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e Multi-purpose fixed-target setup.

o M2 beamline of CERN’s SPS North Area.
e 24 institutes, 13 countries.

e Nearly 200 physicists (2022).

e Taking data 2002-2022 (20 years!)

e Now analysis phase

o Collaboration active, new groups joining.
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2022 setup with 6LiDT target.
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Cowmpass: Physics programme Charles

University

o SIDIS with 160 GeV (200 GeV) pt beam and
%
20022011 P or d (NH3 or 6LiD) targets,
20022022 pT or dT (NH3 or SLiD) targets,
2016-2017 unpolarised liquid Hg target.
— this talk.

E ot
Polarised target refrigerator and MW cavity.
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o SIDIS with 160 GeV (200 GeV) pt beam and

_}
20022011 P or d (NH3 or SLiD) targets,
20022022 pT or dT (NH3 or SLiD) targets,
2016-2017 unpolarised liquid Hg target.
— this talk.

o Hadron spectroscopy and chiral dynamics
with hadron beams and nuclear targets
— New paper on strange meson spectroscopy |

[Conmpass, arXiv: 2504.09470 [hep-ex] (4/2025)].
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Cowmpass: Physics programme Charles

University

o SIDIS with 160 GeV (200 GeV) put beam and

_)
2002-2011 P or d (NH3 or SLiD) targets,
20022022 p' or dT (NHj3 or LiD) targets,
2016-2017 unpolarised liquid Ho target.
— this talk.

o Hadron spectroscopy and chiral dynamics
with hadron beams and nuclear targets
— New paper on strange meson spectroscopy
[Compass, arXiv:2504.09470 [hep-ex] (4/2025)].

o Drell-Yan with 190 GeV 7~ beam and
p'T (NH3) and unpolarised Al and W targets.
— M. Niemiec, Wed. 18:23 (poster) [indico],
— Cross-section [V. Andrieux, DIS2024, Grenoble].

Polarised NHg target and hadron absorber.
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o SIDIS with 160 GeV (200 GeV) put beam and

%
20022011 P or d (NH3 or SLiD) targets,
2002-2022 pt or dT (NH3 or 6LiD) targets,
2016-2017 unpolarised liquid Hg target.
— this talk. A 5 c_A/MERn“vecou protondetector
Y4 sturrounding the 2.5m long

. . LH2 target
o Hadron spectroscopy and chiral dynamics g

Z = < =
with hadron beams and nuclear targets p p 1 4 ‘HP> W PY
— New paper on strange meson spectroscopy =%

[Compass, arXiv:2504.09470 [hep-ex] (4/2025)].

o Drell-Yan with 190 GeV n~ beam and
p" (NH3) and unpolarised Al and W targets.
— M. Niemiec, Wed. 18:23 (poster) [indico],
— Cross-section [V. Andrieux, DIS2024, Grenoble].

o Hard exclusive processes sensitive to GPDs
with 160 GeV/c u® beam and liquid Hy target
— New paper on hard exclusive ¥ production

[Compass, arXiv: 2412.19923 [hep-ex] (12/2024)].

Recoil proton detector CAMERA.
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Cowmpass: Kinematic coverage for DIS Charles
University
3 3
20k % 102 EIC
¢ "t :
= 5

T

JLABI12

T

‘ 0.8

2

107

Complementarity of deep-inelastic scattering experiments
in the coverage in standard variables # and Q2.
HERMES 1995-2007, /5 /& 7.5 GeV with 27.5 GeV/c e* beam and fixed gas targets.
COMPASS 2002-2022, /s ~ 17 GeV with 160 GeV/c muon beam and fixed target.
JLab12 2014-present, /s ~ 5 GeV with 12 GeV/c e* beams and fixed targets.
EIC future, /s ~ 100 GeV with e* and ion beams.
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Parent hadron polarization
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3 collinear parton distribution functions (PDFs).
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Transverse-momentum-dependent PDFs

Longitudinal momentum
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8 leading twist transverse momentum dependent (TMD) PDFs.
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Cross-section for
— transversely polarised target (St) and
— longitudinally polarised beam (A ~ 0.8 at COMPASS):
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Cross-section for
— transversely polarised target (St) and
— longitudinally polarised beam (A ~ 0.8 at COMPASS):
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TMD factorisation (Pr/z < Q):
[F =clwrpl =22 /koT d?P, §® (zkr + P — Pr)
q

w(kr, PL) f%(z, kr, Q%) DI72 (2, P, Q%)
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Structure functions in TMD factorisation

Unpolarised-target part up to order 1/Q, and denoting ‘...’
terms vanishing in Wandzura—Wilczek-type approximation:

FUU,T =C[f1D1],

FUU,L =0,
Cahn effect Boer—Mulders effect
2M h-k (h- PL)E2
cos ¢y T L)Rp 1
Fyu ’*—Q C|- i J1Dy — MEM, hiy Hi +...
cos 2¢ 2(h - kr)(h-PL) —kr - P
FE2n —¢ |- (h-kr)(h Pu) = kr = hlHE
MM,
Boer—Mulders effect
in ¢ 2M
sin ¢y,
Fo = —gcld
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® h = Pr/Pr,
o fi(z, k7, Q%)

unpolarised TMD PDF,

° h,f(;lr., ]\:%. Q?)

@- @

Boer—Mulders function,

° Dl(zvpvaz)

unpolarised TMD FF,

° Hi(z, P2, Q%

Collins FF.
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Structure functions in TMD factorisation

Unpolarised-target part up to order 1/Q, and denoting ‘...’

terms vanishing in Wandzura—Wilczek-type approximation:

FUU,T =C[f1D1],

FUU,L =0,
Cahn effect Boer—Mulders effect
cos 2M h-k (h- Pk
¢ T L)
FE3oh = QC - f1Dy — e }IH1 +..
Feon e |- 2(h - kr)(h-PL) — k- P Bt -
MM,
Boer—Mulders effect
sing, _ 2M
Fry b= KC[ ]
Transversely-polarised target part at leading twist:
Collins effect: Fsi;((pth(pS) =C [— T ha HIL:|
sin(py, — h P
Sivers effect: F,;JT((ML ¢s) — |-t Dl]

and many more...
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© h = Pr/Pr,
o fi(x, k%, Q%)

unpolarised TMD PDF,

2

@ - @

Boer—Mulders function,

® Di(z, P2, Q%)

unpolarised TMD FF,

° Hi(z, P2, Q%

Collins FF.

° hy(z, /«::2[-‘ QQ)

é-¢

transversity,

o fiv(z, k3, Q%)

Sivers function.
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Background from diffractive vector mesons (DVMs) (Chartes

o Significant contributors: p — 7wt~ and ¢ — KTK—

e Strong x-, z- and Pp-dependence.

o Up to 50% of observed h* at low z, low Pr and high z
— Important for multiplicities, cross sections.

o Strong azimuthal modulations for decay products
— Important for (unpolarised) asymmetries too!

0.1
=
8
i 0.6] o
S04
b=
~02F 7
0 ___8__
10~
X X
[Compass, Nucl.Phys.B 956 (2020) 115039]
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Background from diffractive vector mesons (DVMs) e

University

Significant contributors: p — mt7~ and ¢ — KTK~

e Strong x-, z- and Pp-dependence.

Up to 50% of observed h* at low z, low Pr and high z
— Important for multiplicities, cross sections.

Strong azimuthal modulations for decay products
— Important for (unpolarised) asymmetries too!

Current COMPASS recipe (new H target results):

Visible decays (both h reconstructed, ~ 85%):
— can be rejected in event selection.

Non-visible decays (only one reconstructed, ~ 15%):
— can be simulated and subtracted by HEPGEN MC

[A.Sandacz, P. Sznajder, arXiv:1207.0333]

VM fraction

[Compass, Nucl.Phys.B 956 (2020) 115039]
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TMD interpretation defined at tree level
— QED radiative effects need to be accounted for:

o radiation of photons along the £, ¢/ and v*,
— changes in z, Q2, tail from elastic scattering,
— orientation of y—nucleon system distorted. Example of a real photon emission.
o Our approach before 2024:

e Only ‘inclusive corrections’,
e based on TERAD (semi-analytical)
[A.A. Akhundov et al., Fortschr. Phys. 44 (1996) 373]
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QED radiative corrections

TMD interpretation defined at tree level
— QED radiative effects need to be accounted for:

o radiation of photons along the £, ¢/ and v*,
— changes in z, Q2, tail from elastic scattering,
— orientation of y—nucleon system distorted.

o Our approach before 2024:
e Only ‘inclusive corrections’,
e based on TERAD (semi-analytical)
[A.A. Akhundov et al., Fortschr. Phys. 44 (1996) 373]

o New approach:
o Based on DJANGOH Monte Carlo
[K. Charchula, G.A. Schuler, H. Spiesberger,
Comput. Phys. Commun. 81 (1994) 381-402]
o Takes into account:
— hadron phase space,
— z-, Pp- and ¢j-dependences.

ks
Charles
University

Il

Example of a real photon emission.

0.02<x<0.03, 0.2<y<0.3
. RC from DJANGOH-MC
© RCasin PLB 767 (2017) 133

RC

. RC as in PLB 764 (2017) 001
.

! ! ! !
0.2 0.4 0.6 0.8

Comparison of the old and new RC for
7t multiplicity in a bin in 2 and y,
h
where RC = Z3pd.OFF

i
M d.ON

Jan Matousek (Charles University) TMDs in SIDIS at COMPASS 7.7.2025, EPS-HEP, Marseille 9 /22



Collinear hadron multiplicities
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Sensitive to fragmentation functions D‘fﬁh(z, y), including ¢/q and flavour separation.

th(I,y,Z) _ Fyy(®, 9,2

L o S 0P Dy e @)
q

Corrected for acceptance, diffractive VMs and for radiative effects.

Previous results on isoscalar target:
hi,ni [Compass, Phys. Lett. B 764 (2017) 001], K*

[Compass, Phys. Lett. B 767 (2017) 133].

New results on Hyo target [Coupass, Phys. Rev. D 112 (2025) 1, 012002]

dM™/dz

0.04<x<0.06

Traaa .

dM™/dz

‘COMPASS proton data

!
0.4 0.6 0.8

Example: Multiplicity of charged pions in bins of & and z.
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Transverse-momentum-dependent distributions

Pr-dependent multiplicities on isoscalar target
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® Results in bins of z, Qz, z, P%

® DVM contamination subtracted.

o Radiative corrections based on RADGEN.
® [Cowmpass, Phys.Rev.D97 (2018)]
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Pr-dependent multiplicities on isoscalar target Pr-dependent distributions on Ha target
(2016 data)

1] @Gevier "
03¢0 ( (
10 o) s
o] @GV
1 03< 204 m“ : : Q*(GeVic)* _
. . b ™ 16.0 COMPASS preliminary
T e
16 o4cz <08 |nl‘E ﬁ ‘ 030<z<040 N, N, N,
7 ) N + 0 e o *
- - A ok . .
] o o 1w e, . N,
107) ¢
3 1o 10°]
3.0 T 2 3
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i . e, KN
i ., .. .
10 ., . ‘e
w0 ] . .., LI
10
K .
! of —
0008 P} (GeVic)? P} (GeVic)? P} (GeVic)? X
;| 0.003 0.013 0.020 0.055 0.100
s [ o Y e Preliminary results, DVM contamination
\‘ \ \ \ \ subtracted, no RC [A. Moretti, Proc. of ICNFP 2020].
" 1R e
! 123 123123123123 x
i oo oo _oow _odm ot o1 o5 s
Ongoing work:
® Results in bins of z, Q?, z, P2 o Expanding kinematic domain.
® DVM contamination subtracted. e New radiative corrections using
o Radiative corrections based on RADGEN. DJANGOH. [v. Benegova, IWHSS-CPHI 2024,

30.9.-4.10. 2024, Yerevan, Armenia]
® [Cowmpass, Phys.Rev.D97 (2018)]
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Unpolarised and beam-spin asymmetries Charles
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Results from isoscalar target (2004 data, no RC, no DVM corr.): [Compass, Nucl. Phys.B 886 (2014)]
Corrections for diffractive vector mesons: [Coumpass, Nucl. Phys. B 956 (2020)]
New preliminary results on Hy target (2016 data): [v.Benesova, PoS DIS2024 (2025), 223]

e Both DVM and RC based on DJANGOH (— new, important!).

e 1D and multi-D results in preparation for publication.

% 50.05tCOMPASS preliminary fup — ' h*X teRC  onoRC
UQD [ f @@ - m e Lo cmmmmm e
L oe . =g, St
_0.0sk BRLe sl -.='=-=-=.= o P ==-=.=.= . .
B _01' F F o
S 5 00sf 3 3 s
°<<D " --1-§-] PE 88,
O --&-5-p E*.cg oeeeast 3 F ey T a.i
—0.05F 3 ¢ f
- —0.1F E E
£ 2005F 3 3
RIS SO SN B L) SRS £ L LE N .
—0.05F 3 3
0.1< P/ (GeV/e)<1.00
_0.1F 02<z<085 b 0.1<P,/(GeVie) < 1.00 E 02<2<0.85
1072 100! 02 04 06 0.5 1
x z P (GeV/e)

The impact of DJANGOH radiative corrections on h¥.
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COMPASS preliminary | 2016 proton data eh”
F F up—>phX Foh*

.
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0._’._.‘,__.____.._._.___g___*._.__.j.l_!__ [ P *...‘j:..*..’....._._’ ______ 4.
s ? @ . 3 l-u-e.l B e Oasﬁ . p
-0.05} - i f ¢
f‘ 5 0.1< P,/ (GeV/c)<1.00 0.1<P;/(GeV/e) < 1.00 0.2<z<0.85
Z_=20.05F 0.2<z<0.85
< B

LR RN PRI i _:_i_ﬂ:ﬁ_ig_.# ______ "

1072 10! 02 04 06 0.5 1
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[V.Benesovd, PoS DIS2024 (2025), 223]

Unpolarised-target part up to order 1/Q and in Wandzura—Wilczek-type approximation:
Cahn effect Boer-Mulders effect

—_— ——
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f 5 COMPASS preliminary [ 2016 proton data eh”
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[V. Benesovd, PoS DIS2024 (2025), 223]
Unpolarised-target part up to order 1/Q and in Wandzura—Wilczek-type approximation:
F)[x(d)h) FJ)S(”)’L) cos2¢y, _

2(h - kp)(h -P|)—kp - P
_ B s _ec _( ) ( > ) T )

Agom) -
Fuyup  ClfiD1) g M My,

Lol
hi Hj

Boer-Mulders effect
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Unpolarised and beam-spin asymmetries
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f 5 COMPASS preliminary f 2016 proton data eh”
° < 0.05F F up—>uhX

5 0.1<P;/(GeV/c)<1.00
<,:" 0.05F 0.2<z<0.85

] .2<;<0.85
LIF LIS S0 RE{ R S NP )

0.5

1
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[V. Benesové, PoS DIS2024 (2025), 223]

: o
A GR) _ pfion) pfion)
XX -

Unpolarised-target part up to order 1/Q and in Wandzura—Wilczek-type approximation:

sin ¢, 2M
P =
Fyu,r ¢ lf1D1]

LU = ——C|pure twist-3 qgq terms]
Q
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Transverse-spin asymmetries

@) He-3 precooler 6 B0 K Thermal radiation shields
2) Microwave cavity 7 4.2 KThermal radiation shields
3 Target cells @ Dilution refrigerator
4 Target holder 9) He-4 gas-liquid separator

10 Pulse tube cryocooler

Polarised target system (2015).

s Large-acceptance superconducting magnet.
e Dilution refrigerator to reach below 100 mK.
o Dynamic nuclear polarisation with microwaves.

o NMR for polarisation measurement.

ks
Charles
University

Measurement method
o 2 (3) target cells,
o alternating polarisation

o — azimuthal acceptance is
cancelled.

DVM and radiative effects
® not sensitive to polarisation,
o DVMs: small effect,

e RC taken into account in the
dilution factor (TERAD-based).
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1st COMPASS measurement of transverse spin asymmetries:
o dT in SLiD target, data taking 2002-2004.
s Both Collins and Sivers asymmetries compatible with zero (unlike HERMES on p').

Collins asymmetry Sivers asymmetry
sin(¢p, +o c|l-tkr, Hi] sin(¢p, —dg) c {—EJ-_H D }
asin(ep+és) _ FUT( ntes) _ [ My, LT Asin(ép—¢s) _ FUT( hTes _ ATl
T Fuy Cf1D1] ur Fuy clf1D1]
=02, n L e
< | eow 1| < |iF
0.1 I 0.1 F 13
o Wwve#% R i fmiﬂi‘é & + o+ goﬁwﬂ%h Fawpd s b % f-%wegt } #
t I
of 0 t L
"«;”k:zl ;‘ioa»;%- F F
02 t + 02 b # +
#w“ﬁ ﬁ gty )} gl T RR IR eyt
£t ¢ ' ! | ot
t * i 4 o ; { ; +
gt iy ! oty Ty ‘ “+++{»u++
0. 0. r
107 o 02 04 06 08 05 i is 10° 0 02 04 06 0% 05 1 15
x z P (GeVke) x z Pl (GeVic)

[Compass, Phys. Lett. B673 (2009) 127]
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Transverse-spin asymmetries: Transversity and Collins effect charies

niversity

COMPASS 2010 proton data

3o
= COMPASS positive pions x<0.032
. COMPASS pasitive pions 1>0.032 N
0.05- o HERMES * PLB 693 (2010) rescaled by (1-<y>)/(1-<y>+<y>")
70

Wl [T
-0.05- F ¢ + r t *
—0.1+ + +

L L L L L L L

H H 1
a4 pﬂ,m*‘}{’; % m#‘*g% {

».
T
—0.05-
‘OMPASS negative pions <009
. CoMPASS negative pions 10
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[Compass, Phys. Lett. B 774 (2015) 250]

o p' in NHj3 target, data taking 2007-2010.
o Collins asymmetries non-zero.

o Compatible with HERMES.
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Transverse-spin asymmetries: Transversity and Collins effect  charies

COMPASS 2010 proton data
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[Compass, Phys. Lett. B 774 (2015) 250]

o p' in NHj3 target, data taking 2007-2010.

Collins asymmetries non-zero.

Compatible with HERMES.

Number of global extractions,
s d-quark not well constrained.

s Deuteron is necessary,

only Compass measured on dT.

Jan Matousek (Charles University)

University
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[Anselmino et al., Phys. Rev. D 92 (2015)]
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TMDs in SIDIS at COMPASS

0.6
0.0
=0.1
0.2
0.3

02F

zhy ()

02 04 06 08 T 02 04 06 08 T

[JAM, Phys. Rev. D 106 (2022)]
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Transverse-spin asymmetries: New Collins on deuteron Charles
University
©2022 (hep-ex/2401.00309) | COMPASS °LiD data he _hkp, a1
0.05F zuoz-mi’mm 765(2007)31) -(0 A e r Asin(d)h+<bs) _ ¢ [ h hiHg ]
ur c[f1D1]
<5 o[l gapoilodr oo e < 04
oA ey et ) S
o2f %
LSS, O | 3 PYRT
2 (e ' — ' % Coodo i & |
42022 (hep-ex/2401.00309) h - %
0.05 | 2002-04 (NPB 765(2007)31) L T % ? *
= A I * Al A + A A 02 o u old « old + new
S B k" be % ik ‘44 { t ‘} ,, _h};}*\* . b od old = old + new
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* 10° 0"
x
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102 107! 02 04 06 08 05 1 15 Point-by-point extraction to show
X z Py (GeVlic)

the expected impact.
Collins asymmetries on d': old and new (2022) data. Looking forward to global fits!

See the new paper [Cowmpass, Phys. Rev. Lett. 133 (2024) 10, 101903]
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Transverse-spin asymmetries: Dihadrons Charles

University

Collinear way to access transversity (no TMD factorisation) [M.Radici et al., Phys. Rev. D 65 (2002)]

d’o a? y? 5
= — z q 2
TcosadMmdgndzdxdydds ~ 772Gy ((1 y+ 2)Ze fIX) D1g(z, M, cos6) +

trdnsverslt\ PDF f},:rf}gf,?.‘.‘ﬁ?

COMPASS proton results are available [Conpass, Phys. Lett. B 736 (2014)]

« 2022 (~70%, preliminary) COMPASS “LiD data h*h™
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gamma-nucleon system. = 1 ¢ <}» 2§
-0.05F ¢ h F r
102 100 02 04 06 03 03 i Ts 2
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New deuteron results [A. Asatryan, PoS DIS2024 (2025), 236]
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Transverse-spin asymmetries: Sivers effect
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[Compass, Phys. Lett. B 774 (2015) 250]

o pTin NHj target, data taking 2007-2010.

o Nonzero, smaller than HERMES.

Jan Matousek (Charles University)

TMDs in SIDIS at COMPASS
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Transverse-spin asymmetries: Sivers effect Charles
University
_;L_'IDL'L — 0.02F —— —
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COMPASS 2010 proton data

<on e F
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[Compass, Phys. Lett. B 774 (2015) 250]

o pTin NHj target, data taking 2007-2010.

o Nonzero, smaller than HERMES.

Number of global extractions.

s Again, unique role of COMPASS in

rovidin, ron . )
prov d g deuteron data [A. Bacchetta et al., Phys. Lett. B 827 (2022)]
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Transverse-spin asymmetries: New Sivers on deuteron Charles

University

©2022 (this Article) COMPASS “LiD data h*
0.05 | 2002-04 (NPB 765(2007)31) |- -
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v the expected impact.
Sivers asymmetries on d': old and new (2022) data. Looking forward to global fits!

See the new paper [Cowmpass, Phys. Rev. Lett. 133 (2024) 10, 101903]
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Transverse-spin asymmetries: Universality of TMDs

g

0

o o 1

==~ moving towards
the screen

~

Sivers effect in SIDIS

[M. Burkardt, Nucl. Phys. A735 (2004)].

Jan Matousek (Charles University)

A change of sign
predicted for Sivers and
Boer—Mulders TMD
PDFs due to gauge link

structure:
lgq _ Lqg
fir |SIDIS = —fir |DY
1lq 1lq
hy |SIDIS =—h |DY

[J. Collins, Phys.Lett. B536
(2002) 43]

Charles
University

ryv
ksl

N
Pion—p' Drell-Yan

L
“p
moving towards
the screen

TMDs in SIDIS at COMPASS

Sivers effect in Drell-Yan
drawn in the same manner.
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Transverse-spin asymmetries: Universality of TMDs

0

o |

~ =~ Moving towards
the screen

~

Sivers effect in SIDIS
[M. Burkardt, Nucl. Phys. A735 (2004)].

COMPASS 2007 + 2010 data

_mim PN

Very close Q? range to COMPASS
Drell-Yan, the same apparatus.

Jan Matousek (Charles University)

A change of sign
predicted for Sivers and
Boer—Mulders TMD
PDFs due to gauge link

structure:
lgq _ Lqg
fir |SIDIS = —fir |DY
Laq _ Laq
hy |sm1s =—h |DY

[J. Collins, Phys.Lett. B536

ks
Charles
University

ryv
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Sivers effect in Drell-Yan
- drawn in the same manner.
3" » COMPASS Drell-Yan
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Data favour the change.
[Compass, Phys. Rev. Lett. 133
(2024) 7, 071902]

TMDs in SIDIS at COMPASS

Weighted asymmetry approach:
M. Niemiec, Wed. 18:23 (poster)
[Indico].
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e COMPASS entered analysis phase, but still very active.

Plenty of results to come!

Recent results in semi-inclusive DIS:
o Multiplicities of hi, ni, K* on Ho with new RC [Cowmpass, Phys. Rev. D 112 (2025) 1, 012002]
s Sivers and Collins asymmetries on A" [Compass, Phys. Rev. Lett. 133 (2024) 10, 101903],
o Ongoing work in semi-inclusive DIS:
o Unpolarised asymmetries on Ho with new RC [V.Benesova, PoS DIS2024 (2025), 223]
s Pp-dependent distributions on Hy with new RC.
o Transversity-induced dihadron asymmetry [A. Asatryan, PoS DIS2024 (2025), 236]
o Other transverse spin asymmetries on d.
o Multi-dimensional analyses of dT data...
o Other selected highlights:
o Strange meson spectroscopy [Compass, arXiv: 2504.09470 [hep-ex] (4/2025)].
o Drell-Yan weighted asymmetries [M. Niemiec, Wed. 18:23 (poster)].
o Drell-Yan multi-D cross-section [V. Andrieux, DIS2024, Grenoble, France, 4/2024].

o Hard exclusive 7t° muoproduction [Compass, arXiv: 2412.19923 [hep-ex] (12/2024)]

Jan Matousek (Charles University) TMDs in SIDIS at COMPASS 7.7.2025, EPS-HEP, Marseille 22 / 22



. xds
Conclusion Charles

University

e COMPASS entered analysis phase, but still very active.

Plenty of results to come!

Recent results in semi-inclusive DIS:
o Multiplicities of hi, ni, K* on Ho with new RC [Cowmpass, Phys. Rev. D 112 (2025) 1, 012002]
s Sivers and Collins asymmetries on A" [Compass, Phys. Rev. Lett. 133 (2024) 10, 101903],
o Ongoing work in semi-inclusive DIS:
e Unpolarised asymmetries on Hy with new RC [V. Benesovd, PoS DIS2024 (2025), 223]
s Prp-dependent distributions on Hs with new RC.
o Transversity-induced dihadron asymmetry [A. Asatryan, PoS DIS2024 (2025), 236]
o Other transverse spin asymmetries on d.
o Multi-dimensional analyses of dT data...
o Other selected highlights:
o Strange meson spectroscopy [Compass, arXiv: 2504.09470 [hep-ex] (4/2025)].
o Drell-Yan weighted asymmetries [M. Niemiec, Wed. 18:23 (poster)].
o Drell-Yan multi-D cross-section [V. Andrieux, DIS2024, Grenoble, France, 4/2024].

o Hard exclusive 7t° muoproduction [Compass, arXiv: 2412.19923 [hep-ex] (12/2024)]

Thank you for your attention!
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Backup:

Background from diffractive vector mesons Charles

ks

University

Significant contributors: p — 7w~ and ¢ — KTK~
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Jan Matousek (Charles University)
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[Compass, Nucl.Phys.B 956 (2020) 115039]

e Strong z-, z- and Pp-dependence.

o Up to 50% of observed h* at low x, low Pp and high z
— Important for multiplicities, cross sections.

o Strong azimuthal modulations for decay products
— Important for (unpolarised) asymmetries too!
o Visible decays (both h reconstructed):
— can be rejected in event selection.

o Non-visible decays (only one reconstructed):
— can be simulated and subtracted by HEPGEN MC

[A.Sandacz, P. Sznajder, arXiv:1207.0333]

TMDs in SIDIS at COMPASS 7.7.2025, EPS-HEP, Marseille 23 / 22



xts
Backup: Background from diffractive vector mesons Charles
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Visible and non-visible contamination in bins of Modulations can be reasonably reproduced by
1D asymmetries. HEPGEN MC.

[V. Benesovd, PoS DIS2024 (2025), 223]
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Backup: QED radiative corrections Charles

University

TMD interpretation defined at tree level
— QED radiative effects need to be accounted for:

o radiation of photons along the £, ¢/ and v*,
— changes in z, Q2, tail from elastic scattering,
— orientation of y—nucleon system distorted.

o Our approach before 2024: Example of a real photon emission.

o Only ‘inclusive corrections’,
s based on TERAD
[A.A. Akhundov et al., Fortschr. Phys. 44 (1996) 373]
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Backup: QED radiative corrections

TMD interpretation defined at tree level
— QED radiative effects need to be accounted for:

o radiation of photons along the £, ¢/ and v*,
— changes in z, Q2, tail from elastic scattering,
— orientation of y—nucleon system distorted.

o Our approach before 2024:

o Only ‘inclusive corrections’,
s based on TERAD
[A.A. Akhundov et al., Fortschr. Phys. 44 (1996) 373]

New approach based on DJANGOH (DJANGO6) MC:

® [K.Charchula, G.A. Schuler, H. Spiesberger,
Comput. Phys. Commun. 81 (1994) 381-402]

o Updated recently
[E.C. Aschenauer et al., Phys.Rev.D88 (2013) 114025

e Hadron phase space, z-, Pp- and ¢p-dependences
taken into account

Jan Matousek (Charles University)
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University

Example of a real photon emission.
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from radiative vy in CoMPASS data.

TMDs in SIDIS at COMPASS
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Backup: Collinear hadron multiplicities chates

University

o The multiplicities are corrected for acceptance, diffractive VMs and for radiative effects.

dM"(@,y,2) _ dMP, (@,y,2) Cyu(a ,y,zmcu,y 2) _ Fyy(e,y,2)

dz dz a(z,y, z Fa(z,y)
RC = MP orp _ Nh rad.OFF Nh rad.ON
MM NDIS ND
rad.ON events,rad.OFF b, ad.ON

e Sensitive to fragmentation functions
Dé"(z7 Q@?), including ¢q/q and flavour

separation. Q[ 0.02<x<0.03,0.2<y<0.3
. . [ RC from DJANGOH-MC
o Previous results — TERAD corrections: 115~ ° om
o No explicit z-dependence [ o RCasin PLB 767 (2017) 133
® [Phys. Lett. B 764 (2017) 001] (AT, 7tT). 110: * RCasinPLB 764(2017)0.01
© [Phys. Lett. B 767 (2017) 133] (Ki), T PR
[ .
o New RC from DJANGOH: r o« o o
o Rise in z (DIS events shifted to higher 105 6 06 00 00 0 0 o0 o
y by radiative effects have fewer high-z r
hadrons). I S
o New paper: [Compass, Phys. Rev. D 112 : 1 ! ! 1
0.2 04 0.6 0.8

(2025) 1, 012002]
o Diference up to 15% in certain bins. Example: comparison of the old and new RC for
o Publication of the new corrections for the 7" in a given bin in z and y.

old d results is foreseen.
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Backup: Collinear hadron multiplicities chates

University

o The multiplicities are corrected for acceptance, diffractive VMs and for radiative effects.

dM"(z,y, 2) eraw( , Y, 2) Cvm (z ,y,Z)RC(any 2) _ Fou(zy,2)

dz dz a(z,y, z Fo(z,y)
RC = MP orp _ Nh rad.OFF / Nh rad.ON
- - DI
Ml on NES o rad.0rr ! N onts rad.ON

e Sensitive to fragmentation functions
Dé"(z7 Q@?), including ¢q/q and flavour

separation.
o Previous results — TERAD corrections: S b o proton data, present RC
o No explicit z-dependence. t F ©  proton data, previous RC
+ + g r i lar data, previous RC
® [Phys. Lett. B 764 (2017) 001] (h™, 7t™). SR e isoscalar data, pi
© [Phys. Lett. B 767 (2017) 133] (Ki), T
o New RC from DJANGOH: 073_ R ..
o Rise in z (DIS events shifted to higher r ’
y by radiative effects have fewer high-z L # i {
hadrons). 061
o New paper: [Compass, Phys. Rev.D 112 F _
(2025) 1, 012002] 0.5 L
102 107
e Diference up to 15% in certain bins. x
o Publication of the new corrections for the Comparison of COMPASS pion multiplicities.

old d results is foreseen.
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Backup: Collinear hadron multiplicities chates
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o The multiplicities are corrected for acceptance, diffractive VMs and for radiative effects.

dM"(z,y, 2) eraw( , Y, 2) Cvm (z ,y,Z)RC(any 2) _ Fou(zy,2)

dz dz a(z,y, z Fo(z,y)
RC = MP orp _ Nh rad.OFF / Nh rad.ON
- - DI
Ml on NES o rad.0rr ! N onts rad.ON

e Sensitive to fragmentation functions
Dé"(z7 Q@?), including ¢q/q and flavour
separation.

o Previous results — TERAD corrections:
o No explicit z-dependence.
® [Phys. Lett. B 764 (2017) 001] (hi,ni).
© [Phys. Lett. B 767 (2017) 133] (Ki), 0'15-_ f ? + ‘ + " #
New RC from DJANGOH: r i

o Rise in z (DIS events shifted to higher
y by radiative effects have fewer high-z
hadrons). 01
o New paper: [Compass, Phys. Rev. D 112 3 —
(2025) 1, 012002]
10 107
e Diference up to 15% in certain bins. X

L ©  proton data, present RC

® isoscalar data, previous RC

VAN A

o Publication of the new corrections for the Comparison of ComPAss kaon multiplicities.
old d results is foreseen.
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Backup: Unpolarised and beam-spin asymmetries Charles

University

Results from isoscalar target (2004 data): [Compass, Nucl.Phys.B 886 (2014)]
Corrections for diffractive vector mesons: [Coumrass, Nucl.Phys.B 956 (2020)]

New preliminary results on Ha target (2016 data): [v.Benesovd, PoS DIS2024 (2025), 223]
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¥ f ety §
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1072 100 02 04 06 05 1 102 10! 02 04 06 05 1
x z Py (GeVie) x z Py (GeVic)
Impact of DVM rejection and subtraction. Impact of DJANGOH radiative corrections.

Ongoing work, 1D and multi-D results in preparation for publication.
Feasibility studies for m° reconstruction and % /K= identification with RICH.
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Backup: Unpolarised and beam-spin asymmetries Charles
University
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[COMPASS, Nucl.Phys.B886 (2014) 1046-1077],
fitted [V.Barone et al., Phys.Rev.D91 (2015) 074019].
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Backup: Unpolarised and beam-spin asymmetries Charles
University
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Beam-spin asymmetry at HERMES and COMPASS.

Beam-spin asymmetry at HERMES and CLAS.

[HERMES, Phys.Lett.B 797 (2019) 134886]
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Backup: What else with 2022 data? Crones
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Other transverse spin asymmetries Multi-dimensional studies
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A;i;(dm—(bs) _ Unpolarised measurements, J/1 production...



