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ucture fu\ntions , .

3 distribution functions are necessary to describe
the spin structure of the nucleon at LO:

q(x) @

momentum distribution

Aq(x) =

hehclty dlEt-I‘]bl_ltlDIl

et -

transversity distribution
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Impossible in DIS Direct

Also:

Measurement Interference in

How to access it:

fragmentation of 2
hadrons, see

SIDIS
(e.g. COMPASS and HERMES )

ATCI(X) X FE R. Joosten’s talk

Hard scattering NN (e.g. RHIC)
— Drell-Yan A-Q- A q
— Single Spin Asym (e.g. p'p—1X)

Hard scattering NN (e.g. GSI)
— Drell-Yan A:Q - A:Q
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In the last ten years: « Tensor charge ('91 —’'92):
* Great development in the theory =

of transversity; g, = jdX[ATq(X) —A; q(x)]
* Remarkable role of Aq(x), _ _

notably complementary to Aq(x). in analogy with:

In the last couple of years: O, = jdX[AC](X) + Aa(X)]

* Role of the k; structure functions
clarified (Cahn and Sivers
effects, ...).

« Soffer inequality (95):
1
Ard(x) < > (Ara () +4(x))

Key features of transversity: . Leader sum rule (04):

- Probes relativistic nature of quarks dx- A, q(X) +
- No gluon analog for spin-1/2 nucleon Zj ! qzq:g< >
- Different Q2 evolution and sum rule in analogy with: 1
than Aq(x) S, ==AX+AG +<LZ>
- Sensitive to valence quark polarization 2
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The quark prefers to fragment in one direction;
Look at leading hadron (it comes from the struck quark);

[ }]

The larger is “Z” (fraction of the available energy carried by the hadron), the
stronger is the signal ;

But an azimuthal asymmetry can also come from the un-polarised quarks;
namely from an azimuthal modulation of quark transverse momentum for a
transversely polarized nucleon (Sivers effect) yl x

q
QS
N

»
>

Z
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s.and Sivers asym"- .

.a-D
Calculated as function of x, z and a%a 9"
p; and for “Leading Hadrons” and _ Z eé 'AToq : D(:‘
for “All Hadrons” S:C‘DSW — a ’ -
e;-q-D
Zq q q
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| 3He - “He Dilution |
[ S refrigerator (T~50mK) ht @

or fransversity:

Dipole (0.5 T)
T @ l T

SIS,

dN/dz

- ' reversed once a week

| Polariza "arﬁr-"'W | 50%
Dilutigh factor:|0.38

4

4000

two 60 cm long Target-Containers
with opposite polarization
During data taking for transversity -

o S

2000

dipole field always A -1000 o 1000

Relaxing time > 2000 hrs
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[ L ' ; e
.- :}\ SS data>sample ,

 Insofar(3years)
— only DIS off 6LiD
— only runs with transverse polarized target being analyzed

runs ood runs used events in
u 9 u the analysis
453
. 6
2002 475 (100 SPS spills) 1.6-10
429
S ICH BID { 2003 479 (100 SPS spills) ~4+(2002)
470
2Q04 496 (200 SPS spills) ~2+(2003)
E-Calorimetry
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dN/dp,
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. Evaluating the N,(®;)=Fno-a,(®;)-(1+e;sind,)

population as a e =T -|P| Dy - Acl
function of @, & =R Ay

. . j = C, S, (¥, calculated always with
mdependently In spin = 1)and i: is the muon flux, n the

both target cells; number of target particles, o the spin
averaged cross-section, and a; the
product of angular acceptance and
efficiency of the spectrometer;

. Extracting_z m NT(@ )—r N (@) |
asymmetries and A (%)= NJ(@,) 1N (@) S'”‘Dj
calculating the

.
weighted mean; <:> Zig‘; = const
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o\l e -
] tion of s}stematig

-
« Stability of the asymmetries:
1) in time;
i) in two halves of the target cells;
iii) according to the hadron momentum.

.
e

- Evaluated 3 different estimators and check the compatibility with the
standard one.

* Look at the paper:

“First Measurement of the Transverse Spin Asymmetries of
the Deuteron in Semi-Inclusive Deep Inelastic Scattering”

(The COMPASS Collaboration)
CERN-PH-EP/2005-003

hep-ex/0503002
(accepted by PRL)
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&

and'Sivers effects ‘ :

o Asymmetries o AH hadrons : : 2002 data
as a function < ;HL/ i
of x, z, p, g .E]
 lPacwh t et . i BT b 8L b
- Only 0 %]Ei of by ﬂﬁﬁ % J% + %ﬁﬁ% %
statistical "
errors shown l

o0
k) b

A'Biv

O R

0.2

192 ” 1D1 0.2 04 0.6 0.8 1 0.5 1 1.|5 2
z p,[GeVic]

Systematic errors are smaller than the *
quoted statistical errors.
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« Asymmetries
as a function
of x, z, p;

« Only
statistical

errors shown

CERN-PH-EP/2005-003

hep-ex/0503002

s \fm ] 2002 data
et et ey
GL%E%@@{E}%} I %@%@23 ..... % gﬁjﬁjﬁl _______

10 10

Systematic errors are smaller than the *
quoted statistical errors.
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.'-5;.1\4' e ut.) vs. HE ons)

o “h:
DS adrons
—_
* In Hermes . . E 0.2; m COMPASS 2002
— Negative Collins asymmetries;® o HERMES +
— Positive Sivers asymmetries.
o byap b
Pay attention at the phase of 1 in the definition of @ ‘1’ ‘1’
between HERMES and COMPASS !
+ In COMPASS: OO S S
— No sizeable effect apart... < ;
— Possible cancellations in iso- g
scalar target? ﬂigiﬁ'ﬁ)%ﬂ!‘bii@ii ------ - g '
- - '027 | Ll SIS | 1 1 1
Statistical accuracy: 10° 10" 0.2 04 0.6 0.8 1

X z

COMPASS accesses low x but (for

2002 data) has larger errors at high x. HERMES data points from:
A. Airapetian et al, Phys. Rev. Lett. 94 (2005) 012002[DC53]

(hep-ex/0408013)
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* |n Hermes:

E 0.2- m COMPASS 2002 B
— Large Positive Collins < ERVES
asymmetries; ¢ J % } $
AR
— No Sivers effect. 0 '}“‘i%*# ------------ —"ﬁ-"’}"?‘} ------ l[lIE ----------------
Pay attention at the phase of 11 in the definition of %
& between HERMES and COMPASS !
 In COMPASS: <
— No sizeable effect. (% ; ; ; + *
— Possible cancellations in iso- (| Y. ﬁ-.ﬂ, ----- 0, SRR, 8 A S, S
scalar target? . v ?%ﬁ ' g %
Statistical accuracy: 2 T T i ~%z 04 06 08 1
X z

COMPASS accesses low x but (for L ermES data points from:

2002 data) has larger errors at high x. A. Airapetian et al, Phys. Rev. Lett. 94 (2005) 012002[DC53]
(hep-ex/0408013)
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e “The role of Cahn and

Sivers effects in DIS” 0 v | 1
M. Anselmino et al. < EoeaEEE e R
(hep-ph/0501196) o] | T , Hﬁﬁ/w
— Phenomelogical model whose o pea . .
parameters are constrained by 5 Xs Xe
HERMES proton measurements; £ | = | | # R
_ COMPASS preliminary results for < . ‘ o
Sivers effect (shown at SPIN04) are oos| '
in agreement with the model. ez s os  os 1 oz os o8 o8 1
 [Interpretation of Collins === # e ==
effect in progress. B I S T
P+ (GeVic) P; (GeVic)
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Positive hadrons

| Negative hgdrons,

107 10"

107 10™
X X

A, statistical errrors:

Positive hadrons
(to the left):

2002 - Green;
2002 — 2004 Red.

Negative hadrons
(to the right):

2002 - Green;
2002 — 2004 Red.

Madison (WI, USA), April 28th

Statistical accuracy
increased in years
2003/4:

— trigger system
upgraded;

— DAQ upgraded;

— 2004 longer run.

2003 data analyzed

(systematics evaluation in
progress)

2004 data production over
(analysis in progress)
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SS prot _run

*  Projections for 30 days of data taking with NH,
target (theoretical predictions by A. Efremov et al.(*)
superimposed):

— Taking into account:
« Variation of statistical errors:

o(Ay,)=134-0(A )

P . f

+ taking into account the variation of:

0.2 0.2
= 05 = 015 F
- " - E :
o1t Positive hadrons o1+ Negative hadrons _
005 F 0.05 f _____ﬁ___f"’
AN o |
0 ] I T T T T T T I l 0 E | T T T 1 1 | I l
-"H.‘_‘_\_\_ 5
-005 F — -005 F
o b T o1
01'5 E (") Eur.Phys.J.C32:337-346,2003 0'5 e (*) Eur.Phys.J.C32:337-346,2003
=015 | =015
_(lzglllll2 1 1 |||||||‘\¢ 1 L1 | _Olzzlllll 1 1 lllllll1
- - -2 =
10 10 » 10 10 »
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« COMPASS has a multi-purpose spectrometer which will take
data at least until 2010;

» Collins and Sivers SSA calculated from 2002 data (first
Eneas)urements on a deuteron target) submitted for publication
PRL);
 The asymmetries are small and compatible with zero at
variance from HERMES measurements on a proton target:
— Cancellation between proton and neutron?
— Too small Collins mechanism?
» Finalization (in progress) of the analysis of the deuteron data:

the total collected statistics allows to increase by a factor of 3
the accuracy of the measurement of 2002;

« Complementary data (of comparable statistics) will be collected
on a transversely polarized proton target (NH,).
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NT (D NT (@ :
¢J,u( J) . ¢J,d( J) :Cost.(lsinq)j)
Nj,u(CDj+7r) Nj’d((l)j+7z)

Weaker assumptions on acceptance effects

less sensitive to distorsions set by Cahn effects
INT(@)) NS (@) = NJ (@, +7) N] (@, +7) incD
— S ;
INT@) N @) + INH@, +2) NT (@, +2)

Reconstruction time
independent in the solid angle

Madison (WI, USA), April 28th Paolo Pagano (INFN - Trieste) 22




D

ecompition ,

Flavour decomposition of Aq:

D,=D} =D} =D} =D  D,=D] =Dj =D} =D%

1. proton target, combining n+ and n-

4A;u+A.d+4A;u+A.d AD,+AD,

AY'=f .PP.D. e
vtorT 4u+d+4u+d D,+D,

4Au,-A.d, AD,-AD,

AP2=f .PP.D =
' P T 7 4u+d+4u+d D,+D,

2. deuterium target:

A;u+A,d+Au+A.d AD,+AD,

A =f,.P{-D- ——=
u+d+u+d D,+D,
3(Au,+A.d ) AD,—AD
A$2=fdp-?D ( TV _T v)_ 1 2
5(u+d+u+d) D,+D,
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