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Physics program of
COMPASS

BExperiments with muon beam  BEXxperiments with hadron
beams

mAG/G
. m Pion and Kaon

1 polarizabilities
m Transverse spin effects

m Flavor decomposition of spin
distribution functions

m Vector meson production fght meson spectroscopy

m Spin transfer in A-hyperon

production m Production of double

charmed baryons
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PDF AND STRUCTURE FUNCTIONS
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The nucleon structure

hree distribution functions

are necessary to describe the structure of the nucleon at LO:

g(x) : number density or unpolarised distribution

probability of finding a quark with a fraction x of the
longitudinal momentum of the parent nucleon

Ag(x) = g=- g=: longitudinal polarization or helicity distribution

in alongitudinally polarised nucleon, probability of
@) - @ finding a quark with a momentum fraction x and spin
parallel to that of the parent nucleon
A;q(x) = q™- g*': transverse polarization or transversity distribution

in atransversly polarised nucleon, probability of finding
a quark with a momentum fraction x and spin parallel to

that of the parent nucleon

g quark or antiquark with a specific flavor [notation: Barone, Drago, Raftcliffe 2001]
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LONGITUDINAL SPIN
TRANSVERSE SPIN

TWO CASES
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What we are after?

Naive parten model
— 4 — 1

AU, =3 Adv - 3

BUT Gluons are important !

1989 EMC measured
> =0.120 0.094 0.138 —) Sea quarks Ag;

Spin P e

Full description of J, and J,
needs
orbital angular momentum

the spin-statistics connection and related symmetries
Trieste, Italy - October 21-25, 2008 - Stazione Marittima Conference Center

Theoretical and experimental aspects of



A9 from COMPASS

Inclusive DIS asymmetry Q2>1 (GeV/c)?

]
} 3 0.7
o ° COMPASS = ~
- °‘H§ 5 * SMC ) ; 4 0.6 ﬂ?
i ]l F C B — 05
oo = E155 =
-0.04 - } 4 HERMES ] _E 0.4
ook E{H} — 0.3
] 107 X §£ %i{y —i 0.2
== ! E
= } J i géﬂ‘é ! 5 0.1
R T R NP PLB 647(2007)8
10° 10" 1

-

 good agreement with previous experiments
» significantly improved statistics at low x !

mmE BE-niEmnas
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LONGITUDINAL SPIN CASE

direct measurement of
AG/G:

main objective of the
longitudinal run
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MEASUREMENTS OF THE
GLUON POLARIZATION

FOUR LINES OF ATTACK:

1. Double spin asymmetry of the OPEN CHARM cross-section
In high energy puD scattering

2. Double spin asymmetry of the HIGH-p; HADRON PAIRS in
high energy uD DIS (Q? > 1 GeV?)

3. Double spin asymmetry of the high-p; hadron pairs in high
energy MD scattering (Q? < 1 GeV?)

4. Measurement of g, of the deuteron and QCD fit of all the
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AG/G at COMPASS
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from Open Charm

AG/G
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- D mass spectra

D° > K+9 D" —D°+0, - K+0+0,

symmetries
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AG/G from open
charm

2002 — 2006 data DO + D*

AG/G =-0.49 £ 0.27 (stat) £ 0.11 (syst)

@ <x,> ~ 0.11, <u*> ~ 13 (GeVic)?
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from High-p, hadron pairs

AG/G
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Q2> 1 (GeV/c)?

p, hadrons,

AG/G from High
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AG/G from High-p, hadrons, Q2> 1 (GeV/c)?

2002 — 2004 data: High p, Q2> 1 GeV/c?

AG/G =0.08 £ 0.10 (stat) = 0.05(syst)

@ <x,> = 0.082 (range: 0.055 — 0.123), pu=~ 3 (GeV/c)?
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COMPASS AG/G

|
Summary of AG/G results

> COMPASS, open charm, prel., 02-06
® COMPASS, high p_, Q2<1 (GeVic)?, prel., 02-04
v COMPASS, high P Q2>1 (GeVic)?, prel., 02-04
A
A 4
|

HERMES, high p_, all Q2

E’ HERMES, single high pT hadrons, all Q?, prel. /""\\
0.8 SMC, high P Q?>1 (GeVic)? !/' "\‘
<] o6l T fit with AG>0, p?=3(GeV/c)® , '\‘
) s it with AG<0, p?=3(GeVic)® I A
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CONCLUSION from AG
MEASUREMENTS:

AG SMALL

g more precise measurements will come soon COMPASS 2006

RHIC RUNG6
g
interest in

orbital angular momentum
GPD’s

Marittima Conference Center
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Transverse Spin case

Large effects observed in hadronic interactions

: 1]
Theoretical developments:

at leading order a third PDF is necessary for a complete description

of the structure of the nucleon
R.L. Jaffe and X. Ji, Phys. Rev. Lett. 67 (1991) 552

q(x) Aq(x) Aq(X)

D i) LI S W

* A q(x) being chiral-odd, it can be measured only in conjunction

with another chiral-odd partner: f=l> Collins function
DY H,n HE g SIDIS  Hyn HEN measurable in
» relevance of e+e--> hadrons

transverse momentum dependent (TMD) PDF and FF
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Transversity DF

]

A7q(x) = q™(x) - a™H(x) q=u,, d,, dsea
h,9(x) A A quark with spin parallel to the
Lyr P " nucleon spin in a transversely

:"r‘/‘“x\. £ ) ~
k). @) - @
0rq(x) v
Properties:

polarised nucleon

 probes the relativistic nature of quark dynamics
* no contribution from the gluons — simple Q2 evolution

« Positivity: Soffer bound................. H|Bon|mgully soffer, pRL 74 (1995)
« first moments: tensor charge......... Hog=|in B giu]
e sum rule for transverse spin
| 1 1
in Parton Model framework............ 5= EZATCI +Lg + L
. it is related to GPD’s Bakker, Leader, Trueman, PRD 70 (04)
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Azimuthal modulations: single
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Collins Final on Deteron -
COMPASS

COMPASS: 2003-2004
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Collins asymmetry for pions and
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Collins asymmetries:
SUMMARY

]
The facts:

HERMES has measured on a proton target
non-zero Collins asymmetries for " and 1

COMPASS has measured on a deuteron target
Collins asymmetries compatible with zero

BELLE has produced the first results on Collins FF

Conclusion:
Collins mechanism is a real phenomenon
universality of Collins FF
transversity can be measured in SIDIS
Present picture

e Collins: A;u ~-A.d
A;°D(fav.) ~ - A;°D(unfav)




Global Fit
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What else?

I
When k- Is taken into account...

m Transverse momentum dependend PDFs
and FFs

« Transverse momentum dependent (TMD) parton
distributions and fragmentation functions are currently
under intense investigation both from the experimental
and theoretical side

= The knowledge of correlations of transverse momentum
of partons and spin are crucial for the understanding of
the spin structure of the nucleon in terms of the quark
and gluon degrees of freedom of QCD.
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Three parton distributions describing quark’s
TM and/or TS

Three transverse gquantities:
1) Nucleon transverse spin

COMPASS HAS RESULTS

T ONSTVERS ANRLQFHER
3) Qaurk transverse TME S ?

momentum

% Correlation between S\ and &
= Three different correlations W

3) Boer-Mulders function
i -Q - @

1) Traisversny

ter

Cen

Marittima Conference

the spin-statistics connection and related symmetries

Theoretical and experimental aspects of
Trieste, Italy - October 21-25, 2008 - Stazione




Thank You
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