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COMPASS

LHC
COMPASS

SPS

CERN Meyrin site

CERN Prevessin site

It is located at M2 beamline of CERN’s SPS.

Collaboration: 24 institutes, 13 countries.

SIDIS with 160 GeV (200 GeV) µ+ beam and
longitudinally/transversely-polarised
proton (NH3) or deuteron (6LiD) target
Talks: G.Mallot, F. Bradamante, A.Bressan.

Hadron spectroscopy with hadron beams and
nuclear targets. Talks: S. Paul, D. Ecker.

Drell–Yan with 190 GeV π− beam and
p↑ (NH3), Al, W targets. This talk, A.Khatun.

Hard exclusive processes and SIDIS with
160 GeV/c µ± beam and liquid H2 target.
Talks: N. d’Hose, M.Pešková, A.Moretti.
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Drell–Yan programme
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He-3 precooler

Microwave cavity

Target cells

Target holder

Magnets

80 K Thermal radiation shields

4.2 K Thermal radiation shields

Dilution refrigerator

Polarised target

Data taking 2015 + 2018 (≈ 2× 200 days).

190 GeV π− beam.

COMPASS spectrometer.
Muon identification.
Di-muon triggers: LAST–LAST: lower xF,

LAST–Outer: higher xF.

Transversely polarised NH3 target (p↑).
Super-conducting 2.5 T solenoid, 0.6 T dipole.
MW system for dynamic nuclear polarisation.
Dilution refrigerator → 70 mK (‘frozen spin’).

Al target and W target (‘beam plug’).

Hadron absorber.
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TMDs

Parent hadron polarization
Unpolarised Longitudinal Transverse

P
a
rt
o
n

p
o
la
ri
sa

ti
o
n

U

k kTkT

f1(x, k
2
T) f⊥

1T(x, k2
T)

(number density) (Sivers)

L/C

k kTkT

g1(x, k
2
T) g1T(x, k2

T)
(helicity) (Kotzinian–Mulders)

T/L

kT

kT kT

h1(x, k
2
T)

(transversity)

h⊥
1 (x, k2

T) h⊥
1L(x, k2

T)

kT

kT

(Boer–Mulders) (worm-gear) h⊥
1T(x, k2

T)
(pretzelosity)

Parton polarisation:
L/C – longitudinal (quarks) or circular (gluons)
T/L – transverse (quarks) or linear (gluons)

8 leading twist TMD PDFs, 5 of them are relevant for π−p↑ Drell–Yan reaction.
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Drell–Yan process in pion–nucleon scattering
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Drell–Yan process at LO.
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Cross-section with transversely polarised target:

Cross-section with unpolarised target:
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J/ψ production in pion–nucleon scattering
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J/ψ production in πp. The parton level sub-processes1
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[Anselmino et al.. Phys.Lett.B770 (2017)]

qq̄ annihilation: access to quark TMD PDFs.
A large Sivers asymmetry at COMPASS was predicted, assuming only qq̄.

gg fusion: access to gluon TMD PDFs.

For example, to the d-type Sivers function of gluons.
Suggested dominant at COMPASS [Chang et al., Phys.Rev.D102 (2020)]

Feed-down: dilution of the information on nucleon structure.

1Diagrams: courtesy of Pietro Faccioli. The rainbow area = soft interactions (CEM/COM). The cloud =
several perturbative contributions.
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Drell–Yan vs. SIDIS

SIDIS on transversely polarised nucleons
Structure functions F :
F = PDFq,p ⊗ FFq→h.

In particular:

F
cosφh
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Drell–Yan on transversely polarised nucleons
Structure functions F :
F = PDFq,p ⊗ PDFq̄,π− .

In particular:

F
cos 2φCS
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Sivers effect in SIDIS
(as described by [M. Burkardt,

Nucl.Phys. A735 (2004) 185].

A sign change predicted
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[J. Collins, Phys.Lett. B536

(2002) 43]

γ *

u d
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u
moving towards
the screen

Sivers effect in Drell–Yan
drawn in the same manner.
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SIDIS results in DY range

COMPASS SIDIS (2007 + 2010)

μ++ NH3 → μ+ + h± + X
COMPASS 2007 + 2010 data
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Q2 range corresponding to the Drell–Yan
measurement in COMPASS SIDIS data.

TSAs extracted at this hard scale
→ minimizing evolution effects.

Clear signal for Sivers and transversity.

[Phys.Lett.B770 (2017) 138]
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Drell–Yan data analysis
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Low mass 1 < Mµµ/(GeV/c2) < 2.5
Large background
(combinatorial, open charm)

J/ψ mass 2.5 < Mµµ/(GeV/c2) < 4.3
Dominated by charmonia.
2.85 < Mµµ/(GeV/c2) < 3.4
→ 92% pure J/ψ production.

High mass 4.3 < Mµµ/(GeV/c2) < 8.5
96% pure Drell–Yan.
Low cross-section.
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Re-analysis of 2015 and 2018 data:
High mass Drell–Yan: spring 2022,
J/ψ range: summer 2022.

Final results for TSAs.

Jan Matoušek (Charles University) COMPASS Drell–Yan programme 30. 8. 2022, IWHSS 9 / 31

25 years
1997–2022

COMPASS



Transverse spin asymmetries measurement

beam

1

2

Data taken with 2 cells simultaneously,
polarisation reversed every few days.

E866 38.8 GeV p-Cu
E444 20.6 GeV π±-C/Cu/W 
NA3 22.9 GeV p-H2

NA3 22.9 GeV p-Pt
Hera-B 41.6 GeV p-C/Ti/W

λθ

Measurements of λ in J/ψ production
at different

√
s.

The closest to COMPASS is NA3
(200 GeV/c π− on Pt and H).

Acceptance in polarisation-dependent azimuthal
angles is cancelled in combinations of target cells
and data taking periods.

Not all nuclei in the target are polarised
Dilution of the signal by fPN .
PN : polarisation of the polarisable nuclei in NH3

(measured by NMR)

⟨Pp⟩2015+2018 = 0.72.

f : dilution factor – fraction of the cross-sections
on polarisable nuclei.
→ depends on the process and kinematic range.
→ requires a calculation.

Event migration between cells
due to finite Zvertex resolution – modelled in MC.

Depolarization factor D[f(θCS)]
=

f(θCS)

1+A1
U cos2 θCS

→ requires the knowledge of A1
U = λ. We assume:

Drell–Yan: λ = 1.
J/ψ: λ = 0.

Unbinned maximum likelihood fit of all the
modulations in 2 cells and 2 sub-periods.
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High mass Drell–Yan region: Kinematic coverage
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High mass Drell–Yan region: Kinematic coverage
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Correlations between mean values of the kinematic variables.
2015 and 2018 data cover the same phase space.
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High mass Drell–Yan region: TSA results

A
sin(2φCS+φS)
T ∝ h⊥q

1,π ⊗ h⊥q
1T,p (Boer–Mulders ⊗ pretzelosity)

Nx
2−10 1−10 1

) S
φ
+

C
S

φ
si

n(
2

T
A 0.2−

0

0.2

COMPASS
preliminary

πx
1−10 1

) S
φ
+

C
S

φ
si

n(
2

T
A

0.2−

0

0.2

3
→μ +μ +X+

3NH+−π −

2015+2018 data

Fx
0 0.5

) S
φ
+

C
S

φ
si

n(
2

T
A

0.2−

0

0.2

)<8.52c/(GeV/μμM4.3<

)c(GeV/
T
q

1 2 3

) S
φ
+

C
S

φ
si

n(
2

T
A

0.2−

0

0.2

)2c(GeV/μμM
4 6 8

) S
φ
+

C
S

φ
si

n(
2

T
A

0.2−

0

0.2

Compatible with zero, no significant kinematic dependence visible.
The error bars are statistical, the color bands show systematic uncertainty.
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Integrated, compared to predictions.
Curves: [Bastami et al., JHEP02 (2021) 166]
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High mass Drell–Yan region: TSA results

A
sin(2φCS−φS)
T ∝ h⊥q

1,π ⊗ hq
1,p (Boer–Mulders function ⊗ transversity)
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The error bars are statistical, the color bands show systematic uncertainty.

An additional scale uncertainty of 5% is not shown (dilution factor, λ, polarization).
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Jan Matoušek (Charles University) COMPASS Drell–Yan programme 30. 8. 2022, IWHSS 14 / 31

25 years
1997–2022

COMPASS

https://inspirehep.net/literature/1798496


High mass Drell–Yan region: TSA results
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T ∝ fq

1,π ⊗ f⊥q
1T,p (number density ⊗ Sivers function)
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The error bars are statistical, the color bands show systematic uncertainty.

An additional scale uncertainty of 5% is not shown (dilution factor, λ, polarization).
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[Phys.Lett.B770 (2017) 138]
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High mass Drell–Yan region: TSA results
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Both compatible with zero, no significant kinematic dependence visible.
The error bars are statistical, the color bands show systematic uncertainty.

An additional scale uncertainty of 5% is not shown (dilution factor, λ, polarization).
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High mass Drell–Yan region: Unpolarised asymmetries

Acceptance correction needed:

Pythia 8 event generator.

Geant 4-based model of the spectrometer (TGeant).

Beam parameters and 2-dimensional detector
efficiency extracted from the data.

2018 data only (better trigger description).

Target region with the hadron absorber
in TGeant. [Courtesy of T. Szameitat]
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High mass Drell–Yan region: Unpolarised asymmetries
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Preliminary result from W target, analysis of NH3 ongoing.

Presented in 2021 [Lian (COMPASS), SciPost Phys.Proc. 8, 028 (2022)].

Only the first 20 cm of W plug selected (to limit the effect of reinteraction).

Restricted mass range 4.7 < Mµµ/(GeV/c2) < 8.5 due to worse mass resolution in W.

Unpolarised asymmetries in line with previous πN experiments.

Comparison with pQCD calculation using DYNNLO [Chang et al., Phys.Rev.D 99 (2019)]

leaves room for possible contribution from the Boer–Mulders function.
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J/ψ mass region: Kinematic coverage
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J/ψ mass region: Kinematic coverage
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Jan Matoušek (Charles University) COMPASS Drell–Yan programme 30. 8. 2022, IWHSS 20 / 31

25 years
1997–2022

COMPASS



J/ψ mass region: Kinematic coverage
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Correlations between mean values of the kinematic variables.
2015 and 2018 data cover the same phase space.
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J/ψ mass region: TSA results
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Compatible with zero, no significant kinematic dependence visible.
The error bars are statistical, the color bands show systematic uncertainty.

An additional scale uncertainty of 12% is not shown (dilution factor, λ, polarization).
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J/ψ mass region: TSA results
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1,π ⊗ hq
1,p (Boer–Mulders function ⊗ transversity, assuming qq̄)
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Compatible with zero, no significant kinematic dependence visible.
The error bars are statistical, the color bands show systematic uncertainty.

An additional scale uncertainty of 12% is not shown (dilution factor, λ, polarization).
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J/ψ mass region: TSA results
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1,π ⊗ f⊥q
1T,p (number density ⊗ Sivers function, assuming qq̄)
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Compatible with zero, no significant kinematic dependence visible.
The error bars are statistical, the color bands show systematic uncertainty.

An additional scale uncertainty of 12% is not shown (dilution factor, λ, polarization).
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[Phys.Lett.B770 (2017) 138]
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J/ψ mass region: Double J/ψ cross section

1.5 2 2.5 3 3.5 4 4.5 5 5.5 6
)2c(GeV/1m

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6)
2

c
(G

e
V

/
2

m

0

5

10

15

20

25

30
counts

0

5

10

15

20

25

30

35

40

(p
b
/n

u
c
le

o
n
)

ψ
2
J/

σ

, 190 GeV/c)−πCOMPASS (

, 150 GeV/c)−πNA3(

, 280 GeV/c)−πNA3 (

PtWAl
3NH

0.4 0.5 0.6 0.7 0.8 0.9 1
ψ|| 2J/x

0

10

20

30

40

50

60

70

80)
n

u
c
le

o
n

p
b

(
ψ

||
 2

J/
d

x
ψ

2
J/

σ
d

Data

SPS+IC+Background

SPS

confidence bandσIC with 1

Background

Production of two quarkonia in COMPASS kinematics:
single-parton scattering (SPS): qq̄ (2/3) or gg (1/3) in pQCD.
Intrinsic charm (IC) hypothesis [Vogt, Brodsky, Phys.Lett.B 349 (1995)].

Previous fixed-target measurement by NA3 (no acceptance correction)
[NA3, Phys.Lett.B 114 (1982)] [NA3, Phys.Lett.B 158 (1985)]

COMPASS 2015 + 2018 data, NH3 + Al + W target

NH3: 28 events, expected background 3 events,
σ2J/ψ

σJ/ψ
= (1.02± 0.22stat ± 0.27syst)× 10−4.

Result in line with SPS expectation,

x∥2J/ψ distribution fitted to the sum of SPS and IC. Little room left for the IC.

Paper submitted: [COMPASS, CERN-EP-2022-073]
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Conclusions

Transverse spin asymmetries
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Final results for 2015 + 2018 data.

J/ψ and high-mass Drell–Yan ranges.

Drell–Yan: Sivers – favours the sign change,
transversity – 1.5σ from zero.

J/ψ production: New results!
All TSAs compatible with zero.
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Conclusions

Unpolarised asymmetries

Preliminary results for W target, analysis ongoing for NH3.

Results in line with previous πN experiments.

They suggest Lam–Tung rule violation.
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J/ψ cross section

Ratio of cross sections on W and Al: New result, presented by A. Khatun tomorrow.

Double J/ψ cross section

Final results, intrinsic charm disfavoured. [COMPASS, CERN-EP-2022-073]

Ongoing work and plans

TSAs weighted by qT: interpretable without a kT-ansatz for the TMDs.

Drell–Yan cross section on nuclear targets – almost finished.

Unpolarised asymmetries: Drell–Yan on NH3, J/ψ.
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Conclusions

COMPASS Drell–Yan data analysis is gradually concluding.

The unique data lead to several interesting results recently.

More results are expected soon.

Thank you for your attention!
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Backup: AN asymmetries
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Comparison of AN and Sivers asymmetry in the high-mass Drell–Yan range.
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A left-right asymmetry, expected to be similar to Sivers asymmetry.
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Backup: Vertex migration
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Backup: Dilution and depolarisation factors for Drell–Yan
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