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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

40 "-

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 ER
Target: Solid state ( 6LiD or NH;) 70 20 30 40 s

0 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
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= Broad kinematical range
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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
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Target

Hadron absorber
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=48
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box cover /_WE . alumina
Data-taking years: 2014 (test) 2015 and 2018
High energy =~ beam:

Wn beam plug \
Energy: 190 GeV/c, Intensity: 108 n/s — ' SAldidha

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)
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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

- Data is collected simultaneously with both target spin orientations
Periodic polarization reversal to minimize systematic effects
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dxdydzdp dgdg, All measured by COMPASS
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SIDIS x-section and TMDs at twist-2

o)
dxdydzdp2dgdg, All measured by COMPASS
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SIDIS x-section and TMDs at twist-2

o)
dxdydzdp2dgdg, All measured by COMPASS
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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
dxdydzgéd%d% - All measured by COMPASS
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SIDIS and single-polarized DY x-sections

SIDIS | 99 o (k2 +F2) DY
dxdydzded¢hd¢S L dQ
a y? ¥ . 1+ A, cos” O
{ny 2(1- g)[1+ZJ:|(FUU’T +8FUU’L) + SiN 20, AT COS g +SIN% Gog AT27S €OS 200
il S, | N G A SiN g +SIn? Gog AT SN 200 |
1+«/25 1+ &) A" cosd, + e A" cos 24, | Lo gs cs Fes
! (Aﬁ‘”% +cos% 9 ~Si”“’S)sin(p
+ Ay/2e(1-&) 0" sin g, . e s
! Sin(20cs =95 ) oi
+ S, |25 (L)AL sing, + AT sin2g, ||| poinzg | (2 —os)
+ S, + A 5in (200 + )
+ S VL-27 A +\[25 (1= 2) AT cos, | I o LICSETY
_ © + A]S_i”((ﬁcs+¢s)sin(¢cs +¢S)

_AsjiTn(W%)Sin(% _¢S)

. + AN sin (¢, + )

+ S |+ eATCY ) sin (3¢, —¢y)

+ \/mAi'”q’s sin ¢,

-+ [26(L+2) ANCH ) sin (29, - ) “
\/7'6{?8% ~4s) cos (¢, — 4, ) /;(” r,-/w / z

+ S| + (26 (1-£) AT cosg, “ | free P _______

+\J26 (1- &) AT ) cos (24, - ¢ ) | / 7

21 May 2018 Bakur Parsamyan 15




SIDIS and single-polarized DY x-sections at twist-2 (LO) g
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SIDIS and single-polarized DY x-sections at twist-2 (LO)g#
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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)giiA ,

do'° . SIDIS do*° DY
dxdydzdpZd e, d ¢, [@)
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-
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+ S AN sin2g + S AVL-£7A | + S, Sin% G A% sin 290
m = [ ASINGs o3 7
Aj'T”(%‘¢S)sin(¢h—¢S) sipisoY | A sings | >
X 9 Sin(gh +4s ) o3 r bridge +S Aﬁ'n(z%s_(/’S)Sin(Zgo - ;)
+ S |+ AT sin(g, + ) « T +D[ } cs —7s
_ Sin? O SiN(20cs +05 ) i
+ oA sin(3g, - ) ! AT s o)
- - where D. , . =sin?6.. /(1+cos? @
+ STZ, (1_ (92 )AI(_:?[S(%_%) COS(¢h _¢S ):| [Slﬂ ()CS} CS ( CS )
- i T~
Boer-Mulders
o e hy T @HL + AT oy @t
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

sin(3¢, —¢s) 1q 1h Pretzelosity Sin(2¢cs +05 ) 1q 1q
T oc hyr @ Hy, AT e hy ® th,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)¢

Lo SIDIS o DY
dag OC(FUU,T+8FUU,L) do OCFJ<1+COSZQCS)
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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)
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COMPASS x:Q? phase space (DY 2015 data)
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SIDIS and single-polarized DY x-sections at twist-2 (LO)g#
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SIDIS and single-polarized DY x-sections at twist-2 (LO){#

dot® SIDIS do*° DY
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(xq) = 0.31,{xy) = 0.09, (xz) = 0.22, (gr) = 1.1 GeV/c Good signal/background
0.30E M Anselming et al. _ -q- _.1.0 Gév}cl If ”g 2 COMPASS 2015 data PR fé
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SIDIS and single-polarized DY x-sections at twist-2 (LO)

do'° . SIDIS do*° DY
dxdydzdpZd e, d ¢, [@)

(Fovr +&Fu) oc Fj (1+cos? O )

-

1442 A% cos 24, | _ LD AT 00820
+ S, eAsin2g, + S AN1-£7 A, 07 + S, Sin% G A% sin 290
_Aji?(%“’%)sin(qlﬁh —¢s) | siDISDY ) A sing, | Ir
s, |+ AT sin g+ ) L *S Aﬁ'”(z"’f‘%)sin(&ocs -9;)
+ AT sin (3¢, — ¢y g ! el AT sin (20 + ) ) |
R STﬂ«_ (1—52)Af$5(¢“‘¢5) cos(dh 4 )} where D[Sm%s} =sin® ., /(1+ cos? QCS)

43 <M/(GeV/c?) <85 “High mass” range
Beyond charmonium region, background < 3%

HM events are in the valence quark range Valence region —» largest asymmetries
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- (x,) = 0.50 —07 = S grange g_
0.6 (xy) =017 | 506 £ . C__ e §
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do*®

dxdydzdpZd e, d ¢,

(FUU,T +5FUU,L)

(14

SIDIS and Smgle'pOIarlzed DY x-sections at twist-2 (LO)

SIDIS do&'°
dQ

oc Fj (1+cos? O )

DY

-

2
e AL cos 24, |

+

S, eAT?Msin2g, + S AN1-s7A |

+

A sin (¢, — gy
Sp |+ eAT " sin (g, +45)
|+ oA sin (3¢, - 45) |

S

14D

AT COS 200

[sinzecs}

+ S, Sin% G A% sin 290

SIDIS-DY

bridge + ST D A?in(2¢cs ~s) Sln (2¢CS - ¢S )

+

0’ /(GeV/c)
3,

10

SrA _ (1_52)AE$S(¢“_¢S) cos (¢, — s )}

J

\

[ A sin g e

[sinz ecs} + A]s_in(Z(DCS H"S) Sln (Z(DCS + (DS ) J

where D = Sin’ Os / (1+05° O )

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

COMPASS
SIDIS 2010 NH, proton data

1<Q’*<4

|
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SIDIS: target longitudinal spin dependent asymmetries
do

oc (F
dxdydzdp;d ¢, d e,

(Four +5Fuu,L){1+---+ S, \/2¢(1+ &) A sing, +... }
| 3. G.r
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1 h L
w P 7]}
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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
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SIDIS: target longitudinal spin dependent asymmetries
do o sin g,

Oy dzdp?dg a7 (Four +&FRu L) {1+ A+ S 2e(L+e)AY S|n¢h+...}
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SIDIS: target longitudinal spin dependent asymmetries
do oc(F
dxdydzdpZd ¢, d ¢,

N
SiNgy, i
( uu,T+5Fuu,L){1+---+ S, L sm¢h+...}
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i 2M h- M G
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SIDIS: target longitudinal spin dependent asymmetries

do .
2 o (Fyy g + FUUL){1+ + S, 22 (1+ £) A sm¢h+...}
dxdydzdp;d ¢, d g,
. n . éLh
Fsindh _ 2_M _h_pT th H Lh M_ g 9 ~4q4 Proton 2007+2011 data
UL Q M M 1L 7 Zhun Lu
h ) - e2>0.2 h* Phys. Rev. D 90, 014037(2014)
X . =00 o <z<02
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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)
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SIDIS: target longitudinal spin dependent asymmetries

do
o« (F, -+¢cF 1+..+ S, A" sin2g, +...
dxdydzdp?d ¢, d ¢ (Fuavr +6Fu. )t A it |
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Gom LM
: 0 1 .
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 Additional p-suppression ~004F - 01 I .
» Collins-like behavior? . T R—— 0 0.25
* In agreement with model predictions *

« Discrepancy with HERMES and JLab?
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SIDIS: target longitudinal spin dependent asymmetries
do
dxdydzdpZdg dg,

(Four +&Fpu ){1+..+ S eA* " sin 24, +... |
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-0.05 |— h <€ 0.021 } + i ﬁ
107 10™ X i I
. : . —0.0 L -0.05 [
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* In agreement with model predictions *
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SIDIS: target longitudinal spin dependent asymmetries

do

o (Fur +6F {1+ + S A2 (1 2) A cos¢h+...}
2 uu T uu, L
dxdydzdp;d ¢, d g,
N ~Lh
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SIDIS: target longitudinal spin dependent asymmetries
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SIDIS: target longitudinal spin dependent asymmetries
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F + ¢k 1+...
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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] -

— ) 3 067 ® COMPASS preliminary h+ r 2>0.2 h
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o o
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£ 2 0047 j 5
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. . E § h
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UL -0.02} ]
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. S!zal?l(_a TSA-mixing gg O P et
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. : 0 'S - —4
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UL r i
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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
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» Sizable TSA-mixing
« Significant h* asymmetry, clear z-dependence,
* h-compatible with zero

sin2¢p
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* Collins-like behavior?
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» Transverse target spin dependent azimuthal
asymmetries
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SIDIS: target transverse spin dependent asymmetries

do oc (Fuu . +eF, L){ 1+... B.Parsamyan (for COMPASS) PoS QCDEV2017 (2018) 042
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« Small, compatible with zero asymmetry
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SIDIS: target transverse spin dependent asymmetries

do

oC
dxdydzdp?d ¢, d ¢
+ AT sin (3¢, — ¢y
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+ .
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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

v :O;d r oc (FUU _— gFUU L){ 1+.. B.Parsamyan (for COMPASS) PoS QCDEV2017 (2018) 042
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SIDIS: target transverse spin dependent asymmetries
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SIDIS: target transverse spin dependent asymmetries
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SIDIS: target transverse spin dependent asymmetries
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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 hqulh:|

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 n* PLB 693 (2010) rescaled by (1-<y>)/(1 <y>+<y> )
& e S S e
Q
el | PR LIt
—0.05- * - {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>)/(1 <y>+<y> %)
11111 II 1 11111 III 1 I I
-2 -1 0 5 1 O 5 1 1.5
10 10 x 2 p! (GeVle)

21 May 2018 Bakur Parsamyan 46



SIDIS TSAs (Collins)
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SIDIS
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(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

«  WIill be crucial to constrain the transversity TMD PDF for the d-quark x

21 May 2018

Bakur Parsamyan 48



SIDIS TSAs (Collins)
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SIDIS TSAs (Sivers)
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SIDIS TSAs (Sivers)
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?-ranges
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SIDIS Collins TSA in COMPASS Drell-Yan Q?%-ranges
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Multi-D TSA analysis
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?%-ranges
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“Nature”

Raphael “Madonna del Prato” Raphael “Madonna del Prato” (poor resolution)
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* Results from first ever measurement of Drell-Yan TSAS
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Single-polarized DY x-section: unpolarized part
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Single-polarized DY x-section: unpolarized part
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Single-polarized DY Xx-section: transverse part

Fl F2 : do 1

l:Ai |:1 Fz’lu Ajoscocs’V:ZAjoquocs id_QOC(FU+FU)<1+AJ oS HCS)

«  “paive” DreII—Yan model 1+ D[smzacs} AT €08 205 + D), AT COS
collinear (k;=0) LO pQCD no rad. processes 5 [ AT sin g T
I=1, (5-0), p=v=0 5 .

. . . | SIN(Pcs =Ps ) o

« Intrinsic transverse motion + QCD effects ) D Ar sin (s —¢s) >
ML, p_;ﬁ 0, v # 0 but 1-A=2v (Lam-Tung) ' rS [sin2des]) A;in(«)csws)sin((pcs +5)

« Experiment, | 0(200s55) o
A1, £ 0,v#0 ; D AR sin (2005 — 5)

: [sin® ¢ | + A?in(szS-HDS)Sin(Z@CS +¢s) |
\ J
¢ 1302;69 * 1+S71»ncgs 5" 1+57in.:2:s o ®A=10 ®A=08 "A=0.5 Y
. i ) 1 2
R  COMPASS 2015 data 4.3<M ,/(GeV/c 2)<8.5 Dy =1 (0 )/ (1+ Al cos ‘9cs)
R e T ¢ JCUeREEE 1. All five Drell-Yan TSAs are extracted
e i - - .
% YT L | LTI simultaneously using extended unbinned
Z 05¢ - Maximum likelihood estimator.
: ' » Depolarization factors are evaluated under
Of ---29%sesee o[ _ o seetesse_|  agssumption Aj=1
R | . M & I 1 T T T B
10! . Possible impact of A},#1 scenarios lead to a
XN X, normalization uncertainty of at most —5%.
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Drell-Yan TSAs — Transversity

d SiN(2¢cs =5 ) 2
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Drell-Yan TSAs — Transversity
do sin(2¢cs =05 ) i —
oLt ST[DWM A Sin (20 ¢S)+..}

Transversity DY TSA

in(2¢cs —9s) 1L
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Drell-Yan TSAs — Transversity

sin(20cs =95 ) @i
d—QOC1++ ST|:D[Sin29CSJ AT re s Sln(2¢CS _¢S)+:|

Transversity DY TSA
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Phys.Rev. D90 (2014) 014050 " Phys.Rev. D92 (2015) 114023
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Drell-Yan TSAs — Transversity

o cl+...+ S, [D[SWM A7) sin (2¢0 — @ )+}

Transversity DY TSA
sin(2¢cs —¢s) 1q q
COMPASS PRL 119, 112002 (2017) Ar ochy; ®hy,
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B. Pasquini, P. Schweitzer M. Anselmino et al.
> F A, N. Sissakian et al., Phys.Rev. D90 (2014) 014050 ., Phys.Rev. D92 (2015) 114023
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Drell-Yan TSAs — Pretzelosity
do

SiN(2¢cs +05 ) a3
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Drell-Yan TSAs — Pretzelosity

do SiN(2¢cs +05 ) a3
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Drell-Yan TSAs — Pretzelosity

do SiN(2¢cs +05 ) a3
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Drell-Yan TSAS — Sivers
do

5 ocl+..+ S. [Aﬁ‘”q)S sin ¢, +]

Sivers DY TSA
vel )
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Drell-Yan TSAS — Sivers
do

5 ocl+..+ S| A singy +... ]

Sivers DY TSA
sin g 1
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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, PRDS88, 114012
sin(o,-0,)

~ 008 - 0.06 f”T
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e . h 005 +p— hi+X
T e 0 0.05F 0.04F HP
3 z : L}’/.!/!j oosE.  COMPASS

004 + + iﬁg 0F 0.02F

e 005 F o

o 0.1F | | -0.01F L
107 10_2 10_] b X “
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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, PRD88, 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, PRD88, 114012
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Sivers asymmetry in Drell-Yan: sign change

DGLAP (2016)
M. Anselmino et al., arXiv:1612.06413
g: o COMPASS, proton, h* SIDIS
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In 2018 — 2" round of
polarized DY measurements
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21 May 2018
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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,
13 - COMPASS 2010, preliminary Sivers WTSA in SIDIS: Sig(qj“ ) o fl#q @ le:q
<* 0.15- e SIDIS, i
L o SIDIS, A*
e
q: 0.17
0.05" o ’[I]' r
g -7
:\\illll T.*w L L] L
10 10" 1
X
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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
arXiv:1702.00621 [hep-ex] Sivers TS SIDIS: T 7 ® 1q
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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)

Lihg

F. Bradamante (COMPASS at SPIN-2016) ivers TSA in SIDIS: sin(h=4) f Ld Dh
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SIDIS and DY TSAs at COMPASS (high-mass range)

do

dxdydzdp?d ¢, d ¢,
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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

Longitudinal and Transverse Spin Structure
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

Local Organizing
Committee
Maxim Alexcey

(@ iwhss17@toinfniit
8 iwhssizoinfnit

£} @ivhss? N\
1] |
ional Advisory C i
i Taly)
Marut Avakian (JLAB, VAUSA)
Bacchetta (INFN/UnivPavia ltaly)
Paula Bordalo (LIP Lisbon, Portugal) Gerhard

Sitvia hl-v-n«unw-bm«-
Oleg Denisov (CERN/INFN Torino, vum

Finger Repub)  Andrac) Sandac ( 4
M—mwmu—,qw"ﬁlmﬁ.m Ol Teryaew (IR, Dubma. Rusia)

Physics Beyond Colliders

The annual workshop of the Physics Beyond Colliders study group

STUDIES IN NUCLEAR PHYSICS AND RELATED AREAS

L Institutional Member of the European Expert Committee NUPE(] |W S S 1 8
\ s I |
N
7 .

EUROPEAN CENTRE FOR THEORETICAL

physics:

TRENTO, ITALY

IL[I,\H)I.\

XV International
Workshop on Hadron
Structure and Spectroscopy

March 19-21, 2018

Bonn, Germany TMD’s, GPD's and GTMD's
Meson Structure
(@ iwhss2018@physikuni-bonn.de Meson Spectroscopy

& ) Search for Exotics
DHESHCR Vi Bs201E New Opportunities for fixed Target Physics

M num sn \Mﬂgw(wphy& et

21 May 2018

IRFU, CEA, Saclay)
Theoretical Physics, JINR) teryaevitheor jir

UNIVERSITAT
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«.non-collider experiments'that explore open questions inifun:

Transverse Spin Structure of the Nucleon — EJEY IR

is to be held at CERN, Geneva, on 21-22 November, 2017.

_.followmg up on themission ofithe study group, the worksho!
disctiss the opportunites offered by the CERN complexfor futlire

cﬁamenfal e

esent the progress and develo, m
stigation by:the Physics Beyon olti
€ and discuss new ideas.

stration and abstragt submission, as well-as thes mandate

tter, Claude Valléa
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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/
https://indico.cern.ch/event/658983/

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
A2 @r=®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

» The future of COMPASS collaboration is being currently actively discussed
o SIDIS measurements with transversely polarized deuteron target in 2021

o New experiment beyond 2021, the LOI will become public soon

« Particular attention is given to possible Drell-Yan measurements
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The A7 ?" asymmetry

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

“;é:’ 006
ne 2M h- M, .G, T i 1
Fsinge — 20 ) Pr hiH 4 —h ga —9 Proton 2007+2011 data 000 R
uL X L' '1q + glL H{v
Q |\/lh M z - 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 Mt 2 0.02} 3
— : % CI& @ ® ? i / —---+—-§----+--{-+--+--{ .......
0.2sE h' COMPASS preliminary N R \ t
~ 02F Sin(, ), Stvers 00l — PLB 717 (2012) 376
& - sin(¢ ), Collins [ A — L
~ 015:_ -o- " o 0.04| CA) "eFSf;chntribution f
0 1: -§<§ | e corrected LSA
A | |t
0.05 - 0.02
OF - 0T 0:— %A@Q?ii@&ﬁa%\
10~ 10"y ; :
: .. 0.02] e ————
« Q-suppression, TSA-mixing 0.02 ST [
* Various different “twist” ingredients x e T e T

* Non-zero trend for h*, h- compatible with zero, clear z-dependence
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The A$3°®* asymmetry
da o cos
VR (Four + R ) {1+ + S A2 (1- ) A2 cos¢h+...}

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

Q h z
~ M ~h
il h h kWl q
+ T[Xququ_v N . jf
- eh' z>0.1 - COMPASS preliminary  Proton 2007, 2011 data
< oapth g i i
844 I I I I %
i i H q I 3 I
o ig‘éﬁ.g##ﬁ aﬁé{.i#{; __gfggﬁﬁ & 1 ﬁ{»ﬁﬂ# .
-0.1f- - . -
—_———e | | | : —_I—* i | _7| ‘
1072 107! 02 04 06 08 0.5 1 15 5 10 15
X Z P, (GeV/e) W (GeV/c?)

* Various different “twist” ingredients,
* Q-suppression
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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
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sin(g, - o)
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(=]
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1<Q’<4 1<Q’<4
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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
o o for TMD (DGLAP) evolution for the Sivers TSAs
*  No clear Q*-dependence within statistical accuracy pased on the best it 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 TSAs (Sivers)

do sin(gh—s ) i
Sayapiap g, T w8y AT sin (g —g) . |
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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
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SIDIS TSAs (Sivers)

do sin(h—s) o
«(F,, +eF 1+..+ S sin(@. — @, )+...
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