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Magnetic moments

ac particle (point—lik pc tIC|)
r| ch & d Stern (1933)

aI structure
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THE QUARK MODEL
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Major Breakthrough

hadron spectoscopy |:> the QUARK MODEL (1964)

p)=|uwd)  |n)=[udd)

magnetic moments: 4 1

/up = gluu _glud
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Major Breakthrough

hadron spectoscopy |:> the QUARK MODEL (1964)
p)=[wd)  [n)=|udd) SU(6)

magnetic moments:

H,=

lun:_zluN

similar agreement for all baryons
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The Constituent Quark Model

in this model the spin of the nucleon
is given by the spin of the quarks

probability of finding a quark in a given state of polarization

AX=Au+Ad=1
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The Constituent Quark Model

in this model the spin of the nucleon
is given by the spin of the quarks

probability of finding a quark in a given state of polarization

AX=Au+Ad=1

the existence of quarks and their properties
firmly established in DEEP INELASTIC SCATTERING

SLAC
Friedmann and Kendell (1969)

Bjorken, Feynman
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The Quark Contribution to the Nucleon Spin

EMC 1988

|
18 =
T ELLIS-JAFFE sum rule

0.15

0.12

EMC 1988
r,=0.123 +0.013 + 0.019 AYX =0.12+0.17

= SPIN CRISIS
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key role in the study of the partonic structure of the nucleon
valence quarks

sea quarks
gluons

Q2 :_qz >0 v=E-F
x =Q?/2Mv y=VE

y=4Q° A

QZ >> M2
WE=(P4q? >> M2

Inclusive DIS: only the incident and scattered leptons are measured

Semi-Inclusive DIS: the incident and scattered leptons, and
at least one final state hadron are measured
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key role in the study of the partonic structure of the nucleon
valence quarks

sea quarks
gluons

Q2 :_qz >0 v=E-F
x =Q?/2Mv y=VE

y=4Q* A

QZ >> MZ
WE=(P4q? >> M2

Inclusive DIS: only the incident and scattered leptons are measured

Semi-Inclusive DIS: the incident and scattered leptons, and
at least one final state hadron are measured

NB: COMPLEMENTARY APPROACH @ RHIC
(will not mention)
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Structure Functions and PDFs: q(x)

Inclusive DIS: unpolarised

do  e°

dxdy 4mQ%

FZ(X) = ZX'F.](X) Callan-Gross

in the parton model

Fi() =23 k[t + G 0]
q=u,d,s
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Structure Functions and PDFs: q(x)

Inclusive DIS: unpolarised

do e’

dxdy 4m’Q?

measured at CERN, HERA, SLAC

FZ(X) = ZX'F.](X) Callan-Gross

in the parton model

Fi() =23 k[t + G 0]
q=u,d,s
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Structure Functions and PDFs: q(x)

Inclusive DIS: unpolarised
do e’ y

dxdy 4mQ% |2

measured at CERN, HERA, SLAC

FZ(X) = ZX'F.](X) Callan-Gross

in the parton model

Fi() =23 k[t + G 0]

q=u,d,s

= ((x) from global analysis of
DIS and hard scattering data
(QCD fits)
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Structure Functions and PDFs: q(x)

Inclusive DIS: unpolarised

do e’

ZEUS-O (prel) 94-00

uncorrelated error - | FZ(X) — ZX'F,I (X) Callan-Gross

correlated error

MRST 2001

T # \ W inthe parton model

Fi) = eZ-[a(x)+ G(x)]
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r . T v B
L . ,/»ﬂ \\ 7
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L % > " . \‘ \;\\\ 4
, 3 1 q=u,d,s
L o e 3 1
xS (x 0.05) O > :
=L e b i "\‘. 4
- ‘
L "“:‘; o
N
)
b
)
\

g = ¢(x) from global analysis of
DIS and hard scattering data

(QCD fits)
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Parton Distribution Functions

d(x) : number density or unpolarised distribution
@ probability of finding a quark with a fraction x of the

longitudinal momentum of the parent nucleon
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Parton Distribution Functions

d(x) : number density or unpolarised distribution
@ probability of finding a quark with a fraction x of the

longitudinal momentum of the parent nucleon

Aq(x) = q3- q~: longitudinal polarization or helicity distribution

in a longitudinally polarised nucleon, probability of
@ = @ finding a quark with a momentum fraction x and spin
parallel to that of the parent nucleon
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Helicity PDFs

Adg’s can be extracted from the DIS
cross-section asimmetry Ao for

parallel .

and
antiparallel

lepton and nucleon spins

Erice, 17 September 2011
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Structure Functions and Helicity PDFs

Inclusive DIS: beam and target longitudinally polarized

ddc _, e {(1 | | da:dETidAa

dx dy 41’ Q2
beam/target helicity

J, measured at
+ e psen , SLAC, EMC, SMC,
STy e e HERMES, COMPASS

g, suppressed by a factor y2~0.01
at 100 GeV (SMC, SLAC)
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Structure Functions and Helicity PDFs

Inclusive DIS: beam and target longitudinally polarized

ddc _, e {(1 | | da:dETidAa

dx dy 41’ Q2
beam/target helicity

3;_ ”’_/I/t_r/_/x—n.oos (x?ms) | NLO _; g1 measured at
fl T, SLAC, EMC, SNIC,
LY w0038 (35 | HERMES, COMPASS
i /EF/*_/TZI{J x—u.Zs(xl)zs)

L M X=0.08 [=64)
L — +

x-0.125 (x32)
10 E—__'_,_A_._-v—-—o'—*'_'_f_'%_'_*_— _E
F ¥ G x=0.175 (x16) 7

g, suppressed by a factor y2~0.01
at 100 GeV (SMC, SLAC)

*
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Structure Functions and Helicity PDFs

Inclusive DIS: beam and target longitudinally polarized

dAs . & 1_X_Y_2-'YZX"Y2 do=dz +dAc
dx dy 41’ Q> 2 4 2 f

beam/target helicity

F ;((.-_\;.l”:'l&l-:l.). - m'r x(_\d'* &d] "
pssv2000/ | I ﬂ: J, measured at
I i SLAC, EMC, SMC,
g u o HERMES, COMPASS
j _: 1 g, suppressed by a factor y2~0.01
V 0 at 100 GeV (SMC, SLAC)
:ﬂl in the parton model
' : 1 ) _
‘ X)=—)> e, -|Aq(X)+Aq(x
L 288% A=l (Lage multplen)’ 1% g1( ) 2 Zq q [ q( ) q( )]
oouf. W i e | @ =10GeV
wh T F. Bradamante



The Quark Contribution to the Nucleon Spin

AY =AU+ Ad + As
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The Quark Contribution to the Nucleon Spin

AY =AU+ Ad + As

in polarised inclusive DIS one measures

g(x)= Y et Aqlx) I, = [ 9y(x)dx

using complementary information from
the WEAK DECAY CONSTANTS of the BARYONS

Au-Ad=F+D=1.257 +0.003
Au+Ad-2As=3F-D=4+/3.[0.34 +0.02]

one can get AU, Ad, As and then AX
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The Quark Contribution to the Nucleon Spin

AY =AU+ Ad + As

A= [ Ad(x)=[ [ (x)- o (x)+ ()~ T (x) Jdx

in polarised inclusive DIS one measures

g(x)= Y et Aqlx) I, = [ 9y(x)dx

using complementary information from
the WEAK DECAY CONSTANTS of the BARYONS

Au-Ad=F+D=1.257 +0.003
Au+Ad-2As=3F-D=4+/3.[0.34 +0.02]

one can get AU, Ad, As and then AX

Au, Ad, As can also be measured in semi-inclusive DIS

- E. Kabuss
Erice, 17 September 2011 F. Bradamante




Experiments

a worldwide effort since decades
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Experiments

a worldwide effort since decades

E8S8O E130 E142/3 E154/5

EMC SMC COMPASS

HERMES

CLAS/HALL-A

Phenix/Sta
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c HERMES @ DESY  pure H and D target

« COMPASS @ CERN  high energy u-beam

« JLAB Experiments very high luminosity
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-.':_'z ___\-':-_,. -4 =

longitudinally polarised muon beam qlumlnpsl_t ““-“'-'**5 1032 m'2 S'1

longitudinally or transversely polarlsed; b ,,_-';-T,.
target e~ — ._.;,_4?,_ J’Hjﬁ@l

calorlmetry '
particle |dent|f|cat|on




COMPASS

Trigger
ECal & HCal NodoScopes

40

. TWO STAGE
10| i SPECTROMETER:

Polarized beam and target
SAT, LAT, PID
0.003<x<0.5
107y 10°<Q?< 10 GeV?, ,

10° 10° 10" 1 VIF'A




COMPASS the target system

solid state target operated in frozen spin mode

2002-2004: SLiD (polarised deuteron, L&T)
dilution factor f = 0.38 4000
polarization P, = 50%

dN/dz

two 60 cm long cells 2000
with opposite polarisation (systematics)

o &

F/M
iy
4

-1000 1000

Zz [mm]

- 3-I-Ie - ;‘He Dilution ]
refrigerator (T~50mK)
superconductive
Solenoid (2.5T) Dipole (0.5T)

during data taking with transverse polarisation,
polarisation reversal in the cells after ~ 4-5 days



COMPASS the target system

solid state target operated in frozen spin mode

2002-2004: SLiD (polarised deuteron, L&T) %
dilution factor f = 0.38 4000\
polarization P, = 50%
two 60 cm long cells 20001 |
with opposite polarisation (systematics)
4]

-1000 o 1000

2006:
 PTM replaced with the large acceptance
COMPASS magnet (180 mrad)

- 2 target cells = 3 target cells
e SLiD (L)

b [ COMPASS 2007 transverse proton data

ety
oretind™”

2007: NH; (polarised protons, L&T)
dilution factor f = 0.14
polarization P = 90%

2010: NH; (T)
2011: NH, (L)




HERMES

27.5 GeV e*

'-_ FIELD CLAMPS _‘ TREGGER HODUSCOPE H1

ﬂ DRIFT CHAMBERS 270 mrag

Eo 1 the HERMES polarized target

oI — _L._____i_ }ii"‘_;!:::;ﬂb
S pure hydrogen gas target

o 13
[+ SN F s Bk

STEEL PLATE

t '
0 1 2 3

particle ID: lepton ID :l
hadron co

RICH:

I.pmtnn beam Iln-a_ P | . | | alectron beam IinEI

flipped at high frequency (60- 90 s)

"H— <|P,|>~ 85 £3.8 %
2H— <|P|>~8413.5% 'Hi<|P|>~74+4.2%
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JLab experiments

6 GeV polarized
electron beam
Pol=85%, 180uA

Will be upgraded to
12 GeV by ~2014

NI_i),i & ND targets
Jasie 3 = '

HallA: two HRS’ Hall B:CLAS Hall C: HMS+SOS
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THE QCD STRUCTURE
 LONGITUDINAL
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d(x) : number density or unpolarised distribution

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

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

in a longitudinally polarised nucleon, probability of
@ — @ finding a quark with a momentum fraction x and spin
parallel to that of the parent nucleon
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d(x) : number density or unpolarised distribution

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

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

in a longitudinally 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 a transversely polarised nucleon, probability of
finding a quark with a momentum fraction x and
- polarisation parallel to that of the parent nucleon

q quark or antiquark with a specific flavor [notation: Barone, Drago, Raftcliffe 2001]
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d(x) : number density or unpolarised distribution

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

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

in a longitudinally 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''- q'": transverse polarization or transversity distribution

in a transversely polarised nucleon, probability of
finding a quark with a momentum fraction x and
- polarisation parallel to that of the parent nucleon

q quark or antiquark with a specific flavor [notation: Barone, Drago, Raftcliffe 2001]

| ALL OF EQUAL IMPORTANCE !




HELICITY vs

HELICITY and TRANSVERSITY
are different
have different properties
are measured in different ways

one has to deal differently the situations
when the target spins are

LONGITUDINAL -2 E. Kabuss
and
TRANSVERSE
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Transversity can only be accessed in SIDIS
from the azimuthal modulation of the
final state hadrons with respect to the
lepton plane
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18 Decemier 1078
18 DECEMBER 1Y/

React;ons, ete Jets,

. Pumplin

The quantum-chromodynamics prediction is that P =0 in the scaling limit.

da +dc7

dO' ~do” ie.
Ax= m,=3MeV, s=20GeV |:> Ay=~107"
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18 Decemier 1978
18 DECEMBER 1Y/

Reactlons. ete” Jets,

J. Pumplin

The quantum-chromodynamics prediction is that P =0 in the scaling limit.

dGT-I—dG

T
_do -do m, ie.
A= T < f m, =3MeV, Js=20GeV |:> ANz10_4

in hadronic reactions like pT +p—o>n+X
with a transversely polarized proton,

the spin asymmetry in leading twist perturbative QCD
is expected to vanish

THE DATA STRONGLY CONTRADICT THIS!

IIVG, 1/ OCTYLTIIIVTT 2V 1 1 . Diauallialilc




Since many years intriguing evidence of large transverse spin

effects at high energy
* hyperon polarization
 high p; effects in hadronic interactions

« asymmetries in hadron production
TAR

Ay p+p —> 70+ X at vs=200 GeV
0.15

L __ . Sivers (HERMES it
| twist—3

o 025 0 035
¥ mass (GeV/c?) ;
F

<m>=3.7

oal T *; Tom
! | i |

,El A | B = |

. L L A 1 1 I 1
0 0.204 0.6 0.8 -0.5 0 0.5

Xp
RUNG6 PRL 101 (2008) 222001
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Since many years intriguing evidence of large transverse spin

effects at high energy
* hyperon polarization
 high p; effects in hadronic interactions

« asymmetries in hadron production
TAR

Ay p+p —> 70+ X at vs=200 GeV
0.15 —

L __ . Sivers (HERMES it
| twist—3

o 025 0 035
¥ mass (GeV/c?) ;
F

— ¢

L <m>=3.7

—-0.4

N R N )
0O 0.204 0.6 0.8
Xp

Hope to find solutions at the quark level (A-q(x) ...)
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A+q(x) is chiral-odd

-=> cannot be measured in inclusive DIS
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A+q(x) is chiral-odd

-=> cannot be measured in inclusive DIS

it can be measured in SIDIS:

the observable is the so- called “Collins asymmetry”,

the convolution of A;q(x) with another chiral-odd quantity,
the “Collins” function, which describes a possible left-right

asimmetry of the hadrons in the hadronization process
of a transversely polarized quark

Erice, 17 September 2011 F. Bradamante



in SIDIS off transversity polarised nucleons

FOMPASS

amplitude of the Sin @, modulation D.= b +
: : e c=OntOs-m
in the azimuthal distribution ¢y azimuthal angle of the hadron,
of the final state hadrons (I)S azimuhtal angle of the nucleon spin

+

N, (@ ):N,HlJ_rPT-DNN-AC(,”-sin¢CJ

transversity “Collins FF”

both unknown !

today the most promising way to access transversity
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Erice, 17 September 2011 F. Bradamante




PRL 94 (2005) 012002

uT

|
{;M proton data

.-""'"_"'H-.H

2 (sin(¢ + 0g))"

OMPASS
BT T P T @ deuteron data

0.3 04 0.5 0.6
z

PRL 94(2005)202002

=" all hadrons " leading hadrons I "~ leading hadrons " leading hadrons

. ﬁ;@ﬁﬁ% %ﬁﬁ%ﬂ fﬁgf’ﬁﬁ)gﬁﬁﬁ}ﬁ

10 10 . N PT IGeVid
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“Collins FF”

A qucf A.q ®@D@ gives a LR asymmetry in the
Coll © Z e? qoDi hadronisation of
¢ ! transversely polarised quarks

o products of Collins FFs can be
measuredin ¢ St X

» first low statistics results from
LEP data

e 2005 first data from BELLE

0.5<z1<0.7

Erice, 17 September 2011
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Collins asymmetry best fit
PROTON TARGET

HERMES . 2002-2005

0 010203040506 02 04 06 08 1 02 04 06 08 1

X z P; (GeV)
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Collins asymmetry best fit
PROTON TARGET

HERMES - 2002-2005

e =

| DEUTERON TARGET

COMPASS

sin (0g+ 0Oy, + )
uT

A

[ 2003-2004

0 010203040506 02 04 06

X ' o | e, o o
| @

plus BELLE data on e*e- = hadrons

F. Bradamante




comparison of extracted transversity
distributions with models

Soffer et al. PRD 65 (02)
Korotkov et al. EPJC 18 (01)
Schweitzer et al. PRD 64 (01)
Wakamatsu, PLB B653 (07)
Pasquini et al., PRD 72 (05)

Q Cloet, Bentz and Thomas PLB 659
(08)

@ This analysis.

Anselmino et al.,
PRD75 (2007)

BBte24 F Slepiam26r12011 F. Bradamante




COMPASS 2010 proton data

positive hadrons
negative hadrons

;

PR
ELLFC I B 7

1072 107

nice confirmation of the 2007 results,
with better statistics
o.systw 0.5 c"stat
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COMPASS 2010 proton data

\.'I‘)_Ug,i.ﬁ'.“
" # COMPASS positive hadrons x>0.032 preliminary %

©  HERMES nt™ PLB 693 (2010) rescaled by 1/Dyy

CoM J.P,#S.S

s ® COMPASS negative hadrons x=0.032 preliminary

% % & HERMES m PLB 693 (2010) rescaled by 1/Dyy
rmes .
III| 1 1 1111 |

1.1 111 1 1 111 1 | 1 |
-2 -1 0.5 . 1.5
10 10 ¥ p?_ (GeV/c)
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COMPASS 2010 proton data

C'I‘)_Uf,é.’i.‘.‘
e COMPASS positive hadrons x>0.032 preliminary %

©  HERMES nt™ PLB 693 (2010) rescaled by 1/Dyy

SOMPASS
(At F/P,-JS.S

s ® COMPASS negative hadrons x=0.032 preliminary

% % & HERMES m PLB 693 (2010) rescaled by 1/Dyy
rmes .
III| 1 1 1111 |

1.1 111 1 1 111 1 | 1 |
-2 -1 0.5 . 1.5
10 10 ¥ p?_ (GeV/c)

nice agreement in spite of the different Q? values
a very important resuit T
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in the collinear case, three distribution functions
are necessary to describe the structure of the nucleon at LO
nucleon polarisation
L

number density q

quark = (D
polarisation g 1

helicity A(

transversity

Erice, 17 September 2011 F. Bradamante



taking into account the quark intrinsic transverse momentum %,
at leading order 8 PDFs are needed
for a full description of the nucleon structure “TMDs”

nucleon polarisation
L T

1 -

f] . .I'ITEJ -\

number density (] Sivers

quark = (D
polarisation g 1

helicity A(

1

1L 27 2P transversity
hl -~ -
1IT& ~ &

h

Boer Mulders
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taking into account the quark intrinsic transverse momentum %,
at leading order 8 PDFs are needed
for a full description of the nucleon structure “TMDs”

Sivers function
correlation between the
transverse spin of the nucleon L
and the transverse momentum
of the quark f °
. : 1
sensitive to orbital angular
momentum

nucleon polarisation

number density q

quark | g, - =»

polarisation
helicity A(

Boer-Mulders
function hL
correlation between the 11 &P~ P transversity
transverse spin and the hl : ) :
transverse momentum of 1T

the quark in unpol nucleons

Boer Mulders
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taking into account the quark intrinsic transverse momentum %,
at leading order 8 PDFs are needed
for a full description of the nucleon structure “TMDs”

nucleon polarisation

L T
SIDIS give access L -

to all of them f1 . flT‘f’ -

number density (] Sivers

gl o Pp-w P
helicity A(

1

1L 27 2P transversity
hl -~ -
1T P B

h

Boer Mulders
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 when taking into account the intrinsic transverse momentum
of the quarks several azimuthal modulations are possible in
the SIDIS cross-section

e the amplitudes of the modulations are convolutions of

the different Transverse Momentum Dependent PDFs e FFs:

sin 2¢,

sin (¢, + ¢g) > Transversity PDF x Collins FF
sin (¢, - ¢g) > Sivers PDF
sin (3¢, - dg)

« all these amplitudes can be extracted from the SIDIS data

Erice, 17 September 2011 F. Bradamante




a long debate

1992 introduced by D. Sivers

1993 J. Collins demonstrate that it must vanish

2002 S. Brodsky et al.: it can be # 0 because of FSI

2002 J. Collins: process dependent, change of sign SIDIS «— DY
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a long debate

1992 introduced by D. Sivers

1993 J. Collins demonstrate that it must vanish

2002 S. Brodsky et al.: it can be # 0 because of FSI

2002 J. Collins: process dependent, change of sign SIDIS «— DY

2005 first measurements of the Sivers asymmetry in SIDIS

> e gtie DY Frsin(os)

A= 9 q¢J 1T 1 Ur
Siv 2 q F
2q€ f oD uu
qg "1 1

strong signal seen by HERMES for " on protons
no signal seen by COMPASS for h™ and h™ on deuterons

Erice, 17 September 2011 F. Bradamante



COMPASS 2010 proton data

positive hadrons
negative hadrons

i*iii 8, %

. t 3 89,8 0
---%--;--;--i-j-i--‘é—-i __________ _i_ii_i_i_i__i'___i _________ i ______

1072 107

p‘::, (GeV/c)

again, nice agreement with the 2007 results,
with better statistics
Ogyst™ 0.5 Oy in 2010
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COMPASS E}/‘%f/qm data

positive hadrons 2010 run preliminary 23‘\2/0\1/%
positive hadrons 2007 run PLE 692 (2011))

1 - 1 \/w
negative hadrons 2010 run preliminary T2011
negative hadrons 2007 run PLE 692 (201 1)

.

| | |
0.5 1 1.5
p{i‘r (GeV/c)
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COMPASS positive hadrons
HERMES = PRL 103 (2009}

;i; %

e =>0.032 preliminary

v

i

P COMPASS 2010 proton data
7 E T2011§

HERMES 7 PRL 103 {2009}

COMPASS negative hadrongx>0.032 preliminary “ﬁff’—'ﬁ

Erice, 17 September 2011
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Luminasity
Muaonitor

BigBi

’

(Collins)

L
/

mime Guark dlgusrk
CO"InS smams Light-Cone Guan
- . ~ mism Axial Diquark

N ] ra Pm“__'ﬁ'::fg: Fn L LT —

Polarized ) Exp

3He Target | * * — .

E Baeam Polarimetry
[Mgller + Compton)

2sin(0,+6,)

B
& &

Ih .

2sin(¢ -0 )) (Sivers)
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« TRANSVERSITY is being measured

* NEW Properties of matter have been unveiled
Collins effect Sivers effect
OTHER correlations are still possible (Boer-Mulders)

* more precise measurements are needed to compare with
calculations (pQCD and Lattice)

COMPASS JLab RHIC GSI

and in the long run
AN ELECTRON-NUCLEON COLLIDER

Erice, 17 September 2011 F. Bradamante




COMPASS

o further results from
2010: SIDIS off transversely polarized p target (160 GeV)
2011: SIDIS off longitudinally polarized p target (160 GeV)

HERMES

 further results on SIDIS and DVCS (28 GeV)

JLab
» SIDIS and DVCS (6 GeV)
» upgrade to 12 GeV

Erice, 17 September 2011 F. Bradamante




DVCS & DVMP
COMPASS || Transverse Imaging

Beam Charge & Spin asymmetry
proposal GPD H (later GPD E)

submitted to CERN
in July 2010 np SIDIS
s(x), Kaon FF
Boer Mulders PDFs and k

approved for 3 Drell-Yan z p?
years of running Sivers and Boer Mulders PDFs

> E. ROCCO Test of universality

Primakoff
Chiral Perturbation Theory
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SPARE SLIDES

Erice, 17 September 2011 F. Bradamante



d, and F, in Quark Parton Model

2F(x)=0,+0,~Yel-lax)+ra(x)] |o,-0, gx)

- o,+0, Flx
26,0)-0,-0, ~Yet frbo-a ] [7 7% )

|
>

definitions:

.l-

Au= | fu*(x)-u(x)+u”(x)-u(x) Jax = _[:Au(x) dx
-l

AS = :*
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Measurement of g, in inclusive DIS

o do
A - 9OdE'  dOdE" A-NN b pfA
do*— d’oc— NN / T

deE' dQdE’
beam ~0.8

—>
<« -

target ~0.8

A=D-(A,+7A,)=D-A,

D, n kinematical quantities

A, and A, are the asymmetries in y*p (n) scattering 5
oy + Ty (7% + O'%

A, (x)-Fy(x) o
9= 2x - (1+R(x)) s

A(x)-Fi(x)

u
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TRANSVERSITY

ATCI(X), hlq(X), 6Q(X), 6Tq(X) J q:uv’ dv’ qsea
recently much interest !

properties:

+ Arq(x) = Aq(x)

» probes the relativistic nature of quark dynamics

» no contribution from the gluons - simple Q2 evolution

 positivity (Soffer) bound 2|A.q|<q+Aq

* first moments: tensor charge A.q= IdXATCI(X)

* sum rule for transverse spin 1

in Parton Model framework = ZATq + L + LTg
. it is related to GPD'’s 2 Bakker, Leader rueman, PRD 70 (04)

e is chiral-odd: decouples from inclusive DIS
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Transversity and TMD PDFs

Three parton distributions describing quark’s transverse
momentum and/or transverse spin

. — B - - &
Three transverse quantities: 1) Transversity s
i - -
1) Nucleon transverse spin
aN
SJ_
> - &

2) Quark transverse spin
2) Sivers function

<4
SL

3) Qaurk transverse

momentum

lgf 3) Boer-Mulders functign

— Three different correlations
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Relativistic Heavy lon Collider

RHIC pC Polarimeters

\ )
—— 9 BRAHMS & PP2PP Ip)

L. =2x1 032 S/_1Cm‘2 > «— Absolute Polarimeter

m

70% polarized

RUPHENIX (8) 50 < Js <500 GeV
STAR (p)

Siberian Snakes
Spin Rotators

2 x 10" pol. protons / bunch

Partial Siberian Snake

Pol. Proton Source
500 mA, 300 ms

200 MeV Polarimeter ¥~ AGS Internal Polarimeter
Y\ Rf Dipoles

RHIC accelerates heavy ions to 100 GeV/A
and polarized protons to 250 GeV

Erice, 17 September 2011 F. Bradamante



?o&ﬁo
P4 0y

{I+A=»)"1) e, /1 (X)D{ (z,B)
P 4 Unpolarized
* *+(1—y)mcos(zvﬁé);e;h“”q(x)Hﬁq (z.F)
2

oIS 100 T SCH TG W 6 )

N

Boer-MuIders
&

=
i
=
=
=
-
=
-
_—
-

AT Ah; sin<¢;+¢;)Ze§w<x)ﬂﬁq(z,ai) bolarised

target

+[5; (- y+ ) y ) M Sln(¢h ¢S)Ze fl#l)q x)Df (z, thj_

000 egHH

0
“»
¢

3

1,10 gy SO G T (O 2 )

N

?00*0*?0

- ALS, |y<1—5y>ze§gf<x>z>f(z,ai Polarizied

P - beam and
+2,18; |y(1—5y) i L cos(g, — %)Zezgf})q(x)l)q(z,%)} target

yun

-
-
-
-S>

L -
i -a»—
TIE
et
=
&
)
- =
e
&
-@
=
<
?
>
<
"=
RS
o
&>
?
=
-

?00’0*?0 PN

f-d» - &

S, and S;: L/T target polarizations; A.: beam L polarization
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