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Introductory message

\

For a better and more complex understanding of the TMD-spin-phenomena,
it is important to carry out the extractions, analyses and various corrections in a multi-D
approach

It is also important to carefully confront experimental data from different experiments

Different complex analysis techniques, Monte-Carlo simulations and various corrections
(acceptance, VMs, radiative corrections) are being employed by different experimental
collaborations

o Closer collaboration between different experimental groups would be very beneficial for
the field in general

o Sharing the tools (MC, generators, analysis techniques), preliminary results, doing cross-
analyses, etc.

Close collaboration between experimentalists on one side and phenomenologists and
theorists on the other would also be very beneficial

o Flexibility in adapting on the analysis side (in a timely manner) the choice of the
observables, phase-space limitations, etc.

o ldeally a close collaborative work can be organized
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COMPASS collaboration

Common Muon and Proton Apparatus for Structure and Spectroscopy

C@ 25 institutions from 13 countries
2 - nearly 200 physicists

+ CERN SPS north area

* Fixed target experiment

» Approved in 1997 (25 years)

» Taking data since 2002 (20 years)

XX International Workshop on Hadron Structure and Spectroscopy C OHP A— sE
IWHSS-2022 workshop (anniversary edition)
- CERN Globe, August 29-31, 2022 —
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https://indico.cern.ch/e/ IWHSS 2022
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COMPASS collaboration

Common Muon and Proton Apparatus for Structure and Spectroscopy

CE{W 25 institutions from 13 countries
S — nearly 200 physicists

* CERN SPS north area

+ Fixed target experiment

« Approved in 1997 (25 years)

» Taking data since 2002 (20 years)

=TT

Wide physics program
COMPASS-I

+ Data taking 2002-2011

* Muon and hadron beams
* Nucleon spin structure

» Spectroscopy

COMPASS-I1I
« Data taking 2012-2022
*  Primakoff

i1l
o
—

+ DVCS (GPD+SIDIS)

+ Polarized Drell-Yan
< Transverse deuteron SIDIS 2022  COMPASS web page: http://wwwcompass.cern.ch
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COMPASS data taking campaigns

Beam  Target year  Physics programme
2002
2003 | 80% Longitudinal | 20% Transverse SIDIS
N Polarized deuteron (°LiD) 2004
1)
2006 ' Longitudinal SIDIS
Polarized proton (NH;) 2007 | 50% Longitudinal | 50% Transverse SIDIS
x| K|p LH,Ni, Ph,W :x Spectroscopy
+ | ot con (NHY) 2010  Transverse SIDIS
olarized proton
" P 2011 | Longitudinal SIDIS
x| K|p Ni 2012 | Primakoff
p* | LH, 2012 | Pilot DVCS & HEMP & unpolarized SIDIS
2014  Pilot Drell-Yan
- Polarized proton (NH
’ ) :::: Transverse Drell-Yan
N 2016
1) LH, 2017 DVCS & HEMP & unpeolarized SIDIS
p* | Polarized deuteron (°LiD) ::g Transverse SIDIS
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COMPASS data taking campaigns

Beam | Target year | Physics programme
2002

2003 | 80% Longitudinal | 20% Transverse SIDIS
u* | Polarized deuteron (°LiD) 2004

, . i . SPS efficiency: ~ 73%
* Total number of protons delivered on T6: Spec tr-ometer-)c(e Hiciency: ~ 90%
~5.95x10'8 (98%) in about 150 days peCt ney. = 9070
Physics data collection efficiency: ~ 75%
E 6.0E+18 B s
OE+ . o MUonE
£ oy gl B> v N i g B S S
g 5.0E+18 CRRe—— T —
;5,0 E problem . v’. problem s
£ 40E+18 075 ‘W et i
£ -
3.0E+18 = 065 o
2.0E+18 055 | _ _
. * SPS efficiency (SPS good/delivered)
1.0E+18 0.45 '-.. * COMPASS efficiency (DAQ good/SPS good)
. ‘ e « physics data collection efficiency (physics/SPS good)
0.0E+00 035
ad}%* /d)/‘%r e&% ad:/a) /%) ec%) 0)/% /)/%‘ e)/%o %’% /%9 e@@ %;/a /@’a V)(%o %‘//x 0&% /d)/%- e@% O%) /%) 9%) 0)/% /&Qp e&‘?p a@% /@Qo e@% oo;’o /@’a eq‘/’a Qp///
XS 2021
W Polarized deuteron (°LiD) 2022 Transverse SIDIS
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COMPASS experimental setup

COmmon Muon Proton Apparatus for Structure and Spectroscopy

50

CERN SPS North Area (building 888) ECAL? 3 COMPASS
Two-stage spectrometer LAS+SAS HCAL2 | HERMES
» Large Angle Spectrometer (SM1 magnet)

« Small Angle Spectrometer (SM2 magnet) &

EcaLl  oM2
HCAL1

RICH | P _,

SM1 \ » - [l Large-acceptance forward spectrometer
' Z » Precise tracking (350 planes)

SciFi, Silicon, MicroMegas, GEM, MWPC,
_ DC, Straw, Muon walls
Muon-filter « PID - CEDARSs, RICH, calorimeters, MWs
Various targets:
 Polarized solid-state NH, or 6LiD
« Liquid H,
» Solid-state nuclear targets (e.g. Ni, W, Pb)

Polarized §A

utorp 7r+ K+ Target

*  Primary beam - 400 GeV p from SPS ‘\ '

* impinging on Be production i orpm K-
target (T6)
« 190 GeV secondary hadron beams \\\
* h beam: 97% 7z, 2% K, 1% p 400 Gev Be =

* h*beam: 75% P, 24% #*, 1% K * pbeam B " K ‘ (Hadron absorber)
from SPS prm K™ \

* 160 Gev tertlary l:nuon beam_s ~ 100 m ~ 600 m ~ 330 m | ~100m |
« u* longitudinally polarized ‘ ' ' '
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COMPASS experimental setup: Phase Il (SIDIS programme)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area (building 888) ECAL2
Two-stage spectrometer LAS+SAS HCAL2
» Large Angle Spectrometer (SM1 magnet)
« Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2

Muon-filter
HCAL1
RICH. SN
SMI  Sa
Polarized §
N Il He-3 Precooler ; r:in;: | Radiation Shield:
; g:gr::vca:::avity 142K T:E:r:al I:a;alt?:n S:igeI:s

EE Dilution Refrigerator

3 Target Holder
9 3 He-4 Separator

* Primary beam - 400 GeV p from SPS
* impinging on Be production
target (T6)

90 GeV secondary hadron beams

R~ beam: 97% . 2% K

* K" beam: 75% p, 24% n, 1% K ik
* 160 GeV tertiary muon beams |—|,1,
« u* longitudinally polarized
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COMPASS experimental setup: Phase Il (DY programme)

COmmon Muon Proton Apparatus for Structure and Spectroscopy
CERN SPS North Area (building 888)

Two-stage spectrometer LAS+SAS HCAL2
» Large Angle Spectrometer (SM1 magnet)
« Small Angle Spectrometer (SM2 magnet)

EcaLl  oM2
HCAL1

RICH. SN
SM1 \
Polarized §A

Target

Hadron absorber

Nuclear target (Al)
II i Stainless Steel
1\ 20 cm
aluminum

Aluminum cone  ®*

25cm
downstream last
alumina layer

]
-

o [
vertex detector " [ == i d

—48

=60 = 4
box cover 7t ] ~\__2lumina

* Primary beam - 400 GeV p from SPS \Tunzg‘;:fen be;: plug /
* impinging on Be production —
target (T6) :

* 190 GeV secondary hadron beams
* h™ beam: 97%7r Z%K 1%p

A beam: 75% b. o , o K

60 GeV tertiary muon beams

1~ longitudinally polarized
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The COMPASS Experiment at the CERN SPS

Broad Physics Program to study Structure and Excitation Spectrum of Hadrons

Increasing resolution scale
(momentum transfer)

Nucleon structure

» Hard scattering of u* and =~ off
(un)polarized P/D targets

» Study of nucleon spin structure

 Parton distribution functions
and fragmentation functions

Hadron spectroscopy
 Diffractive z(K) dissociation
reaction with proton target
PWA technique employed
High-precision measurement of
light-meson excitation spectrum
Search for exotic states

Chiral dynamics

» Test chiral perturbation theory
in z(K) y reactions

« 7z*and K* polarizabilities

« Chiral anomaly F,,

24 January 2023
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The COMPASS Experiment at the CERN SPS

Broad Physics Program to study Structure and Excitation Spectrum of Hadrons

A

Nucleon structure

» Hard scattering of u* and =~ off
(un)polarized P/D targets

 Study of nucleon spin structure

% » Parton distribution functions
7] and fragmentation functions
cl=

_g e Hadron SDectrosScoiny

S 2 1 i

B E Pl

% o)

= E

(@) Mo »)

|+ |

.a % I Transverse momentum
Pae] |

&[5

2| e

— N

Longitudinal momentum
) i kT =axP?
ChlFal dynamics
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Cahn effect in SIDIS
d

dxdydzdp2dgdg.

a Y y:
|:XyQ2 2(1—8)[1+5J:|(FUU’T +5Fuu,|_)
x( 1+4/25 l+e A{,"S“’“ Cos¢h +..))

The point that there are azimuthal dependences, which arise from the
transverse momenta of the partons was clearly stated in this papers:
T.P. Cheng and A. Zee, Phys. Rev. D6 (1972) 885;

F. Ravndal, Phys. Lett. 43B (1973) 301.

R.L. Kingsley, Phys. Rev. D10 (1974) 1580;

A.M. Kotsinyan, Teor. Mat. Fiz. 24 (1975) 206;

Cahn effect
R.N. Cahn, PLB 78 (1978)

k. — COS @, —> COS @,

Iransverse momentum

kT Longitudinal momentum °|®
A=XS|:1—2«/1—y—-COS(pq:| k+‘—"fy 2 .

U= —xs(l— y) 1-
Qx/

ft =-Q°=-xys, where s:(l + P) /&M)
a2 ~2 ‘

do™ "™ o dg'™" o S :"ZU
t

$Ccos @,
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Cahn effect in SIDIS
do

Significant non-zero effect observed by
a number of experiments

2 = 2 - ] 1 a =
dxdydzdp?d e, d 2 o nt %M red Jonx
o] [
a Y y X ! ;{ : Bl
1+ ||(F,,; +€F : P rraq _
{nyz 2(1_5)[ 2><ﬂ( o +Fuu) R g 1)
, -02f . T LY SUTUUTITI, ]
COS¢}1 g E - I ]
x( .1+4/25(1+ c)A™ cosg, +...) 2 b ]§
R T T
Quark | =l i{ % {
U I -0.1 1
Nucleon 0.2 , , R
10" 0.4 0.6 0.2 04 06 0B 1
flq (X, k%) X z P,. [GeV]
. 01 num-+cuts 01 num+cuts — 01 num+cuts
U number density 0 —anaiy = o Bﬂj_aial_yt__ 0 analyt
0.1 = 01 | . -0.1 !
g'—: -0.2 0.2 F -0.2
= oa} -0.3F - -0.3
-0.4F 0.4 ) 0.4
- 05001 0.01 o1 ° 02 04 06 08 12°0 02 04 0608 \'1 1.2
01 num+cuts — 01— num-+cuts — 01 "num+cuts
ot a.nalvt - 0 analyt ----- 0 analyt -----
As of 1978 — simplistic kinematic effect: o i o 0.1
* non-zero ky induces an azimuthal modulation 3 <2 - |02 . {02
As of 2022 — complex SF (twist-2/3 functions) os 08 - 08
. e . -0.4 1-0.4 -0.4
» Measurements by different experiments s sl
'0.001 0.01 01 02 04 06 08 1 0 0204 0608 1 12
X zp Pr
~ S Lh n Jh
peosn _2M o) NPl My o Do | ke fopiapy +%hlLqi >
w Q M, MMt 2 M MM z
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Cahn effect in SIDIS
do

Significant non-zero effect observed by
a number of experiments

dxdydzdpZdg, deg, p_ 17
, ) hT X
a y 7/ x x| x
1+— | |(Fu T +¢FR :
| EEHEE Ba6 i:LL i o
LB NN BRann R .lf:f__ _EHENN
><( .1+4/26‘ (1+ E)ACJ(EJS% cosg, +...) ;:T:j'__ _:_:.I__: :: s e
CHESS BBeom “obns CAne .ﬂ;%
C | EEEnaEEEnnoE EnnnEE
Quark | | GRS cmn mamne maxne mas Y
I .IHI;__ ‘.ILI;;_ ‘.ILI;L_ ‘.ILILL_ .ILI‘L_ I S
Nucleon _|.Ix | H B | H on| H . _H.'__
q 2
fl (x; kT)
U number density > Z
3 + Systematic errprs not shown sep sehX
g ot P i H 2
§ op----- ) I S I s p - d BN B
ot ts s ; £ “l{.; ! ¥ I
g _ f
0.2 1 -
3 - Systematic errors not shown
- - - - - :'\lé: 0.1¢ h [ ] f i n
As of 1978 — simplistic kinematic effect: 8 i lfe i I Y T boet® ]
* non-zero k; induces an azimuthal modulation ~ _ | ; b g
As of 2022 — complex SF (twist-2/3 functions) ! i I Pt ; t
» Measurements by different experiments 10" 04 06 08 04 05 08 0204 ofspofs [%G 1.'\211
X y z h [Ge
Fcos%_ZMC F"pT hHJ_h Mh 1:q[~)qlh ﬁ°kT fith Mh 1q H~<?
u T - XMy + 1 o X 1q +—h—
Q M, M 4 M M 4
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‘ i I \ A. Moretti’s talk
Cahn eﬁect in SIDIS Recent COMPASS resultgO I\/EIS)TSS pre]?:m;; alk)
do _ 0851 o o4, o : :
dxdydzdp2d¢,d e - -
$
2 2 oF4 $_ B g'g"r“""“?'%"f"?“""‘g"‘g"r‘
052 ) 1+ 2 (FUUT+8FUU L) r (})3 o i [ -
xyQ® 2(1-&)  2x | | 0701 - of : : :
| cos e I S I ISR S B IS B I _
X L+ |[2 (1 2)AZH cosgy +...) IBHERRNERRIHE
0.1+ ) - {>{’ &t é $ 3 ;
Quark U I 0551 oo r r I
S5 obdgippm g i IS S ISR -
Nucleon ‘iu,os— i g - } ¥ t % g -
flq(x,k%) -0.1 - - { % $84 8
U number density 0407 . 73(1)2-
£3 obocime I S-S I ISR B _
‘iu.os— $ § g g . ¥ LA ¥ g
—0.1F 3 % ii ¥ ? $ @
0y 00
< 0—--—3-—,--‘—--2—--— TV P o -
b ISR L
As of 1978 — simplistic kinematic effect: 05 03
« non-zero k; induces an azimuthal modulation £ R I Lo ]
As of 2022 — complex SF (twist-2/3 functions) Toog T3S E L oavt g L ke, | i 4
» Measurements by different experiments o j j
« Complex multi-D kinematic dependences 0.20 RS 0 196 07 '2 07 'S’é
« So far, no clear interpretation P, (GeVie)
0.10 0.30 0.50 0.64 1.00 ]
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’ 1 s seeA Moretti’s talk
Cahn effect in SIDIS - Recent COMPASS results (see 2 Moretd's all
d B 0.851 g‘"% L. 51_ Vl:lbzkf exclusive
dxdydzdp2dd dd. o o | | Loappd
yazap; fh ?s 2 o mem g e ® Low # ks *i ‘}H'H'F
o y ¥ 0701 - i
1+— | |(FR,,  +€F RN
a1+ |
o.?f"_"-'7-;";*"_m-;':.._';3"""].:';."{"_"};55““{% H
x( 1+ﬂ/25 1+&)A" cosd, +...) 0ssd ok O
5::3 ”51: o, %t ] -
Quark U _Ogj,,__-_ ___________ ____-a-J._.,*f..__.._..3,.*_.,#..__.._fg;,ﬁ.,ﬂ..__ .............. _
Nucleon 0401 _ I
fl (.X k ) 36:30‘51: % %% % -t i ;#; h H
e S s LR :
number density —0.sF
U 0321 . =
0 b R §
1o # ______________ _____*,f}rﬂ.______ﬁﬁh_,ﬂ__ ______________ )
0251 - .
3 R B
N o %{#}fHH%{.HH .............. _
As of 1978 — simplistic kinematic effect: 0201 _
* non-zero k; induces an azimuthal modulation LN R B ;
As of 2022 — complex SF (twist-2/3 functions) Y B SR ST :
» Measurements by different experiments 0101 e e
« Complex multi-D kinematic dependences ’ ’ ’ L i
» So far, no clear interpretation ' ' ' ' ' —
0.10 0.30 0.50 0.64 1.00 1.73

» Aset of complex corrections: Acceptance,

diffractively produced VMs, radiative corrections, etc.
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Recent COMPASS results (seeA Moretti’s talk)

Cahn eﬁeCt In SI DIS OMPASS preliminary
d o 0.1r l;fullQ range
= 2 bew
dXddede2d¢hd¢s = 0_____}___. _____ ;._..:_..._..;..__.._.:._’..:_.;.:_.;_..._ ..... : ...... ,..,.:1.:_.:._.. ............
2 2 ' * e )
a y /4 ~01F
1+— | [k, +€R [
|:XyQ2 2(1_8)[ 2Xj:|( o UU’L) —0‘2:—
o OIF o< @HGeVIeY < 1.7
X 1+«/25 1+&)A" cosg, +... HER!
( AJ ¢h ) = 0-—"—"-"-".‘§ ................ R S R IIEE 4 y !.Q_Q..._ ................
SRR SR PR rteere
Quark U oif !
Nucleon b B
f (.X k ) - 0.1 1.7< OGeViey <30 [
1 e :
BT S T UUUUURRRIY VRN SO
U number density 0 P i ,‘;:‘; ;F ? ?’;t*{; Vi
—0.1F & ;
-02F , ,
- 0.1F 30« @UGev/e} < 7.0 1
8‘5 0__ ................. TV _:_.._... ................. * ................ g
ST A A S SN
. _r . . -0.1F L ¢
As of 1978 — simplistic kinematic effect: i
* non-zero k; induces an azimuthal modulation o -
As of 2022 — complex SF (twist-2/3 functions) I i
» Measurements by different experiments B TR } ------ din ---------------
« Complex multi-D kinematic dependences 0. fil *”{F #{ if i *i th f f
» So far, no clear interpretation . _
' 107 0T 02 04 06 08 05 1
x z P, (GeV/e)
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Cahn effect in SIDIS
do

dxdydzdp2dgdg.

a Y Jal
{Xsz 2(1—8)£1+ ZXJ}(F“‘”
x( v1+«/25(1+g)A°,ﬁf“’“ cosg, +...)

+8FUU’L)

Quark

U
Nucleon

fi! G, k2)

number density

As of 1978 — simplistic kinematic effect:
* non-zero k; induces an azimuthal modulation
As of 2022 — complex SF (twist-2/3 functions)
« Measurements by different experiments
« Complex multi-D kinematic dependences
» So far, no clear interpretation

24 January 2023

Recent COMPASS results (see A. Moretti’s talk)

COMPASS preliminary
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» Strong Q? dependence
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~
]
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QA(_;(_: I
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SIDIS x-section and TMDs at twist-2
d

dxdydzdp2dgdg.

2

o y

2

~_1(F

|

ny 2(1-¢)

[H

Uu T +8FUU,L)

2x

)

All measured by COMPASS

=

+«/25 1+ &) A" cosd, + e A" cos 24,
+ Ay/2e(1- &) A0 sing,

+ 8

+ SL/1

JZg L+&) A" sing, + 2 A) " sin 2¢hJ

\1— A, + 25 (1—2) A cos¢h}

Quark

Nucleon

T

+ S;

AjiT”(%*cﬁs)Sin(% _¢s)
sin(¢,1+¢s) .
+ eA) sin(¢, +ds)
+ e A sin (3¢, — ¢ )
+ /22 (1+£) A" sin g
K 1/25 l+¢ Aj'T” %) sin (24, —

+ a/25 1— &) A" cos ¢
+ 4/25 1- &) ATCH %) cos (24, — ¢S)

number density

(&)-(9)

Boer-Mulders

-~

helicity

&--«®)

worm-gear L

O-Q

Sivers

Kotzinian-

Mulders
worm-gear T

transversity

pretzelosity

spin of the nucleon
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SIDIS x-section and TMDs at twist-2
do

dxdydzdp2dg dg. All measured by COMPASS 3
h
a Y 7’
{Xsz 2(1—8)[14_5}}(&[” +‘9Fuu,|_)
U+ /22 (1+ ) A" cos g, + & A" cos 24, p y

+ 2425 (1-&) A sin g,
+ S, _4/25(1+g) S sing + <A sin 2¢h} ) o f19® Dlhq

[ cos [ +¢s h
+ S NL-27 A, + 25 (1= 2) AT cos¢h} ) o h? @ H: ——

== - sin(3¢, —¢;) 1q Lh ]

AT sin (g, — ) T oc hy' @ Hy Twist-3
" n EASJ?(W%)Sin(% +¢S) X si_:j(qﬁs)vé\évQ—l(hg ® Hlth + f;q ® Dlhq+"')
+ S |+ eATE S sin (3¢, —¢y)
. Www
+/2¢(1+&)AT® sin g ) o Q_l(h}q ®H, "+ ' ® Dlhq+...)
sin(2¢, 65 ) o

______ L+ y2e(Lee)Ar ™ sin(2g - 4) | ) o g8 @ DY,

(1= &2)A=H4) cos (g — ¢ ww

A e ) o Qg ® D+
+ S Al + \f26 (1-£) A% cos g
WW
+ J2e (1- ) AT ) cos (24, — ¢ ) weh) o Q7 (g ®Dfy+...)
] 1
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SIDIS TSAs: Sivers effect

do sin( ¢, — .
dxdydzdpZdg,dgs o (Fyyr +gFUU,L){1+...+ Sy AT sin (¢, — gy ) +... }

COMPASS 2010 proton data

N 2 R e 1 N
FSi”(¢n—¢s) _cl— h- kT fJ‘th FSi"(¢h—¢s) ~0 < 0.1 o COMPASS positive pi [ % PLB 744 (2015) 250
UT,T M 1T 1g |' " UT,L (% : c} {)
0.05F ¥Ey T % ¢ B .
P 83 3 5444
, o ¢ Hi * qu.l. ;
« Measured on proton and deuteron e L N
» [Expected to change sign between 00sf_, | . | &
SIDIS and Drell-Yan <M RS | '
¢t
0.1 o u
HERMES, JHEP 12 (2020) 010 ﬁ (?{?@# # é}” P ﬁéﬁﬁ - %{ {
Sonr =2 =2 IS S _-(}.}.-4} ................... KR bt i
2 01 T i B .
4 0.08 - — =
Som 4 b v ST ST S S
~ ooz T : 3 ' 2 P! (GeVie)
0 F-mmmmmem s -
-0.02 — g
-0.04 — "_E - COMPASS
0.06 - E |
004 T is i
0.02 3+
0 gy
-0.02 KL "
-0.04 .
-0.06 s
-0.08 .
-0.1 o o e ; 10° !
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SIDIS and single-polarized DY x-sections at twist-2 (LO)

LO d LO
daz oo (Fyyr + &Ry, ) SIDIS —2 __«F! (1+cos® O, ) DY
dxdydzdp;d ¢, d ¢, ' ’ dg dQ
14He A% cos 24, 1+ D[smzecs} A2 €oS 2
+ S e A sin2g, + S ANI- " A + S, sin? O, A"2% sin 2¢.
_Aji?(%_q}s) sin (¢h _¢s) | o A?in(ps sin g >
X ] . SiN(20cs —05 ) i
|+ 8, |+ AT sin(g, +4,) ( + Sy 0 }[Ar e sin( 200 — 95 ) ]
: Sin29c5 sin(2 cs T s .
+ e AT sin (30, — g, ) L + AP sin (2005 +5) )|
3 cos(¢h - - where D, , . =sin’g. /(1+cos®§
+ S| (17 ) AT cos (¢, ~ s )} s es /| cs)
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SIDIS and single-polarized DY x-sections at twist-2 (LO)

do'° = do*'°

( Four R ) — O,

oc R} (1+c0s° O )

2 * dg*dQ
dxdydzdp?d g, dg. q —
1He C(E,Sz% C0S24, | — 1+ D[smzecs} A\jOSZ(pCS COS 2¢cs ;} </’/ ——*
+ S e A sin2g, + S ANI- " A + S, Sin% O A2 sin 2
= e - . R =
AT sin (g, — g ) sbisbY ] A el . (
X : i SiN(20cs —9s ) n:
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Complementary information from two different channels :
« SIDIS-DY bridging of nucleon TMD PDFs; Universality studies;
« Sign-change of T-odd Sivers and Boer-Mulders TMD PDFs;

« Multiple access to Collins FF H,." and pion Boer-Mulders PDF h;
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Single-polarized DY measurements at COMPASS

« 10<M/(GeVIc?) <2.0 “Low mass” do™® o« EL (1+c032 9 )
o Large background contamination, combinatorial, | dg‘dQ ~ ° ©
Open-charm (B) DD, BB, &, K decays ‘ T
« 20<M/(GeVIc?) <25 “Intermediate mass” L+ D[sinzecs} A A G
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Single-polarized DY measurements at COMPASS
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SIDIS and single-polarized DY x-sections at twist-2 (LO)
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Comparable x:Q? coverage — minimization of possible Q2-evolution effects
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SIDIS and single-polarized DY x-sections at twist-2 (LO)
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SIDIS and single-polarized DY x-sections at twist-2 (LO)

COMPASS PLB 770 (2017) 138
1t COMPASS multi-D fit done for all eight TSAs
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DY TSAs at COMPASS (high-mass range)

Theory curves based on S. Bastami et al. JHEP 02, (2021),166
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COMPASS Multi-D TSA analyses
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Sivers asymmetry: 3D x-z-Q? dependence
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» In several x-bins some hints for possible Q?-dependence for positive hadrons (decrease) more evident at large z
» At low z effect for h* is smaller in general

* No clear picture for negative hadrons
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Sivers asymmetry: 3D Q?-z-X dependence
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» Positive amplitude for h* (increasing with x and z)
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COMPASS Multi-D TSA analyses
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SIDIS TSAs: Kotzinian=MuIders asymmetry @@
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SIDIS TSAs: Kotzinian-Mulders asymmetry @ @
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COMPASS 2022 run: new unique deuteron data to come

proton [H] neutron [He]
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EIKV Echevarria et al., P.R. D89 (14)
Bacchetta, Delcarro, Pisano, Radici, ; ;
dOMPASS deuteron [LD]  ¢OMPA Proton [NHj] in preparation TC Boglione et al., JHEP 1807 (18)
88 Bacchetta, Delcarro, Pisano, Radici,
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A EIKV [1401.5078)
68% confidence level | )
1072 1071 10° -
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xz,d 0 f 0.06 EIKV [1401.5078]
(Q2 > 1.4 GeV? 0.2<z<0.7 - L(l) /dk f (@, kr) il
Phr < min[0.2Q, 0.7Qz] + 0.5 GeV v r gage fir (@ ke

300 data points = 118 data fitted
14 free parameters
x2/d.o.f. = 1.06 + 0.10

SEA 10-2 x smaller
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/)-2 101 100

JAM Collaboration, PRD 106 (2022) 3, 034014 COMPASS 2022 deuteron run
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Raphael “Madonna del Prato” Salvador Dali “Maximum Speed of Raphael's Madonna™
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“Nature” “multi-D” with available statistics

Raphael “Madonna del Prato” Raphael “Madonna del Prato” (poor resolution)
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Conclusions

\

For a better and more complex understanding of the TMD-spin-phenomena,
it is important to carry out the extractions, analyses and various corrections in a multi-D

approach
It is also important to carefully confront experimental data from different experiments

Different complex analysis techniques, Monte-Carlo simulations and various corrections
(acceptance, VMs, radiative corrections) are being employed by different experimental
collaborations

o Closer collaboration between different experimental groups would be very beneficial for
the field in general

o Sharing the tools (MC, generators, analysis techniques), preliminary results, doing cross-
analyses, etc.

Close collaboration between experimentalists on one side and phenomenologists and
theorists on the other would also be very beneficial

o Flexibility in adapting on the analysis side (in a timely manner) the choice of the
observables, phase-space limitations, etc.

o ldeally a close collaborative work can be organized

Thank You!
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SIDIS TSAs: Collins effect and Transversity ®@
do Sin(+de) -
(FUU,T +€Fuu,L){1+"'+ S ‘9AJT(¢h ¢S)S'”(¢h+¢5)+'" }

dxdydzdp?d g dg.
 Measured on P/D in SIDIS and in dihadron SIDIS

For4s) = {—h'—pT he qu“} « Compatible results COMPASS/HERMES
My (Q? is different by a factor of ~2-3)

“% <« No impact from Q2-evolution?
» Extensive phenomenological studies and various global

fits by different groups
) Projected uncertainties for transversity PDF
[Addendum to the COMPASS-11 Proposal] AR {j ARRRRRN
Projected uncertainties for Collins asymmetry ¢ § ; oo |
8 COMPASS o1+ op,— deuteron 2002-2004 0 O NS0 N S — I % ------ b1 % ------------------
f" proton 2010 ‘} % %
E-LH 0.05 - + ~ -0.2 -
52 q> ? ]L % : | R }
(:3 HI”J‘[I}'Z - me‘(‘r‘ " Hmllt:* - Hm;(:" e
0.00 *{fééﬁ@ ********************** . %é#%#% B |
jL ¢ 5 TL / x h¥-9 QP=2.4 GeV?
N L deuteron 2022 M. Radici
-0, ? Faswossdd 1/ SPIN-2018
| Ll A B | ==
102 107! 1072 10! )
X X
COMPASS-I11 (2022)
» Deuteron measurement being repeated

» Will be crucial to constrain the transversity TMD PDF for the d-quark | x
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Sivers asymmetry: 4D Q?-p-X dependence at z>0 2

X

Positive amplitude for h* (increasing with x and z and p,)
Positive h™ amplitude at relatively large x (>0.032) and Q? (>7) at intermediate and large z (all p;)

Some hint for a possible negative h~ amplitude at low x (<0.032) and Q? (<7) ) at intermediate and large z (all p;)
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Sivers asymmetry: 4D Q%-p-x dependence at 0.1<z<0.2

simcpl- nrn‘»

0.1+ 1<QY(GeVicy<1.7

[ «N p,>0.1 GeV/e: 0.1<z<0.2]

- COMPASS preliminary

0.l<pT/( GeVic)<0.75: 0.1<z<0.2 [

- Proton 2010 data
0. 1<pT/EGe\"/c)<O‘3: 0.1<z<0.2

[ 0.3<p /(GeV/e)<0.75: 0.1<z<0.2

pT>O.75 (}c\". 0.1<z<0.2

X

Positive amplitude f'or h* (increasing with x and z and p,)
Positive h™ amplitude at relatively large x (>0.032) and Q? (>7) at intermediate and large z (all p;)

Some hint for a possible negative h~ amplitude at low x (<0.032) and Q? (<7) ) at intermediate and large z (all p;)
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Drell-Yan TSAs — Transversity

Transversity DY TSA

do SN (2005 -5 ) s A?in(2§0cs_¢’s) oc hiq ® h¢
dq4dQ ocl+...+ S [D[Sinz%s} Ar Sm(ZCDCS _(Ps)"'"} Lz Lp
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Drell-Yan TSASs — Sivers Sivers DY TSA

do _ _ Sinrpsoch ® f1d
———ocl+..+ ST[A?“’S S|ngos+...] A 1z 1T.p
dq'dQ
COMPASS | Drell-Yan, NH 4.3<M,,/(GeV/c?)<8.5 :
oal preliminary [ 201542018 data | DY NEW!}
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SIDIS: target longitudinal spin dependent asymmetri
do sin :
dxdydzdp$d¢hd¢s OC(I:UU,T +‘9FUU,|_){1+...+ SL W'A\JL% sin ¢h+"' }

n S Lh B. Parsamyan (for COMPASS)
Esindh _ 2M Ci— h- Pr xhiHM + M, q 4 arXiv:1801.01488 [hep-ex]
h ) Al ©7>02 h* Phys. Rev. D 90, 014037(2014)
X - = 0047 S p1<z<02
+ h : kT Xf 1q Dh M h 1hlq H q m<:) - COMPASS preliminary § =
L Y19~ L - <
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g5 0.04 - + C 5<D L 0.00 bewt-7237 T S
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*  Q-suppression, TSA-mixing —0.02F, e
» Various different “twist” ingredients 10 10

« Strong non-zero effect for h*, h- compatible with zero, clear z-dependence
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