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Results from longitudinally polarised nucleons:
« AP g®" and first moments of g ¢

e Semi-inclusive asymmetries and flavour separation
e Hadron multiplicities
e Gluon polarisation at LO in QCD:

— Open Charm

- High-p hadron pairs
e Gluon polarisation at NLO 1in QCD:

— Open Charm




The spectrometer and polarised target
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Inclusive asymmetries and spin structure
functions



Asymmetry measurement: Al :=
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The number of reconstructed events inside each spin configuration of the
target, N (t=1u, d, u', d'), can be used to extract the Ald/ A P asymmetries:

upstream cell downstream cell

U
Aexp=1 N, = N, N — Ny %»Nuﬂ N, == =8 hr
N, + Ny N + N, T field rotation
=fPP‘ > AMN %'»Nu,- N,  mmmp =8 hr
D = Depolarisation factor equal acceptance for both cells
« Weighting each event with W= (fPuD):
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statistical gain:




Inclusive asymmetries A *'": Q* > 1 (GeV/c)®

Deuteron data (2002-2006) Proton data (2007)
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* Good agreement between all experimental points

« Significant improvement of precision in the low x region: Aldcompatible with zero
for x <0.01

« No negative trend for A *



Interpretation of A in terms of structure functions

AQ(x) =q(X)" —q(x)
qQ(x) = q(x)"+ q(x)

+ quark 71 nucleon

— quark T nucleon

g (x,Q%)2x(1+R)

Fz(X9Q2>

e g (polarised structure function) is obtained from the asymmetry A using:

F - SMC parameterisation —and R = o0"/c" - SLAC parameterisation




COMPASS results for g “'* and first moments of g
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Semi-inclusive asymmetries and flavour
separation



Extraction of the quark helicity distributions from SIDIS

FE kY .~
N P « The outgoing hadron tags the quark
u.e = =
flavour
it 2, =
Lo TN ! . . .
<_ 7 O — _,-_.;1 e Required: fragmentation function of
@/ "\ —® a quark q to a hadron h: Dq (/z, Q)
® S — . / '
) zZ Eh/(Eu E u)

The semi-inclusive asymmetries have the following interpretation (at LO):

X, 8a(x,Q)D}(z,Q)

h (p/d) 2
A1 (X,Z,Q ) quéq(X,Q2>D2(Z,Q2)

* Inputs needed for the extraction of Aq(x, Q°):

 Unpolarised PDFs ( q(x, Q°)) — MRST04

. th(z, Q%) - DSS parameterisation




Inclusive and semi-inclusive spin asymmetries: Deuteron data
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- From these asymmetries one can extract: Au+ Ad, Au+Ad and As=As




Inclusive and semi-inclusive spin asymmetries: Proton data

. K
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o Using A'll , and A'; ,» e can separately extract:

Au, Ad, Au, Ad, As and As




Quark helicities from SIDIS ( Q*=3 (GeV/c)* and x < 0.3)
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* Good agreement with DSSV fits

e Full flavour separation until x ~ 0.004

As(SIDIS) = —0.01 = 0.01(stat) £ 0.01(syst) @ 0.003<x<0.3




As dependence on FFs

* The relation between the semi-inclusive asymmetries and As depends only on the
following ratios:
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LO analysis of deuteron data of COMPASS, Q=3 GeV/?
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« Determination of R, from hadron multiplicities on the way



Hadron Multiplicities



1NP'S ddx
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Assuming the quark parton model (Ieading order):
FF
AM'(x,Q%,2) 2 € fa(x,Q)D4(2,Q7)

A first look on hadron multiplicities
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Obtained from a small
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Comparison to parameterisations

.\, COMPASS Preliminary
TN

1IN®® dN"/dz
-

DSS & MRST
KRE & MRST

* The existence of discrepancies
are evident (especially for K)

* Data can be used to improve
our knowledge on FFs (also
good for As) and also on poorly
known PDFs (like s(x))

e It will contribute significantly
to our knowledge of the
hadronisation process



Gluon Polarisation



Direct measurement of AG/G at LO in QCD

photon-gluon fusion process (PGF) There are two methods to tag this process:

o' * Open Charm production

i
\\Y//’/ * y*g¢ - cc [ reconstruct D’ mesons

« Hard scale: MC2

e No intrinsic charm in COMPASS kinematics
e No physical background
e Weakly model dependent

e Low statistics

« High-p_hadron pairs

PGF __ f dsAc™'A G(xg,8) * V¥*¢ - qq [ reconstruct 2 jets or h'h”

uN _f dso " G(xg,8) » Hard scale: Q”or Zp; [Q*> 1 0or Q* <1 (GeV/c)’]
N < PGF> AG » High statistics
T \CLL G

e Physical background
Obtained from Monte Carlo and parameterised

by a Neural Network (to be used on data) Strongly model dependent



Open Charm



D’ mass spectra (all samples):
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s/(s+b): Obtaining final probabilities for a D’ candidate

- Events with small [s/(s+b)] _

e Mostly combinatorial
background is selected
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High-p_hadron pairs



High-p_asymmetries (2002-2006): Q* > 1 (GeV/c)*

Two samples are considered (fractions of the processes are estimated from MC):

o Inclusive asymmetry

. A G PGE O_PGF,inc Lo c C,inc O_LO,inc
_ ,inc ,inc LO
Al <X) - G (Xg> aLL Tot,inc T Al (XC> aLL Tot,inc T Al <XBJ') D Tot,inc
0 0 0
exp PGF C LO
2h _ A _ AG PGFO LO C LO 0
ApL(x)= = (Xg) A o | T A (xc)| Ay Tot| T A <XBj> D=
fP P, G ) o) o

high-p_hadron pairs (p_ /p_ > 0.7/0.4 GeV/c) U enhancement of the PGF contribution




World measurements of AG/G at LO in QCD

* The gluon polarisation was obtained directly from the data, at LO, and was
found to be compatible with zero
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NLO results from Open Charm



NLO corrections to the analysing power a__
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Distributions of a and X at LO and NLO in QCD
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AG/G result at NLO in QCD - first world measurement

AG/IG
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Only experimental: theoretical uncertainties associated with a_ are still under study!



Open Charm results for xXAG

e Using the LO and NLO parameterisations of xG corresponding to the ones used in

the calculations of a , we obtain the following results from AG/G (the comparison
of the LO point w1th the QCD fits 1s justified by xG(LO) = xG(NLO)):
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Bjorken sum rule

e According to the Bjorken sum rule the first moment of the non-singlet spin structure

function, g ™

, 1s proportional to the ratio of axial and vector coupling constants g / g,
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« QCD fit of COMPASS data using Aq™ =g, / g | x (1 - x)":
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= 1.28 + 0.07(stat) = 0.10(sys)

(PDGvalue: | g,/g,/= 1.269 + 0.003 )
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Q’ dependence of g (x, Q°) for DGLAP evolution

al— o SMC x 35 o SMC
I } X=0/006 o C
- proton |- e & L deuteron |: ewus
- & E155 o n ¢ E155
*C § % T + HERMES = °C x=0.015 o Vs
- = — L
= ¥ % X=0.025 * COMPASS =@ L %-0.025 - COMPASS
=™ . § ¢ CLASW=2.5 25— o CLASW>25
i 'ﬁ']T _ l % x=0.035 L N fx=0035 | LSS o5
s 1IN 4 ' 5. . X=0048 - .. x=0.049
= &= =
[ = 2— = =0.077
C . 3 & 3 %=0.07 N B X
C x SiA T B )
2— g _ } o0 —X=0120 B T %- @ X=0.120
s 2 0170 1o ek F e B x=0170
i 5—_ . ’g' = 5 r - L
- L -0.240
: i = & a 3 & - - w=0:240 1; @Q e m}‘% & o {12 X
r < - =0.340
Tt g% hao OB g DeDHBAD B ° Bag = e
- — . -0.480
0.5 CLAS " . o..on. X=0.480 0.5 T o X
- —— y %=0.F40 B g o o x=0.740
D_II 1 I B T O I 1 L1 vaal 0" Lo ! |||\|\|2
p 1 10 10
1 10 107
Q? [GeV?] Q? [GeV?]

« The kinematic range is still imited (compared to the unpolarised F )

——» additional data from colliders is required !
e« (Au+Au) and (Ad+Ad) are well constrained by the data ( LSS PRD 80 2009)

« As comes out negative and Ag is small (<0.5) —» Still with large uncertainties



Comparison of As with As
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Au — Ad: Flavour asymmetry?

* The considerable asymmetry observed for (u - d) is not verified in the
polarised case :

e Au-Ad is slightly positive but compatible with zero!
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Data vs Monte Carlo: Comparison of Q’and hadron variables

Monte Carlo (PS on): LEPTO generator with PDFs from MSTW2008LO
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The impact of this tunning is included in the systematic error
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AROMA with PS-ON versus COMPASS data

Differential cross section for D" meson production ( DOKH(2OO4) from D" and

[ ]
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D™/D"” asymmetry: A(x)= 4
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Ref. Hep-ph/0508126 and hep-ph/9508403
Phys. Lett. B93 (1980) 451
Data from EMC:Nucl.Phys.B213, 31(1983)
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Unpolarised gluon distribution in LO: @ = 13 (GeV/c)*

xG(x, Q%)
ho

Unpolarised gluon distribution in NLO: Q” = 13 (GeVIc)’
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