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Beam: 2 - 108 u*/ spill (4.8s / 16.2s)

COMPASS Collaboration at CERN Luminosity ~5 - 10%2 cm?2 s

Beam polarization: -80%
Beam momentum: 160 & 200 GeV/c

Common Muon and Proton Apparatus for Structure and Spectroscopy
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COMPASS in muon run

The COMPASS spectrometer NIM A 577(2007) 455

S [ COMPASS 2002-03 o PR
o N Trigger Hodoscopes .
NO 1; 10° //i > -pll
107¢ . ECALs & HCALs [t \ ‘

10 _
1078 YA
10° 10° e : > y -
"0e 10° 0% 107 100 10 1 7 ' B Q

RICH
SM1

Drift Chambers

ilters/
SLiD target

Walls
+ ~ 350 planes

7. - 180 mrad acceptance
@@\l A - 11, K, p separation
N- veto (from 2,9, 17 GeV up

to ~ 50 GeV)
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refrigerator (T~50mK)

L 3He-4He Dilution Eﬂﬁ

Superconducting
solenoid (2.5 T)

7

Two 60 cm long target cells
with opposite polarisation

40

p (GeV/c)
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The COMPASS polarized target and PID

Target material: 6LiD NH3
Polarisation: >50% ~90%
Dilution factor: ~0.4 ~ 0.25
Dynamic Nuclear Polarization

2006 - new solenoid

with acceptance 180 mrad
3 target cells

(reduce false asymmetries)

2002—2004
,L i —— —- >
22006
-— —_— -—
| . —> -— —> :>

RICH 2006 upgrade : better PID

MAPMTs in central region

APV electronics in periphery
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Cont

* Introduction
* New DIS & SIDIS results from COMPASS
* The determination of gluon polarisation from COMPASS - review and new

* Preliminary result for Sivers asymmetry for gluons on deuteron and proton
targets

Summary
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‘ Introduction
New DIS results

Gluon polarization Basic tool: the measurement of

Sivers asymmetry for gluons

Summary inclusive and semiinclusive asymmetry

Inclusive asymmetry:

A (x.QY) =211 2,8 Aa.Q) _ g(x.Q)
i 2 2 2
Gy, T0n qu; q(x,Q7) F(x,Q%)

ot T M IDER)
Gn + GTT Z qe; Q(X~Q&)D2 (z.Q%)

Semi-inclusive asymmetry:

Compass g1 results: deuteron/proton 160 GeV  Phys. Lett. B 647 (2007) 8, 330 (low Q?)
Phys. Lett. B 690 (2010) 466

proton 200 GeV M. Wilfert DIS 2014 2016
Phys. Lett. B 660 (2008) 458

inclusive and semi-inclusive asymmetry measured on proton and neutron ~ Phys. Lett. B 680 (2009) 217

or deuteron allows to full flavour separation Phys. Lett. B 693 (2010) 227
Phys. Lett. B 753 (2016) 18
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Introduction
New DIS results

Gl larizati I i
Svers sy et First moment of g1 structure functions

Summary

Sum rules

from Y. Goto et al., PRD62 (2000)

first moment I‘l = fg1(x)dx 034017:
(SU(3)r assumed for weak decays)

g as = 0.585 + 0.025
Bjorken s.r. 7 -1 = —AC1NS
Ellis-Jaffe s.r.
as, 04,8 4y eak B decays (+Su(3))
S,NS

Cl
MS scheme: ap depends on the scale
AB scheme: ao does not depend
on the scale but now

a,=AZ=Au+Ad+ As a,=AZ-3=AG

Quark contribution to nucleon helicity
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Introduction
New DIS results

Gl larizati i i
ST T First moment of g1 structure functions
Summary

Compass only Phys. Lett. B 647 (2007) 8

FIN(QZ)%(I KACRI ))(ao@ )+ )

A0 3Gev ey = 0.35+0.03(stat) £ 0.05(syst) QCD NLO

2006 data reanalysed
2x statistics

ao(@% = 3(GeV/c)?) = 0.32 £ 002, + 0.044y5; + 0.044,, NEW QCD COMPASS fit
Phys. Lett. B 753 (2016) 18

1 _ 1
FlN(Qz) = —C5(0Ha, + —C™ (0, beyond NLO

9 6 c .
R 4 calculated behind 3 loops app.
Ao e = 0.33+0.03(stat) £ 0.05(syst) S.A.Larin et al.,Phys.Lett.B404(1997)153

(As + As) = %(&0 —ay) =—-0.08 =0.01(stat) = 0.02(syst)

A(s+s) = —0.088 £ 0.007tat = 0.012gyst == 0.015¢v01
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Introduction
New DIS results

New COMPASS NLO QCD fit

Inclusive world data u

%] o
o L < -
<
x 0_2__ COMPASS Preliminary x 0 2__ COMPASS Preliminary
C Q% =3 (GeVic)? B Q% =3 (GeVic)?
0.1 0
0 02
107 10 10" 1 107 1072 10" 1
X X
£ | COMPASS Preliminary 3 0 COMPASS Preliminary 3 COMPASS Preliminary
20.3¢ Q? = 3 (GeVic) 30 Q? = 3 (GeVic) N 0 Q? = 3 (GeVic)?
- -0.05/-
0.21 0.02
o1 0.1 .
C 0.041
0_— Y NI BT _01::_ M| M. C ) Lol
107 102 10" J 10’ 102 107 J 107 102 107 1

@ Small sensitivity to light sea and gluon polarisation

@ Quark polarisation AY. = [ Ags;(x)dx ~ 0.3 more details see:

Malte Wilfert, DIS 2016
@ Gluon polarisation AG = [ Ag(x)dx  Not well constrained
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‘ Introduction
New DIS results

Slionpoinzsion - Test of Bjorken sum rule

Sivers asymmetry for gluons
Summary

Compass data (2011 data & new QCD fit included)

(@) = é%cﬁs(cz% CNS=0.89 Q=3 (GeVic)’

o Value from the neutron 3 decay: [£2| = 1.2701 + 0.0020

o Mean Q2 of the COMPASS data Q? ~ 3 (GeV/c)?

o ga/gy = 1.220 + 0.053 (stat.) = 0.095 (syst.D

1.28  0.07 0.1
@ \eritication ot the bjorken sum rule

@ Estimate size and direction of NNLO correction

o Use ClNS in NNLO: ga/gy = 1.256

A(u + 1) = 0.840 & 0.007ga & 0.0124y5¢ £ 0.015y0)
A(d + 3) = —0.429 = 0.007tat = 0.0124y5; £ 0.015¢v01
Flavor separation: Phys. Lett. B 647 (2007) 8 & 690 (2010) 466

Difference asymmetry  Phys. Lett. B 660 (2008) 458
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Phys. Lett. B 690 (2010) 466472

NS

x g
o
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|

0.08

.06
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Q? = 3 (GeV/c)®

).041
).02"
ok .é‘ - ‘ |
10? 10
X
I g® dx
Yrin 02_—
—
0.15—
i ¢ *
L ® .
0.1—
C L
- ¢
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0'05: Q? = 3 (GeV/c)® °
B )
Ll Ll | | \||Q||
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X
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‘ Introduction
New DIS results

Slionpoinzsion - Test of Bjorken sum rule

Sivers asymmetry for gluons
Summary

Compass data (2011 data & new QCD fit included)

(@) = é%cﬁs(cz% CNS=0.89 Q=3 (GeVic)’

o Value from the neutron 3 decay: [£2| = 1.2701 + 0.0020
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o ga/gy = 1.220 + 0.053 (stat.) = 0.095 (syst.D

1.28  0.07 0.1
@ \eritication ot the bjorken sum rule

@ Estimate size and direction of NNLO correction

o Use ClNS in NNLO: ga/gy = 1.256

A(u + 1) = 0.840 & 0.007ga & 0.0124y5¢ £ 0.015y0)
A(d + 3) = —0.429 = 0.007tat = 0.0124y5; £ 0.015¢v01
Flavor separation: Phys. Lett. B 647 (2007) 8 & 690 (2010) 466

Difference asymmetry  Phys. Lett. B 660 (2008) 458
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Introduction

New DIS results

Gluon polarization

Sivers asymmetry for gluons
Summary

Compass data (2011 data & new QCD fit included)

N S 2 19.4
Y% (Q% = Gav

o Value from the neutron 3 decay: [£2| = 1.2701 + 0.0020

13 (Q%)

CNS = 0.89 Q2= 3 (GeV/c)?

o Mean Q2 of the COMPASS data Q? ~ 3 (GeV/c)?

o ga/gy = 1.220 + 0.053 (stat.) =+ 0.095 (syst.))

@ Veritication ot

@ Estimate size ai

@ Use ClNS in NN

A(u+ 1) =
A(d +d) =

Flavor separation:
Difference asymme

3rd Symposium of The Division for Physics of Fundamental Interactions of The Polish Physical Society

1.28 tf(Au +Ad,)dx

0.5

0.4r

0.3

0.2

01

SIDIS+DIS, Q?=10 GeV?

<—AU—Ad—AS—AS COMPASS
- 8
AU=-Ad £
F o ;
: G[(AuV+AdV)dx=O.4O¢O.O7¢O.O6 ¢
L ®0os ¢
kaxxxxx\ ) Lo ! ! 1xx‘_x_x_
102 10 1
X
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Test of Bjorken sum rule

Phys. Lett.

B 690 (2010) 466-472

NS

x g
o
\

).021

0.08F
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Introduction
New DIS results

Gluon polarization ~ Direct gluon polarisation measurement

Sivers asymmetry for gluons

Summary via tagging PGF process

Non direct measurement of gluon polarisation - QCD fits

w0e) To select PGF process two methods are used @COMPASS:
u(k) e N
* Open-charm D meson production:
charm quark pairs produced in PGF, “clean” channel
however with huge combinatorial background, low
. \_ statistics but analysis less MC dependent

Y*(q)

ol

N(p)

AN

* High transverse momentum hadron pairs production:
light quark pairs produced, high statistics but physical
background; strongly model and MC dependent analysis
requires a very good agreement between data and MC/

PGF ~» PGF
o© =G ®o ®H R.D.Carlitz, J.C.Collins and A.H.Mueller, Phys.Lett.B 214, 229 (1988)

Revisited by A.Bravar,D.von Harrach and A.Kotzinian, Phys.Lett.B 421, 349 (1998)
PGF _ s PGF Applied by SMC, HERMES and COMPASS
A =AGR®AC ®H rom

AzE(XG)< ~ PGF

/ G aLL N G

signal asymmetry from data
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Introduction
New DIS results

Gluon polarization 2 - N2 2
Sivers asymmetry for gluons Large Q - Q > 1 (GeV/C)
Summary

Physical model: three processes (LO QCD)

A

N
PGF QCD-Compton LO-DIS
AG E eizAQi
AL (g = (86D Rege| + AL (xc)ag, Re|+| AL () )DR, | A7 = 5 —

Same decomposition for inclusive sample to determine A¢-°

Optimization needed : “clean” (more PGF, “pure”) sample with limited statistics or
less PGF populated but larger sample

3rd Symposium of The Division for Physics of Fundamental Interactions of The Polish Physical Society
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Effect of tuning clearly visible

T T

Introduction

New DIS results
Gluon polarization
ivers asymmetry for gluons

Summary

AG/G |0.15+0.09+0.09 [0.08+0.10+0.08 [0.19+0.17 £0.14

<X > 0.07
g
— data 2006
\ —@- LEPTO def. tune
107 Tiggee 4l New tune
10—2 % S | T P
10°
COMPASS High p
10% N TS . .......
0’ > 1 (GeVic)
10°F
£ TP PN PP PP P L

Pl I
2 4 6 8 10 12 14 16 18 20

Hadron Multiplicity

3rd Symposium of The Division for Fnysics or runaamentai Interacuons oT Ine Folisn Fnysical Society

8 10 12 14 16 18 20

Hadron Multiplicity

+0.07

0.10

-0.03 -0.04

— data 2006

102 - @ e

—@- LEPTO def. tune
101k e -l New tune

E | compass Highp,
I 0’ > 1 (GeVic)’

10—45_.
E.nn.l..nnln...l:nn.l.nﬁ
0.5 1 1.5 2 .

O 2F

27

THg e

S *

-] SEREEERPTEEPPERPPREREPP N

[= e o “ #

L] SEETEPPEPPPROPPRES .’ -----

. 0
C e ® ... T

1.2
: o ‘*

1 ey Ay

I Sonttniinia L

L L ITEELTIIIEELCIEENL O

[ L PP TTTLPRPPRLTRPPRETRES

0.2f - csssesrrr e
TR T T P B
0.5 1 15 2 25 3

pT1GeV/c
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0 17 +0.10
. -0.06
| — data 2006
I ‘ -@- LEPTO def. tune
10! §— ------ - New tune J
C T

102 0 & e

COMPASS Highp,
0’ > 1 (GeVic)

10"

04 06 08 1 12 14 16 18 2

P, GeV/c

Ml P T P T T
04 06 08 1 12 14 16 18 2

P, GeV/c

ex: MC vs Data (sample: 2004)
gluon polarization result

Phys. Lett. B 718 (2013) 922

+0.08
Xg =0.09,

—=0.125+0.060 + 0.063

(u*)=34(GeV Ic)’

(AG/G)\y 0.010
3(AG/G),,. 0.045 MC

AG/G) e 0.019
S(AG/G); pp 0.004
3(AG/G),, 0.015

3(AG/G)iymya | 0.035

Total 0.063

Krzysztof Kurek @3 NCBJ

20/ 34

SWIERK



Introduction
New DIS results
Gluon polarization

STerS 2Syrmey Tor gluors Results for low Q2 : Q%< 1 (GeV/c)?
ummary
Cuts used — cut on Xp;2 > 2.5 (GeV/c)? 2002-03 results published: Phys. Lett. B 633 (2006) 25
90% of statistics! PYTHIA generator for low Q? +

spectrometer simulation

[ Inner trigger, 1st hadron |
2200

Data & MC FaE —

8
3
—

-
N
8

RN RN AR RN RN RN RRRN AR

-€0

pr (GeV?)
[ Inner trigger, 1st hadron |
Z_SE Data/MC reading |
1_ | R R +++j Wm Data (AG/G) stat | exp.syst | MC.syst | resolved
E | | 02-03 | 0.024 0.089 | 0.014 0.052 0.018
T e 02-04 | 0.016 | 0.058 | 0.014 | 0.052 0.013
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Introduction
New DIS results

Gluon polarization New asymmetries (1h) for low Q?

Slvers asymmetry for gluons

Summary 2006 and 2011 data included

NLO calculations M. Stratmann, B Jager, W. Vogelsang EPJC 44(2005) 533
COMPASS: potentially discriminated power on gluon polarisation

nems € [—0.1,0.45] nems € [0.45,0.9] nems € [0.9,2.4]

= [ Wersv_ PGRsv. COMPASS < [ Warsv_ JGRsV, COMPASS = [ persv_ PGRsv COMPASS
h -+ < [ wolll eSSV 2006 < wlll eSSV 2002-2006 < [ molll e 0SSV 2002-2006
0.2 02— 0.2
[ —=—pd—uwh'X L——ud—>ph' X L ——ud—->uh'X
0.1~ .
- s
o;mfmf ,,,,,,,,,,,,,,,,,,,,,,,,,,, _ oS T
[ m€E[0.1,045] ‘ [ n€l04509] [ n€E0.9,24] : ‘
| | | | I
1 2 3 P, (GeVic) 1 2 3 p, (GeVic) 1 2 3 p, (GeVic)
h = | pansv,, JJersy, COMPASS 5 | garsvy,, Jersy, COMPASS = | paRsv,, JJcrsv, COMPASS
< [ e I mex I pssv 2006 < [ me I max IDSSV 2002-2006 < [ me I max I PSSy 2002-2006
0.1 - 01— - 0.1— -
f—ud—-uhX F—ud—>p'hX —pnd—-p'hX
0;1}*!,' A e —_ o
o1 o -0.1-

[ erasods [ cossos) e Mcms € [—0.1,0.45] nems € [0.45,0.9] Nems € [0.9,2.4]

| |
1 2 3 P, (GeVic) 1 2 3 p, (GeVic) U
4 COMPASS 5 COMPAS: 4 CONPASS
< GRSV, [JGRSV., [lossv 2007-2011 < GRSV, [J6RSVy [losSV 2007:2011 < e /gg-zon
02+ up—whX 02+ up—>uh'X 02 up—uhX R /
/ /‘//
o’ 4 <
y

7 V4
»"“

o

01— % 01— 01—

[ m€[04509]
i

Discrepancy on the level of cross section! T e T e T e
gluons resummation needed? < [ GRSV,,,, [] GRSV, JOSSV %ﬁi/ & GRSV,,,, [JGRSV,.o, JlDSSV CONMPASS 4 GRSV,,,, []GRSV,.., JJossv COMPASS

2007-2011 < 2007-2011

01— up—>uhX - ol pup—>uwhX ot mup—>uhX

COMPASS Phys.Rev. D 88 (2013) 091101 o E— A < — hhi_ ........ R
calculations Phys. Rev. D 88 (2013) 014024 S

-0.1— -0.1— 0.1~
[ nerot04s) nE04509 nE[09,24]
|

| \
1 2 3 p, (GeVic) 1 2 3 p, (GeVic) 1 2 3 p, (GeVic)
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Introduction
New DIS results

Gluon polarization New asymmetries (1h) for low Q?

Ivers asymmetry 1or giuons

Summary 2006 and 2011 data included

NLO calculations M. Stratmann, B Jager, W. Vogelsang EPJC 44(2005) 533

COMPASS: potentially discriminated power on gluon polarisation

nems € [—0.1,0.45] nems € [0.45,0.9] nems € [0.9,2.4]
h + & | orsv,. Jensv,. ossv couPass & | Mensv, ersv,,, Jossv COMPASS & E GRSV, [ GRSVns: [lDSSV Soubz006 J
0'2;+ud—>u'h*x 0'2;+ud—>u'h*x O e d kX
o1 0.25
B L
o -
o . <C C grsv max AG=1.93 . grsv std AG=0.57 . grsv min AG=-1.54
[ neLo.104s) ‘ ‘ [ nel04509] ‘ ) 0.2H
e e B - M Y
C dssv std AG=0.03 dssv++ AG=0.29 Iss10 pos AG=0.33
h- & aRsv,, [JGRSV,, [lossv SoMPASS & aRsv,,, [JGRsV,,, Jlossv - 0.15 :—
0'1;+udeu'h'x °'1:’+udau’h‘x -
0;+#, A M— ol 0.1 __
70.17* 70.15 —
[ nero104s] ‘ [ ne4509] ) 0.05 -
1 2 3 b (GeVic) 1 2 3 - L
L | .
v
0 |
0 05 B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 N
1 15 2 25 3 35 4
. ie)
Discrepancy on the level of cross se P,

gluons resummation needed?

COMPASS Phys.Rev. D 88 (2013) 091101 o —T . st ... o
calculations Phys. Rev. D 88 (2013) 014024 S

n€L0.1,045] ‘ n€[045,09) ) nE[09,24]
1 2 3 p, (GeVic) 1 2 3 P, (GeVic) 1 2 3 p, (GeVic)
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Introduction
New DIS results

- New analysis - all-pr method
Summary results Q2 > 1 GeV?

Minimalization procedure and covariant matrix is used for error estimation;
simultaneously AL© and Ag/g is fitted; 1 hadron in the final state, no pr cut!

0.6
PGF > - . COMPASS, all-p_, Q’>1 (GeV/c)?, prel., 2002-06
@ Whew ™~ dp Rpcr ocbe <U]> i o COMPASS, high-p_, Q?>1 (GeV/c)?, 2002-06
i incl ¢ RLp+R D _ ‘
o Wi ~ 3" Recr — af""" REgH (A0l —12) 041
02 i OI ............
= Ie! : .
4 ‘, I I RSN ]
Ag/g =0.113 +0.038 + 0.035 (Preliminary) ok .
o the scale, 2 =< Q2 >~ 3 (GeV/c)?, and < x,; >~ 0.10 - ) |
o the result obtained under the assumption: 0.2
ARDC (xc) = ALP(xg;) for xc = xg L
J [
- ~0.44 .
comparing to 1072 107 y
g
AG 0.125+0.060 = 0.063
G = V.UOU= . significantly reduced statistical and systematics
erros

e =009%0  (u’)=34(GeV/c)

3rd Symposium of The Division for Physics of Fundamental Interactions of The Polish Physical Society Krzysztof Kurek %.) NCBJ
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Introduction
New DIS results
Gluon polarization

Sivers asymmetry for gluons DO meson prOdUCtion
Summary
Low statistics! Huge combinatorial background Phys. Lett. B 676 (2009) 31 Phys.Rev. D 87 (2013) 052018

Open-charm production@COMPASS -

Wk’ Photon-Gluon Fusion (PGF) - the only process in LO QCD.
n(k)
T*(q) B
¢ A" =AGRAG™ QH
g
N(p) assumption: % (x)=a(x-x)+b
from MC
notice:
Ameasured — fPT Pb( S Asignal + B AB)
: S+B S+B
signal asymmetry from data

3rd Symposium of The Division for Physics of Fundamental Interactions of The Polish Physical Society
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Introduction
New DIS results
Gluon polarization

SIVers asymmeatry Tor gluons The method similar to a”-pT
Summary
: ko\r . . ’ -
Total number of events —agn(s +5) |14 PP (S asN-wDox
dmdX s+b
- b
ws = PufD— . s+5B
. s+ b :
two weights: 1
w =Py fD——.
= uf s+ b

Every event is we!ghted by these weights and asymmetries for signal and
background in (77 . Ene) intervals are simultaneously extracted.
Gluon polarisation from signal asymmetry is then estimated.

Another way: extract gluon polarisation directly event-by event basis using

weights with analyzing power: calculation/MC dependent
s —
w=fP a
f Pg g L

Statistically optimised determination of gluon polarisation;
takes into account anticorrelation between analyzing power and signal strength

} 25/34
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Introduction
New DIS results
Gluon polarization

Vars asymmetry Tor gluons D% meson data selection

Summary

Considered events:
- D° > Kn (BR: 4%)

(2]
o
(=1
[=]
o
I

25000

Events / (1 MeV/c?)

- D' > D', (30% D° tagged with a D) om0

15000—

* DO % KTC 10000% 7/’,
e D' — Knn' (BR: 13%)—» not directly reconstructed - |

I 553
e« D' > Knnn (BR: 7.5%) EI—

D’ — sub(K)t ——» no RICH ID for Kaons (p < 9 GelV/c)

Selection to reduce the combinatorial background

- Kinematical cuts: Z | and D° decay angle (to reject colinear events with y

coming from the nucleon fragmentation), K and T momentum

- RICH identification: K and 1t ID + electrons rejected from the T sample

- Mass cut for the D" tagged channels (M[Kims /- M|[Kr] - M[x])

- Neural Network qualification of events
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Introduction
New DIS results

Gluon polarization

Sivers asymmetry for gluons

COMPASS 2002-2006 D}_(D* tagged)

Summary

COMPASS 2002-2006 D} . (D* tagged)

P 500
(2]
L3000 It
[ [~ 0
£ - N(D") = 5700
e 000— .
E C Knr
2000 , 5001 l
N(D%) = 8500 r
. 000~
1000 E
- SLiD - 6D
L T | TR T R :H‘x“xu‘x“‘x“‘x“‘
foo -400 -200 0 200 400 600 Boo -400 -200 0 200 400 600
My, - M. (MeV/c?) My, - M, (MeV/c?)
1200 COMPASS 2007 D} _(D* tagged) COMPASS 2007 D;_, (D* tagged)
i S a0 N(D°) = 3100
1000 g F Ko
| ‘O_ |
: : | |
800— 600
B N(D°) = 4600 r
600— L
T 400
400~ L
L 200[—
200—
- NH . NH
r 5 L 3
. PR PR | PR PR . . PR PR | PR PR X
$oo -400 200 0 200 400 00 oo -400 -200 0 200 400 6§00

My, - Mo (MeV/cg)

My, - M, (MeV/c?)
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D% meson reconstruction

Artificial Neutral Network qualification of

events

10° COMPASS 2002-2006 DO}, _

100

N/5 (MeV/c?)

-]
o

TTT‘TTT‘TTT‘TTT‘TTT

60

N(D°) = 46400

40
6y =
20 LiD
e v v v v v b e b v v b by
-g 00 -300 -200 -100 200 400

My, - M: (MeV/c?)

COMPASS 2007 Dj _

%
S
240000
w
2

30000

20000

N(D°) = 19000
10000—
L 3
T S S S S SR S S SO S SR el b b by
-200 -300 -200 -100 0 200 300 400

My, - M, (MeV/c?)
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SWIERK
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Introduction

New DIS results D% meson reconstruction

Gluon polarization

e ., Artificial Neutral Network qualification of
events

coupass 2022 e« Assuming background model to be good
Neural Network is able to find some differences
between samples: S+B and B.

*This way the signal probability S/(S+B) is constructed
event-by-event

3000

N/10 (MeV/c?)

2000

1000

COMPASS 2007 D} _(D* tagged)

My, - M: (MeV/c?)

N/10 (MeV/c?)
=
o
o

[<]
o
o

N(D°) = 4600

COMPASS 2007

COMPASS 2007 D}

—

eV/c?

N0 (

N(D°) = 19000

200 400 600
My, - Mo (MeV/c?)

200

NHj‘
NI T | | Lo v b Lo Ly
-800 -400 -200 C -100 0 100 ZOI\(IL, ] M:?(oMeV/cg?o
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Introduction
New DIS results
Gluon polarization

Ners asymmetry Tor gluons Gluon pOIarization @ LO

Summary

Final gluon polarization result from open-charm in LO QCD

. A
<£> = —0.10 £ 0.22 (stat.) £+ 0.09 (syst.) <Tg> = —0.06 + 0.21 (stat.) £+ 0.08 (syst.)
g

2
from asymmetries (wo)=0a1m -390 Statistically optimised

[Source 4({Ag/g))|[Source é ((Ag/g))|

Beam polarisation Fy 0.005 s/(s+b) 0.007

Target polarisation P, 0.005 False asymmetry 0.080

Dilution factor f 0.002 aLL 0.015

Assumption, Eq. (9) 0.025 Depolarisation factor D 0.002

Total uncertainty 0.086
More details and asymmetries in bins - see: ~ |Source 4 ({Ag/g))]|Source 8((Ag/g))|
Phys.Rev. D 87 (2013) 052018 Beam polarnisation P, 0.003 s/(s+b) 0.004

Target polarisation P,  0.003 aLL 0.005
Dilution factor f 0.001 False asymmetry  0.080
Assumption, Eq. (9) 0.025

Total uncertainty 0.084
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Introduction

New DIS results T P
Ghion polarisation Result on gluon polarisation @LO &
TTTSIVers asymmaetry Tor gluons.
Summary NLO QCD
|.Bojak, M.Stratmann, Nucl.Phys.B 540 (1999) 345, 1.Bojak, PhD th. Phys.Rev. D 87 (2013) 052018

J.Smith, W.L.Neerven, Nucl.Phys.B 374 (1992)36),
W.Beenakker, H.Kuijf, W.L.Neerven,,J.Smith, Phys.Rev.D40(1989)54

0.6
9 - e COMPASS, all-p, Q>>1 (GeV/c)’, prel., 2002-06
0.8 g I A COMPASS, Open Charm, 2002-07
C | Q?=13 (GeV/c | 0.4 . comeass, high-p,, Q<1 (GeV/c)’, prel., 2002-04
o)) 06 B %  COMPASS open charm B . 2 2
A B | = compass (xg>0) : o SMC, hlgh-pT,Q >1 (GeV/c)
g’ - | == g:gl:ASS(AQKO) L 0.2l * HERMES, high-p , all @*
04| A :
C|----- LSS (Ag>0) s :
i RS LSS (Ag sign changing)
0.2— B
- 0
0;:___-___-_____'._:‘_;' TTTT |
_0.2; _02__ .............................. i TSR SO
Y i |
7l | | | | L | | | | —0.4 I > L L L L L | 1 L L L
10 10 10™ 10”
X X
[Source o ({Ag/g)) [[Source 0 ((Ag/g))]
Beam polarisation F, 0.006 s/(s+b) 0.009 NLO
Target polarisation P, 0.006 aLL 0.119 Ag\’
Dilution factor f 0.003 ||False asymmetry 0.080 ? = —0.13 = 0.15 (stat.) £0.15 (syst.)
Assumption, Eq. (9) 0.025 Depolarisation factor D 0.002
Total uncertainty 0.146
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Introduction

New DIS results
Gluon polarization

Sivers asymmetry for gluons

Summary

A catalog of PDFs

Beyond collinear approximation - kt dependence

LO, twist-2:
8 independent functions
to parameterize structure

3rd Symposium of The Division for Physics of Fundamental Interactions of The Polish Physical Society
Various Faces of QCD 2 8-9.10.2016, NCBJ, Swierk

nucleon polarization

U

L

T

quark polarization

1L
/; Jir o0 e
number density Sivers T-odd v
o o * ~
;2% =¥ | &ri> -
helicity Worm-gear
> L
h, (s -(s
1 1 1
h] 5 ) - (¢ hIL » B- | & W» transversity
fretzelosity
Boer-Mulders l * 3
T-odd birie) - (o
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Introduction

New DIS results

Gluon polarization

Sivers asymmetry for gluons

GPD and Impact Parameter PDFs

,Nucleon tomography”

TMD’s - 3-Dimensional image of
nucleon in momentum space

center of momentum

3-Dimensional image of nucleon in the mixed
transverse plane-longitudinal momentum space

3rd Symposium of The Division for Physics of Fundamental Interactions of The Polish Physical Society

Various Faces of QCD 2 8-9.10.2016, NCBJ, Swierk
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Introduction
New DIS results
Gluon polarization GPD and ImpaCt

Sivers asymmetry for gluons

Parameter PDFs

,Nucleon tomography”

TMD’s - 3-Dimensional image of
nucleon in momentum space

center of momentum
Ry =) xry;

For a transversely polarized nucleon (e.g. polarized in the +2-direction) the IPD g (2. b
VI I q:\ 1

is no longer symmetric due to the non-zero value of the spin-flip

is described by the gradient of the Fourier transform of E:

- - 1 ., _
g:(z,b1) = H(z,by) — .—(._—é(_l’-bL ).
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Introduction
New DIS results

Gluon polarizaton AP D and Impact Parameter PDFs

Sivers asymmetry for gluons

,Nucleon tomography”

TMD’s - 3-Dimensional image of
S nucleon in momentum space
R

center of momentum

>Z Ry =) aryy

For a transversely polarized nucleon (e.g. polarized in the +z-direction) the IPD g;(z.b))
is no longer symmetric due to the non-zero value of the spin-flip GPD FE. This deformation

is described by the gradient of the Fourier transform of E:

o . - 1 ad ., = _—
q:(z,b1) = H(z,by) — BYVaE] E(x,byr). (7.12)

‘)'U
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o onesion GPD and Impact Parameter PDFs

Gluon polarization

| Introduction
Sivers asymmetry for gluons

,Nucleon tomography”

TMD’s - 3-Dimensional image of
nucleon in momentum space

— O

kP =1.913 = %r.:ﬁ transverse plane-longitudinal momentum space

u-quarks: kP = Qf,;p + Kk, = 1.673 ~— e

o
center of momentum
— shift in +7 direction
, R| =) wry;
o d-quarks: k; = 2K,, + Kk, = —2.033
s shift in —gy direction : . e o
Y larized in the +2-direction) the IPD g;(z.b))
. (b7) = O (£0.2 1
®\0 (£0.2fm) 1e of the spin-flip GPD E. This deformation
is descngea E !He graalen! 0! !He !Iouner !raanonn of E:
—_— — 1 — ¢
4:(,51) = H(z,b1) — = maE(a, b ). (7.12)
2M ()b
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Introduction
New DIS results
Gluon polarization

Sivers asymmetry for gluons Sivers asymmetry for gIUOr\S

Summary

Physical model: three basic processes @LO
4 )

LH: LO v PGF
B q
- q =}
AP 0) = Rpcp ARSe ) (< ag >) + RppAYRO P (< apy >)
sit ) bs)
+RopepA, 2 oan— (< 20 >)
N ’ Y,
WpGF = W’ = Rpgrf Sin(¢2h — o)
wp = wF = Rppfsin(goy— ¢s):
wocpe = ¢ = Roepcf sin(gan — ¢s)
ASN(@2n=05) _ _0.14 4+ 0.15(stat.) & 0.06(syst.) at (xg) = 0.13  deuteron
PGF . ySL. G) = L.
sin(gop— ¢>s) . proton !!
Apcr —0.26 + 0.09(stat.) 4+ 0.08(syst.) at (xg) = 0.15
i%/;driggggg(s:ieusrr:);)fQ'EhDe Ei\éi_sgﬂnoggl:g}/s&%é)j,FSuWnidearllr(nentaI Interactions of The Polish Physical Society Krzysztof Kurek &2)) 'Q'w‘?ﬁi g 33/ 34




Introduction

New DIS results

Gluon polarization

Sivers asymmetry for gluons
Summary

Summary

» The review of some updated and new results for longitudinal spin physics
has been presented

* New results on gluon polarisation @ LO QCD approximation from high-pt
hadrons measurement has been shown in “all-pt method”

« The determination of gluon polarisation @ LO as well as NLO QCD
approximation from COMPASS open-charm data has been presented

» New results on gluon polarisation from new COMPASS QCD fits have been
shown

* Preliminary result for Sivers asymmetry for gluons on deuteron and proton
targets have been shown
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Input parametrisation

o Reference scale Q2 =1 (GeV/c)?

o Functional form are given at the reference scale Q3
Aqsi(x|QF) = nsx(1 = %)% (1 + 7sx) /N
Ag(x|QF) = mexe(1 — x)7% (1 + 7gx)/Ng
Ags(x]QF) = n3x*3 (1 — x)% /N3
Aqgs(x|QF) = nex®(1 — x)% / Ng

o3 =F+D=ga/gy
ng =3F — D
Bg is fixed

@ Using the DGLAP equations:

o Obtain AC]S,'(X.‘ Qz)a Ag(Xa Qz)a ACB(X, Q2)7 Aq8(X7 Qz)
at any scale Q?

2
+ Xpositivity

data . 2

o e | N eft- N e 1-N, )2

=3 | v (SE) + (e
n—= 1=

e Positivity: |Ag(x)| < |g(x)| and |A(s(x) + 5(x))| < |s(x) + 5(x)|
o Input: g, g, gf and our Ag/g measurement (Open Charm @ NLO)
e MSTW2008
°

Overall: 28 free parameters and 679 data points
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Systematic studies

xeq,

02

0.15F-

@ Remarks on the previously :
. . 0.1_— — e cam
pUthhed flt C T C;fg(awc)?

0.05F

e Only 2 parametrisations : e
e No Systematic 10° 102 107 J 10° 102 107 R

uncertainties

pX Aqs

2_ COMPASS Preliminary

@ Study impact of: ot ovir

o Different F Ra
parametrisations 0%
i |
o Reference scale Q3 T
- o
o X2 very stable g
015 0.05]
— Larger uncertainty compared =~ o e :
to statistical one ous; o

a3 2nD anl
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New analysis - all-pt method
A1 compatibility check

AfCDC(XC) — A%P(XBJ-) — A%O(X); for xc = xpj

It can be vefified equality of the two asymmetries by

performing  test and select the best MC tuning ;
event(x_Bj.x C.x_g....) Note that statistical weight is constructed on the MC basis
) name X
3 T G 1 | HIPT_PSON_MS_FLUKA | 8.1
< 2\ \ 2 HIPT_PSON_MS 8.8
4 B 3 HIPT_PSOFF_MS 3.9
. |4 HIPT_PSON_CQ 10.1
T . 5| HIPT_PSON_MS_NOFL 6.9
, { 5 . 6 DEF_PSON_CQ 13.1
000 o0s o . 7 DEF_PSON_MS 10.7
0 . 8 DEF_PSOFF_MS 9.9
ata selection:

standard DIS cut on inclusive variables (large Q?)
at least one charged hadron detected - no high-pr cut !
for ANN information from one, leading hadron only is used
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Spatial deformation & GPD

kP =1.913 = 2kF — K0 + ...

o u-quarks: kP = 2k, + K, = 1.673

— shift in +7 direction

o d-quarks: &}, = 2k,, + Kk, = —2.033
— shift in —y direction
o (bI) =0 (£0.2fm) MM

For a transversely polarized nucleon (e.g. polarized in the +2z-direction) the IPD g;(z.b)

is no longer symmetric due to the non-zero value of the spin-flip GPD FE. This deformation

is described by the gradient of the Fourier transform of E:

g:(z,b1) = H(z,by) —

1 o -
md—byg(”[‘ bl)

non-zero spin-flip GPD E - existence of non-zero orbital momentum
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Spatial deformation & GPD

KP =1.913 = 28 — 1k5 + ..
o u-quarks: kP = 2k, + K,
— shift in +7 direction
o d-quarks: &} =2k, + K,
— shift in —y direction
o (b7) =0 (£0.2fm)

m

= 1.673

= —2.033

For a transversely polarized nucleon (e.g. polarized in the +2z-direction) the IPD g;(z.b)

is no longer symmetric due to the non-zero value of the spin-flip GPD FE. This deformation

is described by the gradient of the Fourier transform of E:

g:(z,b1) = H(z,by)

1 0

M ob,

E(z.by).

non-zero spin-flip GPD E - existence of non-zero orbital momentum
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Sea flavour helicity asymmetry At - Ad

COMPASS data Phys.Lett.B 693 (2010) 227

AU =Ad? - ® COMPASS
~~ — ---- DSSsvV
o 01 [ | - Bourrely-Soffer-Buccella
Phys. Rev. Lett. 18, (1967) 1174 < - T \lf\;larE::%tl\s/lLljyama
) -
Pauli exclusion principle, A resonance etc. IS5 0.05 — + ..............
NMC,E866 = R |

unpolarized asymmetry: 0 B el

](3 - ﬁ)dx ~0.118+0.012
0

-0.05 f—
0 [
C LIl AR R
HERMES (@ = 2.5 (GeV/c)?): * " X 1

0.3"
/ (AT — Ad)dx = 0.048 + 0.057(stat.) = 0.028(syst. )
0.023

COMPASS (@2 =3 (GeV/c)?):

~0.3
/ (AT — Ad)dx = 006 + 0.04 (stat.)+ 0.02 (syst.)
J0.004 - -
The data disfavour models predicting Auw — Ad > d — u

3rd Symposium of The Division for Physics of Fundamental Interactions of The Polish Physical Society 2 yNCBJ & Ry
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Introduction
DIS and SIDIS results

Gluon polarization
The role of AOM

Sivers asymmetry for gluons

Compass data
® SIDIS

Summary

Ah — > eZ[Aq(x) [ D} (z)dz+Ag(x) [ D} (z)dz]

>-e2(q(x) [ Dk (=

)dz+q(z) | DL (z)dz]

h /
D, # Dy . .
yields quark and antiquark separation
measured:
P AK=x
/1 Ald »Ald , A ’Alp

g
, ATp

o determined: Au, A, Ad, Ad, As = A5

system of linear equations in LO

input: MRST04 unpolarised PDFs,

DSS pa1 ametrisation of FFs

((’ ¢, DIS, hadron-hadron)

f ~ As(x)dx=-0.01£0.01x0.01
0.004

DNS: De Florian, Navarro, Sassot, Phys. Rev. D71, 2005

XAU

xAd

XAU

xAd

XAS

-0.05F
-0.15F

-0.25F

-0.05F

-0.15¢

-0.05F

-0.15F

-0.01E
-0.02F
-0.03E
-0.04F
-0.05 e—
0.0 —L L1 Lo

Flavour separation analysis

0.3f
0.2

F | @ COMPASS preliminary 7
o HERMES PRD71(2005) T

—DNS parametrization

0.1f
-0.1F

0.05
0E

-0.1F

-0.2F

T I

]
-0.3i+ |

0.05F
oF

-0.1F

0.05F

-0

0.03F
0.02F
0.01E
Ok

L1111 \ !

102
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Introduction
DIS and SIDIS results
Gluon polarization 5 .
The role of AOM Flavour separation analysis
Sivers asymmetry for gluons
Summary

Compass data Phys. Lett. B 647 (2007) 8  Phys. Lett. B 690 (2010) 466

® SIDIS
Ah — Zegl8a(@) [ Dy()dz+Aq(x) [ Dy(z)dz] :
- >_e2lg(x) [ DF(z)dz+q(x) [ D"( )dz] 01F
OF
-0.15

h h g
® v E
D! # D!

. : . o
yields quark and antiquark separation 005
0.1
-0.15¢
® measured: 0.2t
-0.25F

A, AT AT AL ARE AT

1d > :

0.05F

. / — A T A — OF

o determined: Au, Au, Ad, Ad, As = As :
0.1f

® system of linear equations in LO 015}

0 37 ® COMPASS preliminary 1 &
“F | o HERMES PRD71(2005) ¢ 1
0.2F

—DNS parametrization

XAU

xAd

XAU

0.05F

e input: MRSTO04 unpolarised PDFs, of
DSS pa1 ametrisation of FFs 0.0
((’ e, DIS, hadron-hadron) 01

f ~ As(x)dx=-0.01£0.01x0.01
0.004

xAd

0.03F
0.02F
0.01F
0)3
-0.01¢
-0.02f
DNS: De Florian, Navarro, Sassot, Phys. Rev. D71, 2005 003
-0:05;—‘””‘ Lol | |
-0.06E
102 10
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Systematic studies & results

Neural Network stability

. MC 3(AG/G)\y 0.010

_ 3(AG/G),,, 0.045

+ False Asymmetries 5(AG/G),y.. 0.019

- 0P, ,0P, ,of 3(AG/G), py oy 0.004

. A parametrisation 3(AG/G),, 0.015

. 3AG/G)pmua | 0-035

+ Simplification of the Formula Total 0.063
for AG/G

L % ~0.125 £ 0.060 = 0.063

xe =009%0  (u')=34(GeV/c)’

AG/G [0.15+0.09+0.09 |0.08+£0.10+0.08 |0.19+£0.17+£0.14
+0.05

<x > 0.07 0.10 0.17 "°¥

g -0.03 -0.04 . -0.06

These 3 points show no xc dependence (within errors)
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Introduction

New DIS results

Gluon polarization

Sivers asymmetry for gluons

Difference asymmetry

Summary
Compass only COMPASS: Phys Lett.B 660 (2008) 458
h* h- Rt h-
Idea: Phys.Lett.B230(1989)141, o —o"Y=(c" -O
SMC:Phys Lett.B369(1996)93, At = (0}, 1)~ (O t)
Rt h- Rt h-
(0, =0y, )+ (0yy —=0p,y)
.7'L'+—JT_ K*-K~ Auv(x)+Adv(x)
A (x)=A, (x) = > Only valence quarks!
u, (x)+d (x)

Fragmentation functions cancell out in LO and
under the assuption of independent fragmentation.

f (Au,+Ad,)dx SIDIS+DIS, Q?=10 GeV?
X0 aE — 1
06 [4-AU=Ad=As=AS COMPASS | B
0.5 Au =Ad =As =As symmetric
- _ — scenario
0.4 { 3 Au =-Ad asymmetric
031 \Ag=-Ad + } £
0.2F ” |
o7 * T = f (Au,(x)+ Ad, (x))dx
0.1[ O[ (Au,+Ad,)dx=0.40+0.07+0.06 ' ¢ !
N R W Ait +Ad =3TY —1T, +La, = (As+As)+1(a;-T))
10° 10 « 1

3rd Symposium of The Division for Physics of Fundamental Interactions of The Polish Physical Society

Various Faces of QCD 2 8-9.10.2016, NCBJ, Swierk

Krzysztof Kurek g@) NCBJ ) 43/34

SWIERK




Introduction
New DIS results
Gluon polarization

g Gluon polarisation @ NLO QCD

[.Bojak, M.Stratmann, Nucl Phys.B 540 (1999) 345, 1.Bojak, PhD th.

J.Smith, W.L.Neerven, Nucl.Phys.B 374 (1992)36),
W.Beenakker H Kuijf \WW.L.Neerven,,J.Smith, Phys.Rev.D40(1989)54

Procedure for NLO calculations:
C C
MWW MWW 1. Aroma MC generator with Parton
Shower-on describes COMPASS
cA cA data very well
000000 ~—— Q00000 —4—— 2. PS simulates phase space for NLO
¢ ¢ correction - aLL can be calculated
(a) (b) event—b_y-event basis fro_m
theoretical formulas (as in LO case)
C
¢ 3. light quark correction ~ A1 which is
¢ c taken directly from data
¢ 4. Asymmetries in (pins used
(rebinned in p? bins only)
(c) (d)
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Introduction
New DIS results

Gluon polarization
Sivers asymmetry for gluons
Summary

Compass data 2002-2006 and world data

g1 structure function for deuteron

2002-2004 published in Phys. Lett. B 647 (2007) 8

T
O-_. B O sMmc A\ E143 O B COMPASS NLO fit to
n . - .~ g world data
+ L f ...................... x=0.0045 (i=1) O E155 ¢¢ HERMES 1
g —_ ..... i% .................... x=0.0055 V COMPASS O CLAS W>2.5GeV 0.2 ° %?el\lfr;:ﬁsarsy; 60 GeV
><" | iii$ .............. x=0.0070 | ... COMPASS NLO fit |
T L g Vool x=0.0090 8
(@) Y Y
A SRR S x=0.012
8. §¥@ ____________________ x=0.017 ¢=0.7-(17.3-i(x))
- Q 1
TS AN— R x=0.024 uz — 3 (Gev/@}g
A S— o x=0.035
T e — . x=0.049 | ool
- M.L{:@.,@...‘.O@.....@;....EJ ....... ¥ m"x=°'°77 (i=10) _‘
T Qs ﬁm@w%‘mﬁgx=012 L] ; I L 1 L L
40 0.0l 0 G g Py 2. X017 10 10 ]
L @@%&Q@QQEEVELX:OZZ
B .x=0.29
A G A 2006 reanalysed, new NLO
L R 4}‘@&&‘3"{?00‘[{}(}57[}X=041 COMPASS fit
- P A TGy O T x=0.57
- EA S S Y Phys. Lett. B 753 (2016) 18
oLt | [ ||||ﬂ ....... e e e S o o e x=0.74
1 10 107
Q? (GeV/c)®
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Introduction
New DIS results

S U g1 structure function for proton

Sivers asymmetry for gluons

Summary
Compass data 2007 & 2011 and world data Phys. Lett. B 690 (2010) 466472
S x=0.0036 (=0) [ = S F ;
o . e e - COMPASS NLO fit to
+ __ _#,_,.A.........__,.X=0.0045 A Es O Etss 1.2 _— g1 world data
C\IA N } * _____________________ x=0.0055 on  HERMES V  COMPASS'07 (160 GeV) :
O [ ii§ .... @ ------------- X=00070 O CLAS W>2.5 GeV @® COMPASS'11 (200 GeV) prel. 1_— n COM PASS (2007/201 1 )
5/ — R %=0.0090 L COMPASS NLO fit :
ST |t 0.8
o L B x=0.012 o s 2 _ 2 (GaV/n)2
8__Q§ .............. PO IR x=0.017 =Y . 06 ] . (Ge
- gm ¥ & y@éﬁ@ ............... x=0.024 =
= &’§§>"m ............... x=0.035 0. 4:_
o) Sp— :.nmo..!..Q............'..A.........%!...............x=0.049 -
e Bgm-x=0077 (=10 0.2—
: O”O‘ﬁ}’ """"" """""" .mﬁﬂ '''''' e x=0-12 0: Ll | | ! T BRI
4— O -y - Moﬂ&ﬁzﬁgﬂx=017 10_2 10_1 1
L oo O W g AT 7 X=0.22 X
- B QOGP OO DO- Wi By ¥=0.29
2__ MYy - G- (O (e - - [y @ X=0-41 NeW 2011 proton data &
: BB O Ga ¥ .2 XOST new COMPASS NLO QCD fit
0_| | | T e e B x=0.74 PhyS Lett. B 753 (2016) 18
1 . 10 10°
2007 160 GeV/C 02 (Gev/C)Z
2011: 200 GeV/c
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Introduction

New DIS results

Gluon polarization

Sivers asymmetry for gluons

Master formula for determination AG
statistical weighting & ANN approach

Summary
K 2h corr \ .
AG ()= A (xp) + A R’s are fractions of the sub-processes
G B (LO,PGF, QCDC) in high-p; and inclusive
inel pyine R. af samples, respectively;
B= a PGFRPGF aLLG " IRPG;( Rmd szcz L)
R, ‘ a,, are so-called analyzing powers
KA“"” = —A,(xp)D—2 5 = 4 (X )P, + A (X' )B, ) D is a depolarization factor.
“L
1 C C,incl pincl R C,incl R Rind ac
B, = RZM (ap Rc—a; " Re RZ'LCZ B, =a; ( 152"0?)2 lL)L

- ,D,P, can be directly obtained from data

* Remaining factors have to be obtained from MC
* ANN trained on MC samples,

then used on real data
* Input variables for ANN trainning:

- inclusive case: xg and Q2

- high-pT: XBj’ Qz,pL1,2’pT1,2
. Weight used: fDP,_ B

» Good data description with MC is a
,key point” of the analysis
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] LP 3 o QCDC e o PGF o

'g NN ',-g_ [ONN g IONN

0.8 % 0.4 Q é é 0.4
e ¢
0.6 QOQ 0.3F .eeﬁ.ag 0.3f Oﬁéa 5 Q +
% O.Q @®
0.4 oQaQ. o2k g 02 ﬁ
*Se, & 5

@
o 1
COMPASS PRELIMINARY COMPASS PRELIMINARY ’COMPASS PRELIMINARY

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
2 p? (GeV/c)? 2 p? (GeV/c)® E p? (GeV/c)?
T T T

2o LP - 01 QCDC > 04 PGF

Z)-0.05 + §-0.05 - Z,-OM
SPPNLTLITII | PRI I} NPT
ARG i Pt

3
o
]
3
o
]

COMPASS PRELIMINARY COMPASS PRELIMINARY

R B B rove R e B B roe s
E p? (GeV/c)? E p? (GeV/c)
T T

1 1 1
3 4 5
E p? (GeV/c)?
T
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®

deuteron target proton target

Data selection and preliminary results

] HIPT_PSON_FL_MS_FLUKA —— COMPASS_PSON_FL_MS_FLUKA
— DEF_PSOFF_FL_MS_GEISHA — DEF_PSOFF_FL_MS_GEISHA
] DEF_PSON_FL_CQ_GEISHA - DEF_PSON_FL_CQ_GEISHA
" DEF_PSON_FL_MS_GEISHA m DEF PSON FL MS GEISHA
S HIPT_PSOFF_FL_MS_GEISHA - COMPASS_PSOFF_FL_MS_GEISHA
—
HIPT_PSON_FL_CQ_GEISHA . COMPASS_PSON_FL_CQ_GEISHA
HIPT_PSON_FL_MS_GEISHA . COMPASS_PSON_FL_MS_GEISHA
- .
Lol it 1, |HIPT_PSON_NOFL_MS_GEISHA — COMPASS_PSON_NOFL_MS_GEISHA
-0'4 -0'2 0 0.2 0.4 1 I L1l | Ll Ll I L.l I 1

sin(o, - 6,) 04 -02 0 02 04
APGF2h sin(,,- ¢,)
PGF
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Gluon ,Sivers effect” measured at COMPASS

The weighted method

leads to 12 egs.: Zw’ &1 + {80} A=) (xG))

+ wL}wJAS‘“"’““’”((xB,-)) + B ) Apepe *(xc))
= @ (1 + Apcr{B°)u +ALplB )w + AgepciBClur)

/
with 15 unknows: (3 asymmeries + 12 acceptances) but thanks to ""“4" =1,
it is reduced to 12. *Here j stands for LO, QCDC and PGF, respectively 0,],0’,’,
To determine asymmetries the minimalizatiion procedure has been used:
x* = Nexp — Nobs)' Cov™ (Nexp — Nobs)
T~ Yy wwy,
Nobs = (Z w;, . Z wC)
i=0

N:xp ( exp,G» ** fop,C)7 N:xp i = ~(,: (1 +APGFW}(0I +ALPwL}wl +AQCDC{ﬂC}w’)
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Introduction
New DIS results
Gluon polarization

sivers asymmetry forgiuons D ata selection & preliminary results

Summary
* |nclusive cuts: PR 0.5 deuteron

|
- Q?>1(GeV/c)? &y 0 +
- 0.003 < x, <0.7 58

< 05 ' -
- 01<y<09 10? 10" Xg
» hadronic cuts ~ 0.5 S

- py, > 0.7 GeVic 6 .

€9 0
- p;, > 0.4 GeVic '%<o
~2z,>0.1 0.5 10° 10 Xe
-z, >01

’ o 0.1 deuteron
|
Z1+220 <0.9 & 0
£ o +
¢D<_l
-0.1 1 -
107 10 Xg;

A=) — _0.14 + 0.15(stat.) % 0.06(syst.) at (x¢) = 0.13
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e |nclusive cuts: 0.5—compass preliminary proton

’_;m
|
- Q?>1(GeV/c)? & w 0
- 0.003<x, <07 @B *
< 05 ' '
-01<y<09 10% 10" X
* hadronic cuts o 0.5 —COMPASS preliminary proton
— pT1 > 0.7 GeV/C l.:o [ ]
0 0
- p,,> 0.4 GeV/c e
< , l
-2,>041 0o 10° 10” Xg
- z>01
Z, =  0-1—COMPASS preliminary proton
z1+22<09 £ o .
£ o
0)<_l
-0.1 - '
102 10" X

ASNE2n=95) — _0.26 + 0.09(stat.) + 0.08(syst.) at (xg) = 0.15
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