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Spin Contribution:

11
=Z=-AT+A
S=5=5AT+AG+L

AY = Au+ Ad + As

@ Quarks spin contributes only 30% to the nucleon spin
@ Gluon contribution known only for a limited x range

o Hardly any experimental information on orbital angular momentum
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Deep Inelastic Scattering

Inclusive cross section:

d’o
dQdE’

@ 4-momentum of the virtual
photon: g = k — k'

@ Energy of the virtual photon:
yv=rip_p

lab
o Q2= —¢? X 4EEsin? 4

@ Bjorken scaling variable:

~ ClFl(X7 Qz) + CQFZ(X) Q2) + C3g1(X7 Qz) + C4g2(X7 Qz)
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Polarised Deep Inelastic Scattering

G, (€O

‘ @ Absorption of polarised photons
W\of\o# o1jp~ qt
03/2~ ¢
o, («© ° q(x) =q(x)* +q(x)”

;

= Aq(x) = q(x)" — q(x)~

@ Photon nucleon asymmetry

A (X Q2) _ 012 = 03/2 Zq ec.?](q(x)Jr - q(x)i) . gl(x, Qz)
O Gt oan . ()T T a(x)7)  Filx Q)

@ Spin structure function

gi(x, Q%) = 5 Zequ = Ai(x, @) - Fi(x, Q%)
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Bjorken Sum Rule

1 1
| et Qo= [ (g(x. @) - l(x, 02) o = | £2 5 (Q?)
0 0 8v

Previous results

xg\'S(x) o gl'> determined only from
0.1; ( COMPASS data
0.08]- I I @QR>*=3 (GeV/C)2
[ COMPASS data

° | g—c |=1.2694 + 0.0028
obtained from neutron
[-decay.

0.06
0.04f

0.02f

:{’ o COMPASS result:
oL |

Y | £4 |=1.2840.07 £0.10

10"

|
10-2 X .t . .
PLB 690 (2010) 466 @ Verification of the Bjorken sum

rule
Malte Wilfert (KPH Mainz) July 11", 2013 6/ 22




Bjorken Sum Rule

1 1
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J:QTS(X)dX o gl'> determined only from
™"0.2 ;_/Bjorken sum rule COMPASS data
e @ Q= 3 (Gev/o)?
orf b o | 8 |=1.2694 +0.0028
01f : obtained from neutron
OB comPASS data % [-decay.
0.06}~
3'2‘2‘5 * o COMPASS result:
N S | A |=1.2840.07 £ 0.10
10? 10" X, .1 gv
PLB 690 (2010) 466 @ Verification of the Bjorken sum
rule

Malte Wilfert (KPH Mainz) July 11", 2013 6/ 22



Polarised PDFs from LO fit

> q €a(Aq(x)Dg(z) + Ag(x) D7 (2))
>4 €3(a(x)Dh(2) + a(x) D(2))

Previous results

A'f(x, z) =

@ Input:
e Unpolarised PDF
q(x), a(x)
e Fragmentation function
D}, DI describing g — h

L HHH‘» L \HHH‘_] Lol (] Measured

X T+ AT— K+ K—
Alp, Alp ' Alp ' Alp ' Alp '

T+  AT— K+ K—
PLB 693 (2010) 227 Awg, AT, ATy AL ALY

10 10 X e Flavor asymmetry of the sea
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Flavor asymmetry of the sea

COMPASS
- DS

\‘\\\\L‘"\\\\o\
»—0—1‘
\
|
,";lw
;
.‘ l.‘
\
l

Ll \ \Hmu

107 10? 1
X

Compatible with zero

Indication: Slightly positive

Data compatible with all shown models — new data needed
Data favour models with AT — Ad ~d — @

0.3 _
/ (AT — Ad) dx = 0.06 + 0.04 £ 0.02
0.004
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NLO pQCD analyses

@ DGLAP equations

as(Q?
et o V. S

d Agsi \ _ as(Q%) ( APy 2n;APgg o Bdsi
din@? \ Ag 2m APg, APg, Ag

@ Input parameterization F of Ags;, Aqgs, Ags, Ag at Q3
x(1 = x)P(1 + vx)
fol x*(1 = x)P(1 + yx)dx
with Agsi = Au+ Ad + As, Agz = Au— Ad, Agg = Au+2Ad — As

@ using only inclusive asymmetries quarks and anitquarks cannot be
disentangled e.g. determination of Au + A, Ad + Ad, As+ As and Ag

@ many analyses from different groups ( theor. and exp.)
e.g. COMPASS, LSS, GRSV, BB, AAC, DSSV.......
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Polarised parton distributions

|COMPASS QCD fit, MS, Q?=3(GeV/c)’, AG>0| |COMPASS QCD fit, MiS, Q°=3(GeV/cy, AG<0]
E [~ x(au+an) E [~ x(Au+an)
03 |y (ad+ad) 03 | x (ad+ad)
C X (As+AS) L X (AstAS)
020 | — xaG 020 | — xaG
0.1; 0,1;
 S— | S—
-0-1; } COMPAS‘r’ar‘mie’ e T -0-1; } COMPASSrange S _
10° B xl T Xl
@ Small sensitivity to light sea and gluon polarisation
@ Quark polarisation AY = [ Ags;j(x)dx
AY = 0.30 + 0.01(stat) + 0.02(evol)
@ Gluon polarisation AG = [ Ag(x)dx  |AG| < 0.5
@ Strange quark polarisation

As + A5 = —0.08 + 0.01(stat) & 0.02(syst)

PLB 647-(2007)8
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COMPASS

@ SPS proton beam: 400 GeV
@ Secondary hadron beams (p, K,m) 150 — 270 GeV
@ Tertiary muon beam 160 — 200 GeV
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COMPASS © CERN

@ M2 beamline

@ Polarised 11 beam (~ 80%)
160 GeV/c,200 GeV/c

@ Solid state polarised target (1.2m)

Spectrometer

@ Two magnets

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

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

@ Upgrade of the target system in
1000 mm 2005

@ Three target cells, oppositely
| | polarised

— //'%ﬁx @ 180 mrad geometrical
— acceptance

o T @ Regular polarisation reversals by
2002 - 2004 field rotation

[U [ | |] @ 2.5 T solenoid field

2006 - 2011 @ Low temperature 50 mK

[l | | | | D] e NHj3 (Longitudinal proton

polarisation: ~ 90%)
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o Aim:
™N_gtt
A= Tront
Upstream Downstream ° Measurecl:
Ny—N,
‘_). I N | | N | AeXP:Nu-i-N:
p beam u d
— @ Needed:
?gtl:tri'ozztmni o Flux cancellation
< : ; o Acceptance cancellation
jbeam {l N Na |] — polarisation rotation
— 3 target cells
o Aexp:A'PB'PT'f
o Averaging:
A _A—i—A’_l Ny —Ng N, — N,
P2 T2\ N+ Ny N+ N
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2011 Data

2007 and 2011 data taking

@ Target: NHs Improve results on

@ Increased beam energy ® Bjorken sum rule (systematic error)
160 GeV — 200 GeV @ QCD fit

: 2
® Higher @ @ Flavor asymmetry

@ Smaller x

4

Event selection

@ Kinematic cuts:

o Q% >1(GeV/c)?
e 0.1 <y < 0.9 remove radiative events

@ 0.0025(0.0040) < x < 0.7

@ Extrapolated beam track crosses all target cells

— Flux cancellation

v
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Systematic studies

@ Determination of the exact target position
@ Checking the data quality
— e.g. Influence of small detector movements, detector problems,...
@ Most important contribution to the systematic error
— False asymmetries
o Fake configuration (same spin orientation)

5e] o> G B2

D &3] =D

COMPASS 2011
Preliminary

01—
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Microwave reversal

@ Simultaneous data taking for both spin configurations

===
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Microwave reversal

@ Simultaneous data taking for both spin configurations

@ Rotating the solenoid field every 24 h

(= IZIE]]

Solenoid field reversalI

[E: =)
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Microwave reversal

@ Simultaneous data taking for both spin configurations
@ Rotating the solenoid field every 24 h
@ Changing the microwave settings in the middle of 2011

@ Reducing the systematic uncertainty due to acceptance / field
differences

e Comparing results on A; for both microwave settings gives hint on
false asymmetries = Negligible effect

=D — =5

Microwave

Solenoid field reversa11
reversal

Solenoid field reversalI

[ZD:: <) < [E@ =)
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Input for A7
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S
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Target polarization in %,
8

20? COMPASS 2011 T , .
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20
=3 o Higher @ /Smaller x in 2011
-60—. o i
80 u i L\.WLL . 2. .
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ol b b b Lo b Lo Lo Lo
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Results for A7 in bins of x

o F 1 e g 007 f
l ] 0,065 A COMPASS 2011 preliminar, y
015~ 70 8 g = . COMPASS 2007 N
? 0. E o smc 1
of - ! ] 0,05 1 % y{> }
e i iyt f 06 0.045- ﬁ %
£ . E , $
e % % { —o.4 0.03 !‘{’ i
COMPASS 2011 preliminary 1 z - 0 Ozi T
COMPASS 2007 3 o2 e i §>
E] - c 1
¢ ® ] 0.01— ot %
. ‘e ¢ ] Ei .0 208 ° P
i % [ ] io 0}* §§
—1 ] = BRSNS
B 0.01
——‘ —-0.2 E e —]
] | L 0.025 } . |
10° 10* w1 10° 10* w1
Bj Bj

@ Good agreement between COMPASS 2011/07 and SMC
@ Combined statistical uncertainty (2011 4+ 2007) smaller than SMC
° gf(x,@)=A - Ff
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Q? dependence of A;p

| } COMPASS200GeVprel. 4 COMPASS160GeV ----- const fit |

0. 0. 0. 0.
% | <xg>=0.004 & f<xg>=0.005 < f<xg>=0.006 < <Xg>=0.007
o
0.05F 0.05 0.08f * )
0.05 3 _#__+ ____________ ,+*_. -_+ _________ b a9-T - *...’ .......
g i i -
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o o
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T T R e RN T oo ne
R . ‘ b4 }
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. 2 3 4567 10 20 3040 0 2 3 4567 10 20 3040 ° 2 3 4567 10 20 3040 %S 78010 20 30 40 50
Q” (@evirch) @ (Gevie) @ (Geviie) @ (Gevie)
0. 1
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A * i A— 8 ##H T I T t--ﬂ...- ------- oo b
04} osk
03} o4 .
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e No Q? dependence visible
@ New data point at very small x

Malte Wilfert (KPH Mainz) July 11tP, 2013 20 / 22



Results in bins of x and Q2
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g
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10
Q? (GeV?/c?)

COMPASS 2011 (200 GeV)
COMPASS 2007 (160 GeV)

LSS’05 fit at NLO

New data point at
very low x

New input for global QCD
fit

Indirect AG extraction
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Summary and Outlook

@ New measurement at 200 GeV/c
e Measurement of A and gf

o New value at small x

e 2011 data improve the precision of the COMPASS results

@ Outlook

Improve the results on the test of the Bjorken sum rule

o lIdentified hadron asymmetry

LO extraction of polarised PDFs
o Include our results in a NLO pQCD fit
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