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COMPASS collaboration

i 24 institutions from 13 countries — nearly 250 physicists

Cammon Muon and Proton Apparatus for Structure and Spectroscopy
Fixed target high-energy experiment at CERN SPS (north area)

MI
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Wide physics program

COMPASS-I1

» Data taking: 2002-2011

* Muon and hadron beams
* Nucleon spin structure

» Spectroscopy

COMPASS-I1I
+ Data taking: 2012-2018
*  Primakoff

. DVCS (GPD+SIDIS)
. Polarized Drell-Yan

COMPASS-I111 under discussion
+ Data taking: beyond 2020
«  SIDIS, Drell-Yan, DVCS...

“COMPASS beyond 2020 workshop
CERN, Switzerland, March 2016
“Physics Beyond Colliders” workshop
CERN, Switzerland, September 2016

“lWHSS-2017”, COMPASS-workshop
Cortona, Italy, April 2017
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https://indico.cern.ch/event/502879/
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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
HCAL1

RICH. SNa
SM1 \
Polarized §A -

Target

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

Muon wall
Longitudinally polarized (80%) pu* beam: 0
Energy: 160/200 GeV/c, Intensity: 2:108 p*/spill (4.8s). e
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-taking years: 2002-2011 '
2 February 2017 Bakur Parsamyan

COMPASS
HERMES
JLab6

Muon-filter

High energy beam
Large angular acceptance
Broad kinematical range

Momentum, tracking and
calorimetric measurements, PID
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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 . SN
SM1 \
Polarized §A

Target

Muon-filter

» High energy beam

« Large angular acceptance
« Broad kinematical range

*  Momentum, tracking

o
SciFi, Silicon, MicroMegas,

GEM, MWPC, DC, Straw,

Muon wall, VD, DC5, new DAQ...

High energy n~ beam:
Energy: 190 GeV/c, Intensity: 108 n/s
Target: Solid state
NH; 2-cell configuration. Polarization T ~ 80%, f ~ 0.22

Data 15 collected sirmultaneously for the o, O target soin orlentations

Ceriodic polarization reversal to minimize systermatic effects

Data-taking years: 2014(test), 2015, 2018
2 February 2017 Bakur Parsamyan



COMPASS experimental setup: Phase Il (DY 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
HCAL1

RICH. SNa
SM1 \
Polarized §A '

Hadron absorber

Nuclear target (Al)

Aluminum cone %

Target oz : ]
. N MMO01
o Muon-fllter 28 | r( do\lﬂngﬁgg‘]m last
. ~ F alumina layer
SciFi, Silicon, MicroMegas, It — |
GEM, MWPC, DC, Straw, vertex detector 1 i
Muon wall, VD, DC5, new DAQ... riexqeecior 7 =Sy 3"\8&' z’lgscisml
gl:):nciz::g' /:BBE Ty SU | Iy SSse—. - . alumina
High energy n~ beam: \ A /
. Tungsten b |
Energy: 190 GeV/c, Intensity: 108 n/s S JresEn e P
Target: Solid state
NH, 2-cell configuration. Polarization T ~ 80%, f ~ 0.22
Datz 15 collected sirnultaneously for the two target spin orlentations
Ceriodic polarization reversal to minimize systematic effects
Data-taking years: 2014(test), 2015, 2018
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COMPASS experimental setup: Phase Il (DY 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

HCAL1
RICH . SN
\ x10°
Shail - 5 COMPASS preliminary Tungsten
Polarized §A '4 2015 Drell-Yan data beam plug
Target S 3.5 4< M, /(GeV/ic?) <9 ﬁH
. R |
3
P 25 |
SciFi, Silicon, MicroMegas, 2
GEM, MWPC, DC, Straw, L5 |
’ NH Al |
Muon wall, VD, DC5, new DAQ... { 3

05 i -.
- “.I‘I ) \I‘\II-\F

\—300 -250 -200 -150 -100 =50 O 50 z (cm)

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

NH, 2-cell configuration. Polarization T ~ 80%, f ~ 0.22

Data 1s collected sirnultaneously for the two target spin orlentations

r)
[

Ceriodic polarization reversal to minimize systematic effects

Data-taking years: 2014(test), 2015, 2018
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COMPASS experimental setup: Phase Il (DY 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
HCAL1

RICH. SNa
SM1 \
Polarized §A -

Target

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

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

NH, 2-cell configuration. Polarization T ~ 80%, f ~ 0.22

Data is collected simultaneously for the two target spin orientations.
Periodic polarization reversal to minimize systematic effects

Data-taking years: 2014(test), 2015, 2018
2 February 2017 Bakur Parsamyan
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o SIDIS x-section
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S I D I S X = SeCtl on A.Kotzinian, Nucl. Phys. B441, 234 (1995).
AN Bacchetta, Diehl, Goeke, Metz, Mulders and Schlegel JHEP 0702:093 (2007). 4

All measured by COMPASS
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SIDIS x-section and TMDs at twist-2

o
dxdydzdp2dgdg. All measured by COMPASS

a y’ jal
{Xsz 2(1_8) [1"' 2X]:|(FUU,T +5FUU,L)
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SIDIS x-section and TMDs at twist-2

dxdydzdp2d g dg,

+5FUU,L)

sl

All measured by COMPASS
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SIDIS x-section and TMDs at twist-2

dxdydzdpZd ¢,

dg,

a y2 ¥

All measured by COMPASS
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SIDIS x-section and TMDs at twist-2

dxdydzdp2dgdg. All measured by COMPASS
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» Selected former measurements
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The A“’S"’h and Ac"sz"”‘ asymmetries (Cahn+BM)
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X “ ~0.05F oot | i 1!
+ A2¢(1-¢)A0* sing, R v
-0.10- ¢
« Complicated mixture Cahn+BM o vh ;
» Large effects both for h* and h- Y
* Multi-D results available HERMES P/D s —— :
COMPASS D and currently also P (DVCS) gg "h t
« Global Cahn+BM fit attempts < 0.10F i ; f by
see f.i. PRD91,074019 (2015) ol # ¥ z f i Pl *th ot
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Unpolarized Drell-Yan

dO' 1 2 1 2 : cos a2 cos?2
10" (FU +F ){1+ A, C0S° Ors +5IN 204 A} COS g +5IN° s AT COS Z(DCS}
— Al _ \COS¢c _ OS24k
A=A, u=RA" v =2R""" BT ARG T
. - "+ W at 252 GeV/ 1
*  “naive” Drell-Yan model e Tes GVl 65 .
collinear (k;=0) LO pQCD no rad. processes ~ ** | ;
A=1, HzV:O 0.6 — NALD _

 Intrinsic transverse motion + QCD effects = |
ML, uw# 0, v#0 but 1-A=2v (Lam-Tung) '

Experimentally observed large v and violation
of the LT-relation —
non-perturbative QCD effects, BM TMD PDF

or

* Clear effect also in Drell-Yan
« Energy and quark flavour dependence
« Smaller effect for sea quarks
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Unpolarized Drell-Yan

do
dQ

leﬁ,,LlZAjOS%S,VZZAEOSZ%S

* “naive” Drell-Yan model
collinear (k;=0) LO pQCD no rad. processes
A=1, p=v=0

* Intrinsic transverse motion + QCD effects
ML, w#0, v #0 but 1-A=2v (Lam-Tung)

Experimentally observed large v and violation
of the LT-relation —

non-perturbative QCD effects, BM TMD PDF
or

QCD radiative effects? NLO QCD description?
M. Lambertsen and W. Vogelsang PRD93, 114013 (2016)
J.-C. Peng. et al. PLB 758 (2016) 384

Long waited input!

In 2015 COMPASS collected -NH,, -W, -Al data
First and only experiment to measure meson-
induced Drell-Yan in past 25 years.

2 February 2017

— oc (R} + R} ) {1+ AL c0s? 6 +5in 26, A 008 g +5in” O.s AL 08 20, |

—0.2

+; CMS data PLB 750 (2015) 154 ~ “¥Shl=<10]

1 | 1 | 1 | —
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
qr [GeV]

|
<o
[}

T

T T T T T T T T T T
NAIO E, =194GeV |~

NA10 data Z.Phys.C 37,545(1988)

Bakur Parsamyan

1 1 1
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 3.5 6
qr [GeV]

17



Unpolarized Drell-Yan

do
dQ

leﬁ,,LlZAjOS%S,VZZAEOSZ%S

— oc (R} + R} ) {1+ AL c0s? 6 +5in 26, A 008 g +5in” O.s AL 08 20, |

* “naive” Drell-Yan model
collinear (k;=0) LO pQCD no rad. processes
A=1, p=v=0

* Intrinsic transverse motion + QCD effects
ML, w#0, v #0 but 1-A=2v (Lam-Tung)

—0.2

Experimentally observed large v and violation

+; CMS data PLB 750 (2015) 154 ~ “¥Shl=<10]

of the LT-relation — i
non-perturbative QCD effects, BM TMD PDF

! L ! L ! ! =
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300

qr [GeV]

or 1

QCD radiative effects? NLO QCD description? s
M. Lambertsen and W. Vogelsang PRD93, 114013 (2016)
J.-C. Peng. et al. PLB 758 (2016) 384

0.6

0.4

Ideas for COMPASS-I11 (>2020) 02
Unpolarized/polarized Drell-Yan measurements o
with RF-separated kaon and antiproton beams o2k

T T T T T T T T T T
NAIO E, =194GeV |~

NA10 data Z.Phys.C 37,545(1988)

and proton/deuteron targets.
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The A 2" asymmetry

dO'

> + ¢k
dxdydzdp;d¢, d g,

OC(FUU,T

oo {1+ S eAT sin 24+ |

First shown at SPIN-2016 NEW!

q. N Proton 2007+2011 data
sin2g, Z(h Pr )(h kT) Pr - LgypyLh
|:UL - C - Hl —_ 0 04;
MM, g L ez>02 h*
5 5 = - COMPASS preliminary
< 002f
L[] PRD 77,014023 (2008), updated (2016) 0} } % + ¢ ¢ {, + +
0.05 |— o [ ¢
B ~0.02-
s - ~0.04F  pue —
% 5| 0 —'t@ C L [P —
@ ~ - !
< T | F % ino|  ow
-0.05|— h” " 0.02f } +
[ Lol I 0; + + % }
102 107 X [ + t %
e Only “twist-2” ingredients 002r
. Addi_tiongl pT-suppr_ession _004F ~
o Collins-like behavior? EETCI 10‘_1

* In agreement with model predictions
« Discrepancy with HERMES and JLab?

2 February 2017 Bakur Parsamyan

0.05

PRL 105,262002(2010)

® HERMES
- A CLAS

predictions are from
- PRD 77, 014023 (2008)
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singy _
The A,, "™ asymmetry
do . singy o
ey ds (Fovs +gFUU,L){1+...+ S, \/22(1+ ) A sing, +... }
R =2—MC{—H i

Gl First shown at SPIN-2016 NEW!
xh{ Hth + % oM g Proton 2007+2011 data
Q M, M z

HERMES PLB 622 (2005) 14
004* ez>0.2 h* I
e_: . —
. ~h S - ©00.1<z<0.2
h-k M, . H -
T 1lqgmRh h W19 q
+ =T XDy -yt

L TU
- COMPASS preliminary 0.05 +
L - * [ +
M 0.02|- :

Z

-0.05 [
-0.02

" M y 3 a2 a2 1l
- 0.2 '
= 004 **7

g2 L A0.1<z<0.2 0.05

0'02:_ o:_ .................... { ____________________
. i SAR
B i [
PR
r e
* Q-suppression, TSA-mixing -0.02¢
Various different “twist” ingredients

M—M—
[

X
Similar to HERMES non-zero trend for h*, clear z-dependence, h- compatible with zero
2 February 2017
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The A}, " asymmetry

do oc(F +cF ){1+ + S A SN, Sin¢ + }
dXddedezd¢hd¢S uu.T Uu L \W L h T

oM A M G First shown at SPIN-2016 NEW!
FJIi_n% = C{_'_pT Xhﬂ Hlth + N gqu L] Proton 2007+2011 data HERMES PLB 622 (2005) 14
M M Z - 202 h' —,
0.04" c01<2402 T
COMPASS preliminary 0.05
i o [ t
i ’ ¢ (}) [ + +
BRI X P B s—
- ix
(GQe:ﬂ) — -0.05 e ] ] ]
10} [ Az> 0.2 h™ ! n
: L 2 01<z40.2 0.05- {
- 0 +++ """"""""""""""
ik 7 g # [ 7
ﬁ}g f&gé}# -0'05_....|....|...|..
j . 0 o1 02 03
. .. B |
*  Q-suppression, TSA-mixing 002t T —
* Various different “twist” ingredients x

« Similar to HERMES non-zero trend for h*, clear z-dependence, h— compatible with zero
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The 4;, " asymmetry

do

oC
dxdydzdpd ¢, d e,

Fl_lL =C { On Dlhq }

A, (A, ) is one of

topics of COMPASS

Large amount of

Measurement of (semi-)inclusive

F. . +¢cF {1+...+S INI—2A, +... } i
( uu.T UU,'—) L= au First shown at SPIN-2016 NEW!

polarized data collected with D/P
targets (2002-2011)

PLB 693 (2010) 227-235
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The A$3°®* asymmetry
do .
dxdydzdpd ¢, d e,

~ ~ Ih First shown at SPIN-2016 NEW!
2M h- D 0.041- —2007; E--003720 |+
cosdy _ — Pr qpq-Lh h qd 9 Proton 2007+2011 data - [ 2011 A=-0.03724
FLL - Q C XeLqu T 1L 7 . 2 .0.02
h B F @ 7> 0.2 h+ uq:J 0',
. =n\| % o . ©01<z<02 002'_
+ h- kT 1q Dh h wlg —q uqf 017 compass preliminary e
Xg "Dy —- i e B ~0.04}
M Z -
) oL g‘b%&#{%‘kﬁ 006 |
0.04 _ f_ -
PRL 105,262002(2010) % ool -y esat h
g CLAS 5.7 GeV o 0.1 D2p
9&-‘ 0.1 ficLasi2 3 Tn 0
[ — g
0 A.IA?AAAA‘ . _""”I L L TR L L Sm— _0'02
d B - az>02 h™ —0.041-
| o i
-0.1 23 o1 A0.1<z<0.2 -0.06,
< 004 “goman o
-0.2 - # 002: — R--0.03266 h
e o #EEbYy Fh 4} |
-0.3 J 0-
0 1 0 1
~0.02]
) —odr 4} 0.04
 Various different “twist” ingredients, T el
- ~0.06/
* Q-suppression | "'l‘(')'_z — "'1'(')'_1 e S
—2 —1
 Non zero at JLab X s,
« Small and compatible with zero, in agreement with model predictios
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SIDIS TSAs (Collins)  gro-w o hs @ ssA [wist-2)

o (Fyy 5 +&F 1+...
dxdydzdpZd ¢, d g, ( oot ot ) { _ PLB 744 (2015) 250 COMPASS 2010 proton data
- - « S 0.1- .
sin( ¢, —ds . . COMPASS pg:}'gzs pigﬁz x<0i032
Ar"*sin (¢, —¢s) od S MMl UM ey
sin(dh+4s) i
HeAT" Y sin (g, +4s )| AN I
sin(3h—¢s ) oi (?%%éé% 9§§¢ ¢ %’* % #‘:ﬁéf* $ (}*
+ S, |+ A, sin (3¢h —¢S) ~0.05F ¢ boor 3 ‘}’ } - ¢ +

+ 4/28(1+8) Si{w’s sin ¢ Bk DO . . al . . .

L J2e(1r ) AR sin (24—, ) | UOOO; a4 ol i
- - ‘H; ;%*?‘}’{)% {i’{i’f(}é? ¢ }

2 4
(1= ) AT %) cos (4, - 4 RIS 2 — LA S RN N .S S
-0.05+ 3 -
+ SpAl+ (26 (1-¢) AT cosd R i
(2¢n y ) 0.1~ | (o] | HERM|ES n PLB 69? (2010) rescaled byl(Il-<y>)1/'(1-I<y>-+-<y>2)I |
oS —ds el il . .
- - — ~ 0.5 1 0.5 1 1.5
_+ J2e(1-¢)AT cos (24, — ¢ )_ , 02 = : z BRER
« Measured on P/D in SIDIS and in S ®  compass Y | o
- N HERMES 2 ) _” HERMES
dihadron SIDIS S g

COMPASS and HERMES obtained

compatible results on Collins TSA

(Q? is different by a factor of ~2-3) :
« No Q?-evolution? Intriguing result!
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SIDIS TSAS (CO”lnS) ASIA) o hI @ HL"  SSA [twist-2]

(7
Foo1+éF 1+..
dxdydzdp?d ¢, d . “(Four e ““L){

- Anselmino et al. Phys.Rev. D87 (2013) 094019

_A‘ji_lr_‘(%*(ﬁs) sin(¢h _¢S)
+HeAT O sin (4, +4,)

0.1 F

+ T COMPASS PROTON T

Aa'%‘_(ﬂbh bs)

| A + L

£ oosf 1 1 ]
+ S; |+ EAJ'Tn 3 s) Sln(3¢h ¢s) | 0 fﬁ% M M

-0.05 . = . } } t
( _ 0 { ’ .
%5 -0.05 F - i
_01 L
‘ 0 .IO 1 OI. 1 OI. 2 OI.4 OI. 6 OI. 8 OI. 5 I1 1I. 5
+ 26 (1— &) A%%) cos (24, — ¢ XB i Pricev]
| ( )A” (26 S)J « Global fit of HERMES-COMPASS-BELLE data
0.3 T —— 0.2 T T
Extensive phenomenological studies and _ oz} i g CP=2.41 GoV?
. . . 5 01F o
various global fits by different groups E 2 "y
-0.1 F N
0
Ideas for COMPASS-I11 (>2020) = M0 g
 Deuteron measurement to be repeated. g 01} =4 L
- - . 02k ] N I
Will be crucial to constrain the /qom T — 02 oo 0,420386 |
transversity TMD PDF for the d-quark ' Cox A

» Transversity PDF + Collins FF
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SIDIS TSAS (SlverS) ) o £L9@ D) SSA[twist-2]

do o (Four +6Fy, )] 1+
dxdydzdpZd ¢, d g, v vt . - ZLB :744 (52215) 250 COMPASS 2010 proton data
[ S$(¢“¢S)sin(¢h—¢s)] ’ I W% bo o |
Q
Sin(dh+s ) o 0.05F 3 i L ! _ b {
+ eA) Sm(¢h +¢S) '}(? {'#) ?{%ii _é#’*{' ¢ ¢ {’
+ S, |+ gAJ';‘ hoss) S|n(3¢h &, ) . T I } """""""""""""""""
—0.05 , - , L
| T WIRE? hiH
W W | A
IS S T'J‘ ____________________ LRSS SRR S :
U T R 1 . i ] ] !
n 28( )AE? 2¢y—4s) COS(2¢h ¢s )J 10-2 107! ] 0.5 1Z 0.5 lp?(Gel\.[S/C)
 Measured on proton and deuteron A o COMPASS proton |
. . = HERMES n
» Gluon Sivers paper: submitted 0 PLB £_  oupnes . |
CERN-EP/2017-003, hep-ex/1701.02453 "< |
0.05 — 0
« Sivers effect at COMPASS is slightly
- — TMD
smaller w.rt HERMES results o . OO DS
(Q? is different by a factor of ~2-3) 02 03 04 05 08 07 08 , X
« Q?Z%evolution? Intriguing result! 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

o g(zd - oc (Fuu - +eFy, L){ 1+... arXiv:1504.01599 [hep-ex]
X YA ' ’
y Pr ¢h ¢S G 0.008<x<0.013
o ) <" F 0.1; p.>0.1 GeV/c
sin(dy—¢s ) i +. F i v T
[ i sm(¢h—¢s)] | TR
- (% p ) < o COMPASS preliminary
sin(¢h+4s ) : 0.1
+[5'A\JT sin (¢h + ¢ )] = 00 013<x<0.02 -
. C b
+ S +8AJIH3¢% ¢S Sln(3¢ ¢) %H O e & * -
T T h S ek I
01
g YF0.02<x<0.032
v C i
(26h—45) i > R R
1+ g)AJ sin(2¢, — ¢ ) | N
r n = 0lf
2\ Acos(dn—ds) 5 F'0.032<x<0.055
(l—g )AT cos(¢, — @) A S
+ S ( o1f
‘ = F0.055<x<0.1
cos(2¢, —ds ) : E i
+ 2 (1- g)ALT cos (24, — ¢ ) ) A }
<z C
20.1F
) ® 0.1
) COMPASS preliminary o £ 0.1<x<0.21
< ; r i i
% 102 — Proton 2010 data «;‘: o . . i}
O F : : | YT i »
= ¢ QU(GeVrey > b < »
NO /(GeV/ey > 1 b Wk
° 1 16<Q 2/(GeV/c)y <81 = 0.1 F021<x<04
,,,,,,, e etded b g ‘
. Sk ¢ ¢
10 01
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | m
3<Q /((JeV/c) <7 Q* (GeV/c)
_____ QUGN
| 1<Q(GeViey<17

10°
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Results first shown at the SPIN-2014 conference

E 0.008<x<0.013
0.05F
05— 2§
005 3 COMPASS preliminary
E 0.013<x<0.02
0.05F
0 — o % §
-0.05 E—
E 0.02<x<0.032
0.05F
0;— .A L .;
-0.05 E—
E 0.032<x<0.055
0.05F
C @
ofE 3% u H
-0.05
E 0.055<x<0.1
005 ’
* 3
o o i H
-0.05
E 0.1<x<0.21
0.05F
E 5oy g
-0.05 E—
E 021<x<04
0.05
¢
oF
-0.05 —
1 10

Q* (GeV/icy

* No clear Q2-dependence within statistical accuracy
» Possible decreasing trend for Sivers TSA?



http://arxiv.org/abs/arXiv:1504.01599

Multi-D TSA analysis

do
Four +6F 1+...
dXddedezd¢hd¢S OC( buT T€ UU,L){

_[ si_lr_‘(%*¢s)sin(¢h _¢S )] W\
+[8Aji$(¢n+¢s)sin(¢h + & )]
5, oA e,

Ideas for COMPASS-I111 (>2020)

» SIDIS proton measurements with
different beam energies using M2
beamline possibilities (60-280 GeV/c)

 Direct input for evolution studies!

2 February 2017

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

G 0.008<x<0.013 E 0.008<x<0.013
s F i 20Lp>01GeVie o 005E
e pee Es ofF% &
< u COMPASS preliminary < s - COMPASS preliminary
0.1 005 .
= OMT0.013<x<0.02 - E 0.013<x<0.02
<" E -k v 005
" C oF = E
N e
<€ r * < o
0.1 005
= 01 C
= F0.02<x<0.032 R E 0.02<x<0.032
< L =" 0.05
* o L ; " C
= = - =2 F
Y- e . e A
<€ = < C
01k -0.05
g M) 032<x<0.055 E 0.032<x<0.055
b E N # = 005F
= = A ] . ]
N t. 1% u H
< o << C
0k -0.05
2 ME0.055<x<0.1 ~ E 0.055<x<0.1
< L =" 005
) — L i o= 3 2 ° [ )
£e 0 e ¢ A £ o i T H
<< o < C
01 -0.05
g Mg ex<0.21 ~ E .1<x<0.21
<’ F i s I & 0.05F
= - 3 3 u
= ’ e ) 5 ofF % *I
<C F < -
o1 005
F M021<x<04 . ~ E 0.21<x<0.4
* E i = 0osE
S = 3 # #
= ) 5 OF
< L] <
0.1 005
1 0 1 10
Q* (GeV/cy Q? (GeV/c)

* No clear Q2-dependence within statistical accuracy
» Possible decreasing trend for Sivers TSA?
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http://arxiv.org/abs/arXiv:1504.01599

Sivers TSA SIDIS—DY

M.G. Echevarria, A.ldilbi, Z.B. Kang and 1. Viteyv,

do { p . . ”
«(F. _+¢F 1+... QCD Evolution of the Sivers Asymmetry
dxdydzdpZd,d (Four + 2R, ) PRD 89 074013 (2014)
AT sin (g, - g ) | M of
sin(dy+és ) i 0'05;_ t E AT o £9 @ f LA
+ &Py Sm(¢h +¢S) it o sEgeuegtr | -001F AT ot Oty
: < ; C
+ S |+ AT sin (3¢, —¢) 005 F L7 0.02F
" rsin . O ) o
+ /26 (14 ) AT" singy oiF 0.03
“ in(24,—¢s ) > 0055 b -0.04
1+&) AT "% sin(24, — _;_u»/"'/ﬂ [ SR S FEFPR A P
(L+2)An (24, -4,) | ERRN ! 0.6-0.4-0.2 -0 0.2 0.4 0.6
- > ;
[1-eT) Az S cos(gy-4) aosh Azes 1250, b
'~ /4 _\ ACOS s -0.1 _I el
3525(1—8) %% cos ¢, 107 10"
cos(2¢, —ds ) "B
+ (1-2)A7 cos (24, — ¢y )j P. Sun and F. Yuan,
) “Transverse momentum dependent evolution: Matching
« Global fits of available 1-D SIDIS data SIDIS processes to Drell-Yan and W/Z boson production”.
. . PRD 88 11, 114012 (2013)
- Different TMD-evolution schemes 1
 Different predictions for Drell-Yan wiey AT oc £ @Dy A o 9@ f0
006 sk COMPASS Drell-Yan

0.03

0.02

0.01

T IRAARI RARATRARAY LAAM AL Lan L P

pH+p o R +X —
Y| ——
COMPASS < 010 ]
M B -
o T —
—o,mi L ﬁlll +I PIH‘ hi:L L . . . ]
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Sivers TSA SIDIS—DY

do
yazdp’dgdg (Four+&Fu.)y 1+ STAR collaboration: PRL 116, 132301 (2016)
THPhY s 1 1r
o on o) 1 L STAR p-p 500 GeV (L =25 pb™) L STAR p-p 500 GeV (L =25 pb™)
[ T lsIn (¢h — s )J 0805 <P) <10Gevie 08F)5<P) <10Gevie
. 0.6 0.6}
Sin(dy+ds ) oz C C
+ AT Sm(¢h+¢5) 0.4F 0.4
sin(3¢h —¢s ) b ] } 2f
+ S, +5A,T sm(3¢h &) = O
-0.2F -0.2f
’ _04fL T W S Iy ~0.4f
0.6 - KQ (assuming ‘“‘sign change”) 0.6 - KQ (no “sign change”)
YL T Global y2/DOF = 7.4/6 YO " Global 42/DOF = 19.6/6
-0.8 ;_3.4% beam pol. uncertainty not shown -0.8 ;_3.4% beam pol. uncertainty not shown
_1 C | 1 1 1 1 | 1 1 1 1 | _1 C | 1 1 1 1 | 1 1 1 1 |
-0.5 0 0.5 -0.5 0 0.5
yv yv
P. Sun and F. Yuan,

“Transverse momentum dependent evolution: Matching

« Global fits of available 1-D SIDIS data SIDIS processes to Drell-Yan and W/Z boson production”.
: . PRD 88 11, 114012 (2013)

» Different TMD-evolution schemes

 Different predictions for Drell-Yan YT S T
- - - - - 0.02F W+ /\_ W

 First experimental investigation of P N

Sivers-nonuniversality by STAR 37 i
« Different hard scale compared to FT / |7
* Evolution effects may play a w—— o
SUbStantiaI rOIe - o 0.3 00 05 1.0 15 S

Aur (dw = d)

y
&
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SIDIS TSAs (Pretzelosity and Kotzinian-Mulders)

do {
<k, +ekR 1+... : .
dxdydzdp?d ¢, d g, (Faus +&Fiu) nGhA) oc h9 ® Hlth SSA [ twist-2]
A %% ) sin (¢h _¢S) ) _ ) 0.00 C. Lefky & A. Prokudin
) 91 0.04- +p(:\s'mI.-'(.',;’mdrr‘m.\‘ PRD91 (2015) 034010
+ A\j‘?(% +4s) SII‘] (¢h + ¢S ) ’if:_ Ooﬂ:_ —— negative hadrons _ 0.06

in(3¢,—¢s ) <t h E:"’ 0.03 //\
+S, [eAJT sin (3¢, ~¢, ) iyl s o |
(l+ 8)Ajm¢5 sin ¢S -o.o:i— } { } i_ :332 I ]
+ 22 (14 2 ) AP H sin (24, — ) | oup TR 009 ~ |

[\/(l—ez)ﬁfw’"_q}s cos (g, — ¢ )] 1. All compatible with zero within uncertdinties (P/D)

22 (1 2)A%* cosg, - Suppressed by a factor of ~|p|> w.r.t the Collins
and Sivers TSAs

+ 525(1—5)Af$5 2h%) cos (2, — ¢y )J

] T o gl @ D), DSA[twist-2]

* Not accessible in single-polarized DY - ¢ COMPASS pretiminary | & | ) COMPASS preliminary

° lees acceSS tO ng “tWiSt-Z” PDF %;:5 0_2:— Proton 2010 data % 0_2:— Proton 2010|dara

(Kotzinian-Mulders or worm-gear-T) ol

« Clear signal for h*

(preliminary confirmation also by HERMES) ,  --- rseneen o iTn pE

* Inagreement with several models e I BN Sovtssicccciv RO
X x
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The AS‘“"’S asymmetry

F F 1+... _
dxdydzde2d¢5hd¢5S *(Four +e UUvL){ * Ad'”(flfs ! (hlq ® Hquh +f9® Dlhq +)
AT sin (4 — ) T SSA[higher-twist |
4 e Aii?(q;nws) sin ( ¢h i ¢s) :E* COMPASS preliminar% Proton 2010 data
34 —d) - 0.02-
+ ST + (C,‘AJT(3¢n ¢S)S|n(3¢h _¢S) 2 e I %+ [ + + [ ;
— AN PPT X ST D6 I | SETE T ¢ S i' : |
(1—|— E)AJ % sin ¢s] 0: ﬂ #%i i i# : éﬁéﬁﬁé+ % + i;ﬁﬁﬁg #
§25(1+8)A3|Tn (24,—¢5) sin(2¢h _¢S) J ( —0.02} }‘ ‘ A}A
i 2\ Acos(dn—ds) W :.H.m AT .‘.‘.‘:. . \_._Tﬂ ‘rﬁ-ﬂ
5(1_‘9 )ALT COS(¢h _¢S) 107 107! 02 04 06 08 05 1 1.5
3 X z p.. (GeV/e)
|26 (1- &) ATT* cos g ’
[26(1- &) AT ) cos (24, — ¢, ) 3 gqiT - HERMESEPRELIMINARY
L ‘ J ) -5 U F F 7.3% scaler uncertainty
< 005 . ! *:—_ *
. i = SRR S T, UL B SRR
« Higher twist effect.. 2 og— 0 e ’
- Within WW-approximation can be related to =~ & 7 o e

- - O R ey
Sivers and Collins TSAs T P RRTE

3 A
« Non-zero trend for negative hadrons both at ?ff 3 H 3 i 3 +
COMPASS and HERMES e
 Compatible with zero on deuteron 107 0.4 06 0.5 1
X z P, [GeV]
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The Ay;** asymmetry

(Four +gFUU,L){ 1+...

dxdydzdp?dg g,
_Ai$(¢n¢5)3in(¢h_¢s) W
+ e AN sin (¢, + )

+ oA sin (3¢, — ¢ )

+ S;

» Higher twist effect..

«  Within WW-approximation can be related to

Sivers and Collins TSAs

« Non-zero trend for negative hadrons both at

COMPASS and HERMES
« Compatible with zero on deuteron

2 February 2017

si n(pS

) WW
AF® Q7 (W @H "+ 1@ D) +..)

SSA[higher-twist |
eh” | COMPASS preliminar% Proton 2010 data
ooof * +

5 | L P,

gl ey
; g

-o.oz; : |
107~ 10 N 0.2 0.4 0.6 0.8 0.5 lpT (Gel\.fil(‘)

W. Mao, Z. Lu and B.Q. Ma Phys.Rev. D 90 (2014) 014048

0.02

0.00

-0.02

o

0.02

0.00

-0.02

0.1 0.4 0.6
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Brell -Ban

2 February 2017 Bakur Parsamyan 34



SIDIS and single-polarized DY x-sections

do SIDIS do DY
2 OC(FUUT+ Ry L) . (F1+F )
dxdydzdp;dg¢,d g, dQ
| | 1 2
1+,/25 1+2) A" cosd, + e AT "™ cos 24, 1+ A, cos” 4
- | + SIN 20, AS? COS g +5IN° O AT7 COS 200
" ﬂ’\'zg (1-¢)Ay" sing, | + S, [sin20.. A sin in” .. A% sin 2
i L cs Pes +5IN" O Al sin (Dcs}
2 1 singy, sin2g, :| ! — _ o . _
[1/ 5 —I—€ AJ sing, + A" sin 2¢, 5 (A$|n¢s +cos? 0., sm;os)sm%
X< . >
+5S z[\u e A +.25(1— &) AH cos¢h} \in o0 A0 sin (g + 05 )
CsS sin - -
SN _ + S, + A=) sin (o — )
s sin ¢ _¢ i SiN(2¢cs +05 ) @i
v sin(%+¢)(-h X | +sin’ g AT sin (20 + )
X J + EA.JT Sln(¢h +¢s) S | I ©s 4 Aiin(Zr/)cs*fﬂs)Sin(z(pcs _(ps) |

+S; [+ eATP*sin(3g, - )
+ /22 (1+2)AT™ sin g
|+ \25(1+e )ATCH %) sin (24, - ¢S)

(1= AT ) cos (4, — g ) i "
+ S+ \[26(1- 2 ) A% cos g / - /

P59 al
+ ,—25 1_ g AE?S 2%7%) COS(2¢h _ ¢S ) i Ha(F) %’

. - - i e P Ges
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SIDIS and single-polarized DY x-sections at twist-2 (LO)g

LO : LO
daz o< (Fuyr +&Fy.) SIDIS  do o< F; (1+cos” O ) DY
dxdydzdp;dg¢,d g, ’ ’ - dQ
1+ A% c0s 24, | 1+ Drineg AT €08 20
+ S e A sin2g, + S AN1-2T A + S, sin? G A7 sin 2.
G T i [ ASINGs o T
Aj'?(é”n—¢s)sin(¢h _¢s) i X < AT sin ¢, [
X . > | Si”(zf/’cs+¢s) :
+S; |+ AT sin (g, + s ) | S . A | Sm)(Zcocs +95)
. i SIn™ s Sin(2¢cs =95 ) o3 _
# AT sin(3g, ) | L AT 20 —e))

- where D[S-z

in ()CS}

=sin’ O / (1+c0s’ )

(127 AT cos(,~4,)|

: : B a
- ! H () %’ Yy | S _______ s
| P Bes.-~
/ I
S : Ph.CS PuLCS 5
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SIDIS and Sing|e=p0larized DY x-sections at twist-2 (LO) o

do*° SIDIS - do™ DY
2 OC(FUU,T+8FUU,L) :

dxdydzdp;dg¢,d g, - dQ

1He ch)JSZ(bn COoS 2¢h < \ E 1+ D[Sinz()cs} A3052¢CS COsS 2¢CS

+ S, eAMhsin2g + S AN1-2A,

o< F; (1+cos” O )

+ S, sin® 0. A7 sin 2¢.q

— _ . ! SiNYs 3
AT sin (¢, — ¢y SIDISDY | ) A sing, (
bridge | Sin(200s +05) o
§ + ST + gAjT(%WS)Sin((éh +¢s) ( — : * ST Ar (o )Sm(2¢CS +¢S)
: sin” fs SiN(2¢cs =05 ) i
+ e A4 sin (3¢, — ¢ | ( : el A )Sm(z%s )|
‘ - where . =sin’ O / (1+c0s’ )

e i / / z ; L -
: | P 4
! Hy(P) %’ Yy | _______ cs
: r,// 9C§ e &
1 |
. S : Pl».CS PuLCS 5
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SIDIS and single-polarized DY x-sections at twist-2 (LO)g

dot SIDIS ' do* DY
2 OC(FUU,T+8FUU,L) :

dxdydzdp;dg¢,d g, dQ

1He A" cos 24, \ 1+ D[sinz()cs} AT €08 20

+ S, eAMhsin2g + S AN1-2A,

o< F; (1+cos” O )

AN

+ S, sin® O A% sin 2¢.

— . _ - : _ Singos . —
AT sin (¢, — ¢y SIDISDY | ) A sin g &
X _ L bridge Sin(20cs +05 ) o
+S |+ eATO S sin g+ gy + S, D . A | Sin(2¢cs + s )
(3 as) : [sm 6’(;5} + A?In(Z(DcS -0s) Sin (2(008 — @ )
_+ 8AJT Sln (3¢h _¢S) ] E C - .

- where D }:sinzecs /(1+cos )

+ AL (17 )ATO ) cos (¢, - ¢ )} i’ es
- ) \:/
cos24, 1q Lh Boer-Mulders cos2¢, 1q 1q
o och ®qu T AT Ochl,ﬂ®hl,p
sin(gy —¢,) 1q h Sivers sing q 1q
T oc f77® qu < > AT o fl,ﬂ X flT,p

sin(g, +4.) q 1h Transversity sin(2¢cs —9s ) 1q q
T OCh1 ®qu AT s ,7r®h1,p

sin(3¢, —¢s) 1q Lh Pretzelosity Sin(2pes +05 ) 1q 1q
T oC T®H1q AT e T T.p

Worm-gear L

sin2¢, 1q Lh SiN2¢cg 1q 1q
L "ochy ®H,, A och ' ® L,p

4
A

A o g ® Dy, AT o gt @ Dy Double polarized DY only

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) g

do® SIDIS - do® DY
dxdydzdpZd ¢, d g, - dQ

(Four+€Fu.) o< F; (1+cos” O )

1He C(EJSZ% COoS 2¢h < \ i }—F D[sinz()cs} A3052¢CS COs 2(DCS
+ S, eAMhsin2g + S AN1-2A, + S, Sin? G A2 sin 20
— — ! [ ASings o3 1
AT sin (@, — ) SIDISDY | ) A singy &
X . \  bridge | sin(2¢cs +95 ) i
+S, |+ 8Aj|?(¢”+¢3)$in(¢h +¢s) + 5S¢ +D Ar Sln(2¢cs +¢5)
a3 4) i [sinzech 4 A;in(Z(/)cs*fﬂs)Sin(z(D —Q )
+ Ay sin (3¢, — ¢ ) : y i cs s /)]
= § . where D, ,  =sin?0../(1+cos?0
#80a| | f[1 e AT cos (g, i )| = i) =5 e =)
- ) \:/
cos24, 1q Lh Boer-Mulders cos2¢, 1q 1q
o och @H " +.. AT Ochl,zz®hl,p
sin(gy —¢,) 1q h Sivers sing q 1q
T o f;7® Dy, « > AT i ® flT,p
i Transversity - _
sin(¢y, +¢s) q Lh SiN(2¢cs — s ) 1q q
T oC hl ® qu AT = T ® hl,p
sin(3¢, —¢ ) 1q 1h Pretzelosity Sin(2¢es +¢5 ) 1q 1q
T oc h' ® qu AT e T T.p

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)g#

LO ! LO
- d
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Comparable x:Q? coverage — minimization of possible Q2-evolution effects
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> 102 ~ SIDIS 2010 NH, proton data 09 < > 102 2015 Drell-Yan NH, data 09 &
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« COMPASS Drell-Yan mass ranges
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COM PASS DY mass ranges

1<Q?/(GeVic): <4 “Low mass”
o Large combinatorial background:

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

BB, pion and kaon decays

o small asymmetries

« 4<Q?/(GeVic)? <6.25
o High DY-cross section
o Still low DY-signal/background ratio

« 6.25<Q?/(GeVic)’ <16 “J”
o Strong Jhy-signal — study of J/y physics
o Lower background

« Q%/(GeVic)®>16
o Low DY cross-section
o Beyond charmonium region, negligible CB
o Valence region — largest asymmetries

“Intermediate”

“High mass”

< 10°F COMPASS preliminary
S ST ~30% of 2015 Drell-Yan NH, data
3 10g
4 i — total
10 E_ ------ Iy
3 . U —— non-resonant
10 E \ oY ]
1% L
: L
10g II". :
l_ :': :
i p
1 2 3 4 5 6 7 8

2 February 2017 M, (GeVic?)

do

dQ

where D,
[sin6es ]

Q*/(GeV/c)
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-
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1+D

+ S;

)
)

1

Bakur Parsamyan
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[sin2 Hcs} AiOSZ%S Cos 2(DCS

_A?in% sin g
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=sin’ 0 / (1+cos’ O )
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I ~
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COMPASS DY hlgh mass range

O /(GeV/e) 1 ‘Low mass
Large cornbinatorial backerournd:
Open-charmm (bottorn) semi-leptonic decays DD,
B85, pion and kaon decays
strall asyrnrmetrie
< Q7 /(GeVe) 25 “lntermediate’
rlich DY-cross section
Still low DY-=signal/baciground ratjo
6.25 < ()*/(GeV/e) 16 “J/w
stroneg J/w-signal study of J/w ohy
Lower backerournd
« Q%/(GeVic):>16 “High mass”
o Low DY cross-section
o Beyond charmonium region, negligible CB
o Valence region — largest asymmetries
= 1 .. 1 ~
= 09j COMPASS preliminary 0.9 =
| 2015 Drell-Yan NH, data © |~ <
0.8 08 .=
| 4< M, /[(GeV/c?)<9 =
0.7 07 =
N
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05 05
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do” 5 (1+cos” O )

-

1+D A7 COS 20

]
A" sin g
A?in(&ocs ) gin (205 +95)
g AT sin (200 — )

+ S;

§ -

where D = Sin’ O / (1+cos” O )

Accepted events are in the valence quark range
({x)~0.47, {(xy)~0.16, (xz)~0.3, (qr)~1.1)
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COMPASS DY hlgh mass range

O2 1(CiaV/ /e ) do'®
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Lower backerournd
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QA ) : 8 Good mass resolution AM = 180 MeV/c?
o Low DY cross-section
o Beyond charmonium region, negligible CB
o Valence region — largest asymmetries
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COMPASS DY J/\y-mass range

(J {(‘L_“ C ) —r _'1',‘ (Mlels,
Large cormnbinatorial background:
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o Lower background
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do” 5 (1+cos” O )
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where D.
[sin® 6cs |
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Jhy-region sample is much larger comparing to HM
((x)~0.3, (xy)~0.09, (xz)~0.2, (gq)~1.0)
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COMPASS DY J/\p-mass range

( (CieV//c z 0" dO'
7 /(GeVie) <4 S (1+cos HCS)
Large combinatorial }'\-__‘_‘}.;‘t'tll_Hl'_.]
Open-charmm (bottorn) semi-leptonic decays DD, ’1+ D AjOSZ%S COSZ(D A
g8, vion and xaon decays [sin® 6 | s
srnall asymrnetries ) o A?iws sin @
< QA (GeVe)s < 6.2: “Intermediate X9 n(z \ .
SiN(2¢cs +¢ -
i,J;iJ DY -cross sectior + ST D AT o Sln(ngCS +¢S)
» -2 .
‘JHZI W D (=518 2EJ |/back “:mm: ratlo [sm gcs} + 5'”(24005*(05)8'”(2(0(:8 _(DS)
« 625<Q /(GeV/c) <16 “Jy” \ - -
. HY, 2
o Strong Jhy-signal — study of Jhy physics where D[ 6] =sin” G5 / (1+C05 6’05)
o Lower background
s O2/(GeVe) 16 “rligh mas A : :
' ow DY o o Jhy-region sample is much larger comparing to HM
1.,0), | [ Cross=scct|orl
Seyond charmonium region, negligible C8 (<xﬁ)~0‘3’ <xN)~O-09» (XF)~0.2, (C]T)Nl.())
Valence region — largest asyrnrmetries
00— S B Iy COMPASS preliminary 1 3
I | > 102 2015 Drell-Yan NH, data g
Q S)
<) 08
~0.1 ] 5 i
—~ &
I': =
s- -02¢ ]
= | 10
03) M. Anselminoetal. === ar=03Gevie
~ arXiv:1607.00275 "= qr=05GeV/e
i = qr=0.8 GeV/c
_04 I I | . . L i ' . ' | ' . L
-0. 4 -0.2 0.0 0.2 0.4

2 February 2017 AF Bakur Parsamyan 46



e SIDIS TSAs in COMPASS Drell-Yan mass
ranges
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?-ranges
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[ T : Sm(¢h _¢S )] : [ e h' 1<Q(GeVicy<d | z>0.1
+ gAi$(¢”+¢S)Sin(¢h +¢S) i 0.05 L } é
i D E =) : L4 ¢ i ¢ I o e
+ ST + 5Aj¢(3%_¢5)5in(3¢h_¢s) | < os q""s;# f".‘.; . - %« % % 1
+J2¢(1+ &) A sing, _o.os_-ﬁ_;‘)zﬁzs === TR N———
428 1+(C,' Ajl_::l 2¢n ¢S Sln 2¢h ¢S) ( i %: 0.05; } é+ - . % , é; + +
CEr o Lttt #t PFTRN
(1 &' JAT" ) cos (4, ~ ¢y ) I +i ot 4 % + e +
cosds | —0.05i _ g T, i —
+ S A+ ﬂ/28 1 g AL % COS ¢ | T 625<QUGeVIor<l | :
20 (Lo AT cos(2, -4, 5 L e A S
e ’ g ok é%%* At } ad B i
< ~ COMPASS preliminary 3 : k I
% 102 SIDIS 2010 NH, proton data | ‘0.9(\3 i oos ‘ — | ﬁ |
= : o Al | 16<Q(GeV/cy<8l || T
Q 2 0.7 o L [
: | 2" boe” 0050 % } 5 +
TR W v | | Lf S ? # % + % ‘}H. %
J— L TR
e I e [ 005+ ‘ g # e
_________________ <625 4 . | [ 107 10" 02 04 06 08 05 1 (Gl.‘_;/)
- ; | ! X z p, (GeVic

107 10 107 1
2 February 2017 X Bakur Parsamyan 48


http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://cds.cern.ch/record/2217911
http://arxiv.org/abs/1609.07374
http://arxiv.org/abs/1609.07374
http://arxiv.org/abs/1609.07374
http://arxiv.org/abs/1609.07374

SIDIS Sivers TSA in COMPASS Drell-Yan Q?-ranges

do .
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A multi-dimensional input for TMD evolution studies
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?%-ranges
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A multi-dimensional input for TMD evolution studies
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NEW! 23 September 2016
CERN-EP-2016-250, arXiv:1609.07374 [hep-ex]

0.05F
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The solid (dashed) curves represent the calculations

for TMD (DGLAP) evolution for the Sivers TSAs

based on the best fit of 1D COMPASS and HERMES data
from Phys. Rev. D86 (2012) 014028 by M. Anselmino et al.
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* From COMPASS SIDIS to COMPASS Drell-Yan
(DY high-mass range)
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SIDIS and DY TSAs at COMIPASS (high-mass range)
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SIDIS and DY TSAs at COMPASS (high-mass range)
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005 More news at DIS-2017 and at IWHSS-2017
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Drell-Yan TSAs at COMPASS: predictions

A. N. Sissakian et al.,
Phys. Part.Nucl. 41, 64-100 (2010)

S
» sin(2¢cs s ) 1q q
S - AT e S ®h)
% = 0.05F
< _
0 :_ ____________________
-0.05}
EIIIIIIIIIIIIIIIIIIIIIIIII
-0.2 0 0.2 0.4 0.6 0.8
Xp= X=X
- COMPASS preliminary Estimated uncertainty
= - 2015 Drell-Yan NH, data
T 0oL 4<Mu/(GeVie?) <9
RS L
@/ -
=
= n
S0 + ......... T
-0.2 -
- I
1 o | L |
107 1
XN

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
1
1

d O_LO
oc ) (1+c0s O )
dQ
( C0S2¢cs
1+ D[szgcs} A COS 2
lA?inws sin (Dsl
N .
S SiN(20cs +05 ) i 2
T o7 +D Ar Sm( ¢cs+¢s)
. 29 " — )
\ A sin (200 - 00) )
Y 2
where D ., =sin® 0 / (1+cos’ O
gm 0.2 B COMPASS 2015 estimated
‘m B ° COMPASS DY (2015 + 2018 estimated)
< P. Sun & F. Yuan, PRD 88, 114012 (2013)
015 M. Echevarria et al, PRD 89, 074013 (2014)

ITITlIIIIlIIII]ITIIlIIIIIIIIIII

04 02

0 0.2 0.4 0.6 0.8
XF

Enough precision to verify the sign-change and
to distinguish between different predictions
2 February 2017 Bakur Parsamyan

o4



COMPASS “beyond 2020 - selected SIDIS/DY ideas

« SIDIS

o High precision measurements with transversely polarized deuterium target
— crucial for flavour separation of TMD PDFs

o Repeating measurement of SIDIS azimuthal asymmetries with transversely
polarized proton target, but using different beam energies
(M2 beamline 60-280 GeV/c)
— direct test of TMD-evolution

 Drell-Yan

o Unique polarized and unpolarized measurements with RF-separated kaon
and antiproton beams and proton/deuterium/nuclear targets
— flavour separation, kaon structure, BM TMD PDF for kaons, Lam-Tung
for kaons, J/¥ production mechanism, EMC effect, exclusive Drell-Yan

In parallel, various ideas for spectroscopy and DVCS measurments

New groups, collaborators, ideas are welcome!
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Announcement e
The workshop occurs when a community of physicists is
exploring high-energy particle physics opportunities for
fixed-target experiments at CERN beyond 2020 (CERN
Long Shutdown 2 2019-2020). These discussions already
started with the “COMPASS beyond 2020 workshop in
March 2016 and the “Physics Beyond Colliders™ kick-off
workshop organized by CERN in September 2016.

The physics discussed at the Workshop will mainly be
related to the most recent results, open issues and short
and long future programmes on Spectroscopy, Drell-Yan,
DVCS and SIDIS, remaining open-minded to new
possible programmes.

Physics topics:

» Longitudinal/Transverse Spin Structure of the Nucleon
* Fragmentation Functions

* Meson Spectroscopy

» Search for Glueballs, Hybrid Mesons and Multiquark
States

* TMDs, GPDs and GTMDs

» New opportunities for physics beyond colliders
 Cosmic rays and accelerator physics

Date/place:
* April 2-5, 2017, Cortona, Italy
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Conclusions

During phase one COMPASS has measured all possible SIDIS azimuthal
LSAs and TSAs.

In 2015 COMPASS has successfully collected first ever polarized DY data
becoming the first experiment to measure both SIDIS and DY TSAs

o Unique opportunity to compare the Sivers TMD PDFs obtained from two
processes and to test QCD sign-change prediction at practically the same hard
scale, thereby minimizing TMD evolution effects.

o Preliminary results are expected to be in time for DI1S-2017.
COMPASS has measured SIDIS proton TSAs at Drell-Yan mass-ranges

o The Sivers and Collins SIDIS-TSAs are measured to be non-zero at high-mass
range CERN-EP-2016-250, arXiv:1609.07374 [hep-ex]

o The pretzelosity SIDIS-TSA is found be compatible with zero
A second year of polarized DY data-taking will take place in 2018

COMPASS phase-Il1 is being discussed to take place after 2020
o Particular attention is given to possible SIDIS and Drell-Yan measurements

Thank you!
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