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Abstract.
Measurement of two hadron production introducing the ¢hidal interference fragmentation

function Hf is considered a new probe of the transverse spin distributic(x). COMPASS
is a fixed target experiment on the SPS M2 beamline at CERNaii¢get can be polarised both
longitudinally and transversally with respect to the pisied 160 GeV/qu™ beam. In 2002, 2003,
and 2004, 20% of the beam-time was spent in the transver§igoration on £LiD target, allowing
the measurement of transversity effects. First resulta@finalysis of two hadron production will
be reported.
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THEORETICAL BACKGROUND

The cross-section for deep inelastic scattering off s@rhhdrons can be parametrised,
in leading order, in terms of three quark distribution fuois: the helicity averaged
distributiong(x), the longitudinal helicity distributiom\q(x), and the transverse spin
distributionAtq(x). This last distribution function, referred to as transitgrss chiral-
odd and can only be measured in combination with anothealebdd function. So far,
attempts were made to measi¥gy(Xx) in combination with the Collins fragmentation-
function ADQ(z,pQ), requiring the partial detection of the hadronic productsngi-
inclusive measurement) [1][2]. Another suggested and pesynising probe is the mea-
surement of two hadron production introducing the chiradl aaterference fragmen-
tation functioan(z,Mﬁ). The properties of interference fragmentation functiores a
described in Refs. [3][4][5][6][7][8].

At leading twist, the fragmentation function of a quark gpiatpair h of two hadrons
h1 andhy can be written as:

DG(z M7) +H; (2 MZ)sin(grs) 1)

with grs= kR — @5 = @R+ @s— 11, Whereqy is the azimuthal angle of the struck quark
spin, ¢s is the azimuthal angle of the initial quark spin apgl= m— ¢s.

¢r is the angle between the lepton scattering plane and the [gpanned by the
virtual photon momentuny and the componerRRt of the relative hadron momentum
R= %(Pl— P2) which is perpendicular to the summed hadron momerRym P, + P».



FIGURE 1. Description of the angles involved in the measurement @jflsiapin asymmetries in deep-
inelastic production of two hadrons (from Ref. [7])

The angles are defined according to Ref. [9] (see Fig. 1), winkkows the so-called
Trento conventionby:
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Cosgr = singr = (2)
Additionally,z=z; +2z, = (E(h1) + E(h2))/(E — E/), E; being the incoming anH
the scattered lepton energy, is the fraction of the traadfenergy carried by the two

hadrons, and? is their invariant mass squared.

As a result, an asymmetry is expected in the azimuthal anfgteeohadron plane
which depends omgks This asymmetry, which gives information on the transwgrsi
distribution, has not been measured so far on a transveyetdyised target. One model
even predicts a strong dependance of the fragmentationicbmnblf(z,Mﬁ) on the
invariant mass of the two-hadron system in the region ofaheass (Ref. [5]) due to
an interference term in two pion production. Another moéé¢does not see this strong
dependance.

The measured raw asymmeASﬂ‘“*S Is connected to the physically relevant asymme-
try Ag.s by

o A = Zialrai()H;" (2, MP)
DnnfP % 5ie0i(x)DN(z MP)
where f (=~ 0.4) is the dilution factor,P(~ 0.45) the target polarisation anbyn =

(1—y)/(1—y+Yy?/2) the depolarisation factor. Herg = (E; — E/) /E; is the fraction
of the incoming lepton energy transfered to the hadronitesys

(3)

RESULTSFROM THE COMPASS 2002 AND 2003 RUNS

The COMPASS experiment [10][11] uses the high intensity G&)/ secondary™-
beam fromr-decay in the CERN SPS M2 beamline. This beam is naturallgitodi-



nally polarised with a polarisation 6$-76%.

The polarised target consists of two subsequent targes filégid with 6LiD, each 60
cm long, which can be individually polarised using sepaRitecavities. This allows to
take data simultaneously on two target cells of oppositansation. The target can be
polarised longitudinally or transversely with respectite beam axis.

The data discussed here was taken in 2002 and 2003 with arérarl/ polarised
target. The sample consists of three independent datagtpkimods, where each period
was split in two subperiods with opposite spin orientatiothie individual target cells.

The event selection is analogous to the analysis of ther@@aind Sivers asymmetries
[1][2]. The primary vertex, with identified incoming and sigaed muon, is required to
be in either of the two target cells. At least two hadrons aquired to origin from
the same vertex. The separation of muons and hadrons isrjiyidane by cutting on
the amount of traversed material in the spectrometer ant@erergy loss in the two
hadronic calorimeters. Moreover, the kinematic @fs> 1(GeV/c)?, W > 5GeV/c?
and 01 < y < 0.9 were applied to ensure a deep-inelastic scattering saatjuee
nuclear resonances and within the COMPASS trigger acceptdiine final data sample
had average values far= 0.035,y = 0.33, andQ? = 2.4(GeV/c)?. The mean hadron
multiplicity of the events selected by these kinematic ¢sits 9 hadrons/event.

Based on this sample, hadron pairs are selected by chodsomyéinations of pos-
itive (hy) and negativet) hadrons fulfilling the requirements = E(hy)/(E — E) >
0.1andz =E(hy)/(E —E) > 0.1 as wellaz= 7 + 2, < 0.9. The first two conditions
reject the target fragmentation region while the later segges the contamination with
exclusively producegp-mesons. The resulting sample contairg&l®P hadron combina-
tions.

From the data, for each target cell and polarisation, thpgutg

N(@rg) = No- (14 ASTS. singrs) - Face( ke 4)

can be derived, wherécc(¢rs) is the (unknown) angle dependant acceptance function
of the detector. However, by comparing the subperiods wghogite target spin, this
acceptance function cancels, resulting in

N"(grg) — RN (grs+ 1)
NT(grs) + RNV (grs+ 1)

(5)

SingRs
AGT - SINgrs=

whereR = Ntfgt / Nt%t is the ratio of the events with opposite target polarisat{&or a
more detailed description please refer to [2]). This proceds repeated for both target
cells and all periods. Finally, the weighted mean of theltessi calculated.

Figure 2 shows the preliminary results from the COMPASS 28822003 data. The
upper plot shows the asymmetries vs. the invariant nvgsef the hadron pair, while
the two lower plots show the asymmetries xandz respectively.

The observed asymmetries are very small and no significgnakcan be observed.
Especially the asymmetry v&4,, does not at all show a strong dependance on the
hadron invariant mass. The fluctuations for the signalxvand z are very small and
still compatible with zero. Including the data of the COMPAS004 run on &LiD
target will double the total statistics and improve the geniy by a factor 14.
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FIGURE 2. AsymmetriesAy. for the 2002 and 2003 data vs. invariant mass of the hadrar(toa)
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andx (bottom left) andz = z; + z, (bottom right).

Furthermore, including hadron identification using the Rlfdformation will clean
the hadron sample. Additionally, a complementary measen¢ran a proton target is

planned for the COMPASS 2006 run.

CoNog~wWNE

REFERENCES

P. Pagano (COMPASS), these proceedings.
V.Yu. Alexakhinet al.[COMPASS CollaborationPhys. Rev. Let®4, 202002 (2005).
J.R. Collins, S.F. Heppelmann and G.A. Ladinskigl. PhysB420, 565 (1994).

X. Artru and J. C. CollinsZ. Phys.C69, 277 (1996).
R. L. Jaffe, X. Jin and J. Tanghys. Rev. LetB0, 1166 (1998).

M. Radici, R. Jakob and A. Biancomhys. RevD65 074031 (2002).
A. Bianconi, S. Boffi, R. Jakob and M. RadiBihys. RevD62, 034008 (2000).
A. Bacchetta and M. Radid?hys. RevD69, 074026 (2004).

A. Bacchetta and M. Radici, Proceeding of DIS 2004, hejo407345 (2004).

s 2002-2003 data
) l
0.1
ity
0Ol
UL |
0= preliminary }
-0.2 L L L L | (Manch 23, 2005)
“0 02 04 06 08 1 12 14
Miny [GeV/c 1
0.2 o 0.2
2002-2003 data o 2002-2003 data
<
0.1 0.1+
0 i { } 0 f '
bopos by it
01~ preliminary 01~ preliminary
iy I B Ll (March 23, 2005) 0.2t |
2 1 0.2 0.4

10 G. Baunet al.[COMPASS Collaboration], CERN-SPSLC-96-14.
11. G.K. Mallot, Nucl. Instrum. Meth. 518, 121 (2004).

0.6

0.8

1
z



