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COMPASS collaboration

Common Muon and Proton Apparatus for Structure and Spectroscop

CE/RW 25 institutions from 13 countries
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COMPASS collaboration

Common Muon and Proton Apparatus for Structure and Spectroscop

CE/RW 25 institutions from 13 countries
28 — nearly 200 physicists

* CERN SPS north area

* Fixed target experiment

» Approved in 1997 (25 years)

» Taking data since 2002 (20 years)

-
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» Data taking 2002-2011

* Muon and hadron beams
* Nucleon spin structure

» Spectroscopy

COMPASS-II
« Data taking 2012-2022
*  Primakoff
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« DVCS (GPD+SIDIS)
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COMPASS collaboration

CE/RW 25 institutions from 13 countries
w28 — nearly 200 physicists
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* CERN SPS north area

 Fixed target experiment

» Approved in 1997 (25 years)

« Taking data since 2002 (20 years)
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International Workshop on Hadron Structure and Spectroscopy
IWHSS-2022 workshop (anniversary edition)
CERN Globe, August 29-31, 2022
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COMPASS experimental setup

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area (building 888) ECAL2 > S E—
Two-stage spectrometer LAS+SAS HCAL2 : ® | HERMES

» Large Angle Spectrometer (SM1 magnet)
« Small Angle Spectrometer (SM2 magnet) & ;
ecalt  SM2 Muon-filter

HCAL1
RICH

\
SM1 \
Polarized §A

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 6LiD

» Liquid H,

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

utorp it Kt Target
u-orp - K-

*  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 400 Gev Be \ e
* h* beam: 75% p, 24% z*, 1% K * ,,,’f’,,".?‘i“;‘i),s, ) % _ ‘\ (Hadron absorber)
4o rom pr
+ 160 GeV tertiary muon beam_s i i oo vom e 0m
» u* longitudinally polarized | | ' ' '
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COMPASS experimental setup: Phase Il (DVCS programme )géheis

COmmon Muon Proton Apparatus for Structure and Spectroscopy

CERN SPS North Area (building 888) ECAL2 o oy
Two-stage spectrometer LAS+SAS HCAL2 Z;—S (factorization)
» Large Angle Spectrometer (SM1 magnet) \ x+§ x-&
« Small Angle Spectrometer (SM2 magnet) & _ >

EcaLl  oM2

HCAL1
RICH

\
SM1 \
Polarized §A

CAMERA

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

190 GeV secondary hadron beams

im m: 97% x~, 2% K -, 1
h \m: 75% p, 24% n*, 1% K
« 160 GeV tertlary muon beams
» 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
HCAL1

RICH N |
SM1 b N~

Polarized

Muon-filter

HE Magnets

BN Microwave Cavity i(;KKT::rmal Radiation Shields
[E—Y erm:

1 Target Cells rmal Radiation Shields
3 Target Holder

EE He-3 Precooler

EE Dilution Refrigerator
3 He-4 Separator

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

190 GeV secondary hadron beams

N~ beam: Y/'% o, 2% K ~, 1% p

h* beam: 75% p, 24% =*, 1% K
« 160 GeV tertiary muon beams
* 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) ECAL2 _ _
Two-stage spectrometer LAS+SAS HCAL2 Ha > I
« Large Angle Spectrometer (SM1 magnet) u”"“< e
DF [+ !
« Small Angle Spectrometer (SM2 magnet) & P :
ECAL1 M2 Muon-filter

HCAL1
RICH
SM1

Hadron absorber

Polarized Nuclear target (Al)
Target Aluminum cone _
MMO1
Muon-filter |‘ dﬁ—o‘;mg;:;‘qm -
" alumina layer
i
vertex detector "L d % Stainless Steel
0 | N 1™\ 20 cm
ME b L \_M
. IPr-imar_—y bgam_ - 400 GeV p from SPS \Tu;g‘;;’en beam plug /
« impinging on Be production e o
target (T6) svodesa
* 190 GeV secondary hadron beams
* h beam 97% 7, 2% K, 1% p
h 111 -“'v-l".,- v, 1% K
O ( .'v;\ [ertiary muon beams
p= 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 n~ 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

« x* and K* polarizabilities

« Chiral anomaly F,,

19 July 2022
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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)

Chiral dynamics

 Test chiral perturbation theory
in z(K) y reactions

« x* and K* polarizabilities

« Chiral anomaly F,_

19 July 2022

PRL 114, 062002 (2015)
Measurement of the Charged-Pion Polarizability

(COMPASS Collaboration)
(Received 2 June 2014; revised manuscript received 24 December 2014; published 10 February 2015)

The COMPASS collaboration at CERN has investigated pion Compton scattering, 7~y — x~ y, at center-
of-mass energy below 3.5 pion masses. The process is embedded in the reaction z7Ni — 7z~ yNi, which is
initiated by 190 GeV pions impinging on a nickel target. The exchange of quasireal photons is selected by
isolating the sharp Coulomb peak observed at smallest momentum transfers, Q% < 0.0015 (GeV/c)>.
From a sample of 63 000 events, the pion electric polarizability is determined to be a, = (2.0 + 0.6, £
0.7 45) % 10~* fm® under the assumption a, = —f,, which relates the electric and magnetic dipole
polarizabilities. It is the most precise measurement of this fundamental low-energy parameter of strong
interaction that has been addressed since long by various methods with conflicting outcomes. While this
result is in tension with previous dedicated measurements, it is found in agreement with the expectation
from chiral perturbation theory. An additional measurement replacing pions by muons, for which the cross-
section behavior is unambiguously known, was performed for an independent estimate of the systematic
uncertainty.

tp = (2.0 £ 0.6 + 0.75) X 107 fm?

ongoing analysis:
study of chiral anomaly in n~y — 7t~ x°

x10° COMPASS Primakoff 2012, preliminary x10° COMPASS Primakoff 2009, preliminary
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The COMPASS Experiment at the CERN SPS

Broad Physics Program to study Structure and Excitation Spectrum of Hadrons
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The COMPASS Experiment at the CERN SPS

Broad Physics Program to study Structure and Excitation Spectrum of Hadrons
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Increasing resolution scale
(momentum transfer)
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The COMPASS Experiment at the CERN SPS

Broad Physics Program to study Structure and Excitation Spectrum of Hadrons
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The COMPASS Experiment at the CERN SPS

Broad Physics Program to study Structure and Excitation Spectrum of Hadrons
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3

Nucleon structure

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

 Study of nucleon spin structure

2 » Parton distribution functions
3 and fragmentation functions
cl=

g s rladron sSpectiroscony

2 2 ‘ | u®
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Chiral dynamics
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Longitudinal momentum
kT =axP?
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Nucleon transverse structure

» Transverse position b, of partons

 Correlation between BT and X
« Complementary to TMD PDFs
» 8 generalized parton distribution
functions (GPDs)
» Contain information about parton
orbital angular momentum
* Mostly unknown
» Measured in exclusive processes:
* Deeply virtual Compton scattering
(DVCS): u+N —-pu+9y+N
» Hard exclusive meson production
(HEMP): u+N —>u +VM +N
with VM = z%, p(770), (782),..

iy

<Y or vM

(factorization)

19 July 2022

B ((GeVic)?)

COMPASS 2016 data (2/3)
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L A H1: <Q% = 4.0 (GeVic) } Eur. Phvs. C44 (2005) 1
1= v  HI <Q?> =8.0 (Gevicy J EUr- Phys. €44 (2005) —01
B ] H1: <Q% =10.(GeV/c)>  Phys. Lett. B681 (2009) 391 i
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Longitudinal momentum
kT =axP?
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Nucleon transverse structure

* 1964 Quark model ,..) 8

« 1969 Parton model

1973 asymptotic freedom and QCD |

Longitudinal momentum
kt =apPt

Longitudinal momentum

‘ k+:$y
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Cahn effect in SIDIS
d

dxdydzdp2dgdg,

a Y v’
|:XyQ2 2(1—8) [1+Zj}(|:uu: +3FUU,L)
¢ 1+«/25 l+e A{,"S"% cos¢h +..))

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

K. — cos @, —> cos @,

(723
I

XS|:1—2\/]j£'COS¢q:|

IZ

—XS(l y) QF ©COS @ ]
f =-Q%* =—xys, where s=(| + P)
do™ "™ o« ottt o S

f2
19 July 2022

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;

B. Parsamyan

17



Cahn effect in SIDIS
do

dxdydzdp2dgdg,

a Y 7
{nyZ 2(1—(9)[1+ 2xﬂ(':““’T +oFu)
x( v1+«/25(1+g)A°,ﬁf"‘“ cosg, +...)

Quark

U
Nucleon

flq (x, k%)

number density

As of 1978 — simplistic kinematic effect:
non-zero k; induces an azimuthal modulation
As of 2022 — complex SF (twist-2/3 functions)
A number of measurements by different experiments

F]- M Ijm n
F oo MR xhH" +—=" 1 —— |-
Q M, M z
19 July 2022

=0.15F

B. Parsamyan

Significant non-zero effect observed by
a number of experiments
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Cahn effect in SIDIS
do

dxdydzdp2dgdg,

a y? 7
{Xsz 2(1_8)[1"' 2X):|(FUU,T +3FUU,L)

x( v1+q/25(1+5)A°,ff% cosg, +...)

Quark
u
Nucleon

flq (x, k%)

number density

"1 @

As of 1978 — simplistic kinematic effect:
non-zero k; induces an azimuthal modulation
As of 2022 — complex SF (twist-2/3 functions)
A number of measurements by different experiments
Complex multidimensional kinematic dependences 020

19 July 2022

12 Recent COMPASS results
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» . Y . = A . _
Boer-Mulders effect in SIDIS - Recent COMPASSresults |
do B 0.85 “&'305 . Zi [ [ [ _
dxdydzdpZd ¢, d g - 0_.._{{*{..}*..5}..__.._‘}mi..*i..__.._&ﬁ.*{,..ﬁ..__.._*43.,5..*;..__.._.}.;}..};.&.._
R
2 2
a Yy 4 701 0.5k L ! I I
{ 22(1 [HZ_H(FUUT”FUU,L) " £ s - : - -
WQ AL\ 2x RIS ST R R P Y
v , o —le L. ..%..__,. ¥ ‘i___{;“ o _##*_*___H} . .
x((1+)2¢(1+ &) AjS™ cosgy +e AT M cos24, +.) | o - - - -
Quark ol | | | g
U T ()____i{ﬁ_g._é____,,_{*.f.a_&.___.._{.g?.&_______#,*_g__ﬁ______##g_i.._
Nucleon oa0] 0 . by _
1 tEn| : : : :
£, 12 RGBS SRR RS B
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Ioer Mulders effect in SIDIS 1: Recent COMPASS resuls @ @
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SIDIS x-section and TMDs at twist-2
do

dxdydzdp2dgdg,

2

a y 7
{Xsz 2(1_8) [1"‘ 2XJ:|(FUU,T +3FUU,L)

-

| —

+.,/2¢(1+&)A%" cos g, +&
+ Ay2¢(1—g) A% sin g,

coS2¢,
u

COS 24,

All measured by COMPASS

+ S, [4/25(1+5) S sing + <A sin 2¢h]
T SL/I[\/l—gZALL 22 (1-2) A cos¢hJ
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SIDIS: target longitudinal spin dependent asymmetries
do

dxdydzdp2dg dg,

(Four +€RuL)y 1+

I COMPASS preliminary r -
S 2¢(1 Singy, o Sin 24, o 2 0.6 mmprD 74, 07413015(2006) h* 2>02 h
+S, e(1+&)A) " sing, + A} *" sin 24, L :
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SIDIS: target longitudinal spin dependent asymmetries
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SIDIS: target longitudinal spin dependent asymmetrig

do 2
it s o (R +gFUU,L){1+...+SL/1\/1—g A+ }

0. 6-— eh™ z>02 ; | COMPASS preliminary [ Proton 2007, 2011 data
1 _ g [h - Ah” I B. Parsamyan (for COMPASS)
F.=C { 9, Dy } . i j " arXiv:1801.01488 [hep-ex]
< 04p A - i
« Measurement of (semi-)inclusive [ ‘54
A,(A,,) is one of the key physics 0.2+ L4 B . - . ;
3 ]
topics of HERMES/COMPASS i La% %4 _ cp‘-“:ﬂ‘ - 2 o‘.‘-‘f"i % i i
« Large amount of P/D data oF LA T
'Y - . L | 1 PR | L I S [ Il 1 | 1 1 1 I Il 1 1 l 1 Il 1 [ 1 Il 7I 1 1 Il I 1 1 Il 1 I 1 1 1 1 l 1
No P;-dependence observed 107 107! 02 04 06 08 05 1 L5
X z . (GeV/e)
HERMES: PRD 99, 112001 (2019) COMPASS Proton-2007, -2011 kinematics
. ' ' 1 .+ e 0.023<x<0.055 B PR . B
03} Ajp tAlIld o 0.055<x<0.100 0‘6: h™, : K, =010

-pu?=0.15
2

1 m 0.100 < x < 0.600 o0 [ o
0.2 1 ] 3 o4l [ e ur=020 |
* g i g # | < - b - - -ul=025

0.1 # " PRD74:074015(2006)
0.2r r r
% 1 . é i d | L =
S LI ety | - —
1 ok [ |
-01 1 i 3
; o 1 MEFEETN IS BRI SRS R
. b 0.6/ - b -
o3| Af, [ AT, ; h

02 04 06 08 02 04 06 08 1072 107! 02 04 06 08 05 1 15 2
19 July 2022 P, [GeV] B. Parsamyan < pT(GeV/(‘) 25

=


http://arxiv.org/abs/arXiv:1801.01488

Selected results for di-hadron asymmetries
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SIDIS x-section and TMDs at twist-2

o
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SIDIS x-section and TMDs at twist-2
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SIDIS TSAs: Collins effect and Transversity ®@
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SIDIS TSAs: Collins effect and Transversity

do
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SIDIS TSAs: Collins effect and Transversity ®®
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SIDIS TSAs: Collins effect and Transversity
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SIDIS TSAs: Collins effect and Transversity
do (Four + &Ry {1+t SpaAT @ sin (¢, +45) +... |
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SIDIS TSAs: Sivers effect

dO' sin( ¢, —ds .
dxdydzdp2d 4, d g, o (FUU,T +5FUU,L){1+...+ S, AT ¢)sm(¢h — ¢ )+... }

COMPASS 2010 proton data

N 2 R e 1 N
FSi”(¢n—¢s) _cl|— h- kT qu Dh FSi”(¢n—¢s) ~0 < 0.1 o COMPASS positive pi i %) PLB 744 (2015) 250
UT,T T 1g |*' " UT,L
M o} 5,8 ¢
0.05F gy ¢ -7 .
Y 044 RN
\ 34 Hi % g{n
» Measured on proton and deuteron T R
» Expected to change sign between 005\, | - | g
= & 0.2r o COMPASS pgzimg kiSE: ::;0.032 L
SIDIS and Drell-Yan = S COMPASS posive kaons 20032 ¥ *
HERMES, JHEP 12 (2020) 010 017 ? PR
| ek e A [ d it
,;:3 012 — - = | I e _,é’f}.-{. .................... et + ............... -
2 o1 T i 5 ¢
£ 008 - = Iy + =
£ 006 ;_ +* ] ;_ ‘b ;_ L y L IO RN S I . [ I 1 I
;“’l g:g; ]'# (N :;* ' - ¢++ 102 0! 05 1Z 0.5 p;((}el\'f/c)
P T L JLab Hall A PRL 107, 072003 (2011)
R e e :
— el ———— - — g 0.2-_ i
0.06 - = = 2
el 3 : ! = » I
0.02 4y ] iy * Lk =, I | ey
0 gy LAk FINE R o RL PR S ! A A e
-0.02 i +++ + f * + f 3-: -0.2 r |||||||||\||IIII ------- C
-0.04 — = + + c B
-0.06 3 - o -041 S - ATIERRIARARRRRRN
-0.1 - # - 0.1 0.2 0.3 0.4 0.1 0.2 0.3 0.4
01 02 0.5 10 05 1 Xpi Xp
X z P, [GeV]

19 July 2022 B. Parsamyan 34



SIDIS Sivers TSA in COMPASS Drell-Yan Q4-ranges
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COMPASS Multi-D TSA analyses
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COMPASS Multi-D TSA analyses
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« No clear Q>-dependence within statistical accuracy
» Possible decreasing trend for Sivers TSA?

* Negative amplitude for h™at large z?
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COMPASS Multi-D TSA analyses
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“Nature” “I1D”

Raphael “Madonna del Prato” Salvador Dali “Maximum Speed of Raphael's Madonna”
19 July 2022 B. Parsamyan 39




“Nature™ “multi-D”” with available statistics

Raphael “Madonna del Prato” Raphael “Madonna del Prato” (poor resolution)
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SIDIS TSAs: Kotzinian- Mulders asymmetry

dxdydz§pid%d¢ “(Fuaor * 2P {1+ o+ ASy JAT T cos(g, — 45 )+
T S _ L
- ’ COMPASS, PBL 770 (2017) 138 PoS QCDEV2017 (2018) 042
FLc_Ic_)S(% —¢5) _ C |:h|v|i 1qT Dlhq:| - 02% : Eir % H COMPASS preliminary 7 Proton 2010 data
& oaf s a
W g5 : é +++# J ¢ 5 § 4 dé
< o , D1 eadaga g o Bligatedd & 1 &
COMPASS/HERMES/CLASG results deeatThE T gy Hooets o 4
Ac08(¢h—¢s) —0.1¢ * §
Y ist-2” ingredi e —
*  Only “twist-2” ingredients oz . [ — e ——
» Sizable non-zero effect for h* ! 107 10" 02 04 06 08 05 1 G 1> )
- - . ) i - X z pT evV/c
Similar effect at HERMES HERMES, JHEP 12 (2020) 010
.
& 03 - +
- T 3 3
CLASS, neutron target Nﬁ gf-— ; + = -ty
) SRR B T E SRS RARES RLREN RALRE LR RERRE RN RLLRE RN : -0 ;**** ------------ +"_ }'*#**+‘+'%_+"" + -+ *- +-- +
;ooaf E06010 Prellmlnary3He/1\LT Cos(¢ ¢) #f, A _?‘? 01 = i,
§ oot P I f ez +
C\.IJ 0,04;— [ Sys. Uncer. _;_ + % f “ 8 03 — = =
~ oo2f- + E ~ —— e
G: + + + % _: + : o = = E
»o.ozi— —i— - 0.3 ; - F E
-0.042— —z- E 02 TE+ E + =
-0.06f- -+ 3 01 e B
oo __ ——— ] 0 u+++ _______ + ;+++++ %++++**+ _____
01 "0!1“‘6_:.:,"5_'2'“a.'zg“'u?a“'a.ag“b.‘.;“a,ig'“0!1“'(;_'1;'“0_‘2‘“a;;“a.':;“o'_ég“afz“a.)z(;_ 01 = -
¥ : 02 - =
03 g
— T e ————

19 July 2022 B. Parsamyan



SIDIS TSAs: Kotzinian=MuIder-s asymmetry ®@
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SIDIS TSAs: subleading twist effects
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SIDIS TSAs: subleading twist effects
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COMPASS 2022 run: new unigue deuteron data to come gl

proton [H] neutron [He]
%. J’eﬁe’rs)on Lab
] daragpénls data points
Airapetian et al., Qian et al.,

FR.L 103 (09) 152002
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(Same kinematic cuts applied to unpc\arized)
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ata projections
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Pavia group fits

Bacchetta, Delcarro, Pisano, Radici,
in preparation

analysis of statistical error
with replica method (200)
68% confidence level

xd.of
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PV11 Bacchetta & Radici, PR.L. 107 (11)

EIKV Echevarria et al., PR. D89 (14)

TC Boglione et al., JHEP 1807 (18)

Bacchetta, Delcarro, Pisano, Radici,
in preparation
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Conclusions-SIDIS
* During phase | COMPASS has measured all SIDIS TSAs (P/D)

o Deuteron TSAs are all compatible with zero

o Non-zero Sivers and Collins asymmetries with proton target

o Apart from Sivers and Collins effects non-zero signal was observed for

twist-2 A$9° @~ ?s) and subleading-twist A3 m?S TSAs
o First multi-D results for all TSAs - PLB 770 (2017) 138
« No hints for significant Q?-dependences of Sivers and Collins TSAs

« COMPASS has measured all SIDIS LSAs (P/D)

o Deuteron azimuthal LSAs are compatible with zero

o Interesting proton results, non-zero asymmetries

o twist-2 Af}fz"”‘ asymmetry seem to exhibit a Collins-like behavior

2

o Significant effect was observed for subleading-twist Ai‘,ii"’”‘ LSA

» SIDIS measurements with transversely polarized deuteron target in 2022
o Unique input for d-quark transversity and many other studies
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SIDIS and single-polarized DY Xx-sections at twist-2 (LO§

LO 40
do (FUUT+8FUU L) SIDIS (z- ocF (1+C0529CS) DY
dxdydzdpZd¢,d ¢ | ' dg*d0
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+ S < sm2¢n sin 2¢h + S ﬁ,\/l & A,_L + SL sin? ‘905 sin20cs gip 2(/’c5
sin [ ASINGs o3 =
AJT e Sm(¢h ¢s) X AT SIN @ g
" SiN(20cs —05 ) i
. sin” Ocs Sin(20cs +05 )
+ gA-SJI_Ir_](3¢n_¢S)Sin(3¢h —¢S) | i + A|' ( P (%4 )Sln(2¢cs +¢S) |
: cos{¢h— ) where D. =sin?6.. /(1+cos? @
+ S;4 (1—52>ALT ( ¢s)cos(¢h — @ )} [sin? o6 | cs ( Cs)

Sr yes
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SIDIS and single-polarized DY x-sections at twist-2 (LO¥

do*"° S do*® 1 2
«(E. _+¢F N oy ——— o K (1+cos” 6,
dyddpidgg, o) i " 5 > f
(14 2 CoS 24, ) 1+ D[smzecs} A7 €08 20 ?/u < = \
+ S e~ sin2g, + S ANI-T AL + S, sin® O A% sin 29
[ Asin(4,— . 7] [ ASiNGs o ]
AT sin (¢, —¢5) SIbDI_i—DY A" sin g o (
X 3 sinf e+ i - riage SIN(2@cs =05 ) o3 _
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| e AT sin (3¢, — ¢ ) | K I + A Sin (205 + ;) ) |
y cos(dh where D, , . =sin*0.. /(1+cos’ 6,
+ S (1_82>ALT * ¢S)COS(¢h — s )} [in® s = ( CS)
-
026y o hi9 @ HAM 4+ Boer-Mulders Ajoswcs o hH? ® h¢
U 1 1q T 1,7 1,p
sin(4, —¢,) 1q h Sivers sin @ q 1q
T o f7' ® Dy < > AT o f ® f1T,p
| T it in(2¢cs - g
3|Tn(¢n+¢s) oc hc11 ® Hlth ransversity A?m(z%s os) oc hi_i ® hgp
sin(3¢), —¢s) _J_q T Pretzelosity Sin(2¢cs +95 ) Tq Tq
T oc hy! ® qu AT och L ® th,p

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
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Smgle polarlzed DY measurements at COMPASS
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Single-polarized DY measurements at COMPASS
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Single-polarized DY measurements at COMPASS

. LO
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Single-polarized DY Xx-section: transverse part

do
COMPASS | Drell-Yan, NH oo (R} +F )(1+ A; cos® O )
- preliminary [ 2018 data ~ ° dQ
~ 1 N 8 88dssee o i o 08088868 1+ D[smz()cs} AjOSZ(pCS Ccos 2(”(:3 + D[sinzecs] A.CJOS%S COS s
O [ o0 * [ ®e . -
% Sl i s A" sin g
0.5r i sin(ges =05 ) i
~ i +cos sin’ sin I Sin q) _¢
OL--9%eeeees [ _______ o 0etent®e | + S + A sin ((pcs + @ )
| L T | SRR A | ) | Si”(ch*s) .
10" 1107 1 oo AT TN —ey)
XN X K [sm 9(;5} 4 AiTiln(2g0C5+goS) sin (2@05 +¢S) ] ]
< FT—T — L — N )
3 COMPASS n~ 190 GeV/e, W, preliminary Y

0 NA10, T~ 194 GeV/ie, W s
E615, w~ 252 GeV/ie, W
- — DYNNLO

: Dy = f(HCS)/(1+Af, cos? GCS)
—: « All five Drell-Yan TSAs are extracted
I ] simultaneously using extended unbinned

Maximum likelihood estimator.

- 1
! ._I@ ; ]l ) |  Depolarization factors are evaluated under
[ assumption A}=1
- Osyst. ¥ Ostat * Possible impact of Aj;#1 scenarios lead to a
R T R normalization uncertainty of at most —5%.
q, (GeV/c)
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Unpolarized Drell-Yan results (high-mass range)

M. Lambertsen, W. Vogelsang PRD93, 114013 (2016)

DI1S-2021

T T T T T T T T T - i ® COMPASS, T~ 190 Ge\/lfc,I WI, ;:I-rellimlin;r; I: i | OI CI()MPASS, 190 GeV/e, W, preliminary -
NALO Er =194GeV |~~~ | — DYNNLO ] | — DYNNLO ]
1 [ 47< M, (GeV/c?) <85 1 [ 47< M, /(GeV/c?) <85 y
- DY-2018: tungsten data - - DY-2018: tungsten data -
0.5 N 7] 0.5 N ]
{ I §
$ b S
) = 0 [ .
1 | | | | 1 |
-02f 1 I L 1 I 1 1 I 1 1 1 ] 0.1 0.2 0.3 04 1 3
0 0.5 1 1.5 2 2.5 [‘T[éuv] 3.5 4 4.5 H 5.5 € xN q (GGV/C)
NA10 data Z.Phys.C 37,545(1988)
DY-2018 NH, data: ongoing analysis
S. Bastami et al. JHEP 02, (2021),166
0.10 . 0.10 ; 0.107 : ; .
— LFCQM — LFCQM —— LFCQM
0.08f ===- SPM 0.08f =-=- SPM 0.08} ==== SPM
N «=== LFC-BMPI10 -=-= LFC-BMPI0 [ y=.  ==== LFC-BMPI0
N o.0sf = SPM-BMP10 0.08F - SPM-BMP10 0.06F N, === SPM-BMPI0
2] L
e [
%rj 0.04} 0.04}
0.02f 0.02}
0.0 o_-o 3.0
Is there a room for BM at low (COMPASS) ¢.?
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Drell-Yan TSAs — Transversity
do sin(20cs —9s) oi B
dq4dQOC1+...+ ST[D[sinZHCSJAF 5'”(2%5 (DS)+..C|

Transversity DY TSA

sin(2¢cs —¢s ) 1q q
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—0.1F - ) —
102 107! 02 04 06 08 0.5 1 1.5
x z p. (GeV/c)
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Drell-Yan TSAs — Sivers

do : .
——ocl+.+ ST[A?”“’S S|ngos+...] _
dgdQ Sivers DY TSA
sing q 1q
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DY TSAs at COMPASS (high-mass range)

Theory curves based on S. Bastami et al. JHEP 02, (2021),166 (2= | . compaSs preliminary
2 0.1 Drell-Yan, NH, data
i COMPASS [ Drell-Yan, NH3 (43 < M /[(GeV/ieH) <85 | = | peS p—
0.2} preliminary _ 2015+2018 data _ i ——
gm i ,_{_\i - [ 0 | JHEP 02(2021)166
g O; ,,,,,,,,, O S I ==& T [ L LFCQM
< L JHEP 02(2021)166 } I E— SPM
[ —— oM I I Fes JAM20
-0.2 L - .?:mzo K 5 —0.1 | ---- Torino
L — - Torino L ! : S S
i Ll A N T T N B 10_2 10_1
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» General agreement with available theory predictions e SPMAM0
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Conclusions - DY TSAs at COMPASS

» During phase | COMPASS has measured all possible SIDIS TSAs.

o Non-zero Sivers and Collins SIDIS-TSAs in the Drell-Yan “high-mass range™:
PLB 770 (2017) 138

* In 2017 COMPASS has published the results for the
first polarized DY measurements: PRL 119, 112002 (2017)

« The second year of polarized DY data-taking was performed in 2018
» Re-production and re-analysis of both 2015 2018 data is over
« Final results have been presented at DIS-2022 and other conferences:
the paper is in preparation .y -
. < - « COMPASS preliminary
« COMPASS data favors the sign-change £ _0.1| prell-van, NH, data
of Sivers TMD PDF =0

« DY x-section and unpolarized asymmetry
studies are ongoing

\

. .. - —— LFCQM
» The x-sections and asymmetries in J/y - - SPM
mass range are being actively studied L0 e
' _\ ‘ \ s L]
Thank you- 10—2 10—1
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