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COMPASS collaboration
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* Fixed target experiment

» Approved in 1997 (21 years)
» Taking data since 2002
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Wide physics program
COMPASS-I

» Data taking 2002-2011

* Muon and hadron beams
* Nucleon spin structure

» Spectroscopy

COMPASS-I1I
+ Data taking 2012-2018 (2021)
*  Primakoff

« DVCS (GPD+SIDIS)
 Polarized Drell-Yan
* Transverse deuteron SIDIS
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Many “beyond 2021” ideas: b L
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SIDIS x-section
d
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SIDIS x-section and TMDs at twist-2
dxdydzdpi;dgzﬁhd 4 All measured by COMPASS
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SIDIS x-section and TMDs at twist-2
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SIDIS x-section and TMDs at twist-2
dxdydzdp dgdg, All measured by COMPASS
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SIDIS x-section and TMDs at twist-2
do

dxdydzdp2dgdg, All measured by COMPASS
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COMPASS experimental setup: Phase | (muon program)

Two-stage spectrometer —
- Large Angle Spectrometer (SM1 magnet) HcAL2
= Small Angle Spectrometer (SM2 magnet)

= High energy beam
= Large angular acceptance
- Broad kinematical range

« Momentum, tracking and

EcaLl  SM2 calorimetric measurements, PID

HCAL1
RICH

SM1
Polarized §A

Target

Muon-filter

SIDIS !

_ NQY " Muon-filter
”;\\2/

" SciFi, Silicon, MicroMegas, GEM, P
MWPC, DC, Straw, Muon wall

>N
=
v

B, (mrad)

)
=

Data-taking years: 2002-2011

Longitudinally polarized (80%) p* beam:

Energy: 160/200 GeV/c, Intensity: 2:108 p*/spill (4.8s).
Target: Solid state ( °LiD or NH;) :
« SLiD 2-cell configuration. Polarization (L & T) ~ 50%, f ~ 0.38 30 ;

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

40RET

20 PR et 1 !
n 20 30 40 50 60
p (GeVic)
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COMPASS experimental setup: Phase | (muon program)

Two-stage spectrometer —
« Large Angle Spectrometer (SM1 magnet) HcAL2
= Small Angle Spectrometer (SM2 magnet)

= High energy beam
= Large angular acceptance
- Broad kinematical range

= Momentum, tracking and

EcaLl  SM2 | SIS <~ \vuonfilter  calorimetric measurements, PID
HCAL1 ‘ o>
RICH

\
SMI S
> 8

Polarized < : § S0
P S COMPASS /
- Y HERMES |
,. Muon-filter ILabg |
SciFi, Silicon, MicroMegas, GEM, i’
MWPC, DC, Straw, Muon wall |
10 | !
5|
Data-taking years: 2002-2011
Longitudinally polarized (80%) u* beam:
Energy: 160/200 GeV/c, Intensity: 2-108 u*/spill (4.8s).
Target: Solid state ( °LiD or NH;) 1 / e
. SLiD 2-cell configuration. Polarization (L & T) ~ 50%, f ~ 0.38 10 107 !

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

25 September 2018 Bakur Parsamyan 12



COMPASS experimental setup: Phase | (muon program)

Two-stage spectrometer —
= Large Angle Spectrometer (SM1 magnet) HcAL?2
= Small Angle Spectrometer (SM2 magnet) \

ECAL1
HCAL1

RICH. SNa
SML_ Sa
Polarized §A

s’

" SciFi, Silicon, MicroMegas, GEM,
MWPC, DC, Straw, Muon wall

Data-taking years: 2002-2011
Longitudinally polarized (80%) p* beam:
Energy: 160/200 GeV/c, Intensity: 2:108 p*/spill (4.8s).

Target: Solid state ( °LiD or NH;)
« SLiD 2-cell configuration. Polarization (L & T) ~ 50%, f ~ 0.38
« NH, 3-cell configuration. Polarization (L & T) ~ 80%, f~ 0.14

- Data is collected simultaneously with both target spin orientations.

Periodic polarization reversal to minimize systematic effects
25 September 2018 Bakur Parsamyan
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200

100
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= High energy beam
« Large angular acceptance
= Broad kinematical range

= Momentum, tracking and
calorimetric measurements, PID

107 Deuteron 2002-2004 L

-100 -50 0 50
Zygx (cm)
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, & LA
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» Unpolarized azimuthal asymmetries (SIDIS)
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SIDIS: Unpolarized azimuthal asymmetries
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SIDIS: Unpolarized azimuthal asymmetries
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Cahn-effect, R.N Cahn, PLB 78 (1978) - 40 years!
Q-suppression, Various different “twist” ingredients
Measurements at SLAC, CERN, DESY, JLab, Fermilab
Large asymmetries for h*, h~

Strong kinematic dependencies, multi-D extractions

Boer-Mulders effect PRD 57 (1998) - 20years!
Cahn-mechanism contributes at twist-4 level
Sizable effect both for h*, h~ production

Strong kinematic dependencies, multi-D extractions

Pure twist-3 effect, expected to be zero within WWA
Measured by CLAS, HERMES, JLab, COMPASS
Clear non zero effect

Bakur Parsamyan 16



SIDIS: Unpolarized azimuthal asymmetries
do
dxdydzdp?dg, (Fous +

Fou.) { +./2e(1+2) A ™ cos g, + e A" €os2¢, + A,[22 (1— &) AN sing, }

First preliminary proton results from COMPASS (2016-2017 DVCS-run) were presented at SPIN-2018
Similarly strong kinematic dependences compared to published COMPASS-deuteron results

(SPIN-2018) A. Moretti for COMPASS
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SIDIS: Unpolarized azimuthal asymmetries
do

dxdydzdp?dg, “(Fou- +8FUU'L){1+\/MA%¢” cosd, + A, " cos 24, +ﬂ\/mAﬂ']¢“ sing, } -
«  First preliminary proton results from COMPASS (2016-2017 DVCS-run) were presented at SPIN-2018

« Similarly strong kinematic dependences compared to published COMPASS-deuteron results
» Projected uncertainties for 2016+2017 sample are ~5 times smaller compared to published asymmetries
« Systematic errors are also expected to be considerably smaller
(SPIN-2018) A. Moretti for COMPASS
. ?Q = i COMPASS statistical errors only, v Nucl. Phys. B886
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SIDIS: Unpolarized azimuthal asymmetries

do
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* First preliminary proton results from COMPASS (2016-2017 DVCS-run) were presented at SPIN-2018
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» Similarly strong kinematic dependences compared to published COMPASS-deuteron results
» Projected uncertainties for 2016+2017 sample are ~5 times smaller compared to published asymmetries
« Systematic errors are also expected to be considerably smaller
« Contribution from exclusive vector mesosns is sizably large (at small Q?, large z and small P;)
(SPIN-2018) A. Moretti for COMPASS
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 Longitudinal target spin dependent azimuthal
asymmetries (SIDIS)
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SIDIS: target longitudinal spin dependent asymmetries
dO' sin :
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e Q-suppression, TSA-mixing
* Various different “twist” ingredients
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SIDIS: target longitudinal spin dependent asymmetries
do

oc (F
dxdydzdp;d ¢, d e,
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* Q-suppression, TSA-mixing
* Various different “twist” ingredients
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Non-zero trend for h*, h- compatible with zero
25 September 2018
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SIDIS: target longitudinal spin dependent asymmetries
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Non-zero trend for h*, h- compatible with zero, clear z-dependence
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SIDIS: target longitudinal spin dependent asymmetries
do
dxdydzdpldgdg,
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Non-zero trend for h*, h- compatible with zero, clear z-dependence
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SIDIS: target longitudinal spin dependent asymmetries
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* Various different “twist” ingredients

* Non-zero trend for h*, h- compatible with zero, clear z-dependence
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SIDIS: target longitudinal spin dependent asymmetries
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« Collins-like behavior? BT E—

* In agreement with model predictions *

25 September 2018 Bakur Parsamyan 26



SIDIS: target longitudinal spin dependent asymmetries

do
oC
dxdydzdp;d ¢, d e,

(Four +&Fpu ){1+..+ S eA* " sin 24, +... |
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[ I 1 0; + + % }
1072 107 X [ + i
«  Only “twist-2” ingredients 002
. Addi_tionf_;ll pT-suppr_ession 004 g -
e Collins-like behavior? 102 — 10‘_1
* In agreement with model predictions *
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SIDIS: target longitudinal spin dependent asymmetries
do
dxdydzdpZdg dg,

(Four +&Fpu ){1+..+ S eA* " sin 24, +... |
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 Additional p-suppression 0.04- - 0.1 |
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Discrepancy with HERMES and JLab?
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SIDIS: target longitudinal spin dependent asymmetries
do G +gFUU,L){1+...+ S A\[22 (1 £) A cos g +... }
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cos g, qpy-Lh h ~C q
FC — xe H;, + g Proton 2007+2011 data

h . ez>02 h*

- 00.1<z<02
| COMPASS preliminary

é%mw

0.1}

~

~h 3
+—h|°v|kT (ngq D! My EJ

Vo
cos ¢
h
ALL
=
[

M ™z

)
T T T

Lol L Ll L P

- 42>02 h™
- 201<z<0.2

° “M#M

 Various different “twist” ingredients, e

* Q-suppression
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da COos
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SIDIS: target longitudinal spin dependent asymmetries
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SIDIS: target longitudinal spin dependent asymmetries

){1+...+ S A\[22 (1 £) A cos g +... }

do

Proton 2007+2011 data

OC(FUUT+5FUUL
dxdydzdp;d ¢, d e, | |
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Non zero at JLab
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Small and compatible with zero, in agreement with model predictions




SIDIS: target longitudinal spin dependent asymmetries

do
2 o (R +gFUU,L){1+...+SL/’Lx/l—ngLLt.. }
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SIDIS: target longitudinal spin dependent asymmetries

do

F + ¢k 1+...
dxdydzdp2d, dg, < (Fuus + ““’L){

1/25 1+e)A™ sm¢h]
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SIDIS: target longitudinal spin dependent asymmetries

do
F + ¢k 1+...
dxdydzdp2d, dg, < (Fuus + ““’L){

B. Parsamyan (for COMPASS) arXiv:1801.01488 [hep-ex] -
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« Significant h* asymmetry, clear z-dependence < L _ ; -
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» Transverse target spin dependent azimuthal
asymmetries (SIDIS)
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SIDIS: target transverse spin dependent asymmetries

do
oC
dxdydzdpZd ¢, d g,

(FUU,T +gFUU,L){ 1+...
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+ . g
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+ ..
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SIDIS: target transverse spin dependent asymmetries

do
oC
dxdydzdp?d ¢, d ¢

-+ oA sin (3¢, — ¢y ) |
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SIDIS: target transverse spin dependent asymmetries

do
F +¢F 1+...
dxdydzdp2d ¢, d ¢ (P + ““’L){
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SIDIS: target transverse spin dependent asymmetries
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Th h* COMPASS preliminary  h COMPASS preliminary
sings __ 2M qgmRh M h |Q H q g’ 0'03__ 2010 proton data 9—‘” 0'03__ 2010 proton data
For® =—5-Cq | Xir'Dy - hy — 5 5 om £5 oo
Z < U < 0
0.01- 0.01+
_ N -~ | 5 L N B
q q r r
XhiH; "+ M Oir S —0.01f {» —0.01F
_ Pr - kT —0.02- arXiv:1807.10606 [hep-ph] -0.02 arXiv:1807.10606 [hep-ph] %
2MM M [~)Lh —0.03 — — arXiv:0806.3804 [hep-ph] —0.03 — — arXiv:0806.3804 [hep-ph]
" Loy th_ My ¢ 1q M i
— XhT qu __flT — il RN ] Lo i e
M z 102 10" I 102 10! 1
L . X X

25 September 2018 Bakur Parsamyan 39


https://arxiv.org/abs/1807.10606
https://arxiv.org/abs/1807.10606
https://arxiv.org/abs/1807.10606
https://arxiv.org/abs/1807.10606
https://arxiv.org/abs/1807.10606
https://arxiv.org/abs/1807.10606

SIDIS: target transverse spin dependent asymmetries

do
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» Q-suppression

* Various different “twist” ingredients
«  Within WW is related to Sivers and Collins
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SIDIS: target transverse spin dependent asymmetries

do oc (|: +¢F ) 1+ .. B.Parsamyan (for COMPASS) PoS QCDEV2017 (2018) 042
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SIDIS: target transverse spin dependent asymmetries

do

dxdydzdpZd g, d g,
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In agreement with models
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SIDIS TSAs (Collins)

d sin( ¢, + H
o oc(FUU,T +5FUU,L){1+...+ Sy e AT sin (g, + g ) +... }

dxdydzdpZd ¢, d g,
e Measured on P/D in SIDIS and in dihadron SIDIS

|:U5iT"(¢h+¢s) —C|: n-pr hquih:|

COMPASS PLB 744 (2015) 250
COMPASS 2010 proton data

::fﬁ 0.1 COMPASS positive pions x<0.032
* COMPASS positive pions x>0.032 ,
0.05F o HERMES ©* PLB 693 (2010) rescaled by (1-<y>)/(1-<y>+<y>")
A o e R I 7 o
Q
el | PR LIt
—0.05- * B ({J % B
—0.1F - -

SIEREEY . S AR I w1
—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> %)
11111 II 1 11111 Ill 1 I I
-2 -1 0 5 1 O 5 1 1.5
10 10 x 2 p! (GeVle)

25 September 2018 Bakur Parsamyan 43



SIDIS TSAs (Collins)

d sin( ¢, + H
o oc(FUU,T +5FUU,L){1+...+ Sy e AT sin (g, + g ) +... }

dxdydzdpZd ¢, d g,
i « Measured on P/D in SIDIS and in dihadron SIDIS
o) = { thlh} « Compatible results COMPASS/HERMES
(Q? is different by a factor of ~2-3)

* No Q?-evolution? Intriguing result!

COMPASS PLB 744 (2015) 250
COMPASS 2010 proton data

S o0k
:i'ﬂb 0.1 COMPASS positive pions x<0.032
* COMPASS positive pions x>0.032
0.05F O HERMES n* PLB 693 (2010) rescaled by (1-<y>)/(1 <y>+<}> )

Q
~0.05F R b {' - %
~0.1+ L u
—_ 1 | Lo 1 | 1 | 1 ;
3 3  CcoMPass
= S 0.1k i - B ; 2 '_ H.’JR;‘L;’:S
<
0.05- ? {a § ‘}’ t
% @; é¢*¢ é {)i} % éﬁ&éﬁﬁ % SR
IS N BLAC SN, S gret L
10
—0.05 - R
COMPASS negative pions x<0.032 s
] COMPASS negative pions x>0.032 Eoi
0.1 o HERMlES n PLB 693 (2010) rescaled by (% <y>)/(1 <y>+<y> %) I e fd Pl .
11 IIIII 1 111 IIIII 1 11 11 I I I B . H :
-2 -1 05 1 05 1 1.5 T e e
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SIDIS

do

TSAs (Collins)

(FUU,T +5FUU,L){1+"'+ Sy EA\SJ?(W%) Sin(¢h + ¢ )+ }

oC
dxdydzdpZd ¢, d g,

Fsin(¢n+¢3) e

utT

A * Measured on P/D in SIDIS and in dihadron SIDIS
{_h,\',l—pT hqufh} «  Compatible results COMPASS/HERMES
h

01

0.05

Aﬂﬂr(ﬁbhw‘ﬁbs)
o

-0.05 |

01 F
0.1 F

0.05 f

Aﬂ[ﬁ_(%“ﬁs)
o

-0.05

-01 F

COMPASS-I11 (2021)
» Deuteron measurement to be repeated

q (Q? is different by a factor of ~2-3)
* No Q?-evolution? Intriguing result!
» Extensive phenomenological studies and various global
fits by different groups

0.2 L L B A
Global fit HERMES-COMPASS-BELLE data ]
Anselmino et al. Phys.Rev. D92 (2015) 114023

z AN D+ (2)

STNOS S S

z AN Dyre(2)

ATU

0.01 0.1 02 04 06 038 0.5 1 15
XB Zy PT [GeV]

Ard

«  Will be crucial to constrain the transversity TMD PDF for the d-quark x
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SIDIS TSAs (Collins)

d sin( ¢, + H
o oc(FUU,T +5FUU,L){1+...+ Sy e AT sin (g, + g ) +... }

dxdydzdpZd ¢, d g,
i « Measured on P/D in SIDIS and in dihadron SIDIS
o) = { thlh} « Compatible results COMPASS/HERMES
(Q? is different by a factor of ~2-3)

* No Q?-evolution? Intriguing result!
» Extensive phenomenological studies and various global

fits by different groups Addendum to the COMPASS-I11 Proposal
Projected uncertainties for transversity PDF
Addendum to the COMPASS-II Proposal = booe e e b bbb I bee e e b b
Projected uncertainties for Collins asymmetry il ; ! |
< Protons % Deuterons ot ¢ o o Q_f’ ______ Jf ____________ o %‘Jf __________________________
+ 1 | %
(} (}) -0.2(— " - d }t
xh; xh,
(1) ‘{) 04 il AR R | Lol L
umkﬁtéé’{?@ —————————————————————— ;% %a i{? %5 & % IRt EEEEE, 10 10” ) 10 10 )

M. Radici
SPIN-2018

A j
~0.05 %) - %

11 1
1072 107! 10*'

ﬁéﬁﬁﬁﬁﬁﬁ 01

X X

COMPASS-I11 (2021 run — approved!)

» Deuteron measurement to be repeated i o
«  Will be crucial to constrain the transversity TMD PDF for the d-quark | Cx
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SIDIS TSAs (Collins)

do Sin(¢h+65) i
Sy dzdp’dg dg, o (Fyyr +5FUU,L){1+...+ S; e AT sin(g, + s )+ }
i e Measured on P/D in SIDIS and in dihadron SIDIS
o) = { thlh} « Compatible results COMPASS/HERMES

(Q? is different by a factor of ~2-3)

* No Q?-evolution? Intriguing result!
» Extensive phenomenological studies and various global

fits by different groups Addendum to the COMPASS-I11 Proposal
Projected uncertainties for transversity PDF
Addendum to the COMPASS-II Proposal = booe e e b bbb I bee e e b b
Projected uncertainties for Collins asymmetry il ; ! |
< Protons % Deuterons ot ¢ o o Q_f’ ______ Jf ____________ o %‘Jf __________________________
- Y |
(} + -0.2(— - }t
xh? xhd‘
(1) ‘{) % (}) & *“—4—‘..."& il , ‘HH“.H.I.I Lol L
0.00—----F--- (%@é)é 7777777777777777777777 ———— %{){%#% SR Y EE o | P ——— 1072 107! 107 107!
TRRA
% & <} % 0.0 no evolution
M. E. Boglione, J. O. Gonzalez
—0.05— — -0.2 -
? bsasossd = 0% [SPIN-2018 _
50-0.4 = -
Il \I 1 1 I 111 11 I 111 I| 1 1 1111 e
107 107! 107 107! Zd -0.6 7]
X X -0.8 —
COMPASS-I11 (2021 run — approved!) Yoo T .
 Deuteron measurement to be repeated 5 5 [o0000000000000000000000 88 F 83
«  Will be crucial to constrain also the Sivers TMD PDF for the d-quark © o0l o1
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SIDIS TSAs (Sivers)

dG sin( ¢, — .
ayaariagag ~ (For +eRuu{Leos SoAT sin(d —g,) v..

COMPASS 2010 proton data

COMPASS positive pions x<0.032

A < 0. ®  COMPASS positive pions x>0.032 _ PLB 744 (2015) 250
sin( gy —ds) h . k Lqmh sin(dy—ds ) o HERMES 7* PRL 103 (2009) (}’
For =C| - fir Dy | Fur il =0 0.05- b #i i éﬁ’ '} i ‘I’@{,‘I’ %{' {
34 ¢ Pf;ii TR ¢
TR Tl A L
* Measured on proton and deuteron
* Recently - gluon Sivers paper vy S Cou P e o w00 gs
PLB 772 (2017) 854 < ©  HERMES 12915311%\1_610‘50?2503;)’ % % }
. . ST 0.1F 0 _
Sivers effect at COMPASS is slightly {}{u‘}@## é}% P ﬂ?ﬁ . %* {
smaller w.r.t HERMES results L) i ______________ i _<§_‘}__+ ____________________ Aurl i _
(Q? is different by a factor of ~2-3) ¢
« Q?-evolution? Intriguing result! o b , _ o , |
10—2 107! . 0.5 14‘ 0.5 p"' (Gel\‘[/c)
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SIDIS TSAs (Sivers)

dG sin( ¢, — .
ayaariagag ~ (For +eRuu{Leos SoAT sin(d —g,) v..

COMPASS 2010 proton data

COMPASS positive pions x<0.032

" < 0. ®  COMPASS positive pions x>0.032 _ PLB 744 (2015) 250
sin(y ) hkT Lgemn Sin(dh ) o HERMES 7' PRL 103 (2009) (}’
Forr =) M fir oo | For” =0 0.05- 23 ﬁ)i - é’ﬁ + RS (}{' {
P P*Qﬁi gt
| TR L S L
* Measured on proton and deuteron
y Recently - gluon Sivers paper Q:%O:;_ I COMPASIS positive ka():s 1<0.032 | I : I I I
PLB 772 (2017) 854 = S HERMES T PRL 165 o ! }
s sl : L
Sivers effect at COMPASS is slightly {}{v@## ‘%}% 1 ﬂ’fﬁé - %*
smaller w.r.t HERMES results Lo i ______________ i _é_'}__+ ____________________ et i
(Q? is different by a factor of ~2-3) ¢
« Q?-evolution? Intriguing result! T Y S , |
_ _ 02 0! 05 1 0.5 I 15
+  Global fits of available 1-D SIDIS data R z P} GeVio
- Different TMD-evolution schemes > 0 b compass proton |
« Different predictions for Drell-Yan & HERMES ¢ "
£ £ o1~ COMPASS oos |

« Sivers TMD PDF is predicted to change <
the sign between SIDIS and DY

0.05 —

) e T™MD
0 0.05 F ——--

DGLAP
—— . TMD Analytical

02 03 04 05 06 07 08 0.01 0.1

S. M. Aybat, A. Prokudin, T. C. Rogers PRL 108 (2012) 242003
M. Anselmino, M. Boglione, S. Melis PRD 86 (2012) 014028
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Multi-D TSA analysis

do sin( 3 Sin(dh+ds ) i
dxdydzdp2d g, d ¢, oo (o +8Fou ) Lo+ S AR sin (g, — s )+ Sr 2 AT sin (¢, + 4 ) .. |

- B.Parsamyan (for COMPASS) arXiv:1504.01599 [hep-ex] (SPIN-2014)
sm(¢n ¢S) h . kT 1q SII"I(¢h ¢S) = 0.1 0.008<x<0.013 o 0.008<x<
— . - - E 0. 0.013
FUT T =C M f qu FUT L =0 e i 0L pT>0.l GeVic = 0.05E ¥
L £F5 FT# A
B p < b COMPASS preliminary < 0.05 3 COMPASS preliminary
sin( g, +¢ P 1h N e T E
For het) — | - hlq H = %1H0.013<x<0.02 -yt E 0.013<x<0.02
T - «=h 3 0OF
HI £ of% %W
< o
a r 1 = 0.1F 0.05F
@ COMPASS preliminary 3 _ 01l 0 5 5
% 102 Proton 2010 data O'ng & 50'0 <X<O'Of o 0,055—0'02<x<0'032
O T ol Qucevirs 8% . Ope oy, S b = &
L ‘ - ‘ ‘ ! 2] m<:: - ';<: 3 A
o o, | 16<Q*(GeV/c)<81! _0'7% 01F 005
| Lo 2 %1F0.032<x<0.055 ~ E 0.032<x<0.055
........................................... 5 ., # < "UF
S Op e & e 2. Gy o #
10 < o ! ﬂ.{: r & 2 F
4 : S . 01f 0.05F
| P = Ol 055ex<0.1 ~ E 0.055<x<0.1
[ =2 PRg 005
,,,,,,,,,,,,,,,,,,,,,,,,,,,, s o i i o E LI Y
7<Q(GeVicy<3 £ O © ¢ { s ofF P oz 1 H
777777777777777777777777 R ey d R : < - < 3
1<Q‘/(GeV/c) <1. 7 A PR 4 : ; o 0.1F 0.05F
3 ' B L g O 1<x<021 E (0.1<x<0.21
o o s, T e
? 5 °F e e $ % g of "on f{
< - < E
01F -0.05F
e ME021<x<0.4 R E (0.21<x<0.4
A S
.‘Zj 0 '_ g‘ B 0 E_ é *
« No clear Q2-dependence within statistical accuracy < | ¢ ¢ <
01 -0.05F
 Possible decreasing trend for Sivers TSA? 1 m : _
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http://arxiv.org/abs/arXiv:1504.01599

((]D »

Salvador Dali “Maximum Speed of Raphael's Madonna”
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({Nature » ((]D »

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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Brell -Ban
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SIDIS and single-polarized DY x-sections

SIDIS | -39 (R +R?) DY
dxdydzded¢hd¢s - dg'dQ
2 2 1+ Al cos’
“ A 1+7/_ (Fuu r+eFyy L) - CScos¢>CS . 00820
xyQ? 2(1-¢) 2X ’ ’ | + Sin 20, COS @5 +SIN“ O COS 2
1+ 22 (1+ £) A cos ¢, + & AT cos 24, 1 + S, [ 8in 0 A" sin g +5in° I A sin 29 |
sin | (A% +cos? 0., A \sin ]
+ 125 (1-£) A% sing, - (A AT Jsing,

+ S, 4/25 1+ 2) AN sin g, + £ AT sin 2¢h}
+ S| L= A, + 22 (1—2) A cosqﬂ

. >
+sin% o A sin (206 — 95 )
s SiN(20cs +05 ) oi
+ A sin(2¢s +¢s)

A?i”(%s -05) sin (q)CS — s )
+ A;i”(q’csﬂﬁs) sin (q)CS + s )

+ S

+sin ZQCS[

_AjiT”(%*¢8)sin(¢h ~4,)
] + gASJiT”(’”"+¢S)sin(¢h + s ) >
+ S, |+ gAjiT”(ay’“_%)sin(ngﬁh —¢,)
+ \/m,éﬁ'”q’s sin @,

E \/m A %) sin (24, - ¢S) s oo

1 g c$s¢3n —fs) COS ¢h ¢S) i /;qr l]/ / 1
+ S.A|+ 4/25 1— &) A" cos ¢ P L 7
+ 26 (1) AT H) cos (24, — ¢, ) / 7
I
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SIDIS and single-polarized DY x-sections at twist-2 (LO) g
dot° SIDIS , dot© DY
dxdydzdpZdgdg, I

oc R} (1+c0s° O )

(FUU,T +8FUU,L)

14 e A5 cos 24, | . : 1+ D[szecs} A7 c0S 205
+ SL & Si[|2¢h Sin 2¢h + SLﬁu \/1_82 ALL + SL Sin2 9(;5 Sin2¢cs Sin 2¢C5
[ Asin(d — - ] i B SINQs 3 ]
AR "’S)sm((bh — ) SIDIS-DY | X A singg (
i brid ' SiN(2¢cs =95 ) i
N+ Sy |+ eATYsin (g, + 4y ) o + S, e A7) sin (20 — 5 )
_ : sin? Oeg Sin(2¢cs +05 ) x
+ cATY ) sin (34, — i ) L L A ing2gg 4|
- cos(dh - " where D . =sin’6.. /(1+cos* g
+ SpA (1_82>ALT " ¢S)COS(¢h — s )} [sin® s | © ( CS)
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SIDIS and single-polarized DY x-sections at twist-2 (LO)g#

do'° . SIDIS do&*° DY
dxdydzdpZd e, d ¢, dg*dQ

oc R} (1+c0s° O )

(FUU,T +8FUU,L)

14e ATy cos 24, | — 1 D[sinzecs} AT e
+ S e AL sin2g, + S AN1-2" A + S, sin? O, A"2% sin 2¢.
[ Asin(4 — . N [ ASINGs i ]
AR "’S)sm((bh — ) siDISDY A singg ( | (
X 9 sin(é. + . > bridge Sin(2¢cs =05 ) i _
+s, [+ 5Am(¢“ ¢S)5'”(¢h+¢s) « + S, +D[ | A Sin(2¢s — @5
. sin® s Sin(2¢gcg +05 ) A:
+ eATCA ) sin (34, — ¢, ) K I + A" gin (200 + @4 ) ]
- oo — - where D. ,  =sin*@.. /(1+cos’ 6
# 802 ] (1ot AT cos (g, s )| ) =S G )
- i T~
cos2 1q Lh Boer-Mulders C0S2¢ 1q 1q
;e h T @H + AT oyt ®hy
sin(@, —¢,) 1q h Sivers sing. q 1q
T% Och ®qu < > AT SOCfLE®b

Transversity

sin(¢h, +¢ ) q Lh SiN(2¢cs —9s) 1q q
T och_1® H, A och1,7r®hl_,p

sin(3¢, —¢ ) Lq Lh Pretzelosity Sin(2¢cs +05 ) 1q 1q
T oc hyy' ® qu AT e hl,;r ® h1T,p
sin 2, 1q Lh Worm-gear L . sin2¢, 1q 1q

L hchy ' ® qu AT hl,;z ® hlL,p

Ay o gy ® Dy, AT oc g} ® Dj; Double polarized DY

COMPASS accesses all 8 twist-2 nucleon TMD PDFs in SIDIS and 5 nucleon+2 pion TMD PDFs in DY
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SIDIS and single-polarized DY x-sections at twist-2 (LO)giA ,

do'° . SIDIS do&*° DY
dxdydzdpZd e, d ¢, dg*dQ

(Four +€Fuu.) oc R} (1+c0s° O )

1HeAT " cos24,| __ 1+ D[smz(acs} AT C0S 20
+ S e AL sin2g, + S AN1-2" A + S, sin? O, A"2% sin 2¢.
[ Asin(4 — . N [ ASINGs i ]
A ) g (6, —¢s) sIDISDY A" sin g [
X Sin(dh+ . > bridge sin(2¢cs —9s ) i _
i S, |+ eAT ) sin (g + ) ) + S, 5 A" Sin (2005 — @5 )
. Sin29C5 Sin(2¢gcg +05 ) A:
4 gAj'?(3¢n—¢s)Sin(3¢h _¢S) | i [ ] + A (2rcs o )Sln(2¢CS +(DS) |
- cos{dr - - where D. ,  =sin*@.. /(1+cos’ 6
+ STﬂz (1_52>A|_T (¢n ¢S) COS(¢h _¢5 ):| [sm ()CSJ CS ( CS )
- i T~
cos2¢, 1q Lh Boer-Mulders Cos2¢, 1q 1q
0 och_1 ®qu +... AT ochM@hl_,p
Sivers

sin(¢, —ds) 1q h
T och X qu

A

> A?m(ps oC flqﬂ ® fl'JI'_qp

A?in(zéﬂcs_(ﬂs) oc th ® h?
1,7 1p

Transversity

Sin(dh+4) - 1 Lh
i och_1® qu

1T,p

sin(3¢, —¢s) 1q Lh Pretzelosity Sin(2pes +0g ) 1q 1q
" oy ®H,: A te) o n i @y

within QCD TMD-framework:
h " &f;% TMD PDFs are expected to be "conditionally” universal (SIDIS <> DY:sign change)
h! &h;" TMD PDFs are expected to be "genuinely” universal (SIDIS <> DY: no sign change)
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SIDIS and single-polarized DY x-sections at twist-2 (LO)

Lo SIDIS d&*° DY
d02 oc(FUUT+8FUUL) (j OCFul(l'*'COSZ@cs)
dxdydzdp; dg¢, d g, ’ ' dg'dQ
142 Al cos 24, | 1+ D g | AT €08 200 \
+ S e AL sin2g, + S AN1-2" A + S, sin? O, A"2% sin 2¢.
[ Asin(4 — . B [ ASINGs i ]
AR ¢S)sm(qﬁh — ) SIDIS-DY A singg ( | (
X < Sin(dh+ . > bridge SiN(2¢cs =95 ) i _
+ ST + gAUT(% ¢S)S|n(¢h+¢5) < =F ST +D[ } AT Pcs —P Sln(zgpcs (03)
: sin® Ocs SiN(2¢cs +95 ) w:
+ eATCA ) sin (34, — ¢, ) K I + A" gin (200 + @4 ) ]
- oo — - where D. ,  =sin*@.. /(1+cos’ 6
+ SA| (1= )AT Y cos (4, — 4 )] [sin s es )
-
C0524), 1q Lh Boer-Mulders C0S2¢ 1q 1q
o M ochy ®Hy ' +... A; Csochl_ﬂ@)hl_,p
sin(dh ) 1q h Sivers sin q 1q
T Och ®D1q < > AT SOCfLE®b
singh +4,) o R @ H A" Transversity P20 05) o h1a @)
T _t - _1a _Lm L
sin(3¢, —¢ ) 1q 1h Pretzelosity Sin(2¢cs +05 ) 1q 1q
T oc hy' ® qu AT e hl,;r ® h1T,p

Complementary information from different channels :
« SIDIS-DY bridging of nucleon TMD PDFs

- Multiple access to Collins FF H,." and pion Boer-Mulders PDF h; ¢
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SIDIS and single-polarized DY x-sections at twist-2 (LO){#

LO IDI d LO DY
d02 oc(FUUT+8FUUL) > > (Z OCFul(l'*'COSZ@cs)
dxdydzdp; dg¢, d g, ’ ' dg'dQ
142 AT" cos24, | 1+ D[sngcs} AT C0S 20 )
+ S e AV sin2g, + S AN1- 2" A + 'S, 8in? G A% SN 200
_Aj‘{‘(”’“‘%)sin((bh — ¢ ) | sDISDY ¥ A singy (
X sin(é. + . > bridge SiN(20cs ~95 ) i .
H+s, |+ enn® “sin(g, +¢5) « + Sy D AT SN (2005 — 95)
_ sin? O Sin(20cs +05 )
+ e AT sin (3¢, — g, ) L + A sin (200 +5) ) |
3 cos( 4 — - where D, , . =sin*0.. /(1+cos’ 6,
+ STﬂz (1_ 82 )ALT (¢n ¢’S) COS(¢h _¢5 ):| [sm ()CS} CS ( CS )

COMPASS x:Q? phase space (DY 2015 data)

i) COMPASS 2015 data :453".- =
~ AR - —_
~ 10% Drell-Yan NH; g 8
0] - 7]

© £
w | <]
=

10

107
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- SIDIS do*° DY
d02 oc(FUUT + &Ry, ,_) —(j <Ry (1+C052 ecs)
dxdydzdp; dg¢, d g, ’ ' dg'dQ
142 AT" cos24, | _ 1+ Do ] ACS2%65 008 200 ]
+S.¢ STZ% sin2¢, + SLﬂ'Vl_gZALL + S, Siﬂzt9CS n27cs sin 2¢cs
[ Asin(4 — . N [ ASINGs i ]
AR "’S)sm(gbh —¢s) sIDISDY A" sin g [
X J Gin(d 4 ) bridge sin(2¢cs 95 ) i _
+ S |+ AT S sin (g + ) . L A sin (2¢cs —¢s)
F Sinzgcs sin(2 cs T Ps =
+ e AT sin (3¢, — g, ) | L I A sin 200 +0y) )|
3 cos( 4 — - where D, , . =sin*0.. /(1+cos’ 6,
+ S (1_ & )ALT et COS(¢h — ¢ )} [sin? s | s ( cs )
N = —— COMPASS 2015 NH, data .2 i
§ N Comb. backgromnd COMPASS x:Q?2 phase space (DY 2015 data)
2 100 A Iy (MC) o . 5
@) A N . W (MC) < COMPASS 2015 data i E
=t 104 R e Open-charm (MC) % 102? Drell-Yan NH; - §
< S3 G g
=) = = === Drell-Yan (MC) = - =t
~ 30 T Total MC + Comb. background ) - %;
> 10 = AN - §
= C \,. i i =
8 102 g_ \.‘% - i, il iy ; 10
10 = LN i i
- L Y L L I
4 6 8 10
M, (GeV/c?) 107
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SIDIS and single-polarized DY x-sections at twist-2 (LO)gl#

LO
d02 o« (Four +&Fuu ) SIDIS df oc R} (1+c0s° O ) DY
dxdydzdp; d ¢, d ¢, ' ! dg*dQ
142 AT" cos24, | 1t Drinea ] AT €08 2 |

+ S, Sin® O A7 sin 2¢0

[ Asin(4 — . - T ASINGs o
A ¢S)5'”(¢h ~ ) SIDISDY | A sin g -
X sin(dh + . > bridge Sin(20cs 05 ) o _
ﬁ + Sy +5AUT(¢n ¢S)S'”(¢h+¢s) € + Sy AT SII’](Z(pCS (Ds)
i sin? fcs SiN(2¢cs +05 )
+ 5Ai$(3¢n_¢5)5in(3¢h_¢s) \ I [ } + A (20 ¢)Sm(2¢CS +¢s) |

= — 2
v 5] J[1- e AT ) cos (g, — g, )} where D ey =SIn% O /(1+cos’ O )

+ S, eA) P sin2¢ + S AVI-7 A,

J

25<M/(GeV/c2)<43 “Charmonia mass”
Strong J/y-signal — study of J/y physics

(xn) = 0.31, (XN) = 0.09, (XF) = 0.22, (qT) = 1.1 GeV/c Good signal/background
030 Anselminoetal ] %5 COMPASS 2015 data =52 ' 3
o - — gr=1.0GeVic | = 2l ) 3
0.25f PLB 770 (2017)302 7" : 3 10°) prefl-an ¥
020} ] S | ongoing analysis EQ
It . : R
3~ 0.15¢ y 1 ) . %
S i ] “Charmonia”
< C ] 10
0.10f ] ,
0.05 ] 3
0.00 e ]
0.0 0.1 0.2 0.3 0.4
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SIDIS and single-polarized DY x-sections at twist-2 (LO)g#

do*® SIDIS do&*° ) DY
z o« (Fyyr +&Fu) e Fj (1+c0s O )
dxdydzdp;dg,d q
2 ( c0s2
(1A% cos 20| < Sy D[sinzecs} Ay B A
+ S eA M sin2g, + S AVL-&T A, + S, Sin® O A7 sin 2¢0
% [ ASINgs o: ]
[ A=) sin(¢, — ¢ ) SIDIS-DY A sin g
X9 sin(gh +45) i o Pridge +5S sin(2¢es~¢5) gin (24905 —
+S; |+ AT sin (g + ) |40, A )( Pes = Ps5)
) - ) Sin“ Ocs SiN(20cs +95 ) o
+ gAi'?(3¢n ¢s)S|n(3¢h_¢S) | i + A SII’](2¢CS +(DS) |
- - where D =sin’ @, /(1+cos” O
n STZ (1_ 82 )AE?(% és) COS(¢h _¢S ):| [sm2 ch} cS ( cS )
4.3 <M/(GeV/c?) <85 “High mass” range
c@ § ——— COMPASS 2015 NI, data Beyond charmonium region, background < 3%
S s e Comb. background Valence region — largest asymmetries
o 100 A 1y (MC) o 3 =
) - AN T MO S COMPASS 2015 data 157 Z
O v | > 102l Drell-Yan NH, ' g
> 10 A e Open-charm (MC) 8 E o §
= Sl - === Drell-Yan (MC) = . <
= 4 RIS Total MC + Comb. background i) - “High mass™ S
~ 10° = Ta W e T TTTTTTTTTT TS i s range 5
8 B R ; o S
S L Rt ’ =
8 10- g_ ‘%k.,\" ; %ﬁg 10?
E “B v (M) = 5.3 GeV/e2 T g -
0% Y E Py -
F RN L] | I
4 6 8 10
M, (GeV/c?) :
25 September 2018 Bakur Parsamyan Xy 63



SIDIS and single-polarized DY x-sections at twist-2 (LO){#

LO
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Lo IDI do* DY
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?-ranges
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?-ranges
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 Results from first ever measurement of Drell-Yan TSAS
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COMPASS experimental setup: Phase Il (DY program)

Two-stage spectrometer —
- Large Angle Spectrometer (SM1 magnet) HcAL2
= Small Angle Spectrometer (SM2 magnet)

= High energy beam
= Large angular acceptance
- Broad kinematical range

= Momentum, tracking and

EcaLl  SM2 calorimetric measurements, PID

HCAL1
RICH

\
SMI S
\ .

Polarized <

Drell-Yan

P>

SciFi, Silicon, MicroMegas, GEM,
MWPC, DC, Straw, Muon wall
VD, DC5, new DAQ...

Data-taking years: 2014 (test) 2015 and 2018
High energy n~ beam:

Energy: 190 GeV/c, Intensity: 108 /s

Target: Solid state

« NH; 2-cell configuration. Polarization T ~ 73%, f ~ 0.18
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COMPASS experimental setup: Phase Il (DY program)

Two-stage spectrometer —
= Large Angle Spectrometer (SM1 magnet) HcAL2
= Small Angle Spectrometer (SM2 magnet)

= High energy beam
- Large angular acceptance
- Broad kinematical range

= Momentum, tracking and

EcaLl  SM2 Muon-filter Calorimetric measurements, PID
HCAL1 \
RICH. S 7

SMI S
Polarized §A

Target

Hadron absorber

Nuclear target (Al)
Muon-filter Aluminum cone * [

[ '
% Stainless Steel
1~ 20 cm
\
aluminum -6 -

MMO1

E 25cm
downstream last

alumina layer

MWPC, DC, Straw, Muon wall .
VD, DC5, new DAQ... sob

o0
vertex detector e —

=48

wwwrdien ¥

NG |
box cover /_WE . alumina
Data-taking years: 2014 (test) 2015 and 2018
High energy n~ beam:

Wn beam plug \
Energy: 190 GeV/c, Intensity: 108 x/s T —

Target: Solid state | e
« NH; 2-cell configuration. Polarization T ~ 73%, f ~ 0.18
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COMPASS experimental setup: Phase Il (DY program)

Two-stage spectrometer —
- Large Angle Spectrometer (SM1 magnet) HcAL2
= Small Angle Spectrometer (SM2 magnet) \

= High energy beam
= Large angular acceptance
- Broad kinematical range

« Momentum, tracking and

EcaLl  SM2 Muon-filter Calorimetric measurements, PID
HCAL1
RICH \ %10’
SM1_ Sa = 3
- . E COMPASS 2015 data Tungsten
Polarized N P 2 4.3 <M, /[(GeV/c )< 8.5 _. beam plug
Target 2 ‘(’.’3 |
> Muon-filter = 2 R
> £ |
SciFi, Silicon, MicroMegas, GEM, g |
MWPC, DC, Straw, Muon wall S |
VD, DC5, new DAQ... 1

Data-taking years: 2014 (test) 2015 and 2018
High energy n~ beam:

Energy: 190 GeV/c, Intensity: 108 /s
Target: Solid state

« NH; 2-cell configuration. Polarization T ~ 73%, f ~ 0.18
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COMPASS experimental setup: Phase Il (DY program)

Two-stage spectrometer —
- Large Angle Spectrometer (SM1 magnet) HcAL2
= Small Angle Spectrometer (SM2 magnet) \

= High energy beam
- Large angular acceptance
- Broad kinematical range

« Momentum, tracking and

EcaLl  SM2 Muon-filter Calorimetric measurements, PID

HCAL1
RICH

\
SMI N o
Polarized §A Q

------- Reconstructed events

"1 Events from 1" cell

[ Events from 2™ cell

1 Events from LHe gap

[1 Events from LHe upstream 1% cell
Events from LHe downstream 2" cell

15000

Target

4 ,ju ~ Muon-filter

‘ Bl
Veto a > 5 T ’ ~ ",) - - -pge - :U/
: TlgZ SciFi, Silicon, MicroMegas, GEM,  z He |: 5 | He
MWPC, DC, Straw, Muon wall g ; ;
VD, DC5, new DAQ... 5000 bear

—
5]
=]
(=]
II\I|II\I|IIII|II

Data-taking years: 2014 (test) 2015 and 2018
High energy n~ beam:

Energy: 190 GeV/c, Intensity: 108 /s
Target: Solid state

« NH; 2-cell configuration. Polarization T ~ 73%, f ~ 0.18

- Data is collected simultaneously with both target spin orientations
Periodic polarization reversal to minimize systematic effects
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Single-polarized DY Xx-section: unpolarized part
l:Af, _ I:u _Fu 1= AjOS(pCS,VZZA(jOSZ%S do oc(FUl+FU2)

- | i 4
i 1 2
*  “naive” Drell-Yan model o JIH A0S b +
collinear (k+=0) LO pQCD no rad. processes SIN% Os AS27 €OS 20 +5IN 20 AT COS g

r=1, (F2=0), p=v=0 |

 Intrinsic transverse motion + QCD effects COMPASS ongoing analysis
M1, u#0, v £ 0 but 1-A=2v (Lam-Tung)

* Experiment,
ML un#£0,v£0
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Single-polarized DY x-section: unpolarized part

1 2 !
A= A-lj = —FU _ FU — AGOSCDCS v =2 A‘josz(ﬂcs | d40 oC (Ful + FUZ) e
= = Fl F2 1;Ll - ’ — i dq do
U + U i . )
« “naive” Drell-Yan model L 1+ A cos” s +
collinear (k+=0) LO pQCD no rad. processes SIN% Os AS27 €OS 20 +5IN 20 AT COS g

r=1, (F2=0), p=v=0 |
 Intrinsic transverse motion + QCD effects COMPASS ongoing analysis
M1, u#0, v £ 0 but 1-A=2v (Lam-Tung) '
* Experiment, |
MLu#0,v£0 ! B e R S —

. e p +dat800GeV/c ' i ]

« v#0 - Energy and quark flavour dependence, | tE R ot 252 Gev e ]

QCD radiative effects, non-coplanarity | b [ 4 ™ +Wat194 Gevic ]
(PRD93, 114013 (2016), PLB 758 (2016) 384) Tt .
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Single-polarized DY Xx-section: transverse part
F-F; - do

_ Al cosg cos2¢ - ———oc (R} +F/)(1+ A, cos’ 4
A=A = W’ﬂ ATV =2AT gtdo (R + )L+ A cos” s )
*  “pajve” DreII—Yan model 1+ D[sin%} AT €08 20 + D iron. AV COS g
collinear (k;=0) LO pQCD no rad. processes ! [ Asings o T
. AT sIn @
r=1, (F2=0), u=v=0 i . _
 Intrinsic transverse motion + QCD effects | " D A7) sin (s — s )
ML u#0,v#0 but 1-A=2v (Lam-Tung) + s, [sin2es]| A 5in (g + 5 )
* Experiment, ! Sin(200s —05) s
ML u#0,v£0 +D AT Sm(2§0cs_¢’s)
| ] [sm HCS} + A?in(2¢C5+¢S)Sin(2¢CS +¢S) |
\ J
.1302;69 .1+S7tncgs C] .1+S71n.:2:s o ®i=1.0 ®A=08 "A=05 Y
. i ) 1 2
R  COMPASS 2015 data 4.3<M ,/(GeV/c 2)<8.5 Dy =1 (HCS)/(1+ Al cos ‘9cs)
R e T ¢ JUUREE® 1. All five Drell-Yan TSAs are extracted
L . L - - -
% S Lt _ “oeses s simultaneously using extended unbinned
Z 05¢ - Maximum likelihood estimator.
: ' » Depolarization factors are evaluated under
Of ---29%sesee o[ _ o seetesse_|  gssumption A;=1
I " - Possible impact of Aj#1 scenarios lead to a
XN X, normalization uncertainty of at most —5%.

25 September 2018 Bakur Parsamyan 75



Drell-Yan TSAs — Transversity
do

dg*dQ

o1t + ST[D[SinZHCSJ A;in(Z(Pcs—(/’s)sin(z(DCS _¢S)+"'i|

Transversity DY TSA

in(2¢cs —9s) 1L
COMPASS PRL 119, 112002 (2017) AT oy ] @Y

-COMPASS 2015 data

©
n

[ 4.3<M,,/(GeV/c?)<8.5)

Sil’](ZCI)CS— (DS)

_0'5__.....|_......._.,...l .lq,l_.h..hh..._ L
107! 107! 020 02040608 1 2 3 4 5 6 7 8
X q, (GeVre) M, (GeV/c?)

AL
e
I
|
:
|
1
——
|
|
1
|
1
|
|
1
1
T
I
|
1
1
|
|
1
1
|
:
|
|
[P —
1
I
1
1
1
1
|
:
1 °
I
1
I
1
I
1
1
1
|
I
|
1
1
1
|
1

25 September 2018 Bakur Parsamyan

76



Drell-Yan TSAs — Transversity
do SIN(20cs —Ps ) i B
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Drell-Yan TSAs — Transversity
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Drell-Yan TSAs — Transversity
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Drell-Yan TSAs — Pretzelosity
do

: o« 1+ 4 ST |:D[Sinz‘9CSJ A?in(2¢7CS+¢7S) Sln (2¢CS _(DS ) 4+ jl
dg dQ Pretzelosity DY TSA
sin(2¢cs +95) 1 1
COMPASS PRL 119, 112002 (2017) AT ochy T @y
0.5 FCOMPASS 2015 data | 4.3<M,,/(GeV/c <8.5¢

sin(2([)cs+ (DS)

A
S
T
1
1
1
1
———
1
—e—
——
——
1
[ P —
—e—
|_o
1
1
1
——t—
1
1
1
1
:
1
—_—
1
1
1
1
1
1
1
1
I
1
—lo—
——
—_——

||||||_IJIIII llqjl_|||||||m|lll|l_11|H|||||||||J|||m||||||||||
107! 107! -0.20 0.2040.60.8 1 2 3 4 5 6 7 8
Xy X, X q, (GeVre) M, (GeV/c?)
25 September 2018

Bakur Parsamyan 80



Drell-Yan TSAs — Pretzelosity
do

: o« 1+ 4 ST |:D[Sinz‘9CSJ A?in(zw(:S"‘@S) Sln (2¢CS _(DS ) 4+ jl
dg dQ Pretzelosity DY TSA
sin(2¢cs +95) 1 1
COMPASS PRL 119, 112002 (2017) AT ochy T @y
0.5 FCOMPASS 2015 data | 4.3<M,,/(GeV/c <8.5¢

sin(2(j)cs+ (DS)

A
S
T
1
1
1
1
———
1
—e—
——
——
1
[ P —
—e—
|_o
1
1
1
——t—
1
1
1
1
:
1
—_—
1
1
1
1
1
1
1
1
I
1
—lo—
——
—_——

) ....._|J|||| L lqjl_|||||||m|lll|l_111H|||||||||J|||m||||||||||
107! 107! 020 02040608 1 2 3 4 5 6 7 8
Xy Xp Xp q, (GeVre) M, (GeV/c?)
SIDIS in Drell-Yan high-mass range
Pretzelosity SIDIS TSA 0.1F 16<Q%(GeV/ey<8l | COMPASS|-PLB 770 (2017) 138
sin(3¢, —¢ ) 1q 1lh ~, I I Z
T oc Ny ® qu T - + + ‘ * " ;
fooo thasdlaigt olwEy ]
2 “’} :Q;FH + :ﬂ +‘H +
o1 | | —J—'__—
102 107! 02 04 06 08 0.5 1 1.5
X
25 September 2018

z p. (GeV/e)
Bakur Parsamyan 81



Drell-Yan TSAs — Pretzelosity
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0.15 208 < 003}
0.1 06 =
2[GeV?]  0.0% Pl -0.06
’ . g -0.09
0.70 0.1 1
X
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Drell-Yan TSAS — Sivers
do

TS ocl+...+ S; [Aﬁi”q’s sin g +]

Sivers DY TSA
vel )
COMPASS PRL 119, 112002 (2017) A" o £ @ T
0.5 FCOMPASS 2015 data —4.3<MW/(G6V/(.‘ )<8.5
:;/ - 0- }

% | o
< _%"} """"""""" {-% -------- }—{—{——jt* ________

—0.5p  — PR ererurss B PPN Pl wurrs et DO B ors worsrars S DU E s wewwuwed SR SOOOETS
107! 107! -020 0.2040.60.8 1 2 3 4 5 6 7 8
XN X XE q, (GeV/c)

M, (GeV/c?)
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Drell-Yan TSAS — Sivers
do

TS ocl+..+ S [ A" sing, +...]

Sivers DY TSA
sing q 1q
COMPASS PRL 119, 112002 (2017) Ar v o fl,7z ® f1T,p
0.5 FCOMPASS 2015 data | 4.3<M ,,/(GeV/c 2)<8.5} s s
=S SR I S Lo SR VR SO N O SO
< : % } } j 1} j % {
—0.5¢ ._ Ll lﬁjl_n...hmh..h,,.H|....|...,_|..m..|....|..
107! 107! -0.20 0.2040.60.8 1 2 3 4 5 6 7 8
Xy Xp Xp q, (GeVre) M, (GeV/c?)
SIDIS in Drell-Yan high-mass range ~ COMPASS PLB 770 (2017) 138
e 2>0.1 -4 z>0.1
. 0.04° 0.1<z<0.2 -2 0.1<z<02
Sivers SIDIS TSA B Ty - 502
sin(¢, —¢s) Lq h T - h' - h
T oc fr @ qu £ 0020 4§ ¢ - ‘} N
-;4:3 I ¢ % (% [ + | ‘}“H
| Q L A
] I A
L B s : l
I e — ] I 'ﬁ"
_0‘02_.| . | . P [ |
1 10 1
25 September 2018
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Sivers asymmetry in Drell-Yan: sign change

DGLAP (2016) TMD-1 (2014) TMD-2 (2013)
M. Anselmino et al., JHEP 1704 (2017) 046 M. G. Echevarria et al. PRD89,074013 P. Sun, F. Yuan, PRD88, 114012
~ oo : A
M COMPASS, proton, h* SIDIS 0.rF SIDIS = SIDIS
<’ - h 005 +p— hi+X
T 0.05 F 0.04F e
3 £ : L},/'!/!j 00sE.  COMPASS
o + (;: S 0 B 0.02%—
0.02 — + + < 0-015—
+ + -005 - 0%—
0 O01F . oo,
o 10 ) 10 1 XB 10? X 107
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Sivers asymmetry in Drell-Yan: sign change

DGLAP (2016) TMD-1 (2014)
M. Anselmino et al., JHEP 1704 (2017) 046 M. G. Echevarria et al. PRD89,074013

TMD-2 (2013)
P. Sun, F. Yuan, PRDS88, 114012

si n(uh-ns)

- 0.08 - =
< SIDIS O1F SIDIS °**"F SIDIS
» - h 0.05F N
£ 0.06 - E H+p— hi+X
E 0.05 o ] 0.04;
: : ‘},/.!/\i 0.03F COMPASS
0.04 > C
ﬁq’: 0 : 0.025
0.02 + + C 0015
' s -0.05 F F
C OF
0 0.1 F '0-015.
10 \10-2L IO;IXB/ 10‘2 § °
i sign change DY
0.1
w2 [
S
= B
‘BB -
< 0
0.1
L I I 1 I 1 | Il 1 Il 1 ‘ 1
—0.5 0 0.5
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Sivers asymmetry in Drell-Yan: sign change

DGLAP (2016) TMD-1 (2014)
M. Anselmino et al., JHEP 1704 (2017) 046 M. G. Echevarria et al. PRD89,074013

TMD-2 (2013)
P. Sun, F. Yuan, PRDS88, 114012

A

si n(uh-ns)
uTt

~ 008 X 0.06FF
< COMPASS, proton, h* SIDIS 0.1 - + SIDIS = SIDIS
2 oo - h 005F H+p— h'+X
e 0.05 F 5 0.04F
0.04 ZE
+ + ;ﬂ E 0.02
0.02 ) -0.05 F 0.01E
L 0 —
0 0.1 F | | -0.01E- g

i sign change DY
0.1F
9_‘-7) -
S i
i i
< O
0.1+
- no sign change
C | I | I | | I | I \ I I |
0.5 0 0.5
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Sivers asymmetry in Drell-Yan: sign change

DGLAP (2016) TMD-1 (2014) TMD-2 (2013)
M. Anselmino et al., JHEP 1704 (2017) 046 M. G. Echevarria et al. PRD89,074013 P. Sun, F. Yuan, PRD88, 114012
- 0.08 N 0.06 f ZITH(Oh-nS)
7 COMPASS, proton, h* SIDIS 0.1F + SIDIS : SIDIS
2 oo h 005 H+p— hi+X
£ 5 0.05F 3 0.04F-
ZIR= n 0.02F
0.02 + + < 0_015_
0 O01F . oo ]

1071 x\lo-L IO;XB/
COMPASS l

PRL 119, 112002 (2017) DY

sin@

In 2018 — 2" round of 0.1
polarized DY measurements - no sign change
L L \ L L L

at COMPASS Coeo
0.5 0 0.5
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SIDIS and DY TSAs at COMPASS (high-mass range)

do

oC
dxdydzdp?dd,dg,
Aji-:-1(¢h_¢8) sin (¢h - ¢S )
N gAii-:-](%+¢S) sin (¢h +¢S )
. gAji?(s%—(ﬁs) sin (3¢h —¢s)
2o (L 2} sind,
_+ W&¢(2%7¢S)Sin(2¢h _¢S) )

COMPASS PLB 770 (2017) 138

(Four +5FUU‘L){ 1+...

+ S;

e ht  16<Q(GeVicy<8l
Ah  ()=0238
4 AEr;(d)h— 0) ~
sin(d)h-l- q)s— ) .
UT
sin(3¢h— q)s) +
s1nq)S " ‘
ut
sm(Zq)h— q)S) *
uT L e .
—0.05 0 0.05
25 September 2018 (A)

dO_LO

dg*dQ

o R} (1+cos’ HCS){ 1+..

Aiimps sin gy

+D, ,
[sm HCS}[
+ D[sinzecs] [

A9 sin (200 — )

N A?in(2€0cs s) sin (2(pc3 + @ )
A]s_in(%s -0s) Sin ((DCS - (DS )

4 Aﬁin((pcs +0s5) sin (¢CS + (2% )

]

COMPASS PRL 119, 112002 (2017)

+S;

COMPASS 2015 data
43 < M, /(GeV/c?) < 8.5

/ Asin(d)s)

T

Sin(20_ . 6
T

kAfrin(mC“; ¢
sin(¢cs+ ¢S)
T

A;in(dncs— 09
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A new QCD facility at the M2 beam line of the CERN SPS

COMPASS beyond 2020 workshop, CERN, March 21-22, 2016

Physics Beyond Colliders kick-off workshop CERN, September 6-7, 2016
IWHSS17 COMPASS workshop, Cortona, Italy, April 2-5, 2017

Dilepton Productions with Meson and Antiproton Beams workshop, ECT*, Trento, Italy, November 2017
Physics Beyond Colliders annual workshop, CERN, November 21-22, 2017
IWHSS18 — COMPASS workshop, Bonn, Germany, March 19-21, 2018 Letter of Intent (Draft 1.0)
Mini Workshop for a QCD Facility at the SPS after 2021 — CERN, 20 June 2018 | arXiv:1808.00848 [hep-ex]
IWHSS19 — COMPASS workshop, Aveiro, Portugal, June 23-28, 2019

X1V International a X - PhySICS Beyond CO“IderS
AT 4 p The annual workshop of the Physics Beyond Colliders study group
\I-Y:(;-ll'(::?t)r::ture - ,*;:‘:. EC T ot ,*:;:. . vis to be held at CERN, Geneva, on 21-22 November, 2017.

/i
EL R()l’l- AN CENTRE FOR THEORE lI( A Bsgon ofithe StUdy group, the WOI’kShOg

and Spectroscopy

STUDIES IN NUCLEAR PHYSICS AND RELATED IWHSS1 8 rites offered by the CERN complexfor futlire™
Longitudinal and Transverse Spin Structure \ 0 4 (7 4 1ents that explore open questions in funTmental -
of the Nucleon d i tution et ¢ European tee N ] i~ =y
Frgmenon Fncions " XV International -
rch for Glueballs, Hybrid Mesons an -~
Multiquark States ﬂ' s Workshop on Hadron »p will present the progress and develo ent

Meson Spectroscopy
TMDs, GPDs and GTMDs
New opportunities for physics beyond

der investigation by.the Physics-Beyon
stimulate and discuss new ideas. =

Structure and Spectroscopy

B e i P P | B e 20t Torsne s vt vt
C u e | | Bonn, Germany TMD's, GPD's and GTMD's
Meson Structure

Local Organizing @ iwhss2018physik.uni-bonn de Mason Specigecin y —
> Search for Exotics a on, as well-as xnen nda
Committee & st 01a New Opportunities for fixed Target Physics ’5 ;

leValléa

(@ iwhss17@tonfnit
8§ iwhssizoinfnit
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https://nqf-m2.web.cern.ch/
https://nqf-m2.web.cern.ch/
https://nqf-m2.web.cern.ch/
https://nqf-m2.web.cern.ch/
https://indico.cern.ch/event/502879/
https://indico.cern.ch/event/523655/
http://iwhss17.to.infn.it/
https://indico.cern.ch/event/664277/
https://indico.cern.ch/event/664277/
https://indico.cern.ch/event/664277/
https://indico.cern.ch/event/644287/
https://indico.cern.ch/event/658983/
https://indico.cern.ch/event/737176/
https://indico.cern.ch/event/737176/
http://arxiv.org/abs/arXiv:1808.00848

A new QCD faci

ity at the M2 beam line of the CERN SPS

Physics Beam Beam | Trigger | Beam Earliest Hardware
Program Goals Energy | Intensity | Rate Type | Target | starttime, Additions
[GeV] [s ! ] [kHz] duration
up Precision active TPC,
elastic proton-radius 100 4.10° 100 ui high-pr. 2022 SciFi trigger,
scattering measurement H2 | year silicon veto,
Hard recoil silicon,
exclusive GPD E 160 | 2-10 10 pt | NH 2022 modified
reactions 2 years PT magnet
Input for P production | 20-280 | 5- 10° 25 p LH2, 2022 LHe
DMS cross section LHe 1 month target
target spectr.:
p-induced Heavy quark 12,20 | 5-10 25 D LH2 2022 tracking,
Spectroscopy exotics 2 years calorimetry
Drell-Yan Pion PDFs 190 7-107 25 i C/w 2022
1-2 years
active
Drell-Yan Kaon PDFs & | ~100 108 25-50 | K*.p NH?E, 2026 absorber”,
(RF) Nucleon TMDs C/W 2-3 years vertex det.
Kaon polarisi- non-exclusive
Primakoff bility & pion ~100 | 5-10° > 10 K Ni 2026
(RF) life time 1 year
Prompt non-exclusive
Photons Meson gluon | >100 | 5- 10° | 10-100 K+ LH2, 2026 hodoscope
(RF) PDFs T Ni 1-2 years
K-induced High-precision recoil TOF,
Spectroscopy | strange-meson | 50-100 | 5- 10° 25 K~ LH2 2026 forward
(RF) spectrum 1 year PID
Spin Density
Vector mesons Matrix 50-100 | 5-10° | 10-100 | K, 7" | fromH | 2026
(RF) Elements to Pb | year

Standard muon beams Standard hadron beams RF-separated hadron beams
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https://nqf-m2.web.cern.ch/

@ A new QCD facility HOME  DOCUMENTS  WORKSHOPS  TIMELINES | AM INTERESTED

- at the M2 beam line ot the CERN SPS

Welcome
Over the past four decades, measurements at the external beam lines of the CERN SPS have been at I am IntereSted to JOIn e-mall

the center of worldwide attention. These experimental results have challenged QCD as our theory Iist of NQF to stay updated

describing visible matter, thus serving as important input to develop improvements of the theory.

e H

As of today, these beam lines remain unique and bear great potential for a significant future advancement

of our understanding of hadronic matter. Hence we propose to establish a world-unigue QCD facility vour email acdress

that will use the external SPS M2 beam line in conjunction with a universal spectrometer in the experimental

hall EHN2. After a major upgrade in a second phase, it will be possible to produce unique beams with considerably Message f
enhanced fractions of kaons or anti-protons, thereby opening access to a wide range of new physics opportunities.

The Letter of Intent available on this site is summarizing most of the present ideas for possible

future measurements to be performed at the CERN M2 beam line. It was prepared with the objective to

serve as a basis for building a broad community dedicated to these new studies. During the forthcoming
year the document is expected to evolve towards a full proposal for a new experimental facility.
Itis planned to be ready in time for the 2019/2020 Update of the European Strategy for Particle Physics.

Home Contact

Documents CERN
CH-1211 Geneva 23
Switzerland

Workshops

Timelines
NQF-M2@cern.ch

| am interested

https://ngf-m2.web.cern.ch
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https://nqf-m2.web.cern.ch/
https://nqf-m2.web.cern.ch/contact
https://nqf-m2.web.cern.ch/
https://nqf-m2.web.cern.ch/
https://nqf-m2.web.cern.ch/
https://nqf-m2.web.cern.ch/

Conclusions
* During phase | COMPASS has measured all possible SIDIS azimuthal

LSAs and TSAs
o Recently COMPASS has performed first multidimensional analysis of SIDIS
proton TSAs: PLB 770 (2017) 138
* No hints for significant Q?-dependences of Sivers and Collins TSAs

» Apart from Sivers and Collins effects non-zero signal was observed for twist-2
AS2S@n=®s) and subleading-twist ASr?S TSAs
o COMPASS has measured SIDIS proton LSAs with unprecedented precision
. twist-2 A5y >?* asymmetry seem to exhibit a Collins-like behavior
- Significant effect was observed for subleading-twist A5 %" LSA
* In 2015 COMPASS has successfully collected first ever polarized DY data
PRL 119, 112002 (2017)
o A second year of polarized DY data-taking will take place in 2018
« COMPASS-II proposal addendum: SIDIS run in 2021 with transversely polarized
deuteron target was recently approved!

» Prospects for a future experiment at CERN (SPS M2) are being actively discussed
o Letter of Intent (Draft 1.0) is now public - arXiv:1808.00848 [hep-ex]
o Particular attention is given to possible Drell-Yan measurements

93

25 September 2018 Bakur Parsamyan


http://arxiv.org/abs/arXiv:1808.00848

Spare slides

25 September 2018 Bakur Parsamyan 94



The 437 ?" asymmetry

do Singy, o3 o
dxdydzdpZdg,dg, oC (FUU'T +5FUU,L){1+...+ S, W'A\JL% sing, +... } PLB 717 (2012) 383

“;é:’ 006
. 2M h. M. G 1 i
Fsinge — 20 ) Pr hiH 4 —h ga —9 Proton 2007+2011 data 000 R
uL X L' "1q + glL H{n
Q |\/lh M A L o extracted LSA h' _+ _______________________
== 0.04+ 2 TSA contribution
A ah £ = - e corrected LSA ' '
+ h- kT xf L Dh _% 1q i ”<D | COMPASS preliminary ?& h +
M R VI 0.02F 3
— : % CI& @ ® ? i / —---+—-§----+--{-+--+--{ .......
C 1.+ COMPASS preliminar »* . t
0.25E h p y ok~ » 2. N
0 2:_ sin(0, ), Sivers i o v .
E)\ T ' 002 — PLB 717 (2012) 376
C sin(¢ ), Collins - O extracted LSA h I
~ 015: - - " &= 0.04 2 TSA contribution f
0 1: -§<§ | e corrected LSA
A | |t
0.05 . 0.02
OF o Y o 0_— %A@Q%éﬁﬁgﬁ\
10~ 10"y ; :
] .. 00—
« Q-suppression, TSA-mixing 0.02 ST [
* Various different “twist” ingredients x R R TT

* Non-zero trend for h*, h- compatible with zero, clear z-dependence
25 September 2018 Bakur Parsamyan 95



SIDIS: target longitudinal spin dependent asymmetries

do
oC
dxdydzdp;d ¢, d e,

(FUU,T +‘9Fuu,|_){1+---+ S, eA)*" sin 24, +... }

MM,  Additional p-suppression

— —C{—Z(h. pr )(P-ke )= pr Ky tqHﬁh} *  Only “twist-2" ingredients

B. Parsamyan (for COMPASS) arXiv:1801.01488 [hep-ex] (DIS-2017)

% :Z__ ; ST <'z <02 : : ) .
p 4 X
O#m%#m %ﬁﬂﬂ * W%W 1 ?f@*@?j% %

%<50.02: £ 0.1<z<02 + + %L % % _ % Z: +
1 MWM% __ﬁ?;@;i{g . _ﬁﬁg% @L | M%ﬁ% :
1072 ot 02 04 06 08 0 lpT GeVie) W Geviey
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https://arxiv.org/abs/1801.01488

The A$3°®* asymmetry
da o cos¢n
VNI (Four + R ) {1+ + S A 26 (1- 2 ) AP cos g +... }

" |jih
Fot =21 C{ hMpT (erHih + '\I\/'/I“ 9 —

Q

eh"” z>0.1 COMPASS preliminary Proton 2007, 2011 data
gttt ? : _-
T ﬂ ‘q : : i
mﬂmﬂ Aty Tty b s o
—0.1 : I i
“ll(l)l_2 - 10I_1 S l0.|2l | l0!4I | IO.|6l | lO.|8l o ‘O.|5L o |1 o ‘1.|51 5I o 1|O B 1‘5 |
X Z P, (GeV/e) W (GeV/c?)

* Various different “twist” ingredients,
* Q-suppression
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SIDIS: target longitudinal spin dependent asymmetries

do

F + ¢k 1+...
dxdydzdp?d ¢, d ¢, < (Fuus + ”“’L){

L, _,/25(1—#5) Sif%sin%] W

SiN2¢), o
| +e AT SIN 24,

i Vl_gz ALL
| +/2¢(1- ) AT cos g, |

COMPASS collected large amount of L-SIDIS data
Unprecedented precision!

+ S, 4

Asinth
UL
* Q-suppression, Various different “twist” ingredients
» Sizable TSA-mixing
« Significant h* asymmetry, clear z-dependence,
* h-compatible with zero

sin2¢p
AUL

e Only “twist-2” ingredients
« Additional p;-suppression
« Compatible with zero, in agreement with models

* Collins-like behavior?

cospp
ALL

» Q-suppression, Various different “twist” ingredients
« Compatible with zero, in agreement with models

sin q)h
UL

sin 2¢h
UL

cos d)h
LL

sin 3¢h
ULWY

cos 2¢h

25 September 2018 Bakur Parsamyan
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?%-ranges

do (FUU,T +5Fuu,L){1+"'+ St Aiﬁ(%_msm((bﬁ ¢ )+ }

oC
dxdydzdpZd ¢, d e,
COMPASS PLB 770 (2017) 138

Fsin(¢n_¢s) — C|:— hIVlI(T fl#q Dh :|’ FUS_'I_"‘(L%_%) — O

ur.T 19 F0.022<x<0035 sh' 0.1<z<02 -- DGLAP b 01 <p KAGeVie)<0.3
> 005F ~F — ™Mb L !
T [ +h I
g : m
£5 o : i T
< O ? z ]
0.035 < x <0.055 02<z<03
0.05F

sin(é,— ¢.)

AUT
(=]
T

(‘/la\ /5\:
o & J—
S 10° o — , —————,
G Q
@ 3 0.055 < x <0.1 03<z<04
= - I 2 ook
Q) ! ) ~N p=o e
L 16<0%<81 3{ e )
. $ g
N < 0
10 6.25<Q’<16 \
- i ol 0l<x<0.145 [ 04<z<06

4<0%<625 |

sin(g, - o)

AUT
(=]
T

1<Q’<4 1<Q’<4

— : —_— :, ——
0.145 <x <0.215

i _ A HETHE \ L PR
102 107! 11073
X

Multi-dimensional input for TMD evolution studies

sin((hhA le)

AUT

10 1 10 _, 51 10
07 (GeV/cY 07 (GeV/cy 07 (GeViey

The solid (dashed) curves represent the calculations
L L for TMD (DGLAP) evolution for the Sivers TSAs
* No clear Q*dependence within statistical accuracy pased on the best fit of 1D COMPASS and HERMES data
* Possible decreasing trend for Sivers TSA? from Phys. Rev. D86 (2012) 014028 by M. Anselmino et al.
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SIDIS Collins TSA in COMPASS Drell-Yan Q?%-ranges

d sin( ¢, + :
o o (Fu +5FUU,L){1+...+ Sp e AT M sin (g, + ) +... }

dxdydzde2d¢hd¢5S
COMPASS PLB 770 (2017) 138

Feinlhds) HL " e h 1<Q%(GeViey<4 | z>0.1
ut hl gﬁ 0.1- a h™ r
§<5 oﬂt-s*t 4 o S
a1 I ~
< COMPASS 5 »
> 107 s e
O 08 3 - 3
< 3 s - 4<Q’/(GeV/c)'<6.25
NQ) 7 ™~ Lo 0.1
.6“.% = L“; RER IR 4 ah a4 #
£5 0 §o‘o ., e °
< 1) ® ¢ © .
10 -0.1F i
............................................ S —_ _
___________________________________________ = - 6.25<0%/(GeV/cy<16
T4 0.1 r r
3 ; + ‘d s d i t " b
i §5 o a4 iy ‘ - ‘.
Plocau ———— N < [ .‘§ L) *®e 5
107 1072 107 1 -0.1F - &
x ; . t—‘ _‘__lfJ_ __l—_l =i
_ b 16<Q7/(GeV/ey<8l1
e h™ 16<Q(GeVicy<8l1 Z 0.1F ill g ;
ah™ (x)=0238 o i é_;“ } » 444{' +
. E =
sin(,— ¢) ; 7 | # by [y 4 + ¢ 5 >
AUT : s —0.1F h - -
‘ g—" p—
Sin + — T : i e T B ] Lo A o] e e ] Lran
A @+ 5~ —o— i —k 10-2 10-! 02 04 06 08 05 1 15
UT : X z p, (GeV/e)
sin(39, = ) Ny
UT : 1

1 | R . PR P L
—0.05 0 0.05
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SIDIS TSAs (Sivers)

do sin(gh—s ) i
Sayapiap g, T w8y AT sin (g —g) . |
Ak M.G. Echevarria, A.ldilbi, Z.B. Kang and I. Viteyv,
Fon(h—4) :c{— vt D! } Fanth4) — g PRD 89 074013 (2014)
0.12— . SIDIS 0
. 0.05 ‘ } E A?in(ps o fq ® fJ.q
 Measured on proton and deuteron 5 o Eiperert—— 00l b
* Recently - gluon Sivers paper 005 F < -0.02F
PLB 772 (2017) 854 | T Y
_ o olfF R DY
« Sivers effect at COMPASS is slightly oosk h 20.04F
smaller w.r.t HERMES results 5 b gaaatit Ny
(Q? is different by a factor of ~2-3) “ sk Xg
« QZ-evolution? Intriguing result! ik
»  Global fits of available 1-D SIDIS data CR O
- Different TMD-evolution schemes }
» Different predictions for Drell-Yan P. Sun and F. Yuan, PRD 88 11, 114012 (2013)
« Sivers TMD PDF is predicted to change ) 10 om0 - . . —
the sign between SIDIS and DY ey Ayr " o T © Dy A" o il 015 DY |
0.06 S I D I S orsh COMPASS Drell-Yan ]

005 H+p— h'+

0.04

001 /—\

0.00 - L L 1 L
102 10 -0.2 0.0 0.2 04 0.6 0.8

(¢y - ¢5)

0.03 COMPASS

0.02

T IRAARI RARATRARAY LAAM AL Lan L P
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COMPASS DY: high mass range

Final sample: 35 000 dimuons in HM
D<M /GeV/ies) <2.0 “Low mass’ 0
~ E .
Large background contarination, combinatorial, cjc_g = _’_CON{)P*SS?{ZOHdNHsdam
sen-chafi (B BB 7. K 5 ; ------------- Comb. backgroun
‘ Open-charmm 1_/)_/);_ _ ‘ “ % 10 = N Yy (MO
2.0 <M /(GeV/ies) <2.5 “Intermediate mass O W A N ' (MC)
High DY-cross section g 104 %_;._': ——e Open-charm (MC)
- AT o | i O = ;e-‘-_‘-‘."_'__“ 3 - === Drell-Yan (MC)
till low DY-sign ckground ratio ~ 3 [0 T RhEY Total MC + Comb. background
2.5 W /GeV/ce) 4.3 “Chafimonia mass’ ; 10° ? 'j’\‘. I‘.‘—‘.‘ ____________________ ;
strone J/w=s1onal — study ot J w;"i_\.\.r\. E - \\ :
(001 ] 1€ | t \_“[ aroun ] ' ' § 102 g_ ‘;}‘.’Ik"\' - A : -,
s ) L 51 ‘ = 2 PyY
e 43< M /(GeV/c?) <85  “High mass 105 5 <M ) =53 GeVie ! %ﬁﬁ%ﬁfﬁ%
o Low DY cross-section : 2 |
o Beyond charmonium region, background < 3% | 21 T 6| - N é | lb
o Valence region — largest asymmetries 2
M, (GeV/c)
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SIDIS TSAs (Sivers)

do sin(h—s) o
x|k, «+eF 1+..+ S sin(@. — @, )+...
dXddedp.?d%d¢s ( uu,T UU,L){ T AJT (¢h ¢S) }
o) _ C{— h-k, f Ly } Finth %) _ STAR collaboration: PRL 116, 132301 (2016)
) q |’ )
ﬂ:z 0 ; STAR p+p 500 GeV (L = 25 pb™) qz 0 ;E_STAFI p+p 500 GeV (L = 25 pb™)
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The p; (d1) — weighted SIDIS(DY) Sivers asymmetry

General formalism was first introduced in 1997 (A. Kotzinian and P. Mulders, PLB 406 (1997) 373)

F. Bradamante (COMPASS at SPIN-2016)
arXiv:1702.00621 [hep-ex]

Sivers TSAIn SIDIS:  Ajf" ™ oc £29® Dy,
N - COMPASS 2010, preliminary Sivers WTSA in SIDIS: Sig(qj“ ) o fl#q W % le:q
< 0.15F e SIDIS. it
e o SIDIS, i
i 5
q: 0.17
0.05" o ’[I]' r
L -8
:wwi‘..l T.*w L paad L
10° 10" 1
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The p; (d1) — weighted SIDIS(DY) Sivers asymmetry

General formalism was first introduced in 1997 (A. Kotzinian and P. Mulders, PLB 406 (1997) 373) |

F. Bradamante (COMPASS at SPIN-2016) ivers TSA in SIDIS: sin(h=4) f Ld Dh
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Valence quark dominance
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The p; (d1) — weighted SIDIS(DY) Sivers asymmetry

General formalism was first introduced in 1997 (A. Kotzinian and P. Mulders, PLB 406 (1997) 373)

F. Bradamante (COMPASS at SPIN-2016) ivers TSA in SIDIS: sin(h=4) f Ld Dh
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Lorentz-invariance relations

The "bag" model, "spectator” model, "light-cone constituent quark™ model, "chiral quark soliton™ model,
"covariant parton" model with intrinsic 3D-symmetric parton orbital motion, "quark-traget” model

no evolution

no evolution
0.0

0.8 current -
projected X xxx

T T §2.0—"" o T o
0.01 0.1 M 0.01 0.1 X
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