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COMPASS
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COMPASS

* high energy beam
- large angular acceptance
* broad kinematical range

variety of tracking detectors
to cope with different particle
flux from 6 =0 to 6 = 200 mrad
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The Target System

solid state target operated in frozen spin mode

during data taking with transverse polarization,
polarization reversal after ~ 4-5 days

2002-2004: SLiD (polarised deuteron)
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SIDIS event selection and kinematics

COMPASS 2007 transver se proton data
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SIDIS event selection and kinematics

COMPASS 2007 transverse proton data
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Transversity Distribution Function

is chiral-odd:

observable effects are given only by the
product of A;q (x) and an other chiral-odd function

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

IN" >1"h X “Collins” asymmetry
“Collins” Fragmentation Function

IN' 5I'hh X  “two-hadron” asymmetry
“Interference” Fragmentation Function

IN" >I"A X Apolarisation
Fragmentation Function of q1—=>A

all explored in COMPASS
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Collins Asymmetry

Collins effect
- azimuthal distribution of the hadrons produced in IN" —I' h* X

Ni(q)c):Ng 'l1i Pr-Dyy - Acon 'Sinq)c]

+ refer to the opposite orientation of the transverse spin of the nucleon

P, is the target polarisation; Dy, is the transverse spin transfer coefficient initial = struck quark

“Collins angle”
Dc = Py &g = P+ Os- T

¢h,s’,s azimuthal angles of hadron momentum, of the M
spin of the fragmenting quark and of the nucleon
in the GNS
. . . . 2 h
from the azimuthal distribution quq ALqg- A$Dq
of the hadrons one measures I\ e S 5 -
the “Collins Asymmetry” Zq e, q-D,

the convolution of
TRANSVERSITY and COLLINS FF
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Collins Asymmetry - Deuteron data
final results from 2002-2004 data
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Collins Asymmetry - Deuteron data
final results from 2002-2004 data
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Collins Asymmetry - Fits to Data
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Collins Asymmetry - Proton Data

2007 run: transversely polarized NH, target

data taking equally shared between transverse and longitudinal

first results: Transversity 2008 in Ferrara

new release: DIS 2009 in Madrid

~2 times more statistics
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Collins Asymmetry - Proton Data

COMPASS 2007 proton data
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Collins Asymmetry - Proton Data

comparison with predictions

COMPASS 2007 proton data
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Two Hadron Asymmetries

] jf‘-k_h
SN = | / A%ru_‘ éﬁ“‘ ~
3 et — | P
% = | /_ Lo 24 e
> N _¢'R | o
X8 eI
< D ke )
B | ) : . P1
. e !
Ty = 5= J,f_ 4 Rr /
% Sy
| N T P /
\\ S =
\\ :\ K‘“\\ F [
. e 0N %
. . g y
N = g y .~
. /
+ ¥
Il i) \
~ e S A, i
- 5, P bt
e a \\\x\{ = // <
ni ’{vF{" Nao
i -

azimuthal asymmetry in
Prs= PrL "~ Ps’

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

N*(Dpg)=N’- {1+ A -sind ¢ |

Interference Fragmentation Function

AL

B quz'ATq(x)‘ vé(Z’Mﬁ)
- >.eq-d(x)-DilzM;)

A. Bacchetta, M. Radici, hep-ph/0407345
X. Artru, hep-ph/0207309

TPSHO09

F. Bradamante



Two Hadron Asymmetries — Deuteron data
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Two Hadron Asymmetries — Proton data
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Two Hadron Asymmetries — Proton data

comparison with predictions
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A asymmetries

Information on A.q can be accessedin = uNT > p' A X uNTspAX

A polarization axis
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A asymmetries
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Sivers Asymmetry
appears in SIDIS as a modulation in the “Sivers angle” ®; = ¢, - ¢

Nﬁ ((DS ) _ Ng . [ 1+ PT . AS' . sinCDs] ¢, azimuthal angle of hadron momentum
- v

¢ azimuthal angle of the spin of the nucleon

the “Sivers angle” ®, and the “Collins angle” @ are independent

— the Collins and Sivers asymmetries can be disentangled and extracted
from the same data in SIDIS on a transversely polarised target

N\

Z e QM the “Sivers DF”  (or A . or ff or q;)

Asiy Z CI'DZ the most famous of the TMD parton DF

the Sivers asymmetry

has been measured by the HERMES experiment on proton
- different from zero for positive charge particles

« compatible with zero for negative charge particles
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Sivers Asymmetry - Deuteron data
final results from 2002-2004 data

S O ot I I
< oallh~ %
0.051 {) i +}; i (ij % charged hadrons
Q ¢
0+$§5§,$#>+% 'l?.}éﬁ’%ﬁ’ﬁ %ﬁﬁ)ﬂ ..................................... NPB 765 (2007) 31
-0.05F - - ‘}
10 107! 02 04 06 0.8 0.5 1 1.5
X z p’;{ (GeV/c)
cancellation between u and d quark
contributions in the dueteron
TPSHO09 F. Bradamante




Sivers Asymmetry - Deuteron data

final results from 2002-2004 data
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Sivers asymmetry — proton data
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Sivers asymmetry — proton data

comparison with recent predictions

 from M. Anselmino et al.
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Sivers asymmetry — proton data

comparison with recent predictions
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SIDIS cross-section
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A 3
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Other SSAs - Deuteron data
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two twist-2 asymmetries can be
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SIDIS cross-section
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18 structure functions

A 3
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Unpolarised Target SIDIS Cross-Section
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Unpolarised Azimuthal Asymmetries
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Unpolarised Azimuthal Asymmetries

cos2¢ modulation

B ek theory 04l COMPASS 2004°LiD\(part)
I Y e
= & .
ol 0
0
o3
+
0.1+ h
il MR |
0.1+
e ¥
total Boer Mulders = ob— =i L '
........ ™
....... Cahn pQCD 8
Qo
V.Barone, A.Prokudin, B.Q.Ma h'
arXiv:0804.3024 [hep-ph] -0.1- -
10° 10" 0.4 0.6
X

TPSHO09 F. Bradamante



OUTLOOK

ine CONMPASS experiment
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exclusive p, asymmetries

- selection of exclusive p, production

proton data analysis

events

Recoil proton (p') is not detected,
Check if the proton is intact :
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exclusive p, asymmetries

proton data analysis

- selection of exclusive p, production
- selection of incoherent p, production

Incoherent p, Production

COMPASS 2007 Transversely polarized rarget

/

10°
llll Coherent scattering on nitrogen rejected
by selecting events with p;2 > 0.05 (GeV/c)?

events

104 &

Non-exclusive background reduced
1wl by selecting events with p;2 < 0.5 (GeV/c)?
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exclusive Po as!mmetries

proton data analysis

- selection of exclusive p, production
- selection of incoherent p, production

 measured asymmetry

N(p—d)=Falp—d o (1= f(P,) A, sin(¢—d))
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exclusive p, asymmetries — proton data

2 2
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exclusive p, asymmetries — deuteron data

2 2 ~
(0")=2.0(GeV/c) (x)=~0.03 (pr)=0.11GeV/c
e - COMPASS transverse p° analysis I~ - 2002-2004 COMPASS data & - COMPASS tragsversep” analysis
= on 2002-2004 "LiD data = = on 2002-2004 "LiD data
g, 01r g, 0 g .01
(=] (=] w2

A

< I T

0 I | 1

* ! u : o_%J- 1

| o
A
| -
-
|

0.1

pfe\'ln'\inaw 01" pre\'\minaw 0.1~ reﬁmi.naw
840" 1 ) s i T R Y TR T 02 YT
Q?[(GeV/c) Xp; p, [GeVic]
without coherent/incoherent scattering separation
TPSHO09

F. Bradamante



CONCLUSIONS

interesting COMPASS results for

» unpolarised hadron asymmetries on deuteron
for positive and negative hadrons

» Collins and Sivers asymmetries on protons and deuterons
« Two hadron asymmetries

near future:
 identified hadron asymmetries
« all TMD asymmetries from 2007 data

longer term:

» the study of transverse spin effects needs further precise
measurements and the COMPASS facility is the only place where SIDIS
can be measured at high energy

—> Anna Martin (SIDIS), Yann Bedfer (GPD), Catarina Quintans (DY) talks
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