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Modern developments in hadron physics emphasize the role of parton intrinsic motion and spin, and

H their correlations, which are crucial  full understanding of the nucleon structure in terms of the
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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 Muon-filter Calorimetric measurements, PID

HCAL1
RICH

SM1
Polarized §A

Target
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4 __,,w Muon-filter T ST
SciFi, Silicon, MicroMegas, GEM, 3: 2
MWPC, DC, Straw, Muon wall @ 5ol
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Data-taking years: 2002-2011

30f
Longitudinally polarized (80%) p* beam: e ot %
Energy: 160/200 GeV/c, Intensity: 2:108 u*/spill (4.8s). S b .
Target: Solid state ( 6LiD or NH;) 0 200 300 40

50 60
p (GeVic)
« SLiD 2-cell configuration. Polarization (L & T) ~ 50%, f ~ 0.38

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

See talks by: A. Bressan, J. Matousek, A. Moretti
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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  OM2 N+ Muon-filter  calorimetric measurements, PID
HCAL1 wy >

RICH

SM1

Polarized
Target

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

Data-taking years: 2014 (test) 2015 and 2018

High energy =~ beam:

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

Target: Solid state

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

« Dara is collected sirnultanceously with both target spin orientations

reriodic polarizatiorn revers o rrinlmize systernatic effects
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reriodic polarization reversal to minimize systematic effects
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COMPASS DY mass ranges

1.0<M/(GeVIc?) <2.0  “Low mass”
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o Still low DY-signal/background ratio
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o Strong J/y-signal — study of J/y physics
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COMPASS DY: high mass range

Final sample: 35 000 dimuons in HM
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COMPASS DY: high mass range

Final sample: 35 000 dimuons in HM
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COMPASS DY: high mass range
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COMPASS DY: Charmonia mass range
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COMPASS DY: Charmonia mass range
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- i A.Kotzinian, Nucl. Phys. B441, 234 (1995).
S I D I S X _SeCtlon Bacchetta, Diehl, Goeke, Metz, Mulders and Schlegel JHEP 0702:093 (2007). +

All measured by COMPASS

dxdydzdp2d g dg,

{xyoéz Z(gjg)(l+g_iﬂ(FUU’T " oFin

1+ \/m A cos gy, + AT h cos 24,

+ z\/mAL'“% sin ¢,
[WA,‘”‘”“ sing, +2 A" sin 2¢h}

+S /1[\,1 & Ay 126 (1- &) AT C°S¢h}

_AjiT”(q’"*%)sin(;éh )
] + gAsj?("’““”S)sin(qﬁh + s ) >
+ S |+ AT sin (3¢, — ¢y)
+J2e(1+e AJ'M’S sin ¢,

+ Jm/w *h%) sin (24, ¢S)

(17 AT s (g~ ) .
1
COS ¢ W( @y, 95 —y—=y%y?
+ S;A| + /26 (1—2)AT™ cos ¢ '%(‘0'3% _ FU<(iD“),T¢) o 1-y 27 7=2Mx
L),T J !
+ 2e(1-&)AT 2¢"—¢S)COS(2¢h—¢S) Four +eRuu. 1—y+1y2+172y2 Q
1 2 4

13 December 2017 Bakur Parsamyan 8



SIDIS x-section and TMDs at twist-2

o
dxdydzdp2dgdg. All measured by COMPASS
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1+ |2 (1+ &) Ay cos g, + AT cos 2,
+ A\2e(1-2) )N sing,
[1/25 1+&) A ™ sing, + A} sin 2¢h} Quark U L T
Nucleon
+ SL/I[ N-e?A + 525(1 e)NT" COS¢h} ! £ (x, k2) J-q(x k2)
T sin(h ) 7 number density Boer-Mulders
AJT(% ’ )Sm(¢h _¢s)
Sin( @y +4s ) o q 2
. o 5'%T(¢“ ¢)Sm(¢h+¢s) | L g1 (x, k7) (x k%)
+S. |+¢ Ai?(S%—¢s)sin(3¢h _¢s) helicity worm-gear L
5‘25(1+5)A§'”"’5 Sln¢s hd (x, k2)
q 2
911 (X, KT)
( f1 q(x k%) t ’ transversity
T Kotzinian-
Sivers Mulders
worm-gear T (x k )
5 pretzelosity
+ 25 (1— ) AT PH5) cos(2¢, — ¢;)

Y I +1two FFs: D (z,P?) and H_."(z,P})
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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)

1+ |2 (1+ &) Ay cos g, + AT cos 2,

+ A\2e(1-2) )N sing,

[1/25 1+&) A ™ sing, + A} sin 2%} Quark 0 . -
Nucleon
+ SL/I[ N-g ‘AL + 525(1 E)AEOS% COS¢h} 0 @ @_@

number density Boer-Mulders

[ A5 sin (4, - g )

L R sin (g +40) | L (L)L) D)o ¥)

+S. |+ gAS)i?(S%—vﬁs) sin (3¢h — ¢, ) helicity worm-gear L

T [ eeleelts

transversity

T Kotzinian-
Sivers Mulders _
. worm-gear T
cos
)AL COS ¢ pretzelosity
+ ;’25 — &) AT CH ) cos (24, — ¢
L (1=2)As (24, S)_ J Ispin of the nucleon ‘ spin of the quark ’ Ky
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SIDIS x-section and TMDs at twist-2
do

dxdydzdpZdg dg. All measured by COMPASS
TOThEES See talks by A. Bressan and H. Avakian

a Y ¥
A iy

I+ 22 (1+ &) AS™ cos é, + e A" cos 24,

+ Ay2¢(1- &) A" sing,
+ S, [a{25(1+ &) A" sin g, + & A sin 2¢h} SiTn(%—(/ﬁs) o« fH9® Dlr:q

+ S, 12" A +\25(1-2) AT cosg, | ) o T @ HL Twicto
- - sin(3¢, —¢s) 1q Lh ]
Aj';("’n*qﬁs)sin((rljh ~ ) T oc hiy ® qu Twist-3
% 4 + gA\S)i?(%+¢s)sin(¢h +¢S) \ Si?("’s)V\é\évQ_l(h‘ll ® Hth n fl'JI:q ® Dlh + )
: q q
+ S |+ eATSsin (3¢, — ¢ )
_ Ww
2o )AL sinds e Q1 (i @ ML + £ @D +..)
+ 26 (L+ ) AT sin (24, - ¢ ) O5(th4) o g9 @ Df
S et P S E T 1T 1q
cos(¢s)V\QéVQ—l( q ®Dh + )
T Oir 1q @
Ty pess2hss) 0052 4) o -1 [ @ h
+ 525(1_8)ALT COS(2¢h _¢S) T o Q (ng ® D1q+"')
L — J _——
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SIDIS and single-polarized DY x-sections

SIDIS | 99 o (Rt +F?) DY
dxdydzded¢hd¢S L dQ
1+ A, cos® 6,
a_ Y v : -
{Xsz 2(1-¢) [1+5ﬂ(':uu: +3FUU1L) +5IN 20,0 AT €S gogg +5IN° g AS27 €0S 20

+ S, [ sin G A sin g +5in? G A2 sin 2
1+ ;25(1+ £)ASL™ cosg, + e A5 cos 24, L[SINGes A Pes cs @cs |

[~ 2\ i sings 2 ) A Sin g - ]
+ A ;25(1 £)AL" sing, (Ar +C0S” O )sm(pS

L x _
| 5'”(2¢CS—¢S)Sin 2 _
[Vzg 1+&) A" sing, + e A Sm2¢h:| | +5in? O A . (205 =¢)
i - ST 4+ 5'“(2¢cs+¢’s)sin(2¢cs +¢s)
+ S 4 \//"”’1—82 + 25 l-¢ COS% COS¢ | Sin((ﬂcs—%)sin Do — O
: - “ h Cs S
— Sy + A1S.in(%5+¢s)3in(§0cs +¢s)
A% sin (¢, — s )
) + e A sin (¢, + ) >

+ S |+ eATSsin (3¢, — ¢ )
“;‘25 1+ 5)ASJ'”¢S sin ¢S

+sin ZHCS[

Yes

E R\cs ) Pyes Zes
+ ;’25(1—3)Af$3 %) cos (24, — ¢y ) /1 7

13 December 2017 Bakur Parsamyan 9




do” SIDIS | do' DY
dxdydzdpZdgdg, s

(Four +&Fu) oc Fj (1+c0s’ )

(14]2A% cos 24, | \ i LD, AT €08 20

+ S, AT sin2g, + S ANI-£2A L + S, sin? G A2 sin 20,
[ A sin(g4,— . ] X [ Asnes sin ] ;
AJT(% és) sm(¢h _¢S) SIDIS.DY | A ®s ( |

X 4 Sin(dad) o > bridge sin(20cs ~¢5) i _
+S |+ AT ¢S)S|n(¢h+¢s) . . + S, +D[ } A Sin(2pcs — ¢
. E sin fs sin(2pcs +95 ) i

n 8A3$(3%*¢s)sin(3¢h _¢s) | \ i + A Sln(2¢cs +¢S) ]
- - - where D, ., =sin?@.. /(1+cos’@

+ STﬂ | [sm 9cs} cs ( CS)
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SIDIS and single-polarized DY x-sections at twist-2 (LO)g#

do*° . SIDIS d&*° DY
dxdydzdp?d ¢, d ¢, dQ

(Four +&Fu) oc Fj (1+c0s’ )

14 AT cos 24, 1+ D[szecs} AT COS 20
+ S, AT sin2g, + S ANI-£2A L + S, sin? G A2 sin 20,
— - [ ASings o: ]
AT sin (g, - ) SDISDY | AT SIngs o [
X 9 in(dh 05 o o Dridee +S 200 ) gin (2000 —
+ S, |+ gAjT(% ¢)s|n(¢h+¢s) T +D[Sin2() | A - +(/))(-(Dcs (Ps)
+ 8A3$(3¢n*¢s)sin(3¢h _¢s) | i + AT Sln(2¢cs +¢S) 1
= § where D. , - =sin*@.. /(1+cos’ 6,
# 82| [[1 o)A cos(g -4, | s !l =)
- S T~
cos2 1q Lh Boer-Mulders Cos2¢, 1q 1q
;e h T @H AT oyt ®hy
Sivers

A
A 4

sin(¢, —¢s) 1q h sing, q 1q
i och ®qu A Socfl,”®b

Transversity A?in(Zgocs—(pS) o hfq ® h<11
T P

sin(¢y, +¢s) q Lh
i oC h_1® H 1

sin(3¢, —¢s) 1q Lh Pretzelosity SiN(2¢es + @5 ) 1q 1q
T oc hiy ® qu AT e hl,;r ® th,p
sin2¢, 1q Lh Worm-gear L R sin2¢, 1q 1q

L hechy ' ® H, AT ochy ® hlL,p

A o g ® Dy, AT oc g ® 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
13 December 2017 Bakur Parsamyan 9



SIDIS and single-polarized DY x-sections at twist-2 (LO)giA ,

Lo SIDIS o DY
daz OC(FUUT+8FUU L) do OCFJ<1+COSZQCS)
dxdydzdp; d¢.d g, ’ ’ dQ
14 AT cos 24, 1+ D[szecs} AT COS 20
+ S, AT sin2g, + S ANI-£2A L + S, sin? G A2 sin 20,
[ Asin(d,— - T X [ Asines sin At
AJT(% ¢s)sm(¢h_¢s) SIDIS.DY A ®s ( |
X sin( 4 . > bridge Sin(2¢cs =5 ) i _
+ 5, |+ ‘g'A\JT(ﬂq ¢S)S|n(¢h +¢s) € * S +D[_ 0] A " SII’])(Z(pCS (pS)
. sIn™ bes SIN(2¢cs +05 ) o7
+ AT sin(3g, - ) L AT s )|
=N § where D. , - =sin*@.. /(1+cos’ 6,
# 82| [[1 o)A cos(g -4, | i) = O =)
) - T~
C(L)J52¢n o hi_q ® Hlth 4 Boer-Mulders AjOSZ(pCS o hi_yi ® h:tg
sin(d, —¢,) 1q h Sivers sing q 1q
T% Och ®qu < > AT SOCfL”®b

Transversity

sin(, +¢ ) q 1h Sin(2¢cs —9s) 1q q
i och_l® H, AT och D ® hl,p

si_lr_1(3¢}1—¢s) o« h_qu ®H 1th Pretzelosity A?in(Z(pCS-i-(oS) o hi_(jz ® %
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)
1 1T
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SIDIS and single-polarized DY x-sections at twist-2 (LO){#

-

- IDI Lo
dGZ OC(FUUT+8FUU L) S > do OCFJ(1+COSZI9CS)
dxdydzdp;d¢,dd, ' ' do
14 A cos 24, | 1+ D[szgcs}
+ S, eAsin2g, + S AN1- 2" A,
[ Asin(dh—s) o T - X i
A sin (¢, —¢s) SIDIS-DY
sin(¢h+4s) o ¢ bridge +S
+ S |+ AT sin(g, + ) b
+ e AT sin (3¢, — ¢, !
" - where D,
+ S;4 ﬁ(l_EZ)AE?(%WS) COS(¢h — ¢, ):l [sin’ Ocs |
) T~

DY

AT COS 20

+ S, sin’ O A% sin 2¢.

A" sin g >

A?in(thcs ~s) sin (2¢C5 —Ps )
+ A;in(Z(/)cs +0s) S|n (2{0(:3 + ¢S )

[sinZOCSJ

=sin’ O / (1+c0s’ )

C0S 24y, 1q Lh
o mochm @H +..

Si?(%—%) oc f;q ® Dlhq
sin(¢y +¢s ) q Lh
e h ®Hy,

sin(3¢,—¢s) 1q Lh
T o hy ® qu

Boer-Mulders

Sivers

A

Transversity

A 4

Pretzelosity

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

» Multiple access to Collins FF H,." and pion Boer-Mulders PDF h; ¢
13 December 2017

Bakur Parsamya

n

2
A e o
A?m(ps oC flq;z ® fl'l%qp

A?in(zéﬂcs_(ﬂs) oc hqu R hil
T P

A?in(Z(PchF(/’s) o hi% ® hid
1z 1T.p
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SIDIS and 3ing|e=p0|arized DY x-sections at twist-2 (LO) o

Lo SIDIS - DY
dO'Z OC(FUUT+8FUU L) do OCFU1<1+COSZQCS)
dxdydzdp; d¢.d g, ’ ’ dQ
. 05 ( C0S2¢cs
14 A cos 24, | LAD e AV €OS 20
+ S, AT sin2g, + S ANI-£2A L + S, sin’ O A% sin 2¢.
[ A sin(g4,— . 7 ' X [ ASings o _>
AT M sin (g, - ¢ SIDIS-DY < AT SIngs
X Sin(gh+4s ) o > bridge + S A?in(zwcs*wS)Sin(Z(D —Q )
+ S, |+ AT sin(g, +¢s) A cs %
Sin(3¢h s ) o L - A?in(Z%SWS)Sin(Z +5)
+ e AT sin (3¢, — ¢, \ : Pes TPs)) |
— — a2 2
s s where D . =sin” d; /(1+cos’ O )

Comparable x:Q? coverage — minimization of possible Q%-evolution effects

& o | 1 ~ o —
< COMPASS preliminary 3 5 [ My o1 Gevie COMPASS 2015 data B
~ 10 B —

> 102 SIDIS 2010 NH, proton data 09 = > 107 Drell-Yan NH; 3
S =os o 2
‘8 —07 N %} g
= =

0.6 “:i 3

=

=

_________________________________________ = e S A 05

10

10? —04
S s N 4 03
B ’ . ' 0.2
L 1<Q’*<4

0.1

1 Lol : L 1 s /: : | L 0

10~ 107 107! 1
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o Selected SIDIS results
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The A2 and 455 2% asymmetries (Cahn+BM)
d

(o}

OC(FUU,T +5Fuu,|_)

2
dxdydzdp;d¢.d g, =
cos g, cosZ;/ﬁn % & 0.00
1+.,/2¢(1+ &) A% cos g, +¢ oS 24, =
X
-0.05
+ A 25(1 g)AL'”‘ﬁ“ sing,
—-0.10)]
» Complicated mixture Cahn+BM ois
» Large effects both for h* and h- -
* Multi-D results available HERMES P/D )
©
COMPASS D and currently also P (DVCS) gg
* Global Cahn+BM fit attempts < 0.10
see f.i. PRD91,074019 (2015) "
.05
V. Barong, S. Melis, A. Prokudin, PRD 81, 114026 (2010)
0.00
0.15 Tl.'+ J'E+ 7t+
0.1
s 005
8 0
< 005
RA Cahn] ---- CahnT ----- Cahn ]
-0.15}F e Boer-Mulders 4 ------- Boer-Mulders £ ---eee- Boer-Mulders A
—_— Ca!'ln+BM —_— : C§hn+=BM N— : Car?n+BN!
0.15
0.1
s 005
2 0
< 005
Rl R Cahn| =---- CahnT --- Cahn ]
0145} e Boer-Mulders 4 ------- Boer-Mulders + ------- Boer-Mulders 4
Cahn+BM _— Cahn+BM _— Cahn+BM
1072 10’ 0.3 04 050607 01 03 05 07 09

X
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P (GeV)

Bakur Parsamyan

COMPASS NPB 886 (2014) 1046

ISR ESS B S
Y v vytyy ¥ s ® ’z
= x . : : ¢ z - ... z ¥ i xl: y Y
i 0 |
-
'h_
t
- 't f
# b {
1 it
i i H{ bt
L thy H
BT ¥ 00 LA IR
e T 02 04 06 08 02 04 06 03
X Z p’:; (GeV/e)
2M
oo =—{-f1®D], —h"®H_"}

COS2¢, 1q Lh
o moc—h"®H

2
[%} f1®Dy +

See talks by Ch. V. Hulse, A. Bressan and H. Avakian
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SIDIS: target transverse spin dependent asymmetries

do
F +¢F 1+...
dxdydzdpZd g, d g, <(Fuus + “”’L){

[+ o ATCA ) g (34, — ¢ )_

+S; |+ /2e(1+ &) AT sing,
+ ..

o)A cos(g, g, )}
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SIDIS: target transverse spin dependent asymmetries

do
oC
dxdydzdpZd g, d g,

(Fuur +gFUU’L){ 1+...

B _ _ - 005; eh” i COMPASS preliminary i Proton 2010 data
n eAj'ﬁ(“’“_%)sin(Bqﬁh _¢S) mz Sah # »
+ S, |+ /2¢(1+£) A sin S S TS 10 | TR SO R A T OArT S S |
T ) ( )AJT /8 0: E‘H‘{H‘é &tHH‘} | igéé### % & {f i#{'#éﬁ*# # ﬁ
paa > L L
- ) B ~0.0s] :ﬁi ———— | e —
+ ST/,{’ (1_5 )ALT COS(¢h _¢S) 10_2 . 10_] T I0.2 0.4 0.6 0.8 0.5 1 1.5
+ ... x z p, (GeVic)
- N A A 2 /A
2
FSinGh-) _ ¢ z(h'kT)(kT . pT)+kT (h. pT)_4(h.kT) (h. pT)thHih
COMPASS results ut 2M?M, T g
Asin(3¢h—¢s)
UT
*  Only “twist-2” ingredients, p-suppression
« Small, compatible with zero asymmetry
13 December 2017 Bakur Parsamyan 11



SIDIS: target transverse spin dependent asymmetries

do
oC
dxdydzdpZd g, d g,

(FUU’T +gFUU’L){ 1+...

[+ o ATCA ) g (34, — ¢ )_
+S; |+ /2e(1+ &) AT sing,

+ ... L
+ S, 4 \ (1—52)Af$(¢n‘¢s)cos(¢h — s )}

¥

COMPASS results
Asin(3¢h—¢s)

°
&

uT i5
Only “twist-2” ingredients, p2-suppression

Small, compatible with zero asymmetry

13 December 2017

0.1f

oF

O.1F

(=]
T

-0.1F

0.1p

f=
T

-0.1f

sin(36,~ 9,)

AUT
o

-0.05

_.h+
L ah

hééééggﬁ |

- COMPASS preliminary

g

Proton 2010 data

107

107
X

&~

First shown at the SPIN-2014, arXiv:1504.01599 [hep-ex]

COMPASS preliminary[ Proton

2010 data

.............

.............

#u iy J%” ﬁ-f{#“} f g i*{#*u{ﬁ } e 4 A

-—.-—: -—; wvwswevel Nvwaveswsseel Rvsrww — : ......... =
0.032 ‘}{ {

s | et J *ﬂ"ﬂ% % {fmﬁ ﬂ*}*};‘#ﬁ Jilgg g d HWHH fl

Bakur Barsamyan T e e e


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

SIDIS: target transverse spin dependent asymmetries

do
d oc(FUUYT+8FUU7L){ 1+... =
dXddeded¢hd¢s _ - eh' - COMPASS preliminary Proton 2010 data
i sin(3,—4s) i T o 005 - - i
+ & AJT Sm(3¢h_¢s) m;; i ‘&
+ S, |+ a/25 1+2)AT" sin P Sl iiaabdb] JORTRS SO
T AJ ds OH‘H‘{?#&&#‘H} Qgé# #%& % i#i##ﬁ*# # ﬁ
L L
- - —~0.05F :ﬁ : ———— '—'—'__
s 2 “(1_52),6{2_(%% COS(¢ ¢S) [ | TT—— | mr——
t 97 J [ eh' | COMPASS prcliminar% Proton 2010 data
+ ... L
- 0.021 B
£ | H i ’ + $
-] L L §§
COMPASS results < 0.#1‘51*“@* i éﬁﬁ*%{' """""""""" Hfﬂ{}# R
sin(3¢p— B i bl i
A ¢h ¢S) % *
ur —0.02- - ) i
*  Only “twist-2” ingredients, p-suppression : :ﬁ ) fp—
 Small, compatible with zero asymmetry 102 10 oz o4 06 08 05 1 15
45inds x z P, (GeVic)
uT _ —
«  Q-suppression _ _ pones _2M S capn _ﬂhqi
* Various different “twist” ingredients VT Q TTOM Ot gz
« Small asymmetry, non-zero signal for h—? - 3 .
cos(pp—s) M, o Gy
Apr ’ xhiH "+ = g
q
«  Only “twist-2” ingredients _ Pk M : [
« Sizable non-zero effect for h* ! 2MM, { e My D;“J
—| xhiaH - e g
M z
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SIDIS: target transverse spin dependent asymmetries

do
oC
dxdydzdpZd g, d g,

(FUU’T +gFUU’L){ 1+...

[+ o ATCA ) g (34, — ¢ )_
+S; |+ /2e(1+ &) AT sing,
+ ... L
+ S, 4 \/(l_gz)Aﬁs%Mcos(% — s )}
¥

COMPASS results

sin(3¢p—os)
AUT h S

*  Only “twist-2” ingredients, p-suppression
« Small, compatible with zero asymmetry
Asind)s

ur
» Q-suppression

* Various different “twist” ingredients

« Small asymmetry, non-zero signal for h—?

cos(pp—os)
ALT h S

* Only “twist-2” ingredients
« Sizable non-zero effect for ht !

13 December 2017

> 005
.-
£5
< 9

-0.05

0.02
< 9
—0.02

~ 02

=

|

= 0.1

g 5
< 9
0.1
~02

- COMPASS preliminary

e st

[ eh' | COMPASS prcliminar% Proton 2010 data
L ah L
AT T PL IR ST ¢ S ey 1 1]
J&#‘;#;ﬁﬁ | ?éﬁ;ﬁi | % Hiﬂ%#ﬁ ++ #
i " [ i
L eh" ﬁ COMPASS preliminary | Proton 2010 data
A h” {
* 2 ﬂ :
IPRTIAE IO NP | T T
:‘Hl‘(‘]li2 . 10‘7] e IO.IZ‘ | IO!4‘ | ‘O.lﬁl I ‘0.‘8I o IO.‘S‘ o ‘1 o Il.l5I
x z p, (GeVic)
) <c| ok gsop|
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SIDIS TSAs (Collins)
d sin( ¢, + -
dxdydzdp‘?d%d% oo (Four + &Ry {1+t SpeAT ™ sin (g, + 4 )+ |
* Measured on P/D in SIDIS and in dihadron SIDIS

Fus_il_n(%+¢s) =C {_ hMpT h(l]Hlj(;h:|

h

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 - -

~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>)/(l-<y>+<y>’)
11111 II 1 11 1 111 II 1 1 1 I 1 I I I I
-2 -1 0.5 1 0.5 1 1.5
10 10 x 2 p! (GeVle)
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SIDIS TSAs (Collins)

do (Fuu,T +3FUU,L){1+"'+ Sy ‘9'A\ji$(¢h+¢8)Sin(¢h +¢S)+m }

dxdydzdp?ddg.

" « Measured on P/D in SIDIS and in dihadron SIDIS
o) = C {— NPy h‘jngh} »  Compatible results COMPASS/HERMES

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

* No Q?-evolution? Intriguing result!

COMPASS PLB 744 (2015) 250
COMPASS 2010 proton data

S ok
:i'ﬂb 0.1 COMPASS positive pions x<0.032
* COMPASS positive pions x>0.032 ,
0.05 o HERMES ©* PLB 693 (2010) rescaled by (1-<y>)/(1-<y>+<y>")

Q
~0.05F R b {' - %
—0.1F L u
—_ 1 | Lo 1 | 1 | 1 ;
= 3  CoMPASS
= S 0.1k i - B ; 2 '_ H.’JR;‘L;’:S
<
0.05- ? {a § ‘H
% @; é¢*¢ é {)i} % éﬁ&éﬁﬁ % SR
IS 4 S B ST S LA S—
10
—0.05r = o — F
COMPASS negative pions x<0.032 5 i
] COMPASS negative pions x>0.032 , Eoi
0.1 o HERMlES n PLB 693 (2010) rescaled by (%-<y>)/(l-<y>+<y>’) I e fd Pl .
11 IIIII 1 111 IIIII 1 1 1 I 1 I I I I B . H :
-2 -1 0.5 1 0.5 1 1.5 T e e
10 10 x : p! (GeVle) :
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SIDIS TSAs (Collins) See talks by Ch. V. Hulse, A, Bressan and H. Avakian  GIIR
do (Fuur +5Fuu,L){1+---+ S; e AT sin (¢ + g ) +... }

dxdydzdp?ddg.
e Measured on P/D in SIDIS and in dihadron SIDIS

o ss) :C{— hl\'ApT h‘jngh} « Compatible results COMPASS/HERMES

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

fits by different groups
02 ¢
Global fit HERMES-COMPASS-BELLE data = ]
Anselmino et al. Phys.Rev. D92 (2015) 114023 5
o1f ' ! ' ' o] =
- 005} 3 T { 1 R
zz o bt i ___%_-L;ffff_l_trl__ 55
5 1 5
< 05} R
-0.1 F . .
o1} ' s

0.05 f

Aalﬂl_(%w‘(bs)
o
AT u

-0.05

-01 F

O.IO1 OI.1 OI.2 OI.4 OI.G OI.8 OI.5 I1 1I.5
Xg z, Pr [GeV]

COMPASS-I11 (2021)

» Deuteron measurement to be repeated

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

d sin( ¢, + -
o o (Four +&Fu )L+ + Sr AT S sin (g, +44 ) +...

H'pT

h

dxdydzdpZd ¢, d e,
]

Fus_il_n(%+¢s) =C {_

fits by different groups

0.4

See talk by A. Bressan

}

Measured on P/D in SIDIS and in dihadron SIDIS
Compatible results COMPASS/HERMES
(Q? is different by a factor of ~2-3)

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

Addendum to the COM

PASS-I1 Proposal

Projected uncertainties for transversity PDF

Addendum to the COMPASS-1I Proposal Pooesrds boeddbtd
Projected uncertainties for Collins asymmetry T b + toT
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Deuteron measurement to be repeated
Will be crucial to constrain the transversity TMD PDF for the d-quark
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SIDIS TSAs (Sivers)

do

oC
dxdydzdpZd ¢, d e,

See talks by Ch. V. Hulse, A. Bressan and H. Avakian v

(Four +gFUU,L){1+...+ Sy AT E)sin (g — ) ... }

COMPASS 2010 proton data

ol _hk
M

Fsin((ph—(;is) ~0

Measured on proton and deuteron

Gluon Sivers paper: submitted to PLB
CERN-EP/2017-003, hep-ex/1701.02453

COMPASS positive pions x<0.032
COMPASS positive pions x>0.032
HERMES =* PRL 103 (2009)

% ¢ i

%4

~ PLB 744 (2015) 250

i ‘?@{,4’ ‘{’%
iﬂ* ¢4 {

oencf
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COMPASS positive kaons x<0.032
COMPASS positive kaons x>0.032
HERMES K'PRL 103
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http://cds.cern.ch/record/2240191
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SIDIS TSAs (Sivers)

do
F Foo )il S, A4 %) sin
dXddeded¢hd¢S ( vur T € L){ T A‘JT R (% ¢S BOMPASS} - COMPASS 2010 protoit data
— For 3 s som | - PLB 744 (2015) 250
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I:UT,g' ) _C|: MT fqulrIJ:|’FUT,(L ) =0 0.05- (F@ #i L ? ({)ﬁ) + n éé*é cllj% {
ISR T A L
» Measured on proton and deuteron ood I i
. Recently - gluon Sivers paper Q‘{% 0.2t .I ggmgggg positve kaons +<0.032 I T I I I
PLB 772 (2017) 854 o HERMES K'PRL 103 (2009) %) + }
0.1 - -
/ BE ; fé ?t
«  Sivers effect at COMPASS is slightly ir? + ## ot HE éﬁf} t } %} {
smaller w.rt HERMES results O _’{""} """""""""" S )
(Q? is different by a factor of ~2-3) ol i i
« Q?-evolution? Intriguing result! 0?0 05 LS e
015 TMD evolution 01} 1
i_c HERMES . h- COMPASS proton
E £ o1 COMPASS v ol
g |

0.05 — 0
— TMD
0 005 ---- DGLAP
I | | I L ! | e . TMD Analytical
02 03 04 05 06 07 08 0.01 0.1
z X

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

13 December 2017 Bakur Parsamyan 14



SIDIS TSAs (Sivers)

do oc ( F
dxdydzdp’dgdg,

+ ek,

sin( ¢, — ﬁk sin(é. —

» Measured on proton and deuteron
* Recently - gluon Sivers paper
PLB 772 (2017) 854

» Sivers effect at COMPASS is slightly
smaller w.r.t HERMES results
(Q? is different by a factor of ~2-3)

« Q?2?-evolution? Intriguing result!

e Global fits of available 1-D SIDIS data

« Different TMD-evolution schemes
 Different predictions for Drell-Yan

13 December 2017
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SIDIS TSAs (Sivers)

do
oC
dxdydzdpZd ¢, d e,

(Fuu T

Fsin(qﬁn—(ps) ~0

UT,L

fp)

y

UT,T

cane-a) _ | Nk
M

» Measured on proton and deuteron
* Recently - gluon Sivers paper
PLB 772 (2017) 854

» Sivers effect at COMPASS is slightly
smaller w.r.t HERMES results
(Q? is different by a factor of ~2-3)

« Q?2?-evolution? Intriguing result!

« Global fits of available 1-D SIDIS data
« Different TMD-evolution schemes
 Different predictions for Drell-Yan

 First experimental investigation of
Sivers-non-universality by STAR

» Different hard scale compared to FT

» Evolution effects may play a substantial
role

13 December 2017
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See talk by E.C. Aschenauer

STAR collaboration: PRL 116, 132301 (2016)
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?-ranges

d sin( ¢, — .
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Multi-D TSA analysis
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 Results from first ever measurement of Drell-Yan TSAS
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Single- polarlzed DY x-section: unpolarized part
|:2 "do . ongoing analysis
e L]

. “nalve” Drell-Yan model . {“ AL 005" Ocs + }
collinear (k;=0) LO pQCD no rad. processes SN Ous AT COS 2000 +5In 20 AT COS @
A=1, (FZ=0), n=v=0

* Intrinsic transverse motion + QCD effects
M1, w#0, v #0 but 1-A=2v (Lam-Tung)

* Experiment,

AL n#0,v#0
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Single-polarized DY x-section: unpolarized part

F! _E? ' do — ongoing analysis
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Single- polarlzed DY x-section: unpolarized part

= C0S g wszge, | 4T (R +F2) ongoing analysis Vel
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Single- polarlzed DY x-section: transverse part

-F do
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Drell-Yan TSAs — Transversity
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Drell-Yan TSAs — Transversity
do sin(2¢cs =05 ) i —
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Drell-Yan TSAs — Transversity
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Drell-Yan TSAs — Transversity
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Drell-Yan TSAs — Pretzelosity
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Drell-Yan TSAs — Pretzelosity
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Drell-Yan TSAs — Pretzelosity

do SiN(2¢cs +95 ) i
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Drell-Yan TSAS — Sivers
do

5 ocl+..+ S, [Aﬁi”“’s sin @, +]

Sivers DY TSA
ingg 1
COMPASS PRL 119, 112002 (2017) A o £ ®
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Drell-Yan TSAS — Sivers
do

o cl+..+ S [ A" sing, +... |

Sivers DY TSA
A'?in(/’s oc fq ® qu
COMPASS PRL 119, 112002 (2017) 1 ® T
0.5 FCOMPASS 2015 data -4.3<MW/(GeV/(r <8.5¢

| | | o
&£ O%} —————————————————— }% ———————— }{{-ji* --------

—0.5p  — e —r  e—— [ e[ e——
107! 107! -020 02040.60.8 1 2 3 4 5 6 7 8
Xy X, X q, (GeVre) M, (GeV/c?)
SIDIS in Drell-Yan high-mass range COMPASS PLB 770 (2017) 138
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< I ‘r; + (% I A l |
] I A
L B | : l
R ——  —
_0‘02_.| ) R . M N |
1 10 1
13 December 2017

10
? (GeV/c)y ? (GeV/c)
Bakur Parsamyan 0 (Gelie) Q" (Ge C)ZO



Sivers asymmetry in Drell-Yan: sign change

DGLAP (2016) TMD-1 (2014) TMD-2 (2013)
M. Anselmino et al., arXiv:1612.06413 M. G. Echevarria et al. PRD89,074013 P. Sun, F. Yuan, PRD88, 114012
~ oo ' 0_0633:(”"'5)
b COMPASS, proton, h* SIDIS 0.1F N SIDIS = SIDIS
e . h 005 +p— hi+X
T e 0.05 F 0.04F- e
3 g : L},/'!/!j oosE.  COMPASS

004 + + iﬁg 0F 0.02F

e 005 F o

o 0.1 F | | -0.01F g
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Sivers asymmetry in Drell-Yan: sign change

DGLAP (2016)
M. Anselmino et al., arXiv:1612.06413

TMD-1 (2014)
M. G. Echevarria et al. PRD89,074013

TMD-2 (2013)
P. Sun, F. Yuan, PRDS88, 114012
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Sivers asymmetry in Drell-Yan: sign change

DGLAP (2016)
M. Anselmino et al., arXiv:1612.06413

TMD-1 (2014)
M. G. Echevarria et al. PRD89,074013

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

si n(uh-ns)

- 0.08 [ 0.06
s comnss.paton it SIDIS o1f . SIDIS E SIDIS
2 o0 - h 0'055 H+p— hi+X
% 5 005 - 0.04F
a2 z : ‘},/l;/i\f oosE.  COMPASS
0.04 > o
+ + iﬂ 0 F 0.022
R’ 0.05 &
0 O01F | am
10 \10-2L IO;IXB/ N " N
i sign change DY
0.1F
9_(0 -
= L
7 B =
|
0.1+
- no sign change
L I L 1 Il 1 | L 1 L 1 ‘ 1 1 Il

—0.5 0 0.5

13 December 2017 Bakur Parsamyan X F 21



Sivers asymmetry in Drell-Yan: sign change

DGLAP (2016)

M. Anselmino et al., arXiv:1612.06413

0.08

79: COMPASS, proton, h* SI D I S
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0.02 — + +
. + +
COMPASS

PRL 119, 112002 (2017)

In 2018 — 2" round of

0.1
9?
=
‘n B
< 0

—-0.1

polarized DY measurements

at COMPASS

13 December 2017

TMD-1 (2014)
M. G. Echevarria et al. PRD89,074013
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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: AT oc £29® Dy,
13 - COMPASS 2010, preliminary Sivers WTSA in SIDIS: AT ) oc f29® x Dlz
< 0.15F e SIDIS. it
= o SIDIS, i
T E
mq:: 0.17

0.05" o ’[I]"[}P
L _ —@’
:\\i‘..l T.*\ L paad L
10 10 1
X
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The p+ (g1) — weighted SIDIS(DY) Sivers asymmetry

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

sin(¢h—¢,) Lq h
T o« flT ® qu

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

Sivers TSA in SIDIS:
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Valence quark dominance
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The p+ (g1) — 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(d, —d) o« f 1q Dh
arXiv:1702.00621 [hep-ex] Sivers TS SIDIS: T 7 @ 1q
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SIDIS and DY TSAs at COMPASS (high-mass range)

do . do'°
Sy g (Four +5FUU,L){ 1+... T F) (1+cos® HCS){ 1+...
_Aj¢(%—¢s)sin(¢h_¢s) 1 : [ A sin g ]
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+ S |+ SA\SJ?(%_%)Sin(wh —¢s) ( + S e + A?in(Z%SWS)Sin(Z(Pcs +¢S) (
+ W'Aﬁ% sin ¢ +D,. [Aﬁin(%s%)sm(%s - 9s) J
+ 22 (14 2) AT P sin (2¢, - ) || I A sin (g + )

COMPASS PLB 770 (2017) 138
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SIDIS and DY TSAs at COMPASS (high-mass range)

do

dxdydzdp?d ¢, d ¢,
+ <9Aji$("“¢5)sin(¢5h +¢)
+ 2 AT sin (34, - )
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“COMPASS-like” future long-term experiment

COMPASS beyond 2020 workshop, CERN, March 21-22, 2016
Physics Beyond Colliders kick-off workshop CERN, September 6-7, 2016
IWHSS17 COMPASS workshop, Cortona, April 2-5, 2017

Dilepton Productions with Meson and Antiproton Beams workshop, ECT*, Trento, November 2017

Physics Beyond Colliders annual workshop, CERN, November 21-22, 2017
IWHSS18 — COMPASS workshop, Bonn, March 19-21, 2018

X1V International
Workshop on

Hadron Structure
and Spectroscopy

ol **
*

ok
g ECT* fia

EUROPEAN CENTRE FOR THEORETICAL
STUDIES IN NUCLEAR PHYSICS AND RELATED AREAS

TRENTO, ITALY

Institutional Member of the European Expert Committee NUPECC

! itudinal and

of the Nucleon
Fragmentation Functions
Search for Glueballs, Hybrid Mesons and
Multiquark States

Meson Spectroscopy

TMDs, GPDs and GTMDs

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

Spin

ILLINOIS

Local Organizing _‘.J- ! —
Committee 3

Castello di Trento (*Trint”), watercolor 19,8 x 27.7, painted by A. Direr on his way back from Venice (1495). British Muscum,

v £33 Dilepton Production with Meson and Antiproton eams
Riccardo Longo Tre J

Daniele Panzier; (Chair)
Bakur Parsamyan Maln Topies

Theoretical and expenmenu\ aspects of high-mass dilepton production
th meson and antiproton beams,
@ iwhss17@to.infn.it Physics of partonic structures of pion and kaon

Exclusive Drell-Yan process.

@ iwhssi7.0.infniit
n @iwhss17 g b

(PHSSTT -

INFN
Takahiro Iwata (Yamagata Univ. Japan) 13
Bernhard Ketzer (HISK P, Bonn, Germany)
- UPO

Opportunities to carry out new measurements on high-mass lepton pairs productions using meson and antiproton beams

Invited speakers
Vincent Andrieux (U. lllinois), Mauro Anselmino (U. Turin), Francois Arleo (£cole Polytechnique), Johannes Bernhard (CERM), Daniel Boer
(U, Groningen), Stan Brodsky (SLAQ), Jian-Ping Chen (/Lab), Alaa Deyssi (Helmholtz. Main2, Oleg Denisov (INEN, Torino), Matthias
Grosse-Perdekamp (U. llinois), Boris Grube ( Tech U. Munich), Alexey Guskov (JINR Dubna), Cynthia Hadjidakis (PN, Orsay), Paul Hoyer
(Helsinki U,), Xiangdong Ji (U. Maryland/Shanghai Jiaotong U), Peter Kroll (U. Wuppertal), Shunzo Kumano (KEK), Wally Melnitchouk
(JLab), Hiroyuki Noumi (Osaka U1), Bakur Parsamian (L. Turir), Bogdan Povh (U1, Heidelberg), Catarina Marques Quintans (LIP, Lisbor,
Paul Reimer (ANL), Craig Roberts (ANL), Takahiro Sawada (U. Michigan), Ingo Schienbein (LPSC Grenoble), Rikutaro Yoshida (/Lab)

Apn] 2-5,2017
Cortona, Italy

Organisers
Jen-Chieh Peng (Department of Physics, University of Iinois at Urbana-Champaign) jcpeng@illinois.edu
Wen-Chen Chang (Institute of Physics, Academia Sinica) changwc@phys.sinica edu.tw
Stephane Platchkov (Nuclear Physics Division, IRFU, CEA, Saclay) Stephane Platchkov@cern.ch
Oleg Teryaev (Bogoliubov Laboratory of Theoretical Physics, JINR) teryaev@theorjinr.ru

I Advisory C:
Mauro Anselmino (INFN/UnivTorino, Italy)
Harut Avakian (JLAB, VA/USA)
Alessiit Bacchets (INENUalupivia, aly)
Paula Bordalo (LIF Lisbon, Portugal)

Fabienne Kunne (CEA/ARFU Saclay. France)
Gerhard Malot {('ERNrSwmrhml)

Thimes. e (INERIOR T rieste, ialy) irector of the ECT: Professor Jochen Wambach (ECT*)
'.."“"'"(NWMM g Director of the ECT*: Jochen Wambach (ECT

Silvia DallaTorre (INFN/UnivTrieste, Italy)

Oleg Denisow (CERN/INFN Torino, lay) Jen-Chich Peng (Univ. USA)

Nicole D'Hose (CEA/IRFU .r-... o) Adam Szcepaniok (Univ. Indiana; USA) @ CAEN z-

Mnml-vﬁn.n(ﬂmhlh pub)  Andrzcj Sandacz (NCB), Warsaw, Poland) o

Matthias Grosse Perdekamp (Univ IIIIMII. IJSA) Oleg Teryaev (JINR, Dubna, Russia)

2 February 2017 Bakur Parsamyan

— /£
::Efbllowing up on the-mission of.the study group, the worksho‘
‘discuss the opportunites offered by the CERN complexfor futli

Physics Beyond Colliders

The annual workshop of the Physics Beyond Colliders stu
is to be held at CERN, Geneva, on 21-22 November, 2017.

non-collider experimentsthat explore open questions infun mental 4

physics:

This second workshop will present the progress and devs
of ideas currently under investigation by:the Physics-Bey
study. It also aims to stimulate and discuss new ideas.

Details on the workshor

>stragt submissi
of the Study Group, can be found on t PR

workshopweb

Organizing Committes

oerg Jaeckel, Mike Lamont, Connie Potter, ClaudeValléa.



https://indico.cern.ch/event/502879/
https://indico.cern.ch/event/502879/
https://indico.cern.ch/event/502879/
https://indico.cern.ch/event/523655/
https://indico.cern.ch/event/523655/
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/664277/
https://indico.cern.ch/event/644287/
https://indico.cern.ch/event/644287/

“COMPASS-like” future long-term experiment

O

Lol is open for new ideas/proponents

Unique new DY-measurements with a RF separated beam
A.) RF separated kaon and anti-proton beam:

- 1. Hadron spectroscopy v e Kaon structure including valence sea separation
- 2- Drell-Yan physics v @ Test of Lam Tung relation

- 3. Primakoff with kaon beam @ Model free TSA in DY with antiproton beam

- 4. Direct Photons with kaon v o Requirement for RF separated, ongoing

- 5. RF separated beam @ Evaluation apparatus design, ongoing

B.) Standard muon beam: New collaborators are welcome
- 1. DVCS with trans. polarised proton target
- 2. Elastic muon proton scattering v/

ndrieux (UIUC) ECT* 2017

C.) Standard hadron beam:
- 1. Polarised/Unpolarised DY with various targets «

- 2. Absolute cross-section measurements p + He -> pbar X
- 3. Hadron spectroscopy with antiprotons

D.) Spectrometer upgrades — hardware

For the moment it is ~50 pages long document

12/12/2017 Oleg Denisov 9
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Conclusions

» During phase | COMPASS has measured all possible SIDIS azimuthal
LSAs and TSAs.
o 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 PLB 770 (2017) 138

* In 2015 COMPASS has successfully collected first ever polarized DY data
becoming the first experiment to measure both SIDIS and DY TSAs and giving a
unigue opportunity to compare the TMD PDFs obtained from two processes

PRL 119, 112002 (2017)
o Sivers asymmetry is found to be above zero at about one s.d.

o 15t measurement of the DY Sivers asymmetry is consistent with the predicted
change of sign for the Sivers function

o Transversity asymmetry is found to be below zero at about two s.d.
o A second year of polarized DY data-taking will take place in 2018

* A “COMPASS-like” future experiment 1s being discussed to take place after 2021
o Particular attention is given to possible Drell-Yan measurements

25
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D. Kikota et al. arXiv:1702.01546 [hep-ex]

Experiment particles ~ beam en- /s (GeV) Xl L (em2s™) P F (em2s7h)
ergy (GeV)

AFTER@LHCb  p+p' 7000 115 0.05+095 1-10% 80% 6.4 - 10°
AFTER@LHCb  p+°He' 7000 115 0.05+095 2.5-10% 23% 1.4-10%
AFTER@ALICE, p+p' 7000 115 0.1+0.3 2.5-10% 80% 1.6 - 10%!
COMPASS at+ pl 190 19 0.1 +0.3 2-10% 18% 6.5 - 10%!
(CERN)

PHENIX/STAR pl+p! collider 510 0.05+ 0.1 2. 10% 50% 5.0 - 10%
(RHIC)

E1039 (FNAL) p+p! 120 15 0.1 +0.45 4.10% 15% 9.0-10%
E1027 (FNAL) pl+p 120 15 0.35+0.9 2-10% 60% 7.2 10%
NICA (JINR) pl+p collider 26 0.1 +0.8 1-10% 70% 4.9 - 10%!
fsSPHENIX pl+p! collider 200 0.1 +0.5 8- 10°! 60% 2.9.10%
(RHIC)

fsSPHENIX pl+pl collider 510 0.05 < 0.6 6-10% 50% 1.5-10%
(RHIC)

PANDA (GSI) p+pl 15 5.5 0.2 +0.4 2-10% 20% 8.0-10%
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SIDIS: target longitudinal spin dependent asymmetries

do

F F 14
dxdydzdp?d g, *(Rus +e ““’L){ "

+ S, 25 (1+2) AT Sinvﬁh] \

+e A" sin 24,

[1- & A,
|+, [26(1- &) A 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

* 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(29, )
UL

sin(3¢h)
UL

cos ¢h
LL

cos(Zq)h)
LL
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Drell-Yan TSAs — “higher twists”

do Sin(@es +95 ) i Sin(@es =5 ) o
d_QOC1+"'+ ST[D[SianS] Ar (¢cs +o )sm((pCS +(DS)+ D[sinzecs] Ar (¢cs—o )5|n(¢CS —¢S)...

New! COMPASS arXiv:1704.00488[hep-ex]

r COMPASS 2015 data

e
n

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

a . W ---- N}HH —————————————

sm(Q)( q+ ([)S)
T
o

A

_0.5_.....I-. PP | I_II_IIIIIIIH|IIIII_IIIFIIIIIIIIIJ_IIIHIIIIIJIIII
107! 107! -020 02040.60.8 1 2 3 4 5 o6 7 8
Xy X, Xp d, (GeV/ch) M, (GeV/c?)
.| COMPASS 2015 data | 4.3<M,,/(GeV/c?)<8 5| _ } _
e |
= 3 }
| N N I B HEHE
< [
_0.5?.....I_. ....._|||||| L I_II_IIIIIIIHIIIIII_IIIFIIIIIIIIIJIIIHIIIII]IIII
107! 107! -0.20 0.2040.60.8 1 2 3 4 5 o6 7 8
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SIDIS: target transverse spin dependent asymmetries
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?%-ranges
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Kinematic map: high mass range
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Drell-Yan TSAS — Sivers
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Correlation coefficients
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Maximum correlations are about ~0.2
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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) ¥
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