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- COMPASS

 high energy beam two stages spectrometer

« large angular acceptance Large Angle Spectrometer  (SM1)
« broad kinematical range Small Angle Spectrometer (SM2)

SciFi Straws

Silicon SDC -

Micromegas MWPC

GEMs W45 < LA MuonWall

Polarised Target

calorimetry, PID
RICH detector
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The Target System

solid state target operated in frozen spin mode

2002-2004: SLiD (polarised deuteron)
dilution factor f=0.38
polarization P, =50%

two 60 cm long cells with opposite

polarization
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Polarized Target

COMPASS 2007 transverse proton data (part)

o

50

thx (Cm)

New COMPASS target magnet:
- 180 mrad geometrical acceptance
—>excellent field homogeneity

To match larger acceptance:
->new microwave cavity
-3 target cells: reduction of false asymmetries

Target material:
“>NH,

—>high polarisation

—>very long relaxation time (~ 4000 h)
—~>magnetic field rotation without polarisation loss
-> Polarisation of NH, in 2007:

-92%, +88%, -83%
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Hadron Selection
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Mean of kinematical
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Nucleon Structure

eight leading order PDFs shows up,

when taking into account the quark intrinsic transv

quark

polarization

erse momentum K

nucleon polarization
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Transversity DF

]
= g M(x) - g1 G=U,, d; Jsea
ﬁT(?(E:;) q'(x) - qT*(x) quark with spin parallel to the
6a(x) ! é _ é nucleon spin in a transversely
) polarised nucleon
0q(X)
Properties:

 probes the relativistic nature of quark dynamics

e no contribution from the gluons — simple O2 evolution
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Function

IS chiral-odd :
observable effects are given only by the

can be measured in SIDIS on a transversely polarise
via “quark polarimetry”

IN" - I'h X “Collins” asymmetry
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“two-hadron” asymmetry
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A polarisation

Fragmentation Function of @ 1A

Transversity Distribution

product of A;q (xX) and an other chiral-odd function

d target

“Collins” Fragmentation Function

“Interference” Fragmentation Function




Collins Asymmetry

- azimuthal distribution of the hadrons produced in IN" - I'h* X
Nﬁ(q)c) = Ng [I;lli I:)T |:[DNN IjB‘Coll Eln CDC]

+ refer to the opposite orientation of the transverse spin of the nucleon
P; is the target polarisation; D, is the transverse spin transfer coefficient initial = struck quark
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“Collins angle ”

Do = Q- Q= @+ G- T
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Collins asymmetry

COMPASS 2007 proton data
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Compass proton data

]
comparison with HERMES
a E —a— h' preliminary COMPASS 2007 —#— h’ preliminary COMPASS 2007
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Compass proton data

comparison with HERMES
COMPASS 2007 transverse proton data
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Compass proton data

comparison with M. Anselmino et al. predictions

E m— Anselmino et al
o 0.1 Nucl. Phys. Proc. Suppl. 1941 (2009) 98 B B
< —ill— COMPASS proton - positive hadrons

—#— COMPASS proton - negative hadrons
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wo Hadron Asymmetries

I
azimuthal asymmetry in

hs= - &

@ is the azimuthal angle of the
plane defined by the two hadrons

N*(Ppe ) =N 1+ A [$in & }
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2H Asymmetries - Deuteron
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2H Asymmetries - Proton
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+ 2H Asymmetries - Proton
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Belle results on IFF
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Transverse A\ polarization

LN t_ o AT ¥ @sSIDIS (Q > 1 (GeV/ep)

v

Differentiate between
terms A,.D (z) and A,q(x)
due to factorization in x and z?

Y

‘l‘ Transversity

’7 Transverse A polarization m a transversely polarized target

P sz S
2., 64D} (2)

- Ayq(x) = transversely polarized quark distribution 4D (z) = transversely polarized fragmentation
q(x) = unpolarized quark distribution function Dq(z) = unpolarized fragmentation function

-y’ plane

LaB‘.
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@ SIVERS Mechanism
=
1
o ]
2 T
ﬁ = The Sivers DF 400 is probably the most famous between TMDs...
= - = gives a measure of the correlation between the transverse momentum and
© é the transverse spin
: h_ © Requires final/initial state interactions of the struck quark with the spectator
. system and the interference between different helicity Fock states to survive

time-reversal invariance

Time-reversal invariance implies:

current
quark jet




Sivers Final on Deuteron
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Sivers - proton data

—a&— posltive hadrons

o— negative hadrons COMPASS 2007 proton data (part.)
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Sivers asymmetry- proton
data

comparison with the most recent predictions from M. Anselmino et al.
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Results: Sivers asymmetry

o
2
1 comparison with predictions from e
e
N O S.Arnold, A.V.Efremov, K.Goeke, M.Schlegel and P.Schweitzer, arXiv:0805.2137
y N
g %) >0.2 =02
ek :UEJ c o W COMPASS Eﬂﬁ?pnﬂon data ﬂ.{m COMPASS Z'ﬂﬂ?pmmn data
o =
l E a 0.1 0.1
a t O i—;——*——{r—i—-*}-—‘} ----------
0 , ¢
O
g. i’ 0.1
= - preliminary h+ preliminary h-
%E -0_2'_3 I IHHHI-zII“””I1 - -{]_2"3 I ""ml-z ' ......|-1
o ® 10 10 10° 10 10 10
n =
T
c
1y}

A;’;Eﬁﬂiﬂﬂd = {’twist-Z Sivers effect” in Eqs. (11, 15)} +C(Q) Q—‘;T

Maybe such corrections are irrelevant for O > 1 GeV- which is typically used as DIS-

cut. In any case, a careful comparison of all (present and future) data from COMPASS,
HERMES and JLab will shed light on the possible size of power corrections.
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Other SSAs -

Deuteron data
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é) é “pretzelosity” [1 Collins FF

two twist-2 asymmetries can be
interpreted in QCD parton model and will
allow to extract unexplored DFs
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Fits from M. Anselmino, V. Barone, E. Boglione,U. D  ’Alesio, F. Murgia, A.

Experimental status
0
= T
) ©
c & “ Azimuthal modulations in Ip — ’'hX measured by
:CE 2 ;g B Xg> 0.1 xF>u.2EMC | E665
T2 R : A 5wl
= - EMC |
a '~ . :
D 1|- [ | E665 ar i
B < - 2
E — S I * it PE (GeV)
0 =
o
c
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Cahn effect - a reminder

i
=
O
2 ]
—
fr
c
2
L]
(U

The unpolarized SIDIS cross section is:
lp - I'hX _ 2 lp -1 h 2
do'P —qu(x,Q )I] doP~"9 0Dy (Z,Q )
q
with f the PDF and D the FF
In collinear PM than the elementary xSection is
doP-'"9 0482 +42 0 x(1+(1—y)2)
l.e. no dependence on @,. Taking into account the parton transverse momentum in
the kinematics leads to:
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SIDIS cross-section
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Data used for this analysis

]
© part of the 2004 (°LiD target) data collected with longitudinal (L) and
transverse (T) polarization

© with both target orientation configurations to cancel possible
polarization effects

vent selection: Statistics of this analysis:
" DIS events...
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Mean kinematical values
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unpolarised target SIDIS
cross-section

to extract the asymmetries the azimuthal distributi ons have to be corrected by the
apparatus acceptance

= bewtcgistimucnmiiteidmgtioine datowiaggdensdlaris ion:ation data

Azimuthal Distribution {0.63<z<0.85)

: §8000; . COMPQRSS 2004
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Systematic Error

]
© The systematic error is evaluated from:

compatibility of results with L and T target polarization
(different experimental conditions, different MCs)

comparison of results obtained using two different MCs
with different settings for each data set (LEPTO
default, standard COMPASS high pt; ~extreme cases)

compatibility of results from subsamples corresponding
0.
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Results: sin@ modulation
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Results: cos() modulation

h’ COMPASS 2004 data (°LiD)
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What was expected
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M. Anselmino, M. Boglione, A. Prokudin, C. Turk

Eur. Phys. ). A 31, 373-381 (2007)
does not include Boer — Mulders contribution




results: cos 20modulation
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Predictions

0.1t COMPASS 2004°LiD{part)

cos 20
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cos 2o

V.Barone, A.Prokudin, B.Q.Ma
arXiv:0804.3024 [hep-ph]
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Summary Unpolarized

First results on unpolarized asymmetries:
Results obtained separately for + and - hadrons

ructure

sing modulation compatible with O

cos@ modulation up to 20% (for large z or p;) and the overall
trend is reproduced by the predictions

cos2@ modulation smaller (10% at most). Overall good

agreerlrrnerit Wit wre pred OI']
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OUTLOOK

Ivers asymmetries
other TMD asymmetries
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unpolarised azimuthal asymmetries

nternational Workshop on

future plans for SIDIS
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0.1F

(Q*)=2.2(GeVc)

COMPASS 2007 Transversely polarized target

0.2

1 15 2 25 3 35 4 45 5

Q*[(GeVicY]

exclusive p, asymmetries -
proton data

2 2
(xp;)=0.04 (p;)=0.18(GeV/c)
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& 0.3 & 0.3}
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Asin(qb—fb s

UT )compatible with 0

Small value (A 1(p) = 0.02) predicted by Goloskokov and Kroll (EPJC59 2009)

(hep-ph/0809.4126)
Larger value (A (w) =~ 0.1) predicted by Goloskokov and Kroll



exclusive p, asymmetries -
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- deuteron data
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OUTLOOK

Ivers asymmetries
other TMD asymmetries
unpolarised azimuthal asymmetries
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future COMPASS measurements

o
-~
0 L
= IO I—
e
« SIDIS at high energy provides unique information on the transverse
spin and intrinsic momentum structure of the nucleo n

high energy and high Q2, a guarantee for the hard scale
“easy” flavour separation

simple interpretation

access to all the TMD structure functions

broad x range

complementary to hard hadron-hadron scattering

» the high energy muon beam and the COMPASS spectrome  ter are

March 14 - 17, 2010
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g future COMPASS measurements

%

- ]
i o Letter of Intent [COMPASS Collaboration]

c CERN-SPSC-2009-003 SPSC-1-238, 21 January 2009:

o » physics case for further SIDIS data taki

160 GeV muon beam and the transv ised NH ; target

: « further SIDIS measurement with 16, g \inaxy polarised NH, target

e Drell-Yan measurements
e DVCS measurements

March 14 - 17, 2010
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future COMPASS measurements

in 140 days of data taking COMPASS will perform

very precise measurements of transverse spin effect S

over the whole x range (0.004 — 0.5)

projected statistical errors for the Sivers asymmet ry
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more distant future

@
E the 2010 measurement would mostly conclude the expl  oratory phase

9 of transverse spin effects in SIDIS e
=

c

2

L]

4

more systematic measurements in SIDIS will be neede d

today: COMPASS
JLab (6 GeV > 11 GeV)

future projects: eRHIC or ELIC
ENC at FAIR

in the mean time CERN could play an important role

March 14 - 17, 2010
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DY vs SIDIS

DY
Cross section
~ convolution of PDFs

_ + -
do" =31, (xl,km;QZ)qu(xz,kDZ;QZ)daqq -0t
a

March 14 - 17, 2010
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SIDIS
Cross section
~ convolution of PDF and FF

nternational Workshop on




DY on a trasversely
polarized target

Collins-Soper frame

6, ¢

@5, target transverse spin vector
S, wrt lepton plane

lepton plane (cm)

March 14 - 17, 2010

doPY o fi(w1,k31) @ fig (22, kF,)sin(¢ — ds2) +
T Sivers
+ hi(x1, k%) ® hi(x2, k2y) sin(g + ¢g2) +
| Boer-Mulders | Transversity

and Spectroscopy IWHSS10

R (@1, K24) @ iy (@, k) sin(36 — d2)
| Boer-Mulders | Pretzelosity



Sivers from DY at COMPASS

and SpecifQ'sn.gpy IWHSS10
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With a beam intensity Ij..,, = 6 x 107 particles/second,
a luminosity of L = 1.7 x 10?3 em~=2s~! can be obtained.

— Assuming 2 years of data-taking, one can collect > 200000 DY

events in the region 4 < M,,,, < 9. GeV/c?.

Predictions for the Sivers asymmetry in the COMPASS phase-space,
for the mass region 4. < M < 9. GeV/c?, compared to the expected
statistical errors of the measurement:

—solid and dashed: Efremov et al, Aur
PLB612(2005)233; “F

_ dot-dashed: Collins et al,
PRD73(2006)014021;

— solid, dot-dashed: Anselmino et al,
PRD79(2009)054010;

—boxes: Bianconi et al, PRD/3(2006)114002;

—shori-dashed: Bacchetta et al, T T T T T
PRD78(2008)074010. D

1 1
) )




COMPASS Plans
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]
Starting in 2010:

» SIDIS measurements with transversely pol protons (1 year)

» SIDIS measurements with longitudinally pol protons (1lyear)

Proposal in preparation
» DY on transversely polarised p target
 DVCS with LH target and polarised p target
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exclusive p, asymmetries
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exclusive p, asymmetries

= selection of exclusive p, production proton data analysis
« selection of incoherent p, production

Incoherent p, Production

COMPASS 2007 Transversely polarized target /

1,]] <

Coherent scattering on nitrogen rejected
by selecting events with p;2 > 0.05 (GeV/c)?

March 14 - 17, 2010
events

Non-exclusive background reduced
by selecting events with p;2 < 0.5 (GeV/c)?
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exclusive p, asymmetries

= selection of exclusive p, production
» selection of incoherent P, production

* measured asymmetry
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DEEP INELASTIC SCATTERING

REMNANT

P > A JET
P \& 3)
CURRENT
JET
2]

]
Q*=—q*=sxy
_ Q7
T = 2p+q
— Pq
y - p.l

- Inclusive



Compass proton data

comparison with M. Anselmino et al. predictions

COMPASS 2007 proton data

= Anselmino et al
Talk by A.Prokudin at|DIS08
—a— COMPASS preliminary

Coll
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PDF AND STRUCTURE FUNCTIONS

Inclusive DIS: unpolarised
do = e y i 1_X_y_25/2 ‘
dx dy 4mw°Q° |2 2XY 2 4
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The nucleon structure

three distribution functions —
are necessary to describe the structure of the nucl eon at LO:

g(x) : number density or unpolarised distribution

probability of finding a quark with a fraction x of the
longitudinal momentum of the parent nucleon

Ag(x) = g=- g=: longitudinal polarization  or helicity distribution

in a longitudinally polarised nucleon, probability of
— finding a quark with a momentum fraction x and spin
parallel to that of the parent nucleon

Aq(x) = q™- g': transverse polarization or transversity distribution

in a transversly polarised nucleon, probability of finding
3 _ a quark with a momentum fraction x and spin paralle | to
that of the parent nucleon

g quark or antiquark with a specific flavor [notation: Barone, Drago, Raftcliffe 2001]




Collins Final on Deteron -

COMPASS

COMPASS: 2003-2004

— i positive pions
‘E‘g negative pions
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Results
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Collins asymmetry for pions and
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Collins asymmetries:
SUMMARY

The facts:

HERMES has measured on a proton target
non-zero Collins asymmetries for 1" and 1

COMPASS has measured on a deuteron target
Collins asymmetries compatible with zero

BELLE has produced the first results on Collins FF

Conclusion:




Global Fits

Collins effect in SIDIS and e™ e~ annihilation | Description of the data & Predictions

Preliminary results
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First Extraction of A;q

Collins effect in SIDIS and eT e~ annihilation Description of the data & Predictions

Transversity

@ [ his is the extraction of

transversity from new | HERMES,
experimental data. —| COMPASS

@ Compared to previous
extraction
PRD75:054032,2007

@ Atu(x) >0 and
A1d(x) < 0 The errors

are diminished

significantly.
o @ Aru(x) became larger
)| S—— ' ¥} | T ———
625G LU IR o than that of the previous
X k;(GeV) P
It.

Alexei Prokudin London, 7-11 April 2008 Effects of intrinsic parton motion in SIDIS



Compass proton data

comparison with M. Anselmino et al. predictions
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What else?

A
When k- is taken into account...

m Transverse momentum dependend PDFs
and FFs

= Transverse momentum dependent (TMD) parton
distributions and fragmentation functions are currently
under intense investigation both from the experimental
and theoretical side

March 14 - 17, 2010

and Spectroscopy IWHSS10




Three parton distributions describing quark’s
TM and/or TS

Three transverse quantities:
1) Nucleon transverse spin

COMPAS?

N ereLAs RIS
sormee  TMDS ¢

momentum

1) Tralsversi Y

kS




m The 3" Twist-2 structure
§ function

three quark distribution functions (DF) are necessa ry to aescrlge
the structure of the nucleon at LO

q(x) 5 unpolarised DF
flq (X) b quark with momentum xP in a nucleon

well known — unpolarised DIS

—> vector charge

Aq(x) _@_> _ @ helicity DF
g 10I(X) quark with spin parallel to the nucleon

. spin in a longitudinally polarised nucleon
-> axial charge P g p :

March 14 - 17, 2010

Arq(x) = qT1(x) - g TH(x)

P
e

-» tensor charg
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Misura di A.q(x)

Chiral-odd: requires another chiral-odd partner

Inclusive DIS

v /

impossible

pTpt - I1*-X

Ipt I'hX
— -

_|_ —

_|_ —

Ip" - I'n;h,X
Ip" - I'’AX

direct
measurement

A q(x) -Aq(x)

convolution with
spin dependent
fragment. func.




Global Analysis Il

= COMPASS data® fit

el) — e X Plab = 160 GeV/e el) — e KX

COMPASS | 2003-2004 al I CO!¥PASS | 2003-2004
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Sivers asymmetry- proton
data

0.1

0.05

]
comparison with the most recent predictions from M. Anselmino et al.
L h+
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GLOBAL FIT

deFlorian, Sassot, Stratmann, Vogelsang

This paper presents the first “global” NLO analysis
of the data from DIS, SIDIS, and RHIC in terms of the
helicity PDFs. While there have been quite a few NLO

March 14 - 17, 2010
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FIG. 2: Our polarized sea and gluon densities compared to

previous fits

\ E] The shaded bands correspond to alterna-

tive fits with Ax® = 1 and Ax?/x* = 2% (see text).
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- Asymmetry Extraction
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Asymmetry Extraction - 1l

]
Separation of acceptance and spin dependent modulations:

Coupling of two cells (u,d) with opposite polarization (1 1)
and two periods (p4,p,) with opposite target polarization:

Reasonable assumption: i = i pertod 1 O a}“ )O ajdl}
ption: ajlu aJTd period 2: O a}u )O a}d )

4 - 64 = 256 nonlinear equations (1? (é))

1+ 8+ 3 - 64 =201 fit parameter, (a)
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Collins over the full 2007

)
1 year have been spend to further analyse the data

collected in the first part of the 2007 run to
« reproduce the data with improved quality
« Improve quality checks

' - Increase systematic checks

resulting in an increase of usable statistics for the

COLLINS SIVERS

Total statistics
entering the analysis

29x10° h 11x108 h
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A summary
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Azimuthal modulations
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and Spectroscopy IWHSS10
March 14 - 17, 2010

2007 Transverse data
taking statistics

= 2007 Compass Data taking
Begin of run: 18 May 2007
End of run: 11 November 2007

= Split between transverse and longitudinal target polarization:
- 1 on tape for transverse (40.0 x10%?)

- 1 on tape for longitudinal (41.5 x101?)

= First results on about 20% of the collected statistics shown at
Transversity 2008 in Ferrara




