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INTRODUCTION  (1)INTRODUCTION  (1)

Hadron azimuthal distributions are sources of information on 
PDFs and  PFFs, characterizing longitudinal and transverse 

nucleon spin structure , e.g.:

ʹN X h+ → + +

A number of PDF’s and PFF’s enter in total SIDIS 
cross section

1 1/ ~ ( ) ( ) sin ...σ φ φ⊥⊗ ⋅ +hd d h x H z
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INTRODUCTION  (2)INTRODUCTION  (2)
The cross section and asymmetry of SIDIS:

,

where contributions to σij (i=beam, j= target polarizations) from 
each quark and antiquark (up to the order of (M/Q)) have forms:
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worm-gear-2
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Summary:

– a(φ) expected to be small, ≤1%.

– Methods of analysis should be adequate.

–Several asymmetry  modulations should be seen in a(φ).

–Aims: search for a(φ), its possible sin(2φ), sin(φ)
(Sivers + Transversity), sin(3φ) (Pretzelosity) and cos(φ)
modulations and  x, z and ph

T dependence of corresponding 
amplitudes.

INTRODUCTION  (3)INTRODUCTION  (3)
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DIS 2010, I.Savin, Azimuthal 
asymmetries in SIDIS 
production of hadrons off the 
longitudinally polarized D 
t t

The polarized 6LiD-Target 4 target polarizations:

1

2

reversed every 8 hours

two 60 cm long Target-Containers
with opposite polarization

superconductive
Solenoid (2.5 T)

3He – 4He Dilution
refrigerator (T~50mK)

Dipole (0.5 T)

Polarization: ~ 50% 

reversed every 8 hours
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METHOD  OF ANALYSIS (1)METHOD  OF ANALYSIS (1)

After few weeks

ƒ

U D

ƒ
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METHODS OF ANALYSIS: (2)METHODS OF ANALYSIS: (2)

where                   

is a number of events,
t = U or D      for Upper or Down cell,

p = + or – polarization (along or opposite to the beam),

f = + or – solenoid field direction (along or opposite to beam),

target acceptance factor (source of false asymmetries),

product of beam flux and target density,

σp spin dependent cross sections.

and                cancel if beam crosses both cells and if one combines periods 
with the same f.

t
fC (φ)

t t t
p f p fL =Φ n
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Summary:Summary:

METHODS OF ANALYSIS: (3)METHODS OF ANALYSIS: (3)

– the DR method has been tested using a part of data,

– possible φ-dependent false asymmetries, connected 
with the acceptance, are canceled, 

– the DR method can be used for studies of small 

modulations of  φ- asymmetries, of order 0.2% or smaller, 
the analysis of the full set of COMPASS L-data is in 
progress, first the data of 2002-2004 from deuterium, 
presented in this talk.

7
Spin-Praha-2010, A.Efremov. Azimuthal asymmetries of hadrons off L-polarized deuteron at COMPASS



DATA SELECTION (1)DATA SELECTION (1)

AIM: TO HAVE A CLEAN SAMPLE OF HADRONS

(1) Selection of “GOOD EVENTS” out of preselected  
sample of events with Q²>1 GeV² and y>0.1              
(=167.5 M from 2002, 2003, 2004 data taking)

= 58% of initial sample= 58% of initial sample
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DATA SELECTION (2)DATA SELECTION (2)

(2) Selection of “GOOD TRACKS” from “GOOD EVENTS”. 
Total number of tracks from “GOOD EVENTS” = 290 M

Excluded tracks:
• identified as muons,
• with z-variable  >1,
• with pT

h <0.1 GeV --------- “GOOD TRACKS” = 157 M

(3) Selection of “GOOD HADRONS” from “GOOD TRACKS”.
Each track should:
• hit one of the hadron calorimeters HCAL1 or HCAL2,
•have an associated energy cluster Ehcal1>5 GeV or Ehcal2 > 7 GeV,
• energy cluster coordinates compatible with the track coordinates,
• energy cluster compatible with the momentum of the track 
“GOOD    HADRONS” = 53 M (25 M h- + 28 M h+)

(4) Each “GOOD HADRON” enters in considerations of asymmetries in 
restricted region

x = 0.004 – 0.7,  z = 0.2 – 0.9, pT
h = 0.1 – 1 GeV/c
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Fit function  :

—Within a stat. precision of about 1-1.5σ, φ-dependent amplitudes  are 
compatible with   zero;  fits by constants: OK,
—Parameters aconst are different from zero and about equal for h+ and h-

REMIND:                       , where g1L is helicity PDF convoluted with non-polarized 
PFF. For isoscalar D-target it expected to be weakly dependent on the hadron charge.

—Qualitatively ( to be confimed by higher statistics) asinφ, asin2φ and asin3φ

have opposite signes for h- and h+ predicted by quark models of nucleon 
due to WW-relation between h1L and h1 and relation h1T h1 = -1/2[h1L]2).

1 1( ) ( )const
LL La d g x D zσ∝ ∝ ⊗

The weighted sum of azimuthal asymmetries  a(φ)=a+(φ) ⊗ a-(φ) for h- (left) and 
h+  (right) averaged over all kinematical variables :

sin sin2 sin3 cos( ) sin( ) sin(2 ) sin(3 ) cos( )    ( )orconst consta a a a a a a aφ φ φ φφ φ φ φ φ φ= + + + + =
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— (D0 is a virtual photon depolarization factor) is  
in  agreement with COMPASS published data (PLB660(2008)458), 
— for h- and for h+: small and flat. 

—Statistical errors are shown, systematic ones are estimated to be 
smaller: global systematic multuplicative errors are smaller than 6%.

≡const h
0 da (x)/D (x) A (x)

const h
Ta (z,p )
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sinφa
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-acosφ (x) increasing with x in absolute value,

- acosφ (z) and acosφ (ph
T) small, flat and consistent with zero,

- studied for the first time.

Remind:

( )Lg x⊥

( )Lg x⊥
is pure twist-3 PDF (analog to Cahn effect in unpolarized SIDIS )

Lg ⊥
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1. Integrated over x , z and ph
T, all φ -modulation are consistent with zero within errors, 

while φ - independent parts differ from zero and are almost equal for h- and h+. 
2.  In study of amplitudes over range  0.004<x<0.7, 0.2<z<0.9  and 0.1< ph

T < 1 GeV/c it was 
found:
- the φ - independent parts aconst(x)/D0 are in agreement with COMPASS data on
Ad

h(x), calculated by another method and using different cuts;  
- the amplitudes asinφ (x, z, ph

T) are small and in general compatible with the 
HERMES data, if one takes into account the difference in x, W and Q2 between
the two experiments;

- other amplitudes are consistent with zero within statistical errors  of about 0.5%    
(systematical errors are estimated to be much smaller). 

3. Tests have shown that lower cut , z>0.05, gives identical results with smaller errors.
4. Data of 2006 from deuterium target will be added. Data of 2007 from hydrogen target will 

be interesting to compare with effects observed by COMPASS and HERMES  on 
transversally polarized targets.  

Thank you!
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Z – stability of results

“Pulls” distribution for ai

Expected: Mean = 0.
Sigma = 1.

φ - stability of rates
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ƒ1(x)≡q(x) is the PDF of non-polarized quarks in a non-polarized target,

g1L(x)≡g1(x) ≡ Δq(x) is the PDF of the longitudinally polarized quarks in the longitudinally 
polarized target (helicity PDF),

g1T(x) is the same as g1(x) but in the transversely polarized target, 

h1(x) is the PDF of the transversely polarized quark with polarization parallel to that one of a 
transversely polarized target (so-called transversity PDF),

is  the PDF of the transversely polarized quark in direction of transverse 
momentum in longitudinally (transversely) polarized target (so-called pretzelosity PDF),

is the PDF of the transversely polarized quark (perpendicular to transverse 
momentum) in the non-polairzed target (so-called Boer-Mulders PDF),

is the PDF responsible for a left-right asymmetry in the distibution of the non-
polarized quarks in the transversely (longitudinally) polarized target (so-called Sivers PDF),

D1(z) is the PFF of the non-polarized quark in the non-polarized or spinless produced hadron,

is the PFF responsible for a left-right asymmetry in the fragmentation of a transversely 
polarized quark into a non-polarized or spinless produced hadron (so-called Collins PFF),

and          are pure twist-3 terms entering the cross section with a factor 
M/Q and having no clear physical interpretation.

)(1 xh⊥

)(1 zH ⊥

⊥
Lf

1 1( )( )L Th x h⊥ ⊥

1 1( )( )T Lf x f⊥ ⊥

, , , , , ,L L Le e g g h h f⊥ ⊥ ⊥
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Sources of false asymmetries are identified using a simplified expression for 
A(φ): ( )

φ
φ

φ
φφ

dN
dN

dN
dNA

−

−

+

+ −≈
)()(

Remind, that
( ) ( ) ( )
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arccos sign ' .
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h
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q p
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q p
φ

⎛ ⎞× ⋅ ×
⎡ ⎤⎜ ⎟= ⋅ ⋅ ×⎣ ⎦⎜ ⎟× ×⎝ ⎠

Sin(φ) appears from the vector product                 which is pseudo-vector. 
But it could appear only being multiplied by another pseudo-vector:

( ),hp×

,Sspin of the target 
spin of the muon ,μ

physics asym.

target magnetic 
field
product 
product 

,H
( ),μ×H

( ),SH ×

false asym., due to incomplete 
knowledge of        and/or misalignmentsH

So, p1~ps+pμ+pH μ+pHS+pH ,where false asim
depend on:

- directions of the field,
- track extrapolations,
- sign of particles.

different for U and D cells.

with a fraction sp

Hp

μHp

HSp

μp"

"

"

"
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The distribution of events, passed all data selection cuts, vs. Q2 (left) and vs. y(right).  

The distribution of identified good charged hadrons vs. z (left) and vs.        (right).  
h
Tp
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The size of each bin is optimized to have ≥ 1 M of 
events
The first z bin (0.05 – 0.2) has been used for tests only
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