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AG/G measurement

Photon gluon fusion g - qq

T

u!

* open charm -> D0 > K
scale p?= 4 m2

No physical background, but:
combinatorial background & limited stat:
challenging experiment

* high p+hadron pair > hh
scale p2= Q? or Zp-?

high statistics

but physical background



Open charm - D° and D* events

All deuterium data analyzed (2002-2006)

DO selection: Kminvariant mass + cuts on kinematics + RICH PID

DO S Ko D* — DOTCs - Krr
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Open charm - from A, to AG/G

Target
u cell d cell
? P : target polarization
AG B 1 P : beam polarization
— —= f: dilution factor
G N u a,, : analyzing power
Yg —CC

event weight w

AG: 1 Xzﬁd_zﬁu

2
— — Statistical gain : <w z
=2 2
G PT w + Z w (w)

Weights bring significant improvement due to large
variations of a,, and S/(S+B) in phase-space




Open charm - q;|

/ |
o
ﬂ. UPGF
Y™ por |V Q Yo Lo ¢
o
q
e ) g *Would need full partonic kinematics to compute a|

*Already good reconstruction from one D meson only:

=

a,, from Neural Network
trained on MC (AROMA): input
variables : Q?, Xbjs Yo P10 Zp

o o o 9
N DA O @

1
o

- very large dispersion of
values, even change of sign

a,, generated |

o
~

o
N
P TT T TI T [T T [TTT[T T T[T T[T T[T T TTT]TTT
RN LR R LN RN RRRN R

O
o

o
o)

- 82% correlation

1
=

-0.8 -06 -04 -02 -0 02 04 06 0.8 1
a,, (reconstructed)

a,, reconstructed



Open charm - S/(S+B) weighting

+ S/(S5+B) probability for an event to be PGF.
Parameterized as function of kinematics & RICH response.
Given event by event.

*Weight close to O : high probability for background
close to 1: high probability for open charm

» Event weight built on data only

* Gain in statistics from weight + possibility to loose cuts:
+45% for D° and 15% for D*



Open charm - S/(S+B) weighting

D" events.

D’-tagged events with X < 0.55 D°-tagged events with 0.55 < = < 0.73
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Open charm DO+ D* Result

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

Source Do D* (x >=0.11+u.11
Beam polar 0.025 0.025 g —0.05
Target polar 0.025 0.025 2\ 2
Systematics : Dil. Fact. 0.025 | 0.025 <.U )_ 13GeV
False asymmetry 0.05 0.05
Signal extraction ( 2 ) 0.07 0.01
1, (charm mass 0.05 0.03

TOTAL 011 | 0.07 |

DIS-2008 F.Robinet




AG/G from high p; hadron pairs

Q%> 1 (6eV/c)? Q%<1 (GeV/c)?

Photon Gluon
Fusion ~ 30%

AG
AlL - RDGF aPGF ABKGR

Leading Order QCD Compton Resolved y (50%




AG/G from high pt hadron pairs

DIS-2008 M.Stolarski

* Need to know Rege, Roene, Rio, a PéF, a) Q€P¢, a el x| x...

*» Parameterization based on Neural Network
and trained on Monte Carlo (LEPTO for Q2> 1)

Final MC
= Agreement data/MC important <a'> 0.63
<at> 0.50
<@~or> -0.36
R, 0.40
R, 0.29
Rear 0.31




High p+ hadron pairs - NN
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Two parameters: O; & O, 0.8

to express fractions
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High p; hadron pairs - Data / MC
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High pr Q%> 1 GeV? - systematics

0(AG/G)yy 0.006
O(AG/IG)ye 0.040
0 ) )f pb, Pt U.UUb
O(AG/IG), e 0.011
0(AG/G),, 0.008
O(AG/G)mus | 0.013
Total 0.045




AG/G from high p; hadron pairs

Result 2002-2004 data: Q2 >16GeV/c?
AG/G = 0.08 + 0.10 (stat) + 0.05(syst)

<x> = 0.082 (range: 0.055 - 0.123) p& ~ 3 (6eV/c)
DIS-2008 M.Stolarski

2006, 2007 data, still to come...

Recall 2002-2004 data: Q2<1GeV/c?

AG/G = 0.016 + 0.058 (stat) + 0.055 (syst)

<x,> = 0.085, p2 = 3 (6eV/c)? SPIN-2006




A G/G direct measurements

COMPASS, open charm, prel., 02-06

COMPASS, high p , Q<1 (GeVic)?, prel., 02-04
COMPASS, high p_, @*>1 (GeVic)’, prel., 02-04

HERMES, high P, all @

HERMES, single high pT hadronsz, all lf: prel.

SMC, high p_, @%=1 (Gevic)®
fit with AG=0, p =3(GeVic)
fit with AG<0, p =3(Gev/ic)
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A G/G direct measurements

* COMPASS, open charm, prel, 02-0B

® COMPASS, high p,, Q<1 (GeVic)®, prel, 02-04

\ 4 COMPASS, high p,, @°>1 (GeVic)®, prel, 02-04
' 2

A HERMES, high p_. all Q

Y HERMES, single high p, hadrens, all of, prel

[ ] SMC, high p_, Q%1 (GeVig)®

GRSV at p2=3 (GeVic)?, fst moment=0.2,0.62.5
<:] 0.6 fitwith AGsD, 12=3(GeVic)?

- fitwith AGeD p®=3(GeVig)®

-0.4-
¥ N ’
-0.6[
_0_3:_ ¢ (New open charm
_1:| | IEEE | |
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X

GRSV

QCD fit to g,
AG max :2.5

std:0.6

min: 0.2

COMPASS
QCD fits to g,

|AG| ~ 0.3



A G/G direct measurements

= High pr pairs: accurate AG/G from 2002 - 2004 data
Q2<16GeV/c? and Q?>16GeV/c? (new)
AG/G compatible with O at <x > = 0.08

= Open charm : significant improvement for AG/G
AG/G at <x> = 0.11 prefers negative value,
but still less than 26 away from O.
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QCD fit- Impact of g,4 low x data

0'035_ ® COMPASS

0025 | » sMC

0.02F | fit withAG>0

0015 L fitwithAG<0

0.012—

0.005

05_ —~ 02

0005 X o5

-0.01= Iicl)'z L L 7@‘_| 0.1
0.05
-0
0.05

Disagreement of new data
with earlier QCD fits 015
-0.2

-0.25
-0.3

+ A>=0.30 + 0.01 (stat.) + 0.02 (evol.)

=4 g;(x)dx:

only 2% correction from
unmeasured low x

(was 50% negative before)
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|COMPASS, Q=3 (GeV/o)’

-

g'l“ evolved by fit with AG>0
v gT evolved by fit with AG<0
gz‘ evolved with LSS,GRSV,BB

QCD fit with AG>0

-------- QCD fit with AG<0
--------------- QCD fit of LSS, GRSV, BB
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Gluon polarization and nucleon spin

* AG = not large
(both from direct measurements and g; QCD fit)

0 AX ~ ap = 0.3 small (# predictions)

» Consequence for spin decomposition  (from Compass alone)
7= AS+AG+L + L,

- 303+035+ 00
possible scenarios: | 103+00 + 035

- 30.3-035 + 07




COMPASS Semi inclusive : valence/sea

Only deuterondata pd - p' h X D % Dh — separate L\J/cxl_erlljce Snd sea
Au, (x) +Ad, (X

mioea] LOE AT (X) = ()+2, ()

X(Au,+Ad,) SIDI,S data, Q 1“0 GeV UV(X)+dV(X)

0.6 [ x(uv+dv), MRSTO04

0.5|| © smces ".\

o | L] Integrals

ob Au,+Ad,= 041+ 0.07 +0.05
0.2 "
0.1f
of
0.1F
0.2 T

_0.3:1 Il Il lllI\_\z\‘ Il Il Il | _l L L L TV R B
10 10 1

PLB 660 (2008)458 X

- valence dominates
—inclusive data

COMPASS

* using Au,+Ad, , 'y and ag!
AU+ Ad =0.00 +0.04 + 0.03

Data_favor Au= -Ad, in contrast with usual assumption:
Au=Ad=As=As, leading to Au,+Ad,=ag = 0.58



Transversity



Transversity h;(x)

) Fa(x)

. . q(x)
TO deSCI"Ibe nUC|eon Sp|n STI‘UCTUI"@ momentum distribution

3 functions, all of equal importance
PO R0 = - O gi(x)

helicity distribution

- h1(x
h, accessible with A7q(x) é) 1(x)

transversity distribution

transversely polarized target and ‘quark polarimetry"

" - azimuthal asymmetry of outgoing hadron
Travsver‘se distributions

Collins”asymmetry 2 ~ Fragmentatior
< 2.4\ ArdJAD, function

- 2 hadrons
.- lambda




Collins Asymmetry - all hadrons

Deuteron farget .\ /s 2002-2004

5 —— positive hadrons
<Uo 1_—-— negative hadrons ] ]
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- only statistical errors shown (~1%), NPB 765 (2007) 31-70

systematic errors much smaller

Asymmetries compatible with O for both + and - hadrons



Collins: Hermes (p) and COMPASS

Naive interpretation; parton model, valence region.

4AT’UUA%D1 + AleAOTDZ
4‘1[:14,D1 + dvDQ

_F,_ﬁ— N —.l.j.j”rA[;D_J 1 A;ﬂrr&[‘gﬂ|

el du, Dy + d, Dy

proton Ay =

u quark dominance (constrains Au (x))

unfavored Collins FF ~ - favored Collins FF A7 D, = —A7 D,
at variance with unpol. case

deuteron
_,l:i!'.:'r'} —_ ﬂ"'{"ﬂ.:' T -":—\'I""Fc' "1-—\[}-IUL + A[}.Dg
Acall = TEeel 1D, + D,
Sl — '”'r' _|_ ”L‘ Dl _|_ 1D2

access to Ad (x)

some (small) effect expected even if AJ D, = —A2 D,

cancellation between A;u(x) and A.d (x)
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Collins: Hermes (p), COMPASS (d) and BELLE

- Complete analysis by Anselmino et al., Efremov et al., Vogelsang al....

M. Anselmino, M. Boglione, U. D’Alesio, A. Kotzinian, F. Murgia, A. P., C. Turk,
Phys.Rev.D75:054032,2007
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@ This is the first
extraction of transversity
from experimental data.

@ Aru(x) >0 and
Ard(x) <0

o Neither Ay u(x) nor

A d(x) saturates Soffer
bound.

A. Prokudin et al. DIS2008

* Then, by adding new Belle / Hermes / Compass data :

errors decrease a lot and A:u is larger



Collins Asymmetry : 1, 1T, K*, K-, K

1 identified hadrons Deuteron target
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Transversity - identified hadron pairs
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* Need interference fragm. function (from Belle)
+ See Jaffe, Artru 02, Bacchetta-Radici 04,...
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Sivers

140

1 2 h
Sv > q€; [0,

- Correlation between intrinsic transverse momentum and
transverse spin

* Measured simultaneously with Collins asymmetry



Sivers Asymmetry : 1, 1T, K*, K-, K°
1 identified hadron Deuteron target 2002-2004 data
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All asymmetries compatible with O
Small SIVERS on deuteron: hint for small Lg ? Brodsky-Gardner 2006




Sivers: Hermes (p) and COMPASS (d)

proton

v 4AATu,Dy + Ald, D,

AP
J}&I.I‘;i.r! -

_ 4AGu,Ds + Ajd, D,

APTT ~
St 4, Dy + dy Do

favored D; and unfavored D, unpol. FF

Ald, ~ —2 Afu,

N Alu, + Ald,

ad. Tt qd, T
fq.qli'.i" s ‘—15‘5?' ==

deuteron

Uy, + d,
Agdv ~

See also analysis by Efremov et al.,...
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COMPASS - Summary

- AG/G ~ 0 at x ~ 0.1 direct measurement, high p,
two independent and precise results Q%> 1 and < 1 GeV?

+ AG/G open charm -0.47 +0.27
- Inclusive DIS : precise g, low x — improves QCD fits for AX and AG
- Semi-inclusive : Aq,=0.41+007  Au~-Ad

* Transversity: all d data analyzed, asymmetries compatible ~ O
Collins and Sivers for h:, ¢, K+ + 6 other TMDs
Two hadron asymmetries 1, 1K, KK

A+Q and Sivers DF from BELLE (FF) + HERMES (p) + COMPASS (d)

» Complementary approach to RHIC Spin physics program
* To come : - AG high pr 2006+2007 data, 2 x bins

- Transversity proton data 2007— at Ferrara this week!



