
BAKUR  PARSAMYAN  
 

University of Turin and INFN section of Turin 
 
 

on behalf of the COMPASS Collaboration 
 
 
 

4th International Workshop on 

Transverse Polarisation Phenomena in 

Hard Processes (Transversity 2014) 

Chia, Cagliari, Italy 

June 9 - 13, 2014 

12 June 2014 Bakur Parsamyan 1 

 
 

New results on transverse spin asymmetries 

from COMPASS: Part I 

 

 ¦bL±9w{L¢"  
DEGLI  STUDI  

DI TORINO 
 

ALMA UNIVERSITAS  
TAURINENSIS 



12 June 2014 Bakur Parsamyan 2 

ÅIntroduction 

o Brief review of COMPASS results with TSAs 

ÅCOMPASS ï ñSIDIS-DY bridgeò 

ÅNew results! 

o Asymmetries 

o Re-evaluation of ALT
cosűS and ALT

cos(űh -űS): 

from the lp to ɔzp cross-section 

o ALT
cos(űh -űS): Comparison with predictions 

o Multi -D map of kinematical distributions 

ÅConclusions 

Outline 



12 June 2014 Bakur Parsamyan 3 

ÅIntroduction 

o Brief review of COMPASS results with TSAs 

ÅCOMPASS ï ñSIDIS-DY bridgeò 

ÅNew results! 

o Asymmetries 

o Re-evaluation of ALT
cosűS and ALT

cos(űh -űS): 

from the lp to ɔzp cross-section 

o ALT
cos(űh -űS): Comparison with predictions 

o Multi -D map of kinematical distributions 

ÅConclusions 

Outline 



12 June 2014 Bakur Parsamyan 4 

SIDIS x-section 

DF 

FF 

l 

l'  

ɔ*  

X 

h ( )
( )

( ) ( ) ( )

( )

( ) ( ) ( )

( )

2 2

, ,2 2

cos 2cos

sin

sin 2sin

 

os2 c

1
2 1 2

cos cos 2

sin

sin sin 2

cos

2 1

2 1

2 1

1 2

1

  1

 

  

hh

h

hh

h

UU T UU L

hT h

UU UU

LU

L UL U

h h

h

h h

h

L

L LL LL

d y
F F

dxdydzdP d d xyQ x

A A

A

S A A

S A A

jj

j

ff

f

s a g
e

e e e

e e

e e e

e

j y e

l

l

j j

j

f f

fe e

³ ³

³

è øå õ
= + ³

+

-

+

-

+ ³é ùæ ö
- ç ÷ê ú

+ + +

+

è ø+ +
ê ú

+ -

( ) ( )( )
( ) ( )( )
( ) ( )( )

( )( )
( ) ( ) ( )( )

( ) ( ) ( )( )

 

sin

sin

sin 3

T

sin

sin 2

cos

T

2

sin  

sin  

sin 3

sin   

s

2 1

2 1

1

in 2  

co

      

  S  +

1oS

s  

c 2s

h S

h S

h S

S

h S

h S

h S

h S

h S

S

h S

h S

UT

UT

UT

UT

UT

LT

S

A

A

A

A

A

A

j j

j j

j j

j

j j

j j

e

e

e e

e e

j j

j j

j j

e

j

l e

j j

j j

j

-

+

-

-

-

è ø+
ê ú

è ø
+

é ù
é ù

+é ù
é ù
é ù+
é ù
é ù+
é ù
é ù

+é ùê ú

- ³

+ ³

- ³

³

- ³

- ³

+

³

+

+

-

( )( )
( ) ( ) ( )( )

cos

cos 2

 

cos 2

  

   1  2

S

h S

h S

LT

LT

A

A

j

j j
ej j

e

e
-

ë û
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î îî î
ì ü
î î
î î
î î
î î
î î
î î
î î

è øî î
é ùî î
é ùî î

+é ùî î
é ùî î
é ùî î
é ùî îê

-

-³
úí ý

- ( )
( )

2 2
,

, ( ),

( ),
2 2 2, ,

1
1

24;        ,    
1 1

1
2 4

h s

h s

w

w U L T

U L T

UU T UU L

y yF Mx
A

F F Q
y y y

j j

j j
g

e g
e g

- -

= = =
+

- + +



12 June 2014 Bakur Parsamyan 5 

SIDIS x-section 

DF 

FF 

l 

l'  

ɔ*  

X 

h ( )
( )

( ) ( ) ( )

( )

( ) ( ) ( )

( )

2 2

, ,2 2

cos 2cos

sin

sin 2sin

 

os2 c

1
2 1 2

cos cos 2

sin

sin sin 2

cos

2 1

2 1

2 1

1 2

1

  1

 

  

hh

h

hh

h

UU T UU L

hT h

UU UU

LU

L UL U

h h

h

h h

h

L

L LL LL

d y
F F

dxdydzdP d d xyQ x

A A

A

S A A

S A A

jj

j

ff

f

s a g
e

e e e

e e

e e e

e

j y e

l

l

j j

j

f f

fe e

³ ³

³

è øå õ
= + ³

+

-

+

-

+ ³é ùæ ö
- ç ÷ê ú

+ + +

+

è ø+ +
ê ú

+ -

( ) ( )( )
( ) ( )( )
( ) ( )( )

( )( )
( ) ( ) ( )( )

( ) ( ) ( )( )

 

sin

sin

sin 3

T

sin

sin 2

cos

T

2

sin  

sin  

sin 3

sin   

s

2 1

2 1

1

in 2  

co

      

  S  +

1oS

s  

c 2s

h S

h S

h S

S

h S

h S

h S

h S

h S

S

h S

h S

UT

UT

UT

UT

UT

LT

S

A

A

A

A

A

A

j j

j j

j j

j

j j

j j

e

e

e e

e e

j j

j j

j j

e

j

l e

j j

j j

j

-

+

-

-

-

è ø+
ê ú

è ø
+

é ù
é ù

+é ù
é ù
é ù+
é ù
é ù+
é ù
é ù

+é ùê ú

- ³

+ ³

- ³

³

- ³

- ³

+

³

+

+

-

( )( )
( ) ( ) ( )( )

cos

cos 2

 

cos 2

  

   1  2

S

h S

h S

LT

LT

A

A

j

j j
ej j

e

e
-

ë û
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î îî î
ì ü
î î
î î
î î
î î
î î
î î
î î

è øî î
é ùî î
é ùî î

+é ùî î
é ùî î
é ùî î
é ùî îê

-

-³
úí ý

-

This talk 

( )
( )

2 2
,

, ( ),

( ),
2 2 2, ,

1
1

24;        ,    
1 1

1
2 4

h s

h s

w

w U L T

U L T

UU T UU L

y yF Mx
A

F F Q
y y y

j j

j j
g

e g
e g

- -

= = =
+

- + +



12 June 2014 Bakur Parsamyan 6 

SIDIS x-section 

( )
( )

2 2
,

, ( ),

( ),
2 2 2, ,

1
1

24;        ,    
1 1

1
2 4

h s

h s

w

w U L T

U L T

UU T UU L

y yF Mx
A

F F Q
y y y

j j

j j
g

e g
e g

- -

= = =
+

- + +

DF 

FF 

l 

l'  

ɔ*  

X 

h ( )
( )

( ) ( ) ( )

( )

( ) ( ) ( )

( )

2 2

, ,2 2

cos 2cos

sin

sin 2sin

 

os2 c

1
2 1 2

cos cos 2

sin

sin sin 2

cos

2 1

2 1

2 1

1 2

1

  1

 

  

hh

h

hh

h

UU T UU L

hT h

UU UU

LU

L UL U

h h

h

h h

h

L

L LL LL

d y
F F

dxdydzdP d d xyQ x

A A

A

S A A

S A A

jj

j

ff

f

s a g
e

e e e

e e

e e e

e

j y e

l

l

j j

j

f f

fe e

³ ³

³

è øå õ
= + ³

+

-

+

-

+ ³é ùæ ö
- ç ÷ê ú

+ + +

+

è ø+ +
ê ú

+ -

( ) ( )( )
( ) ( )( )
( ) ( )( )

( )( )
( ) ( ) ( )( )

( ) ( ) ( )( )

 

sin

sin

sin 3

T

sin

sin 2

cos

T

2

sin  

sin  

sin 3

sin   

s

2 1

2 1

1

in 2  

co

      

  S  +

1oS

s  

c 2s

h S

h S

h S

S

h S

h S

h S

h S

h S

S

h S

h S

UT

UT

UT

UT

UT

LT

S

A

A

A

A

A

A

j j

j j

j j

j

j j

j j

e

e

e e

e e

j j

j j

j j

e

j

l e

j j

j j

j

-

+

-

-

-

è ø+
ê ú

è ø
+

é ù
é ù

+é ù
é ù
é ù+
é ù
é ù+
é ù
é ù

+é ùê ú

- ³

+ ³

- ³

³

- ³

- ³

+

³

+

+

-

( )( )
( ) ( ) ( )( )

cos

cos 2

 

cos 2

  

   1  2

S

h S

h S

LT

LT

A

A

j

j j
ej j

e

e
-

ë û
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î î
î îî î
ì ü
î î
î î
î î
î î
î î
î î
î î

è øî î
é ùî î
é ùî î

+é ùî î
é ùî î
é ùî î
é ùî îê

-

-³
úí ý

-

SSA 

DSA 



12 June 2014 Bakur Parsamyan 7 

SIDIS x-section 
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SIDIS x-section 

Å Asymmetries are compatible with zero at small x  

Å Strong signal in the valence region of opposite sign 

for ˊ+ and ˊī   

Å Opposite sign also for K+/Kī negative trend in the 

valence region 

Å Compatible with zero on deuteron 
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SIDIS x-section 

Å COMPASS and HERMES results are compatible - intriguing result! (Q2  is different by a factor of ~2-3) 

COMPASS 

HERMES 
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Å Global fit of  HERMES-COMPASS-BELLE data 
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SIDIS x-section 
Phys.Rev. D87 (2013) 094019 
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SIDIS x-section 

Å Significantly large amplitude for ́+ and K+ in whole 

range of x 

Å Compatible with zero for ˊ ī and Kī  

Å (maybe except the last bin of x for  ́ī). 

Å Compatible with zero on deuteron 
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SIDIS x-section 

x z 

COMPASS proton 
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Å Sivers effect at COMPASS is slightly smaller w.r.t HERMES 

resultsé Q2-evolution?  
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SIDIS x-section 

Å Gives access to g1T ñtwist-2ò PDF (worm-gear-T) 

Å Visible signal for h+ (preliminary confirmation also 

by HERMES) 
Å In agreement with several model predictions 

Å Compatible with zero on deuteron 
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Å Higher twist effect..  

Å In WW-approximation is related to Sivers and Collins 

Å Non-zero trend for negative hadrons both in 

COMPASS and HERMES 

Å Compatible with zero on deuteron 
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Å All compatible with zero within uncertainties (P/D) 
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ÅIntroduction 

o Brief review of COMPASS results with TSAs 

ÅCOMPASS ï ñSIDIS-DY bridgeò 

ÅNew results! 

o Asymmetries 

o Re-evaluation of ALT
cosűS and ALT

cos(űh -űS): 

from the lp to ɔzp cross-section 

o ALT
cos(űh -űS): Comparison with predictions 

o Multi -D map of kinematical distributions 

ÅConclusions 

Outline 
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SIDIS x-section                          DY x-section 
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TMDs accessed in SIDIS and DY 
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Nucleon TMD PDFs accessed in SIDIS and DY 

( )

( )

cos 1

cos2 1

sin( )

sin( )

sin(3 )

c

1 1

1

1 1

1 1

1

1

1

os( )

si

1

1

1

1

1

1

n( 1

1 1

1

1

)

 +...

+...

h

h

h s

h s

h s

h s

s

h h

q q

h h

q

q q

q q

q

T

q

q

T

q

T

q q

T

UU

UU

UT

UT

UT

L

q

h

q

h

q

h

q

h

T q

h

qUT

D H

H

f h

h f

f

h

D

A Q

A Q

A

A

D

H

H

D

A

A

A H D

h

h fQ

g

f

f

f f

f f

f f

f f

f

^

^

^

^

^

-

-

-

^

^

^

^-

-

^

+

-

´

´

´

´

Ã Ã

Ã Ã

Ã

-

+

´

´

Ã

´ +

Ã

Ã

Ã Ã( )

( )

( )

( )

sin(2 ) 1

cos( ) 1

cos

11

(2

1

) 1

11

1

1

1

+...

+...

+...

+...

h s

s

h s

q q

T T

q

T

q

T

UT

L

h

q

h h

q q

h

q

h

q

T

LT

A Q

A Q

A

H D

Dg

D

h f

Q g

f f

f

f f

- -

-

- -

^ ^^´ +

´

Ã Ã

Ã

Ã´

cos2

sin

sin(2

,p

,p

,p

1

1

1

1,

1,

1,

)

sin(

1

2 )

,p1,

CS

S

CS S

CS S

U

T

T

T

q

q

q

q

q

q

T

q

q

T

A

A

A

A

h

f f

h h

h

h

h

j

j

j j

j j

p

p

p

p

^

^

^

^

^

-

^+

´

´

Ã

Ã

Ã

Ã

´

´

SIDIS                                                                     Single polarized DY (LO) 



12 June 2014 Bakur Parsamyan 20 

Nucleon TMD PDFs accessed in SIDIS and DY 
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Nucleon TMD PDFs accessed in SIDIS and DY 
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Nucleon TMD PDFs accessed in SIDIS and DY 
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All the answers are encoded in the data... 

In few years many new asymmetries 

measured by different experiments in 

different reactions, at different energies 

and kinematical ranges will wait for a 

ñglobal analysisòé  

SIDIS                                                                     Single polarized DY (LO) 
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Nucleon TMD PDFs accessed in SIDIS and DY 

SIDIS ǎŸN 

ŷ Nucleon TMD PDF Drell -Yan Ń 

ŷ (LO)  

═╤╤
╬▫▼ꜚ▐, ═╤╤

╬▫▼ꜚ▐ ▐
▲
 - ñBoer-Muldersò ═╤

╬▫▼╒╢ 

═╤╣
Ἳἱἶꜚ▐ ▼ꜚ, ═╤╣

Ἳἱἶꜚ▼, ═╤╣
Ἳἱἶꜚ▐ ▼ꜚ █╣

▲
 - òSiversò ═╣

▼░▪╢ 

═╤╣
Ἳἱἶꜚ▐ ▼ꜚ Ⱬ , ═╤╣

Ἳἱἶꜚ▼ ▐
▲
 - ñTransversityò ═╣

Ἳἱἶ╒╢ ▼ 

═╤╣
Ἳἱἶꜚ▐ ▼ꜚ, ═╤╣

Ἳἱἶꜚ▐ ▼ꜚ ▐╣
▲
 - ñPretzelosityò ═╣

Ἳἱἶ╒╢ ▼ 

═╛╣
ἫἷἻꜚ▐ ▼ꜚ, ═╛╣

ἫἷἻꜚ▼, ═╛╣
ἫἷἻꜚ ▐ ▼ꜚ ▌╣

▲
 - ñWorm-Gearò (T) Double-polarized DY 

to be accessed by NICA see talk by O. Teryaev on 13.06 

DY measurements at COMPASS are complementary to the previous COMPASS SIDIS results. 

Unique opportunity to access TMD PDFs via two mechanisms and test their universality and 

key features. 

 
red - ñtwist-2ò, blue - ñtwist-3ò 



Drell-Yan (MC) 

12 June 2014 Bakur Parsamyan 24 

Four Q2-ranges: 

Å1 < Q2 /(GeV/c)2 < 4           ñLowò 

Å4 < Q2 /(GeV/c)2 < 6.25      ñIntermediateò 

Å6.25 < Q2 /(GeV/c)2 < 16    ñJ/ɣò 

ÅQ2 /(GeV/c)2 > 16               ñHigh massò 

See talk by M. Chiosso on 13.06 

COMPASS Drell-Yan program: Q2 ranges 
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COMPASS phase-space x:Q2 (ñDYò Q2-ranges) 

Proton 2010 data-sample (Q2 > 1 (GeV/c)2; 0.1 < y < 0.9; W > 5 GeV, z > 0.1, pT > 0.1 GeV/c) 

Four Q2-bins: 1 < Q2 /(GeV/c)2 < 4, 4 < Q2 /(GeV/c)2 < 6.25, 6.25 < Q2 /(GeV/c)2 < 16, Q2 /(GeV/c)2 > 16 

For each Q2-bin Ÿ two different z-ranges:  

Å z ɴ  [0.2; 1.0] ï ñstandardò selection 

Å z ɴ  [0.1; 1.0] ï ñextendedò region: Low z (z ɴ  [0.1; 0.2]) + ñstandardò selection 
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COMPASS phase-space x:Q2 (ñDYò Q2-ranges) 
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Four Q2-bins: 1 < Q2 /(GeV/c)2 < 4, 4 < Q2 /(GeV/c)2 < 6.25, 6.25 < Q2 /(GeV/c)2 < 16, Q2 /(GeV/c)2 > 16 

For each Q2-bin Ÿ two different z-ranges:  

Å z ɴ  [0.2; 1.0] ï ñstandardò selection 

Å z ɴ  [0.1; 1.0] ï ñextendedò region: Low z (z ɴ  [0.1; 0.2]) + ñstandardò selection 



12 June 2014 Bakur Parsamyan 27 

COMPASS phase-space x:Q2 (ñDYò Q2-ranges) 

Proton 2010 data-sample (Q2 > 1 (GeV/c)2; 0.1 < y < 0.9; W > 5 GeV, z > 0.1, pT > 0.1 GeV/c) 

Four Q2-bins: 1 < Q2 /(GeV/c)2 < 4, 4 < Q2 /(GeV/c)2 < 6.25, 6.25 < Q2 /(GeV/c)2 < 16, Q2 /(GeV/c)2 > 16 

For each Q2-bin Ÿ two different z-ranges:  

Å z ɴ  [0.2; 1.0] ï ñstandardò selection 

Å z ɴ  [0.1; 1.0] ï ñextendedò region: Low z (z ɴ  [0.1; 0.2]) + ñstandardò selection 
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COMPASS phase-space x:Q2 (ñDYò Q2-ranges) 

On a way towards multi-dimensional analysis..! More news soon! 

Four Q2-bins: 1 < Q2 /(GeV/c)2 < 4, 4 < Q2 /(GeV/c)2 < 6.25, 6.25 < Q2 /(GeV/c)2 < 16, Q2 /(GeV/c)2 > 16 

For each Q2-bin Ÿ two different z-ranges:  

Å z ɴ  [0.2; 1.0] ï ñstandardò selection 

Å z ɴ  [0.1; 1.0] ï ñextendedò region: Low z (z ɴ  [0.1; 0.2]) + ñstandardò selection 
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~11% 

 

 

~75% 
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COMPASS phase-space x:Q2 (ñDYò Q2-ranges) 

Å In SIDIS with z>0.2 and Q2 > 16 (GeV/c)2: ɿὃ  å 0.01 (for h+) and å 0.012  (for hī) 

Å ɿὃ  in DY ñhigh massò range with 2.85 105 events (140 days) å 0.013   

                                  See talk by M. Chiosso on 13.06 
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ÅIntroduction 

o Brief review of COMPASS results with TSAs 

ÅCOMPASS ï ñSIDIS-DY bridgeò 

ÅNew results! 

o Asymmetries 

o Re-evaluation of ALT
cosűS and ALT

cos(űh -űS): 

from the lp to ɔzp cross-section 

o ALT
cos(űh -űS): Comparison with predictions 

o Multi -D map of kinematical distributions 

ÅConclusions 

Outline 
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Sivers in DY Q2-bins: z > 0.2 
NEW! These results are being shown for the first time 

Input for ñQ2-evolutionò-related studies 
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Sivers in DY Q2-bins: z > 0.1 
NEW! These results are being shown for the first time 

Input for ñQ2-evolutionò-related studies 
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Collins in DY Q2-bins: z > 0.2 
NEW! These results are being shown for the first time 

Input for ñQ2-evolutionò-related studies 
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Collins in DY Q2-bins: z > 0.1 
NEW! These results are being shown for the first time 

Input for ñQ2-evolutionò-related studies 
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ALT
cos(űh-űS) in DY Q2-bins: z > 0.2 

NEW! These results are being shown for the first time 

Input for ñQ2-evolutionò-related studies 
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ALT
cos(űh-űS) in DY Q2-bins: z > 0.1 

NEW! These results are being shown for the first time 

Input for ñQ2-evolutionò-related studies 
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AUT
sinűS in DY Q2-bins: z > 0.2 

NEW! These results are being shown for the first time 

Input for ñQ2-evolutionò-related studies 
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AUT
sinűS in DY Q2-bins: z > 0.1 

NEW! These results are being shown for the first time 

Input for ñQ2-evolutionò-related studies 
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Mean asymmetries in DY-ranges 
NEW! These results are being shown for the first time 
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Depolarization factors 


