he asym m etry is am all,
basically statistically com patidble with zero up to x = 0:05 whilk a signal
is visibble in the last points: the asym m etry then Increases in m odule up to

10% and w ith oppoiste sign for positive and negative hadrons.For p? and z

the asym m etry am plitude is com patible w ith zero due to the fact thatm ost
of the statistical sam ple is in the low x region. In fact requiring x > 0:05

the asymm etry signal becom es m ore evident both In p? and z bins. This

can be seen n  g. 3, show Ing C ollins asym m etry for the data in the valence
region, ie. with x > 0:05. It is clear from the plots that there is not an

appreciable z or p? dependence.

F igure 4 show s the theoreticalexpectations ofthe C ollinsasym m etries in
the COM PA SS kinem atical range® both for positive and negative hadrons.
T he predictions are obtained from a globalanalysisofthe HERM ES° data,
COM PA SS'0 deuterium data and the BELLE!! data. T he good agreem ent
forallthedi erentkinem atic vardiables ism anifested in the gure.In gure
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Fig.3. Collinsasym m etries for positive unidenti ed hadrons (triangles) and fornegative
unidenti ed hadrons (circles) w ith the cut x > 0:05 as function ofx,p? ,and z.
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Fig.4. Com pass prelin inary C ollins asym m etries on proton w ith the latest prediction
of Anselm ino et al, (A . Prokudin at D IS 08).

5 the prelim inary results of the Sivers asym m etries are shown as function
of x, p? and z.At variance with A , the Sivers asymm etry is sm all and
statistically com patidble with zero for both positive and negative hadrons
over allthem easured x range. T he result for positive hadrons is at variance
from whathasbeen m easured by HERM ES, and the two data sam plesare
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m arginally com patible.A possible explanation of this resultm ay com e from
the very di erent kinem atic range of the tw o experin ents.

>
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Fig. 5. Sivers asymm etries for positive unidenti ed hadrons (black) and for negative
unidenti ed hadrons (circles) as function ofx,p}; ,and z.

Figure 6 com pares the COM PASS Sivers asymm etry on proton data
for positive and negative hadrons w ith the latest prediction of Anselm ino
et all? For positive hadrons the agreem ent is not satisfactory.A s in the
C ollins case the predictions are driven by the HERM ES data.

O ther theoreticalm odels as for exam ple the one proposed by S.A mold et
al*® show the sam e disagreem ent for the Sivers results.

3. Summ ary

P relim Inary results of C ollins and Sivers asym m etries for 2007 COM PA SS

proton data have been presented. C ollins asym m etries for positive and neg—
ative hadronsaredi erent from zero and ofopposite sign for the tw o charges
and agree w ith the previous HERM ES results. In the Sivers case the m ea—
sured asym m etries are com patible w ith zero, w ithin the present statistics,

both for positive and negative hadrons, at variance w ith the HERM ES re—
sult.
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COM PA SS isa running xed-target experim ent at the CERN SPS w ith a rich
physics program focused on nucleon spin structure and on hadron spectroscopy.
O ne of the m ain goals of the spin program is the m easurem ent of the trans-
verse spin e ects in sem i-inclusive D IS o transversely polarised nucleons. In
the years 2002, 2003 and 2004 data have been taken using a 160 G eV=c natu-
rally polarised * beam and a deuterium target (°LiD ) transversally polarised
respect to the beam direction.In 2007 the run year has been devoted to collect
data with a proton (N H 3) target. T he prelim inary results for the C ollins and
Sivers asym m etries, extracted from the 2007 data w ith transverse target po-
larisation, are presented here. R esults are also com pared w ith existing m odel
predictions.

K eywords: Sem i-Inclusive D eep Inelastic Scattering; Transversely polarised
proton target; C ollins asym m etry; Sivers asym m etry; COM PA SS.

1. Single Spin asym m etries

T he cross-section for polarised deep inelastic scattering® of leptonso  spin
1=2 hadrons can be expressed, at leading tw ist, as a function of three Inde-
pendent quark distrlbbution functions: q(x), g(x)and rgx).The hatter,
w hich descrbbes the probability of nding a quark w ith spin parallel to the
nucleon spin In a transversely polarised nucleon, is chiralodd and can be

m easured in transversely polarised nucleon (anti)-nucleon hard scattering

or In sam iHnclisive deep inelastic scattering (SID IS) on a transversely po-—
larised target.

In SIDIS rqg(x) can be measured in combination with the chiral odd

Collins fragm entation function }D 2 , via azim uthal single spin asymm e~
tries (SSA ) in single hadron production. A ccording to Collins,? the frag—
m entation ofa transversely polarised quark In unpolarised hadrons presents
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an azin uthalm odulation w ith respect to the plane de ned by the quark
mom entum and the quark spin. In SID IS the hadron yield can be w ritten
then as:

N =No (@+f P Dn & sin(c)) 1)

where f is the target dilution factor, P the target polarisation and D ,, =
1 y)=1 v+ y*°=2) the transverse spin transfer coe cient from the
Initial to the struck quark.The angle ( isknown as \Collins angle" and
is conveniently de ned in the system where the z-axis is the virtual photon
direction and the x—=z plane is the muon scattering plane. In this fram e
c = n+t+t g ,where  isthe hadron azinuthalangle,and g the
azin uthal angle of the transverse spin of the initial nucleon.Finally Ac is
the C ollins asym m etry resulting from the convolution between the C ollins
fragm entation function and the transverse spin distribution:
o qué 1q(x) D2 (z;ph) )
: L €qx)Dh(z;p)

where e, is the quark charge, D § (z;p% ) is the unpolarised fragm entation
function, z = Ex=(E; Ep) is the fraction of available energy carried by
the hadron,and p is the hadron transversem om entum w ith respect to the
virtual photon direction. A s is clear from eg.l, the Collins asymm etry Ac
is revealed asa sin ¢ modulation in the num ber of produced hadrons.

A second source of azim uthal asym m etry is related to the Sivers e ect
arising from a possible coupling of the intrinsic transverse m om entum Ky
of unpolarised quarks to the spin of a transversely polarised nucleon. In
this case the num ber of produced hadrons can be w ritten as:

N =No (I+f P A sin(s)) 3)

where the Sivers angle s isde ned as j s, and the asymmetry Ag
probes the so called Sivers distribution finction | g:

P
e 7a(x;kr)DJ(z)
)

a5a

Ag = 4)

g eé q(x)D 2 (z

In this case the asymmetry A5 is revealed as a sih g modulation in the
num ber of produced hadrons.

It has to be noted here that since the C ollins and the Sivers angles are In—
dependent,* it is possible to m easure from the sam e data both the Collins
and the Sivers asym m etries.
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2. D ata sam ple and analysis

T he C ollins and the Sivers asym m etries have been m easured by COM PA SS

from 2002 to 2004 on a transversely polarised deuterim target; both the
asym m etries tumed out to be sm all, com patiblew ith zero 37 Tn 2007COM -
PA SS took data with a proton target (N H 3) and a 50% sharing between
longitudinal and transverse target con guration, accum ulating 40 16

and 42 1¥ on tape respectively.

A new targetw ith a Jargerdiam eter (4 an ) and three cells (upstream , cen—
tral, dow nstream , 30, 60, and 30 an long respectively ) have been used: the
tree cells setup ism ent to reduce the di erence in acceptance between the
two polarisations. The upstream and the downstream cells are polarised
along the sam e direction, which is opposite to the central cell. The Am —
m onia m aterial is characterized by a dilution factor £ 0.15 and a very
high polarisation: 90% . As in 2006 the target is Inside the new large
acceptance Superconducting m agnet. T he transverse run has been divided
in 12 "periods", each of them corresponding to about 5 filll days of data
taking. C onsecutive periods correspond to opposite polarisation of each of
the tree target cells. A sym m etries are extracted using at the sam e tin e the
inform ations com ing from cells in two consecutive periods w ith opposite
con guration.

A Im ost all the data collected in the transverse polarisation con guration
of the target have been processed a rst tin e. For the results presented
here about 20% of the whole collected data have been used. T hese data
have been selected requiring a good stability of the spectrom eter and of the
reconstruction between consecutive periods. In the analysis the events are
considered only if one prin ary vertex is found in the target region.To se—
Ject D IS events the photon virtuality Q ? is taken greater than 1 (G &V /c)?,
y between 0.1 and 09, and the Invariant m ass of the nal hadronic state
W > 5GeV/c?. The hadron sam ple on which the asymm etries are com —
puted consists of all the charged hadrons com ing from the reaction vertex
w ith p? > 01 Gev/cand z > 02.In table 1 the nal statistics entering
the asym m etries extraction is given for the 6 used periods, separately for
positize and negative hadrons. F igure 1 illustrates the Q ?-x B jprken phase-
space covered by the COM PA SS experin ent after the 9 ? > 1 selection.A s
it can be seen the high energy of the m uon beam allow to reach the 10 3

region of x, in the D IS regin e, m oreover m ost of the statistic is at low x
values: 0.008 0.02.

A num ber of system atic studies have been perform ed In order to determ ine
the systam atic errors. Extensive tests both to m easure false asym m etries
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Table 1. Num ber of hadrons used for this analysis.

Period Positive hadrons: N egative hadrons
W 39/W 40 2742704 2149343
W 41/W 42a 2199513 1752684
W 42b/W 42 761014 603061
Total: 5703231 4505088

Q? (GeVic)?

X

Fig.1l. Scatter plot ofQ? as function of x B Jorken for the events after all the kinem atic
cuts. M ost of the statistics is concentrated at low x B jorken values.

and to Investigate the stability of the physics results, in each data taking
period, were done com bining cells w ith the sam e polarisation and using
di erent splitting com bination of the target cells (top-dbottom , leftxight).
T he results obtained with di erent asym m etries extraction m ethods have
been com pared too.

From allthese tests the system atic errorshavebeen estim ated tobe 0:3  giat
for the Collins asymm etries and 05 s for the Sivers asym m etries.

2.1. Results

The Collins and Sivers asymm etries were evalniated as a function of x,
pTh ,and z dividing the corresponding kinem atical range in bins (w ith vari-
able width, In order to have a com parable statistics in each of them ), and
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integrating over the other two variables. In total, the asym m etries were

evaluated in 9 x-bins, 9 p? Jins, and 8 z-bins. The m ethod used for ex—
traction is based on a two dim ensional (8 tines 8) binningin 1, and s.
C om bining the inform ation of the opposite target polarisation cells a non—
linear system of equations for the cross section am plitude m odulations can

be w ritten, and the extraction of the am plitudes is then obtained via m ax—
Inum likelihood m ethod. T he results have been checked w ith severalother
statisticalm ethods described in Ref. 6. In  gure 2 the prelin nary results
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Fig.2. Collinsasym m etries for positive unidenti ed hadrons (triangles) and fornegative
unidenti ed hadrons (circles) as function ofx,p]; ,and z.

for the Collins asym m etries as function of x, p? , and z are shown both

for positive and for negative unidenti ed hadrons.T he asym m etry is am all,
basically statistically com patidble with zero up to x = 0:05 whilk a signal
is visble In the last points: the asymm etry then increases in m odule up
to 10% and with oppoiste sign for positive and negative hadrons. For p?

and z the asymm etry am plitude is com patible with zero due to the fact
that m ost of the statistical sam ple is in the low x region.In fact requiring
x > 0:05 the asymm etry signal becom es m ore evident both in p? and z
bins.Thiscan be seen In  g. 3, show ing C ollins asym m etry for the data In
the valence region, ie.with x > 0:05. It is clear from the plots that ther is
not an appreciable z or p? dependence.

F igure 4 show s the theoreticalexpectations ofthe C ollinsasym m etries in
the COM PA SS kinem atical range® both for positive and negatie hadrons.
T he predictions are obtained from a globalanalisys of the HERM ES° data,
COM PA S50 deuteriuim data and the BELLE'! data. T he good agreem ent
forallthedi erentkinem atic vardiables ism anifested in the gure.In gure
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Fig.3. Collinsasym m etries for positive unidenti ed hadrons (triangles) and fornegative
unidenti ed hadrons (circles) w ith the cut x > 0:05 as function ofx,p? ,and z.
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Fig.4. Com passprelym inary Collins asym m etries on proton w ith the latest prediction
of Anselm ino et al, (A . Prokudin at D IS 08).

5 the prelim inary results of the Sivers asym m etries are shown as function
of x, p? and z.At variance with A , the Sivers asymm etry is sm all and
statistically com patidble with zero for both positive and negative hadrons
over allthem easured x range. T he result for positive hadrons is at variance
from whathasbeen m easured by HERM ES, and the two data sam plesare
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m arginally com patible.A possible explanation of this resultm ay com e from
the very di erent kinem atic range of the tw o experin ents.
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Fig. 5. Sivers asym m tries for positive unidenti ed hadrons (black) and for negative
unidenti ed hadrons (circles) as function ofx,p}; ,and z.

Figure 6 com pares the COM PASS Sivers asymm etry on proton data
for positive and negative hadrons w ith the latest prediction of Anselm ino
et all? For positive hadrons the agreem ent is not satisfactory.A s in the
C ollins case the predictions are driven by the HERM ES data.

O ther theoreticalm odels as for exam ple the one proposed by S.A mold et
al*® show the sam e disagreem ent for the Sivers results.

3. Summ ary

P relim Inary results of C ollins and Sivers asym m etries for 2007 COM PA SS

proton data have been presented. C ollins asym m etries for positive and neg—
ative hadronsaredi erent from zero and ofopposite sign for the tw o charges
and agree w ith the previous HERM ES results. In the Sivers case the m ea—
sured asym m etries are com patible w ith zero, w ithin the present statistics,

both for positive and negative hadrons, at variance w ith the HERM ES re—
sult.
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