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O
utline

●
Nucleon spin structure

●
SIDIS & Drell-Yan processes

●
CO

M
PASS experim

ent at CERN
●

CO
M

PASS SIDIS results
●

Prelim
inary results from

 DY run 2015
●

Expected accuracy for Sivers in DY
●

Conclusion
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N
ucleon spin structure

●
P

roton spin
●

N
aive parton m

odel expects Δ
Σ=1

●
E

M
C

(1988)  Δ
Σ com

patible w
ith zero

●
P

recision data today Δ
Σ~0.3

●
R

ecently Δ
G

 non-zero, positive at x
g  range accessed 

(R
H

IC
, C

O
M

PA
S

S
) 

●
L

q,g  still unexplored, accessible e.g. via G
eneralized P

D
Fs

(D
V

C
S

 &
 D

V
M

P &
 S

ID
IS

 at C
O

M
PA

S
S

, JLA
B

)

12 =
12

Δ
Σ
+
Δ
G

+
L
q
,g

de Florian et al.Phys.R
ev.Lett. 113 (2014) no.1, 012001

Δ
G

=
0.2

−
0.07

+
0.06
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At leading-twist (LO
), neglecting parton transverse m

om
entum

(collinear aproxim
ation):

●
3 funtions f f1 1 (num

ber density), g , g
1 1 (helicity), h , h

1 1 (transversity)

●
f1 , g

1 well m
easured

 in (inclusive) Deep Inelastic Scattering

 (EM
C, NM

C, Herm
es, HERA, CO

M
PASS, CLASS)

●
h

1  is chiral-odd and cannot be m
easured in inclusive DIS (Sem

i-inclusive reaction 
needed)

N
ucleon spin structure

h
1  extraction requires know

ledge of 
C

ollins fragm
entation function
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Tw
ist-2 TM

D
 P

D
Fs

●
They can be accessed by m

easuring 
azim

uthal asym
m

etries in D
Y or 

S
ID

IS
 processes

Beyond collinear approxim
ation if w

e 
consider partons transverse m

om
entum

 k
T

(LO
 Q

C
D

 parton m
odel w

ith TM
D

-
factorization):

●
The nucleon spin-structure can be 
param

etrized by 8 tw
ist-2 TM

D
 P

D
Fs

●
C

om
plem

entarity
●

P
osibility to test the TM

D
 approach
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π
−+
p→

µ
+µ

+
X

A
t C

O
M

PA
S

S
:

U
npolarized cross-section:

Q
2=
q

2=
M

µ
µ

2
=
sx

1 x
2
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Lam
-Tung relation

1−
λ
−

2
ν=

0
Lam

-Tung relation(LO
, collinear Q

C
D

)

●
First m

easured in pion induced D
Y in 1980' (N

A
10 &

E
615)

●
Large m

odulation of the cos2φ
 (ν param

eter), up to 30%
●

Violation of the Lam
-Tung relation

●
L-T violation not seen in proton induced D

Y at E866, 
●

nor at p-bar induced D
rell-Yan in CD

F
●

Recent ATLAS and CM
S D

rell-Yan and Z production results show
 strong L-T violation



S
ingle P

olarized D
rell-Yan cross-

section at tw
ist-2
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D
Y vs S

ID
IS

Fundam
ental Q

C
D

 prediction:
D

ue to their tim
e-reversal odd nature B

oer-M
ulders and S

ivers functions are expected to 
change sign w

hen m
easured in S

ID
IS

 and D
rell-Yan
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C
O

M
PA

S
S

: Versatile facility to study Q
C

D
 w

ith hadron 
(pions, kaon, antiprotons) and m

uon beam
s for hadron 

spectroscopy and hadron structure studies using S
ID

IS
, D

Y, 
D

V
C

S
, D

V
M

P, ...
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●
P

ID
 in first stage

●
Lepton &

 hadron beam
s, polarized N

H
3  , 6LiD

 targets or 
various unpolarized nuclear targets(A

l, P
b, C

, W
,..)

●
~300 tracking planes

●
H

adron absorber for D
Y running

●
H

adron beam
 ~97 %

 pion,~ 2 %
 kaons, ~1 %

 antiprotons
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P
olarized target

●
1,5 l of m

aterial (=solid am
m

onia)
●

Dilution refrigerator  for frozen spin m
ode, T~60 m

K
●

SC m
agnet 2 in 1 - 2.5 T solenoid for polarizing the m

aterial 
   

 0,6 T dipole to keep the transverse polarization
●

Two cell design with 10 NM
R coil for polarization m

easurem
ent

●
Heating by hadron beam

 leads to relaxation tim
e ~1000 h

●
Typical P=80 %
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●
H

adron absorber w
ith beam

 plug m
ade of tungsten

●
A

ditional A
l target inside



C
O

M
PA

S
S

 D
Y m

ass-ranges
●●●●
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J/P
si m

ass-range

Large asym
m

etry predicted recently for the J/P
si by A

nselm
ino et al.



S
ID

IS
 S

ivers in D
Y m

ass-ranges
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S
ID

IS
 S

ivers in D
Y m

ass-ranges

Clear Sivers asym
m

etry seen in all m
ass ranges,

including the one corresponding to high m
ass D

Y

hep-ex/1609.07374
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2015 kinem
atics distributions
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E
xpected accuracy for S

ivers in D
Y

●
Theoretical predictions for the asym

m
etry vary very m

uch

●
S

tatistical accuracy expected 
for the full 2015 data sam

ple
●

E
xpectation w

ith additional year of data

Theory curve from
 Anselm

ino et al. using only D
G

LAP evolution

M
. A

nselm
ino et al., in P

roceedings of Transversity 2008:
W

orld S
cientific, ed. by G

. C
iullo et al., A

pril 2009, IS
B

N
:978-981-4277-77-8, p. 138.

P.S
un et al., P

R
D

 88, 114002 (2013)
M

. E
chevarria et al., P

R
D

 89, 674015 (2014)
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C
onclusion

●
CO

M
PASS perform

ed the first ever polarized  DY 
m

easurem
ent

●
G

ood prospects for determ
ing the Sivers sign change

●
G

ood prospects for study of unpolarized DY
●

Data analysis ongoing
●

M
ore data possibly in 2018
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Thank you for your attention!
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S
pares
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R
ecent S

TA
R

 m
easurem

ent
Recently STAR m

easured the left-right asym
m

etry of dilepton production in p-p collisions with 
one of the beam

s polarized

M
ass region of Z-boson

Data favors a Sivers TM
D with sign-change between DY and SIDIS.

But they perform
ed the m

easurem
ent of Sivers  in very different energy regim

e from
 SIDIS 

m
easurem

ents, effects of evolution likely to be non- negligible.

The advantage of COM
PASS is to acess the Sivers asym

m
etry in a com

parable x-Q
2  phase space , 

with sim
ilar target and spectrom

eter, both in SIDIS and DY, thus m
inim

izing possible Q
2 evolution 

effects
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H
ardw

are m
odifications for D

Y data 
taking

●
H

adron absorber+beam
 plug

●
S

ciFi Vertex detector dow
nstream

 the target
●

D
im

uon trigger based on hodoscopes
●

N
ew

 P
M

M
 stations

●
N

ew
 large-area D

C
 cham

ber 
●

“P
roton-free” target cells

●
N

ew
 D

A
Q

 system
●

Target m
agnet refurbishm

ent
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C
O

M
PA

S
S

 S
ID

IS
 results

●
C

lear effect seen for both pions &
 kaons

●
S

m
aller than H

E
R

M
E

S
●

Q
2 2-3x higher than H

E
R

M
E

S
->TM

D
 evolution??
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