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The Nucleon Spin

I 1
—=—AX+AG+L,
2/2 T \
quark gluon orbital angular
contribution contribution momentum
Naive quark parton model + relativistic corr. AX ~0.75
QCD : Ellis- Jaffe assuming As =0, AX ~ 0.60

- Quark contribution to spin expected to be large
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The Nucleon Spin 2 =3 AX+ AG+<L,>

quar'ks gluons Sn)gﬁ\'gﬂ#um
AZ = Au+ Ad + As EMC, SMC,  HERMES.
B _ SLAC, COMPASS,
AQ(X): q+(x) _ q-(x) + q+(x) _ q-(x) HERMES... RHIC

Aq = [ Aq(z)dz

How to measure AX? Polarized Deep Inelastic

v = Photon absorbed
y y by quark of
opposite helicity
O1/2 ~ D €4; T3/2 ~ D €64;
D SN TP VPR 1) C ) Y Y01
1 meas ™~ 2t =
RPR D O, T 03, 2.5 € (qz‘ 4, ) F (X)

(QPM)
g, (X, Qz) longitudinal spin structure function
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Quark contribution AX and first moment of g,

1
[Pr=[g," (xQ)dx
0

e =1 {fau + %Ad + %As}

219
= 1—12L(Au—Ad)l + %L(Au+Ad—2As)l + %gAu+Ad+Asl
- i %
C, SMC
E?_AAC e DA Az hyp_emn decay a, related to A
' a3 = ga/9y ag = 3F-D

HERMES

&> ... and COMPASS, at low x

(see talk by Tatsuro Matsuda for COMPASS measurement of g,4(x)and
precise result on AX)
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Polarized spin structure function g,

SLAC, EMC, SMC and HERMES data

0.06| proton
ng : HERMES
004 o HeRMESpe. :ﬁ- Various pQCD global anglysgs of world
002 © EIS data on g (p.d, n)with d‘lffe.ren’r
o e te gl assumptions and parameterizations
o
0.04 deuteron

%m@ — ! glp’n (X)dx

Quark contribution to spin small,

L
M: % E42 i #W T very different from QPM expectation 0.6
) A E154
004l JLab E99-117 prel.
00001 0007 001 01 x 1
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Interpretation

- QPM . Qg = A
- QCD (AB scheme) :
ap = AX — n; (0r/2m) AG(Q?)

0.8F
0.6f
0.4}

AX and As cannot be accessed Brs AS
directly, they depend on AG of
0.2 Lot

-1-050 05115 2 25 3 35 4
A G

For a;=0.3,need AG ~25 (and L, ~ - 2.3) torestore AX ~0.6
- Need independent measurement of AG
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Muons 160 GeV/c 2 .108/ spull (4.8s / 16‘
Luminosity: ~ 5 . 1032 cm2 st
Beam pOIC(I"IZClTIOH -78%




COMPASS Collaboration at CERN

Common Muon and Proton Apparatus

for Structure and Spectroscopy

Bielefeld, Bochum, Bonn (ISKP, PT), Burdwan and Calcutta, CERN,
Dubna, Erlangen, Freiburg, Heidelberg, Helsinki, Lisbon, Mainz,
Moscow (INR, LPI, MSU), Munlch (LMU TU) Nagoya Pr'ague AN

Y.
(Univ. INFN) Warsaw (SINS, TU)
230 physicists, 28 institutes
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COMPASS - Physics program

Muon beam

Polarized target
Gluon contribution to nucleon spin L

+ quark polarization (g;, AX, Aq flavor
decomposition)

Transversity T
Hadron beams =« ,K,p
Others: p, 0, J/y, A, ... production . X, tests
Spectroscopy
H, target

- Generalized parton distributions
(project ~2010
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COMPASS - Physics program

Muon beam

Polarized target
Gluon contribution to nucleon spin L
+ quark polarization (g, AZ, Aq flavor ) o.. +41k by

decomposition) Pr. Tatsuro
Transversity T | Matsuda
Hadron beams =, K,p
Others: p, &, J/wv, A, ... production . X, tests
Spectroscopy
H, target

- Generalized parton distributions
(project ~2010
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COMPASS spectrometer

~_Muon Wall 2,
RICHI Di 3
E/HCALL )
SM1 Dipole
\ MWPCs, GEMs, SciFi,W45

Polarized Target:

I

160 GeV e RNy

L beam . 7 Muon Wall 1
Straws, Gems
/ Micromegas, Drift Chambers, Scintillating Fibers

e

SciFi, Silicon

‘Runs in 2002, 2003, 2004
‘Resume in 2006, ...
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COMPASS polarized target

6LiD Dilution =0.4
Polarization O°/o

3He — “He dilution
refrigerator (T~5 OmK)

sS01en01U (£.0 1) COMPASS Accepiance

Il

L=1==
(180
et : Optunco
2 1 I

Two 60 cm long target cells
with opposite polarisation
1m
Reconstructed
intferaction vertices-.
[
)
Lor 2006:
|
> <{— New
s | solenoid
180 mrad
acceptance
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r, p, K separation with RICH

vessel

A
mirror
photon wall .
detectors\
Csl| MWP V 3
radiator:
CaF10 |

Ve

Single event

single photon: ¢ =1.2 mrad
ring: c = 0.4 mrad
photons/ring  n~14

36 n/Ksep. upto40GeV/c
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AG/G measurement

Photon gluon fusion yg— qq

M

Rt

F.Kunne

W +charm c>D°>Km
scale u2=m.2
clean signal from charm
limited statistics:
c =100nb, BR=4%, kaon identification

*high p+ hadron pair q q > h*h-
scale pu?= Q? or Xp-?

large statistics

but... physical background
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AG from open charm

DO —> K'n*

x 0 + * .
D™ = D'r, D* tagging

g —- C
\ —) Kn*ng*
p
define : Mpdx - (Mpo+ Mz)
AMK?Z'T[ Kﬂ'ﬂ' _(MKﬂ_l_M )
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D® production

MKTC-MDO (2002 + 2003)

1200}

¢ > D* > D° 1, > Knr, 1000

1274 DO°
- Detection:pu’ , Knn 00 S/B=09
- Cuton AM . o00p
* Invariant K ® mass 4001~
200/~

_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
—QOO -300 -200 -100 0 100 200 300 400

More statistics to come from 2004, then 2006 data
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AG/G from high pr hadron pairs  @?>16ev/c? data

! g /h L/qq* i — h % o
q

G o h T \h a ,, Gr—h

Photon Gluon Fusion Leading process Gluon radiation
(PGF)

Q2 > 1 Gev/c? PGF ~ 33 % (Lepto MC, preliminary)
ﬂ _R... @> (M)d i {ZpT2> 2.5 GeV2 (LO suppr)
D PR\ D G Xg< 0.01 (A, small)

Preliminary result 2002-2003:
A= -0.015 +0.080 + 0.013 (syst)

<x9>~0.13
AG/G = 0.06 + 0.31 (stat) + 0.06 (syst)
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Additional physical background Q2«1 6ev/c? data

Q%<1 10 times more data, but additional uncertainty:
spin structure of resolved photon

o '_; o w
| | T

¥'g—ad (PGF) > PGF +. +

Y 4—dg
fqaqr : \ :
T - i E E
qg—ag
99—9g
Al _ <M> AGNT |,
D — Rpgf D ( G )

,\ Aq d Aqr g,
+qu"<3qq’><> ( ;> to.

q q

low p;

MC simul PYTHIA

Need polarized parton distribution in the deuteron and in the photon ..
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AG/G extraction Q%< 1 6GeV/c? data

Ay /D =R, AGIG a, , P9/D
+ Reqe Ay 2 /D Inputs:
- Monte Carlo event generation
T qu Ay ap AT - A, parameterization (world
data)
+ R, AG/G a; =AY - LO - QCD calculations

+R,, A, 2,5 (AG/G) ¥
+R,, AGIG a2 (AG/G) ¥

Polarized parton distribution in the photon : perturbative part calculable
Non perturbative part unknown, but:
'° P Q7)< AQ(RR?) < GI()

Try two extreme scenarios and evaluate effect on AG/G value
- additional limited theoretical uncertainty
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Systematic errors from MC Q<1 6ev/c? data

PYTHIA parameters varied in range where fair data/MC agreement
> Effect on Rpge. a

* Most sensitive parameter : k!

a a
2 2
S .01 S .01
2 2
(14 (14
0.2 0.2 .
—
03 ,/-// 0.3
0.4 0.4
062 04 06 08 1 12 14 16 18 002 04 06 08 1 12 14 16 18
[GeVic] N GeVic]
k.Y k.
- Contribution fo systematic error on AG/G : 0.052
F.Kunne
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AG/G result Q2< 1 6GeV/c? data

2002+2003 data p;> 0.7 GeV, Zp;® > 2.5 GeV*:

A;;/D = 0.002 + 0.019(stat) + 0.003 (exp.syst)

+0.052 (MC.syst)

AG/G (x,=0.1p2=36GeV/c?) = +0.024 + 0.089(stat) + 0.014 (exp.syst)
0.057
+ 0.018 (photon)

AG/G = 0.024 + 0.089 (stat) + 0.057 (syst)
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COMPASS 2002+2003 data

AG(x)/G(x)
g 0.8_ ; ;
e ® COMPASS Q" <1 GeV
< 08 - 2 2
- A COMPASS Q" > 1 GeV
0.4
C m SMC Q> 1 GeV? /
0.2
-of = %’
-0.2:_ . O,W
C ‘ﬂ
-0_4:_ QYG\‘N T
-06: 1 R | I vl
10 102 1071 X

Curves: QCD analyses- GRSVOO - NLO

fAG = 0.16 min.
0.62 std.
2.48 max. scenario

xNAG(x)
O |
§O'75 B COMPASS Q< 1GeV?
) HERMES low Q* |
U5 Te compass @2>1Gev?
O SMC Q*>1GeV®
025 —
o N P
. \
W
~0.25 Q@

N

(BBO2 (Bluemlein,B)” 1.19
AACOO (Japan) 1.15
LSS01 (Leader,...) 1.0

| GRSVOO (Gluck, Reya)0.6

AG small, or AG(x,) has a node at x,~ 0.1
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COMPASS - Conclusion and outlook

- First precise result on AG/G from high p (x,= 0.1)
> AG small, or AG(x,) has a node at x,~ 0.1

* Inclusive DIS : g9 and AX

i i - T.Matsuda talk
* Collins and Sievers asymmetries from data on (T-Matsuda talk)

transverse polarized deuteron target

- Future: runin 2006

- add statistics on AG /G from D° channel and high p+,

- fransverse spin, p target
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