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Drell-Yan cross section includes a convolution of parton
distribution functions
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Nucleon structure and PDFs

NUCLEON 3 PDFs are needed to

unpolarized longitudinally pol. transversely pol. d e S C ri b e N U C I eO N

g
f, ® £ @ @ structure in collinear
ky

number density ap P FOXi m ati O n

éé 8 PDFs are needed if
we want to take into
hl @ - é) . . .
(transversitj account Intl"InSIC
(Boer—Mulder} hli(T C!D"%;B' transverse momentum
pretzelosit
kT of quarks

=
8
o
o
c
—
°
o
|
®
&
T
=
o
c
o
>
7]
-
S
7]
B
@
—
A

Wednesday, September 21, 11



Single polarized DY
+ |ST|[AS™?S sin ¢s + Digin2 g (A3 279S) sin(2¢ + ¢5)
+ A7 2%7%5) sin(2¢ — ¢5))]+ . }

¢ A:azimuthal asymmetries — A% 2%, ASin@s  p5in(20+9s) gpg 5in(2¢-9s)
¢ D: depolarization factor
¢ S:target spin components Definition of angles ¢ and O of

¢ F=4\/(Pa-P)2 — MZM}

the lepton momenta in the

Collins-Soper frame
¢ Gy part of the cross-section surviving integration over ¢ and ¢g.

Definition of azimuthal angle ¢s of transverse target
spin Stin the target rest frame
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Each asymmetry contains a convolution of 2 PDFs, one from target
and another from beam quarks.
¢ A57°??: access to Boer-Mulders functions of incoming hadrons;
¢ A2"?S: access to the Sivers function of target nucleon;

¢ ASr9T99): access to Boer-Mulders function of beam hadron
and to pretzelosity of target nucleon;

¢ A"??79): access to Boer-Mulders function of beam hadron
and to transversity of the target nucleon.

All these asymmetries are expected to be sizable in the
valence quarks range and can be measured at COMPASS
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| Polarized target
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» | 350 tracking planes
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Long term plans for at least 5 years startlng since 20I I2

* Tests of chiral perturbation theory via Primakoff
processes (measurements with pion/kaon beam and thin
nuclear targets)

e Study of deeply virtual Compton scattering (DVCS) and
deeply virtual meson production (DVMP) with muon beam
and unpolarized LH; target in order to constrain GPD H
Parallel measurement of unpolarized PDFs and TMD effects
in SIDIS

* Measurements of Drell-Yan cross section with pion beam
and transverse polarized NHj3 target in order to access
transverse momentum dependent PDFs
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® Transverse polarized NH3 target (2 ceIIs)

® TT- beam of 190 GeV/c (up to 108 T1/s

® High luminosity (L=1032 cm2 s™)

® Beam dump

® |/Y peak as monitoring signal

® Expected rate of Drell-Yan events:

2 GeV<M<2.5 GeV:~5 000 events/day
4 GeV<M<9 GeV: ~800 events/day
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- Kinematic range for

e e

J / NASO0, p+Pb at 400 GeV

~
S
l'k

Safe range for Drell-
akabitgid Yan studies : 4-9 GeV
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COMPASS is at:
|) valence range (x=0.1) for both quarks
(so we deal with pure u-ubar annihilation)
2) x>0
3) Pt dimuon about | GeV/c where TMD
effects are dominant




DY test run at COMPASS (2009)

T TTr————

Beam intensity : 8% 107 1T per spill COMPASS DY beam test 2009
JA
Two CH; target cells (40+40 cm) .
Hadron absorber
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M=3.092+0.005 GeV
0,=0.227+0.004 GeV
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COMPASS DY test run 2009

M> 2.5 GeV

T 11 YII”I

T 171 11‘”!1
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M, GeV

Mass spectrum of dimuons

Reconstructed z-vertex position: _ Expected m
two target cells and absorber are 3600+600 | 3170+70
yisible DY M>4 GeV | 11022 | 8410
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Kmematlc plots for xa, and Xp

TP ——

COMPASS DY test run 2009
M>4 GeV

2.7 GeV <M < 3.5 GeV

TTYT]’ITTTITTYTITYITIUTTYITITT]

l.llllll 1 lLll lllllll
02 03 04 05 06 07 08 09 d 0.2 03 04 05 06 07 08 09
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COMPASS acceptance covers the range
of valence quarks for both DY and |/
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Kinematic plots for p: and Xt

F,T
Entries 2832 Entries 2832
Mean 1.005 Mean 0.3198
RMS 0.5841 RMS 0.1288

Muu>2.7 GeV Muu>2.7 GeV
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Kinematic distributions for Xs and pTt of dimuon
obtained during Drell-Yan test run 2009
correspond to our expectations
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Sivers for DY 4.0 - 9.0 GeV/c?, U Boer-Mulders for DY 4.0 - 9.0 GeV/c?, BM ® transversity, for DY 4.0 - 9.0 GeV/c?,

from =~ (190 GeV/c) p' collisions | *—— from =~ (190 GeV/c) p' collisions o'“:_ from == (190 GeV/c) p' collisions
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Expected accuracy
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280 days of data taking with beam intensity 6x 108 per IO s spill

We hope to have enough statistics to
subdivide DY sample into a few xs bins
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x=x, Expected statistical error for asymmetries:

4<M<9 GeV Asymmetry Dimuon mass (GeV/c?)

230 000 events .5 | Jip region
5 ATe%® : 0.0013

in ¢
§ ASin¢s ; 0.0040
in(2¢+¢
5 Ag_, (2¢+¢5) . 0.008
§ A%n(20—9s) . 0.008
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Drell-Yan vs SIDIS

At COMPASS we have unique opportunity to test
QCD prediction for Sivers and Boer-Mulders
functions:
flJ_T(wv kT) DY — _fl_lf_l"(m’ kT) |SIDIS
hf‘(CE, kT) _h’f—(xakT

T ey

)lsiors

DY

Sivers function was already measured at COMPASS and
the result is compatible with HERMES result

DY and SIDIS measurements will be performed at
the same experimental setup and polarized target
and in the same kinematic range of Q? and x;
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itudy of J/P production mechanism

Oy = 30XODy>4 Gev

e Determination of g-gbar and g-g contributions

o J/w-DY duality test

o = Oa5 + Ogqa.
HoHy—J/[YpX—-lTI—X o e
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COMPASS vs

Vs =19 GeV vs = 500 GeV
Tpl pp T

prp ete
higher level
of feasibility studies

Different (but overlapping) kinematic ranges
Different background conditions

COMPLEMENTARY MEASUREMENTS
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Summary

® Polarized Drell-Yan measurement is a part of COMPASS-II
proposal. This proposal was recommended for approval by CERN
SPSC for a first period of 3 years (| year of Drell-Yan data taking)

Drell-Yan tests were already performed and suitability of the
COMPASS setup for such measurements were demonstrated

2 years of data taking will allow to collect enough statistics for
test theory predictions and extract TMD PDFs. But even | year is
enough for Sivers asymmetry measurement with statistical
accuracy about |-2%. Comparison of Sivers and Boer-Mulders
functions measured in DY and SIDIS also can be performed.
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