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COMPASS timeline e [ en W= - [T (S

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

1 new group (Germany) - expected to join in 2024
Interested to join our Analysis Phase? — Get in touch!
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http://wwwcompass.cern.ch/

COMPASS Physics Program

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,,
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COMPASS Physics Program
Nucleon structure
» Hard scattering of u* and =~ off
(un)polarized P/D targets
* Inclusive and Semi-Inclusive DIS
 Drell-Yan and J/y production
 Study of nucleon spin structure
» Longitudinal and Transverse
« Collinear and TMD pictures ke
 Parton distribution functions and et momentn / |
fragmentation functions i =ap °*
» Last COMPASS measurement:

2022 run — transverse SIDIS

See talks by V. Benesova, M. Niemiec, S. Asatryan and
A. Hoghmrtsyan <o

¢! .
COMPASS ~ &% g@?’\p“% .
proposal 3@‘5 F N FL & o 8 S
¥ j st L STCE TS S
) 9
KX S 3 F O g & S
® ............ 0000 ®0
F I FF T TETFTTTSIEESE T S 0
\ AL Ls LS-2 PN
~ ~ ~
Pilot run Phase | Phase I Analysis

30 September 2024 B. Parsamyan Phase 4



COMPASS Physics Program sec Nicole's
GPDs a
» Transverse position BT of partons
« 8 GPDs - correlation between b, and X
« Complementary to TMD PDFs
» Contain information about parton
orbital angular momentum
» Accessed via exclusive processes:
 Deeply virtual Compton scattering
(DVCS) U+N—-u+yp+ N Longitudinal momentum
« Hard exclusive meson production vz
(HEMP): u+N—->u+M+N

with M = 79, p(770), (782),. .
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COMPASS-AMBER timeline ==

* CERN SPS north area — M2 beamline
Fixed target experiment

B ) KW= o 7] LS

» Approved in 1997 m
 Taking data since 2002 (20 years)
» The Analysis Phase started in 2023
33 institutions from 15 countries: ~ 200 members
COMIPASS proposal
COMPASS Phase-11 addendum
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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 11 proposal draft
 Kaon-induced Drell-Yan and

COMPA?SJ’OJ;?MBER see D. Giordano’s talk J/y production
CERN-EPSpC-2019-022 » Kaon-induced Spectroscopy
R o) . izabili ;
P&B%a\&‘% /Q b@z Kaon p0|alil.2abl|lty (Primakoff)
o 1 NS Q‘Z&&\ «  Meson radii measurements
6 ) @Q xS & . .
p,\\l\%o G Q&@o%%,% < &@6‘ Drell-Yan IPromF)t photon production
* an_l R & @@q& Measurements « New ideas are welcome!
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https://amber.web.cern.ch/
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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
RICH. Sa
SM1 \

Polarized §A

Target

Muon-filter

50 COMPASS
¢’ | HERMES
(Gev?)| CLAS 6 GeV
CLAS 12 GeV

Large-acceptance forward spectrometer
Precise tracking (350 planes)
SciFi, Silicon, MicroMegas, GEM, MWPC,
DC, Straw, Muon walls

* PID - CEDARs, RICH, calorimeters, MWSs

Various targets:

» Polarized solid-state NH; or 6LiD

« 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% 7z, 2% K-, 1% p 400 Gev Be
« h*beam: 75% x*, 24%p, 1% K+ | Pom QT K ‘\

. f SPS K~
160 GeV tertiary muon beams o )
~ 100 m

utorp 7r+ K+ Target

NS

(Hadron absorber)

~ 600 m ~ 330 m | ~100m |

« u*longitudinally polarized
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COMPASS experimental setup: Phase 11 (SIDIS 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

\
SM1 \
Polarized §A

Polarized solid-state NH, or ®LiD

Two or three oppositely polarized cells
Longitudinal and transverse polarization

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

90 GeV secondary hadron beams

h~ beam: 97% =, 2% K
h* beam: /5% =", 24% p, 1% K
« 160 GeV tertiary muon beams
« u* longitudinally polarized

30 September 2024 B. Parsamyan
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3 Target Holder
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I Microwave Cavit:
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AMBER Phase I: p cross-section, 2023 He-target setup J000E

Apparatus for Vieson and Earyon Experimental Research

CERN SPS North Area (building 888) ECAL2

Two-stage spectrometer LAS+SAS HCAL2 p+He »p+X

» Large Angle Spectrometer (SM1 magnet) p+H ->p+X

« Small Angle Spectrometer (SM2 magnet) & p + D — p+ X
ECALL M2 Muon-filter

HCAL1
RICH.  Sa 7
SMI N o

Polarized

X [em]

* h*beam: 60, 80, 100, 160, 190
and 250 GeV/c;
Intensity: 25-103h/s
« Beam PID: 2 CEDAR detectors
» Target: He (2023), H/D (2024) ,
- Data-taking ~2 months/year N J— e

« Dedicated trigger and beam-killer = °2-
systems 0

30 September 2024 B. Parsamyan 10
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COMPASS experimental setup: Phase Il (DY 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.  Sa 7
SMI S o

Polarized
Target

Hadron absorber

Nuclear target (Al)
aluminum

=60 &
box cover E T
~ o0 bt

Aluminum cone  ®*

25cm
downstream last
alumina layer

]
-

o [
vertex detector " [ == i d

—48

3 Stainless Steel
1\ 20 cm

« Primary beam - 400 GeV p from SPS \Tuﬁg‘in be:,; plug
* impinging on Be production —
target (T6) A

* 190 GeV secondary hadron beams
* h™ beam: 97% T 2% K-, 1% p

0 GeV tertiary muon beams

u* longitudinally polarized

30 September 2024 B. Parsamyan 11



AMBER Phase I-1l: DY program setup J000E

Apparatus for Vieson and Earyon Experimental Research

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

« Small Angle Spectrometer (SM2 magnet) &

EcaLl  oM2
HCAL1

RICH.  Sa 7
SMI S o

Polarized

Muon-filter
FVTX detector from PHENIX@RHIC

» 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
30 September 2024 B. Parsamyan



AMBER Phase I-11: DY program setup 000

Apparatus for Vieson and Earyon Experimental 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 o

Polarized
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Nucleon spin structure

nucleon

: collinear approac

nucleon

quark
U L T
fi1 ()
number density
g7 (x)
helicity
h{ (x)
transversity

Longitudinal momentum

kt =Pt

30 September 2024

B. Parsamyan

N —TMDs

quark
U L T
fil(x, k%)
number density
g1 (x, k%)
helicity
hi (x, k?)

transversity

Longitudinal momentum

kt =Pt

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

Iransverse momentum




Hadron multlpllcmes h*, m

collinear
A set of complex corrections:

cceptance, rad. corrections,
PID, diffractive VMs, etc.
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Soon on arXiv, submission to PRD
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*and K= (2016 data)

TMD

! (x, k3)

number density

S

. virtual photon

.. scattered quark
.. from fragmentation
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.. outgoing hadron
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Hadron multlpllcmes h*,

collinear
A set of complex corrections:

'

«  Acceptance, rad. correcti
cceptance, rad. corrections,
d. . . v X
PID, diffractive VMs, etc.
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New radiative corrections being applied

See V. Benesova’s talk on Friday
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3D unpolarized Drell-Yan cross section on NF
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i =02 MAP collaboration
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Nucleon spin structure: TMD

* 1976 large transverse single spin asymmetry in forward 7t* production

I
« 1978 intrinsic transverse motion of quarks and azimuthal asymmetries m

» [
Longitudinal momentum / °|® Longitudinal momentum °
kT =aP?t e o kT =Pt e . ®
° “
L ]
P
e Partons
e o
’/ /'/ 7
/ / raoé‘,,
§
. /
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Nucleon spin structure: TMD

1964 Quark model *?? A

* 1969 Parton model

» 1973 asymptotic freedom and QCD E}

N

* 1976 large transverse single spin asymmetry in forward nt* production

I
« 1978 intrinsic transverse motion of quarks and azimuthal asymmetries l

Volume 78B, number 2,3
25 September 1978

30 September 2024

<cos ¢,>/w, (y)
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*.&..  (EMC) Z. Phys. C34 (1987) 277

Anselmino et al.
Phys. Rev. D 71 074006 (2005)
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Cahn effect in SIDIS
d
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Contribution of exclusive diffractive processes to
the measured azimuthal asymmetries in SIDIS

Cahn effect in SIDIS
d

dxdydzdeZd 4. dg. - COMPASS: NPB 956 (2020)115039 hep-ex/1912.10322 P! (GeVie)
) ) 0.1 0.3 0.5 0.64 1
a = f i «“ 1\ » 002<z<0. v04<z<0.
— y 1+ 7 (FUU,T i gFUU,L) 0‘6§fralctlon of “exclusive \(:M hadrons _D8;5<;<0£2 -v8.§5<<_z ;’053
yQ 2(1_3) 2X 04t ) o 4032<z2 <04 00.7 <z <085
© o
02r 7 v © M v © v ° o o
><( 1+4/25 1+e)Agh cos¢h +...) ob--Y B @ & | % X & & | & § @ B | & & & 8.
107 107 107 10" 107 10" 107 0“
X X X X
Cahn effect ,
fCI(x kZ) 0.1 0.3 0.5 0.64 pTI (G]eV."c)
1A% T 0.85 2
number density 5 ol - . t%% I — .
& ©
(J) Dﬂ:‘u -0.2¢ i t i) t o % . subi) 5 unsub
r0.7
. __ . . R N A e e e A
As of 1978 — simplistic kinematic effect: ol BT e e e e
* non-zero k; induces an azimuthal modulation o8 (035
P S A T S e i fee s . T
; . ~0.1} e P e £ ®
As of 2023 — complex SF (twist-2/3 functions) oot ié i 04
. L S SR 2 e S [ R~
« Measurements by different experiments 005} ¢ o et o e o o
« Complex multi-D kinematic dependences L PRI S S— 1032
« So far, no comprehensive interpretation sl v e R 0 0,
. r0.25
« Aset of complex corrections: ] IS —- A i-h..
. . _ 3 & ¢ ®©
« Acceptance, diffractively produced VM: i} ¢ L s
radiative corrections (RC), etc. 107 10 107 10 107 107 107 o7
30 September 2024 B. Parsamyan 23


https://arxiv.org/abs/1912.10322
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Cahn effect in SIDIS
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Cahn effect in SIDIS

See V. Benesova’s talk on Friday
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Boer-Mulders effect in SIDIS
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2 =
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Nucleon spin structure (twist-2): collinear approach «~TMDs

quark
U L T
| A
number density

[
8 q
S|L g1 () )
[ helicity

T hi (x)

transversity

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

Longitudinal momentum
kT =aPt
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Nucleon spin structure (twist-2): TMDs

nucleon

quark
\ uark
U L T |
u L T
number density Boer-Mulders number density Boer-Mulders
T-odd
et tmst] e | g
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1 B e, k)
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worm-gear T

d-)

pretzelosity

I - spin of the nucleon; ’ - spin of the quark A - k;
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kT = 2Pt

B. Parsamyan

ke

Iransverse momentum

29



SIDIS x-section and TMDs at twist-2
d

dxdydzdp2dgdg,
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SIDIS x-section and TMDs at twist-2
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Single-polarized Drell-Yan x-section and twist-2 TMDs

dO_LO

o« F; (1+cos” O ) quark
dg'dQ ©
q s Y / U L T
1+D- , - A% coS 2¢,
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SIDIS < Drell-Yan sign-change of the
T-odd TMD PDFs
Fundamental quest: COMPASS, STAR, SpinQuest, LHCspin, etc.

See talks by P. Di Nezza, L. Diaz, M. Niemiec )
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SIDIS x-section and TMDs at twist-2

(o}
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SIDIS: target longitudinal spin dependent asymmetries
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SIDIS: target longitudinal spin dependent asymmetries

do

F + ek 1+...
dxdydzdp$d¢hd¢s < (Fuu +2 ““'L){

[4/25 (14 &)A) " sing, + & A)'*" sin 24, J

Sl e A ]

COMPASS collected large amount of L-SIDIS data M

Unprecedented precision for some amplitudes! <

Asin¢>h

UL
* Q-suppression, Various different “twist” ingredients
» Sizable TSA-mixing
» Significant h* asymmetry, clear z-dependence %J
« h compatible with zero <
Asin2¢h

UL
*  Only “twist-2” ingredients
« Additional p-suppression
« Compatible with zero, in agreement with models -
« Collins-like behavior? °Z
Acosth

LL

* Q-suppression, Various different “twist” ingredients
» Compatible with zero, in agreement with models
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http://arxiv.org/abs/arXiv:1801.01488

SIDIS: target longitudinal spin dependent asymmetries
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* Measurement of (semi-)inclusive
A;(A,)) is one of the key physics
topics of HERMES/COMPASS

» Large amount of P/D data

* No P;-dependence observed

HERMES: PRD 99, 112001 (2019)
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SIDIS: target longitudinal spin dependent asymmetries
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F
dxdydzdp2d, g, “(Four +

SIDIS TSAs: subleading twist effects
do
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» Q-suppression, TSA-mixing
* Various different “twist” ingredients

W (GeV/c?)
Non-zero trend for h*, h- compatible with zero
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SIDIS TSAs: subleading twist effects

do

dxdydzdpZd ¢, d g, * (Fuu,T +8FUU,L){1+...+ S, \/m % gin g +... }
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S. Bastami et al. JHEP 1906 (2019) 007:
“SIDIS in Wandzura-Wilczek-type approximation
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+

z>02

.| BAEKMPPSSSV, article in preparation

1072 107!

* Q-suppression, TSA-mixing
» Various different “twist” ingredients
» Non-zero trend for h*, h- compatible with zero, clear z-dependence
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SIDIS TSAs: subleading twist effects
dxdyd23§d¢hd¢s oc (Fyy 7 +gFUU’L){1+...+ S, \/2¢(1+ ) AT sing, +... }

M.Abele, M.Aicher, F.Piacenza, A.Schéfer, W.Vogelsang
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~ qh 051 - i
h ¢ kT J-q h M h J-q H q 0.09
+ M Xf'— qu - M L 7 0.03}
0.01F
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S. Bastami et al. JHEP 1906 (2019) 007: 003
“SIDIS in Wandzura-Wilczek-type approximation -
0.06 — e COMPASS preliminary + 2502 h 0.01F
- - ® HERMES PLB 622(2005) D(y)-rescaled A o )
= © BAEKMPPSSSV, article in preparation
= = 004 L [
¢<:D * + ] -0.01
0.02- t p j ¢ i |
o trteet . b 00
[ o °
—0.02 - 7 . X . . z
— T — » Calculations in collinear factorization
10 107" 1072 107" (lowest order of pQCD)
g g * T-odd effect for photon exchange
. .. » Contributions from QCD loop effects
* Q-suppression, TSA-mixing « Related to proton helicity
» Various different “twist” ingredients « To be compared to predictions within TMD formalism

» Non-zero trend for h*, h- compatible with zero, clear z-dependence
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SIDIS x-section and TMDs at twist-2: TSAS

o
dxdydzdp2dgdg, All measured by COMPASS
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SIDIS TSAs: Collins and Sivers effects (deuteron)

do o~
dxdydzdpZd ¢, d ¢,

sin( ¢, + ﬁ
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« 15t COMPASS deuteron measurements
» Collins and Sivers asymmetries compatible with zero within uncertainties.
30 September 2024 B. Parsamyan 42



SIDIS TSAs: Collins and Sivers effects (proton)

d Sin(dh=ds ) i Sin( gy +ds ) s
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15t COMPASS deuteron measurements — Collms and Sivers asymmetries compatlble W|th Zero
COMPASS proton measurements — clear non-zero signal for both asymmetries
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SIDIS TSAs: Collins effect and Transversity ®@

d sin( ¢, + .
dXddedpGTzd%d¢ OC(Fuu,T +5FUU,L){1+...+ S; gAJT("’“ Msm(% +¢S)+... }
: « Measured on P/D in SIDIS and in dihadron SIDIS

« Compatible results HERMES/COMPASS

(Q? is different by a factor of ~2-3)
* No impact from Q2-evolution? Clear signal at STAR energies
« Extensive phenomenological studies and various global fits by
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SIDIS TSAs: Collins effect and Transversity

do o~
dxdydzdp?d ¢ d e,

(R + R Lt ot SpaAT S W sin(g +4) ... | ® @

sin( ¢, + l:ip
FUT(¢n ¢s):C|:_ MT
h

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

on | pat
(Q? is different by a factor of ~2-3)

[Addendum to the COMPASS-11 Proposal]

New deuteron data crucial to constrain d-quark transversity

Projected uncertainties for transversity PDF

xh,

S I I N I I I I

Projected uncertainties for Collins asymmetry .
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COMPASS-I11 (2022)
2"d 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 (‘@@

d sin( ¢, + .
dXddedpGTzd%d¢ OC(FUU,T +5FUU,L){1+...+ STgAJT("’“ ¢S)Sln(¢h +¢S)+... }
i » Measured on P/D in SIDIS and in dihadron SIDIS

« Compatible results HERMES/COMPASS

FUS_iI_n(¢n+¢S) :C{—h'ithfqh} ipatl |
M, (Q? is different by a factor of ~2-3)

* New deuteron data crucial to constrain d-quark transversity

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

6.0E+18 SPS efficiency: ~ 73%
COMPASS 2022 run MU"“E/ Spectrometer

S.0E+18 efficiency: ~ 90%

Physics data collection

efficiency: ~ 75%

4.0E+18

3.0E+18

T2 vacuum

Highly successful

2.0E+18 )
Run in 2022!

Number of protons delivered

1.0E+18

0.0E+00
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SIDIS TSAs: Collins effect and Transversity ®@

d sin( ¢, + .
dXddedpGTzd%d¢ OC(FUU,T +5FUU,L){1+...+ S; gAJT("’“ Msm(% +¢S)+... }
: « Measured on P/D in SIDIS and in dihadron SIDIS

« Compatible results HERMES/COMPASS

FUS_iI_n(¢n+¢S) :C{—h'ithfqh} ipatl .
M, (Q? is different by a factor of ~2-3)

* New deuteron data crucial to constrain d-quark transversity

| #2022 hep-ex/2401.00309 | COMPASS °LiD data L ht
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COMPASS 2022 run — highly successful data-taking!
« 27 COMPASS deuteron measurements conducted in 2022: unique SIDIS data for the next decades
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SIDIS TSAs: Collins effect for K° ®@
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» Measured on P/D in SIDIS and in dihadron SIDIS

« Compatible results HERMES/COMPASS
4 (Q? is different by a factor of ~2-3)
- * New deuteron data crucial to constrain d-quark transversity

sin( ¢, + ﬁp
FUT(¢n gs) =C|:— v T hqulth:|
h

x10° 10°
S| COMPASS preliminary = 10 COMPASS preliminary £ £ [ COMPASS preliminary
3 } 2022 °LiD data > £ 2022 °LiD data, K° 03 5 % | 2022 °LiD data, K°
= 6} -
= 200 g a0l
] 0.2 I
10:— L
a 201
0.1
B o 0(pL.‘PL?5/5(pL1+PL3)1 lo? 10 10 ;' : AT K .Mh,h,— 1?4(:(5 (Gelwlczo)'1
), * 2022 preliminary - COMPASS °LiD data - K° New!
I ©2002-04 (PLB 673(2009)127) | : See A. Hogmrtsyan’s talk
Bo0dfF # - % iL - %
ek | KL ! _ !
Cow e d e E [ agdd 1
[= - L L
'a.q::’ —0.1F Exclusive release for % o o
- IWHSS-CPHI-2024 i i
E L F | | | | I | L ‘ |

02 10" 02 04 06 08 0.5

30 September 2024 B. Parsamyan T 48



Dihadron Collins effect and Transversity
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COMPASS 2022 run — highly successful data-taking!
« 24 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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SIDIS TSAs: Sivers effect
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COMPASS 2022 run: new unique deuteron data
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Single-polarized Drell-Yan cross-section at twist-2 (LO)
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Predictions for a large Sivers effect in Drell-Yan and J/y at COMPASS — sign change test
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Slvers eﬁect Drell- Yan and J/y Sivers DY TSA
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Slvers effect Drell- Yan and J/y
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Transversny TSA: DreII -Yan and J/y Transversity DY TSA
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Transverse-spin asymmetries in = p' scattering
Theory curves based on S. Bastami et al. JHEP 02, (2021),166
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Conclusions

COMPASS - 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 Spectroscopy, (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 3 new groups joined COMPASS in the course of 2023 for the Analysis Phase

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

AMBER took its first data in 2023-2024!
o Antiproton production studies and input for DM search

AMBER phase one comprises also PRM and unigue Drell-Yan measurements
o Phase | will be resumed after LS3

Long AMBER program is being developed: Phase-11 proposal is being drafted

If you are interested in joining COMPASS or AMBER - don’t hesitate to get in touch!

|
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(‘Nature 2 ((]D »

Raphael “Madonna del Prato” Salvador Dali “Maximum Speed of Raphael's Madonna”
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“Nature” “multi-D " with available statistics

Raphael “Madonna del Prato” Raphael “Madonna del Prato” (poor resolution)
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Boer-Mulders TMD PDF: sign change
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Boer-Mulders TMD PDF: sign change
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SIDIS TSAs: Collins effect and Transversity @ @
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SIDIS TSAs: Sivers effect @@
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SIDIS Sivers TSA in COMPASS Drell-Yan Q?-ranges
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SIDIS TSAs: Collins effect and Transversity ®®
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COMPASS Multi-D TSA analyses
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Electron lon Collider(s): EIC

EIC WP, arXiv:1212.1701 [nucl-ex],
EIC YR, arXiv:2103.05419 [physics.ins-det]
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Electron lon Collider(s): EICc

EICc, FP16(6), 64701 (2021), arXiv:2102.09222 [nucl-ex]
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JLab from 12 GeV, SoLID to 22 GeV
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* High luminosity, complementary kinematic coverages, evolution studies, all TMDs, etc.
» Together with EIC/EICc - complete picture!
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SIDIS TSAs: Kotzinian-Mulders asymmetry
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SIDIS TSAs: Kotzinian-Mulders asymmetry @ @
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HERMES: Sivers effect and diffractive VMs

« The asymmetry drops at large z for pion 2 dtvevm i
« Not the case for kaons S tog P
» Can it be caused by exclusive diffractive VMSs? 03k .
« The contamination indeed grows with z for pions o2} ) .
« At the level of 10% for kaons R I
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HERMES: JHEP 12(2020)010 hep-ex/2007.07755
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HERMES: Sivers effect and diffractive VMs

2 (sin(¢-0g))y,

The asymmetry drops at large z for pion

Not the case for kaons

Can it be caused by exclusive diffractive VMs?

The contamination indeed grows with z for pions
At the level of 10% for kaons
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HERMES: Sivers effect and diffractive VMs

« The asymmetry drops at large z for pion 20

F . n; diffractive VM o
=~ 05} ion-fraction
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HERMES: Sivers effect and diffractive VMs
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COMPASS: Exclusive p° TSAs
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COMPASS: Exclusive p® TSAs

.« PBoth Collins and Sivers TSAs are small an

i | compatible with zero
& om0 i * sin(og) is small, but possibly non zero
ER i » Can VM pion asymmetries still be large?
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COMPASS: Exclusive and Inclusive p® TSAs
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SIDIS TSAs: subleading twist effects
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SIDIS TSAs: subleading twist effects
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* Q-suppression

* various “twist-2/3” ingredients
* non-zero signal for h* at large z?
« Survives integration of hadron p;
« gives access to transversity PDF
(without involving convolution over k)

See Daniel Pitonyak’s talk
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SIDIS TSAs: subleading twist effects
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Moving towards Open Data and Data Preservation

There is an increasing interest in making experimental data Open
Becoming more relevant for CERN
Important for CERN to be play a leading role in Open Science

o Recent Open Science policy released by CERN

The latest European Strategy report encouraged the development of internal policies on Open Data
and Data preservation

The policy has been broken down into the 4 levels of data as defined in the
DHEP study on data preservation:
o Level 1 - Scientific publications, and associated additional data
o Level 2 — Data useful for Education and Outreach
o Level 3 — Reconstruction level data useful for general physics analysis
o Level 4 - RAW data
All large-LHC experiments already release data for L1 and L2 in broadly similar ways
o L4 is not practically useful
o The discussion focused on the policy for L3 data

Any rules relating to publicly releasing L3 data need to be approved by each experiment’s
Collaboration Board

General effort to find a good balance between:
o Making data openly available
o Preserving the data
o Protecting the collaborations
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Selected results for di-hadron LSAS
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Nucleon spin structure: helicity gf}d(p) (x)

.

M)
o partons

o e

L .
~J U

/@\J : L,

Iy 5
Ly o

(agma)

gy (x)
helicity

« COMPASS contribution:
lowest x and highest Q2 regions
» Both deuteron and proton target data

» For the first time non-zero spin effects at

0.4

0.2

-0.2

COMPASS PLB 680 (2009) 217

smallest x and Q2 — positive signal for g,°(x)
« Both inclusive and semi-inclusive
measurements — access to flavor

0.05

-0.05

0.02F xAs

-0.02F

-0.04f
L1111l

30 September 2024

2 -1
10 10 X

0.8
0.6
0.4
0.2

-0.2

B.

é: Am ﬁl-’ é: A71L.+d T
= deuteron T E 4
3 3 44
E—o o« 0 0% Ee .
‘:I_ll ll|2 11 1l L 1 lll;_ 11l 11 1 L1l 111
10° 10 E E
> SR
e COMPASS o.zg— +# -
o HERMES = o ¢ =
0;—'- . 'G¢'¢ @ - ' . +¥tﬁ# L—‘
3 4L =t .
-0‘2? I 1 1 ll]]ll[_l‘l l‘ll-_T 11 11111 1 llll]

11
10 10™

COMPASS PLB 693 (2010) 227

E ATH—
* COMPASS
© HERMES
— DSS8V fit
1 L11lll 1 L1 1111l L1l
10 10 102 10"
X X
Parsamyan 86



do o~
dxdydzdp?d ¢ d e,

SIDIS TSAs: Collins effect and Transversity ®@

(FUU,T +gFUU,L){1+...+ S, gASji?(WMSin(% + )+ }

sin( ¢, + l:ip
FUT(% gs) =C|:— v T hquliqh:|
h

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?

Inclusive p°® Collins asymmetry

PLB 824 (2022) 136834
R T Full phase-space
Sop Aok

—0.5F

107 10!

P, (GeV/c)

0.1

8 0.6 -04

30 September 2024

§ .4 PLB 843 (2023) 137950 | COMPASS preliminary
e [}
EE 02f : : ol %
< ++ . % *e :
R AR S ++’+
T ST 04 06 08 02040608 1 12
N X z PT (GeV/e)
2N GV * indication for a positive asymmetry
« opposite to r+ and ° as predicted by the
models
—— » Large effect at small Py
E 0.8F ep+ IG, /G4l =5 - [A. Kerbizi et al.
0 L Op? k-
Mm\ Y S g Mep-ph 2109.0612¢]
H} Soal o0
F E 04 [ ] El ] E. [ ]
02_ EI EI m] i ﬂl:l m ® EI
‘.m\_‘ M 0'-'@"""'"‘24"*“1A"“$éf*'

0 02 04 06 038 02040608 1 12
GeV/e
B. Parsamyan z Py ( )



Polarized SIDIS and DY — factorization and kinematic regions
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https://arxiv.org/abs/1807.00603

Polarized SIDIS and DY — factorization and kinematic regions

Semi-inclusive DIS Drell-Yan process

T-odd TMD PDFs
C—)

sign change

High g;— Collinear factorization
Low gy — TMD factorization

High Xz — Current fragmentation
Low Xg — Target fragmentation
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