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Motivation

low x ↔ high parton densities

low x and low Q2 ↔ transition from the regime of photoproduction to the
regime of DIS (described by pQCD)

Ap
1 and gp

1 as functions of x and ν showed, for the first time, positive spin
effects at very low x (cf. Ad

1 ∼ 0 at low x , and SMC sample - 150x smaller)

theoretical predictions for gp
1 as function of two kinematic variables:

I Bade lek et al., Eur.Phys.J. C26 (2002) 45

“Spin structure function g1(x ,Q2) and the DHGHY integral I (Q2) at low Q2:

Predictions from the GVMD model”

I Ermolaev et al., Eur.Phys.J. C58 (2008) 29

“Comment on the recent COMPASS data on the spin structure function g1”

I Ermolaev et al., Riv.Nuovo Cim. 33 (2010) 57
“Overview of the spin structure function g1 at arbitrary x and Q2”

“one can parameterize g1 by the set of variables x , Q2 or, alternatively,

ω[≡ 2pq = 2M(E − E ′)], Q2, or ν, Q2”

COMPASS’ ∼ 7× 108 events allow a 2D extraction

extraction, for the first time, in 4 2D grids: (x ,Q2), (ν,Q2), (x , ν), (Q2, x)
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The COMPASS experiment at CERN

COMPASS @ CERN

COmmon Muon Proton
Apparatus for Structure

and Spectroscopy

Fixed target
experiment at the
SPS using a tertiary
muon beam

Collaboration of
about 200 members
from 11 countries
and 23 institutions

160/200 GeV µ+

polarised beam, Pb ∼ −80%
6LiD or NH3, 1.2 m long, polarised target
@ 2.5 T and 60 mK, Ptarget ∼ 50/85%

large acceptance, two staged spectrometer

tracking, calorimetry, PID
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Polarised target

Material Dilution Polarisation
factor (f) (Ptarget)

6LiD 0.40 50%
NH3 0.16 85%

Vertex coordinate zPV
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Data samples for the extraction of Ap
1 and g p

1

Longitudinally polarised target (NH3): 676× 106 events
(447× 106 with 160 GeV beam in 2007, 229× 106 with 200 GeV beam in 2011)

Before, SMC low x , low Q2 proton data: 4.5× 106 events

⇒ The COMPASS data set has 150× more events than SMC

Main selection criteria:

at least one additional track (besides the scattered muon) in the interaction point
(“hadron method”) - SMC proved there is no bias to the inclusive asymmetries at
low x

not a µe elastic scattering event

Q2 < 1 (GeV/c)2

x ≥ 4× 10−5

0.1 < y < 0.9
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Characteristics of the final sample
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Phase-space coverage of the 2D analysis
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Double spin longitudinal asymmetry Ap
1

N
←⇒,←⇐ = aφnσ̄(1± PbeamPtargetf D Ap

1)
N
←⇒,1 ·N

←⇒,2

N
←⇐,1 ·N←⇐,2

→ 2nd ord. eq. on Ap
1

Each event is given a weight ω = f D|Pbeam| to optimize the statistical errors

Unpolarised radiative corrections (RC), included in the dilution factor, from
TERAD
[A.A. Akhundov, et al., Fortschr. Phys. 44 (1996) 373]

Polarised radiative corrections (ARC ≤ 0.25 δAstat
1 ) from POLRAD

[I. Akushevich et al., Comput.Phys.Commun. 104 (1997) 201]

Corrected for polarisable 14N (A
14N ≤ 0.01 δAstat

1 )

Thorough checks on possible sources of false asymmetries ⇒ systematic errors
similar to the statistical errors
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Spin dependent structure function g p
1

The structure function is obtained in bins of x or ν according to:

gp
1

(
〈x〉, 〈Q2〉

)
=

Fp
2

(
〈x〉, 〈Q2〉

)
2x [1 + R (〈x〉, 〈Q2〉)]

Ap
1

(
〈x〉, 〈Q2〉

)

Fp
2(〈x〉, 〈Q2〉) from the SMC fit on data or from a model (for low x and Q2)

[SMC, Phys.Rev. D58 (1998), 112001; B. Bade lek & J. Kwieciński, Phys.Lett. B295 (1992) 263]

R(〈x〉, 〈Q2〉) based on SLAC parameterization, extended to low Q2

[COMPASS, PLB 647 (2007) 330]
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Ap
1(x) & comparison with previous experiments

x
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, 200 GeV beam (2011)2)c < 1 (GeV/2QCOMPASS prelim., 

, 190 GeV beam2)c < 1 (GeV/2QSMC, 

, 27 GeV beam2)c < 1 (GeV/2QHERMES, 

results for the two beam energies are compatible within errors

systematic errors are similar to the statistical errors (not shown here)

Ap
1 is significantly positive

no dependence on x is seen (nor on ν, not shown here)

the COMPASS results improve the precision of the measurement
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Ap
1 and g p

1 at low x and low Q2: results for the grid (x ,Q2)

Data: 2007&2011, µ+p → µ+X
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Ap
1 and g p

1 at low x and low Q2: results for the grid (ν,Q2)

Data: 2007&2011, µ+p → µ+X
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Ap
1 and g p

1 at low x and low Q2: results for the grid (ν, x)

Data: 2007&2011, µ+p → µ+X

p  
 r 

  e
   l

   i
   m

   i
   n

   a
   r

   y
50 100 150

p 1
A

-0.02

0.00

0.02

0.04

50 100 150

p 1
A

-0.02

0.00

0.02

0.04
 = 0.000052〉x〈

50 100 150

-0.02

0.00

0.02

0.04

50 100 150

-0.02

0.00

0.02

0.04
 = 0.000081〉x〈

50 100 150

-0.02

0.00

0.02

0.04

50 100 150

-0.02

0.00

0.02

0.04
 = 0.00013〉x〈

50 100 150

-0.02

0.00

0.02

0.04

50 100 150

-0.02

0.00

0.02

0.04
 = 0.00020〉x〈

50 100 150

-0.02

0.00

0.02

0.04

50 100 150

-0.02

0.00

0.02

0.04
 = 0.00032〉x〈

50 100 150

-0.02

0.00

0.02

0.04

50 100 150

-0.02

0.00

0.02

0.04
 = 0.00050〉x〈

50 100 150

-0.02

0.00

0.02

0.04

50 100 150

-0.02

0.00

0.02

0.04
 = 0.00079〉x〈

50 100 150

-0.02

0.00

0.02

0.04

50 100 150

-0.02

0.00

0.02

0.04
 = 0.0013〉x〈

50 100 150

-0.02

0.00

0.02

0.04

50 100 150

-0.02

0.00

0.02

0.04
 = 0.0020〉x〈

50 100 150
-0.10

-0.05
0.00
0.05
0.10

50 100 150
-0.10

-0.05
0.00
0.05
0.10  = 0.0031〉x〈

50 100 150
-0.10

-0.05
0.00
0.05
0.10

50 100 150
-0.10

-0.05
0.00
0.05
0.10  = 0.0049〉x〈

50 100 150
-0.10

-0.05
0.00
0.05
0.10

50 100 150
-0.10

-0.05
0.00
0.05
0.10  = 0.0077〉x〈

10 20 30 40 50
-0.4
-0.2
0.0
0.2
0.4

10 20 30 40 50
-0.4
-0.2
0.0
0.2
0.4  = 0.012〉x〈

10 20 30 40 50
-0.4
-0.2
0.0
0.2
0.4

10 20 30 40 50
-0.4
-0.2
0.0
0.2
0.4  = 0.019〉x〈

 (GeV)ν
10 20 30 40 50

-0.4
-0.2
0.0
0.2
0.4  = 0.028〉x〈

COMPASS 160 GeV
COMPASS 200 GeV
BKZ2002, C=-0.24
BKZ2002, C=-0.30

p  
 r 

  e
   l

   i
   m

   i
   n

   a
   r

   y

 (GeV)ν

0 20 40 60 80 100 120 140 160 180 200 220
 i⋅

 +
 3

 
p 1g

0

10

20

30

40

50

 = 0.000052〉 x 〈

 = 0.000081〉 x 〈

 = 0.00013〉 x 〈

 = 0.00020〉 x 〈

 = 0.00032〉 x 〈

 = 0.00050〉 x 〈

 = 0.00079〉 x 〈

 = 0.0013〉 x 〈

 = 0.0020〉 x 〈

 = 0.0031〉 x 〈

 = 0.0049〉 x 〈

 = 0.0077〉 x 〈

 = 0.012〉 x 〈

 = 0.019〉 x 〈

 = 0.028〉 x 〈

(i = 0)

(i = 14)

COMPASS 160 GeV

COMPASS 200 GeV

prelim
inary

no strong dependence on ν or x

results compatible with theoretical model (GVMD) [Eur.Phys.J. C26 (2002) 45]

A
p
1 and g

p
1 at low x and Q2 (COMPASS) Ana S. Nunes (LIP-Lisbon) DIS 2016 13 / 15



Ap
1 and g p

1 at low x and low Q2: results for the grid (Q2, x)

Data: 2007&2011, µ+p → µ+X
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no strong dependence on x or Q2

results compatible with theoretical model (GVMD) [Eur.Phys.J. C26 (2002) 45]
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Summary and outlook

Longitudinal double spin asymmetries Ap
1 and the spin dependent structure

function gp
1 extracted in 4 two-dimensional grids:

I (x ,Q2)
I (ν,Q2)
I (x ,Q2)
I (Q2, x)

Positive spin asymmetries at very low x

No significant dependence on studied kinematic variables

Compatibility with GVMD model predictions [Eur.Phys.J. C26 (2002) 45]
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GVMD model [Eur.Phys.J. C26 (2002) 45]

[Bade lek et al., Eur.Phys.J. C26 (2002) 45]
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GVMD model predictions [Eur.Phys.J. C26 (2002) 45]
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