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COMPASS collaboration

Common Muon and Proton Apparatus for Structure and Spectroscopy
i CE/RW 25 institutions from 13 countries
E 2\ — nearly 200 physicists (in 2022)
* CERN SPS north area
* Fixed target experiment

* Approved in 1997 (25 years)
» Taking data since 2002 (20 years)

International Workshop on Hadron Structure and Spectroscopy

IWHSS-2022 workshop (anniversary edition)
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C@ 28 institutions from 14 countries
<74 —nearly 210 physicists (in 2023: start of the Analysis Phase)

3 new groups joined the COMPASS collaboration in 2023
UCon (US), AANL (Armenia), NCU (Taiwan)

* CERN SPS north area

* Fixed target experiment

* Approved in 1997 (25 years)

» Taking data since 2002 (20 years)

Wide physics program
COMPASS-I

» Data taking 2002-2011

* Muon and hadron beams
* Nucleon spin structure

* Spectroscopy

COMPASS-II
* Data taking 2012-2022
*  Primakoff

« DVCS (GPD+SIDIS)
« Polarized Drell-Yan
. Transverse deuteron SIDIS 2022

18 oIt

S

COMPASS web
See talks by: V. Andrieux, A. Kerbizi, A. Martin, J. Matousek, G. Reicherz, A. Vijayakumar
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The COMPASS Experiment at the CERN SPS

Broad Physics Program to study Structure and Excitation Spectrum of Hadrons

|  Nucleon structure W
* Hard scattering of pu* and n~ off
(un)polarized P/D targets .
* Study of nucleon spin structure
= * Parton distribution functions X
2 and fragmentation functions
=1
-% < Hadron spectroscopy
§ g » Diffractive z(K) dissociation Ry eam X;
2l g reaction with proton target
B 2 + PWA technique employed P, R
Z “E’ * High-precision measurement of
% S light-meson excitation spectrum tarcet :
g| E . & recoil
=~ <+ Search for exotic states

Chiral dynamics

* Test chiral perturbation theory
in 7(K) y reactions

* 7* and K* polarizabilities

* Chiral anomaly F;,
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The COMPASS Experiment at the CERN SPS

Broad Physics Program to study Structure and Excitation Spectrum of Hadrons

A

Increasing resolution scale
(momentum transfer)

Nucleon structure

* Hard scattering of p* and n~ off
(un)polarized P/D targets

* Study of nucleon spin structure

* Parton distribution functions
and fragmentation functions

Aadron Sj [l
iffractive 7f dissociatior
|
[CACction wiin prowon arect
1 | »
\“‘, l\“(;[H\ln‘Ux" C [, t,'\“(w
| ~
on-precision casurcment ol
| . ' .
1 ON-IMEeSOon excianon speciru
| 'y .
CaArcin 10or €xouc stailces
, o .
Chiral dynamics
.- ! |
CSH [‘Il!!'ll,! Dercuroanon theory
-
1N 7T(4A) Y T€eaCtlons
/ § )
- and K* polarizabihities
| [
Chiral and v |
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Nucleon 3D structure

See the COMPASS GPD program
overview talk by J. Matousek

* Transverse position BT of partons
« Correlation between BT and x =
* Complementary to TMD PDFs -
* 8 generalized parton distribution NN
functions (GPDs) § -
* Contain information about parton 7 ... *
orbital angular momentum L F el T ]
* Mostly unknown | S T 7 TS
* Measured in exclusive processes: - R e m e
* Deeply virtual Compton scattering 10 O 10"

(DVCS):u+N—u+9y+N

* Hard exclusive meson production
(HEMP): u+N —-u+ VM + N
with VM = z0, p(770), @(782),..

Longitudinal momentum
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COMPASS experimental setup

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 M2

HCAL1
RICH. Sa \
SMI N o

Polarized /\\\A
Target -

50

N
@ (GeVie)

COMPASS
HERMES

Large-acceptance forward spectrometer

* Precise tracking (350 planes)
SciFi, Silicon, MicroMegas, GEM, MWPC,
DC, Straw, Muon walls

» PID - CEDARs, RICH, calorimeters, MWs

Various targets:

« Polarized solid-state NH; or °LiD

* Liquid H,

* Solid-state nuclear targets (e.g. Ni, W, Pb)

* Primary beam - 400 GeV p from SPS
* impinging on Be production
target (T6)
* 190 GeV secondary hadron beams
* h beam: 97% 7 ,2% K ~, 1% p 400 Gev Be

‘ ‘ uTorpmat Kt Target
= y‘orprtEK‘ %_
KT
\

\\

*  h*beam: 75% x*, 24%p, 1% K+ | 2> g ITL {Fladonsbwceioes)
- rom pm K™
* 160GeV tertl.ary muon beams. | ~100m ~ 600 m ~330m | ~100m |
« 4 longitudinally polarized : | | '
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COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area (building 888)
Two-stage spectrometer LAS+SAS

* Large Angle Spectrometer (SM1 magnet)
* Small Angle Spectrometer (SM2 magnet)

EcaLl M2

HCAL1
RICH. Sa \
SMI N o

Polarized /\\\A
Target -

* Primary beam - 400 GeV p from SPS
* impinging on Be production
target (T6)
190 GeV secondary hadron |
* 160 GeV tertiary muon beams
« u* longitudinally polarized

28 September 2023

B. Parsamyan

Muon-filter

B Magnets
— i
I Nicrowave Cavity 80 K Thermal Radiation Shields
4.2 K Thermal Radiation Shields
[ Target Cells X
R Dilution Refrigerator
9 Target Holder
[ He-4 Separator

B He-3 Precooler

see Gerhard Reicherz* talk
2



COMPASS experimental setup: Phase II (DY programme)

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area (building 888) ECAL2

Two-stage spectrometer LAS+SAS HCAL2 P

« Large Angle Spectrometer (SM1 magnet) ="
3

* Small Angle Spectrometer (SM2 magnet)

EcaLl M2
HCAL1

RICH.  Sa 7
SMI N o

Polarized §A

Target

Hadron absorber

Nuclear target (Al)

MMo1

] 25cm
downstream last

alumina layer

Stainless Steel
1\ 20 cm
aluminum
box cover

(

alumina

* Primary beam - 400 GeV p from SPS
* impinging on Be production
target (T6)
* 190 GeV secondary hadron beams
* h beam: 97% n,2% K ~, 1% p

| ) 0 J |, oD

-0 L 1
Z {cm)

|60 GeV tertiary 01 0s]

= loneituadinallv nolarized
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COMPASS data taking campaigns

Beam

ut

x|K|p

n|K|p

B

s

ut

Target

Polarized deuteron (°LiD)

Polarized proton (NH;)

LH,, Ni, Pb, W

Polarized proton (NH;)

Ni
LH,

Polarized proton (NH;)

LH,

-~

Polarized deuteron (6LiD)

28 September 2023

year

2002
2003
2004

2006

2007

2008
2009

2010
2011

2012

2012

2014

2015
2018

2016
2017

2021
2022

Physics programme

80% Longitudinal | 20% Transverse SIDIS

Longitudinal SIDIS
50% Longitudinal | 50% Transverse SIDIS

Spectroscopy

Transverse SIDIS
Longitudinal SIDIS

Primakoff

Pilot DVCS & HEMP & unpolarized SIDIS
Pilot Drell-Yan

Transverse Drell-Yan

DVCS & HEMP & unpolarized SIDIS

Transverse SIDIS

B. Parsamyan 10



quark quark
U L T U L T

v| A® vl £ K3) hy?(x, k)
number density number density Boer-Mulders

§ § 1q 2
S gi(x) S 97, k%) | hil(x, k%)
é L h]éhcnty “ é L helicity lv%orm-gw LT
q IS N (1)

R (x) (e, k) | g (e, k3) | meniy
T lrm}sversity * flT Sivers ! %Zrm—gea: TT h'Lq (x k )

plelzelosny

* PDFs — universal (process independent) objects; T-odd PDFs — conditionally universal

ransverse momentum

B

Longitudinal momentum / o |® Longitudinal momentum
kt =zPt N Kt =aP? 2

.
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Nucleon spin structure: helicity gf} 4 (%)

0N g (x) COMPASS PLB 769(2017) 34
helicity -
AN ( j [j ~ B ¥ sMmc A E143
;@.‘,J % o, | x=0.0045 (=1 { E155 dh HERMES
« COMPASS \contribution' 5 i :%6 ~— x=0.0055 © COMPASS SR
) + - =0.007 —— COMPASS NLO fit
lowest x and highest Q* regions < 10+ i% ’ 0,000
< T : 0012 COMPASS D
LT X co0r  2002-2006 data
i & P S x=0.024

| ve e o x=0.035
S P . X x=0.049

k-3 - + i %_M_WL% w X077 (i=10)
0.2 AR L0 B 7 .
- o ? i .
0_ 3 % o o i, .
5 . ¥
B [
_0 2_
= - _ _0_,{} '& SN & PY x=0.57
B + ® COMPASS 160 GeV | ol -0.74
_0'4__ | + SMC 190 GeV 0 L 1 e - st o e A
- 1 10 107
e —
0.6 t Q* (GeV?/c?)
1072 107" 1
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Nucleon spin structure: helicity gf,p (x)

S g1 (x) COMPASS PLB 753(2016)18
helicity T 0 x=0.0036 __ (i=0) - o
: E‘—“ﬁ’:@_ - i x=0.0055 OGP HERMES @ COMPASS 160 GeV
« COMPASS contribution: ? - gk X70007 O coswmser W comssmcy
lowest x and highest Q? regions . o —— x=°'0_0:012 —
* Both deuteron and proton target data < I -f";““‘*'— - '_0 017 COMPASS p
o 8'_-9——0—-*—?”‘ = '_0 oo 2007, 2011 data

x=0.035

6
v - Aol re mE—se —Kgx X007 (1=10)
) [
" = COMPASS 200 GeV + - x=0.12
0.06 e COMPASS 160 GeV _ %W_%‘M
L + SMC 190 GeV Hi 4 —@@db—g—-#ﬁ—oﬂ!\—oy-l%ﬁ—qﬂ—%i x=0.17
- * ’ [ A-LOD OA— S B Moy 022
.y ++ - A RS B ook —Km—em <02
. - : 2= - )N — A e m—yom<=0-41
002 ' * ' - - A 04 A Go———ome—m——eom X=0.57
- [ ] -
P L ] [ I - sl A x=0'714
NER R 0 ;
B .. 1 10 10
A
1 ll L 1 L 1 L.l 1 ll 1 L 1 L Ll 1 1
10? 10" 1
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Nucleon spin structure: helicity 91,p (x) f /

. b g]_ (x)
e TS d helicity

* COMPASS contribution:
lowest x and highest Q* regions

* Both deuteron and proton target data

* For the first time non-zero spin effects at
smallest x and Q2 — positive signal for g,P(x)

Q.c;— 1 .5 [—
1 | {
' H %
-5 LiTh ‘ I ’ bt { 3
0 |
l [
o (Q%=0.0033 (GeVk)?
-0.5— O m (Q%=0.010 (GeVic)?
0 ¢ (Q%=0.035 (GeVic)?
| - % * (Q%=0.13 (GeVk)?
¢ + (Q%=0.49 (GeVlc)?
_1 .5 ’_l 1 1 1 11 : 1L 1 1 1 1 L 11 : 1 1 1L Ijl
1074 10 «

'COMPASS PLB 781(2018) 464 \/

C")
-

Q

940

30

20

10
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ooy « 160 GeV

om ¢+ + 200 GeV (i=14) (x)=0.028 %}
— (x)=0.019 K
COMPASSp X =0012 0¥t

2007, 2011 data 0 =00077 0 %0 _ G

S (x)=0.0049 o g0 .0 O
(x) = 0.0031 EORT S S 4
,,,,,,,,,,,,,,,,,,,,,, *)=00020 ¥ R % .

- <x>,,,,0,00,07,9,,9,,,!,,,!‘,‘?- ,,,,,,,,,,,,,,,,,,

0. @ 2% (x)=0.00050

,,,,,,,,,,,,,,,,,,,,,,, a,,,%,,i,,,, ¥ (x)=0.00032

o ﬁ’““iq,“_,} AAAAAAAAAA (x)=0.00020

,,,,,,,,,,,, <>,,,,Q;,,,i,,,,,,,,,(x},,,,O,,00013,,,,,,,,,,,,,,,,,,A

,,,,,, D,,,Q!,E,j,,,,,(x},,,,o0000,8,1,,,,,,,,,,,,,,,,,,,,,,,
o 5 *3 (x)=0.000052 __(i=0)

Ll Ll Ll
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Nucleon spin structure: helicity g, Ap) (x) ’/ ’

~ g’ 9(x) COMPASS EPIJC (2017) 77: 20
b ' o 0.6
T . helicity g; [ e COMPASS, all-p, G°1 (GeV/c)’, 2002-06
‘ L« COMPASS, high-p, Q°<1 (GeV/c)’, 2002-03

A Ity 6}_@ 04T . compass, Open Charm, 200207

4 ety o SMC, high-p_, @*>1 (GeV/c)*

« COMPASS contribution: 0.2 | * HERMES,highp,all Q"
lowest x and highest Q? regions -

* Both deuteron and proton target data o

* For the first time non-zero spin effects at i
smallest x and Q* — positive signal for g,P(x) 021 ;

* Gluon polarization measurements N m
via open charm and SIDIS 04 o2 10"

° X
COMPASS - first to rule out a large gluon COMPASS PLB 753(2016)18 9
polarization in the nucleon! 1 [

Precise test of Bjorken sum rule (9% level) J- gy dx e o0 ¢ 045,
™ 0.04-
¢
¢
¢
0.02( R
Q* = 3 (GeVic) .
ou Ll el N O

, , 107° 1072 107
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CI( ) COMPASS PLB 680 (2009) 217
g1 X 2
helicity “E A s B AT + = AT
@ @ .,E deuteron °TE b E #
A - = 82" E 40 L E +++ ¢ *
ey Of s« o o0 Eo oo e300 I "?$ ?
« COMPASS contribution: 3 —E ——E —
lowest x and highest Q* regions 10% 0 waE A % =
* Both deuteron and proton target data T CovPASS ozf X 3
* For the first time non-zero spin effects at [ 2 HERVES e JETRA J = L t b H Jﬂ
o, v 3 e o *8, 3 .
smallest x and Q* — positive signal for g,P(x) E- 4B j i |
p P o o p 0.2 ——— - TS m——
* Both inclusive and semi-inclusive R o L5 el L.
X
measurements — access to flavor COMPASS PLB 693 (2010) 227
- - 08 A 2 =AY
0.6 E proton = =
04 - =
wul gl MY SRR Lol L1 025_ E_ ;—
005F XA L xad 02 =TT = =
b J JRTe
-0.05 :_ me— — ¢ COMPASS 0.6 E_ E_
sl Lol L ,1“1‘11“11]2 L 11|||1||‘ L 111l o HERMES - C
0.02F xas 10 10 X —— DSSV fit 3
-o.ozz— { 2
-0'04:_111111| Lol L1111 IH_I”I;;‘)'Z l I““-;l()" —
10° 10" X X

X
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Nucleon spin structure

Longitudinal momentum
kt =zPt

CIK I
e Partons
o

28 September 2023

Longitudinal momentum

I =]

P
N
o Partons
by

B. Parsamyan
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Cahn effect in SIDIS

dxdydzdpidg,dd; fi (x, k%)

o y? 2 number density
Lsz 2(1—8)(1+5H(F""'T *oFime) ©),

x((1+.2¢(1+)Asn® cos g, +...)

- J

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

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. kT —> COS @ . — COS @,
D10 (1974) 1580; A .M. Kotsinyan, Teor. Mat. Fiz. 24 (1975) 206;

See L. Gamberg’s talk

Longitudinal momentum / o ® Longitudinal momentum

4

o Partons’
28 September 2023 B. Parsamyan
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Cahn effect in SIDIS
do

dxdydzdpyddd;

a y2 },_2
LyQZ 2(1_5)(“ sz(F""'T “ )

x(1+.,2e(1+)Ap" cos g, +...)

L, 2M . M, D) . M H"
F&h = 2 C1- xhH™" 4 — fa 4| xf D! + —pte 1
v 0) { M, [ “ M h ] M (f “ M hy

28 September 2023 B. Parsamyan 19



. 4 ¥4
Cahn effect ln SIDIS Recent COMPASS resulthMPASS eliminary
do _ 0851 o 0 g o preliminary :
dxdydzdp;d ¢,d ¢, 202 O deuteron NPB 886 (2014) 1046
IS ST SO O S 1ogte s |oe _
a__y 1+}/2 (Fpur+&Fu.) 4)‘:_2345@ ' 4"8( terd e
xy0? 2(1-¢g) 2x vt vt 0701 . o . .

)(( 1+WALC;£;¢" Cos¢h +.“) = ()-.._;_*.é_..g..__.._+._..$_..$_..__.._{.?}_.}_.._- .............. -
CL - ) —0.1+ L {) ¢ ! é‘? 3t g $ 1 ;
Cahn effect 0.551 -« oo : [ :

I R S B Lo doo _
£ (x, K3 < TR
nu;\bcr dcn:ity 005 g [ $ g LI é $ H $ [ § 8 :
-0.1F - - 1
@ 0401 ooF : : : o
As of 1978 — simplistic kinematic effect: §€30 O(t.._g.?..*_..g.._ —_356 ...... i I §$ ...... | -
* non-zero ky induces an azimuthal modulation N } b7 ¢
-0.1 - 3 $
0321 00
As of 2023 — complex SF (twist-2/3 functions) I T B | | i
* Measurements by different experiments Tl o b | Fey, | $8t 4 | 3
* Complex multi-D kinematic dependences 0.1 oy
* So far, no clear interpretation 0251 oof
u{o.o(;_.‘_s.g..g_..g..__.._é.;.g_..e_..__.._S..é.;_.;_..__...g.é..g...é...-
-0.1
020 e T T
“see J. Matousek’s talk P, (GeVic)
0.10 0.30 0.50 0.64 oo
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Cahn effect in SIDIS
do

dxdydzdprd,dg;

2 2
o y /4
1+— [ |(F F,
00 2(1—8)( +2xj ( vur T € UU.L)

x(1+.2e(1+¢)Ap" cosg, +...)
AN J
Y
Cahn effect
f1q(x'k%‘)

number density

S

As of 1978 — simplistic kinematic effect:
* non-zero ky induces an azimuthal modulation

As of 2023 — complex SF (twist-2/3 functions)
* Measurements by different experiments
* Complex multi-D kinematic dependences
* So far, no clear interpretation
A set of complex corrections:

* Acceptance, diffractively produced VMs,

radiative corrections, etc.

28 September 2023
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-0.1f
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0.05¢
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—0.05}
—0.1f
=0.15}

-
(-4

cos g,

< Of -
—0.05}
—0.1f
—0.15¢

. 0.05¢

<
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0.05¢
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-0.05¢
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...........

A RC

s 0.05
’ 0f-
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—0.1f
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SRR

see J. Matousek’s talk
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O e

X

X

X

X

107 107" 102 107 102 107 102 107 10° 10"
. - r X

cos¢, amplitude of the radiative corrections

085 Z

0.7
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0.4
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-0.25
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Cahn effect in SIDIS
do

dxdydzdprd,dg;

2 2
o y /4
1+— [ |(F F,
00 2(1—8)[ +2x) ( vur T € UU.L)

x(1+.2e(1+¢)Ap" cosg, +...)

- J
Y

Cahn effect
f; 1q (x, k%‘)

number density

@

As of 1978 — simplistic kinematic effect:
* non-zero ky induces an azimuthal modulation

As of 2023 — complex SF (twist-2/3 functions)
* Measurements by different experiments
* Complex multi-D kinematic dependences
* So far, no clear interpretation
* A set of complex corrections:
* Acceptance, diffractively produced VMs,
radiative corrections, etc.
« Strong Q? dependence — unexplained
* Do not seem to come from RCs

* Transition between TMD - collinear regions?

Recent COMPASS results

CUMPADD prenmimary

-

T

full 0" range

L
:T:"

COMPASS preliminary

0.008 <x <0.013

Q AL‘L

0.008 <x <0.013

T

T™

@ -

bt

QALL

T

0.013 <x <0.020

Q Au

cos 0'_’

=T

T

0.020 <x <0.032

(42

0 Vol

=T

TTT

Q Au

T

0.050 < x <0.080

(42

0 s

=T
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see J. Matousek’s talk

0.080 < x <0.130

t

10
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Cahn effect in SIDIS = cowrass o
030<z<040 ' preliminary
do B ) wf o, -,
dxdydzdpidg,dg, . i - e, .
2 2 107! . .
@ 5 Y (1 + 7—) (FUU'T + EFUU.L) Y ! /I, GeViey:
xyQ* 2(1-¢) 2x oo, ,
g vicknl ghotes - 10 o * . %o °. Te .,
flq (x, k%) k... ~l~lllt‘lt‘(1:|ll-:l'k _ PL TP 10 ¢ d .
number density R ! Y R AU S S —— Do Bt
(0 P} (GeVic)® P} (GeVic)? P} (GeVic)? .
q 0.003 0.013 0.020 0.055 0.100
see J. Matousek’s talk
P,-dependent distributions 1 Gaevior
* Extracted in multi-D kinematic bins \-\
« A set of complex corrections: B NN
* Acceptance, diffractively produced VMs, — G S
radiative corrections, etc. ' ‘| Nh‘
* Global fits by different groups (SIDIS-DY) e o P
 Normalization issues COMPASS deuteron data
(See A. Baccehtta’s talk) e N PBE?SZOQZQS)
* COMPASS measurements s e A B
* isoscalar target data - published | NN \’ﬁ. \ﬂ \j M
* proton data — ongoing analysis \ VAR S S B s
« COMPASS-2022 data S R ANNNNN T
* More deuteron data points to be expected — “N | 1 S S s s M .
ANNNNN E
1 % 128 1283 1281328 ]T‘ e N
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SIDIS x-section and TMDs at twist-2
d

dxdydzdprd,dg;

a y?
xyQ’ 2(1—

(1+}/—2H(F +¢&F )
5) 2x vuu.,T UU.L

All measured by COMPASS

11+ 2&(1+ g)AC"Wh cos @, + A" cos2g,
+ A,/2¢(1-¢)Ajp% sin g,
+ S, 2¢(1+ &) Ay " sin g, + €Ay, *% sin2¢, Quark U L T
- Nucleon
+ SL/?. e A, +.4[2e(1- )AL cos¢h} @ @ @
U -
T sin(—ds) 7 number density Boer-Mulders
(¢ ¢ )Sll’l(¢h _¢S)
. n AUn(¢h +fs) Sin(¢h +¢S) y L I@—@l@—@
+ ST + & ln(3¢h ~fs ) sin (3 ¢h _ ¢s ) helicity worm-gear L
+ 4/2¢(1+¢&) A" singg ; ; @_@
sin(2¢, ~¢s ) _ - -
L el e | . PNOP| et
[ 2 cos( ¢y, — s il Kotzinian-
(1=&?)A"" ™ cos(¢, — ) Sivers Mulders @_
" worm-gear T
+ S;A| + 4[2e(1-€)A7" cos ¢y s
+ 26 (1— &) A% %) o5 (24, — @
_ ( - ( S )_ J I spin of the nucleon ‘ spin of the quark ’ Ky
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SIDIS: target longitudinal spin dependent asymmetries

do (

o« (F,, ~+&F I+...
dxdydzdp,dgdg, Tt ){

+5, [(2o(lro)AR sing, +242% sin2g,
+ SLl[“l_ngLL +\/25(1_5)Azzs¢h COS¢"}

Fy, =C{gi.D,|

? ) L 1g 8iL
h-k M,  E")
v (xgi"Dﬁ,—ﬁ i"—"}

28 September 2023

COMPASS preliminary ht |
0.6~ mmPrD 74, 074015(2006) r
-
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02" /
0
0.06 COMPASS preliminary h [ ->0.2 h
- ® HERMES PLB 622(2005) D(y)-rescaled
o | i
a [
£ = 0.04
< °
[ L]
0.02 - n
| te
0- l :
[ 1 + * o
-0.02- - —
COMPASS preliminary h* z>02 h™
-~ 0.05 ~ ® HERMES PRL 84(2000) D(y)-rescaled
() v
E 2 - [ PRD 77, 014023(2008)
=
< - °
0
[ =
—-0.05- r
0 l; COMPASS preliminary h+ C ->0.1 h™
o _ [l PRD 74, 074015(2006)
z © ---NPA 945(2016) 153
3 2 005 r
< :
Oj cousnzy JCCORE eSS e
; \ ‘
-0.05 - r
=0.1- r
107 107! 107 10
X X
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SIDIS: target longitudinal spin dependent asymmetries

do ‘
2 o (Fyyr+&Fy, )y 1+.. 3 \\
dxdydzdp;d @, d ¢, B. Parsamyan (for COMPASS) arXiv:1801.01488 [hep-ex]
‘ - oo mmnT . M 02w
+ S, [./25(1+5) o sing, + A ¢"sin2¢h} LT B b
< o4 2007,2011 datj/ i /+
N 2 cos ¢ - preliminary ./
+ SL1|: 1-&%A, +42e(1-¢)A; cos¢h} oal P y,.'{ [ P
[ ot | .
- e e * ¢ r e ® ¢
0 e [ e =y
0.06 -~ ® COMPASS preliminary + | o ‘:;02 ‘ ‘h._“
- ® HERMES PLB 622(2005) D(y)-rescaled
COMPASS collected large amount of L-SIDIS data 2 2004 j “
Unprecedented precision for some amplitudes! < omh . | +
o . ' .
A?]l;‘l¢h 0 * e ® o’ L e = > } . 3 }
. . . . . . : | * . [ B
* Q-suppression, Various different “twist” ingredients 002" . : !
* Sizable TSA-mixing A o COMPASS iminy s o -
« Significant h* asymmetry, clear z-dependence g 005 o ooy
- - =
* h~ compatible with zero < ]
Sin2¢ 0 o 4 ¢ 5 . °
A h [ °
UL [ [
*  Only “twist-2” ingredients ~005p 3
* Additional p-suppression S v——— Svon o |
. . . . 0‘11 e C SS preliminary ht C 2>0.1 h™
* Compatible with zero, in agreement with models o | e 74 cisanns -
z L --- NP/ (2016) 153
* Collins-like behavior? T g
cospp
Ay
* Q-suppression, Various different “twist” ingredients
* Compatible with zero, in agreement with models
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SIDIS: target longitudinal spin dependent asymmetrigh

cos ¢|
LL

0.1

do
5 oC (F
dxdydzdp;d ¢,d g
s 24 [l M
0 M, M
’;’k h
+—MT ng“’qu— v

n's

CLAS, PRL 105,262002(2010)
CLAS 5.7 GeV A
ACLAS12 1t

l
| |
afa s —a—b—4

0 [ T 1

ACOS¢
LL
o
-h

curves are from
PRD74:074015(2006)

0.1
~ Proton 2007/2011 d%ta+

-0.3 .

0 1 0 1pT

* Q-suppression, various different “twist” ingredients "
* Measured to be non zero at CLAS6, what about CLAS12?

~0.1F

o +5FUU,L){1+...+ S22 (1- &) A cos ,+... }

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

L 02>0.2 h*
- 00.1<z<0.2
. COMPASS preliminary

[ Az>0.2 h™
- A 0.1<2<0.2

qéﬂgiﬁ§$

i

Ll

I P B P R A1

-2

yaaal
107!

X

|

0.04- —2007; A=-0.03720 ht
—2011; A=-0.03724

— A=-0.02640 h‘
— A=-0.02719

TT

|

I — A=-0.03224 h+/ -
— A=-0.03266

T

107 107"

« HERMES/COMPASS - small and compatible with zero, in agreement with model predictions
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Selected results for di-hadron LSAs

. CLAS 6 GeV (NH,)
COMPASS (NH;) 2007+2011 data: preliminary S. A. Pereira: PoS (DIS 2014) 23

C - T (50 b Asino <5'° "I PRELIMINARY < o
. oof L L hy - HE r __1w.st-3+ ggmﬁeﬁis 4, A i
B ¢ I [ 0.05F 0.05f 0.05F
= S o ‘_-.+__‘_g__‘.---f_ +++*+u"+ _______ ottt P T L P ! v !
7} - - - e [ SR ——— [ RS ———
< C
_002 —_ - L -0.05+ 0.05 0.05+
At 005 :_ :_ ~ Ilf—L ® Hf‘.TT :_ . 015 02 025 03 035x So1=3 0.4 05 06 07Z N 0.4 0.6 08 M‘
< - + + - L < m sin 20 < PRELIMINARY <
N - + + R 3 0. 0.
£ I i A “_“#1'-*-0"*"-; S .
(] 0.0 0.05F 0.0sf
< C I I * a
~0.05 T » l I . '_l : ' |- i . l_I o--ﬁ---+-----* -------- +- o—-*----+----$ ------ i- o--¢------ ------*----__+._
] :_ F 4 E N - -0.05 -0.05p- -0.05
’\u: 02 :_ - T eL ’ Hl ’ ( [T - IWISt 3 0 o.:s ofz o.és ofa 0 13'3'“ 043 0‘4 ofs 0.6 0I7 0 0.4 ofs Dfﬂ
< 0.1 . . . ",
§ 3 0?"0""'.‘*'#"' }"*“*""“"T;‘*“"“‘#‘"'T“'"0;',‘&“"t'"’ """" 47 &% A 0084 < " ereLminary 2"
< -0.1¢ + o 0.1 0.1
02 e | || et | | e — S & S St B s Sy S
1072 107" 0.2 0.4 0.6 0.8 0.5 1 1.5 2 0.1 0.4 0 4
X z MinV [GeV/c2] B X LI ofa?“;( B TR ¥ S TR Y 0772 VE=537 08 CE m
~ C 05 4 05 4 05
=~ 06 — J f VgL X DL T F ?Emrms[s <oust o const . < b PRELIMINARY <.,
04 E_ . 0_3;_ 0.asf & 03 ¢
0-2:_ ® e ’ ] *See ° 3 o | eev 00, ® ¥ + ¢ o ® * ¢ A ¢
0 :____'__9__0__. _____________ IR R AU SR ) Dy A 025 & 0.2sf 02
_0 2 o — ———t - [ = ——————— —_— | = rm—r €015 02 025 03 035 X 0.3 04 0.5 0.6 D.7z - 0.4 06 0.8 M‘
102 107" 02 04 06 08 05 1 15 2
X Z M. [GeV/c2] - o COMPASS
inv Qz >1 (GeV/c)2 (Gev) ‘illil;{‘tlES
) ; . o o ) 0.0025 < x < 0.7
* Alternative way to access various twist-2/-3 distributions 0.1 <y <009
: sin . ‘ i :
* Non zero signal for 4y, ®® and A}, W > 5GeV/c?
o . sin2
* CLAS-COMPASS: different behavior for Ay, PR a¢ large x? 1
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dxdydedydg dg. All measured by COMPASS
Lyagz z(fia[“ﬂ”"”" )
1+\26(1+ £) A cosg, + A cos2g,
+ AyJ2¢(1-£)Ajp# sing,
+ 8, [2e(1+)Am® sing +cAz™ sin2g, |
+ S, Al 1-ea, + 26 (1- &) A COS%}
i (6 4) sin (¢, — gy ) |
N + AR sin (4, +d) >
+S; |+ eAn" ) sin (3¢, — @ )
+ 26 (1+ ) A® sin g
4 2 (142) AmCs ¥ sin (29, — 4y)
[ (1= A7 %) cos(d, — ) |
+ SpA| + /26 (1-£)ASe* cos g
+ 26 (1-2) AT cos(24, — 4;)
] 1|

28 September 2023

B. Parsamyan

sin(¢,—¢;) Llg h g

r o fip! @Dy, Sivers

sin(¢@, +4¢, ) q 1h :

p e hf ®@H S Collins | iy 5 |
sin(3¢,—¢,) lg Lh .

p N chy, @H Twist-3

S"‘<¢> o Q (h;i@Hl;’w fa'®D}

v

i) o Q“(hf; QH" + iz ® D] +.. )

cos( ¢,
ALT

o 81T®Dh

A 07 (gt @ Dy )
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SIDIS TSAs: Collins and Sivers etfects (deuteron)
dxdydz;gd%d(ﬁs “(Fouz +Fy, ){1+ Sy A sin(g, — g ) + Sy A sin (g, + 4y ). }

h

sin( ¢, + ’;
FUT(¢h és) =C|:— MPT hqulth:|

F{;’;‘_‘,(T?’h‘%)= |: TflLIID :| Ij;f‘(fh ¢s)=0

COMPASS PLB 673 (2009) 127

S | aE Collins % 1&' e Sivers
0.1 - s ok L
0.1 + - - 0.1F

<304 ~5 04 = g*

-<V ) << o K

0.2

ﬁbéﬁﬁé‘ééi J %‘&**## AAAAA i'} .............. % o *§¢¢ ‘(} ‘*}é* % ‘ ””%ﬁ‘é‘i}' ‘- . J —tﬁ#*% 5% : . g ,

JATRRAE PRI POV S R SNV B RPN R

Al b a sl dnaaad 1 L L L 1 L 1 L L 1 | 1 L 1 1 1
107 10" 0.2 0.4 0.6 0.8 0.5 1 L5 102 10" 0.2 0.4 0.6 0.8 0.5 1 1.5
x P’ (GeV/c) X z ph(GeV/e)

* 13*COMPASS deuteron measurements
* Collins and Sivers asymmetries compatible with zero within uncertainties.
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SIDIS TSAs: Collins and Sivers effects (proton)

do sin( ¢, —dg ) _ . _ asin(g,+dg) .
dxdydedpidd g, o« (Fyyq +.9FUU’L){1+...+ST Ay sin(@, — g )+ Sy €A, sin (¢, + ¢ ).-.. }

sin( ¢, + ’; '
FUT(¢h ) _ C|:_M_pThIquth

h

COMPASS PLB 744(2015)250

I { | Collins | S5 34 ot Sivegs
0.05 + - - B # } <}>§<§ + (][’
0_"{%34 X B 3¢gé¢¢ ------ + ¢g;;¢¢<}‘} ---------- 0_§i§§’§*+ ------ B “+i§+}+ %*iﬂ&*f """""""

0.1+ - - -0.05+

sl A ldaan A i " 1 " 1 1 | L
1072 107 05 1 0.5 1 15

saaaal ot s aaaal P i 1 " 1 1 1 1
102 10”! 0.5 1 0.5 1 1.5 E
ph (GeVic)

X z pfl{ (GeVi/c) ¥ ”
* 13*COMPASS deuteron measurements — Collins and Sivers asymmetries compatible with zero
* COMPASS proton measurements — clear non-zero signal for both asymmetries
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SIDIS TSAs: Collins effect and Transversity ®©
do (FUUT+8FUUL){1+ 4 Sy e AHs) sin (@, + g ) +.. }

dxdydzdp%d ¢d s
* Measured on P/D in SIDIS and in dihadron SIDIS

* Compatible results COMPASS/HERMES

F;?(¢h+¢s) — C|:_ hMpT hl‘lHlth
(Q? is different by a factor of ~2-3)

h

* No impact from Q?-evolution?

& (GeVie)

COMPASS PLB 744 (2015) 250
COMPASS 2010 proton data

S o1
ié') 0.1 COMPASS positive pions x<0.032
o COMPASS posmve pions x>0.032
0.05F 0 HERMES n* PLB 693 (2010) rescaled by (1-<y>)/(1-<y>+<y>~ %)
[ o e b o e i /
AN R A S T X -
~0.05- AP $9 For . + A=
01 5 107 o 10" 1
. 1 TR | | | ] 1 )
~ : i COMPASS
a, 8 0.1~ — — 3 2o [ HERMES
< é S o
0.05- ftor % x ¢ 1t :
X ALY ¢
: & ¢ } ¢
R IR b
—0.05 COMPASS negative pions x<0.032 : 5: | i BRI
] COMPASS negative pions x>0.032 R .
—0.1- (o] HERMIESn PLB 693 (2010) rescaled by(i -<y>)/(1 <y>+<y>) L . . s ® : qiii® Pl |
saual 1l TR 1 1 1 1 C i iiis i P R i i i
10 03 1 05 1 L : uﬂ' |

2
10 . . P! (GeVie)

(98]
o
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SIDIS TSAs: Collins effect and Transversity

do
dXd)’dde%d G,d Py

(FUUT +5FUUL){1+ A+ Sy cANm ) sin (@, + ¢ ) +..

F;iTn(¢h+¢s) =C |:_

h-py hiH*"

HERMES, JHEP 12 (2020) 010

0.00 <P,, (GeV] <0.23 0.23<P, [GeV|<0.36 0.36<P, [GeV|<0.54 0.54 <P,

|GeV] < 2.00

S o o o
N = O - N
TTT
1
——

TTTTTT T

2 (sin(0+¢g) / &),

) ° o
N - O - N
T
1
.

—
4+
1
1
-

1
1
|

e 9o
- N

xxxxxx
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* Measured on P/D in SIDIS and in dihadron SIDIS
* Compatible results COMPASS/HERMES

(Q? is different by a factor of ~2-3)
« No impact from Q?-evolution?

COMPASS, PBL 770 (2017) 138

e h" 1<Q¥(GeViey'<d | z>0.2
0.1-a h” r
Of»got‘é:} O S S
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acguoevieeas |
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SIDIS TSAs: Collins effect and Transversity ®@

0- sln(¢,,+¢s
F,  +¢cF I1+...+ S; A, +
dxdydzdp%d¢hd¢s ( uu.T & uUuvU L){ & Sln(¢h ¢S) }

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

sin( ¢, + I; :
FUT (¢ +ds) =C| - Pr hqulth
h

« No impact from Q?-evolution?

Inclusive p® Collins asymmetry

PLB 824 (2022) 136834 PLB 843 (2023} 137950 COMPASS preliminary

S
S

T Full phase-space i i

op "0 - : < e ety .
. IOV R FUANILE RN AP

i oy L
102 0! 04 06 08 0204 0608 1 12
X z P; (GeV/e)

sin( ¢m|+ ¢§_ ™

SA Y]

|
|
£3
a
o=
'—?—‘
i
|
|
|
i
=
o~
e
i
i
I
=
|
|

0.5

———

Y GeVio) * indication for a positive asymmetry

>

« opposite to t* and 7° as predicted by the
models
* Large effect at small Py

® xhix). 3
. xhi(x), c=4
xhi(x)

i
N

I’[ (GeV/c)

08F ®p* /G /G, /=5 | [A Kerbizi et al.

0.6} f‘g ‘gi.hep-ph: 2109.06124]

FF F 30'4- .‘E]an ' e2%e
ep® I Oo

02F eO L a0 O-e

m] [ (m ]
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SIDIS TSAs: Collins effect and Transversity ®@

do (FUUT+5FUuL){1+ A+ S 6A5m(¢h i Sln(¢h+¢s) }

dxdydzdp}d g,d
* Measured on P/D in SIDIS and in dihadron SIDIS

* Compatible results COMPASS/HERMES

F;;{l(¢h+¢s) =C |:_ hMpT hl‘/HlJ;,’, i|
(Q? is different by a factor of ~2-3)

h

« No impact from Q?-evolution?
« Extensive phenomenological studies and various global
fits by different groups

, Anselmino et al.
PRD92 (2015) 114023 '

M. Radici and A. Bacchetta

PRL 120 (2018) no.19, 192001 JAM Collaboration,
J PRD 106 (2022) 3, 034014

z AN D+ (2)

L‘,‘; 0.6

03 - — ] AM22

= 8 0.4 SB

< —

N —_—
=
8

5

a
—~~
) i

L LR e B f Fett -' \ S Radici, Bacchetta ‘18
S 0.2f
F iy 8 ' —-= Benel et al ‘19
. 0 —-0.3 d ~== D’Alesio et al ‘20
5 : 1 1 1 1
02 | 02 04 06 08 &
[
0.4\ el el s
0.001 0.01 0.1 1 X
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SIDIS TSAs: Collins eftect and Transversity

d o asin(dy+dg) -
oc | F +¢F 1+...+ S, A n
dxdydzdp%d¢hd¢s ( vur T UU,L){ T €Ay sm(¢h ¢s)+ }

/ ' ’ : \

@ | \

— |
4 |

[

R

* Measured on P/D in SIDIS and in dihadron SIDIS
* Compatible results COMPASS/HERMES

F;;{‘(¢h+¢s ) _ C |:_ hMpT hquIJL_/h i|
(Q? is different by a factor of ~2-3)

h

« No impact from Q*-evolution?
» Extensive phenomenological studies and various global

fits by different groups
Projected uncertainties for transversity PDF
[Addendum to the COMPASS-II Proposal] I IR g ARARER R
Projected uncertainties for Collins asymmetry " RN +
¥ COMPASS o1+ op,— deuteron 2002-2004 L I 5y % ------------------
< proton 2010 % (%
g.": ) 005 I~ + — —0al |
"z ¢ ? % X ! L ol
¢ ' llH]‘(JD"‘ — ‘l“[‘(:‘| e ' AI“I‘l:‘“ — l‘“]‘i:“ e
ol b L Lgasadgd w
? :
% X "
005 F | deuteron 2022 01 M. Radici
| L 1 vl paal
102 10 1072 10"
X
COMPASS-II (2022)

« 28 COMPASS deuteron measurements performed
* Crucial to constrain the transversity TMD PDF for the d-quark
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SIDIS TSAs: Collins effect and Transversity @@ ¢

do oC (FUU.T +5FUU.L){1+"'+ ST ‘c"ALS}i;(%‘%) Sin(¢h +¢S )+ }

z

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

« No impact from Q?-evolution?
» Extensive phenomenological studies and various global
fits by different groups

Total protons delivered on the production target: ~5.95x10'8 (98% of the request) in ~150 days

— 6.0E+18 SPS efficiency: ~ 73%
5 COMPASS 2022 run o T Spectrometer

;7;,' SEFAS efficiency: ~ 90%

2 40E+18 Physics data collection
g efficiency: ~ 75%

%- 3.0E+18

8 5 0E+18 ey Highly successful

§. Run in 2022!

1.0E+18

0.0E+00

G o % G o % O I> P> G e N Gy V5 Oy
% ‘Pq, ‘P% Y2, Yo, %%, % od, /og %2 %2 %2y %7, %7, %7, 77,
Parsamyan 37
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SIDIS TSAs: Collins effect and Transversity @, X '/f\\\:

do (FUU,T +5Fuu,L){1+---+ ST 5A£(%+¢S) Sin(¢h +¢S )+ }

dxdydzdplddydd,
* Measured on P/D in SIDIS and in dihadron SIDIS
* Compatible results COMPASS/HERMES
(Q? is different by a factor of ~2-3)
* No impact from Q?-evolution?
» Extensive phenomenological studies and various global

-

sin( ¢, + I;
FUT (hte) = C|:——MPT hqulthi|

h

fits by different groups
z>0.1, W> 10 GeV/c? - +2022 (~50%, preliminary) - COMPASS °LiD data - h*
G e h" COMPASS preliminary 005_*2002-04 (NPB 765(2007)31) | [
2 0.05F .- °LiD 2022 data (~50%) - 05~ N C
_Z: 005_ -+ h 1 ata /{ ';':A New! : [ : I l
L =3 - o o F
= i +_ L 1 ‘ L 1 I 3 1 | ]
e s + P N ! - el ¢ ] P S L
< L1 }H Fe Ol datiyg I P S S iy hea kot
0-'%“"‘;"&*{' ~ Z]+ HH [ I f :* o
0.05 | - -
New! } L — — [ Tr———
—0.05F  w— [ #2022 (~50%, preliminary) [ - h™ I
[ — | +2002-04 (NPB 765(2007)31)
107 10 = 0.051 W I - % T
e RS ;.% RIS LR, % gt
I SRS EEY {% - SUFTTEEN.
= !
< r ] - { i
—0.05- '_ B
_—— | ——— || ———BSSS——
9 : 02 04 06 08 0.5 1 1.5
COMPASS-II (2022) 10 107 . z P, (GeVie)

« 28 COMPASS deuteron measurements performed

* Crucial to constrain the transversity TMD PDF for the d-quark
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SIDIS TSAs: Collins effect and Transversity @ @

do sin( ¢, +¢s )
F, F, 1 S AT
dxdydzdp2dd,d g, ( wwr tE€ UUL){ +..+ S;¢ sin (@, + ¢ ) +.. }

L

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

h

sin (g, + I;
FUT (hte) = C|:——MPT hqulthi|

* No impact from Q?-evolution?
» Extensive phenomenological studies and various global

fits by different groups
z>01,W>10 GeV/c? - 2022 (~50%, preliminary) [ +2022 preliminary uncertainties
i-l? .« h" COMPASS preliminary 005:—'—2002-04 (NPB 765(2007)31) 005_——2002-04: NPB 765(2007)31
s 0.05F - °LiD 2022 data (~50%) = Oor = Or
Y e 4 v - New! ?
£ | S 1 el .
D : - i 1@ b1 T & B 133 &
AT P S }H R S ¥ hi‘p“l ge 0_+§}é1¢1§1§{(»1§['}‘
0- i,ui;;éi{. < { { < :%
New! ‘} O wm— R l
=0.05F  m— "+ 2022 (~50%, preliminary) | 2022 preliminary uncertainties
[ — o L +2002-04 (NPB 765(2007)31) L -2002-04: NPB 765(2007)31
2 1 — 0.05F _ 0.05F
10 10 S [ = I [
X ¢ L } I < i I
+ LT % T | [ F +_ L9 l 1 | J
3 . I ) | I
g o | SRR S .o ddededagd
< - ] < l
~0.05|- ~0.05}-
r _4
—2 - -2 -1
COMPASS-II (2022) 10 10 10 10

« 28 COMPASS deuteron measurements performed

* Crucial to constrain the transversity TMD PDF for the d-quark
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COMPASS 2022 run: new unique deuteron data

proton [H] .
% @E .gﬁerzon Lab
S datag p?nis

Airapetian et al., Qian et al.,
PR.L 103 {09) 152002

COMP
2009

Alekseev et al.,
PL. B673(09) 127

deuteron [£LiD)

&y

data points

Adolph et al.,

neutron [He]

data points

PR.L 107 (17) 072003

Proton [NH;)

111

data points.

PL B770 (17) 138

(Same kinematic cuts applied to unpolarized)

(Nla projections )

Q?21.4GeV? 02<z<0.7
Par < min[0.2Q, 0.7Qz] + 0.5 GeV
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SIDIS TSAs: Kotzinian-Mulders asymmetry @@
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SIDIS TSAs: Sivers effect @@

O- sm(qﬁh —d )
ey dd dg (FUUT +¢F, L){1+ A+ S; sin(g, — ds ) +.. i)
r=rheTs _ COMPASS 2010 proton data
h SZ 01 o COMPASS posiiv pons 50032 | PLB 744 (2015) 250
Fsin(¢h—¢s) . _ T Lth sin(¢y,—ds) 0 ©  HERMES & PRL 103 (2009) ({)
ur,T = flT UTL = (% ¢ 5 (%
0.05- ¥ ¢ i - ; 7 ¢ [ ¢ .
z & it |y %! 4
« COMPASS-HERMES discrepancy 1 e * E S S
* Q2-evolution?
* T-odd TMD PDF: Expected to change Py e
o : L COMPASS positive kaons 1>0.032
sign between SIDIS and Drell-Yan = O HERMES K- PRL 103(2009) . +
* New precise deuteron data 0.1+ éi ; o # + 54 %
T dwt
- "LiD 2022 (~50%, preliminary) - --°LiD-2022 preliminary uncertainties ) e A - “‘+ """""""""" e -
| <NH, 2010 (PLB 717(2012)383) | < NH,-2010: PLB 717(2012)376 *
0.05- g 0.05- oo
o : s b g 1T » R 0.1, , - , N . !
> S 3 S T - . ] o 1 i
%’<S 0—_ H‘ *1 *x o3 $ * + 0—_ *} ; ’1 o b4 * 10 10 Y - p;, ((ICV/C)
- New! "
-0.05[ - =0.05[- 2 % [ compass
) L ’ ) ) S é 20 [—.i. HERMES gt
I - °LiD 2022 (~50%, preliminary) | - °LiD-2022 preliminary uncertainties| & > [ f
| =NH, 2010 (PLB 717(2012)383) | = NH,-2010: PLB 717(2012)376 X
0.05- | 005 I L
= S | ;
%‘ '_ X * + ﬁ i X X I —_ -
.G<*5 o:ﬁ'ﬁ#g#%é % o:—{»}a%%ag»gg} mE
~0.05- S 0.0 T | BN
107 107! “l‘;)_2 o 107 ok j|o-’ — 10° 1
X

28 September 2023 B. Parsamyan 42



SIDIS Sivers TSA in COMPASS Drell-Yan Q*-ranges
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COMPASS Multi-D TSA analyses
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SIDIS and single-polarized DY x-sections at twist-2 (LO)

LO d LO
d0'2 o (Fyyr+&Fyy,) SIDIS c:'_ o Fyy (1+cos” ) DY
dxdydzdpidg,dg, T dg*dQ
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- - p, B singg s
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+ STll (1 B 82 )Az;s(%—¢s) COS(¢h _ ¢S ):| [sin ()CS} CS ( CS)

A Yes / Xes
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SIDIS and single- polarlzed DY x-sections at twist-2 (LO)

do™ . do"
F. _+¢F ,,/,.x o F) (1+cos® 8
iz, o) raa ™ =) r—
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« Sign-change of T-odd Sivers and Boer-Mulders TMD PDFs;
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SIDIS and single-polarized DY x-sections at twist-2 (LO)
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Single-polarized DY measurements at COMPASS
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Drell-Yan TSAs — Transversity

Transversity DY TSA
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Drell-Yan TS As — Transversity Transversity DY TSA
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Drell-Yan TSAs — Sivers Sivers DY TSA
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DY TSAs at COMPASS (high-mass range)

Theory curves based on S. Bastami et al. JHEP 02, (2021),166

gﬂ _ « COMPASS preliminary
£ 0.1 Drell-Yan, NH, data
i COMPASS [ Drell-Yan, NH3 (4.3 <M, /(GeV/c?) <85 | X
02k preliminary [ 2015+2018 data i I
s’ i % i - i 07 JuEp 0202021)166
- 0'_ _________ IrE=E__ S S e S | L LFCQM
< L JHEP 02(2021)166 } L A O I e S SPM
[ — LFCQM I R N R JAM20
-0.2 N = Js,l:mm 5 - -0.1" Torino
| — - Torino s I 1 10—2 ‘lo—l
- L L . | L PR T | - 1 PRSI SR T U . | 1 xN
-~ 02 i . = -« COMPASS preliminary
+ L ! *y Drell-Yan, NH, data
<° N I S ol L g ’
et L JHEP 02(2021)166 ! [ | £ .0 —T
5{ [ —— LFCQM } * - ~t
—0.2F 7 s - | JHEP 02(2021166
L — = SPM-LPIS - - — | — ;ngQM
1 21 M M i aaal 1 PURIT U R T S . | 1 —0.] [ LF(‘-LPIS
[ [ . ---- SPM-LPIS
< 0 7 * 1072 107!
4 [ [ N
& . T e
% = I"E?Sggi}"“ [ &7 _ « COMPASS preliminary
= e - SPM ' ' @ Drell-Yan, NH, data
-0.2r B LFC-JAM20 } - <3 0
L B SPM-JAM20 _ £ L
[ 1 N N | A P P S N N P ""é- L
1072 107! I 107" 1 0 02 04 06 08 =0.1 1 ep 02020217166
X\ Xq Xe ~ —— LFCQM
[ oeeees SPM
. p 2 an 0.2 7 LFC-JAM20
* General agreement with available theory predictions e SPMLIAM20
107 107!
28 September 2023

B. Parsamyan

N

L)J




3D unpolarized Drell-Yan cross section on NH; and W
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Conclusions

Importance of careful understanding and confrontation of experimental data
from different experiments

o Different kinematic domains and phase-space limitations

o Experiments employ complex analysis techniques, Monte-Carlo simulations,
and sophisticated corrections (acceptance, VMs, radiative corrections)

Close collaboration between different experiments — general benefit for the field

o Knowledge transfer, comparison of the analysis techniques, tools, and
methodology, cross-analyses between different experiments

Close collaboration between experiment and phenomenology/theory

o Flexibility in adapting on the analysis side to the choice of the observables,
phase-space selections, etc. (before publishing the data)

o Different possibilities for common paper projects, external membership
Possibility to organize effective and fruitful collaborative work
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Conclusions

* COMPASS holds the record for the longest-running CERN experiment
(20 years of data-taking)

* Series of successful and important measurements addressing nucleon spin-structure

o Inclusive measurements, unpolarized and polarized SIDIS
(longitudinal/transverse)

o First-ever polarized Drell-Yan measurements
* A wealth of (SI)DIS, Drell-Yan, DVCS, HEMP data collected across the years
o Petabytes of data available for analysis
* Wide and unique kinematic domain accessing low x and large Q?
o Will remain unique for at least another decade
* World-unique SIDIS deuteron data collected in 2022
o Highly successful run, promising preliminary results
* Since 2023 the experiment entered the Analysis Phase

o The spectrometer has been transferred to the COMPASS successor in the M2
beamline — the AMBER collaboration

o 3 new groups joined COMPASS in the course of 2023 for the Analysis Phase

. o, : : \
o If you are interested — don’t hesitate to get in touch! Thank You!
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