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Longitudinal spin composition of the nucleon:

1 1
,==-==-AY +AG+L
S 575 + +

AY =AU+ AD + AS

@ Quark spin AX contributes only about 30% to the nucleon spin
investigation started with EMC pue 206 (1988) 364

@ Gluon contribution AG some experimental constrains available

o Hardly any experimental information on orbital angular momentum L
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COMPASS © CERN

COmmon Muon and Proton Apparatus for Structure and Spectroscopy
@ M2 beamline

@ Solid state polarised target (1.2m)

@ Polarised ;1 beam (P, ~ 80%)
Energy: 160 GeV, 200 GeV
Flux: 108 p/s

Spectrometer nima s77 (2007) 455

e Two magnets

o Tracking (p > 0.5GeV/c)
SciFi, Silicon MicroMega, GEM,
MWPC, Straws, Drift tubes

@ PID: RICH(r, K, p)
ECAL, HCAL, muon filters
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Polarised target

2002 - 2004
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e Two/three target cells,

oppositely polarised

e 180 mrad geometrical

acceptance

@ 2.5T solenoid field
o Low temperature 50 mK

@ Regular polarisation reversals by

field rotation

®LiD (Longitudinal deuteron
polarisation: ~ 50%)

e NHj3 (Longitudinal proton

COMPASS

polarisation: ~ 90%)
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Deep Inelastic Scattering
M/]

BDIRREEDIES +*[a]
@ Photon virtuality: Q2=—¢2
0 0 0 i . 02
@ Bjorken scaling variable: x = 7Pg NPl o a N
: .y _ E-F
o Relative photon energy: y = = \
o, 40 @ Absorption of polarised photons

JM/V\{gO* o2~ q" 032~ q"

9(x) =g (x) + g (x)

o, (€O Aq(x) — q+(x) - q’(x)
NN }
o~ @ Photon nucleon asymmetry
2 2
Ay (x, @) = TU2 312 10 2q SqRalx, Q)

O1/2 T 032 B Zq ecz,q(Xa Q?)
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Method (idea)

Upstream Downstream

T (R )

o Aim: A= Z =2
o Measured: Aep = %“_N" o Needed:
u+Ny
0 Aep=A-Pg-Pr-f e Flux cancellation
A~ A -D o Acceptance cancellation
f: Dilution factor — 2/3 target cells

D: Depolarisation factor s polarisation rotation
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Method (idea)

(> Ej]

Solenoid field reversalI

[[:J <)

o Aim: A= %
o Measured: Aep = x“_NC’ o Needed:
utNg
0 Aep=A-Pg-Pr-f e Flux cancellation
A~ A -D o Acceptance cancellation
f: Dilution factor — 2/3 target cells

D: Depolarisation factor — polarisation rotation
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Method (idea)

[DE}] ~— (= :Jj]

Repolarisation
Solenoid field reversal "microwave Solenoid field reversal
- reversal -

[[:]]] -« - [(j}

o Aim: A= %
o Measured: Aep = x“_NC’ o Needed:
utNg
0 Aep=A-Pg-Pr-f e Flux cancellation
A~ A -D o Acceptance cancellation
f: Dilution factor — 2/3 target cells

D: Depolarisation factor — polarisation rotation
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Asymmetry calculation

@ Number of interactions in each cell: N; = a;¢;n;a(1 + fDPgP1A1)
Acceptance: a;

Incoming flux: ¢;

Number of target nuclei: n;

Spin independent cross section: &

e Choose event weight: w = fDPp

. Upstream Downstream
No Pr due to possible false P
asymmetries W[[ N (0N ]]]
e Calculate P, = > w; Egtl:triig:ﬁoni
data o P < [[ N ] [ N:.l ]]
o Calculate A; from ¢ = 55 B beam > u
u+d’ €

—>aA12—|—bA1+c:0
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Results from the 2006 deuteron data

1 o~
lts alread 005 L I i
@ 2002-2004 results already o Gpagec, 144 corssmos P
published pLB 647 (2007) 8 oo | e Jl) Jos
@ Unpublished 2006 data give 2x " o " Joa
increase in statistics i oz
o ® ]
. ]
@ 160 GeV muon beam A A EX
@ Unpol. rad. correction TERAD 10 10 &
included in dilution factor P
S e .
@ Pol. rad. correction from $op e o
POLRAD i g8
1o 8
@ ’Li correction applied i e
@ Good agreement et |
- 10° 10" 1
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Results in bins of x

F , COMPASS 160 GeV' T %
|- 2 ]
oF tﬁ’qj} Q;}i% @ HERMES 1
. * SMC |
o Combined COMPASS results AR P
107 100, & E143 Toa
e Good agreement with world data ‘?ﬁ%ﬁ EOZ
. . % 1
@ Small statistical uncertainty at low x P % 2 4 i : o
_ S S— R i
I L M| L PR
o Compatible with zero at low x w0° 0? &
d 2y _ _ F(xQ) ad 2y T }
° &i(x, Q%) = nairxom (% Q%) : M B RO
o~ 4 ®
@ F, from SMC pro 58 (1998) 11201 r + 1 }
-0.2—
@ R1998 pLB 452 (1999) 194 [
. ] ~0.4 . cgmﬂz’f’f 160 GeV
used with improvements i o e 160 ey
70.6}
o0t 100 4

X
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Al in bins of x and @2

0.5

X[+ 0.0046 X[ 0.0055 X[= 0.0070 X[ 0.0090
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¢ ! ¢
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b 4 LI t 4
. ¢ ¢ [} ¢
— —— —— |
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Results from the 2011 proton data

102
‘\; E B COMPASS 200 GeV v
8 r ]
= r ® COMPASS 160 GeV l
v :*
@ 2007 results already published b .t
PLB 690 (2010) 466 F .
@ Increased beam energy in 2011 L .
160 GeV — 200 GeV AP ‘
10 10" 1
o Higher Q2 and lower x reached )
@ *N correction applied ¢ ! —io.a
P e b
e Good agreement NITTLEN v E 7
—Joa
2\ _ (x,@%) p 2 = COMPASS 200 GeV L, 8t ]
° (X Q ) 2x(1+R(X Qz))A1 (X’ Q ) * COMPASS160Gey o @ ¢ 2
age " - ° o
el ]
] |02
Ll L ool L P
10 10" a
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Results from the 2011 proton data

1 s
Tos
—fo.e
@ 2007 results already published o4
PLB 690 (2010) 466 éo-z
o Increased beam energy in 2011 B
Ry

160 GeV — 200 GeV

@ Higher @2 and lower x reached

= COMPASS 200 GeV

@ *N correction applied o8 D Sicascer oo
0.6F

e Good agreement ol

@) E 3 8
2\ (x p 2 0.2 s

° g'(x, Q%) = 2x(1+R(x gyAi(x, Q%) .
2]
-0.4 :

10 1

X
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AL in bins of x and @2

o
<

o1l [XCF 0.004 ®m COMPASS 200 GeV X[ 0.005 X[= 0.006 X[ 0.007
’ + ® COMPASS 160 GeV
ok} SR TP N
T FIY 71 1 2
[X[= 0.009 X[ 0.015 X[= 0.025 [X[}=0.035
0af L E L % + t ¢
: + oo + ¥
+ + * ¢ on *
NERIY g g g
T 2 3 456781 27 3 456781 2 3 456781 2 3 45678
0.4} X=0.049 I X=0.078 I X[=0.123 I X=0.173 +
Py $t $ t
02f - W ¢ b PR b
++ §* .- ¢ + L [ ]
0 — | S
2 3456 10 2030 2 3456 10 20 30 2 3456 10 2030 2 3456 10 20 30
X[+ 0.223 X[ 0.293 X[= 0.409 X[ 0.573
i r r . r + ++
¢ ¢
R S T . t b ' * +
[ J—
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NLO QCD analyses

@ DGLAP equations

d as(Q%)
dingz =7 2 a9 © Aq
d Ag® (@) (APS, 2n;APg . Ag®
dinQ? \ Ag BT YNV Ag

@ Structure function:
g1 = %<q2> (Cs(us) ® Ag® + CNS(a,) ® AgNS + C8(as) ® Ag)
@ Input parametrisation f of Ag”, Ags, Agg, Ag at Q2 = 1(GeV/c)? needed
f X))
Jo x(1 = x)(1 + 7x)dx

@ Using only inclusive asymmetries quarks and anti-quarks cannot be
disentangled e.g. determination of A(u+ @), A(d +d), A(s +5) and Ag
Ag® =AU+ AD + AS,Agzs = AU — AD, Ags = AU +2AD — AS

Malte Wilfert (KPH Mainz) COMPASS Spin 2016 13 /21



Systematic studies

Singlet Gluon
@ Remarks on the previously =0 = iz - é:“; CEENF T
- . 0.2 L
published fit: g
015:
o No systematic of
uncertainties ocsE
U=
@ Study impact of: 3 ‘ ‘ : ‘ ‘
10 10? 10" X1 10° 10? 10" X1
o Different . .
parametrisations f R P
o Reference scale Q3 ot
0.1F
2 uusi
@ - very stable i
0.05E L L
10° 107 10 1 1

— Systematic uncertainty larger than statistical
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X Ag(x)

0.2~

-02f
10° 10"2 10"1 1 10° 1c‘>’2 10 1
X X
g fo g [k 2
2 03f = 2
< < <
x < ~0.05F X _0.0
0.2F
Y -0.02
0.1 -0.03f
-0.15F
o -0.04]
i i -0.2p i L i L
10 107 107 1 10° 107 10 1 10° 10 10" 1
X X
@ Quark polarisation 0.26 < AY. < 0.36
@ Gluon polarisation AG = [ Ag(x)dx  Not well constrained
— Direct measurement
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o COMPASS NLO QCD fit for W? > 10(GeV/c?)?
o Extrapolation for W? < 10 (GeV/c?)? (dashed)
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First moment from COMPASS data

(@) = f1 L g(x, Qo = & [25C(@?) + 420 CH(@?)] J

e Evolve g1 to Q% =3 (GeV/c)?

@ Use results from QCD fit

PLB 753 (2016) 18 o COMPASS NLO fit to
| ] glworld data

. . COMPASS 160 GeV
o Calculate contributions from 02 © (reliminary)

unmeasured region (x — 0,1)

@ 97% in measured range

-0.2

N = 0.047 = 0.0024 & 0.0044y5; + 0.0040y0,

@ Previous result (pLB 647 (2007) 8):
rN = 0.050 4 0.003s¢at & 0.0055yst & 0.003¢y0]
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Flavour-singlet axial charge

20 = ot (OT(@) — 33sC5(@?)) J

Using our first moment and the axial charge ag pro 82 (2010) 114018
@ ap connected to the quark contribution to the nucleon spin

e MS: ap =AY =AU+ AD + AS

Preliminary result:

20(Q? = 3(GeV/c)?) = 0.32 + 0.02tat + 0.045yst £ 0.040y01

QCD fit: 0.26 < AZ(Q2 = 3(GeV/c)2) < 0.36
@ Previous result (pLB 647 (2007) 8):
a0(@% = 3(GeV/c)?) = 0.33 + 0.03¢a¢ £ 0.05y
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Bjorken sum rule from COMPASS measurement

1
OfglNS(& Q%)dx = [ (& (x, @) — &f'(x, Q%)) dx = g| £ *(Q?) J

o .

@ Non-singlet spin structure function
d
gl =gl — g =28 — ;| wo = 0.05

o gN® determined from COMPASS data only

e |£4]| =1.2701 4 0.0020 obtained from neutron (3-decay
8v

PRD 86 (2012) 010001

@ Aim: Verification of the Bjorken sum rule
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Non-singlet structure function

' 0.1~ @ COMPASS Data
o Ca ICU Iate gNS o —— N fit (measured range)
1 0.08— NS fit (unmeasured range) {
- |
@ Perform NLO QCD fit 006k G2 3 (@evicy’

e Fit only Ags 0.04
e 3 parameters needed 0.02
Y
NS 2 _ 2 O ‘
e Evolve g;*° to Q° =3(GeV/c) = pre e X
e Extrapolation used for j‘g’“sdx;_ '
unmeasured region (x — 0,1) ™ ol Teees g |
o/ - T *s .
@ 94% in measured range ; .
. - - 0.1~ b
@ Verification of the Bjorken sum } %
0/ . r ®
rule on the level of 9%: 005 -3 Geviey? .
\gg,—C\NLO = 1.2240.05(55¢. ) 0. 10(syst ) o e
10° 102 10* 1

ern
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o Final results on A$, AV, gi and gf

o Including the 2006 deuteron data (~ 2x more data)
o Smaller values of x using the 200 GeV proton data
o Higher values of @2 using the 200 GeV proton data
o COMPASS legacy on the measurements of g

@ Results from a NLO QCD fit to the world data

@ First moments of g from COMPASS data

o Contribution from quarks to the nucleon spin:
Axial charge ag

o Verification of the Bjorken sum rule (level of 9%)
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