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i .) 24 institutionsffrom 13 countri@sneatrly 250 physicists

CommonMuon andProtonApparatudor Structureand Spectroscopy

A CERN SPS:north area
A Fixed target experiment
A Taking data since2002

Wide physics jprogram
COMPASS-I

A Data taking 20022011

A Muon and hadron beams
A Nucleon spin structure

A Spectroscopy

COMPASS-III

A Data taking 20122017
A Primakoffi

A Polarized Drell-Yan 5 " LT b i
A DvcCs COM PASS\Webw pag em htﬂwwwcomlpass @eml ch

8 September 2015 Bakur Parsamyan 4




COMPASSexperimentaetuyp:iPhase (huonprogram§;
COmmonMuon ProtonApparatudor Structureand Spectroscopy -

CERN SPS North\Area. ECAL2
Two stagesspectrometer EAS+SAS HCAL2
A Large Angle‘Spectrometer (SM1:magnet)
A Small Angle ‘Spectrometer, (SM2:magnet

EcaLl  oM2
HCAL1

RICH
SM1

Polarized

Muon-filter

A High energy beam

A Large angular acceptance
A Broad kinematical range
A

Momentum, tracking and
calorimetric: measurements PID

i SciFi, Silicon,MicroMegas,
GEM, MWPC, DC,Straw,
Muon walll

=3
=

6, (mrad)

o
>

L\Q;ﬂ’ﬂnglii];itl_\l{l\id;li‘i/ﬁla.\l’)”|.) yf b%m:} arized (8 QTOOOE:OMP(;)SS
Energy:160GeV/c, Intensity:2- AéleUspill (4.8s). S ERMES
Target: ‘Solid:stat€LiD or NH,) o JLabe
A SLiD 2-cell configuration.’PPolarizatiofL & T) ~ 50%, f ~(0.38:

A NH; 3-cell configuration. Polarization(L & T) ~ 80%, f ~0.14

40

ET SN S

20 ! I 1 1 1
1 - 10 20 30 40 50 60
p (GeVie)

Data-taking years: 20022011 b
8 September 2015 BakurParsamyan 5



CERN SPS North Area. ECAL?

Two stages spectrometer EAS+SAS HCAL?2

A Large Angle-Spectrometer (SM1:magnet) \
A Small Angle-Spectrometer. (SM2:magnet & _

EcaLl  oM2

HCALl\ \

RICH
SM1

Polarized
Target

Muon-filter
x10° Deuteron 20022004 T

dN/dzVix
=
=

w

=3

S
I

(G ] M
100{- f ‘
SciFi, Silicon,MicroMegas, 0™ 00 50 0 50

GEM, MWPC, DC,Straw, Zypx (cm)
Muon wall x10° Proton 2007,2010 T

dN/dzVIX

Loodugihativwdaiiznlashol) y*bgam:l ari zed (80%) O
Energy:160GeV/c, Intensity:2 A¢le Uspill (4.8s).

Target: ‘Solid:statésLiD or NH,)

A SLiD 2-cell configuration.’Rolarizatiofl. & T) ~ 50%, f ~(0.38

A NH; 3-cell configuration. Polarization(L & T) ~ 80%, f ~0.14 e L

Zygx (cm)

Datais collectedsimultaneously for the two target smnentations

Polarization reversal after each-54lays
8 September 2015 BakurParsamyan 6

Data-taking years: 20022011



COMPASScexperimentalksetupiRhase 1l (DY progr
COmmonMuon Proton A pparatudor Structureand Spectroscopy

CERN SPSNorth Area. A2
Two stages spectrometer EAS+SAS HCAL2
A Large Angle‘Spectrometer (SM1:magnet) \
A Small Angle Spectrometer, (SM2:magnet & :

ECAL1 Shz Muon-filter
HCAL1
RICH
SM1

Hadron absorber

Pola rized Nuclear target (Al)
Ta rg et P g Aluminum cone % : T -
’ "JMuon filter B P
-0 r dorngﬁgg‘]m last
€< . E alumina layer
SciFi, Silicon,MicroMegas, L - |
GEM, MWPC, DC Straw, 1 s
Muon wall,VD, DC5, new DAQ... vemg | K 3"\8&' 2lgscsmsml
gl:):ncig::g' /::: | N | N - . alumina
ngh eme\r—gy:TT beam: ) \Tunzg(;,en beam plug /
Energy: 190GeV/c, Intensity: 10 ' A
Target: ‘Solid:state ‘ :
A NH; 2-cell configuration Polarization T ~90%, f + 0.22
Data-taking years: 20014 (pilotirun) and20151- NOW!"
.

8 September 2015 BakurParsamyan



COMPASScexperimentalksetupiRhase 1l (DY progr

COmmonMuon Proton A pparatudor Structureand Spectroscopy
CERN SPS North\Area. ECAL2
Two stagesspectrometer EAS+SAS HCAL?2

A Large Angle‘Spectrometer (SM1:magnet)
A Small Angle Spectrometer, (SM2:magnet

EcaLl  oM2
HCAL1

RICH

SM1 N oo COMPASS DY 2014 (pilot run) 7y gctcn
Polarized % 7005_ ongoing analysis beam plug
© M, >4GeV/?
600
500F-
7 400
SciFi, Silicon,MicroMegas, 300
GEM, MWPC, DC Straw, ook
Muon wall,VD, DC5, new DAQ... 005
100
0_ Il

) 900
High energy:' beam:
Energy: 1190GeV/c, Intensity: 16 7§
Target: ‘Solid:state

A NH; 2-cell configuration Polarization T ~90%, f + 0.22

Data-taking years: 2004 (pilotirun) and20151- NOW!
8 September 2015 BakurParsamyan




Outline
Introduction

o COMPASS expersniernt

o SIDIS x-section:and SAs

Srief review of recemt COMPASS
COMPASS: SiDNs - Drell-Yan bndgz

o

resulte with TSAsS

o

+ COMPASS multidimesnsional apnroach

o COMPASS multidimessiona! plwsc-s;:-ace

+ Resulis for TSAs from roulte-D analys:s

o Stvers & Colling asyrmmetiies

Beyond Stvers & Colling asyrnmetiies

o
Ap £ 9 = agymrneiry and predictions Laaw, PRD 72 1140 17(2006)
A9 - ASYINITCry
A iCets) - agyinrneiry

« Conclusiong

8 September 2015 Bakur Parsamyan



SIDIS xsegtion

ds

L9 ¥
dxdydzd}?T a7 & xyQ2(1- ‘9(; 2 Xy

e
- €

Ssm< (A 9)
g+ sin(f, + g)(e yAdN é3))
é

+ S e+sm( g)( VARLEE )

S+ sinf (Q/Ze 1+ S‘”fS)

é
g+ sin ( («/Ze 1+ A )

écos(f (\/ﬁ codfh- )
+ S/ e+ cosf (1/26‘ "°Sf8)

g+ cos(2 (\/r cog - )

8 September 2015

A.Kotzinian, Nucl. Phys. B441, 234 (1995 coMm
Bacchetta Diehl, Goeke Metz, Mulders and Schlegel JHE®702:093 (2007)% -

uu,T eFUU,L)
a
T
T
T
T
R
1
1
i
1
1
g 1
u 1
u 1
u |
a Y
a !
a !
a !
a !
a !
Sy
I
o 1
ol
4
3 i £/, /) 1-y igzyz IMx
g T sz(/h/ - u(L).T - e = , g =
) WT R, +eF Q
y uuT uu,L 1-y .|Ly2 +gyz
Bakur Parsamyan 10



g——
- - - A.Kotzinian, Nucl. Phys. B441, 234 (1995 COMPASS
SI D I S XES&thQ n Bacchetta Diehl, Goeke Metz, Mulders and Schlegel JHE®702:093 (2007)%
-y

ds e g y2 3 2g ~
= A + N e'F
dXddedEr ﬂ o g XyQZ(l_ é? 2 X, uu.T UU,L)

§sm( o)(Ax9)
§+ sin(7, + g)(e S?’“* é3))
é
rs Gusin(¥,- Oean= ) 0
g+ sinf (Q/Ze 1+ S‘”fS)

g sin(2f, - £)(\2e(1+ iy 9)

coocon

e e el af s

This talk

o 1 5 5
N2 R o = 1y kgzy g 2Mx

+ Sr/ e+ cosf (1/26‘ "°Sf8)
g+ COS (4/29 coS(Z‘h ) ; (LT _Fuu,T+eFUU,L, 1-y _|Ly2 +gyz, Q

8 September 2015 Bakur Parsamyan 11

c ooy




SIDIS xsegtion

A.Kotzinian, Nucl. Phys. B441, 234 (1995
Bacchetta Diehl, Goeke Metz, Mulders and Schlegel JHE®702:093 (2007)% -

ds e a y & %90
=4 N éF

dxdydzd® g, # & xy&2(1- e)(;aé 2 xay " )

cosfh s2f, a
Ael+cosf (1/26 1+ ) +cosZ(( AE ) 1
} + / sinf, (Q/Ze S'”’h) %
T T
I+g gsinfh(4/26(1+ pA ) 4sh 2, ( A7)y d
! ! uark
} +S/ gx/l e’ A, +cosf, (/2 él- S") : Q U L T
1 T Nucleon
| e sin(fy- g 1
i sin(f, - é)( T ) uoi q ; . ]
% g+ sin(f, + é)(e s¢f“+ é)) 3 % U fr(xkT) h, (xk 1)
:[ é @ u y number density Boer-Mulders
P* S e+S'”( - f)[enr 9) 0 i Txk 2) | h(xk?2)
! J s o | L 9,(XK+ i XK ¢
} §+ sin’ ( 26 o ) 3 §SA helicity worm-gear L
~ > . _ l sin(2f,,- £) - ~
’:\_______g:'-__S|_n_(_2_f_h___€)_(___2_e_(i|-:|-_____-r _____ )__li__’:\____ hCI( kZ)
% gcos(fh- g)( (1- 92) cogfy - g)) ;3 % . 2 ) 2 1 (KK ¢
I u I?D T for (XKT)| 97 (XK 7)| tansversity
1 cosfS < SA
i + Sr/e+cosf (1/26‘ ) 3 1 n (xk )

i Kotzinian-Mulders

{ e+ COS ( fZ 6' cos( x, - ) U % Sivers Worm-gea:r?l' 1T T
| e y pretzelosity

8 September 2015

Bakur Parsamyan

12




SIDIS xsegtion

A.Kotzinian, Nucl. Phys. B441, 234 (1995

@@MT\ S

Bacchetta Diehl, Goeke Metz, Mulders and Schlegel JHE®702:093 (2007)% =

ds ¢ a ¥ & Y@ .o ’
dxdydzdB g, # & xy@2(1- 48 2 x§WT T
T91+cosf (1/26 1+ °°S’h) +cosZ{( A@‘]SZ‘) ?
} + / sinf, (Q/Ze S'”’h) %
) )
T+5 esmf (Q/Ze 1+ }'AS'“”“) s 2f ( @“Zﬁ)uq
| |
I i Quark
} +S/ ex/l e’ A, +cosf, (/2 él- S") : U L T
i i Nucleon
1 e sin(fy- g 1
7 Sin(7,- o)A ?) u i — —
i &+ sin(f, + g)(e i é3)) gl U @
I é g U number density Boer-Mulders

sin( &, - ~
% + S e+sm( g)( i ) ; } , _— - ,
T . ] @ D@--~®
3 e+ sinf(y/2e(1+ PATs U ssA
} g ( ) 3 ? helicity worm-gear L
i grsn(2f, - )2e(t P 9) g 1 .
O 0 AT S - S o @-
1 e codf, )) 1] 1 f f @
0 cog| f ( 1- e h < 1 . 1 .
% e S( h é) ( ) 3 % @-@ @_@ transversity
% + S/ e+ cosf (1/26‘ "°Sf8) U ?SA T t |
u -

1 o 1 Si Kotzinian-Mulders @
7 e+ cos (JZe S(?h ) u b vers worm-gear T @
I ] y pretzelosity

8 September 2015

Bakur Parsamyan

13



- - - A.Kotzinian, Nucl. Phys. B441, 234 (1995 COMPASS
SI D I S X!S@Qt[()) n Bacchetta Diehl, Goeke Metz, Mulders and Schlegel JHE®702:093 (2007)@
/7

ds e a_ y & ¢
dxdydzd® g, # & xy&2(1- e)gé ?xﬁj wr )
Iel+cosf (,‘/26' 1+ °°S’h) +cosZ{( A@‘]SZ‘) ?
i + / sinf, (Q/Ze S'”fh) %
| T
I+ &inf (V2e(te At sz, ( )2
i T
% + S/ exll e’ A_+cosf, (1/2 él- °Sf“) } / VAL f. AD{;
I | 7 i ) N Twist2
1 ism( é) smfh ] g 1 sin(7y, + , Ilq AH/\
0 T u 1 T 1q .
1 € : sin(f,+ £) u 1 _ TWISt'B
‘: (9+ sm(f + g)(e T )] G |u s$(3fh- £) - ATq AchAqh
- é u
} +S € +S|n( g)(eAﬁ$ )] U }
i e u . 0D Qi AHL+ .Y ADD .
: g+ Sinf (Q/Ze 1+ S‘”’S)] 0 BSA ! < (h o H )
T 5 ) i i Ve - ~ N N ~
i g fon(2f,- )(Je(tr P 9) 1 P 0 QI AHL + fL9A D+
| S 7 Y __ Lo
i cod7, - T oA ~
% icos(fh - é)( (1- e ) {f ))] 8 % cgs(fh 9 ng A le;
X é u
I+ s/ é+ [cosf 2e(1- °°Sf8] o DSA . ~
} Sr : S( ( T ) 5 % C$S(fs) Ql(ng AD12+...)

coy % -

' 6 o el - O(elt- P )Lu g

y cos(Zp- £)~ 19 ADD
_ T Q ng A qu + [
8 September 2015 Bakur Parsamyan 14



Outline

A Introdugtion
COWNPASS experiniert
SIS w-seenion and TSAS
o Brief review ofrecenttCOMPAS $esults\withTSAs
A COMPASS:SIDIS Drell-Yan bridge
« COMPASS multidimesnsional apnrozch
COMPASS multidunessional jih:
rResulis for TSAs from roulte-D analys:s
stvers & Collins asyrmimnesies

seyond stvers & Collins asyrrnetries

AP~ aeymmrneiry and nredictions Laaw, PRD 72 1140 07(2006)
Agpp 95 = aSYINITCY
A FC0rPs) - agynrneny

« Conclusiomg

8 September 2015 Bakur Parsamyan 15



SIDIS x—section i 07 ha AH." SSA[ twist-2)

ds a a

e g
dxd =€ ﬁzuu T eFUU,L)
xdydzdp d, # & nyZ( 2 X PLB 744 (2015) 250 COMPASS 2007 and 2010 proton data

S 0.1 — ®  positive pions =

€1+ cosf (Q/Ze 1+ C“’“) +0032(( A&‘Sszé) G } o negative pions

. ; 0.05F + B B *
+ /sinf, (2ot pAT") NS f“'*‘if _____________ i-?--:.---g,---{,---_ifif?___},__{. ___________
H Y 11
+S esmf («/Ze 1+ }'AS'“fh) +sn2f( #&”Zé)uﬂif ool i i.}* . b poL P
T
+ S-/ e‘l e 'A\LL +COSf (\1’2 él 4Oth) £:§' I I [ ] posiltivekaons I I I I
:F:D ol B ®  negative kaons B
gsm( é)( sl & ) g % ¢ + ; ‘} }
é T~ u 1
G foin(r,  £)[eas ) e e S St
é u =
+ S e+sm( g)( VARLEE ) Uu } ? ¢
e+ sinf (Q/ZG 1+ S”fS) 3 % _0'1_""1'8_2' "'”1'8_. I (¥ T0s 1 , (1(;5\/”
57 x z p; (GeVie
+ sin ( J2e(1+ pasnen oo
( ) y A Asymmetries are compatible with zero at small
cos(f ( F e codfi- ) S 1 ?t??%srl?glal in’ the valence region of opposite sign
u ! )
+ S/ e+ cosf («/Ze °°Sf3) u %& Opposite sign also for ¥K' : Clear negative trend in
u .
cof 4 1 thevalence region for K
S* cos(2 (V 2e(1 ) JA  Compatible with zero on deuteron

8 September 2015 Bakur Parsamyan 16



SIDIS xesaatic)n

ds ea a .9

dxdydzdp d, # & xyegz( x%“”
)

e1+COSf (1,26 1+ Cogh) +COSZ£( %526

CD

+ S gsmf (Q/Ze 1+ }'Ag'“"h) +s'n2fh( /&'”Z‘)Q
+ S/ §1- € A_+cosf,

: (e ) §

S, (A :
g+ [sm(f + g)(e S?’“é)] 3

+S e+sm(3‘ g)(e v )) Uu
g+ sinf (Q/Ze 1+ S‘”’S)

§+ sin(2f,, - (\/ﬁ (- )
“?cos(f - )( (1— ez) cod/fv- 5))

+ S/ e+ cosf (1/26‘ "°Sf8)
g+ cos(2f, - (ﬂ/Ze 1- P )

C coooNn oo ool c

A COMPASS and HERMES results are compatititeriguing result (Q2 is different by a factor of

Bakur Parsamyan

8 September 2015

<
—) —) —) —) —) —) —) —) —) —) 'Q?)(G'ﬂ)y‘.-f.’) —_ ) ) =) =) =) =) =) =) '& _) ===y

H

50

sin(f,+ £) - g Apg™h
T ' hl Aqu

PLB 744 (2015) 250

SSA[ twit-2

COl
+ -

COMPASS 2010 proton data

I
SR COMPASS positive pions x<0.032
[ COMPASS positive pions x>0.032 )
0.05 o HERMES n* PLB 693 (2010) rescaled by (1-<y>)/(1-<y>+<y>7)
O------=-=- 5 SRR H PR
LA S R E S EF T
003 | : i 7
0.05 *
0.1+ - -
- ul Y I 1 L 1 I
<3S 0.1- i - -
0.05- rto| {) 3 %’ t
3 4.f CAREL .8
} IR v S SRR bl la¥gt T
—0.05 -
COMPASS negative pions x<0.032
] COMPASS negative pions x>0.032
0.1+ o HERMlES n PLB 693 (2010) rescaled by (} <y>)/(1 <y>+<y> )I |
1ol vl L
-2 -1 0 5 O 5 1 1.5
10 10 p’} (GeV/c)
COMPASS 5 [ compass T riie
HERMES é [ HERMES !

10 |—:

2



SIDIS x-segtion e 0 pa AHL" SSA[ twist-2)

ds € a ¥y +_29£: oF )
dxdydzdp d, d ? xy®2(1- e)g 2 xay ot Anselmiro et al.Phys.Rev D87 (2013) 094019

e1+ cosf (1/26 1+ C“’h) +cos 2f ( Aefﬁszé) ? " x| COMPASSPROTON T

T . 0 2 oo} 1 1 ]
P+ /sint, ( 2e(1 Smh) (= %ﬁﬁ a[-ﬂié@
T ¢ T N T
T4 S N |nfh) : n2t\ 4

! S gsmfh(Q/Ze(l PA 4sh th( A )UT . s
) 1 } . !

A - 1.

T +5/81- & A +cosf, (2 b1- ) & [T

| e - | £

7 i £5 -005 $ 1

) e sin(# g 1

i esm( é)( T ) g 1 o1k IR S S
1 é (" u 1 0.01 0.1 02 04 06 08 05 1 15
: & [sm(f + g)(e S? “+§)] g 1 Xg 2, P, [GeV]

- u -

% +S e +sin(F, g)( (- ) o Global fit of HERMESCOMPASSBELLE data

0 U5 0.3 : — 0.2 S

1 e+ sinf (4,26 1+ Smfs) u 1 — 02} c?241Gev? /’ A ) Q*-2.41 GeV?

~ u ~ % 0.1 F 4 /’ o i"; |

I sin( 2,c a ! T S o 0.1

I + s|n JZG 1+ " g I 04t ¥

! ' 0

I ) 0.1} =

A 2 fn- g . = o) : ]

. Cos(f : )( [ &) At )) o | = O 2 | N

T vy 1 -0 f o Vir &

1 f cosf u 1 E 02t = 2013 ——
. + SI'/ e+ COSf 28 S u - _0'3 . . N 0z . | 2008 -
! u ! '0.001  0.01 0.1 1 0 02 04 06 08 1
{ u ! z

|

e+ cos(2 429 et
e ( ) yA TransversnyPDF + Collins FF

8 September 2015 Bakur Parsamyan 18



SIDIS x-S aotlon w07 120 AD) SSA twist] |

/7
ds a a

e L9
=é ef
dxdydzd;?’T d. 8 a nyZ( X%UU T ‘UU’L) PLB 744 (2015) 250 compASS 2007 and 2010 proton data

>
x5 0.1 » ®  positive pions -
®  negative pions

U<
7
+lsmf(\/2€ f) : T ;u*i . * . _ sy
|
7

+5 gsmf (Q/Ze 1+ }'Ag'“"h) s 27 ( ,ﬁ””)g
+ s/ g«/]jALL+COSf (Wqﬁ) ;;-05'.....” SOUVER VY R Y S S

ism( é)( i 6 )] S l ; i ; ¢ I l
g+ sin(f, + g)(e yAdN é3)) 3 0‘#3“'}1 _____ B j*{. ______ } ________ _i i ; % i
+ S g+3|n( g)( v ) uu

X z p;’n (GeV/c)

e+ sinf (Q/Ze 1+ S‘”fS)
+ sin ( (\/ﬁ sin(2y- )
cos(f (\/ﬁ codn- )
+ S/ e+ cosf (1/26’ °°Sf8)
g+ cos(2 (\/r cog - )

8 September 2015 Bakur Parsamyan 19

|

1

1

i

|

u

1

T

1

1

i

|

A Significantly large amplitude for and K+ in whole
. range of

g& Some hints ohegative signdl o f
: A Positive signal inthe last bin ok?
A Compatible with zero for K

JA  Compatiblewith zero ondeuteron

C coooNn oo ool c



SIDIS xesaatic)n

ds

a

y g

dxdydzdP d, d

e
?

xyQ2(1- é)c; 2

ﬁzuu T

X

e,

e1+C°Sf (\/W °°S’“) +cos 2f( AE") ?

$ + / sinf, (\/25»: smfh) ; <

i 7

o o B e S
|

i + S/ gxfl e A, +cosf, (W osfh) }

7 b

i gsm( é)( s$ o )] 8 :

,‘:\ g+ Sin(f + é)(e su_Pfh+ é)) 3 ,:

’:\ e sm@c ‘L‘J »:

i + S e+sm( g)( (3, ) uu |

i S+ sinf (\/W snfs) 3 i

I N |

@ §+ Sln (\/ﬁ sin( 27, - ) E {ﬁ\

i écos(f - )( (1_ 6'2) cod{f,- g)) S ié

% + S/ e+ cosf (\/r cosfs) E T

':[ g"‘ COS (\/r cog Z,- ) J y’:\

8 September 2015

COM

sin(f,- £ - g AQMh A{ q
T f;" AD,, SSA twist- i
U,L)
Siversin n2Do0o at COMPASS
PLB 717 (2012383
% le] posjtj\{e hadrons 0.05<1\'<0.71 ‘ '
0.0 8 Boive hadrons 0,25y 20, v20032 i ;
P
0.05- ¢ @ § T ; SRR #
HAEL I ti
0_ _________________________ e e e e e e e e m e —————— N
—0.05F " - . , s ! . !
& o posmve ‘hadrons 0%< <02
O & Poclive ladrons 03521 i
0.05F $ - ] -
IR g ¢ } ;¢ }
0__i__3____8____3____? ______ o fety i-é--?.--.é; ______ L S
~0.03 - -
1072 107! N 0.5 l- 0.5 | p'i:, (GelVij’(‘)
All TSAs were studied in different x, z, y and W range:
Clear x, y-, z- dependences
Interesting results already at basic 2D approach

Highly desirable challenge is to look into asymmetries
in the multidimensional phasspace over X z1 p;1 Q?

Bakur Parsamyan

20



SIDIS x—saction e 00 e ADD SSA twist-3

ds e a a g
aF PLB 744 (2015) 250 COMPASS 2010 proton d
dXddedPr ﬁ ﬁ ? XyQZ( é X_U o UU’L)Q%% 0.1+ L] Egmgggg Egzline pions x :ggg — 3 e
R (e} HERMES n* PRL 103 (2009) +

cosfh S2f u
e1+cosf (1/26 1+ ) +cosZ(( AE ) ; 0.03- éﬁi - iéﬁ : I ;?i’%‘}% {
oot (2 ) A A A T . A
| |
} + S esmf («/Ze 1+ }'Ag'“"h) +s'n2fh( A&”z‘)uﬁf 00y, I | :
! LI
Y §JL- & A, +cos, (/2 - ) 4“'%) : N s | Pt i
I T iﬁ%ﬁ# &%% . ﬂfm% %+ %
) - i sin(fy- £) g 1 5| IR e S S S IR S
i ism(fh g)( i )] 0o } t
| e : u I
I + sin(f. + £)[easntn 8 3 1 01, . - 1 . . .
i g (7 é)( T ) 3 u 102 hpe 0.5 03 1p e
} + S e +sin( ¥, g)( VARG ) Uu }& Siverseffect at COMPASS is slightly smaller w.rt
T - T HERMES r e %evdiutios?é Q
~ e+ ( f S'”fs) u -~ . ' '
,:\ é sinf 26 1+ g ’:\_?_m 0.15 i + TMD evolution o1} N COMPASS proton |
~ e e
% §+ sm 2f - (428 1+ PATT th ) E %g E o1 COMPASS ¢ 00s |
~ ~ <
| ‘ ot |
L sl (- e)ase 9) 21 e 0
~ u .

cosfS ~ .

} + S/ e+ cosf (1/26’ ) u % . oos |l — o
~ u ~ ‘ ‘ | | | ‘ ‘ ===~ TMD Analytical
Jf u ,:\ 02 03 04 05 06 07 08 Z 0.01 01 X
' y

e+ cos(2f, - (ﬂ/Ze 1- pAr ) _
é S. M.Aybat, A. Prokudin T. C. Roger$RL 108 (2012) 242003
M. Anselming M. Bogliong S.Melis PRD 86 (2012) 014028

8 September 2015 Bakur Parsamyan 21



SIDIS xsegction

ds a y & vao
é + © Y AN
dxdydzd}?T a, ;z & xyQ2(1- 9¢ 2 x;JfFU“’T

1+ cosf (1/26 1+ °°S’h) +cosZ(( A@‘]SZ‘)
+ / sinf, (Q/Ze 1- S'”’h)
+ S esmf (Q/Ze 1+ }'AS'“"“) +s'n2fh( /ﬁ””)g

+ 5/ /1 & A +cos, (J2 &) &) g

)CD\ (D~

S:sin(fh- é)( vl é)) S

g+ sin(f, + g)(e yAdN é3)) 3

e u
+S e+3|n( g)( VARLEE ) 0

sinf (Q/Ze 1+ S‘”fS)

+ din (2f, - («/Ze 1+ A )
gcos(fh— (1/ 1 e o )]

+ S/ g+ cosfs(\/ﬁ °°st)
é
g+ cos(2 (ﬂ/Ze 1- pAr )g

8 September 2015

\('D\

Al

—_——) ) =) ) =) =) =) ) =) =) =) ) =) =) sy ) ) =) =) =) ) =) =) ) =) —) —) —>|_<-P
oo ooN oo oo c

0n 97 gi AD;  DSA[twist2] ¢

[ —s—positive hadrons l COMPASS preliminary i Proton 2010 data

[ ——negative hadrons

it 4 {} H | | ,”Z}Hi b ll -HH Ilh }{ f

o i
0.1
15'3 10" 0.2 0.4 0.6 0.8 ' 0.3 1 15
X z Py (GeV/c)
a,;' Loyt COMPASS preliminary sl;’ E I COMPASS preliminary
gf 0.2 Proron 2010 dara S Proton 2010|dara
) r & =
S 4 F [S Q|
< <

[ - — — PRD73:114017(2006) [ - — — PRD73:114017(2006)

-0.1 PRD73:114017(2006) updated 0.1 PRD73:114017(2008) updated
[ —...— arXiv:0806.3804 [hep-ph] [ =:::= arXiv:0806.3804 [hep-ph]
I = =-:- PRD79:094012(2009) [ === PRD79:094012(2009)
ool M v ool P el
107 10! 1 107 10t 1
X X

Gives access tgfi t w2 & t PKotZinigh-Mulders or
worm-gearT)

Visible signal for i (preliminary confirmation also by
HERMES

In agreement with several model predictions
Compatible with zero odeuteron

Bakur Parsamyan 22



SIDIS xesaation @ 07 fa AH," SSA twist-J

ds a

e a 0
dxdydzdp 4, # ? xyegz( aé % “”'L)

il

;‘ 004~ :5;’ ”; :]‘II;:ZZ:’U’::; X COMPASS preliminary
e1+cosf (1/26 1+ °°S’h) +cosZ(( A@‘]SZ‘) 0. of | |
i<
7 oF
+ / sinf, (Q/Ze 1- S'”’h) 3 :
~ 0.02
: ;
+§ &inf, ((2e(tr pAI) sn2 ( B3

P, (GeV/c)

All compatible W|th zero within uncertamtles (P/D)
Suppressetby a factorof ~|p[> w.r.t the Collins and
Siversamplitudes

P>l =

+§/ 41 & A +cost, (J2 &) S")

—_— —) =)

T

T

i

|

|

|

|

|

T

i e f sin(f,- £) %) _ N _

7 éSIn( h- é) T 0 1S-Boffi, A. V. Efremoy, B. Pasquiniand P SchweitzePhys.Rev D79 (2009) 094012
A~ z N A~ 0.05 0.05

1 € : sin(f,+ £) u | o F S

| e+ Sln(fh + é) eA; h g 1 > ouash n deuteron ozs b n deuteron

3 é _ o U ;b I 1 { .

L+ s ¢ sin(%, - £)(ean® ¢ VI PR SRS FYRE. JEESSTS

i i G 1= } : e T

] N -0.025 -0.025 | .

P e+ sinf (Q/Ze 1+ S‘”fS) dog : :

1 u 0 HLDF D ke 8 el

0 e+ sm 2f i ( ﬁe 1+ sin 2fh ) u 0 10 0 10 0

I e y 1 C. Lefky and A.ProkudinPhys.Rev D91 (2015)034010.

I s fo | ' ' 0.00

1 (?COS(f - )( (1- 6'2) codn é)) S 0 0y n* L proton  h oo

1 g 1 ) = oo, //\
I +5/ e+ cosf (1/26‘ 1- "°Sf3) o oz or ot =1 3 o ]
I g | T H { ] = 003

| cos(z‘ ua ! 0.02 i 1 -0.06

7 g+ cos(2 (ﬂ/Ze 1- " ) b | | e |

! y 0.01 0.1 0.01 0.1 01 !

8 September 2015 Bakur Parsamyan * x 23



SIDIS x—saction

\ COMPASS
o) QLA HY + D) L i

ds & 4 ) zg T o) SYAigher-w |$] 4
=€ uu,T uu,L
dxdydzdp g, # & nyZ( 2 Xy
Tel+ cosf ( [2e(1+ C°th) +0s 2f ( Aé‘ﬁsz’:) g . — hegative hodrons 3 "“M”’”‘”""‘)”‘””'”({”“' ] L onon 2010t
I smfh ) ff 0.01;- { { 3 - t 1
P /sinf, ([2e(1- I H STRRAY | iy {{ | 5_*[%{{%{%;:{ iy }
I + S_ eSIﬂf («,29 1+ }’/@mfh) sh 2f ( /&nzé)uq’: -0‘025— ,
I 1 X : z P, (Glf;s\flc)
| e,f f osf}, 0 WT
1 * S/ gil- € A +eost, ( ? (91 4 ) i = et - HERMESEPRELIMINARY
i 1 = 0.1 3 7.3% s:ale uncertainty
| e sin(fy- g | & 0.05¢ - -
1 esm( é)( T ) u i g 0__*_1_1_*_91__1'__;. LI f_*_ft_*_; -
| e sin(f, + u ,l ~ F
% &t sin(f, + §)(e ol é)) U L N 005 ErremmE s —————r—
T+s g+3|n( g)( v ) uu I 0;‘1‘;1;‘; """ ‘_ . FEITI.
; u 0.05° ' RN +
1 smfS u . - E - =
} [smf (Q/Ze 1+ )] \ % 0.1
~ u ~ P e e e
I + sin ( («/Ze 1+ A ) S 1 0.4 0.6 05 1
i i j 10 X z P, [GeV]
; cos(f (/ (1- &) A% ) g A Higher twist effect..
) 4 A In WW-approximation is related ®iversand Collins
cosfS ~ . .
s S e+ cosf (o\/26‘ ) u A Non-zero trend for negative hadrons both in
u
) i  COMPASS and HERMES
! e+ £)(J2e(- Pyt 9) 0 > ol
} é cos(2 e(1 g y'A Compatible with zero on deuteron

8 September 2015

Bakur Parsamyan 24



ds a

SIDIS x—saction

gsinf

+ S/ &1- & A, +cosf

e

gsm( g)( yady

§+ sin(f, + g)(e
e +sin( ¥, g)(

_e y 7
dxdydsz’T d, g & xy®2(1 §2 ?x%“”
(\/W C“’h) +cosZ(( A@‘]SZ‘)
+ / sinf, (Q/Ze S'”’h)

h(«/2<5'(1+ }'Ag'“"h) +s'n2fh( A&'”z‘)g

(e g

‘)
o)

sin( &, -
T

sin(f+ £

[smf (\/W S””S)]

+S|n («/Ze 1+ A )

cos(f - )( (1— ez) cod- § ))

e+cos

8 September 2015

+ S/ e+ cosf (1/26’ °°Sf8)
o o o)

eFUU,L)

uT

A

(o e elj el N

c/
Y= = = = i = = = = = = — D — — —y o

5%

oo ooN oo oo c

ayg
"<50> -

QY(hA H +1, Af+. )?CM\ ¥

SS[Algher v |$] 4

sm(f ) -,

E = positive hadrons

Proton 2010 data

COMPASS preliminary
002F ——negative hadrons o { l [
0.01F L

NIINRIIRENEIR

Py (GeV/c)

____________ L l

0.02k7 -~ fD, === hrH,
-~ °r  Leessss L
Eﬁ ] h.H, totalw_h
@ 000
=
o -0.02f
O
® 002fm
i
w
e 0.00

-0.02}

0.1 0.4 0.6 03 06 09

z P_(GeV)
Higher twist effect..
In WW-approximation is related t®iversand Collins
Non-zero trend for negative hadrons both in
COMPASS and HERMES
Compatible with zero on deuteron

Bakur Parsamyan 25



SIDIS xeseﬁti@n

ds

a

y2

dxdydzd}?T 4.

e
- +_
? xyQ2 (1- Q c 2

(4/26' 1+ °°S’h) +cosZ{( A@‘IZ‘)

+ / sinf, (Q/Ze S'”fh)

+5

&sinf

g h(ﬂ/2<5'(1+ }'Ag'“"h) +s'n2fh( A&'”z‘)u

+ S/ &1- & A, +cosf

+S

e

esm(

gin(r- (A
§+ sin(f, + g)(e

- 9(e

é
e +sin( ¥,

(FE e g
9

sin(f,+ £)
T

sin( &, -
T

e_,_ sinf (Q/Ze 1+ S‘”fS)

b Eoe Ol B ]

cos(f -

e

+ S/ e+ s, (Jr )

T

(\/r coq - )L

8 September 2015

9 &

X

WwW COM
sin(y- £) - (y1{n'a & Y |
T Q (th Aqu +f1T A) + ) **
cos(f )VYW -1 ~q h e
eFUU,L) T ) Q (ng A D +".)
cos(2f,- ¢ ) g h
q 0 o) (o5 ADJ+..)
i SSA/ DSA higher- twt]
)
’[;: ——positive had COMPASS preliminary Proton 2010 data
%z i ook ——negative hadrons ”
I<
T oL d Il Il P {{ ”
P Pyt
1 -0.01
|
g 1 COMPASS preliminary Proton 2010 data
l\'l ,L{' o.1f
u Fs- [ [
u T..< o R IR o IR SRS do i
U y E t T Ef{{fr‘T i Il
u 1 0.1 L
VR
~ I s 1
u g ro 'S orelini
l;l E‘ ok adrons )
u -2
g ,I\< bt # oy }[{Jl ’ nx{]l} 1{ l[ II } 1{# }
! PO '
g 1o
u !
AN I .
u .
U 1 X z PIT(GeV/c)
y |
u .
u A All compatible with zero within uncertainties (P/D)
y

Bakur Parsamyan 26



SIDIS x—saction

ds
dxdydzd}?T 4.

e a
K XVQZ( %
)

gsm( (s 9) g
g+ sin(f, + g)(e i é3)) N
é u
+S e+3|n( g)( VARLEE ) 0

e+smf (\/W )

e

Seos(#, - (\/ﬁ cof- )
o ]

A S}

8 September 2015

C coooNn oo ool c

] WWwW N ~ A CC—'M
?%ﬁ'QWMMHJ+y“m+) \4
" WWWQ%QAW+) o

UU,L) T ng "

0.02

5(at COMPASS )

coso,
LT

j>—°> = =) = i = = — —> —y — —> D — —y —y — o
A

<

Bakur Parsamyan

o 073 A 0y )
SSA / DSA higher- twt]

W. Mag, Z. Lu, B.Q. Maandl. Schmidt,Phys.Rev D91 (2015)034029

0.01

0.00

-0.01}

0.01}

0.00

0.02F

-0.01}

0.02

0.01F

-0.01}

0.00 |r===

'TL'+ |----- gD, e e.er#
L P
‘/_ ...... eH, i total
i _a—‘—/
T
__/ ‘______“.n-ﬁ—’—
0
T
0.1 02 03 0.4 0.6 0.3 0.6 0.9
X P.(GeV)

All compatible with zero within uncertainties (P/D)

27



Drell-Yan

8 September 2015 Bakur Parsamyan 28



SIDIS x-section

DY-section

LO single polarized




