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COMPASS @ CERN

COM PASS-II COmmon Muon and Proton Apparatus

for Structure and Spectroscopy

Beams
TMD run (Drell-Yan): 2015
400 GeV SPS protons onto conversion target on transversely polarized NHs target
= mesons with intensity up to 108 particles/s commissioning run end of 2014

h- beam: 190 GeV, r/K/p 97/2/1%

GPD run (with SIDIS): 2016/17
on unpolarized liquid hydrogen target

Muons from pion decay:
naturally polarized

U= beam: 160/200 GeV, 2x107/s

more than 300
tracking planes

18 mrad < 6, < 180 mrad

e
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Probing the partonic structure of hadrons
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.S /;h/'v (S | ) D ' S space-like
S ; virtual
cl hot
/ DF ® FF| Pt
PDF > X
H h
electron- 7+ fimelike /1,
positron virtual
annihilation photon
Probe FF &® FF
universality ]~
h 2
Hl time-like Z +
virtual
Assumption: Drell-Yan photon
factorization applies
Caveat: might break ( DY)
down @high-x ]
DF ® DF -
H 2
P time
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TMDs: Transverse-
Momentum dependent
PDFs

GPDs: Generalized
Parton Distributions
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TMDs in spin-dependent Drell-Yan

TMDs: Transverse-
Momentum dependent
PDFs

®®

Transversity

nucleon quark
transverse transverse
spin spin
- Boer-
Sivers
) Mulders
function )

function

quark transverse
momentum

The missing
spin program

P D

® Are Sivers and Boer-Mulders universal?

- Expect sign switch of these naive time-reversal-odd TMDs in DY wrt SIDIS:
fundamental QCD prediction due to gauge invariance

e Experimental verification: crucial test of non-perturbative QCD and TMD physics
- Origin of large Single Spin Asymmetries pTp—1X at FNAL and BNL?

ol 1

- Validity of QCD factorization?
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Angular dependence of Drell-Yan cross section

/+
Drell-Yan |DF® DF rarget-
proton dominated by u-ubar
DY annihilation
o X fﬂ|7‘(‘ ® fu|p beam-n anti-u /-
Spin-integrated cross section:
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(kr=0) ggbar annihilation df)
do . v,
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modulation
booos, Measure magnitude
of azimuthal
[ 5 g,!‘ 0,/ / . modulations in cross
/7 AN 2 ) g section:
ya \*( f " S dg q “Single-Spin
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Asymmetries” SSA
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Angular dependence of Drell-Yan cross section

Drell-Yan |DF ® DF
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Pion-induced Drell-Yan at COMPASS-II

W Ser‘gzgr?ri’)szee . Tracking system -
high-intensity Large- and Small-Angle
_ hadron beam Spectrometer
W =¥ large acceptance for
valence-quark region
Scint. fiber Dinole Dipole
vertex detector P magnet 2
magnet 1 B = ——
< +
" H ST
JU™ 4L & _TES
ﬁ 1 | | L ll N .
j BT QT
= L lo—
Transversely RICH-| Calorimetry u ID
polarized NH3 target hadron ID Muon trigger
[ — — new drift chamber DC5 1st
spectrometer
o= > T very o g 240cm Al2Oz hadron absorber P

s [— '*] and 120cm Tungsten beam plug
- criedl@illinois.edu
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Phase space of COMPASS-II Drell-Yan data
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Sivers asymmetry: predictions
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COMPASS polarized Drell-Yan: projections
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COMPASS-Il proposal) - 230k DY events 4 GeV < M, < 9 GeV
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COMPASS-II projections and beam test
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High-mass region
beyond J/y threshold
- high signal/background
- but low cross section

COMPASS DY beam test 2009

J/y
3170+£70 events
M=3.092+0.005 GeV
c,,=0.227£0.004 GeV

L

| I|I
7
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COMPASS-II projections and beam test
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Summary and outlook:
polarized Drell-Yan at COMPASS-II

do(r " p" — putp~ X)
o 2015: first polarized Drell-Yan measurement ever!

Also first and only meson-induced DY since more than 25 years. pi109n0b§a\r?:
e

e Measure modulations of TMDs - Sivers, Boer-Mulders, Pretzelosity -, and

Transversity. Sign switch of Sivers amplitude and other time-reversal-odd
TMDs in Drell-Yan vs. SIDIS?

® Feasibility of the measurement proven in a series of beam tests.

® Requires several detector upgrades: hadron absorber, scintillating-fiber
vertex detector, drift chamber, muon trigger.

e Outlook:
- Nuclear target into pion beam? Flavor-dependent EMC effect, ...
- 2nd year of Drell-Yan @COMPASS-II beyond 2017 is planned.

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-ll proposal/compass-ll proposal.pdf

s Thank you for material to: A. Ferrero, O. Denisov, C. Quintans, E. Zemlyanichkina
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The transversely polarized NH3 target

P

Target spin reversal
every few days

T
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Aluminum
cone

Space for velé_&.

detector
-68
Aluminum
-89
box

The hadron absorber

Concrete

Tungsten plug (max @
9.5¢m)

vvvvvvvvv

try, He1-20, clunlno#s 3,00

vvvvv

MM1

Stainless
steel

Alumina

< criedl@illinois.edu - COMPASS-II Polarized Drell-Yan

|5

Structure of the hadron absorber:

120cm tungsten beam plug
aluminium conical part

200cm alumina (AL O,)

Stainless steel shielding sandwiches

+ absorber surrounded by
2m of iron-free concrete on each side

Minimize multiple scattering of muons and
maximize stopping power for hadrons.
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Transverse-Momentum factorization
Dependent PDFs (TMDs) gep—ehX =

2q(FF ®
eq—eq
Distribution Functions (DF) ‘ o ®

DF)

Diagonal ‘survives’
integration over

Fragmentation Funct
transverse
momentum Kkr.
“Collinear analysis” U L T w TMDs depend on the longitudinal_and
| transverse momentum of a parton inside a
f o) h1 ) -(9) hadron.
U ! . m Describe strength of various spin-spin or
Number Density Boer Mulders . . .
spin-orbit correlations of the
h.l. parton-hadron system.
glo-’--o’ ,IL,p‘-:d’
Helicity Worm-gear
s 2 E 2
hl 3) -(9)
o
f‘l o) - (o gl * * Transversity
IT - ITS ~C 1 & -
. hIT £ - d
Sivers Worm-gear . -
Pretzelosity

AL
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Future Drell-Yan experiments

® 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!

e 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

('nU.r SNY
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