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Helicity quark distributions from COMPASS

Overview

e COMPASS experiment

e Inclusive asymmetry A% and structure function g¢

V.Yu.Alexakhin et al., PLB 647 (2007) 8-17; PLB 647 (2007) 330-340.

e Valence quark distributions from hadron asymmetry AZ’JF_h_

M.Alekseev et al., PLB 660 (2008) 458-465.

e Projection of the statistical precision for the data collected on
°LiD target in 2006 and on NHj target in 2007

e Summary and outlook
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Helicity quark distributions from COMPASS

Experimental setup
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e Polarized beam u™* (-80%), Ev=160 GeV e Tracking detectors of different

e 2/3 cells polarized target °LiD (50%) and types
NH3 (90%) e Identification: HCALs, ECALs,
e T'wo stages spectrometer RICH, muon walls
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Inclusive asymmetry Aii

& structure function ¢f
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Deep-inelastic scattering

e Quark densities in QPM:

&
¢(z) = ¢ (z)+q (z) VAVAC __AVA-
Agq(z) = q"(z)—q (z) Cip~ 2q€7q"

2
01/2 — O eqAg
e Longitudinal double-spin asymmetry: A" = A; = /2 7372 _ Zq 1

O1/2 + 03/2 Zq eqq

s . e Longitudinal spin asymmetry p/N:
e Spin (in)dependent cross-sections:

uN O'JN’_O-TT — M ~
o=+ Ao A - oMN4o™ T & — DAl

D — depolarization factor of
e Structure functions Fi 2 and g1 2 b K

e Structure functions & quark distributions:

7(z,Q%) = aFi(z,Q?) + bFy(z, Q%)
Ao(z,Q") = agi(z,Q°) + Bg2(z,Q°) F1_§ Z (a+4), 91—2 Z (Ag+Aqg)

e Asymmetry A, gives access to g1: g1 ~ A1 - Fy
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Results on Inclusive Asymmetry A¢
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¢ Good agreement in the region z > 0.03 & p o 4 o tendency to-

e For x < (.03 statistical error is re- ward negative values at < 0.03
duced by factor 4
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Af

Results on Inclusive Asymmetry
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e Good agreement in the region & > 0.03
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Q2% > 1GeV?
0.004 < x < 0.7
0.1 <y <09
88 - 10%events

e Results show no tendency to-

e For x < 0.03 statistical error is re- ward negative values at z < 0.03

duced by factor 4
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Results on Structure Function gf
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Results on Structure Function gf
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NLO QCD analysis

e Measured structure functions gl’d’" (different =, Q?)
1

g1(z, Q%) = = (e”) [Cf @AY 4+ CY° @ A¢"® + 2n; Co @AG}

2

e T'wo programs have been used:

1. Numerical integration in (z, Q?) space (Phys.Rev.D58(1998)112002)
2. Solution of DGLAP in space of moments (Phys.Rev.D70(2004)074032)

e NLO calculation in M S scheme

e Initial parametrization (z-dependence at fixed QQ)
z®(1 —2)’ (1 +yz)

[ 2o (1 = 2)5(1 + yz)da

AY =n

e World data fit: 9 experiments, 230 experimental points

e 2 solutions have been found which describe data equally well and correspond

to AG > 0and AG <0
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Comparison with published fits (Q?=3 GeV?)
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Disagreement of data with previous QCD fits (BB, GRSV, LSS05) at low =
e Updated fits after COMPASS publication: LSS07, DSSV08
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] MS 2_ 2 . . . . . .
Wl S b i e e Quark distributions are quite similar
C - x (Au+An) .
03 | | (Adead) for two solutions
02:_ 44444444 x (As+AS3)
= xa6 e No significant difference between re-
o1 _ sults of two QCD-fit programs and
R the difference for two solutions (ng >
0.1 COMPASS range w7 0 and < 0) is also very small
C | ! | ! L
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- [ x (Auram) : . ) )
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Quark polarization with COMPASS data only
e The first moment of g¢ at Q?=3 GeV*:

1
Iy = / g1 (z,Q%)dx = 0.0502 + 0.0028(stat) £ 0.0020(evol) + 0.0051(syst)
0

e ag can be extracted from the first moment of gi¥

_ 1(1 B as(Q?) —I—O(aﬁ)) o (CI/O(QQ) n lag)

NLo 9 T 4

I (Q%)

e From hyperon 3 decays assuming SU(3)y:
ag = 0.585 4+ 0.025

o Contribution to I'YY from unmeasured z-range is ~4%

e Quark polarization at Q?=3 GeV?:

ap = 0.35+0.03(stat) &+ 0.05(syst)
ns = 0.30+0.01(stat) + 0.02(evol)
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g at low z and ()?

< 1GeV?

e Results from 2002-2003
e Statistics: 300 - 10° events

e Compatible with 0 in the whole x in-

terval

e Good agreement with results of pre-

vious experiments

e Factor 10-20 improvement in statis-
tical precision as compared to SMC

e Parton saturation and

perturbative models (Regge, VMD)
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Hadron asymmetries
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Hadron asymmetries

Semi-inclusive asymmetries Difference asymmetry
h+ h+ h— h— h+  _h—\ __ (_h+ _ _h-—
L R & Y X S ) AR _ (03] —opy) — (o3 —0o3y)
ot polt ol oho B (ol — o)+ (ot — ol 7))
TN ™ T T T T T ™

>, €a(Aq(x)Dg + Ag(x) D)

Al(z) = AT T (@) = AK K (@) =

>, calq(z)Dg + q(z)DE)

e Some fragmentation functions Df;: | Dg(z)dz are poorly known

e Difference asymmetry originally was proposed in:
L.Frankfurt et al., Phys. Lett. B230 (1989) 141

e First was used in SMC: B. Adeva et al., Phys. Lett. B369 (1996) 93.

e Meaningful physics results for the deuteron target in LO QCD even without

hadron identification
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Single hadron asymmetries A"" and A"~

e Deuteron data 2002-2004 are used

h+
d

e Kinematic cuts (DIS region):

Q? > 1GeV?, 0.1 <y<0.9

e No hadron identification
e Current fragmentation region: z > (0.2

e To avoid ambiguity between secondary <
1 and the scattered p, and suppress

contribution from diffractive events:

z < 0.85

e Final statistics:
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Difference asymmetry

B . +_ . Ah+-h-
L Ah+ and Ah are used to Obtam Ah h ' Deuteron data
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Comparison with other experiments
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Comparison with other experiments
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Comparison with other experiments
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Comparison with other experiments
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Comparison with other experiments
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Estimate for the first moments (LO)
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e Combining with axial charge ag

r, = fO (Auy(z) + Ady(z))dz At +Ad = (As + A3) + %(ag —Iy)

e Contribution from unmeasured = 0.0 £ 0.04 +0.03
high 2 region (DNS fit): , ,
5 . gion ( ) e The estimate of I, is 20 away from
/ (Auy + Ady)dz = 0.004 the flavor symmetric sea scenario
0.7
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Projection of the stat.

precision for data 2006, 2007
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Upgrade of setup in 2006 /2007

e New target magnet

¢ Angular acceptance is increased by a factor 2 (70 mrad— 180 mrad)

¢ 3 cells = reduction of false asymmetries

e Detectors upgrade (RICH, ECAL, trackers)

Analysis

g4P r

e Deuteron data 2006 (°LiD target)
e Proton data 2007 (NHjs target)

¢ Crosscheck of low = points of gil

0.5 kg
0.6 |

04 |

(so far measured by SMC only) .

¢ Full flavor separation o |
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Helicity quark distributions from COMPASS

Flavor separation (prediction for stat. error)
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Helicity quark distributions from COMPASS

Flavor separation (prediction for stat. error)
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Summary and Outlook

e Analysis of deuteron data 2002 — 2004 have been presented
o Inclusive asymmetry A¢ and structure function g¢
¢ Valence quark distributions Au,+Ad, from hadron asymmetry AZ+_h_

¢ Strong increase in the precision at low z as compared to SMC results
e Data of 2006 have been processed = update on A, Agi soon
e Hadron asymmetries Agi, Aff * are coming

e Processing of 2007 data (longitudinal polarization) is in progress
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