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Spin experiments

are fascinating

enhance small signals

provide new observables

often generate surprises

K. Rith 2



Prerequisites - Technological achievements

& strained GaAs polarized e--sources with p, > 0.8

@ longitudinal polarization of 27.6 GeV stored e-/e* beam
with p, = 0.6 - spin rotators

& internal storage cell polarized l: B 3He gas targets
with no dilution (f=1), p7> > 0.8

@ large polarized kryogenic targets (NH;, NDs, LiD)

& polarized stored proton beams (presently up to 100 GeV)
with p, = 0.6 - Siberian snakes

& Fast and precise polarimeters

J. Clarke

@ | Challenges: - polarized positron sources (for ILC)

- polarized antiprotons with pg > 0.2

E. Steffens
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Strained GaAs polarized e-sources

Early “90s @SLAC: Overcome GaAs limit of p,= 0.5 bv strained GaAs

strain
(Gads
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AfLR fr'om SLD

SLD achievements:

Unique data on

9°Lf~9%Rf _ 29vs/9ag
9°Ls+9%s 1+ 3%¢/9%¢

9V,e—/9A,e— =1-4sin° ®W,f

Statistically most precise single
determination of sin® ©,,

sin’0,,(M,) = 0.23098 + 0.00026




Strained GaAs polarized e-sources

Now ,standard equipment’ at all electron facilities:

(AMPS, BATES), ELSA, JLAB, MAMI, JPARC,........
Example: SLAC E158 -Run 3

Sophisticated surface structure to Precise control of beam helicity
overcome charge limit and achieve at source

high polarisation (gradient-doped

strained superlattice

GaAs; ¢.Py 35
Buffer

GaAs;; Py
Graded Layer

GaAs
Substrate




E158 - PV in Moller-scattering

First PV experiment ine’ s e —>e e
End of SLAC fixed target programme

Pe = 0.89 + 004, Ebeam =45 & 48 GeV (spinrotation by extra n due to g-2)
E'~ 13-24 GeV, Q? ~ 0.026 GeV>?

integrating calorimeter

target
Bl collimator vacuu

(R R
= LT




Highlight 2 E158 - PV in Maller-scattering

Electroweak interference: \me< > . <

Apy = - HQ2y)[1-4sin20,, £ (Q)] = [-1.310.14 (stat)0.10 (sys)]10 -7

sin%0,,2f(Q)= 0.2397+0.0010+0.008

P.L. Anthony et al., PRL 95 (2005) 081601
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SAMPLE/BATES

HAPPEX/JLAB

A4/MAMI

G0/JLAB

PV in eN —» eN




Highlight 3

Nucleon Strange Form Factors

Very small asymmetries: O(10°)

J. Liu et al., Phys. Rev. C76 (2007) 025202

D.S. Armstrong et al., PRL 95 (2005) 092001

K. Rith
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Highlight 4 Precise determination of G¢"

Tool: double-polarization experiments
D(e.e'n) with polarized D target

?D(e,e'n) with LD, target and n recoil polarimeter

3He(e e'n) with polarized 3He target
E. Geis et al. (BLAST), PRL 101 (2008) 042501

0.1 .
. I
= 4 MNewron Recoll Polarzation

B . ] Folarized Deyterum 7]
sl ¢ O  Polarzed He-3 |

: T @  Thiswork
- e e o o wrie POH -

: f Ll -1

s I BLAST

0.06l— ¢ Tkt _

; — - — - Ciazler [25]
002 — ———YMD + DR 4] —
WMD) + DR [5)
Cloudy Bag RCOM [5] .
i ] I 1 I ] ]
0 0.9 1 1.3

, @/ (GeVic) ®
K. Rith 11



Polarized muon beam - EMC, SMC, COMPASS

& Myon beam: 100 - 200 GeV

o ptV,, T oU vV, T
& Advantage: ‘Natural’ beam polarization:

& Disadvantage: low beam currents - T = 1 pA

& Require high-mass polarized target, N ~ 10?4 nucleons/cm?
NH; (f ~3/17) , NDs (f ~6/20), LiD (f ~4/8),....
f = fraction of polarizable nucleons

o e

K. Rith 12



Polarized target - COMPASS

::%-]'. NE — COMPASS 2007 transverse proton data
3 14000
3
. 12000 "
C md
b ‘ ™
= pre

2,,, (cm)

mrad
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COMPASS spectrometer
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Polarized e* beam in storage ring- LEP, HERA

& Mechanism: Spin flip by emission of synchrotron radiation
~ 1/ 1010 - 10! emissions (Sokolov-Ternov)

o) Degree of polarization: depends critically on machine
energy and magnet alignement

& Example: LEP - m, = 91.1874 + 0,0021 GeV

Beam energy dominant error of 1.7 MeV
Measurement by resonant depolarization of

transversely polarized beam
Influence of tide, TGV leaving airport station etc.

& Longitudinal polarization: requires spin rotators

& Polarization measurement: Compton backscattering of

circularly polarized laser light
K. Rith
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Polarized et beam in HERA

e beam: E=27.6 GeV, I, <50 mA

i_ FIELD CLAMPS. _\

'IRIGGII HODOSCOPE H1

DIIIT CWIIIS

‘ udmal

K. Rith

'I‘ransverse
arimeter
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Polarized e* beam in HERA

e beam: E=27.6 GeV, I, <50 mA
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Highlight 5

Total polarized CC cross section

N [/ N )/

£ Fo

Charged Current e”p Scattering

K. Rith
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., Internal polarized storage-cell gas targets
$ M P | g g _ T9

K. Rith 19



., Internal polarized storage-cell gas targets
iz " I

¢ F
_{é qu*j/gig
’% &
} /0 & ef?} 4 rJf

: Storage Cell
S —— W
>

Principle: Stern-Gerlach separation of HF-states + RF-transitions

r
F

Target polarisation: P+~ 0.85, Dilution factor: f=1
Ideal for storage rings: IUCF, COSY, BATES..

K. Rith 19



Highlight 6 |  Asymmetries in polarized pp scattering
Example: PINTEX at TUCF: p p — p p

Precise measurement of spin correlation parameters
F. Rathmann et al., Phys. Rev. €58 (1998) 658

; 197 MeV ; 197 MeV
250 MeV 250 MeV
280 MeV ] 280 MeV
e 294 MeV
1 310 Mev 310 Mev
330 MeV 350 MeV
] 399Mev 1 399 MeV
. HaMey ? 449 MeV
[

@lab {deg)

K. Rith Test and improvement of NN potential models 20



Polarized proton collider - RHIC

RHIC pC Polarimeters : i
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Polarized proton collider - RHIC
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Asymmetries in polarized pp collisions

Ay =T Ay = T
4:’:;# = . W
- o 8- 1-.:~¢+1
Ay =200 4, = T
-;j;:b“;‘ _ S
o g - > 3

K. Rith 23



K. Rith

— IXITE

Nucleon Spin

2 = %— /Y. (Quark spins)
+ AG (Gluon spins)

+Lq+Lg

(Orbital angular momenta)

EMC (1987):
AY = 0,12 £0,09+0,14

24



v=E-F, Q=-q2 = -({- I')?

q(x) = quark number density

{=EP
=

Polarised DIS

U= (E,'_r:;)/'

WE - pr'oduc‘non

==
N W

- f\/Au

P==F=X

AN

.
x = Q?/(2Mv) = fraction of nucleon's
longitudinal momentum carried by struck quark

Nucleon Spin - Tools

° or jet production in pp

(=)l

Drell-Yan

p

a

X
Y oq,, Y*
>wmmm
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Highlight 7 Asymmetries in polarized DIS
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Highlight 7 gl(X), A
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Quark helicity distributions from SIDIS
(Ey

E, -
(pL\ ,

Leading hadron originates with large probability from struck quark
D.h(z):= Fragmentation function (FF) |Z = Ep/v

2220 |D ()
D 22 q(x) D)

Measure hadron asymmetries | A;"(x,z) -

Targets: l: D:h-= nt, K, p

K. Ri
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Highlight 8 Quark helicity distributions

HERMES, PRL 92 (2004) 012005, PRD 71 (2005) 012003 HERMES, PLB 666 (2008)
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AELIEIE Valence-quark helicity distributions
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Highlight 9 Gluon helicity distribution

* COMPASS, open charm, prel., 02-06
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Highlight 9
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Ag Seems to be rather small I [

NLO analysis (without data

from previous slide)
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Spin budget

& Origin of nucleon spin still unclear:

Where do the missing 65% come from?
X. Ji: ,Dark Spin’

& Isthere asubstantial contribution of Ag and/or Aq
at very low x?

mm) [IC

& What is the contribution of orbital angular momenta
2?7
L. L, 22

K. Rith 33



Transversity 5q(x)

For a complete description of momentum and spin distribution
of the nucleon at leading-twist: 3 distribution functions (DF)

HERA F,
. ?5 o ‘ nJ_(J.O?
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Azimuthal angular distributions

Amplitude has 2 components:

Transversity DF

2(sin(¢ + ds))"yr ~5q(x)®H;19(z)

Collins Fragmentation Function

U: unpol. et-beam
T: transv. pol. Target

Z= Eh/V

Unpolarised FF

2(sin(¢ - o5y~ flTLQ(x)®[5;q(z) ®: conv. integral over pr and Ky

; (Requires non-vanishing orbital
Sivers DF angular momenta L, of quarks)

—) N. Makins, M. Anselmino
K. Rith 35




Highlight 10 Collins amplitudes (proton)

2(sin(d + ds))"yr ~ 8q(x) ® H;19(z)

M. Diefenthaler @ DIS07, hep-ex 0707.0222
(also HERMES, P. R. L. 94 (2005) 012002)

‘?% o1 bm 7 HERMES PRELIMINARY 2002-2005 J F'PS.T measurement of non-zero
Z 008’_ E_:ﬂ:r;::;n:l:::rﬂ?::;ry, Collins amplitudes CO”'”S effec-‘-
~ T g a & Both Collins fragmentation

> + ' + ] + y function and transversity

R PR + distribution function are sizeable

—— e -

=g o ] ] & Surprisingly large n- asymmetry
é -oozi + + f+ + + f + + + . . .
% ool ) g } + J Possible source: large contribution
" ok + d : (with opposite sign) from

oion = + g : unfavored fragmentation,

0.1 f — 7 |e Uu— m"

o2 e e 0s o5 05 o2 asas os 1. Hidist ~ - Hifav

X z P, [GeV]
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Highlight 10 Collins amplitudes (d +p)

COMPASS, hep-ex/0802.2160

COMPASS: 2003-2004

d eu-l-e rno n 0.2 COMPASS 2007 transverse proton data (part)
F | —gpselmine et al
Talk by A.Prokudin at DIS08

o ------i--f"z-i"%-j §§&-33§§5;5§%§}¥-35533§# e 011" —@= COMPASS preliminarny [
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Different from zero,
. _ Compatible with HERMES
Compatible with zero

< iINformation about &d == N. Makins, M. Anselmino [
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Highlight 11

Sivers amplitudes (p)

2(sin(9 - ds)"yr ~ f1749(x) ® D,9(2)

2 (sin{9-0sMir

2 (sin{§-0g )i

K.

M. Diefenthaler @ DIS07, hep-ex 0706.2242
(also HERMES, P. R. L. 94 (2005) 012002)

=t r HERMES PRELIMINARY 2002-2005
C [ lepton beam asymmetry, Sivers amplitudes
[ 8.1% scale uncertainty [
N i
"y PlE b
4 ’
: 6
S T —
_A (].E- — —
n + - - *
r 4 +
g | R RS
C L L
01 0.2 0302 03 04 05 06 02 04 06 08 1
X r P, [GeV]
Rith

& First observation of non-zero
Sivers distribution function in
DIS

=) E xperimental evidence for
orbital angular momentum L,
of quarks

But: Quantitative contribution of
L, to nucleon spin still unclear
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Highlight 11

COMPASS, hep-ex/0802.2160

Sivers ampl. (d +p)

COMPASS 2007 transverse proton data (part)

Compatible with zero
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Still compatible with zero
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Highlight 12
BRAHMS Prellmlnary
0.2l ‘D 200 GeV
- ® 62.4 GeV %
0.1 *?#%+
B A
o LA T E 704
--.-é 0 § ER o
)
< Pty PO
-0.1_— {_._ 3
.
i & = O '*'-L_ | I&
02— V.o< p (1)<0.8 GeVic| ' T :
u—l L1 Iol‘ll L1 Iu-lzl L1 Io!sl L 1 Iu-|4| | | IO-SI L1 I[)-6
Xg

Possible origins:
Collins FF, Sivers DF, Twist-3

Combinations of above
Important data for test of
theoretical models

K. Rith

Ay for identified hadrons in p'p
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Future

5q and fttin p p1 Drell-Yan

& 0q is chiral-odd. ITts measurement requires another

chiral-odd object!

Semi-Inclusive DIS: Collins fragmentation function.
(Requires additional input e.g. from BELLE)

p'p/Drell-Yan: Combination of &g, and &q,

> E. Steffens

@ QCD prediction: fi+1(x)s1prs = - f1+(X)py

Y'q —>q

lensing effect
green quark

\

-

S ——
5,

K. Rith anti-green remnant

qQqQ o7 >

anti-lensing

-7 ’Y*

green quark

N\

anti-green
anti-quark

anti-green remnant 41



Tool: Generalised Parton Distributions

Formfactors:

AV

4T,
|

oy N
o' /‘

P

Fouriertransform of e.g. a
radial charge distribution

K. Rith

X

Determination of L, - GPDs

PDFs:

ALY
oz, ~1Q

(W
o (TR
/. ,/&/)
- ® -

ki
Number density of quarks
with longitudinal
momentum fraction x

Generalised description in
2+ 1 dimensions :
— E2 |ss




Determination of L,

Ji relation:
J,=1/2A% + L = Iimjldx x [H(x,C,T) + E(x,C,1)]
+t->0 1

H(x,C,1), E(x,C,T): Generalised Parton Distributions (GPDs)
Access: exclusive processes

Q2/> e’
: -8 Final state sensitive to different
0 T( GPDs
Vector mesons (p, o, ) H, E

Lt B

VW\M Pseudoscalar mesons(rt,n) H, E
N

t DVCS (Y) H,E, H,E
g E Voutier

K. Rith 43




Calorimeter and
superconducting magn
within CLAS torus¢{

dedicated calorimeter (424 PbWO4
crystals) detect photons from 5°

JLab/Hall A, (2004 - 2005)

AN HRS
A
A5
=
Beam """..' =
'i"'. i Electromagnetic]
HRS + PbE, p \ ‘ calorimeter
H(e.e'rp), DeeyN)

Plastic scintillator array

K. Rith

Hard exclusive processes - L,

HERMES/Recoil Detector, (2006 - 2007)
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Azimuthal asymmetries

DVCS: Beam-spin asymmetry

HERMES, PRL 87 (2001) 182001 CLAS, PRL 87 (2001) 182002
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Highlight 13

DVCS: Beam charge asymmetry
HERMES, JHEP 0806 (2008) 66

Hard exclusive processes - L,

Pioneer measurements
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RIGHIGHIRTS Determination of J,

First model dependent attempt:

HERMES, JHEP 06 (2008) 066;
JLAB/HALL A, PRL 99 (2007) 242501
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K. Rith

Conclusion

Spin physics is exciting

We are looking forward to see
plenty of new results
at this conference
and from the next generation of
high precision spin experiments
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homMm<HOD

Azimuthal angular distributions

Transverse quark spin + spin-dependent fragmentation
‘ Azimuthal asymmetry ~ sin(¢ + ¢ )

h }’Tz‘

angular momentum) + final state interaction

' Azimuthal asymmetry ~ sin(¢ - ¢ )"

x=0.05 |€ﬂ5iﬂ9 effect
___green quark

4 05 0 05 1fm anti-green remnant



Highlight 10

sin (4, - lial
Ayt

sin (i - 'ie_l

Ayt

sin (4, - dlal

Ayr

Sivers distribution

Fits of HERMES (p) and COMPASS (d) data
by Anselmino et al., arXiv: 0805.2677 and 0807.0166
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Highlight 11 Collins FF and Transversity

Fits of HERMES (p), COMPASS (d) and BELLE data
by Anselmino et al., arXiv:0807.0173
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Highlight 11 Collins amplitudes

Fits of HERMES (p), COMPASS (d) and BELLE data
by Anselmino et al. (from A. Prokudin @ DIS2008)
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Highlight 10 Sivers amplitudes (p)

2(sin(¢ - )yt ~ f1119(x) ® D49(z)

M. Diefenthaler @ DIS07, hep-ex 0706.2242
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GEn
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