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2 |
O- i g 11 1 l
+ /13|n¢h(4/25 (1-¢) '”¢“) :
-0.02

+s, S|n¢h(\/ﬁ o )+sin24, 8'%'”2%)} -

o.o1f

300

AUI

Gin(20 -
mn(_(ph tp_\)

£ S.A «/1 5* Ay, +00sg (|26 (1-2) AT )} <
sin (¢, - 5)( Si?(%%)) o ._ 3
. in( ), +ds ’n”[ COMPASS preliminary Proton 2010 data
- sin(d, +,) (A7) 1, o N ]
. in(3¢.— [ [
+ S, +[sm(3¢h—¢s)(€ i ¢S))] oAy f{ Lo pwlihy {] ﬂ A }}

+ sing, (2o (Lr e)AL")
s (e |
o)
s+ el )

_ f _ cos(2¢,~4s ) x z P, (GeVic)
N [COS(2¢h ¢S)( 2e(1-2)Ax )]_ * All compatible with zero within uncertainties (P/D)
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SIDIS asymmetries in Drell-Yan Q2 ranges

First shown at the Transversity-2014 (for details see talk by B. Parsamyan on Friday)

1

s COMPASS preliminary - C et 1<Q¥(GeVieY<d [ et 1<Q(GeVic)<d
% 102 Proton 2010 data T oSk Al 7501 - & 7>02
I : ' ¢ C ° - e ¢
e | 55 - 0o ® @ - o°*°
o < Ozv‘—‘—.A—A—‘—l—;i:‘H‘—“—;$—
-o.osf— —
- - | 4<Q2/(GeV/Ic)2<6.25 I | 4<Q2/(GeV/Ic)2 6.25
"""""""" T 00sf é{' - ; F
------------------ R S 3, T S S S 1§
C T I I L
: : bl
0.05F —
1 3 o2 1 0 - : - =]
10 10 10 1 C . X - . .
X . - 6.25<Q*/(GeV/c)y'<16 [ 6.25<Q*/(GeV/c)'q16
Towards 3D... - 005E 1 €
SR _ I s *q. f CEXEL
Four Q2-ranges: < o S L
« 1<Q?/(GeVic)’<4 “Low mass” 005F =
« 4<Q?/(GeVIc))<6.25 “Intermediate” - . S —
. 6.25<Q2/(GeVIc)2 <16 “J/yrange” Q/(GeVicy>16 Q(GeVicy>16 ﬁ
. _ 0.05sF -
« Q?%/(GeVic):>16 “High mass range” | - % ¢ {*% g * %T ﬁ t
For each Q-range — two different z-ranges: LD I $ TE [t T
« z€]0.2; 1.0] - standard selection (cuts) -0.05F _
« z€[0.1; 1.0] - Extended region: Low z (z € [0.1; 0.2]) - .——-‘ - .=
+ std. selection (cuts) 1072 10" 10 107
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Ourline

o [ntroductiorn

SIDIS w-section arncd TSAS

Srief review of recent COWVIPASS results with TSAS

« COMPASS multidimensional approach NEW
o COMPASS multidimensional phase-space
o Results for TSAs NEW (Shown for the first tirme!)
SIVers asyrrrmnetry

Collins asyrrrnetry

A Feirvslasyrnmetry and predictions Lauvy, PRD 73,
Ap ./\”"U aASYITnetry

A"t -as yInretry
VIean depolarization factors
> Corrections for v to y#p transitior

o Conclusions
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Multidimensional approach concept | (x:Q?)
« 1St option (2D asymmetries):

* X-, Z-, pr-, and W- dependencies in 5 Q2-bins NEW!
Shown for the
« 20d gption (3D asymmetries): e

« Xx-dependency in Q%:z grid (5x5)
« Q%-dependency in x:z grid (9x5)
 X-dependency in Q2:p grid (5x5)
« Q2-dependency in x:p+ grid (9x5)

« 3" option (4D asymmetries)

« X-dependency in z:Q?:p+ grid (2x5x5)
« Q?-dependency in z:x:p+ grid (2x9x5)

Q? ranges: Z ranges: py ranges:
« 1<Q?<17 « 2>01 « pr>01
e 17<Q?<3 « 2>0.2 « 01<p;y<0.75
« 3<Q?<«7 « 01<z<02 « 01<p;<03
« 7<Q?<16 « 02<z<04 e 03<p;<0.75

« 16<Q?<81 « 04<z<10 « p;r>0.75
x bins: 0.003, 0.008, 0.013, 0.02, 0.032, 0.055, 0.10, 0.21, 0.40, 0.7

22 October 2014 Bakur Parsamyan
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Multidimensional approach concept | (x:Q?)

Q COMPASS preliminary
> L2
© 107 — Proton 2010 data
L — NEW!
g - ? (1 °) 1CI) ” Shown for the
O — 102 first time!
10— 7<Q%/(GeVic)y’<16 ' 4
B 3<Q%/(GeV/c)<7

R RRRRREEEERREERREE” < © ... SEEEEEELEEEEEELEERE 0.1
1<Q?/(GeV/c)’<1.7
1 107 1072 10 1 °
X

Q? ranges: Z ranges: pr ranges:
« 1<Q%<17 « 2>01 « p:>0.1
« 17<Q?%<3 « 2>0.2 « 01<p;<0.75
« 3<Q?<7 « 01<2z<02 « 01<p;<03
« 7<Q%<16 « 02<z<04 « 03<p;<0.75
« 16<Q?<81 « 04<2<10 « p:>075

X bins: 0.003, 0.008, 0.013, 0.02, 0.032, 0.055, 0.10, 0.21, 0.40, 0.7
22 October 2014 Bakur Parsamyan 22



Multidimensional approach concept | (x:Q?)

L COMPASS preliminary z
% 102::P2r_0t01,12010d?ta 2 I S St e Tt iy s o cjg NEW!
T g B ctovenee
° I > | 16<Q(GeV/cy<s1| gl 0.7 %‘ first time!
e ot 1 0.6
--------------------------------------- n e

FIRST EVER extraction of TSAs within such a Multi-D
(x:z:p+:Q?) approach

Q? ranges: Z ranges: Py ranges:

« 1<Q%<17 « 2>01 « p:>0.1

« 17<Q?%<3 « 2>0.2 « 01<p;<0.75
« 3<Q?<7 « 01<z<0.2 « 01<p;<03
« 7<Q?<16 + 02<z<04 « 03<p;<0.75
+ 16<Q?<81 « 04<z<10 * pr>0.75

x bins: 0.003, 0.008, 0.013, 0.02, 0.032, 0.055, 0.10, 0.21, 0.40, 0.7
22 October 2014 Bakur Parsamyan 23



Multidimensional approach concept Il (z:p+)
3D asymmetries: NEW!
« Asymmetries from 3 x-ranges in z:p; bins (7x6)  fratme

« Asymmetries from 3 X-ranges in p:z bins (z:py - transposed)

X Fanges:

« allx

» x<0.032

 x>0.032

z bins:
0.1<z<0.15
0.15<z<0.2
02<2<0.25
025<2<03
03<z<04
04<2<0.65
065<z<1

+ bins:
01<p;<0.2
02<py<03
03<p;<05
05 <p;<0.75
0.75<p;<1.0
p+>1.0

22 October 2014 Bakur Parsamyan 24
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Multidimensional approach concept Il (z:p)
3D asymmetries: NEW!

Shown for the

« Asymmetries from 3 x-ranges in z:p; bins (7%6) st ime!
« Asymmetries from 3 x-ranges in py:z bins (z:py - transposed)

—

i( rag;lg iS: g 3 COMPASS preliminary /i:
*+ x<0.032 S - Proton 2010 data 0.9 ~
" x>0.032 25 ~ 088
z bins: R === <}
« 01<2<0.15 - — 07 &
« 015<z<0.2 ol 06 =
« 02<z<025 H

« 025<z<03 - 0.5

« 03<2<04 157 |

« 04<2<065 - 04

« 065<z<1 = 03

Py bins: m::mt —

* 01<py<02 — '--.-nu"'-w ’ 0.2

- 02<p;<03 0.5+ N

* 03<p;<05 F ); - ' ._ :

« 05<p;y<0.75 L il i 0

« 075<p;<1.0 0.1 : .4 05 06 07 08 09 1

pr>1.0 z
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Outlire

o SIDIS x-section and TSAs
o Brief review of recent CONVIPASS results with TSAS
> COMIPASS rmultidirnensiornzl :_x;‘);')rt_';:__lch NEW

o CONMPASS multidirmensional phase-spac

» Results for TSAs NEW (Shown for the first tlme!)
o Sivers asymmetry
o Collins asyrrrmetry
o A, feWirtidagyrnmmetry and predictions La.y, PRD 73, 114017(2008)
O Ay M —asyrnrnetry
O ARt asymrnetry
o Mean depolarization factors
> Corrections for v to y#p transitior
> Cornclusions
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Sivers asymmetry: X, z, pr and W dependenmes in 5 Q%-ranges

~ 0.1

-

=

=3 ol
0.1
0.1

%—.»

e

— <_ 0
-0.1
0.1

;-;

&

7 {»—- 0
0.1
0.1

s

z { 0
-0.1
0.1

;,

g‘ - 0

? g
-0.1

* Positive amplitude for h* (?ncreasing with x)
» Positive h~ amplitude at relatively large x (>0.032) and Q? (>7)
« Some hint for a possible negative h- amplitude at low x (<0.032) and Q? (<7)

22 October 2014

—ht 1<Q N(GeViey<1.7 - COMPASS preliminary
_ +l1 2>0.2: P, >0.1 GeVl/e Proton 2010 data
L ] . [ L]
4 !; R : A S “
- T L7<QUGeVIe <3 C r - N EW .
! . , -, Shown for the
- [ ] L ] ] L g i
5 S I L3 ‘, i - N 4 LYy LY first time!
— 3<QNGeV/iey<T - C - | | 2 D
N L g @ ' i s L [ * s @
5 # i i LR i SRR i S TR SR L
- J 7<Q-‘/(Gewu-"<16 B - N
[ : ! ¢ i g :
i :
- 16<Q*(GeV/c) <81 } - L i } - }
— ‘ ‘E ; ) I_I \ - — ‘ - , * ) )
102 10° 0.2 0.4 0.0 08 0.5 1 1.5 0 8 0 12 14 16
, p, (GeVic) W (GeV/ch)
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Sivers asymmetry: x-dependency in 5 Q2-ranges and different z g

- 1<Q¥(GeV/c)y<1.7

TT

v COMPASS preliminary NNEEWW! [ Proton 2010 data

or 008 S evirsy | 2501, >0.1 GeVl 0.1<z<0.2: p,>0.1 GeV' Shown for the - 2>0.2: p,>0.1 GeV
% 0.06* 7<Q¥(GeVic <16 C first time! ol
£5 - - e 16<Q (GeV/e)'<81 C 3D C
L I { + C T C _
002__ i 1 % T l } * - l
E * & ? C } {' Col
o 1 - ? O
- I { L
-0.02_— o -
-0.043””' - R o | —l L
- 250.1; p.>0.1 GeV ~ [ 0.1<2<0.2: p.>0.1 GeV - 250.2;: p.>0.1 GeV
0.08 T h ¢ T - T
< 0.06f - - }
= C r
0.02— - -
- # T& q T ; i T d l : 1} I
-0.02- o - ;
_004j Ll L 1 | L L IIJk Ll 1 | Jllﬁ | |
10~ 10" 10° 10" 10° 107!
X X X

« Inseveral x-bins some hints for possible Q?-dependence for positive hadrons (decrease)
» At low z effect for h* is smaller in general
» No clear picture for negative hadrons
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Sivers asymmetry: 3D Q?%-z-X dependency

O1F=)* 1<QUGeViey<l.7 - COMPASS preliminary - Proton 2010 data -
;“ | =], z=0.1: P, >0.1 GeV/e : z>0.2: Py >0.1 GeV/e | 0.1<z<0.2: P >0.1 GeV/e [ 0.2<z<0.4: pT>0‘l GeVic 0.4<z<1.0: p§>0 1 GeVie
L fesstt g%"’i e dhl FETEE: “I*H
R — [ S — [— I —— ,
R 0.1 1.7<Q/(GeVicy'<3 C C r - N EW !
< : 7 . b {{ Shown for the
EE I ] ! .
Lo &% S %1 B ﬁ § il i i - ¥ L S g; L B f} # ‘; { R ﬁ h } first time!
R 01F 3<Q(GeViey<T 5 5 N - 3 D
< r }
g 3 t
55 'y - @4 §
< o £y %, - Hi}illl r a4t L ﬂi{ﬁi i #{}§
i — — — e
0.1k : - ——— B e N — B —
R 0.1 7<Q/(GeViey<16 C 5 C -
£ ; N : ;
5 H*;‘i# - Hﬁ* i Hflgg i H#}f i H }ll
—U,l.— ) - -— , _'n_- -~ ) _'1_- -~ . _I__ — ) =
0.1 16<Q/GeVicP <81 [ % r r -
o HU}_ H{- }H}[; Hh_ 11
3 [ [
oaf — Lﬁ 5 _ L

10° 10" u;'-' 10! ) lt;': 107 _ lO"I l(;" 10 16"
* Positive amplitude for h* (increasing with x and z)

» Positive h~ amplitude at relatively large x (>0.032) and Q? (>7) at intermediate and large z
« Some hint for a possible negative h~ amplitude at low x (<0.032) and Q? (<7) ) at intermediate and large z
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Sivers asymmetry: 3D X-z-Q? dependency

F en” 0.003<x<0.008 F COMPASS preliminary F Proton 2010 data 3
:: 0.05F z20.1:p >0.1 GeVie :— z20.2:p >0.1 GeVie 3 0.1<2<0.2: p >0.1 GeV/e 3 0.2<z<0.4:p >0.1 GeVie  E 0.4<z<1.0:p >0.1 GeV/e
- ¥ g 3
oosf - - E E
R E 0.008<x<0.013 3 : :
o UF 3 3 3 3
s o I - - n b NEW!
E 3 02 E E E E
> onf MO0 3 3 2 - Shewn for the
%(.; of %= % ¥ SR ) F ooy H Ey b ¢ 1 H first time!
00sE 3 - e b
a F 0.02x<0.032 E : : :
< Wp 3 3 3 Eg ¢
S TR oy o X T 3D
a0 3 - E E
o oo, 0032<x<0.055 3 ; 3 3 ; ﬁ R .
e E E & @ 8 E E E
T S SRR ! Sy ;—;}}H
oosf : E E E
~ 0(_50.055<x<0.1 3 : : b
TRy, N T 3 % E s 3
EEoF P H e Py # } 3 s i; { 3 I *} ’ 3 : i ﬁ
© ook 2 ] - E E
_ 0o 0.1<x<0.21 é
: 3 . 3 3 i 3 s 3 ; !
Te of R S S i1 }{ a2 ¢ g # 3 g *} i I t
ook e - b E
0.21<x<0.4 : 1
™ 0.0 E *} E F F {'
Sk & 4 f # F g # P } {{
" L00sE 5 E 2 2
= o0sk 0.4<x<0.7 g f i 1 } 1
g i i I
< 7005:— _I 1 —l 1 —1 1 hl 1
1 10 1 10 1 10 1 10 1 10

Q@ (GeVliey Q& (GeViey Q* (GeVie) Q* (GeVie) Q@ (GeVicF
* Inseveral x-bins some hints for possible Q2-dependence for positive hadrons (decrease) more evident at large z
* Atlow z effect for h* is smaller in general
* No clear picture for negative hadrons
22 October 2014
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Sivers asymmetry: 4D Q?-p-X dependency at z>0 2

0.1F e 1<Q¥(GeViey<17 L COMPASS preliminary - Proton 2010 data
;‘_' E*h P, >0.1 GeV/e; z>0.2 Ol<p 1(GeVic)<0.75: 2=0.2 01<p NGeV/e)<0.3: 220.2 0‘<p NGeV/c)<0.75: z>0.2 P, >0.75 Ge‘f z>0.2
< 0:‘5‘“”‘ ;-*;i";?‘ ;—ﬁ#*{” ;‘ﬁixg’;z HM
o1k —1 ‘ L — I — I — _ = NEW'
N 0.1 1.7<Q/(GeViey'<3 5 C C - { =
IO i ! i Shown for the
PR TN SR TERE g H}Hg ST p : #i“{ H { first time!
N 0.1 3<Q*(GeVier<T N - - B { 4D
LI K : A{ R E g t
B S e T L e AR ARk
ol : T — - =. T - =
_ 0.1 7<Q/(GeVicy<16 C C H - . {
T batt byt | H*} __ fgsd | ]Hll’
" — | _— _—
011 16<QNGeViey<81 T [ { 3 H % - { *
sbo o
<
01k . E L | L ] — ]

107 10 1(;'-' 10" 10° 10 _ 10"l 107! 10 107!
* Positive amplitude for h* (increasing with x and z and p-)

» Positive h~ amplitude at relatively large x (>0.032) and Q? (>7) at intermediate and large z (all p;)
» Some hint for a possible negative h~ amplitude at low x (<0.032) and Q? (<7) ) at intermediate and large z (all p)
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Sivers asymmetry: 4D Q?-p-Xx depend

ency at 0.1<z<0.2

01 en" 190UGeVier<17 | COMPASS preliminary | Proton 2010 data - (}
;‘_' [+l pT>0.1 GeV/e: 0.1<z<0.2] 0.l<pT/(GeWc}<O‘?5:0.l<z<0.2 0‘1<pTIEGe\"/ci<O‘3:0.l<z<0.2 0.3<pT.r’((ie\'fc]<U.75:{J.l<z<0.2 pT>O.75 eV:0.1<z<0.2
5 Lasdsh SRR SRS SEIAS -
< O:gé :éﬂ :ﬁ i ¢ d f {_HHH
— — —
0.1k F — [ — I vra—— [ — u v
N 011 1.7<Q/(GeV/cy <3 N C N 5 { t N E !
Z o Shown for the
N - Lansd ) %ﬂﬂgﬁ 5 i}ﬂﬁé{} i *}{H{ first time!
o —n e
0.1F . r L — [ b —
o oaf 3<QGeVieY<T 5 5 i X { 4 D
o ; *
< of  Riab? - f8aht - HE#'@# - {}ﬁﬁ&{' R ]%{H}
0.1f . . o e—— E e o — - =‘
0 7<QUGeVir<lo r 5 ]
- : ; ! | { t | . J J
< o H%éﬁ g;iﬁ N }}ﬁ# N {{{§H 5
-U.l.— __I--_—— — _‘—_ — —l-- r I_ ~ L
0.1r 16<Q*/(GeV/c) <81 i { !
- }m{_ i if ; }HH-
I{'—r :
of — 19 — 1 - | —_ |
10” 10" 10° 10 10° 10 _ 10 10! _ 107 10"

* Positive amplitudexfor h* (increasing Wxith xand z and p;)
» Positive h~ amplitude at relatively large x (>0.032) and Q? (>7) at intermediate and large z (all p;)
» Some hint for a possible negative h~ amplitude at low x (<0.032) and Q? (<7) ) at intermediate and large z (all p)
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Sivers asymmetry: 3D X-p-Q? dependenoy

el 0.003<x<0.008 E COMPASS preliminary E Proton 2010 data E
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s oosp 2 E E

O S o = = NEW!
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E R E . u g T —n u g —i; I {{ first time!

005 E E E E
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=)
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> ook £ b b E
*3: Oé'x-,.‘g E,':-;%ﬂ 715“ # ;iii‘ 5 R{ﬂ*{ﬁ

< E 2 3 i E E
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» Inseveral x-bins hints for possible Q?-dependence for positive hadrons (decrease) more evident at large z and p-
* Atlow z and p,effect for h* is smaller in general
* No clear picture for negative hadrons
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Sivers asymmetry: 3D X- pT=z dependency

C OMPASS preliminary P10t011 2010 data

O.lz-*h_m [1)1 [GeVio<02] 02 2<p /(GeV/e)<0.3 0.3<p /(GeV/e)<0.5 0.5<p, /[CeV/cKO'/; [ 0.75<p, /(Cevxc1<1+ p,/(GeVie)>1 {
I S TS S w b T LR R 131
ALk S o e e ﬁﬁif ' NEW!
25 003 _ - - ] Shown for the
ol R e | S——— first time!
01; x<0.032 - - r r r
0.055 } H ‘} + F JW } }% | &HJ } 3D
St e e i L
%:S 0.05F T { S { _ - % } b ” {

F————— | — ——— —————mm | SE——— R ———
-0'1’_.—-_—-_.——-—  —— | el | el
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0.1} x>0.032 i i i - { -
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o
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% 1
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Positive amplitude for h* (mcreasmg with x and z and n1)
Positive h- amplitude at relatively large x (>0.032) and Q2 (>7) at intermediate and large z (all p)
Some hint for a possible negative h— amplitude at low x (<0.032) and Q? (<7) ) at intermediate and large z (all p;)
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Sivers asymmetry: 3D x-z-p; dependency

+h* COMPASS preliminar ) Proton 2010 data
0.1F , - X i —
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-0.1F — L e | W [ — e ey first time!
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Positive amplltude for h*' (mcreasmg Wlth x and z and pT)
Positive h- amplitude at relatively large x (>0.032) and Q2 (>7) at intermediate and large z (all p)
Some hint for a possible negative h— amplitude at low x (<0.032) and Q? (<7) ) at intermediate and large z (all p;)
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o SIDIS x-section and TSAs
o Brief review of recent COWNVIPASS results with TSAs
> COMIPASS rmultidirnensiornzl :_x;‘);')rt_';:__lch NEW
o CONMPASS multidirmensional phase-spac
Results for TSAs NEW (Shown for the first tlme!)
O SIVErs asyIrrmnetry
o Collins asymmetry

o A, feWirtidagyrnmmetry and predictions La.y, PRD 73, 114017(2008)

O AP —asyInrretry
O Ay pMErrtd-asyrnrnetry

o Mean depolarization factors

[

Corrections for o to y#o transitiorn

o Conclusions

22 October 2014 Bakur Parsamyan 36



Collins asymmetry: X, z, p; and W dependenmes in 5 Q%-ranges g8
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* Both h* and h~ amplitudes are compatible with zero at low x (x<0.032)

« Starting from x>0.032 h* and h~ amplitudes become sizable (opposite in sign)

* Both h* and h~ amplitudes tend to increase with x, but with some “irregularities”
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Collins asymmetry: 3D Q?-z-X dependency
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« Bothh*andh- amplitudes are compatible with zero at low x and become sizable (opposite in sign)'from x>0.032
* Both h* and h~ amplitudes tend to increase with x, but with some “irregularities”
* Both h* and h—amplitudes tend to increase with z.
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Cons asymmetry: 3D x-z-Q? dependency
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Both h* and h~ amplitudes are compatible with zero at low x and become sizable (opposite in sign) from x>0.032
Both h* and h~ amplitudes tend to increase with x, but with some “irregularities”
Both h* and h~amplitudes tend to increase with z. Some weak Q?-dependencies. Not clear.
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Collins asymmetry: Q%-p+-X dependency at z>0.1
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* Both h* and h~ amplitudes are compatible with zero at low x and become sizable (opposite in sign) from x>0.032
* Both h* and h~ amplitudes tend to increase with x, but with some “irregularities”
* Both h* and h™ amplitudes tend to increase with p+
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Cons asymmetry: 3D X-p-Q? dependency
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* Both h* and h~ amplitudes are compatible with zero at low x and become sizable (opposite in sign) from x>0.032
* Both h* and h~ amplitudes tend to increase with x, but with some “irregularities”
* Both h* and h~ amplitudes tend to increase with p; Some weak Q?-dependencies. Not clear.
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Collins asymmetry: 3D X-p;-z dependency
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Both h* and h~ amplitudes are compatible with zero at low x and become sizable (opposite in sign) from x>0.032
Both h* and h~ amplitudes tend to increase with x, but with some “irregularities”
Both h* and h~ amplitudes tend to increase with z and p+
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A;°%009: x, 7, pr and W dependencies in 5 Q*-ranges
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« Positive amplitude for h* at large x (>0.032) and Q? (>3)
» Signal for negative hadrons is not evident.
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A,;256-9): 5 Q2 ranges. Predictions - PRD 73, 114017(2006) §2
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Asymmetry is evaluated in COMPASS specific mean kinematic points extracted from the data.
The predictions show a good level of agreement with the experimentally extracted asymmetry
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Kinematical map: z>0.1, p>0.1
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A *46:4): 3D Qx-2- dependency: Predictions - PRD 73, 114017(2006) oM
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Asymmetry is evaluated in COMPASS specific mean klnematlc points extracted from the data.
The predictions show a good level of agreement with the experimentally extracted asymmetry.

Statistical accuracy is not enough for further studies.
22 October 2014 Bakur Parsamyan 47



Outlire

[

[ritrocductiorn

SIDIS x-section and TSAS

Q

o4

o Briefreview of recernt CONMIPASS results with TSAS
> COMIPASS rmultidirnensiornzl ?_l}‘)}')l'(_'ﬁ_l(jh NEW

o COWMPASS multidirmensional phase-space

» Results for TSAs NEW (Shown for the first time!)
O SIVErs asyIrrmnetry
o Collins asyrrrnetry
o A, feWirtidagyrnmmetry and predictions La.y, PRD 73, 114017(2008)
o Ay"s—asymmetry
O A rErt-asyrarmetry
o Mean depolarization factors
> Corrections for Ip to y=p transitior

o Conclusions

22 October 2014 Bakur Parsamyan 48



A" 1 3D

Q?%-z-x dependency
[ &))" 1<Q/(GeViey<l.7 [ COMPASS preliminary I Proton 2010 data
.05 :_*h_ z>0.1:pT>0‘1GeWc _ z>0.2:pT>0.l GeV/e _ 0‘1<z<0‘2:pT>0.l GeV/e _ 0.2<z<0.-1:pr>0‘l(ie\-'fc 0.4<z<1.0: pT>O.lGe\-’f’c
T g esal fﬂi‘ﬁi’; C R Y ay :‘#ééiq {}H*Iﬂ{{
M bee b= e b= NEW!
0‘05:_ 1.7<Q/(GeViey<3 :_ :_ [ ShOWn for the
£'s - s ; et time!
& o #satw - #ﬂk'é*l - ﬁﬂgilig - {}{'{’Lﬂﬁ - }]ﬁéii} first time
0.05F - —_— g _— a —_— F —
005k 3<Q(GeVic) <7 B E _ ] 3 D
£ : : : ,
< Of #i.‘loz . Hg,illiil - #éiﬁﬁ - H#%éq {T{{lii
-00sF - -— - -_— - _ - | —
0‘05:_ I ?<Q-‘f(Ge\-'xclr'<1b T I 3 | 3 . 3 I
is f i | # 5 § H& - ]{}H
: # ol f I fehi [ { k I
005F - —-— -_— _—
o0sk | 15<Q-‘chc\]:fcf<81 ] ! | b | l b |
ro o t -t t ;& { )[} i
< i bt b ] b
oer 1 1 —1 —1 h
107 10 107 10" 107 10" ' 107 10" 107
* Negative amplitude for h~ (at large x) increasing with z
« Some hint for positive h* signal at large z

' 10"
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Ayr®Ms: 3D X-z-p; dependency
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The only “twist-3” asymmetry showing non-zero signal
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A, S"Co¢9): 3D Q2-z-x dependency
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» Expected to be suppressed by a factor of ~|p;|>with respect to the Collins and Sivers amplitudes
* Asymmetries are compatible with zero within uncertainties
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A,S"Ce-¢): 3D x-z-p; dependency
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Mean D(y) actors in 3D “Q?%-z-x” grid
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Mean D(y)-factors are approximately same over z and p+.
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Kotzinian et al.

SIDIS x-section: from Ip to y#p (P, =0) rersssosss asso
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SIDIS x-section: from Ip to yp (P,=0)
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SIDIS x-section: from Ip to y#p (P, =0) rersssosss aoso
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Mixing of the "T" and "L" amplitudes

With good approximation:
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Mean sin0 is small at COMPASS kinematics.

Maximal reached value is ~ 0.18 and the mean is around 0.05 (cos6 ~1.0).
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A, evaluated according to the PRD 74, 074015 (2006)

M. Anselmino, A. Efremov, A. Kotzinian, and B. Parsamyan

COMPASS Proton 2007 (PLB 693(2010)) Phys.Rev.D74:074015 (2006)
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Asymmetry is evaluated in COMPASS specific mean kinematic points extracted from the data.
Good level of agreement, which allows us to use the predicted z and P, — dependencies in A {c0s¥s)-
correction.
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Mean c(g)-factors for different asymmetries
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Mean c(e)-factors for different asymmetries (3D)
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A% corrected for A -contribution e
using A,, from PRD 74, 074015(2006) AT™ | cOSOAT" O~
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As expected, at large x the corrections become sizable. Asymmetry Is compatible with zero.
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Collins corrected for constant “L” contribution (set to 0.05)
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Even at large x and even for chosen large L-amplitude the corrections are small.
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Predictions for A,,%¢ LSA which mixes with A,0s(.-¢) com

Longitudinal Cahn effect
Kotzinian et al. Phys. Rev. D 74, 074015 (2006)

Model prediction are in a good agreement with JLab data
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Predictions for the A %% asymmetry are evaluated using COMPASS specific mean kinematic points

extracted from the data
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A, %5~ ¢J corrected for A, c°s%—contribution

ALLCOS‘/’)h according to Phys.Rev.D74:074015 (2006)
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Even at large x the corrections are negligibly small.
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Conclusions

First ever extraction of transverse spin asymmetries in multidimensional grids:
o 2D - Q%x; Q%z; Q*ps; Q%W
o 3D -Q%z:x (x:z:Q%); Q%pr:x (X:p1:Q?)
o 4D - z:Q%p.:X; pr:Q%:z:X
o 3D -x:z:py (X:py:2);
» TSAs for unidentified charged hadrons have been extracted from COMPASS proton
data of 2010.
» Several asymmetries show a non-zero trend in different regions
o Collins, Sivers, A, 05 ds) A Sinds
o Predictions for the A, ;°(#4s) are in good agreement with the experimental results
within the statistical accuracy
* Many interesting observations!

« Important input for TMD-evolution studies, various phenomenological analyses and
global analyses!

Thank you!
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COMPASS experimental setup

COmmon Muon Proton Apparatus for Structure and Spectroscopy

m  High energy beam ECAL?2
m Large angular acceptance HCALZ\
m  Broad kinematical range

ECALL e N Muon-filter
HCAL1 SN D N
RICH, Sa 7 Mo
SMI S o B ’
Polarized XA '

Target

CERN SPS North Area.

Two stages spectrometer
Large Angle Spectrometer (SM1)
Small Angle Spectrometer (SM2)

Longitudinally polarized p* beam (160 Gev/c). Hadron & Muon high energy beams.
Longitudinally or Transversely polarized °LiD or NH, target
Momentum, tracking and calorimetric measurements, PID
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Beam rates: 108 muons/s, 5-107 hadrons/s.
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COMPASS Polarized target system

solid state target operated in frozen spin mode . X
<
Years 2002-2004 % 4001
Deuteron - SLiD: 300
=Two 60 cm long SLiD cells with opposite

polarization 2008

=Polar angle acceptance — 70 mrad 100~ t ‘
=Target Polarization +50%
=dilution factor f = 0.38 0 ' | | |

S

-100 -50 0 50

Zype (€M)

Data is collected simultaneously for the two target spin orientations
Polarization reversal after each ~4-5 days
x1 03 COMPASS 2010 proton data

Years 2007 and 2010 R
Proton - NH,: % 1o //Aﬂ
=Three cells system (30 cm,60cm, 30cm)
=Polar angle acceptance — 180 mrad ( new magnet in 2006) 1o ‘
=Target Polarization +£90% U
=dilution factor f = 0.14 i t

Z . (cm)

vitx
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Data selection

2‘7 10°
m DIScuts: 2 -
O Q2> 1 GeV? 23 !
0 0.1<y<0.9 o I
O W>5GeV 10

m Hadron cuts :
O z>0.2
O P,r>0.1GeV/c

COMPASS 2010 proton data

10000

dN/dz
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COMPASS 2010 proton data

10° COMPASS 2010 proton data

50007

800—

dN/dW

600—

400—

200

I IIIS 20
z W (GeV/c?)
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Multi-D x:Q?

Q? ranges:

« 1<Q%<17

© 17<Q%<3 5 Q2-ranges
. 3 < Q2 < 7

e 7<Q%<16

« 16<Q?<81

Z ranges:

« 2>01

« 2>02

« 01<z<0.2

« 02<z<04

« 04<z<10 25 7.P, .

B+ Fanges: combinations
T -

* py>01

« 01<p;<075
* 01<py<03
« 03<py<07

« p>075

X Fanges:

« allx

« x>0.032 2D z:p+ (7x6 bins)
« x>0.032

x bins:

Q’ (GeV/c)’

—h
(@)
n

10

10°

10

COMPASS preliminary
— Proton 2010 data
o Q¥ (GeV/cy > 1
| “F 16<Q */(GeV/cy'<81
- 7<Q?/(GeVic)’<16

3<Q/(GeV/c) <7
1.7<Q?/(GeV/c)*<3

1<Q(GeVicy<1.7
C— .. 2 2
- COMPASS preliminary —(12 (/3((3/?(\;//3/ >)*2117
: <Y~ ev/c)<l.
— Proton 2010 data 17%Q(GeViey<3
= —3<Q?/(GeV/c)<T
= —7<Q*(GeV/c)<16
= —16<Q*/(GeV/c)y<81
E
=
-
L N

10° 102

0.003, 0.008, 0.013, 0.02, 0.032, 0.055, 0.10, 0.21, 0.40, 0.7
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Multl D x:Q? phase-space and binning
8 COMPASS preliminary Number of the x-bins per range
% 10? |~ Proton 2010 data
O T e e e N
>~ - Xxbinindexes— 1 :2:3:4:5 6
o | L
10— 7<Q?/(GeV/c)’<16
B 3<Q%(GeVic)y<7 ;
1.7<Q?/(GeV/c)*<3
1<Q "/(GeV/c) <1. 7 4
1 : E— 0003
1073
Q? ranges: Z ranges: pr Fanges:
« 1<Q?<17 -« z>01 - p;y>01
e 17<Q@?<3 + 2>0.2 « 01<p;<0.75
+ 3<Q*<7 ¢ 01<z<02 -+ 01<p;<03 _
« 7<Q?<16 + 02<z<04 + 03<p;<07 Xxbins:
« 16<Q?<8l+ 04<2z<10 +« p;>075 0.003, 0.008, 0.013, 0.02, 0.032, 0.055, 0.10, 0.21, 0.40, 0.7
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Collins asymmetry: x-dependency in 5 Q?-ranges and different

= e 1<Q¥(GeV/ey<l1.7 Lt [ COMPASS preliminary NEW! L Proton 2010 data
' L e 1.7<Q/(GeV/ic)y<3 L - L
° - -e3<Q(GeViey<y  220.1:p >0.1 GeVi 0.1<z<0.2; pT>0.1 GeV 3 - 72>0.2; pT>0.1 GeV
= - - 7<Q(GeV/cy<16 a D
2 5 005 16<QGeVicy<sl - -
< C i B
C C ] ’ B
o 1 } ! % é i 3
SRAREE L WE? SRR EN
-0.05/- ? ﬁ - + # - % #
0.1 N =
I N A R Ly MR R Ll
_ 0.1 z>0.1; pT>0.1 GeV oo 0.1<z<0.2; pT>T1 GeV s z>0.2; pT>0.1 GeV
7 i i i
. 005 } - - t H ]
e o Tow ! Lo l | by b
if pRd g T ;
< o, bt & SR i -
L1 i I T
-0.05}- } - 1 - 1
0.1 - i
Lol | A B | R B |
10” 10" 107 10" 10 10"
X X X

« No clear evidences for possible Q2-dependence
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Sivers corrected for constant “L” contribution (set to 0.05)

N E I . 1<Q7(GeVicyY<l.7 [ COMPASS preliminary F
< 005 wh___ .~ z20.1ip >0.1GeV/e L Proton 2010 data E :_
= E @ @ i @ B @
» 0:_ @ Gy 5 3 - > ¥y 3y a - @ @, @ ¥ - a @ % ™
-0.055— — — —
- F =1 L7<QNGeV/iey<3
S 00SE ah - - -
e - e an o 2 : @ * E * a ¥ E 9
= o B33% % 5 - a Zic}& Py - a5, 3 e @y
00sF 2 - -
. . 3<Q¥(GeV/ey'<T - 2 :
< oosE - s - -
[ L L L L
z = @ . 3 @ F a @ @ - @ @ @
< oF S a% 1 i - % 3 3 1 R S a3
-0.052— — — -
. F 7<Q¥(GeVic) <16 . :
= 005 o 3 C -
.k 3 3 S g @ ot 3 3
< of- % ‘sﬁ :—‘31;(3 1 i r 4‘1’4 i % s ¥ (ch 3 P
-o.osf— - = -
: 16<Q(GeV/c) <81 | : (} i
_ 005 % - H E - % ‘ﬁ
wHl wy [ R TY poort R oW
< : : : i
-0.05F - E -
- = - . 000 r ] -
: ﬂl...l..:..ﬂuu | I I S N R T —— |
16-2 107 0.2 04 0.6 0.8 0.5 1 1.5 8 8 10 12 1‘-|-
) , p, (GeV/e) W (GeV/cY)

Even at large x and even for chosen large L-amplitude the corrections are small.
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