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COMPASS collaboration

i .) 24 institutions from 13 countries — nearly 250 physicists

Common Muon and Proton Apparatus for Structure and Spectroscopy

» CERN SPS north area
 Fixed target experiment
» Taking data since 2002

Wide physics program
COMPASS-I

» Data taking 2002-2011

* Muon and hadron beams
* Nucleon spin structure

» Spectroscopy

a3l -2k

COMPASS-II

« Data taking 2012-2017

*  Primakoff ‘ <]

» Polarized Drell-Yan SR e olie SRR N\ 0
« DVCS COMPASS web page: http://wwwcompass.cern.ch
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COMPASS experimental setup: Phase | (muon program)
COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area.
Two stages spectrometer LAS+SAS HCAL2
«  Large Angle Spectrometer (SM1 magnet)
«  Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2
HCAL1

RICH
SM1

Polarized

Muon-filter

* High energy beam

* Large angular acceptance

* Broad kinematical range

*  Momentum, tracking and
calorimetric measurements, PID

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

Muon wall
Al 3 60 :
Longitudinally polarized (80%) p* beam: ¢ 1 COMPASS E .
Energy: 160 GeV/c, Intensity: 2-108 p*/spill (4.8s). Ot ERMES 50
Target: Solid state ( 8LiD or NH;) o} JLabb ,

40

«  SLiD 2-cell configuration. Polarization (L & T) ~ 50%, f ~0.38 -
«  NHj; 3-cell configuration. Polarization (L & T) ~80%, f~ 0.14

7SN

5 i L 1 1 1
2 200 20 30 40

Data-taking years: 2002-2011 'k 500
x p(GeVie
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COMPASS experimental setup: Phase | (muon program)
COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area. ECAL2

Two stages spectrometer LAS+SAS HCAL?2

«  Large Angle Spectrometer (SM1 magnet)
«  Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2

HCALl\ \

RICH
SM1

Polarized
Target

Muon-filter
x10° Deuteron 2002-2004 T

dN/dzVix
=
=

w

=3

S
I

2001

f Muon-filter 100l f ‘

SciFi, Silicon, MicroMegas, 0 2100 30 0 30
GEM, MWPC, DC, Straw, Zypy (€m)
Muon wall x10° Proton 2007,2010T

dN/dzVIX

Longitudinally polarized (80%) p* beam:
Energy: 160 GeV/c, Intensity: 2:108 u*/spill (4.8s).

Target: Solid state ( 8LiD or NH;)
SLiD 2-cell configuration. Polarization (L & T) ~ 50%, f ~ 0.38

A &
*

NH, 3-cell configuration. Polarization (L & T) ~ 80%, f ~ 0.14 e L
Zypy (cm)
Data-taking years: 2002-2011 Data is collected simultaneously for the two target spin orientations

Polarization reversal after each ~4-5 days
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COMPASS experimental setup: Phase Il (DY program)
COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area.

Two stages spectrometer LAS+SAS HCAL?2

«  Large Angle Spectrometer (SM1 magnet)
«  Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2
HCAL1

RICH

Muon-filter

SM1
. Hadron absorber
Polarized Nuclear target (Al)
Ta rget Aluminum cone *

MMO01

q alumina layer

SciFi, Silicon, MicroMegas, fof —

GEM, MWPC, DC, Straw, -2 B~
vertex detector -
Muon wall, VD, DC5, new DAQ... -0

W% Stainless Steel
1™\ 20 cm
aluminum -6 b _—————— ‘ 3
box cover 7.t |S———————————— NOIUSSI | ~\.__alumina

ngh energy T beam: Nmnzg(g:en be:r; plug1 /
Energy: 190 GeV/c, Intensity: 108 n/s e

Target: Solid state
NH, 2-cell configuration. Polarization T ~ 90%, f ~ 0.22

Data-taking years: 2014 (pilot run) and 2015 - NOW!
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COMPASS experimental setup: Phase Il (DY program)
COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area.
Two stages spectrometer LAS+SAS HCAL?2
«  Large Angle Spectrometer (SM1 magnet)
«  Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2
HCAL1

RICH

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

-400

High energy =~ beam:
Energy: 190 GeV/c, Intensity: 108 n/s
Target: Solid state

«  NHj; 2-cell configuration. Polarization T ~ 90%, f ~ 0.22

Data-taking years: 2014 (pilot run) and 2015 - NOW!
8 September 2015 Bakur Parsamyan




Outline

* Introduction
o COWNIPASS experirernt
o) SIDIS x-section and TSAs

o ef review of recent COWNIPASS results with TSAs

- CONIPASS rultidimensional approzc
o COWNIPASS multidirnensional phase-sp
- Results for TSAs frorm rultl-D analysis

ins asyrrrmetries

QO
R k)
=
P
—
W
(‘\«‘3
(M
O

o Beyond Sivers & Collins asyrarnetries

P
I~
3

£ 9 —asyrnmetry and predictions Law, PRD 73, 114017(20096)
A s — asyrrnetry
3in(39,-0;)

— AS YISty

> Conclusions

8 September 2015 Bakur Parsamyan 9



SIDIS x-section
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SIDIS x-section

A.Kotzinian, Nucl. Phys. B441, 234 (1995).
Bacchetta, Diehl, Goeke, Metz, Mulders and Schlegel JHEP 0702:093 (2007).
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SIDIS x-section
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SIDIS x-section
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SIDIS x-section
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SIDIS x-section
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SIDIS x-section
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Sivers in “2D” at COMPASS: first attempts
PLB 717 (2012) 383

le] positive hadrons 0.05<y <0.1
[} positive hadrons 0.1<y<0.2, x>0.032 -
0 positive hadrons 0.2<v<0.9, x>0.032

O positive hadrons 0.1<z<0.2
L ® positive hadrons 0.2<z<0.35 -

¢ positive hadrons 0.35<z<l

0.5 1 0.5 1

1.5
p','[’, (GeV/c)

All TSAs were studied in different x, z, y and W ranges
Clear x-, y-, z- dependences

Interesting results already at basic 2D approach

Highly desirable challenge is to look into asymmetries
in the multidimensional phase-space over x —z — p;— Q?
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SIDIS x-section
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SIDIS x-section
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SIDIS x-section
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SIDIS x-section ) e QU (S @ HL" + 129 @ D] +..)
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SIDIS x-section
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SIDIS x-section DY Xx-section
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TMDs accessed in SIDIS and DY L

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

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

Single polarized DY (LOY ™
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CoR

Nucleon TMD PDFs accessed in SIDIS and DY .
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COMPASS x:0Q¢ phase-space: SIDIS — Drell-Yan

Four Q?(or mass)-ranges:
« 1<Q?/(GeVic)’<4 “Low mass”
o Large combinatorial background
* Pion and kaon decays

» Open-charm (bottom) semi-leptonic
decays DD, BB

o smaller asymmetries
« 4<Q?/(GeVic) <6.25
o High DY-cross section
o Still low signal/background
e 6.25<Q?/(GeVic)’<16 “Jhy”
o Strong Jhy-signal — study of J/y physics
o Difficult to disentangle DY
o Lower background
« Q2/(GeVlc):>16
Beyond J/y peak
Negligible background
Low cross-section
Valence region — largest asymmetries

“Intermediate”

“High mass”

@)
@)
@)
@)
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COMPASS x:Q¢ phase-space: SIDIS — Drell-Yan

COMPASS
{& t

/7
2 - : 4
Four Q“(or mass)-fanges: < 10°c COMPASS DY 2014 (pilot run)
« 1<Q?/(GeVic)><4 “Low mass” 3 . ongoing analysis
=) el
o Large combinatorial background g
- 4 L1
* Pion and kaon decays 10 g
» Open-charm (bottom) semi-leptonic 10°
decays DD, BB il :
o smaller asymmetries
2 2 193 > 2 10 g '
» 4<Q?/(GeVic)* <625 “Intermediate _,-
o High DY-cross section LE i
o Still low signal/background o 1 2 3 4 5 6 7 8 9 10
N I3 2 MHP (GBV/CZ)
e 6.25<Q?/(GeVic) <16 “Jhy - 1
. . * E COMPASS DY 2014 (pilot run) "QO oF COMPASS MC
o Strong Jhy-signal — study of J/y physics 09 ongoing analysis g F A<M, <5 Gevie?
o Difficult to disentangle DY orf MOV o7E
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« Q?%/(GeVic)’>16 “High mass” 04f 04F-
03 0.3
o Beyond Jhy peak 02F 02f
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gl _g O 0T 05 03 04 05 06 07 08 091 CoBTUbE e R b e s e e
o Low cross-section X X
o Valence region — largest asymmetries COMPASS X;:x, phase-space
Accepted events are in the valence quark range (x > 0.1)
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Four Q2(or mass)-ranges:

1<Q?/(GeVlic) <4 “Low mass”
o Large combinatorial background
* Pion and kaon decays

» Open-charm (bottom) semi-leptonic
decays DD, BB

o smaller asymmetries
4 <Q?/(GeV/c)’<6.25 “Intermediate”
o High DY-cross section
o Still low signal/background
6.25 < Q?/(GeV/c)2 <16 “Ih”
o Strong Jhy-signal — study of J/y physics
o Difficult to disentangle DY
o Lower background
Q?/(GeVlic)? > 16 “High mass”
Beyond J/y peak
Negligible background
Low cross-section

O
O
O
o Valence region — largest asymmetries
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Sivers asymmetry in Drell-Yan Q¢ ranges

First shown at the Transversity-2014 conference arXiv:1411.1568 [hep-ex]
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http://arxiv.org/abs/arXiv:1411.1568

TSAs in SIDIS and Drell-Yan: fits, predictions

M.G. Echevarria, A.ldilbi, Z.B. Kang and I. Vitey, P. Sun and F. Yuan,

“OCD Evolution of the Sivers Asymmetry” “Transverse momentum dependent evolution: Matchin
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Multidimensional approach concept | (x:Q?)

« 1St option (2D asymmetries):
* X-, Z-, pr-, and W- dependences in 5 Q%-bins

« 2" gption (3D asymmetries):
 X-dependence in Q%:z grid (5x5)
« Q2-dependence in X:z grid (9x5)
 X-dependence in Q%:p; grid (5x5)
« Q?-dependence in x:p; grid (9x5)

« 3" option (4D asymmetries)
 X-dependence in z:Q%:p- grid (2x5x5)
* Q?-dependence in z:x:p grid (2x9x5)

Q? ranges: Z ranges: Py ranges:
e 1<Q?<17 - 2>01 * p;y>01
« 17<Q?<3 « 2>02 « 01<p;<075
« 3<Q?<7 « 01<z<02 « 01<p;<03
« 7<Q?2<16 + 02<z<04 « 03<p;<0.75

« 16<Q?<81 « 04<z<10 « p;y>0.75
x bins: 0.003, 0.008, 0.013, 0.02, 0.032, 0.055, 0.10, 0.21, 0.40, 0.7
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Multidimensional approach concept | (x:Q%)

Q COMPASS preliminary
% 10?2 — Proton 2010 data
Q, 9 QY(GeViey > 1
cl __ SRERRR
O — 10 *
10— 7<Q%/(GeVic)y’<16 ' 4
B 3<Q*/(GeV/c)<7

R RRRREREEEEEE .. GAEEEEELEILEEEIEEEY 0.1
1<Q?/(GeV/c)’<1.7
1 10° 107? 10 g0
X

Q? ranges: Z ranges: Py ranges:
« 1<Q?<17 « 2>01 « pr>01
« 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;<0.75
« 16<Q?<81 « 04<2z<10 « pr>075

x bins: 0.003, 0.008, 0.013, 0.02, 0.032, 0.055, 0.10, 0.21, 0.40, 0.7
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) COMPASS preliminary =
< s
% 102 — Proton 2010 data Yo,
O F el QuGevier s 1 g
O | 105_' 0.7 NZ':
L - 0.6
____________________________________________ n R

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

Results first shown at the SPIN-2014 conference arXiv:1504.01599 [hep-ex]

Q? ranges: Z ranges: Py Fanges:

« 1<Q?<17 « 2>01 « p;>01

« 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<z<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
8 September 2015 Bakur Parsamyan
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Multidimensional approach concept 11 (z:p+)
3D asymmetries:

» Asymmetries from 3 x-ranges in z:p bins (7x6)

« Asymmetries from 3 x-ranges in p;:z bins (z:p; - transposed)

X rFanges:
all x
x<0.032
x>0.032

z bins:
01<2z<0.15
0.15<z<0.2
02<2<0.25
025<2<0.3
03<z<04
04<2<0.65
065<z<1

pr bins:
0.1<p;y<0.2
0.2<p;y<03
03<p;<05
0.5<p;<0.75
0.75<p;<1.0
pr>1.0
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Multidimensional approach concept Il (z:p+)
3D asymmetries:

« Asymmetries from 3 x-ranges in z:p; bins (7%6)

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

i( I’aai:IgiS g 35 COMPASS preliminary l; . ;%/
e x<0.032 8 - Proton 2010 data oF
« x>0.032 = o5 o —08 3
z bins: i <
« 01<2<015 u 0 07&
.+ 015<z<02 > 06
« 02<2z<025 -

« 025<z<03 _ 0.5

« 03<z<04 1.5

. 04<2<065 - 104

. 0_.65 <z<1 1_ 0.3

pr bins: o

* 01<py<02 | TR e 0.2

+ 02<p;<03 0.5 femat=nd - 1 0.1

« 05<p;<0.75 S ————— : 0

« 0.75<p;<1.0 0.1 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1

* p;>10 Similar approach adopted by HERMES (presented at SPIN-2014) Z
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Sivers asymmetry: X, z, pr and W dependences in 5 Q?-ranges
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» Positive amplitude for h* (increasing 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)
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Sivers asymmetry: 3D Q?%-z-X dependence

O1Feh* 1<Q° (GeVieY<1.7 - COMPASS preliminary - Proton 2010 data -
%"‘ [ =] z=0.1: P, >0.1 GeV/e [ z»02: Py >0.1 GeV/e | 0.1<z<0.2: Py >0.1 GeV/e [ 02<z<04: pT>0‘l GeVie 0.4<z<1.0: p§>0.1 GeVlie
£ I [ [ I !
£oofeestt _‘*ii“;’:ii R ?Eh‘i‘é @
e T —— N —— 3D
C0IF LT<QUGeVRP3 C r 5
e ' o t t k{
< o BN S : ﬁ'}iil;i - i;*;ﬂini 5 Bﬂ&i@{ ] ﬁﬁ}{
-Unl; ) :“ || — L l‘ § — L ;..,, e —— . —
. 0.1 3<Q/(GeViey<T N C L :
< _ i [ $
z e » LI I ] { }
e 5 L L ; L §
0.1 - - , ____.I_ -~ ‘ —_.__..I_. -~ ‘ __I— = ) —‘
_O0IF 7<QUGeVRY<l6 5 r 3
: 3 | :
£ o Hii“# - @— Hil . H {ll
—U,l.— . - B Eo——— L e — L L oo - | =
0-1F 16<Q*NGeVicy<81 [ % C L !
S Y LEL }“ﬂi Hh' '1
< -
'D'l; s F_‘ N 1 1 N I I= 1 ! 1 i - - ‘

107 107" 10+ 10! 107 107 107 10! 10+ 10

» 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-p; dependence
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» 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: 3D x-z-Q? dependence

F ent 0.003<x<0.008 F COMPASS preliminary F Proton 2010 data F
; 0.05F z=0.1; P, =0.1 GeV/e :— z=0.2; P =0.1 GeV/c :— 0.1<z<0.2; P, 201 GeVie F 0.2<z<0.4; pT>O.l GeVie  F 0.4<z<1.0; pT>O 1 GeV/e
is o -5 s R 3 {;
ook 3 3 b E
R E 0.008<x<0.013 3 : : :
o OF 3 3 3 3
e F oo Ey i £ % EHo# E ¢ }%
S 3 Tl ‘ 2 3 D
0sE . . 3 . 3 . 3
. E 0.013<x<0.02 E : ; :
S 3 3 3 I
$c of% % ¥ ! P e oy # -y i;{{ Pd %H
< E E 3 E E E
005 E - E E
. E 0.02<x<0.032 £ : : :
= ook @ 3 3 Fy ¢
EATN L H F oy & Foe ) E
J I 3 3 b SR JEEENE'
005 E E E E
E 0.032<x 55
- 0.05:_0.0_ 2<x<0.055 3 H 3 3 . E : 3 5 ;
e E F & @ F E E
e ofF e w Y 3 i : % - L & u H . ‘; 4 e
T oosE E E E E
R E 0.055<x<0 2 : :
s 005 E E =
i : £ o E $ %
Fe of =, f { S S ] 3
T oosE E I 2 E
_ 00'§ 0.1<x<0.21 F F P F é
A 3 3 - 3 i - - ? } !
fe of R T LI S S ST | I t
< o F F E E
005 E E E E
A E 0.21<x<0.4 3 : : ] E * {
< 0.05~ E = = E
HE—2 #_# - @ 3 g B F t # 3 % {
= o0sk 0.4<x<0.7 g f i 1 } 1
© oosk F, . F . F, . F .
1 10 1 10 1 10 1 10 1 10

Q* (GeViey Q (GeViey QF (GeVie) Q* (GeVie) Q* (GeVie)y

« Inseveral x-bins some hints for possible Q-dependence for positive hadrons (decrease) more evident at large z
» At low z effect for h* is smaller in general
* No clear picture for negative hadrons
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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?-dependences. Not clear.
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Collins asymmetry: 3D x-p;-z dependence
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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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Kinematical map: z>0.1, p>0.1
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A°%549: x, 7, pr and W dependences 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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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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A,,%56-6): 3D Q2-z-x dependence: Predictions - PRD 73, 114017(2006) %"
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Asymmetry is evaluated in COMPASS specmc 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.
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Ayr®™s: 3D Q-z-x dependence
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* Negative amplitude for h~ (at large x) increasing with z
* Some hint for positive h* signal at large z
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A,*"%s: 3D x-z-p; dependence
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Negative amplitude for h~ (at large x) increasing with z
Clear positive h* signal at large z (decreasing with p+)
The only “twist-3” asymmetry showing non-zero signal
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Ourline

o [ritroductior)
COWNIPASS experirer
SIDIS x-section and TSAS
criel review of recert COWNVIPASS results with TSAS
> COMIPASS: SIDIS — Drell-Yan bridge

> CONMIPASS rultidirmensional approzch
COWMIPASS multidirmensional phase-space

» Results for TSAs from multi-D analysis
Sivers & Collins asyrrrnetrie
o Beyond Sivers & Collins asymmetrles
AP0 ua)wruyu;nﬁxzuud oredictions Layw., PRD 73, 114017(2000)
Agpp 79— AS YIS

o A G4 — asymmetry
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A, S"C499): 3D x-z-p; dependence

*h* 1 COMPASS preliminary[ Proton 2010 data
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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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Outlire

> Iritroduction

o COWNIPASS experirnent

o Brief review of recent COWNIPASS results with TSAs

> COMIPASS: SIDIS — Drell-Yan bridge

> COMPASS rnultidirmensional approzch
o CONIPASS multidirnensional phase-space
> Results fi FSAS frorr rrultl-D anzalysis

C-

o Sivers & Collins asyrarnetries
o) Beyond Sivers & Collins asyrnrnetries
A, Fo0 %) —asyrnmetry and predictions La.y, PRD 72, 114017(2008)
> Ay — asyrnrmetry
> AN — asyrarnetry

» Conclusions
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Conclusions
First ever extraction of transverse spin asymmetries in multidimensional grids:
o 2D -Q2%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; prQ%:z:X
o 3D —x:z:p; (X:pt: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@wds) A Sinds

o Predictions for the A, ;**@w¢) 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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“Nature” “I1D”

Raphael “Madonna del Prato” Salvador Dali “Maximum Speed of Raphael's Madonna”
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“Nature”

Raphael “Madonna del Prato” Raphael “Madonna del Prato” (poor resolution)
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Mean D(y)-factors
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Mean D(y) factors in 3D “Q?%-z-x” grid
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Sivers asymmetry: 3D X-p-Q? dependence
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» In several x-bins hints for possible Q2-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: 4D Q%-p+-X dependence at z>0 2
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» 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-x dependence at 0.1<z<0.2
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Positive amplitudé for h* (increasing with x and z and pT)V
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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Collins asymmetry: 3D Q?%-z-X dependence

- COMPASS preliminary

- Proton 2010 data

C 0.1 1<Q/(GeViey<17 N
ff’ [« z20.1ip 201 GeVie [ 2202:p >0.1GeVie [ 0.1<z<02:p >0.1 GeVle [ 0.2<z<0.4:p 0.1 GeVic 0.4<z<1.0:p_>0.1 GeVle
HE [ i [ :
< 0:_*“;‘“: _—§,Hiﬂ§; :—'E'Piéiii :—{}}‘“H ‘{{&ﬂ#{}
0.1F Ry —— e — e — [ ——
= 01 1.7<Q(GeVic)'<3 - C N i
i {
- d
< 0 {if:i; B {{gﬂéi B #ﬂglﬁ B *]Hﬂéi N Jﬂﬁéi
o1f . [ ™=, [ ™., [ ™=, ., S—
B 01F 3<Q(GeViey'<] C 5 5 -
<. o D P b oo bt
- L '_ [ '_ { [ }
< 0 ¢ s i LI ] { é é # i H * $ ii $ } {{ ¢ }
o T T - & B — : —
e 01F ?<Q (GeVier<16 B } r } r X t
2 Pt ! }
fc } [ 1, { i } %
= : %‘ * 3 LA } _ byt
; LR ] ] {
0.1f -_— ‘ L 20 E i —
. 0.1 16<QNGeViey<81 [ r i
A .} t % } } { o} } [ # } {
r — {— e — h
0.1 N | — — . . ‘
10 10" 10? 10! 10° 10 10 10" 107 10"
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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.
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Multn D x:Q? phase-space and binning
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SIDIS x-section DY x-section
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