COMPASS Drell-Yan programme: recent results

Jan Matousek
on behalf of the COMPASS collaboration

CERN, Geneva, Switzerland,

Faculty of Mathematics and Physics
Charles University, Prague, Czechia

International Workshop on Hadron Structure and Spectroscopy 2022
30. 8. 2022, CERN

CHARLES UNIVERSITY CERN
Faculty of mathematics \
and physics 7/

Jan Matousek (Charles University) COMPASS Drell-Yan programme 30. 8. 2022, IWHSS 1/31



COMPASS

Oilinal ™= ¢ == @ Collaboration: 24 institutes, 13 countries.

It is located at M2 beamline of CERN’s SPS Talks:
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Drell-Yan setup (2015 and 2018).
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Drell-Yan programme
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Drell-Yan setup (2015 and 2018).

(D He-3precooler  © 80 K Thermal radiation shields 3 ~

@) Microwave cavity 7 4.2 K Thermal radiation shields o Data ta‘klng 2015 + 2018 (~ 2 x 200 days).
3 Target cells Dilution refrigerator _

(@) Target holder 9) He-4 gas-liquid separator e 190 GeV 7t~ beam.

(®) Magnets @9 Ppulse tube cryocooler o COMPASS spectrometer.
o Muon identification.
e Di-muon triggers: LAST-LAST: lower zr,
LAST-Outer: higher zp.
o Transversely polarised NH3 target (p').

1 e Super-conducting 2.5 T solenoid, 0.6 T dipole.
o MW system for dynamic nuclear polarisation.
o Dilution refrigerator — 70 mK (‘frozen spin’).

o Al target and W target (‘beam plug’).
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Polarised target Hadron absorber
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TMDs

8 leading twist TMD PDFs, 5 of them are relevant for 7~ p! Drell-Yan reaction.
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Parent hadron polarization
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Parton polarisation:
L/C - longitudinal (quarks) or circular (gluons)
T/L — transverse (quarks) or linear (gluons)
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Drell-Yan process in pion—nucleon scattering

U Cross-section with transversely polarised target:
>~ do 1 2 1 2
X Ex(ﬂ,JrEJ)(lJrAUcos 9(5)
[ 1+ D-w:q ; A cos 2 + D[*“if’ﬂ J AP0 cos g
N A sin g
Drell-Yan process at LO. )
A Sin (g — )
Y * +D[-‘-”:” 5] sin(pes +05) s
S + 5; + Ay sm(gacs +(pS)
. XTE Asn(20cs—0s) sin(Z(/J -9 )
,,,,,,, — T cs 5
P > T +Drg] sin(2gcs +o5)
L q_ZIyp t + Ap sm(Z(pCS + @ )
D, :f([)(.s)/(l+A;,COSZ ch)
Cross-section with unpolarised target:
do 3 1 + Mcos? Ocs

— = ——— |1 4 wusin26cos pcs
A Am A +1 + 5 sin? 6 cos 2¢cs

A= AIlJ, pn= A%OS “CS and v = QABOS 2ecs
Collins—Soper frame.
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JAb production in pion—nucleon scattering
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J/p production in 7tp. The parton level sub-processes®

@ q annihilation: access to quark TMD PDFs.
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[Anselmino et al.. Phys.Lett.B770 (2017)]

o A large Sivers asymmetry at COMPASS was predicted, assuming only qqg.

o gg fusion: access to gluon TMD PDFs.

o For example, to the d-type Sivers function of gluons.

o Suggested dominant at COMPASS [Chang et al., Phys.Rev.D102 (2020)]

o 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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https://inspirehep.net/literature/1473351
https://inspirehep.net/literature/1800936

Drell-Yan vs. SIDIS

>
—— X
'
SIDIS on transversely polarised nucleons Drell-Yan on transversely polarised nucleons
o Structure functions F: @ Structure functions F':
F =PDFyp, @ FF, . F=PDFqp @ PDF, .
o In particular: o In particular:
s s 2 . s
o Fup ™ and Fip “7" linked to Ay, o FP0S = hi L @ hi,
o Fypa * = fiy , ® Di. © Fp"%S = f1x ® fif p
R F[sj;;(wh-#«ps) = hip ®H1J_7 o F;m(QWCS*‘PS) _ hiw ® hi p.
T sin
R FS‘;( Ph—es) _ hf'T,p ® Hi o Fi (2ecstes) _ htw ® th,p
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http://arxiv.org/abs/hep-ph/0302144
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Drell-Yan vs. SIDIS

SIDIS on transversely polarised nucleons
e Structure functions F:
F =PDF,, ® FFy_.
o In particular:
o FEU¥R and FCo 20 linked to hi,,
° FS‘;%}] s) = flT,p ® Ds.
° F;i;(sah+<ps) =hip® HE,
° Ftsji;(whiws) 1Tp®Hl

A sign change predicted
for Sivers and
Boer—Mulders functions:

Drell-Yan on transversely polarised nucleons
@ Structure functions F':
F=PDFq,® PDFq’ﬂ_.
o In particular:
cos 2¢
e FU cs @ hl b

° F;m #S = fl,ﬂ' ® flT,p7
F;m(&/’CSﬂps) _ hL ®h1p

sin(2ecgteg) _
o Fip < ® th P

f q | = q |
oyl 1T |SIDIS 1T IDY .
/pT n Zpl
~ moving towards = —h;? moving towards
Y the :crlan | SIDIS i | DY the screen
. . J. Collins, Phys.Lett. B536 . .
Sivers effect in SIDIS [ Sivers effect in Drell-Yan
(2002) 43] a .
rawn in the same manner.

(as described by [M. Burkardt,

Nucl.Phys. A735 (2004) 185].
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SIDIS results in DY range

COMPASS SIDIS (2007 + 2010)
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COMPASS 2015 data
T+HNH W+ +X

QNGeV/cy
3

d*N/dx\dQ? (rescaled)

Q? 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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http://arxiv.org/abs/1609.07374

Drell-Yan data analysis

counts / (0.04 GeV/c?)

—— COMPASS 2015 NH, data
Comb. background
------- Ay (MC)
ey (MO)
Open-charm (MC)
- Drell-Yan (MC)
Total MC + Comb. background

WMI

Low mass

J/Ab mass

High mass
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4 6 8 10
M, (GeV/c?)

1< My /(GeV/c?) < 2.5
Large background
(combinatorial, open charm)
2.5 < Muu/(GeV/c?) < 4.3
Dominated by charmonia.
2.85 < Myuu/(GeV/c?) < 3.4
— 92% pure J/Ap production.
4.3 < Myuyu/(GeV/c?) < 8.5
96% pure Drell-Yan.

Low cross-section.

COMPASS Drell-Yan programme

) COMPASS 2015 data
>0k T+ NH S+ +Y
o -

9 -

=
S - 43<M <85

2.5My, <43

o Re-analysis of 2015 and 2018 data:

o High mass Drell-Yan: spring 2022,
o J/p range: summer 2022.

e Final results for TSAs.

30. 8. 2022, IWHSS
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Transverse spin asymmetries measurement

o Acceptance in polarisation-dependent azimuthal
1 angles is cancelled in combinations of target cells

e and data taking periods.
2 o Not all nuclei in the target are polarised
Data taken with 2 cells simultaneously, o Dilution O_f thg signal by fPN“ .
polarisation reversed every few days. e Pp: polarisation of the polarisable nuclei in NHg

(measured by NMR)

(Pp)201542018 = 0.72.

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

o Event migration between cells
due to finite Zyertex resolution — modelled in MC.
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Transverse spin asymmetries

1

—
beam
2

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

)
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Measurements of X in J/\p production
at different /s.
The closest to COMPASS is NA3
(200 GeV/c =~ on Pt and H).
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measurement

COMPASS Drell-Yan programme

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

o Not all nuclei in the target are polarised

o Dilution of the signal by fPn.
e Pp: polarisation of the polarisable nuclei in NHg
(measured by NMR)

(Pp)201542018 = 0.72.

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

o Event migration between cells
due to finite Zyertex resolution — modelled in MC.

f(0cs)

1-‘-,4%J cos2 Ocg
— requires the knowledge of AL, = \. We assume:
Drell-Yan: \ = 1.

Jp: A=0.

o Unbinned maximum likelihood fit of all the

modulations in 2 cells and 2 sub-periods.

e Depolarization factor Df(g.g)] =

30. 8. 2022, IWHSS 10 /31



High mass Drell-Yan region: Kinematic coverage

: COMPASS 2018 NH, data (preliminary)
0.8F 43 <M, /(GeV/c?) <85
061
041
02f
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0 0.2 0.4 0.6 0.8

(xr) = 0.5,

Valence region (ut annihilation).

(Myuy) = 5.3 GeV/c2.

gt > 0.4 GeV/c required.

(gT) = 1.17 GeV/e.

(xn) = 0.17.

d’N/dx dx (rescaled)
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High mass Drell-Yan region: Kinematic coverage

N COMPASS Drell-Yan |« 2015 data 43 < M_J(GeVic?) <8,
N7 0.3} NH, data preliminary }o2018 data
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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

in(2 .
Aflin( pcstes) o~ hii ® h%’l‘z,p (Boer—Mulders ® pretzelosity)
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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 5% is not shown (dilution factor, X, polarization).
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https://inspirehep.net/literature/1798496

High mass Drell-Yan region: TSA results

in(2 - . .
A?Iin( pos=es) htqn ®hi, (Boer—Mulders function ® transversity)
COMPASS | w+NH,»u + X 4.3<M,, /(GeV/c?)<8.5
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) S F L ik e
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T 02f l { * )

107 107 110" 10 0.5 1 2 34 6 8

Xy X, Xp q, (GeVle) M, (GeV/c?)

Negative (about 1.50 significance), kinematic dependence not really significant.
The error bars are statistical, the color bands show systematic uncertainty.
An additional scale uncertainty of 5% is not shown (dilution factor, A, polarization).
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[Bastami et al., JHEP 02 (2021) 166]
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High mass Drell-Yan region: TSA results

Asm es  fd ® f1T " (number density ® Sivers function)

COMPASS [ +NH 10+ X 43<M,, /(GeV/c?)<8.5
preliminary | 2015+2018 data

E L { R R
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mv:l— 0 } * * * *
-0.2F
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102 10" 1 10|’l 1 6 0'5 1 2 3 4 6 s
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Positive (1o significance), kinematic dependence not really significant.
The error bars are statistical, the color bands show systematic uncertainty.
An additional scale uncertainty of 5% is not shown (dilution factor, X, polarization).
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Integrated, compared to predictions. [Phys.Lett.B770 (2017) 138]

Curves: [Bastami et al., JHEP 02 (2021) 166]
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High mass Drell-Yan region: TSA results

Higher-twist
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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, A, polarization).
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High mass Drell-Yan region: Unpolarised asymmetries

Acceptance correction needed:

o Pythia8 event generator.

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

o Beam parameters and 2-dimensional detector

efficiency extracted from the data.

e 2018 data only (better trigger description).

x10°

polarized targel

aluminum oxide

conerete

Target region with the hadron absorber
in TGeant. [Courtesy of T. Szameitat]
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Data—MC comparison for W target and two trigger systems (note the different zp coverage).
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High mass Drell-Yan region: Unpolarised asymmetries

T T T T T —
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o NA10, ™ 194 GeV/c, W 051 o NA10, ™ 194 GeV/c, W N o NAI10, ™ 194 GeV/c, W 1
o E615, 252 GeV/c, W 1 o E615, 252 GeV/c, W [ 7 1 o E615, m~ 252 GeV/c, W _
— DYNNLO : — DYNNLO - 1 — DYNNLO 4
2~ - b3 d
] ¢ i s ]
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WL b L 1 1 1 ; t g il ]
S , ] od gy g8 S
] ] o gro
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o 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 < My, /(GeV/c?) < 8.5 due to worse mass resolution in W.

Unpolarised asymmetries in line with previous N experiments.

e 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/Ab mass region: Kinematic coverage
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Lower zx and z with respect
to high mass Drell-Yan.

gT > 0.4 GeV/c required.
(gT) = 1.05 GeV/e.
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JAb mass region: Kinematic coverage

[COMPASS preliminary} 5t + NH;>u +0+X 2.85<M,,/(GeV/c?)<3.4]
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Dilution factor based on cross sections kindly provided by R. Vogt (ICEM model)
and M. Nefedov (NRQCD framework). Event mixing effects are included.
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Estimate of the feed-down from heavier charmonia obtained in the framework of parton
Reggeization approach. The asymmetries are not corrected for the feed-down.
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JAb 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/Ab 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, X, polarization).
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J/Ab 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, X, polarization).
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J/Ab mass region: TSA results
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(number density ® Sivers function, assuming ¢q)
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Compatible with zero, no significant kinematic dependence visible.

The error bars are statistical, the
An additional scale uncertainty of 12%

AMa)

Prediction assuming ¢g and no
feed-down [Anselmino et al..
Phys.Lett.B770 (2017)]

Jan Matousek (Charles University)
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color bands show systematic uncertainty.
is not shown (dilution factor, X, polarization).
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J/Ab mass region: Double JAp cross section
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o Production of two quarkonia in COMPASS kinematics:
o single-parton scattering (SPS): ¢g (2/3) or gg (1/3) in pQCD.
o Intrinsic charm (IC) hypothesis [Vogt, Brodsky, Phys.Lett.B 349 (1995)].
e Previous fixed-target measurement by NA3 (no acceptance correction)
[NA3, Phys.Lett.B 114 (1982)] [NA3, Phys.Lett.B 158 (1985)]
o COMPASS 2015 + 2018 data, NHz + Al + W target
o NHja: 28 events, expected background 3 events,
[og
%//u‘)" = (1.02 + 0.225¢at & 0.27syst) X 1074,
o Result in line with SPS expectation,
® 23 distribution fitted to the sum of SPS and IC. Little room left for the IC.
o Paper submitted: [cOMPASS, CERN-EP-2022-073]
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Conclusions

Transverse spin asymmetries
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o Final results for 2015 + 2018 data.
e J/P and high-mass Drell-Yan ranges.
o Drell-Yan: Sivers — favours the sign change, O siooiios
. — LFCQM
transversity — 1.50 from zero. sm
. | --- Torino
e JAp production: New results! -0l
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Conclusions

:<|\ . COMPA‘S n 19069//‘& W, prelimis ay‘
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Unpolarised asymmetries T L cmsmaenw J[
o Preliminary results for W target, analysis ongoing for NHs. b i i é T} : 1
o Results in line with previous /N experiments. of; Is b

o They suggest Lam—Tung rule violation. afb 1

2 ]
qT(GeV/c)

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

Double J/Ap cross section
e Final results, intrinsic charm disfavoured. [comPASS, CERN-EP-2022-073]

Ongoing work and plans
o TSAs weighted by qr: interpretable without a kr-ansatz for the TMDs.
@ Drell-Yan cross section on nuclear targets — almost finished.
e Unpolarised asymmetries: Drell-Yan on NHs, JAp.
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Conclusions

IWHSS-2022

o COMPASS Drell-Yan data analysis is gradually concluding.
o The unique data lead to several interesting results recently.
o More results are expected soon.

Thank you for your attention!
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Backup: Ax asymmetries
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Comparison of Ax and Sivers asymmetry in the high-mass Drell-Yan range.
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Comparison of Ay and Sivers asymmetry in the J/ip mass range.

o 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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Dilution factor corrected for event mixing and its dependence on kinematic variables.
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Depolarisation factors. We assume \ = 1.
The impact of A < 1 is shown (top: comparison, bottom: ratio to the A = 1 case).

Jan Matousek (Charles University) COMPASS Drell-Yan programme 30. 8. 2022, IWHSS

31/31



	COMPASS
	Drell–Yan programme
	TMDs
	Drell–Yan process in pion–nucleon scattering
	J/psiproduction in pion–nucleon scattering
	Drell–Yan vs. SIDIS
	SIDIS results in DY range
	Drell–Yan data analysis
	Transverse spin asymmetries measurement
	High mass Drell–Yan region
	Kinematic coverage
	TSA results
	Unpolarised asymmetries

	J/psimass region
	Kinematic coverage
	TSA results
	Double J/psicross section

	Conclusions
	Backup
	A_N asymmetries
	Vertex migration
	Dilution and depolarisation factors for Drell–Yan


