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wide physics program carried on  
using both muon and hadron beam  

 

 

luminosity:      ~5 . 1032 cm-2  s-1 

beam intensity: 2.108 m+/spill (4.8s/16.2s)  

beam momentum:      160 GeV/c 

longitudinally 
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RICH 
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2 configurations:  
polarisation reversed each week  

to minimize possible systematic errors 

polarized target system (>2005) 

 
solid state target operating in  
frozen spin mode 3 cells target with 

opposite polarizations 
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• analysis performed on charged hadrons (unidentified) 

 

• data taken during 2010  

 

• on a transversely polarised proton target (NH3)   

    and using a 160 GeV positive muon beam 
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the results shown in these slides are obtained from: 



SIDIS: a key process to investigate the structure of the nucleon 

lepton interacts with a single constituent of the nucleon  (Q2>1GeV2/c2) 

at least one hadron is detected 
in the final state 
(information on the struck quark) 
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DIS  event selection   

 Q2 > 1 (GeV/c)2 

 0.1 < y < 0.9  
 W > 5 GeV/c2 
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charged hadron selection 
 z>0.2 
 pT

h > 0.1 GeV/c 

SIDIS event selection   
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transverse momentum  
w.r.t. the virtual photon direction 



08/09/2015 Giulio Sbrizzai DSPIN2015 10 

Collins Asymmetries   
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definition of the produced hadron and  

target polarisation azimuthal angles φh and φS  
  

Collins angle 

convolution over the transverse 
momenta of the quarks in the nucleon k  
and in the fragmentation p 
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The Collins asymmetry   charged hadrons 

combined 2007  - PLB 692 (2010) 240 -  and 2010  - PLB 717 (2012) 376 -   

• precise measurements 
• clear signal at x > 0.03, with opposite sign for h+ and h- 

amplitudes of the azimuthal modulations extracted  

fitting the azimuthal distribution in h and S 

azimuthal distributions calculated in the different bins of x, z and pT
h 

using extended maximum likelihood estimator 
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dihadron asymmetries 



dihadron asymmetries 

we measure 
 
 
 
from  

RS =  R + S – π  

the azimuthal distribution of the  
hadrons pairs shows a modulation  
in the azimuthal angle:  

all possible oppositely charged  
hadrons pairs 
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as seen from data 
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no convolution  
on the intrinsic  
transverse  momenta  

transversity PDF dihadron interference FF 

dihadron asymmetries 

we measure 
 
 
 
from  

all possible oppositely charged  
hadrons pairs 
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asymmetries measured as function of x, z=z1 + z2, Minv 
RS

UTA
sin

2010 proton data 
PLB 736 (2014) 124 

http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2014_plb736_0124.pdf
http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2014_plb736_0124.pdf
http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2014_plb736_0124.pdf
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interplay between dihadron  
and Collins asymmetries  



PLB 736 (2014) 124 
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motivated further studies on the interplay between the transversity  
induced asymmetries 

http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2014_plb736_0124.pdf
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analysis of the single hadron and dihadron  
transversity induced asymmetries performed  
on a common data sample (2010 transversely polarised proton)  

 
standard COMPASS SIDIS sample  
but with h+ h- at least detected (each hadron with z >0.1)  

the general expression for the                                          cross section 
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essentially the same as the sample used to measure the dihadron asymmetries 
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single hadron asymmetries from the common sample  
are very similar to the Collins asymmetries calculated from the 1 hadron sample 
(which are the usual Collins asymmetries) 
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we studied the azimuthal correlation among the hadrons forming the pair  

 
hh


we measured single hadron transversity induced as function of ΔФ 
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we measured single hadron transversity induced  
asymmetries as function of ΔФ 
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dependencies  σ(Δφ) omitted …. 

the two hadron cross section can be written as function of Δφ and φ +,- 
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signal bigger when  
h+ and h-  
go in opposite direction 
 
mirror asymmetries 
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looks similar 
 
and also 
mirror symmetry 
  

the dependence from ΔФ in the  
polarised  part and unpolarised part  of the cross section 
has been found to be roughly the same 
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preliminary COMPASS 

σ1C/σU 

σ2C/σU 
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comparison between dihadron and Collins asymmetries  



h2

strongly correlated with 

R
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which is the azimuthal angle of the vector  


 h

T

h

T PP ˆˆ








hh

h

T

hh

T

h

zz

PzPz ˆˆ

azimuthal transverse spin asymmetries  
calculated using the 2 angles are the same 
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we defined another  angle for the 2 hadrons pair (more simple to use…) 

used to extract the “standard” dihadron asymmetries 
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measure  di-hadron asymmetries (in φ2h) 

as function of ΔФ 
to compare with single hadron collins like asymmetries 
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and by using the relation implied by the mirror asymmetries 
the cross section becomes 
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we defined another  angle for the 2 hadrons pair (more simple to use…) 



same mechanism seems  to give collins asymmetries  and di-hadron asymmetries  
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amplitudes  
of the azimuthal  
modulations in the  
Collins angle 

h+ 

h- 

dihadron 
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there is a quantitative relation between dihadron and the  

single hadron Collins-like  asymmetries  
that is derived using  
 
 
 
 
which comes from the mirror asymmetries seen from data   
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writing explicitly the measured 
asymmetries we have 
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same quantity ! 
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  cos1c

  cos1c

  cos12c

integrating over Δφ the ratio between dihadron and positive hadron asymmetries is 4/π 



08/09/2015 Giulio Sbrizzai DSPIN2015 31 

integrating over Δφ the ratio between dihadron and positive hadron asymmetries is 4/π 

PLB 736 (2014) 124 

http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2014_plb736_0124.pdf


interesting results   
the paper has been written 
 
interplay among transversity induced asymmetries  
in hadron leptoproduction 
arXiv:1507.07593v1 
CERN-PH-EP-2015–199 
 
submitted to Phys.Rev.Lett. 
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