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COMPASS timeline

* CERN SPS north area — M2 beamline
Fixed target experiment

Approved in 1997

Taking data since 2002 (20 years)
The Analysis Phase started in 2023

33 institutions from 15 countries: ~ 200 members

COMPASS proposal
< §lecads Many studies that can be done at future experiments can be studied at COMPASS
Key problems are in common: rad. corrections, MC generator tunings, the role of

exclusive diffractive VMs, analysis methods, etc.

COMPASS Phase-II addendum
(d-quark ~, and PRIV AMBER)
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Pilot run Phase I Analysis
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http://wwwcompass.cern.ch/

AMBER timeline

* CERN SPS north area — M2 beamline

* Successor of COMPASS

* Approved in 2019

Taking data since 2023

Phase-I is planned to continue after LS3

36 institutions from 14 countries: ~ 150 members

New collaborators are Welcome!

Phase Il proposal draft

COMPASS++/AMBER
proposal
CERN-SPSC-2019-022

Kaon-induced Drell-Yan and
J/y production

Kaon-induced Spectroscopy

P&ABEY\:'\“% QX &0% N « Kaon polarizability (PrimakofY)
) .
a a‘a\"“ 3 7 0*‘ QQ;—‘Z’ Q\\S e Meson radii measurements
‘3?’?\ Q> o & *  Prompt photon production
P&A {o\I‘&\ X ocjf’ < \«}6@%‘ PRM and Drell-Yan p P P
ap® x> &$ 0 * New ideas are welcome!
ﬁ i—‘ Q N Measurements
F &I TIPS T I IS ITISFFSSSSSS S
\ LS-3 Y, LS4 LS-5
v v
CERN Accelerator Complex schedule to 2041
Pilot run Phase [ Phase 11
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AMBER measurements 2023-2024: Drell-Yan  »: 1000
Fawroraoomo, T KF

+ Apparatus for Mesen and Baryon
x(xu2=10 GeV?) 1 q

X
y2 Exporimental Research
Q2
Drell-Yan .
q 14
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n*, K* induced dimuon production:
Drell-Yan, J/y (and y')

» Study of pion and kaon PDFs N

* Crucial input for the study of the P
Emergent Hadron Mass (EHM)
* Possibility to collect unique Had budget = GhialLimit Mass
adron mass budge ® Higgs Boson Current Mass

balanced n*/n” induced DY data

* Measurement of A, p and v (DY, J/y) | xos
Jhy production mechanisms (qq, gg) = *,.
Carbon and tungsten targets

Improved vertex/mass resolution
Updated setup, new TL DAQ A

DCSB Mass Generation +
Higgs feedback

— GRV (1992)

SMRS (1992)

I JAM (2018)

ﬂ, p = . eVi/es, uu_z. eV/e
COMPASS++/AMBER B@B‘@Y\‘@% X & B o T 21396 MeV/e2 M(ud) = 7.1 MeV/e?
proposal @ o @f, & &8 x  Mg+=493.7 MeV/e2; M(uS) = 97.3 MeV/c2
Py\gﬁ \ R F S &
(oq‘& «2»0 %% Q Q'S
‘&QQ X c}o G‘b'%
w l—‘ Q J PRM and Drell-Yan Phase-1I (Drell-Yan)
F AN I I I T I FTFIFSFT S &
\ LS-3 Y, LS4 LS-5
v v
. CERN Accelerator Complex schedule to 2041
Pilot run Phase | Phase 11
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COMPASS experimental setup

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  oM2

HCAL1

SMlRICH\ -
™

Polarized
Target

*  Primary beam - 400 GeV p from SPS
* impinging on Be production
target (T6)
* 190 GeV secondary hadron beams
* h beam: 97% 77,2% K ~, 1% p
* h*beam: 75% 7*,24% p, 1% K *
* 160 GeV tertiary muon beams
* u* longitudinally polarized

T COMPASS
2 | HERMES
(Gev?) | CLAS 6 GeV
CLAS 12 GeV

Large-acceptance forward spectrometer
» Precise tracking (350 planes)
SciFi, Silicon, MicroMegas, GEM, MWPC,
Z DC, Straw, Muon walls
Muon-filter « PID - CEDARs, RICH, calorimeters, MWs
Various targets:
* Polarized solid-state NH; or ’LiD
* Liquid H,
* Solid-state nuclear targets (e.g. Ni, W, Pb)
utorp 71'+ Kt Target
‘\\' porp K‘ -
B \\
400 Gev Be -
N4 beam p KT (Hadron absorber)
fromsps | s K- ‘\
~ 100 m ‘ ~ 600 m ~ 330 m !leOm!
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COMPASS experimental setup: Phase II (SIDIS program)

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. S 7
- \ R

Polarized §A

Polarized solid-state NH; or °LiD
* Two or three oppositely polarized cells
* Longitudinal and transverse polarization

Muon-filter

B Magnets

EEE He-3 Precooler . .
B Microwave Cavity 3 80 K Thermal Radlgln.Jn Shu_elds
1 4.2 K Thermal Radiation Shields
[ Target Cells B Dilution Refrigerat
ilution Refrigerator
3 Target Holder 9

0 He-4 Separator

*  Primary beam - 400 GeV p from SPS
* impinging on Be production 3 T
target (T6) 2 - — uw(‘

190 GeV secondarv hadron beams

R == 1
] | q ) ) z ) P v Il M /180 mrad
| ean ) y 7T 0 /1 7 i L= 1 i /
]

™ beam: /5% & '—‘r"w‘;: Yo K
* 160 GeV tertiary muon beams =
* u" longitudinally polarized |_h
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COMPASS experimental setup: Phase II (DY program)

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. Sa 7
o <

SM1
Polarized

Hadron absorber

Nuclear target (Al)

Ta rg et ( Aluminum cone b ]
Muon-filter 1
r dO\INn:tf;:g‘]m last
. alumina layer
i
vertex detector " == % Stainless Steel
_a0 1\ 20 cm
aluminum =60 & —— B 3
M : | T | T —— | w
*  Primary beam - 400 GeV p from SPS \Tunzg(;:en beam plug /
* impinging on Be production e
target (T6) :
* 190 GeV secondary hadron beams
* h beam: 97% 77,2% K ~, 1% p
- h™ beam: 75% = 7Lf'wj.u Yo I
160 GeV tertiary muon beams
‘ ‘wl\:illﬂy“‘l‘\"", !m\‘,u‘\/‘_ll
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AMBER Phase I-1I: DY program setup 000

Apparatus for Meson and Baryon 'xperimental Research

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.  Sa 7
SMI_ S o0l

Polarized §A

Target

* Secondary h * beam: (z#*, K+, p/p)
* Improved beam PID (CEDARS)
* enabling kaon physics
» Isoscalar target (C 3x25 cm) and W
* Vertex detector: improve Z and M, resolution
* New trigger-less DAQ,
» Revised setup, new detectors
7 October 2026 B. Parsamyan



AMBER - 7 *, K * induced dimuon productlon on C/W

25cm

Compared to COMPASS

vertex detector

[nlnlnlal W (W
IR E RN -

‘ | | afen] 4

25 cm VAN
LA A A/

» Light isocalar target (carbon) instead of NH;-He mix
» Improved mass resolution (~ 100 MeV/c?)

* Lower background — enlarge DY mass range

» J/y and y(2S) studies
* Wider beam choice: 7z * K *, p/p, CEDARs (PID)

» Unique complementary measurements:

T, K*

» Higher beam intensity (RP upgrades)

* Revised spectrometer,

Triggerless DAQ

—
)
3

AT
oS

counts / (0.04 GeV/c?)
2 2
#" T HHH‘ T TTTTI

—_ —_
o <
T \l\HH‘ T \HHHl T HH\H‘ 1T

i —————

—— COMPASS 2015 NH, data
- Comb. background
------- Jhy MC)
------- W (MC)
= Open-charm (MC)
---- Drell-Yan (MC)
Total MC + Comb. background

i

L
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3D unpolarized Drell-Yan cross section on NH
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k1| [GeV]
recent global fit and projections for COMPASS

* First new results in 30 years!
* Data from light/heavy targets
* NH;-He, Al, W
* Nuclear dependence
* 1D/2D/3D representations
Xp:qr:M
» Unique data to access collinear
and TMD distributions
e.g. pion TMD PDF
* To be included in future global fits
(MAP, JAM, etc.)

7 October 2026

A MAP collaboration
0 — 2 Gev Phys. Rev. D. 107, 014014
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AMBER — 7 #, K * induced dimuon production on C/W

Experimental Research

* Unique complementary measurements: 7 *, K * T
Kﬂ:
* Cross-sections, pion and kaon PDFs

» Data for both collinear and TMD PDF studies
* Drell-Yan, J/y and potentially y' channels

N
» Study of nuclear effects with C and W
s 25C NAS exiraction (DY =~ and ~ daia)
N> - L ———  SMRS 10% sea contribution
F O\ B ] eecscses SMRS 15% sea contribution
KJr 1200000 \g 2 :_ -------- Jsmsoioils:a contribution
— 2] : ——@—— Projection for 280 days on C-target
75¢m C 190 T 1800000 W si5F
1500000 C
AMBER P E t
at 500000 1=
J/y events 12cm W 190 " 700000 - 43<MGeVi)<BS
01 02 03 04 05 06 07 08 09 1
p 700000 X,
5 s 25¢
Experiment Target type Beam energy (GeV) Beamtype  Beam intensity (part/sec) DY mass (GeV/c™) DY events W> -
+ 7 v 2 C
E615 20cm W 252 T i;g * :gj 4.05-8.55 35000 w% C
Fig O X 0000 -
; 7 1.5
30em Hy 200 ™ 205107 41-85 40 -
NA3 - n 3.0x10 121 B
’ 1 4.0 < M/(GeV/c) < 8.5
+ 7 - 8 8
6em Pt 200 T 20107 42-85 1767 Es . . : ; . . A A
7 3.0x10 4961 01 02 03 04 05 06 07 08 09 1
114
120cm D, 286 x 65 % 107 4283 7800
2 140 435-85 3200 T C wtC
A10 = - : -
N T =0 o™ “: only valence-valence
286 42-85 49600 atc C
12em W 194 P 65 % 107 407-85 155000 Yea =40 —a : no valence-valence
140 435-85 29300
= nCTEQ15 W
COMPASS 2015 ) _ ; 35000 v -
compass 201g ' 10em NH; 190 d 7.0x10 43-85 52000 PN (— Y
= | b —e— E615 200 GeVic, PRL 63 (1989)
190 . ; 43-85 21700 ED | i’ —e—— Projection for 280 days on W-target
x 1.7% 10
75e¢m C 4.0-8.5 31000 G4k ~
- 7 43-85 67000 T
AMBER 10 n 6.8x10 40-85 91100 i
43-85 8300 r
190 ' 0.4 107 02—
R 40-85 11700 2r
_ 43-85 24100 | . . ‘
190 n 1.6 107 40-85 32100 0 0.1 02 03 04 %05
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https://indico.cern.ch/e/comap20
https://indico.cern.ch/e/comap20

Goals of the workshop

Assess the present status of polarized Drell-Yan

*  What have COMPASS, RHIC/STAR and other measurements already established?

*  What do current phenomenological and global-fit studies tell us?

Clarify whether the key TMD tests are already within reach

» Is the evidence for the predicted sign change of T-odd TMDs becoming conclusive?

*  Are existing and planned measurements sufficient, or are important ambiguities likely to remain?

*  Which observables, kinematic regions, or flavor combinations are still poorly constrained?
*  What is the complementarity of pp measurements, with stronger sensitivity to sea quarks, and 7N measurements,

with direct access to the valence region?
Evaluate realistic future opportunities

* If new measurements are needed, which beam-target configurations would be most effective?
*  What could a new polarized pion-induced Drell-Yan programme at the CERN M2 beamline realistically contribute?

*  Aroadmap for potential EOI/LOI

Opening Dr Bakur Parsamyan

892/1-D20, CERN 13:00 - 13:05

Testing TMD process dependence with polarized Drell-Yan: theory status and are new measurements needed?
Alexei Prokudin

Global fits from MAP:what have we learned so far? Dr Lorenzo Rossi
892/1-D20, CERN 13:30 - 13:65
Recent studies of Sivers, Boer-Mulders and sign change Alexey Viadimirov
892/1-D20, CERN 13:55 - 1420
JAM TMD fits: do we need polarized Drell- Yan data Daniel Pitonyak et al.
892/1-D20, CERN 14:20 - 14:45
Boer-Mulders TMD PDF in SIDIS and Drell-Yan Jen-Chieh Peng et al.
892/1-D20, CERN 14:45 - 15:10
TMD PDF extractions using Al/ML tools Ishara Fernando
892/1-D20, CERN 15:10 - 15:35
Quarkonia as a tool: what can we learn? Carlo Flore et al.

892/1-D20, CERN 15:35 - 16:00

7 October 2026
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STAR: Transverse-spin asymmetries in W and Z production at STAR: constraints on TMD process depencence
Oleg Eyser

SpinQuest: Polarized Drell-Yan at SpinQuest: probing sea-quark TMDs and the Sivers effect Forhad Hossain

8092/1-D20, CERN 13:25 - 13:60

LHCspin: Polarized fixed-target physics with LHCspin: prospects for Drell-Yan and TMD studies
Luciano Libero Pappalardo

Prospects for Drell-Yan and hadron-structure studies at J-PARC Wen-Chen Chang

892/1-D20, CERN 14:15 - 14:40

COMPASS: Polarized pion-incuced Drell-Yan at COMPASS: status of the TMD sign-change test Dr Bakur Parsamyan

892/1-D20, CERN 14:40 - 15:05
AMBER unpolarized Drell-Yan programm highlights
892/1-D20, CERN 15:05 - 15:30

From COMPASS to AMBER: polarized-target capabilities and future measurement opportunities Norihiro Doshita

892/1-D20, CERN 15:30 - 1555

https://indico.cern.ch/e/comap20 13
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Workshop page visitor hit rates and geography

» 128 registered participants
» Leading experts in theory and phenomenology
» Representatives from major spin-physics experiments
* Interested members of the AMBER
and COMPASS collaborations WOl‘kshOP Page Visitors by Geography 3

721 VISITORS FROM AROUND THE WORLD

» Visitors by Country |
Overall Statistics Visitors Geography e 3 Russia 2 @ UntedSutes 203 |
\ Germany A 16 '» o
- - s \ Czechia * [ 1 a0 @ Iuy
Visitor Metrics: = Visits » g 280 ";"2‘9.)‘ ( 20 oo S e fand
0 105 210 y 55 Switzerland « : JJapan N @
. p 438 5 58 b13
Visitors: 721 United States == IS | ! n WK § S5 ; o
Unique Visi 612 Italy | 1 ‘ 4 98»_ 4 v '_gi;an o
nique Visitors Switzerand £ 55 ot & p o
Returning Visitors 109 France |1 =2 : L v ) | ®
g ¥ 4 g, .,_Smgapore
Avg. Duration ~ 2m 1s Germany = |0 | 5 14 L
Spain I | 5 - : : o
Peak Statistics Taiwan Sl 27 :
Japan o S
Peak Date: 2026-10-05 Czechia hne 20
Peak Users: 170 5 Russia mm 1O o BT iyt | 7,.,7 Retirning Visitors s - e Peak Users
ingapore == 14 il =~ 109 20261005 1l 170
others | 0° R —
Visitor Hit Rates Info
270
240 | Total Hits
Top Referrers
210 Il Unique Hits
130 Traffic Inbound Top 10:
150 Referrer Visits Actions Visit Length
120 Direct Entry 651 1237 1d6h51m 50s
90 Websites 34 123 2h 37m 20s
Search Engines 22 51 2h 40m 21s
60
Social Networks 13 30 1h 4m 34s
0 Al Assistants 1 6 49m 49s
0 — _ T
2026/08/14 2026/08/23 2026/09/01 2026/09/10 2026/09/19 2026/09/28 2026/10/07
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* Recent SIDIS highlights from COMPASS
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Nucleon spin structure (twist-2): collinear approach «<»TMDs

quark quark
U L T U L T
chiral-odd
q q 2 1
number density number density Boer-Mulders
T-odd
§ § chiral-odd
= q = q 2 1q 2
g L g1 (X) “ g L 91 (x, kT) hlL (X, kT)
[ helicity = Helicity worm-gear L
q (Eiral-odd
q Lac, p2y| 4 o | M (x, ker)
T h1 (x) T ]C1T (x’ kT) ng (x’ kT) J-transversny
transversity Sivers Kotzinian-Mulders h 1 ,IC,I (x , k% )
T-odd o zeantl pretzelosity

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

»
Longitudinal momentum / ° Longitudinal momentum ®
kT =Pt o* kT =Pt o*
R . ) .
\ °
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Nucleon spin structure (twist-2): TMDs

quark
| quark
U L T
U L T
chiral-odd
q 2 lq 2
U f;[ (xy kT) hl (x, kT)
number nsit number density Boer-Mulders
Sdensis T-odd
s:: chiral-odd
5 q 2 1lq
— 2
L % L gl (x’ kT) hlL (X, kT)
= 1=} Helicity worm-gear L
3
chiral-odd
E X . hd (x, k2)
q 2 2 :
(e T flT (x, kT) ng (_X', kT) J_tzlansversnyz
Sivers Kotzinian-Mulders h 1T ( X, k T)
T-odd o zeantl pretzelosity

Kotzinian-Mulders
worm-gear T

Sivers

S

~ pretzelosity

I - spin of the nucleon; ’ - spin of the quark ’ - ky

»
»

Direction of the motion of the nucleon

’ Transverse orbital motion of the quarks

7 October 2026

Longitudinal momentum

kt =Pt
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SIDIS x-section and TMDs at twist-2

dGLO (

oc FUU,T + gFUU,L quark
dxdydzdp;d,d g ) ] . N T
11+ 24552 cos 24,
—— £, (x, k3) hy 9 Cx, k)
+ SL Pos AEEZ% sin 2 ¢h L SLﬂ‘\/ 1 _ (92 ALL U t:}umber dens’ilt-‘y 1B0er-Mulc’l_Fr;r »
= — [
sin(¢,—ds ) .z S
AUT( ) Sln(¢h _¢S) g L 9l (x, k2) | hi(x, kZ)
X sin( 4+ ) . a 1 Helicity 1v52)rm-ge,arL
+ S, [+éed,;"" s1n(¢h +¢S)
sin(3¢,~4ds) s hi(x, k%
ot gAUT( )51n(3¢h ~ ) | o | A k2 | g% (x k2) %rffv;gf)
______ - Tttt TTTTTTTTTT T T 1TSivers Ko}z?nian-Mulders hi-,;](x’k%)
+ S 4 (1 ’ )Az(}s(¢’ %) cos (@, — & )} T-odd | omeeerT prctzelosity
L L J ///
u 4
\\/
QZ
v h
A[‘}‘(’]SZ% o hllq ® Hlth Boer-Mulders
_— — (T-odd) xP
i - 1 h .
A;;(¢h ) o fir' ®D, J Sivers (T-odd) X
i 1h
A[SJI;(% ) o h? X H, ‘ Transversity
in(3¢, - 1 Lh
Als;;( "t o h, @H 1  Pretzelosity

®= (C[WfD] = xze;_[dszdsz5(2) (ZkT +P, _I)h)w(kTﬂpL)fq (x,k; )D: (xa pi)
q
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Hadron multlphcltles h* = and K* (2016 data)

collinear

A set of complex corrections:

* Acceptance, rad. corrections,
PID, diffractive VMs, etc.

dM "idz

TMD

! (x, k%)

number density

@

3+ x<0.01 0.01<x<0.02 0,02<x<0.03 0.03<x<0.04 0.04<x<0.06
L
L
s, " . . S
o b R e R T Traaa, Traaa .
M — — — F o —
_— —_— e —_—
N
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.
of h — s — s R .
L

. virtual photon

.. scattered quark
.. from fragmentation

sl

.. outgoing hadron

k

1 1
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z z
N
B
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o
¥ H
0.4 [
' [N
.
0.2
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o
o9 0.06<x<0.10 0.10<x<0.14 0.14<x<0.18 [ 0.18 | COMPASS proton data
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| . :
by | | | K
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Hadron multiplicities; h*, © and K* (2016 data)
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Hadron multiplicities; h*, =* and K* (2016 data)

collinear

A set of complex corrections:
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£ (x, k%)

number density

@

Visible p°: both decay hadrons detected Non-visible p°: one decay hadron lost in the central dead zone

Diffractive VM production

In DIS y* interacts with a single quark

DVMP - y* fluctuates into a VM
VM then interacts diffractively with the

nucleon through multiple gluon exchange

Visible and non-visible p° in a forward spectrometer

Exclusive process:
Y'p—0°p

| reconstructed
________ » p’
m lost /
undetected
central dead zone /

S m————

both decay hadrons detected beam hole

& zZ

1 2 3 4

Exclusive process:
* 0
rp e
z z z z
only one decay
¢ ' hadron detected

£° not directly

(z is along the beam, +z to the right)

(z is along the beam, +z to the right)

-

Visible p°: reconstructed when both decay hadrons
are detected.

S
Non-visible p°: one decay hadron goes through the central

acceptance holes and is not reconstructed.
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Hadron multiplicities; h*, ©* and K* (2016 data) R

collinear @
A set of complex corrections: P u'
* Acceptance, rad. corrections, T
PID, diffractive VMs, etc. . h |
1 N=, X
§ I __¥ = = o = S—— Diffractive VM production
g ! L S » In DIS y* interacts with a single quark
I . " - - « DVMP - y* fluctuates into a VM
ol e e e * VM then interacts diffractively with the
A A N nucleon through multiple gluon exchange
2 an b cmmom | omeom | omeom | oseon * DVMP correction: two MC samples are used
o - L - SIDIS
od - - S « LEPTO 6.5 MC (diffractive contributions off)
1o b el el T Diffractive PO and ¢ mesons
S e | e | own || e | wmmgee| * HEPGEN generator
31, | o
1. e 'iii' I " Diffractive events enhance at low x and Q2
SO AT ' RN * Pions from p° decay (at high z)
O _g :: ...l For pions maximum correction can reach even 50%
- : - ‘ 2/ » Kaons from ¢ decay (0.4 <z <0.6)
New radiative corrections (DJANGOH) For kaons maximum correction ~24%

PRD 112 (2025) 012002 for (z= 0.6 and Q> = 1 (GeV/c)*.
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Cahn effect in SIDIS: Diffractive VMs contribution
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Cahn effect in SIDIS: Diffractive VMs contribution
do

2 =
dxdydzdp;d¢,d — u
2 2
o Y /4
- F + gF ”"*
|:ny2 2(1_8)( 2x)i|( uvu,T UU,L) P h
xP
X( 1426 (1+ &) 450" cosd, +...) N X
S ) P
Y
Cahn effeCt ” E I~ COMPASS preliminary, j p — Wh'h X
£ (o k2 = 10000 2= 21T 2,<0.95 U E O T,
number density ° ‘ 53000} Mg — M?
({D 8t Ermise = 201, ’
5000 2000 ) )
C Mg =(p+qg— P+ - PB-)
. . . . . 1000~
As of 1978 — simplistic kinematic effect: :
: : : 0 ' i
* non-zero ky induces an azimuthal modulation 0 0.5 b %10
t
\—

As of 2023 — complex SF (twist-2/3 functions)
* Measurements by different experiments

WM fractions

. . . z COMPASS preliminary b th from visible exclusive VMs
» Complex multi-D kinematic dependences S 03 HP- KX d Lokt
* So far, no comprehensive interpretation = o2 visible d
* A set of complex corrections: o, , s a J
« Acceptance, diffractively produced VMs, , Ot omep®P oo frosmsooe B
Lo . 2 0.06- non'VISIble 0 . *h_ﬁl_?l“ non-visible exclusive VMs
radiative corrections (RC), etc. £ i
Z0.04F L o L
=
50021 . o -
51 . e o ®0 e
£ 3| 1_ _____ ?__E_'__F_U__:;I.____ _mll-!:'_]_?_‘:.‘_?__________________________'__r?__J _______ »
10 107 0.2 0.4 0.6 0.8 0.5 1

x z P (GeV/e)

7 October 2026 B. Parsamyan 24



Spin Density Matrix Elements from photon to a VM

lepton-scattering
plane 7

ol
Y s
4 produiction plane

Spin Density Matrix Elements.

* SDMEs describe the spin state of a produced vector meson
for example p°, ¢, J /1.

* SDME:s tells how the spin of the virtual photon is
transferred to the vector meson, and which helicity
amplitudes contribute to the production process.
SDME:s are extracted from angular distributions of the
decay products and provide information on helicity
transitions, natural/unnatural parity exchange, and s-
channel helicity conservation.

* SDMEs are not cross sections themselves; they are

normalized spin-observables describing the polarization
and helicity structure of vector-meson production.

7 October 2026
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Spin Density Matrix Elements from photon to a VM
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Cahn eftect in SIDIS: DVMs
do

dxdydzdpldg,dp,

a
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As of 1978 — simplistic kinematic effect:

non-zero k; induces an azimuthal modulation

“Visible” hadron pairs

7 October 2026

Both hadrons reconstructed
Removed by selecting: z, = z,,+7z,_<0.95

COMPASS, EPJC (2023) 83 924
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Only “average” SDMEs are implemented in HEPgen

They seem to describe the data well
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Cahn eftect in SIDIS: DVMs
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dxdydzdpldg,dp,
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As of 1978 — simplistic kinematic effect:
* non-zero k; induces an azimuthal modulation

+ gFUU,L)

“Visible™ hadron pairs
* Both hadrons reconstructed
* Removed by selecting: z, =z,,+z,_ <0.95

“Invisible” hadron pairs

* Only one hadron out of two is reconstructed

» Subtraction done at the level of ¢, using
simulated HEPGEN distribution for VMs

 HEPGEN and Lepto are normalized to the data
using E

miss
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Cahn effect in SIDIS: DVMs and RCs
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102 Born / no radiation
— with QED radiation
= ) 10 b event /
_—_— P E toe i s a
4 F radiative tail migration

* Measurements by different experiments
* Complex multi-D kinematic dependences
* So far, no comprehensive interpretation
* A set of complex corrections:
» Acceptance, diffractively produced VMs,
radiative corrections (RC), etc.

Strong Q? dependence — unexplained
* Do not seem to come from RCs
Transition TMD < collinear regions?
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lllustration of QED radiative effects

initial/final-state
photon emission

b ey

initial-state radiation

rad./Born

0.2 04 0.6 0.8
reconstructed kinematic variable (schematic)
e.g. xg, z, or E'
Bremsstrahlung is mass-suppressed. Since m, »> m,
QED radiative effects are smaller for muon beams.

final-state radiation

Radiative effects can distort H

measured azimuthal modulations,
including unpolarized asymmetries. |

Example: hadron azimuth ¢, |
dN
g,

Born / no radiation |
—— with QED radiation |

Unpolarized asymmetries:
uu uu
Amsﬁh' Acosld’,,‘

— amplitudes can change.



Azimuthal effects in unpolarized SIDIS
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Working on 3D kinematic dependences
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Azimuthal effects in unpolarized SIDIS
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Working on 3D kinematic dependences
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A21muthal effects in unpolarized SIDIS: HERMES

HERMES PRD 87, 012010 (2013)
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§§ 0.05F § \ - L g : : Boer-Mulders effect
2L SR NN N AP LA S poag 2t 4 4! Collins-like behavior
f I N ;lll!aa 8 g : LA S R L] (h™h™ - mirror symmetry)
_005‘ C B - I‘

Boer-Mulders-Collins effect |
Boer-Mulders effect + twist-4 Cahn effect

Boer-Mulders PDF Collins FF

2(h-py (- pT\ +[%ch _2(ﬁ-kT)2—k5

cos2¢, __ lgrylh
Foh = - KH

q M
D+

2 lg
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Azimuthal effects in unpolarized SIDIS: COMPASS
do B
dxdydzdp;d,d; Target spin independent part of the
a ) (1 N j s ) (Fpus +2F,0,) cross-section: three asymmetries
0> 2(1-g) 0 2x )|V T TS

X(1+2e(1+2) A" cosg, + e A " cos2g, + A,[2e (1) A" sing, +...)

Beam-spin asymmetry

higher-twist effect
e 2M | h-p M, . G
Fih ==—Cq- L erIJ;]h
0O M

+ — q
h

A rh
|+ Ik xg D! + %hﬁq £y
M z M M z
Complex structure function involving twist-2 ad twist-3 functions
= - 0.1<P./(GeV/e)<1.00 0.1<P,/(GeV/c) < 1.00 F0.2<2<0.85
iz —1005'_ 0.2<z<0.85 [ [
< VUL i : + é + : ¢
o;—-----i—--‘--#--*---*--%-;—-.ﬂ-*—'—’-‘l—'i ------------- ;—-i-“%i-*-h--# ------ i
~0.05} f— t
102 0! 02 04 06 0.5 1
X Z P, (GeV/c)
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Azimuthal effects in unpolarized SIDIS: BSA CLASI12
d

dxdydzdp’dg,de,

Target spin independent part of the

2 2 . .
o : Y 1+7- ( Fo, te FUUL) cross-section: three asymmetries
xyQ 2(1 8) 2x ’ ’

X(1+.,2e(1+2) A% cosd, + £ A" cos2, + A,[2¢(1—&) A" sing, +... Beam-spin asymmetry
( ( 4G ' ' (1=e)4 ! ) higher-twist effect

‘model 1 —sum —-eH; ---g'D, model 2 —sum — eH; gD, model 3 — non-zero, positive trend
SOT2E (P y=0.16GeV :_: (P )=039GeV 1 (P, )= 963(3’é27 """ 1. Quite large at CLAS12 (lower Q?)
£5 0.08] crasiz: PRLI2S, 062005 | I ¥ 13
[T 1 T Qu
0.04 2 _*”)‘__,, - 1o F12_"" - 104 N 1 . . - 104
T— 12 B0
L I \‘\_\ ] g I 10° 08 10°
- E = P & 0.6
t 1t (P )= 057GeV - 6l 2 107
3 Sy & 107 04
1 I _-- ' 41
I t Q ! . 10’
T i i ol 100 0.2
n S —— i~ g1 002040608 1T 121416 |
-0.04F T T —— P; [GeV]
30.12f : ; + } N j — ; - i —]
GL_!: 0 08: (P ) 0.14 GeV : <PT> 0.35 GeV . : (PT> 0.66 GeV :mx CLASIz: PRL128 062005
3 F ¥ # F 3/
- oo4f : 3 2 3008 T
of ——— = % \.1.\\ 13 Eiaooa— 1 o
_004i ii EZ —‘“—=—i 0.04 _.T 'r' f i} ; ¢ Jhale ] . .
s012¢ T (P,)-055GeV | 0.02] § 4-*%’ T i b l° J? +
i 1% o [ ] | %
= 12 oo L
e ] gj ' o HERMES
1 = -0.04} | v compass || 1
| (. I R P R | " | i
- : =t = . — = - — 0 02 04 06 02 04 06 0 02 04 06 08
02 04 06 02 04 06 02 04 06 Xg 2 P. [GeV]
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Azimuthal effects in unpolarized SIDIS: BSA CLASI12
d

2 =
dxdydzdp;dg,d i Target spin independent part of the
a : y’ 1+ j (Fpus +2F,0,) cross-section: three asymmetries
xyQ ( ) 2x

X(1+.,2e(1+2) A% cosd, + £ A" cos2, + A,[2¢(1—&) A" sing, +... Beam-spin asymmetry
( ( 4G ' ' (1=e)4 ! ) higher-twist effect

‘model 1 —sum —-eH; ---g'D, model 2 —sum — eH; gD, model 3 — non-zero, positive trend
30.12F T E oy Apr ey = .
SOPE (Po=0t6Gev T (P )-039GeV <'° )= 963‘38;’ 1. Quite large at CLAS12 (lower Q?)
23 0.08} cLasi2: PRLI2S, 062005 | ER ¥ 1%
" 0.04 ¥ - R
o= 3 ] 15 .
ooab T T T— T~ je Largest VM corrections expected
3 0_12; ; - } :‘: | - t ¢ : [
WU (P)=0.45GeV 1 (P )=087GeV I (P )= 057GeV | 5 YT Ee
£3008¢ 1 k) T A — % % o1k E + COMPASS 2016 preliminary|
“- 0.04F + t S G S T3
0 3 L__ﬁ__gi —7 77777777777777 S 32-;0.05; o E }r e nr "
r T T T—_ 1™ ;‘Q_I IIII}:I ° o HI{ I
-0.04f T + - T A L e o e I f
SO0 (P )=014GeV I (P )-035GeV 1 (P )=066GeV | 0.05E__ , L L , ,
£50.08; T I = 107 10-! 02 04 06 0.5 I
L p.04f + T X z P; (GeV/e)
0f ———— \ R ¥ . N’Q i o CLAS12 [PRL 128 062005]
_0-045 T —— — ' - ] % 10k L [« COMPASS 2016 preliminary,
012 L I I } : ‘T =] <} [
o . C T _ - b
T (P)=055GeV S sl g
/;: ] IDN uﬂunual [ e s0& B ® @e0eo P o0 g » O @ Hedemenensn®n o o
10 107 10! 02 04 06 0.5 I
I ] X z P (GeV/c)
02 04 06 02 04 06 02 04 06 o
z z 7 CLAS12 results are not corrected for the VM contribution
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SIDIS x-section and TMDs at twist-2

do ,
Dedvdzdp dgdd, All measured by COMPASS and HERMES !

a y° y
|:ny2 2(1_8)(1+2xji|(FUUT+8FUUL)

+./2e(1+ &) 45" cos g, + 457" cos 24, p

[S—

+ Af2e(1-¢) 4% sing, X
+ 8, [2e(1+2) 4% sing, + 245 sin2g, quark
i U L T
+ S /1[\/714“+1/25(1— )45 cos¢h} lllllllll ‘‘‘‘‘ _______ ]
[ 40 gi (4,-4,) 7 number density e
y + e A(Sjl;(qﬁ,,ms) sin( &, + ¢S) > . ._._,.___,,
+ S, |+ ednCH) sin (3¢, — ) § helicity worm-gear L
+ 2¢(1+ &) 4" sin gy g
|+ 20 (1+2) 45597 sin (29, — 4) _,
(1= o) e | T

. pretzelos1ty

+ SpA| + (26 (1-&) 457" cos

+ 26 (1= ) 4774 cos (24, - ¢;)

L i I spin of the nucleon ’ spin of the quark ’ Ky
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SIDIS x-section and TMDs at twist-2: TSAs

dxdnd dpi dg All measured by COMPASS and HERMES
2 2 h
a Y Y
e
1 | P
X
A e fr9 @ DY Sivers
A" e bt @ Hy' | Collins [ i 5
- - sin(3¢;,—¢,) 1 Lh .
Al s) sin (@, — ¢, ) Ay o hyy @ H 1q Twist-3
sin(g;, +4s )
Y + 8Asm(3¢ N sin (¢, +4s) : A0 o 07 (W @ HY + £ ® D) +.)
+ S, |+e4, """ sm(3¢h ¢S)
+ \2&(1+&) A" sin g Asm(Mh ¢) oc O (th ®HM + fir ®Dh )
______ |+ \2e(lee) g™ M in(26,-4,) | A9 o gh @ D),

(1 —g? )AZ‘}S(@”“}S) cos(¢, —¢s)
+ SpA| + (26 (1-&) 457" cos

+ \/2‘9(1 E)ACOS(M/ ) cos (2¢, — ¢ ) ACOS(2¢h ¢) oc O (ng ®Dh )

L 1) _——
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SIDIS x-section and TMDs at twist-2: TSA
do

ll

dedydzdp?d g d g, All measured by COMPASS and HERMES
2 2 h
a Y Y
I+— ||(F, ,+&F
|:ny2 2(1_8)( 2xji|( Uu,T UU,L)
! P
X
(0] M z
o kg [(xh;‘leM LI GL]—[xh;qHﬁ" M DLH}
2MM, T M z T M z
B i ] sin(2¢;, s M 2(};kT)2 _k; Lg nyh Mh Lq I:I: H
AISJI;(%*%) Sil’l(¢h _¢S) FUT( hots) —?C{T(Xfr D, _Vhw 7] Twist-3
X + gAls]i;(¢h+¢S) Sin(¢h +¢5) > 2(];‘PT>(’;'kT)_pT'kT M G M D
i AN M 2t
+S; |+ gAf,”Tl( h=os) sin(3¢h —¢S) ' ‘ :
1 . cos g 2M q Mh qE:
+ \2&(1+&) A" sin g F =3C{—[ngqu Syl 7}
sin(2¢,—ds) - A Lh ALh
|+ 26 (1+ )40 sin (29, — 4,) ok erﬂ,lth B, er;q,{# My G_ﬂ}
1— &) A cos (4, — WRANNE o
(1-¢")4 (4.~4) Feyeh#) %Mc{—z(h';j} _k’ (xg;qa’; # Moy 5}
+ SpA| + (26 (1-&) 457" cos
_ z(ﬁ'PT)(i"kT)_PT'kT M D M G
cos(2¢;, — g Gpth _Th a4 || yelapgth L ZTh pla Ta
+ 1/2;;“(1—(9)/1”( )cos(2¢h —¢S) * 200, (xerqu S J xe,"Hy, + = f' —
L 1) _——
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SIDIS TSAs: Collins effect and Transversity ®@

do___ | M1t Sy sin(g, +4,) .|

+ gFUU .

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

ur
h

FSin(¢h+¢s) _ C|:_ hjpr hqulflh:|

* No impact from Q?-evolution? Clear signal at STAR energies
» Extensive phenomenological studies and various global fits by
different groups

JAM PRD 106 (2022) 3, 034014
0.6

Boghone et al PLB 854 (2024) 138712
: o0 .’:\ N _WG‘(L; ] M. Radici and A. Bacchetta E 0.4
) i = PRL 120 (2018) no.19, 192001 S o02f
5 ] " oof . . . .
| (| —— S—
501 P\ Nt
< ) y ST e Radici, Bacchetta ‘18
8 —02p™ —-:= Benel et al ‘19
—0.3F d -== D'Alesioet al ¢ 2(]

1 1 1
0.2 04 0.6 D 8 -’E
JAMDIFF (no LQCD) w
0.47JAM3D* (no LQCD) h Y
(}.3.Ratli(:i. Bacchetta (2018)

At u

0.2+
0.1+
0

0.05 JAM, PRD 10

4) 3, 034024

Ard

' i d,
X ~0.15} . xhy”
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SIDIS TSAs: Collins effect and Transversity ®®
do sin(g, +
oc(FUUT+gFUUL){1+ A+ Sped Y sin (g, + g )+ }

Measured on P/D in SIDIS and in dihadron SIDIS

dxdydzdp>d,d

* Compatible results HERMES/COMPASS

Fiees) —¢| S Pr pop g
M (Q- 1s different by a factor of ~2-3)

h

* New deuteron data crucial to constrain d-quark transversity

| #2022 hep-ex/2401.00309 | COMPASS SLiD data L ht
0.05 22002-04 (NPB 765(2007)31) | PRL 133 (2024) 101903 [
I _ 04
_ } = [ PRL133(2024) 101903
o -
8 _

—0.05 -_ -_ | | | | _ 1 ] Ll . ‘ 0’_ _______ { %+ _______________ % _“Z)?_]“"_df ____________________________

L 42022 r ~70% of the 2022 sample | h™ i i % +
0.05 | 22002-04 (NPB 765(2007)31) [ - 02

L L . A . “ o I

= A A}A A ' } *A * } | {B + . ~d

=] - __A 3 A.& . L L , |

_ié) 0_‘”"”7;”¥%7¥.§7;7$’ [ ?””; }34&%* ”””” f*kp """ %4’ ””””” 0.4 10—2 10—1
A

L I X
! } o Point-by-point extraction framework

0.05 i I i — A. Martin et al. PRD 91, 014034 (2015)
10_2 — 10_] — 02 04 06 08 05 I is A. Martin et al. PRD 95, 094024 (2017)

X z pT (GeV/c)

COMPASS 2022 run — highly successful data-taking!
» 2nd COMPASS deuteron measurements conducted in 2022: unique SIDIS data for the next decades
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https://arxiv.org/abs/2401.00309
https://arxiv.org/abs/2401.00309
https://arxiv.org/abs/2401.00309

Dihadron Collins effect and Transversity ®@
d’ o B
dcos6dMp,dgrdzdxdydes

2 2 2 ha < 2
- 5 ((1 = y—)zeczz fl(®) D1q(z, M}, cos®) + A5i¥¢R5 _ P — Pl 2 6 M Hylq(z. Mjy,. cos0)
2w Q%Y 2 4 v 2Mhn - 3, ez f1(x) D1,q(z, M}, . cos6)

sia-nY e |p;,\;hl;2| sind singgs h1(x) H,(z, M2, c059)>
q

| @ 2022 (~70%, preliminary) " COMPASS °LiD data
0.05 © 2002-04 (PLB 713(2012)10) [ ~70% of the 2022 sample

) : k Accepted by PRL y
I ~_
= i : .
e o;%§é§?§§l -ty % %
w i =
~0.05|- _
- — i -
07 0002 o4 o6 o8
* z

COMPASS 2022 run — highly successful data-taking!

« 2nd COMPASS deuteron measurements conducted in 2022: unique SIDIS data for the next decades
* New results — dihadron Collins-like asymmetries

* Access to collinear transversity PDF; Non-zero trend at large x

» Precision comparable with proton results
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COMPASS data: access to co!

COMPASS hep-ex/2512.22311

linear and TMD transversity

ooq - COMPASS 20 LD duta | I h}' - Accepted by PRL
e—jg-;[_ 0:' ‘J—Lr-!h ‘}L"T“!—PJ 'I'i"“"l'f ﬁ%—{ -
N ! i * }
_0'05:_ &—J | - | | _-I_ - I_—# |
1{;—2 - 1.[')—1 T IO.ZI I IO.4I I IO.6 I ID.SI I I IO.SI - ll - Il.SI - I2I \
x 4 M, (GeV/c?)
COMPASS PRL 133 (2024) 101903 Accepted by PRL
| 62022 COMPASS “LiD data h' COMPASS th-CX/251222311
0.05 -2 2002-04 (NPB 765(2007)31) | - _ -
— ! } o L = G.Zf— .l'frlj' e dihadron %
$ ollpipidil el pgte sy %._Z;-.H:- | F © Collins 4
| | - o) {i g% ¢
| oF———4---¥-- 5= S T
005 —— e [ e a C i
L L PR TN N T T T N TN SN TN TN SO SO [ SO L |_| PR TR T W TN NN TR SO W I;:-I : ﬁ ; # ﬁ\ ]- ﬁ %
L 42022 h — 0.1 '
0.05 _-.-xzuuz-ua (NEB 765(2007)31) [ _ i
N . {‘ - I },\ I A ' { _[]_‘.r— J(f'.' ' A dihadron ;
AR OEE IS e r 2 YLk & Coltins
=u ok .E\i I .},£ | --4‘\._=-F*£‘£ | Lo |
A :] ik F,__\ e e % 102 107! .
—2 —1 02 04 06 08 0.5 1 1.5
10 10 X z P, (GeV/e)
7 October 2026 B. Parsamyan 42



SIDIS TSAs: Collins effect for K° ®®

d sin( ¢, +dg .
dXddede;-d¢hd¢S oc (FUU’T +3FUU’L){1+...+ S; gAUT(¢ ds) s1n(¢h +¢S)+_,, }

Measured on P/D in SIDIS and in dihadron SIDIS

Compatible results HERMES/COMPASS
(Q? is different by a factor of ~2-3)

o
=3
—
RS
+
B

L ]

New deuteron data crucial to constrain d-quark transversity

x10°
OENNY COMPASS preliminary o 102 COMPASS preliminary R § - COMPASS preliminary
(E § °LiD Data § . 2022 °LiD data, K’ 8 60; 2022 °LiD data, K°
< :
40~
10: i
20
11(?3 o= v, e L E——T: OMh+h—A%£f (GeV/cZO).l
0 2; 2022 preliminary 7 COMPASS °LiD data 7 K’ New!
“Fo 2002-04 (PLB 673(2009)127) C
w 0.1 % - % % - 7%
< z : §% : 0
L S R e RN
< -0 : :
- Update for DIS-2026 C C
—027 F— ] L L ——
B [ Ll L \llJ:J TR AT N N AN SO RO N S| T R :J 1 I L | 1 I L 1 | 1 1 I L |
1072 107! 0.2 0.4 0.6 0.8 0.5 1 1.5
X z p.. (GeV/c)
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SIDIS TSAs: Kotzinian-Mulders asymmetry

. +5FUU’L){1+...
e e

do
dxdydzdpﬁ deg,d g,

oC (FUU’

FCOS(¢h —¢s) — C

LT

h-k,
{ M ngDh:|

COMPASS/HERMES/CLASG®6 results

ACOS(th—qbs)

Sizable non-zero effect for h™ !

LT
*  Only “twist-2” ingredients

Similar effect at HERMES

+ A8y (1= ) At

COMPASS, PBL 770 (2017) 138; PoS QCDEV2017 (2018) 042

. 2_ oht | COMPASS proton 2010 data |
& I ah %
|
< 0lf s s
g5 H% # ¢ ﬁ
¢
< O*i e’ 4 %} Lo d%‘k;ﬁﬁﬁ # ,idﬁ éé 4 o #
ol g g
02 ﬁ S —— —
= 1 ] P T T T T S H NI P I T T I R A R B
107 107! 0.2 0.4 0.6 0.8 0.5 1 1.5
X z pT (GeV/c)

See also, PRD 107, (2023) 034016 — global fit by:

M. Horstmann, A. Schafer and A. Vladimirov
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SIDIS TSAs: Kotzinian-Mulders asymmetry

do

oC
dxdydzdp>d $,d 4,

){1 +...+ ﬂS (1 — gz )Az‘}s(% —ds)

FCOS(¢h —¢s) =C

LT

COMPASS/HERMES/CLASG®6 results

cos(pp—s)
ALT h S

*  Only “twist-2” ingredients
» Sizable non-zero effect for h* !
 Similar effect at HERMES
_ 0.1-COMPASS prelimi{ary L wrd Suthx L eh”
?”’ - °LiD 2022 data L z>02 L ah
£ 005 . .
N ; Loy ! :
C S bt
, . 1
O;HNH : iy ;b MW b
| |
]0‘2 - ]()‘I o I0.2‘ 0.4I I 0.6 | IO.S . IO.S - 1 | | Il 5
X z P, (GeV/e)

New COMPASS 2022 deuteron data
The asymmetry is compatible with zero within the

uncertainties

Some hints for a non-zero signal at large x
Potential signal is compatible with model expectations
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cos(¢@, — ¢ ) +.. }

First global QCD analy51s of the g, TMD PDF using SIDIS data

-

Bastami et al. JHEP 06 (2019) 007

OD 02 04 06 OB 10

I 1 1 1 1 1
00 02 04 06 08 1.0
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SIDIS TSAs: Pretzelosity TSA

do

oC
dxdydzdp>d¢,d

(Fur +5FUU’L){1+...+ Sy e AN sin (¢, + g ) +... }

FSin(3¢h ~¢s) =C

*  Only “twist-2” ingredients

A A A 2 /A
2(”"‘1)("1 pr)+k (h'PT)_4(h'kT) (h'PT) plagrin || * Pr-suppressed compared to Sivers and Collins
17 "7 1q

o 2M*M, * The PDF is expected to be small
* Small, compatible with zero asymmetry
~ oosl M | COMPASS | Proton 2010 data COMPASS/HERMES results with proton target
Z L " PLB 770 (2017) 138 | * Proton asymmetry is small (below 1-2 %)
Te L * TSA is compatible with zero for both h* and h™
I ﬂ 3 {} ‘Fl 4 # + 4,4 ‘} * The measurements are compatible with models
. 'Eéi““i ii#;# # % + s #i#gﬁ*ﬁ + P
i 7 i 0-45 Transversity
—0.05+ ﬁ | -_— | ] ; u
_.“u\ Lo vl " |\||H-| L Im. -| coeo by e e b 1y — 02’ ————— d
107 107! 02 04 06 08 05 I 15 Z /\
X p, (GeVic) = 0.0" ______
~ 0 04;COMPASS preliminary L opt JF LN W hX o h* S
¢° 771 °LiD 2022 data 2>02 ah 0o _
& 0.025 i i “| Bastami et al. JHEP 06 (2019) 007
i [ | 0.0 0.2 04 0.6 0.8 1.0
= 0_##@1}&*%# + **ﬁﬁ# ﬁ {T * ++#§§4*++++ ++ + .
i [ . Pretzelosity S
oot + g b 0.010 ;
. 04i g g — — 0.005 /\
=0. - ] = [
— L S 0.000 !~ ~
102 107! 02 04 06 08 0.5 1 1.5 I N LT
X z . (GeV/e) = _ 0.005: \\ //
[ Sso g
—-0.010°¢ S=-T
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SIDIS TSAs: subleading twist effects

F,

do o (
dxdydzdp>d$,dd,

4 M H
Fonts = M C:| Dy ——2 b —-
0 M

z
B Sk Nk
pr-k w M G Laprin M, . D
“on, (’”’?’qu TR N“’ TR
[ e h* [COMPASS + | Proton 2010 data
- ah” ‘PLB 770 (2017) liS ]
0'02,_ r + r
4 Pt i HH +LH$§+{;%
—0.02F }é l[ I i i
sl sl el e b e e e e e e e b g
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New COMPASS 2022 deuteron data

* The asymmetry is compatible with zero within the uncertainties
* The measured amplitudes are below 1%
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COMPASS 2022 run: new unique deuteron data

proton [H neutron [He]
J?ejfe’rs)on Lab .
%ﬁ}g s Pavia group fits

Airapetian et al., Qian et al.,
PR.L 103 (09) 152002 PR.L 107 (11) 072003 01 Q=5GeV
. + z=0.5
. ;Y 0.6 \ x=0.1
OMP deuteron [sLiD] OMP Proton [NH;] | mm « il ) i
- & Zo
2009 data pmnts 2017 data pclnts - i .g 04 i
- d ~
Alekseev et al., Adolph et al., P 3
PL. B673 (09) 127 PL B770 (17) 138 FI 42 MAP etal JHEP 08 (2024) 232
L% 14 L ] L) s
0.1

(Same kinematic cuts applied to unpc\arized)

Q2> 1.4 GeVv2 02<z<0.7
Prr < min[0.2Q), 0.7Qz] + 0.5 GeV

xd.of

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

Qg[GeVZ] ={EIKV=2.4,TC18=1.2,PV=1.0}
0.01 PV11 Bacchetta & Radici, PR.L. 107 (11)

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

TC Boglione et al., JHEP 1807 (18)

in preparation

Bacchetta, Delcarro, Pisano, Radici,

PV11[1107.5755] UP
TC [1806.10645]
—0.05 EIKV [1401.5078]
- PV19
—0.06 +
= 10-1 10° =
o PV11(1107.5755]
TC [1806.10645]
0.06 EIKV [1401.5078]
L“) g = PV19
“ /dkr,)uzfﬂ(’ kr)

SEA 10-2 x smaller
(compatible with 0)

10°

JAM Collaboration, PRD 106 (2022) 3, 034014 COMPASS 2022 deuteron run
0.6 /
— JAM22
—~ i 0.0 Wﬂﬁﬂ—— \
E/ 0.4 SB —o1 _\\‘_7’7
E 0.2 z,‘,f-‘._.‘."f"“:v-.. u 0.2k \.’ ------ Radici, Bacchetta ‘18
’ o = I SN - —-— Benel et al ‘19 .
5 oS T N Cosk d T e s S. Bhattacharya, Z. B. Kang, A. Metz, G. Penn and D.Pitonyak
02 04 06 0.8 & 02 04 06 08 I PRD 105 (2022) 3’ 034007
0.02F
N === Echevarria et al ‘20 o -
3 0.00 __ ) ) 0.06 - hevarria et al 0.081 0.00
2002 PNzt 0.04
& e Ams - ___—0.02F
=_0.04 | Anselmino et al ‘17 0.02
t; | u Bacchetta et al ‘21 \Ej/
—0.06 \ | ) .\ 0.00 — —0.04}F
0.2 0.4 0.6 0.8 & vbv—;
0.6 0.0 - -
’E Anselmino et al ‘13 8 0.06 d
P 04F === Anselmino et al ‘15 -0.2
\j—( —= Kanget al ‘15 04 | —0.08
mH . 1 I 1 I 1 I I I 1 1 \ 1
™ ) . —-0.6 00 02 04 06 08 1.0 00 02 04 06 08 1.0
0.2 0.4 0.6 0.8 z 0.2 X xZr
7 October 2026 B. Parsamyan More news soon... 48




Conclusions

» COMPASS - one of CERN’s longest-running fixed-target experiments
* Around 20 years of data taking
* Arich physics programme covering spectroscopy, (SI)DIS, Drell-Yan, DVCS and HEMP
» Petabytes of data remain available for analysis
* Broad and distinctive kinematic coverage
» Access to low x and relatively large Q2
* A kinematic domain that is expected to remain highly competitive for at least the next decade
* The highly successful 2022 deuteron SIDIS run is yielding many new and distinctive results
» Strong complementarity with the JLab high-luminosity programme
 COMPASS provides a broad set of measurements in a complementary kinematic regime
* Growing interest in knowledge transfer, joint analyses and collaborative initiatives
* Increasing number of joint workshops and task-force activities
* Since 2023, COMPASS has entered its Analysis Phase
* Four new groups have joined during this phase
* The COMPASS spectrometer has been transferred to the AMBER collaboration
 AMBER has already started its experimental programme
* First data taken in 2023-2024 for antiproton production
* 2025-2026: proton-radius measurement pilot programme
* Phase I foresees distinctive Drell-Yan measurements after LS3
*A long-term AMBER physics programme is now being developed
*The Phase II proposal is currently being drafted
*An EOI for a polarized Drell-Yan programme at AMBER is now also being prepared

Thank You!
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3-D structure and QCD
Extraction of 3-D parton distributions

Partomc structure beyond s1mple dens I.lcs E

Correlations in Partonic and Hadronic Interactions 2026

1 4—1 8 DGC embel‘ 2026 Workshop Organizers

- i + A3 i Local Organizers: M. Mirazita (INFN LNF), P. Rossi (INFN LNF, JLab, co-chair)
Laboratorl Nazmnah dl Frascati Organizing Committee: H. Avakian (JLab, co-chair), A. Bacchetta (Pavia U.), C. Flore (Cagliari U.),

https://indico.cern.ch/e/CPHI2026 L. Gamberg (Penn State U.), B. Parsamyan (AANL, INFN, CERN, co-chair), A. Vossen (Duke U)
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SIDIS TSAs: Collins effect and Transversity

do

-

dedptdgdg, el et Spedi S sin(g, + gi) v
. * Measured on P/D in SIDIS and in dihadron SIDIS
Frnlsed) _ C{— h-p, B Hlm} * Compatible results HERMES/COMPASS
) ! (Q? is different by a factor of ~2-3)

xh,

[Addendum to the COMPASS-II Proposal]
Projected uncertainties for Collins asymmetry

8 COMPASS ¢+ o~ deuteron 2002-2004
Lo
5 proton 2010 ‘}
& 005 -
£ 5 $ +
< : % b 1
)
0.00 F----F--- {)’{5)’*5?’}5 ffffffffffffffffffffff ---- %é#ﬁﬂi% -
{ b 5
i X :
deuteron 2022
~0.05 F -
? Rasvasad g
| | il il
102 107! 1072 107!

COMPASS-II (2022)
« 2nd COMPASS deuteron measurements performed
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Flavor dependence of unpolarized quarks: MAP global fit
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Flavor dependence of unpolarized quarks: MAP global fit

MAP et al. THEP 08 (2024) 232
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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 Sivers TSA in COMPASS Drell-Yan Q?-ranges
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