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Nucleon Spin Structure

Quark Model/QCD: proton is a composite object

How % spin is build 2

Spin 2 must be a result of an interplay of quark and
gluon spins and their angular momenta

Spin Sum Rule :% =_lAZ +
Quark
(24 A9Q)

How to look inside the nucleon ?

+ Lq,g

Orbital momentum



Probes of Nucleon (Spin) structure

= Information on nucleon (spin) structure can be extracted
from different processes :

h

= |
Deep Inelastic Scattering(DIS) :  Semi Inclusive DIS (SIDIS) : hadron-hadron
L+p >0 +X L+ p->U + h+ X h + h -> X

= All processes contain information on nucleon spin.
= Each process provides different kind of information.
DIS: Aq+AQ SIDIS: Aq,AJ hadron-hadron: Aq,AQ,AY

Best knowledge of polarized PDfs emerges from
a global QCD analysis fitting all existing data.

How to describe Deep Inelastic Scattering process ? 3




Basics of the DIS process

= Inclusive DIS
only scattered lepton is detected
Kinematic variables :

Q> pP-q
(k) Q=-q¢" x=5— Y=
2p.q p.k

q=k-k = Q% : Photon virtuality => resolution

at which proton is probed

=x : momentum fraction of struck
parton in the proton

=y : momentum fraction lost by lepton

(carried by virtual photon)

Deep inelastic: Q2> 1 GeV?

Semi-inclusive DIS (SIDIS):

(k') At least one hadron is detected in
addition to scattered lepton.

L(k)

— h | D" probability that a quark of type q
fragments into hadron of type h




Spin Asymmetries and Aq

Scattering of longitudinal polarized leptons
off polarized nucleons provides information on
Agq =

= - S, +Sy=3/2->0
helicity Sy+Sy=1/2->0,, y+Sy= 3/ 3/2

conservation v* probes ‘ v* probes 0

Longitudinal Spin Asymmetries

01/2 — 0'3/2 Inclusive case

A=

=g

01/2 T 03/2 Semi Inclusive case
- 5




Spin Asymmetries and Aq

Longitudinal Spin Asymmetries
= Inclusive case

= Semi Inclusive case

. €20q(x, Q?)Di(z, @)

-> 1 equation

A=

A= -> 1 equation for each
Zq egq(x, Q2)DZ,’(Z, Qz) type of hadron
A; =Z;M; (q,D,") . Ag;
experimentally measured unknowns

Taking unpolarized quark distributions q(x,Q?) and fragmentation
functions from parametrizations, extraction of Aq is possible.

=> Extraction of Aq




COMPASS Experiment At CERN

Polarised Ta -

»

e NI * 2 stages spectrometer
2 | * Rich for K&m identification

M beam (160 GeV/c) 7
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Polarized Quark Distributions

— DNS : global fit of DIS data
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COMPASS Collaboration Phys. Lett. B693 (2010) 227

" Polarized sea quark
distribtions ~0

= Good agreement with global
fits of (DIS) data and Combined
(DIS & SIDIS) data.

No problem with Polarized up
and down quarks & antiquarks.



What about polarization
of strange quark ?

/:' P .




Polarized Strange Quark Distribution

= All QCD global fits of inclusive DIS
data give negative value for As.

= 2 NLO QCD global fits of combined DIS &
SIDIS data exist and give :

= positive As at large x.
" negative As at small x.
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Polarized Strange Quark Distribution

Experimental extraction of As :

v.g HERMES Collaboration, Phys. Lett. B666 (2008) 446 COMPASS Collaboration Phys. Lett. B693 (2010) 227
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LO extraction, using DSS, by HERMES & COMPASS disagree with QCD fits of DIS data
BUT Result relies on :

= Kaon fragmentation functions

-0.08 — _EMC <~  DSS

:lllllll|llll|lllllllllllllllll

2 3 4 5 6 7

u UﬂPOlarized PDTs Rsr
HERMES s(x) result found to be in disagreement with CTEQ.

What do we know about fragmentation functions ? 1



Status of fragmentation functions

Several parametrization of ffs exist.
= different assumptions used (and data sets)
= disagreement among themselves.

b4 __ — DSS u'+lal E Assumptions in DSS, KRE & AKK (example)
e ----u || DSS,KRE : fav and unfav ffs

1 - 7 .

0s |  \ - s+s 4 are proportional => 4 Ffs

0.6 TN 1| AKK : all fav. ¥f are equal &

oa L ZD?ZZ)\\\\ N 1| 2 unfav. ff => 3 ffs
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De florian, Sassot, Stratmann Phys. Rev. D 75, 094009 (2007)
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fragmentation functions from #adron Multiplicities

Hadron Multiplicities are defined as the avereged number of hadrons

per DIS event
Beoes B e

1 _dN" 3, e q(x.Q) D,"(z.Q?) Ko
NPIS dx dz dQ2 zq eqz q(x.Q?)

Extraction of Ffs Z = EJ/V

= Raw hadron multiplicities from Data
= Correction for acceptance & smearing
= MC sample of events (deuteron target).

Good description | qaE... ...,

of da{-a by MC . REREEEEEE .. ...................
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Corrected Hadron Multiplicities (m*,K?)

2D Corrected Hadron multiplicities as a function of x & z.
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Questions & Answers to the

COMPASS-II Proposal, SPSC-M-772

Kinematical domain

"= Q2 > 1
"= 0.1 <y < 0.9
= 0.2 < Z < 0.85

" only Statistical
errors shown

= Systematics errors
dominate (RICH, MC)
" Q% evolution not
included.
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Conclusion

= Negative As from inclusive DIS data.

= As(x) compatible with zero in measured range
Uncertainty on quark fragmentation functions ( DX : strange ¥f to K)
-> Need the extraction of ffs from data.

" Ongoing extraction of COMPASS Pion & kaon Multiplicities
on deuteron target.

" Extraction of ffs ( quark ffs to m & K).

= Extraction of unpolarized s(x).
" Include Pion and kaon multiplicities in global QCD Fits.

15



How to extract Ffragmentation functions

Multiplicity for an hadron of type h, for deuteron target :

1 dN"  (u+d)(4D,” +D,") + (u+d)(4D;+D;") + 2(sD,"+sD:")
NDIS dx 5(u + T +d+d + 2(s + 5)
h =t m = D™ P

charge conjugation (th“ = q—“') >

assumption : favored ff are equal
unfavored ff are equal

D, = D" Dy = Dye™s Dy = D7

unf °

dN™  (4(u+d)+T+d)D, + (u+d+4(T+d)ID, + 4s)D,

dNPIS - 5Q + 2S 16 equations
&

dN™  [4(@+d)+u+d])D, + [T+d+4(u+d)ID, + 4s)D, 3 unkowns

dNDIS ~ 5Q + 2S

.. System of equations to solve .. 12



Pion multiplicities calculated

using DSS+MRST
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Kaon multiplicities calculated using DSS+MRST
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DSSY fit

04 (e e (] (5

- x(Au + Au) 1t x(Ad + Ad)

02

AT BT | s BTN BRI 2 &

LR RLY | LENLEL LR ALY | T T rrrrs ML | T rorrro T T rrror

— r - 0.02

-0.02 -0.02

—— DSSV 1oos

sl Lo el AL L lasL L aauul sl L4 41444

llm xAg - 0.1

-0.04 -

0.02

0.05

—

-0.02

RRKK Ax’=1 (Lagr. multiplier) || |
I A2 2
004 F I Ay’=1 (Hessian) | Q =10GeV 4 .01

PRI | poa sl At 1 13311 PRI | METETE R | i3 1 11334

107 10" x 107 0"

L L |




0.03

0.02

0.01

0.00

-0.01

0.03

0.02

0.01

0.00

-0.01

-0.02

-0.03

LSS fit —
o - 0.00
XAu Q*=2.5GeV’
[ 1 -0.01 ]
] —LSS"10
002k _ Haay -
< /
003F .5 .
XY X K
- - 0.4 — -
AS=XAS 03l XAG 2 _ 2 ]
| XAs=xAs Q?=25GeV? - . seng Q" =25GeV ‘
—LSS"10 0.2 - 4
- - - - DSSV L=~ 4 F o LSS'06 '.‘ 4
| . N | o1F ---Dpssv RO
[ eevece LSS'06(DIS) X(As+As)/2 -0.3 . ]
aaaal aaal M a2 -0.4 aaaal aaal s
0.01 0.1 1 0.01 0.1 1



