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contributions of the nucleon:

1 1
S=-=-AY+AG+L
5~ 5 + +

AY = Au+ Ad + As

Measured in DIS

Quark spin contributes only about 30% to the nucleon spin

Gluon contribution constrained only for a limited x range

Hardly any experimental information on orbital angular momentum
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COMPASS © CERN

@ M2 beamline

@ Polarised p beam (P, ~ 80%) S
160 GeV /c,200 GeV /¢ i

@ Solid state polarised target (1.2m)

Spectrometer

o Two magnets

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

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

o Two/Three target cells,
oppositely polarised

@ 180mrad geometrical
acceptance

@ Regular polarisation reversals by
field rotation

e LiD (Longitudinal deuteron
polarisation: ~ 50%)

[{[ ) (- ]] o NH3 (Longitudinal proton

polarisation: ~ 90%)

2006 - 2011 .
@ 2.5T solenoid field
[([ ] [ ' ] [ U] @ Low temperature 50 mK
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Deep Inelastic Scattering

e DIS: (+N—/V+X
e SIDIS: /+N — V' +h+ X

-
S variables M]

2 _
@ Photon virtuality: Q- = 2 +1al
@ Bjorken scaling variable: x = 20
o Relative photon energy: y = %, NA o J
()
Hadron variables \
Ep z

@ Hadron energy fraction:z = '

@ Transverse momentum: p,

@ Longitudinal momentum: p,
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Polarised Deep Inelastic Scattering

S, €O

@ Absorption of polarised photons
e AL O g
03/~ (q
o, [¢O ° q(x) =q(x)" +q(x)”
JW\NVVC\)/P > Aq(x) = q(x)" —q(x)~

@ Photon nucleon asymmetry

Ar(x, Q%) = 91/2 ~ 932, 2 eg(a(x)* —q(x)7) _ g (x, Q?)

o1 to3n Yaed(a()t +q(x)7)  Flx, Q)

@ Spin structure function

8106 @) = 5 3 Ag0) = A%, @) Filx @)
q
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Method (idea)

o Aim:
th_gtt
A= Zmﬁm
@ Measured:
A — Nu_Nd
Upstream Downstream exp = N, Ny
< o Needed:
beam [[ Ny ] [ Na ]J .
n e Flux cancellation
polarjzationi e Acceptance cancellation
rotation . . .
— polarisation rotation
”T’W»E[[ N, ] [ Ny ]] — 3 target cells
@ Aep =A-Pg-Pr-f
A=A -D

f: Dilution factor
D: Depolarisation factor

A+A 1 (N,—Ng N, —N,
2 2\N,+Nyg N, +N,

o Averaging:

Aexp =
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Al in bins of x and @2
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o *N correction and pol. rad. corrections included
o New data point at very small x
@ Good agreement between COMPASS 2007 and 2011 data
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Result compared to the world data

L T,x:o,orms (i=0)

o FoEm *
5 12— X=0.0045 Ae ® =
‘8 r x=0.0055 o °
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T‘ﬂ'ﬁ“‘%'ﬁﬁ X008 _ New data point at
7&‘%%%_'_%* x=0.077 (i=10)

Ao e =012 very low x
4 ;3 O A Aoty ol x=0.17
P s e I Input for global QCD fit
& - BAE B oo xSk m—em ©70-29
- DAL — K m—em<—041
- - DA Hdr A Fo——ome—m——om X-0.57

oLl L rr -8 et X074
1 10 10°

Q? (GeV?c?)

o
[
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NLO QCD analyses

@ DGLAP equations

dh?cf Adns

(

@ Structure function:

Aqs;
Ag

d
dln @?

>:

2
O‘sgf) APNS ® Agus
as(Q2)( APZI 20 APgg )@( Ags; )
21\ AP APy Ag

g1 = %<62> (Csi((l’s) ® Agsi + CM*(as) @ Agus + CE(as) @ Ag)

@ Input parametrisation f of Ags;, Ags, Agg, Ag at Q2 =1 GeV? needed

f=n

x(1 — x)3(1 + yx)
fol x*(1 = x)B(1 + yx)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

Agsi = AU+ AD + AS, Ags = AU — AD, Agg = AU+ 2AD —AS
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Input and constraints

Q*((GeVicy)
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o Positivity: |Ag(x)| < g(x) and [A(q(x) + ()] < a(x) + 4(x)
@ Overall: 11 free parameters and 495 data points (W2 > 10 GeV?)
e MSTW2008
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Systematic studies

@ Remarks on the previously
published fit:

e No systematic
uncertainties

@ Study impact of:

o Different
parametrisations

o Reference scale Q2

e 2 very stable

— Larger uncertainty compared
to statistical one
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Polarised parton distributions

10® N 102 10 1
X X
y = o y X GeV
2 o03f = KX
] g |
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o2}
-0.4F -0.02
0.1 -0.03
-0.15F
-0.04
0
L L -0.2p L L L L
107 107 10" 1 107 10° 10 1 10° 10 10" 1
X X X

@ Quark polarisation 0.26 < AY < 0.36

@ Gluon polarisation AG = [ Ag(x)dx  Not well constrained
— Direct measurement
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Bjorken sum rule from COMPASS measurement

1 1
[ & (x, @)dx = [ (7 (x, @%) — gl (x, @) dx = g|£4|C**(@?) J
0 0

@ Non-singlet spin structure function

d
gl' =g — g =2 e — £h; |, wp = 0.05

o g/'> determined from COMPASS data only

e 2007 & 2011 proton data
e 2002 - 2004 deuteron data

o | £4 |=1.2701 £ 0.0020 obtained from neutron /-decay.
8v

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

NS

=" Olj ® COMPASS Data
Y Calculate g{\IS x [ — NSfit (measured range)
0.08 NS fit (unmeasured range) {
. F |
@ Perform NLO QCD fit 006F Q=3 (Gevicy
e Fit only Ags 0.04f
o 3 parameters needed 002k
: C
NS 2 __ 2 Y T L .
e Evolve g to Q“ =3(GeV/c) 0? e e )
e Extrapolation used for foroel
unmeasured region (x — 0,1) oash 19099 .
) I )
@ 94% in measured range E ¢ .
0.1— .
@ Verification of the Bjorken sum f %
: i ¢
rule: 0C 2= 3 (Gevicy? .
ga/gv = 1-22:i:0-05(stat.) i0~10(syst.) o o e S0,
10° 102 10* !
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Access to the gluon polarisation

@ Contribution from three processes to the cross section

LP QCDC PGF

oMttt Lo
° A?L = oiigott — @ Al (XBj) +0- Alfo(xc) +7- Ag/g(xg)

LO _ Xi€?Aq;
o AY =&~
1 Ei e,-qu'

o From model
e Simultaneous extraction
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Reanalysis with new method (PLB 718 (2013) 922)

Treat all processes in the same footing

Factors o, 3,7 depend on: a/ , R;

Use Neural Network to disentangle the processes
— Events are counted 3 times

@ Compare expected and observed number of events
— Minimise the x?

Expected Number of events depends on:

; LO .
a ,Ri,A; ,Ag/g, acceptance, unpol. cross section, flux
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Neural Network

@ NN is trained on MC to e High p,: Clean source of
parametrise R;j,a’ ,x ) X, PGF/QCDC

1LY ¢

o Input parameters: xg, Q?, py\p, o Low p,: Clean source of LP
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Neural Network

@ NN is trained on MC to e High p,: Clean source of
parametrise R;j,a’ ,x ) X, PGF/QCDC

1LY ¢
o Input parameters: xg, Q?, py\p, o Low p,: Clean source of LP
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Monte Carlo

0 10] — @107
. . 2 COMPASS Preliminary €
c —— data 2006 (1 week)
@ Important variables estimate by R o ST G I
e LEPTOMC

MC: 10°H 107

@ Good MC description important ‘

L
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data =4 5
31.2».. \ fi}}# 812f ."”".“qf“
. . Y eovese®®is [ee°®
@ Some improvements possible ot ! *
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. . 0.6 0.6f
o COMPASS high p, tuning o o
0.5 20 40

T s 60 80 100
P, [Gev/c] P [GeV/c]

Malte Wilfert (KPH Mainz) COMPASS QCD 15 19 / 21



Results

@ Assuming AfCDC(xC) = AiP(XBj) for

XC = XBj g 08 © COMPASS, all-p, Q*>1 (GeVicY, prel., 2002:06
° Ag/g =0.113+0.038 £ 0.035 0L couraes, o s e el a8
2\ ~ 2 ~ o SMC, high-p, G%1 (GeVic)®
° <Q > ~ 3(GeV/C) 7<Xg> ~ 010 02b * HERME:,h’;gh-pY,nIIQZ I
r % 1
@ Best combined uncertainty o :
.. . —02- .
e Good statistic — 3 x, bins :
70_47\ |
. . 1072 107
@ First direct measurement of a Xg

positive Ag/g
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o New measurement of A7 and g’ at 200 GeV/c

o NLO QCD fit of world data
e Update on the Bjorken sum rule from COMPASS data only
@ Extraction of AG in LO

o Reanalysis of COMPASS deuteron data
e New method to extract Ag/g
e Reduction of statistical and systematic uncertainties

o Positive value of Ag/g measured
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