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(SI)DIS
DF ⊗ FF

electron-
positron 

annihilation

FF ⊗ FF

Drell-Yan 
(DY)

DF ⊗ DF

Probing the partonic structure of hadrons

Assumption: 
factorization applies
Caveat: might break 

down @high-x

Probe 
universality

space-like 
virtual 
photon

time-like 
virtual 
photon

time

time-like 
virtual 
photon

TMDs: Transverse-
Momentum dependent 

PDFs 

GPDs: Generalized 
Parton Distributions
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TMDs in Drell-Yan - the “missing spin program”
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Test fundamental predictions by 
measuring TMDs in Drell Yan.
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Sivers and Boer-Mulders measured in SIDIS
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COMPASS 2010 proton data
<0.032 preliminary xCOMPASS positive pions  
>0.032 preliminary xCOMPASS positive pions  

 PRL 103 (2009)+πHERMES  

<0.032 preliminary xCOMPASS negative pions  
>0.032  preliminaryxCOMPASS negative pions 

 PRL 103 (2009)-πHERMES  

● 
 

○
π+ results clearly 
different from 0

Universality: these naïve time-reversal-odd TMDs are expected to 
have the same magnitude but opposite sign in Drell Yan.

Drell Yan: QCD gluon gauge link (Wilson line) in initial state vs.
SIDIS: final-state interactions. 

PLB 744 (2015) 250 

hermes
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Lam-Tung relation   C.S. Lam and W.K. Tung, PRD 18 (1978) 2447
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(1+cos2θ) “naive DY”+ kT + higher O(αS):

1� � = 2⌫

Collins-Soper frame 
(dilepton rest frame)
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“Naive Drell-Yan” in collinear 
(kT=0) qqbar annihilation:

Angular dependence of the Drell-Yan cross section

Boer-Mulders (BM)
modulation

“no spin”
(spin integrated)

Basic derivation from 
structure-function 

formalism
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Angular dependence of the Drell-Yan cross section
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Why a meson beam?
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�DY / fu|⇡ ⌦ fu|p

target-
proton

beam π-

u

anti-u

DF ⊗ DFDrell-Yan

• Flavor sensitive: meson is specific qqbar compound 
- pi-minus on proton: selectively probes u-quark Sivers distribution of the proton
- no cancellation effects by opposite-sign u- and d-quark Sivers contributions 

• Creation of large-mass di-lepton from valence quarks: large x
Proton-induced DY generates di-lepton 
from sea-quark object with small x.

• Mesons as alternative probe to test meson structure 
and nuclear models (not accessible in DIS)

See also: W.-C. Chang and D. Dutta, arXiv:1306.3971,

(BM)π ⊗ (BM)p

(f1)π ⊗ (Sivers)p

(BM)π ⊗ (Pretzelosity)p

(BM)π ⊗ (Transversity)p

pion proton
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Selected Drell-Yan experiments of the past
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meson-induced Drell-Yan

1979
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CIP
π±

Be/Cu/W
80, 225, 
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p-U
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First 
measurement: 

Observation of Massive 
Muon Pairs in Hadron 

Collisions
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E615
π-W

252 GeV 
pd

FNAL 
E772

1988

Nuclear Dependence of 
Drell-Yan and 

Quarkonium Production 

FNAL 
E789

1991

Search for Two-Body 
Decays of Heavy 
Quark Mesons

FNAL E866 
(NuSea)

1996

pp & pd
800 GeV

Determination of 
anti-d / anti-u Ratio 

of the Proton via 
Drell-Yan

CERN 
NA3

1981

π-p/Pt
150, 200, 
280 GeV

1986

π-C/Cu/W   
200, 280 GeV

CERN 
NA10

CERN 
NA51

First dbar/ubar 
measurement

1994

CERN 
Omega

1980

π±, K±, 
p±

Cu/W
40 GeV

p-p/Be/Cu/Au

pp & pd
450 GeV

time
1985
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NH3 Polarized Target
Hadron Absorber

SM1

Muon Wall 1

Muon Wall 2

SM2

Hodoscopes

COMPASS Drell-Yan runs

9

190 GeV negative hadron beam (π/K/p 97/2/1%)
(from 400 GeV SPS protons onto conversion target)
Beam intensity 2015: 108 particles / sec 

2-stage spectrometer:
“LAS”: 35 mrad < θμ < 180 mrad
“SAS”: 18 mrad < θμ < 35 mrad

~350 tracking planes

- 2008: test run
- 2014: pilot run (unpolarized)
- 2015: main run 
  (transversely polarized NH3 target)

+ 2018 approved by SPS

Large-acceptance 
trigger system for 

the detection of 
multi-muon events

Beam telescope with 
excellent time resolution

NH3 trans.pol target

Hadron absorber

Vertex detector
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1st downstream 
COMPASS 

detector 

Vertex detector
 

+ absorber surrounded 
by 2m of iron-free 

concrete on each side.

steel

alumina

W beam 
plug

Al

to improve resolution of 
- mass & angle of virtual photon 

- vertex position.

to prevent flooding of very upstream 
detectors with charged particles from 

capture of spallation neutrons (⇒ γ ⇒ e+e-). 

6Li absorber 

1. Long. pol.: 
DNP & 2.5T 

solenoid
2. Trans. pol: 
0.6T dipole

Ammonia beads 
immersed into 
liquid helium;  

dilution 
factor=0.22

To minimize multiple scattering of 
muons and to maximize stopping 

power for hadrons.

&Transversely polarized 
NH3 target Hadron absorber
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2 2 2014 UNPOLARIZED DRELL-YAN RUN

the recovered space between target and spectrometer, the new hadron absorber was mounted, together with
concrete shielding structure. The full setup is shown in Fig. 1, except for the 2 beamline CEDARS which were
used for beam particle tagging, set on kaons and antiprotons.

The 2 cells of NH3 material that constitute the polarizable target are cylindrical with 2 cm radius and 55 cm
length each. There is 20 cm space between cells, since the vertex resolution along the beamline is degraded by
the presence of the hadron absorber. In the beamline there are 2 other non-polarizable targets: one aluminum
cylinder 7 cm long is placed 27 cm upstream of the beam plug, inserted deep inside the hadron absorber. The
tungsten beam plug itself acts as a target. Although its total length amounts to 120 cm, primary Drell-Yan
interactions in tungsten come from the 20-40 cm most upstream part only.

Fig. 2: The DY setup in the target and absorber regions.

2.1.1 Hardware upgrades for the Drell-Yan experiment at COMPASS

As it was already said above in order to make a successful Drell-Yan experiment at COMPASS a number of
hardware upgrades has been performed. In more detail they are described in the ”Hardware for Drell-Yan”
Section of this document. Here we would like to bring only the list of upgrades, ordered according to the
corresponding element position along the beam line, which looks as follows:

– upgraded CEDAR’s system, main goal is to improve rate capability and thermal stability;

– Completely refurbished COMPASS Polarised Target Superconducting Magnet, new CERN-standard Mag-
net Control System (MCS) and Magnet Safety System (MSS);

– COMPASS Polarised Target with renewed cryogenic system and newly produced micro-wave cavity de-
signed to host new 2-cells proton-free polarised target holder;

– New scintillating fiber based high-rate-capable Vertex Detector placed in between the COMPASS PT and
the Hadron Absorber (HA) with the goal to improve the di-muon event vetrex resolution, degraded by
the multiple scattering in HA;

– Hadron Absorber with the incorporated tungsten beam plug designed to stop a secondary hadrons flux
over the spectrometer and to absorb non interacted in the PT hadron beam;

– DC05 Large Area Drift Chamber constructed to substitute the poorly performing Straw tube module #2;

– Completely new COMPASS DAQ system both hardware and software wise, designed to improve data
taking stability and trigger rate capability.

2.2 Preliminary analysis of 2014 data

The 2014 DY data taking started on October 6 and lasted until December 15 2014, the period of beam avail-
ability. The first half of the running period was devoted to the commissioning of all parts of the new setup, to
the beam tuning, and to the trigger related studies. The new DAQ system was also used for the first time in
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Existing COMPASS Drell-Yan data

• 2014: unpolarized proton (mass 1), 
          unpolarized aluminum (mass 27), 
          unpolarized tungsten (mass ~183)

• 2015: transversely polarized proton, 
          unpolarized aluminum, 
          unpolarized tungsten  

• Scatter off different targets and record data at the same time.

12

32%

2% 65%

Events with oppositely charged di-muon events (Mμ+μ->4GeV):

W Al NH3

preliminary distributions 
shown today
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2014 data (DY pilot run) - preliminary
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• ~ 2 weeks of stable data taking

• Average beam intensity:  7.3x107 particles /s 
(up to nominal 108/s)

• No target polarization, no (usage of) vertex detector

• Statistics (NH3 Mμ+μ->4GeV): ~7k di-muon events
(~9% of 2015 data); ~200k J/ψ.
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centering 
on target

p(μμ)[GeV]

190

pT(μμ)[GeV]

30 901

mailto:Caroline.Riedl@desy.de
mailto:Caroline.Riedl@desy.de


criedl@illinois.edu - Drell Yan at COMPASS                                             RBRC Transverse Spin workshop, BNL, February 201614

• Unique possibility of measuring SIDIS and 
Drell-Yan observables at the same facility. 

• π- on proton probes valence-quark region 
☛ Sivers function of large magnitude. 
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Di-muon 
kinematics 
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Di-muon 
kinematics 
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Di-muon 
kinematics 
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Di-muon 
kinematics 
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Di-muon 
kinematics 
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COMPASS DY projections (proton)
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↑p-xπ=xFx
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Sivers amplitude: predictions for COMPASS DY
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To arrive at the second expression in Eq. (44), we first apply
the sign change for the Sivers functions between the SIDIS
and the DY processes:

f⊥;qðβÞ
1T;DYðxa; b;QÞ ¼ −f⊥;qðβÞ

1T;SIDISðxa; b;QÞ: (45)

We then use Eq. (23) and Eq. (44) and follow the
experimental convention to choose the pair’s transverse
momentum p⊥ along the x-direction, while the spin vector
s⊥ is along y-direction [10,85] and the transversely
polarized proton is moving in the þz-direction. The single
transverse spin asymmetry for DY production is given by

AN ¼ dΔσ
dQ2dyd2p⊥

=
dσ

dQ2dyd2p⊥
: (46)

It is important to realize that the AN defined above is
opposite to the so-called weighted asymmetry Asinðϕγ−ϕsÞ

N
defined in the literature; see, e.g., Refs. [63,83].
There are several planned experiments to measure

the AN for DY lepton pair production. The COMPASS
Collaboration at CERN will use a 190 GeV π− beam to
scatter on the polarized proton target [21], which corre-
sponds to a CM energy

ffiffiffi
s

p
¼ 18.9 GeV. At Fermilab, one

can use the 120 GeV proton beam in the main injector.
There are two proposals corresponding to either a polarized
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FIG. 11 (color online). Qiu-Sterman function Tq;Fðx; x;QÞ for u, d and s flavors at a scale Q2 ¼ 2.4 GeV2, as extracted by our
simultaneous fit of JLab, HERMES and COMPASS data.
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FIG. 12 (color online). Estimated Sivers asymmetries for DY lepton pair production. Left plot: AN in p↑π− collisions as a function of
xF at COMPASS energy

ffiffiffi
s

p
¼ 18.9 GeV. Middle plot: AN in p↑p collisions is plotted as a function of xF at Fermilab energyffiffiffi

s
p

¼ 15.1 GeV. Right plot: AN in p↑p collisions is plotted as a function of the pair’s rapidity y at RHIC energy
ffiffiffi
s

p
¼ 510 GeV. We

have integrated over the pair’s transverse momentum 0 < p⊥ < 1 GeV in the invariant mass range 4 < Q < 9 GeV.
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QCD evolution of the Sivers asymmetry
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COMPASS polarized 2015 data - a first glance

• 4.5 months of physics data taking, ~ 116 days 

• Transverse target polarization ~80% 

• Beam intensity ~108 particles / second

• ~740 TB of recorded data

• ~80,000 Drell-Yan events with M>4GeV and transversely polarized target

• ⇒ expected statistical uncertainty of the Sivers amplitude δA≈2.8%

18
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Sivers amplitude: projection
From di-muon events with M>4GeV.
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To arrive at the second expression in Eq. (44), we first apply
the sign change for the Sivers functions between the SIDIS
and the DY processes:

f⊥;qðβÞ
1T;DYðxa; b;QÞ ¼ −f⊥;qðβÞ

1T;SIDISðxa; b;QÞ: (45)

We then use Eq. (23) and Eq. (44) and follow the
experimental convention to choose the pair’s transverse
momentum p⊥ along the x-direction, while the spin vector
s⊥ is along y-direction [10,85] and the transversely
polarized proton is moving in the þz-direction. The single
transverse spin asymmetry for DY production is given by
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=
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It is important to realize that the AN defined above is
opposite to the so-called weighted asymmetry Asinðϕγ−ϕsÞ

N
defined in the literature; see, e.g., Refs. [63,83].
There are several planned experiments to measure

the AN for DY lepton pair production. The COMPASS
Collaboration at CERN will use a 190 GeV π− beam to
scatter on the polarized proton target [21], which corre-
sponds to a CM energy
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¼ 18.9 GeV. At Fermilab, one

can use the 120 GeV proton beam in the main injector.
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¼ 18.9 GeV. Middle plot: AN in p↑p collisions is plotted as a function of xF at Fermilab energyffiffiffi

s
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¼ 15.1 GeV. Right plot: AN in p↑p collisions is plotted as a function of the pair’s rapidity y at RHIC energy
ffiffiffi
s

p
¼ 510 GeV. We

have integrated over the pair’s transverse momentum 0 < p⊥ < 1 GeV in the invariant mass range 4 < Q < 9 GeV.

ECHEVARRIA et al. PHYSICAL REVIEW D 89, 074013 (2014)

074013-12

= xp-xπ
(x-Feynman defined with opposite sign!)

(complete references see earlier page)
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What about the unpolarized data?

20

d�

d⌦
/ 1 + � cos

2 ✓ + µ sin(2✓) cos�+

⌫

2

sin

2 ✓ cos(2�)

1� � = 2⌫

Lam-Tung relation

Boer and Mulders 1998: distribution function of the 
unpolarized nucleon with intrinsic kT dependence.
- Describes correlation between 
                quark transverse spin and momentum.
- Induces cos(2Φ) modulation of the DY cross section.
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• Proton-induced Drell-Yan (E866)
- consistent with LT-relation
- no cos(2Φ) dependence
- no pT dependence 

• Pion-induced Drell-Yan (NA10, E615)
- violates LT-relation 
    (independent of nucleus - no nuclear effect)
- large cos(2Φ) dependence
- strong with pT

• Pionic DY probes BM (valence), target=proton
Protonic DY probes BM (sea), target=proton

BM (sea) ≪ BM (valence)

Lam-Tung in proton- and pion-induced DY

21

1� � = 2⌫

see also: P. E. Reimer, arXiv:0704.3621

☛ study of spin-orbit correlations

☛ One candidate to explain LT violation: 
    BM function 
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�

pA

�

pd
⇡ uA(x)

uN(x)

● E866
◦ E772

proton-induced DY

E772: PRL 64 (1990) 2479
E866: PRL 83 (1999) 2304

Modification of quark 
distributions in the 

nuclear medium

EMC effect in Drell Yan
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EMC effect in Drell Yan

23

shadowing

anti-
shadowing

EMC effect in DIS

shadowing

no anti-
shadowing

EMC effect in proton-induced DY

• EMC effect: many models with different 
input physics. DIS data sufficient as probe?

• DY: no excess pions! Traditional meson-exchange model? 

• Contemporary models: large effects for anti-quarks as x increases. 

mailto:Caroline.Riedl@desy.de
mailto:Caroline.Riedl@desy.de


criedl@illinois.edu - Drell Yan at COMPASS                                             RBRC Transverse Spin workshop, BNL, February 2016

Flavor-dependent EMC effect in pion-induced DY

24

Dutta, Peng, Cloet, Gaskell, arXiv:1007.3916

- Flavor-dependent modification of quark distributions in the nuclear medium?
- Distinguish between different nuclear models
- Cloet, Bentz, Thomas (CBT) model: 
isovector mean field in a N≠Z nucleus affects u- and d-quarks differently

flavor-dependent 
EMC effect

flavor-independent 
EMC effect

�

DY (⇡� +A)

�

DY (⇡� +D)
⇡ uA(x)

uD(x)

�

DY (⇡+ +A)

�

DY (⇡� +A)
⇡ dA(x)

4uA(x)
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Summary: Drell-Yan at 

25

Much of the material shown in this talk is courtesy of the COMPASS collaboration. Special thanks to Catarina Quintans (DY convener), 
Michela Chiosso (run coordinator 2015), Marcia Quaresma (2014 analysis), and Oleg Denisov (spokesperson).
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Selected Drell-Yan experiments of  the past

7

meson-induced Drell-Yan

1979

FNAL 
CIP
π±

Be/Cu/W
80, 225, 
252 GeV

FNAL 
E605
p-Cu

Brookhaven 
AGS

1970

p-U
29 GeV

First 
measurement: 

Observation of Massive 
Muon Pairs in Hadron 

Collisions

FNAL 
E615
π-W

252 GeV 
pd

FNAL 
E772

1988

Nuclear Dependence of 
Drell-Yan and 

Quarkonium Production 

FNAL 
E789

1991

Search for Two-Body 
Decays of Heavy 
Quark Mesons

FNAL E866 
(NuSea)

1996

pp & pd
800 GeV

Determination of 
anti-d / anti-u Ratio 

of the Proton via 
Drell-Yan

CERN 
NA3

1981

π-p/Pt
150, 200, 
280 GeV

1986

π-C/Cu/W   
200, 280 GeV

CERN 
NA10

CERN 
NA51

First dbar/ubar 
measurement

1994

CERN 
Omega

1980

π±, K±, 
p±

Cu/W
40 GeV

p-p/Be/Cu/Au

pp & pd
450 GeV

time
1985

2015

π-  p↑/ W / Al
190 GeV

CERN 
COMPASS

First 
“polarized” DY

First meson-induced DY 
since 29 years

• Measure modulations of TMDs in Drell Yan. 
Sivers, Boer-Mulders: sign switch in Drell-Yan vs. SIDIS?

• Confirmation of violation of Lam-Tung relation in pionic DY?

• Flavor-dependence of EMC effect? Nuclear dependence of BM TMD?

• Outlook:
- 2nd year of Drell-Yan @COMPASS beyond 2017 is planned.
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Backup

26

COMPASS-II 2010 proposal recommended by SPSC and approved by the 
Research Board for a first period of 3 years including 1 year for Drell-Yan. 

http://wwwcompass.cern.ch/compass/proposal/compass-II_proposal/compass-II_proposal.pdf
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Collins amplitudes in SIDIS

27

Fig. 5: Left: comparison between the Collins asymmetries for pions as a function of x, extracted from 2007 and
2010 data taking. Right: the same comparison for the Sivers asymmetries.
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cos(2φ) amplitudes (BM)

28

14 The COMPASS collaboration

Fig. 10: A

UU

cos�h
integrated asymmetries for positive (red points) and for negative (black triangles) hadrons as

functions of x, z and p

h

T

. The error bars show statistical uncertainties only.
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. The error bars show statistical uncertainties only.

As can be seen in Fig. 9, the A

LU

sin�h
asymmetry is small, compatible with zero for negative hadrons. For

the positive ones, the asymmetry is slightly positive, increasing with z, and almost constant in x and p

h

T

within statistical errors. Similar results were obtained for ⇡

+ by the CLAS Collaboration [29] using an
electron beam of 4.3 GeV and a proton target, and for charged pions by the HERMES Collaboration [30]
with a 27.6 GeV positron beam and a proton target. Given the different targets and the different kinematic
regions a quantitative comparison with the present results is not straightforward.

The A

UU

cos�h
asymmetry given in Fig. 10 is large and negative for both positive and negative hadrons,

with larger absolute values for positive hadrons. The dependence on the kinematic variables is strong,
in particular on z and p

h

T

. The asymmetries as a function of z are almost constant up to z ' 0.5 and
increase in absolute value at larger z up to 0.15. They show a similar behaviour as a function of p

h

T

: the
asymmetries are almost constant up to p

h

T

' 0.4 and then increase rapidly in absolute value. The com-
parison with most of the existing data is difficult because of the different kinematic ranges. Moreover,
the asymmetries have been measured as functions of different variables and without charge separation.
This is not the case for the recently published results by the HERMES experiment [15], which give the
asymmetries as a function of x, y, z and p

h

T

both for proton and deuteron targets and for charged and

COMPASS (LiD) NPB 886 (2014) 1046

PRD 87 (2013) 012010
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FIG. 12. As in Fig. 10, but for a deuterium target.

FIG. 13. As in Fig. 11, but for a deuterium target.

charge. In addition some hadron-flavor blind contribu-
tions to the moment may be suppressed, e.g., a Cahn
e↵ect as considered so far in most phenomenological ap-
proaches. In that case, both the cos� and cos 2� charge
di↵erence amplitudes are expected to have an increased
sensitivity to the Boer–Mulders–Collins e↵ect.

For each hadron type the charge di↵erence of the re-
spective amplitudes was evaluated, and its uncertainty
was computed, taking into account the correlations. The
results are shown in Figs. 14, 15, and 16, for pions, kaons,
and unidentified hadrons, respectively. For pions and
unidentified hadrons the charge di↵erence is significantly

HERMES (deuteron)
Results on proton very similar.

Red HERMES points vs. COMPASS???
h+: H=slightly negative, C=up to +0.05
h-: H=+0.05, C=+0.05
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COMPASS Large Angle Spectrometer 2015
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Polarized Target

New cells with proton free material
• TE calibration Well done twice
• Maximum polarization:75%
• Dispersion of polarization:~15%
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The transversely polarized NH3 target
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COMPASS beam test 2009

Beam test 2009: 190 GeV π- 
beam on 2x 40cm-CH2 cells
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2014 data: technical release (2015)

 1. All opposite dimuons pairs with a primary vertex.
 2. Dimuon trigger (Middle+LAST or Outer+LAST or LAST+LAST).
 3. θμ− > 12 mrad or pμ− < 100 GeV/c, to reject pairs with the negative muon coming from the pion beam decay.
 4. −350 < Zvtx < −145 cm, to select vertices in the ammonia target cells.
 5. rvtx < 2.5 cm, to select vertices within the radius±0.5 cm of the ammonia cells.
 6. Zlast > 1500 cm, to select muons with the last measured point after MF1.
 7. Zfirst < 300 cm, to select muons with the first measured point before SM1.
 8. tμ defined, muons with time defined.
 9. |tμ1 − tμ2| < 15 ns, time difference between the two muons lower than 15 ns.
10. Trigger validation, requiring that the selected muons are in the geometrical acceptance of the hodoscopes of the 
corresponding fired trigger.
11. Image cut, requiring that the pair would be geometrical accepted if their muons have the opposite charge. This 
cut is a requirement to estimate the combinatorial background.

32

Selection criteria for muon pairs: 

Disclaimer: all plots in this talk containing 
COMPASS 2014 data (DY pilot run) are preliminary.

(The image cut “symmetrizes” the acceptance with respect to the muon charge.)
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• Programs for future Drell-Yan measurements: 
   nucleon-nucleon at 
      - SeaQuest (Fermilab)
      - RHIC (Brookhaven) 
      - J-PARC (KEK)
      - IHEP (Protvino)
      - JINR (Dubna) 
   anti(p)-nucleon at 
      - FAIR (GSI)
   pion-nucleon at 
      - COMPASS (CERN) 
        Only existing meson plan!

• Past measurements exclusively considered the unpolarized cross section, future 
ones also aim for polarization measurements.
- transversely polarized DY: spin-dependent TMDs
- longitudinally polarized DY: quark helicity 

Future Drell-Yan experiments

33
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Spin-orbit correlations from Drell-Yan?

• Boer and Mulders 1998: distribution function of the unpolarized nucleon with 
intrinsic kT dependence.
- Describes correlation between quark transverse spin and momentum.
- Induces cos(2Φ) modulation of the DY cross section.

• Other theoretical interpretations: 
- QCD higher-twist effect causes change of virtual-photon polarization from 
transversely (λ=1) to longitudinally (λ=-1) polarized for xπ→1?
   - Data taken at different √s: pion: 11 GeV and 16 GeV; proton: 39 GeV.
   - Such effect should be seen in E906/SeaQuest data.
- Spin correlations between annihilating quark and anti-quark?
- Glauber gluons, QCD instantons, ...

More measurements in wider kinematic range, and kaon/anti-proton beams will 
help to differentiate the interpretations.
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Pion-induced exclusive Drell-Yan

Preferred @lower beam energy to 
enhance exclusive cross section

35

π-N→N’μ-μ+

Mueller, Pire, Szymanowski, Wagner: On timelike and spacelike hard exclusive reactions, arXiv:1203.4392

@larger momentum transfer to 
the target: involves TDA = 
nucleon-to-pion Transition 

Distribution Amplitude 

exclusive DY

DVCS

time-like virtual 
Compton scattering

hard exclusive pion 
production (DVMP)

space-like time-like

Priv. Comm. Peter Kroll 
(2015): cross sections for 

exclusive DY at 
COMPASS are expected to 
be a factor of 1000 smaller 

than at J-Parc.
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SIDIS Sivers in DY kinematic region
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Flavor-dependent EMC effect in pion-induced DY

37

Important new information from COMPASS-II Drell-Yan data with pion beams

�

DY (⇡+ +A)
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4uA(x)

�
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�

DY (⇡� +D)
⇡ uA(x)

uD(x)

160 GeV 
pion beam 

@Q2=25 GeV2
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A new drift chamber 
for COMPASS
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