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The COMPASS experiment ﬁ

Fixed target experiment at the CERN SPS:
240 physicists from 28 institutes, 11 Countries.

Very broad physics
program focused on
nucleon spin structure
and on

hadron spectroscopy.
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COMPASS spectrometer ﬁ

longitudinally polarised muon beam

longitudinally or transversely polarised e S
deuteron (6LiD) target !

momentum and calorimetry measurement
particle identification

MuonWall

E/HCAL

SciFi Straws

Silicon I\SIII\)I\?PC
: ! Micromegas
Folaees e W
u bea . .
| Luminosity 5-10%2 cm2 s
P beam intensity 2 - 108 p*/spill (4.8s/16.8s)

beam momentum 160 GeV/c
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The COMPASS polarized target

solid state target operated in frozen spin mode

2002-2004 data taking:
| —— 3He —“He Dilution ]
[ - refrigerator (T~50mK) il targlet rna:_e"al: 509
= superconductive poiarization ~ 0
Solenoid (2.5 T) Dipole (0.5 T) dilution factor ~ 0.38

Data taking with a transversely

polarised proton target
is going on.

two 60 cm long cells
with opposite polarization
(to reduce systematics)

1) l
ﬁ I Reversed once a week
2) @ (relaxation time > 2000h)

For transversity:
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Transverse spin physics

At leading order, the inner structure of the nucleon can be described with three
Parton Distribution Function (PDF):

probability of finding a quark with a fraction x of the

- d(x) momentum distribution: decribes the
®
) nucleon momentum;

Aq(x) helicity distribution : describes the
- probability, in a longitudinal polarized nucleon (w.r.t. the
.-} - =9 beam direction), of finding a quark with spin parallel to the
nucleon spin;

probability, in a transversely polarized nucleon (w.r.t. the
beam direction), of finding a quark with spin parallel to the
nucleon spin;

5 A1q(x) transversity distribution : describes the
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Collins asymmetry

The transversity DF is chiral-odd:
—> survives only by the product with another chiral-odd function
One way to measure it: SIDIS reactions on a transversely polarised target

INTI'h X Collins Asymmetry (Collins FF)

Collins effect
» In the hadronization process from transversely polarized quarks,
the produced hadrons show an azimuthal asymmetry

N;(@c)=N°-{1+ A" sind, |

®. = ¢, - ¢, isthe “Collins angle”

!

(I)s azimuthal angle of the transverse spin of the initial. quark

¢h azimuthal angle of the hadron

(I)s, azimuthal angle of the transverse spin of the fragmen'ti‘ng quark
dg =7 - O (spin flip) e
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Collins asymmetry

The measured Collins asymmetry gives assess to the transversity
distribution function convoluted with the Collins fragmentation function:

Collins
fragmentation

/ function

h ) .

AC _ Ac Different from zero
oll
f-P.-D (Belle 2005)
\
Transversity
distribution
function

Z : sum on quarks
g F dilution factor

h . .
Dq: fragmentation function Py target polarization
g : unpolarized PDF D,, depolarization factor
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selection of SIDIS events

1071

DIS cuts:

+ Q2> 1 (GeV/c)?
*+ 0.1<y<0.9

« W>5GeV/c
hadron selection:
¢ 72>0.2 _ .
* p,>0.1GeV/c X

O’ (GeV/cf

lO:—

Statistics 2002 - 2004
8.5 * 10 positive hadrons
7.0 * 10° negative hadrons
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Collins asymmetries 2002-2004 data

COMPASS: 2002-2004

E —a— positit\fe h:dgons
Lo ’ - -
0.05- - - + ]
’

o t Plagth N ______________________ ¥ ___;}ig._% ......... N ﬁ ___________ H}ﬁ##f{ ........ o ..

-0.05- % - - l
) L1 E 1 BT | | | | | |

1072 10 02 04 06 0.8 0.5 1 1.5

Xgj z p, [GeVic]

- only statistical errors shown (systematic errors considerably smaller)
- Small asymmetries

( NP B765 (2007) 31-70 )
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http://wwwcompass.cern.ch/compass/publications/papers/locked/2007_npb765_031.pdf

Hadron identification

Hadron identification is based on RICH response:
several studies performed on the stability in time of the detector.

Cherenkov thresholds: 7t ~ 3 GeV/c H
K~9GeVlc =
p~17 GeV/c

304

2 0 1 /K separation at 43 GeV/c

20? | I 1 \

p (GeVic)

Statistics .. .
2003-2004: | POSitive negative

T | 52M | 4.5M
K |09M |0.6M
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Collins asymmetries 2003-2004 data

- COMPASS 2003-2004
=O"' —a&— positive pions
8 —e— negative pions
< 0.ir }

T L |

{ | | %

COMPASS 2003-2004

0.4

—a— positive kaons
—e— negative kaons

f;

1072 101 0.2 0.4 0.6 0.8 0.5 1 1.5
XBj z p, [GeVic]

ACoII
o
N

- only statistical errors shown (systematic errors considerably smaller)
- Small asymmetries
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Interpretation

&

naive interpretation of the data (parton model, valence region)

Lt Arty + Ard, 4A%.D, + A% D,

i
]'!’ ‘ol —

w, + d, 4D + Dy
_;lu’ -~ &“f"”[' T ﬂ"f'dt' j\l}Dl + -1’_‘\[}Dg
Aol y + dy Dy + 4D

Small asymmetries->cancellation between A;u (x) and A;d (x)
expected even if A] D, ~ —A; D,

(suggested by data on proton target - HERMES experiment)

*

Phenomenological works by different groups on the interpretation of the
data by COMPASS, HERMES and BELLE experiments:

*Vogelsang — Yuan (Phys.Rev.D72:054028,2005; hep-ph/0507266)

*Efremov, Goeke and Schweitzer (Phys.Rev.D73:094025,2006; hep-ph/0603054)
*Anselmino et al (Phys.Rev.D75:054032,2007; hep-ph/0701006 )
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Sivers effect

The intrinsic transverse momentum of unpolarized quarks in a
transversely polarized nucleon can introduce a different azimuthal asymmetry,
not connected with the transversity distribution.

The number of produced hadrons depend on the “Sivers angle”:

N:(Dg)=NC- {1+ Al -sindg |  Ps = &y - 0
Independent from Collins angle;

possible to measure both effects in the same data
The Sivers asymmetry:

Siv. f'PT e | Sivers

h
q function

: k
Zq sUm on quarks F dilution factor

h s
Dq . fragmentation function Py target polarization

g - unpolarized PDF
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Sivers asymmetries 2003-2004 data

COMPASS: 2003-2004

0.2 = -
—a— positive pions

—e— negative pions

ASiv

0.1+

0#’25’&55;## """"" ‘"'5‘%‘#';'}“*; """" LA *‘}} """ '"*‘i;g*g'&?""ﬁ """"""" H """" |
-0.1F

| |
COMPASS: 2003-2004

—— positive kaons
—e— negative kaons

ASiv

0.2

o“ﬁw”} ---------- -"'4'3'%'2“'% ----- S ---g-{»g&-*-g@----z ------------- o]
¢ {, {,

Ll TR | M B | | | | | | |
1072 10t 0.2 0.4 0.6 0.8 0.5 1 1.5
XBj z p, [GeVic]

-0.2r

- only statistical errors shown (systematic errors considerably smaller)
- Small asymmetries
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Interpretation

naive interpretation of COMPASS data (parton model, valence region)
N Alu, + Ald,

adot o adwT
Jq.qln'.i" ~~ 1—15'1;7' —

U, + d,

Small asymmetries suggest Al'd, ~ —Alu,

Data on proton target (HERMES experiment) different from zero:
phenomenological works by different groups describing COMPASS and HERMES
data are summarized in hep-ph/0511017

“Comparing extractions of Sivers functions” by Anselmino et al.

the measured asymmetry on deuteron compatible with zero has
been interpreted as

Evidence for the Absence of
Gluon Orbital Angular Momentum in the Nucleon

S.J. Brodsky and S. Gardner, PLB643 (2006) 22

The approximate cancellation of
the SSA measured on a deuterium target suggests that the gluon mechanism,
and thus the orbital angular momentums carried by gluons in the nucleon, is
small.
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Beyond Collins and Sivers mechanism

In the complete SIDIS cross section more terms are present:

18 structure functions, 8 transverse target dependent spin asymmetries
with different azimuthal dependences:

do B
dx dy div dz doy, dpl?L N J_q
o2 2 . f g Sivers
— - I+ =)< vanunn
ryQ? 2(1 —¢) ( * 21?) {
‘ ‘ sin(¢p— sin(¢pp—dg q Lh .
+ S 1] | sin(¢p, — ¢s) 1 Fl T,;h ¢5) 4 sF(‘/,T’(ih Q*’)) h’l 29 qu Collins

sin(¢gp+¢s)

+ e sin(op, + os) Firp

osin(3dp —og)

+ & sin(3¢p, — ¢s) ¥

+V2e(1 +¢) singd Fin®s 4 \/2(1 +2) sin(2¢ — o5 FSE%(Q(E)FQS)

—|— S A 1 I E‘Q Ccos (b _ Cb (.OS ()h, C)‘J COS Cﬁ FCOS (,)C,
Lie [V #h PS s

V20— 2) cos(2n — o209 }
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Beyond Collins and Sivers mechanism

Fyoston=oa) o gl @ DY Two twist-2 asymmetries can be
sin (3, —be) . o interpreted in QCD parton model and will
Fyr o« hyf ® H lg allow to extract unexplored DFs

cos( s J[ ( . )
Fiz® af»‘fz © Dig . _
| Remaining four can be interpreted as

cos(2¢p —os M ) ist- I i
Feos@i—d) o 0 Lyt oDl twist-3 contributions

sin(de 1![ (
FFT(.J x 6 (, [J_h ij DTq)

o M All asymmetries measured for the first time,
an(zw, bs) ) ]Lq HJJ: Llqg Dh
UT X 0 hr € + fir @ Dy, : .
found compatible with zero:
again cancellation between proton and neutron?
A(ios%_%) i *p"S‘“t,Ve _ all hadrons | 2002-2004 data
T 02_*”ega've I | cowpass
Ceretiyl) | 3 RS
et ‘ R
-0.21 B
1(;2 — 1(|)1 — ......:2 04 06 08 ? 0.I5 I1 1.|5 2

X z P! (GeVic)
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Two Hadrons Asymmetries

in inclusive production of
hadron pairs, one can define
the angle ¢ ;. and measure
an azimuthal asymmetry
from the

modulation of the number of

events in ¢ps=dpL - 9.

Transversity

distribution
function

Interference fragmentation function

A, — A =
S
f-P,-D quq-q Dy -
presently unknown,

X. Artru, hep-ph/0207309
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Two Hadrons Asymmetries

»

Selection of all combinations of positive and negative hadrons in DIS events

o 0.2 0.2
< all +/- pairs 2002-2004 data f all +/- pairs 2002-2004 data
COMPASS COMPASS
0.1 0.1—
g 1
$ . ¢ } 0 e S e ) ; ¢ + } *
Prey; ‘ Drey -
Vi, Sirry,
Yy Uy,
o2 i L L
10 10" 5 1 03 0.5 1 15
Bj M., [GeVicT]

- only statistical errors shown (systematic errors considerably smaller)

- small asymmetries

- also studies on z-ordered pairs were done

In agreement with predictions for a deuterium target (M. Radici, QCDN 06, hep-ph/0608037)
RICH identification: different combination of hadrons ntt, KK, K, K7t .
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Conclusions

* In all the channels investigated up to now:

+ Collins/Sivers asymmetries on positive and negative h, n*, K*
beyond Collins and Sivers mechanism: other “new” 6 observables
+ two hadron asymmetries (identified h, z-ordered)

+ transverse A polarization (not described in this talk)

the measured asymmetries on a SLiD polarized target are very small and
compatible with zero within the statistical errors;

(systematic errors considerably smaller)

L

+ Collins and Sivers effects:

a lot of theoretical work aimed at a first extraction of the transversity and Sivers
parton distribution function is ongoing by different groups:

a consistent picture of all present data is being worked out

Outlook:

Analysis continuing on collected deuterium data
- K% asymmetries

- Exclusive p production on transversely polarised target

Data of comparable statistics are being collected on
a transversely polarized proton target (NH,)

Baryons '07
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Coll

<C 0.1

comparison with HERMES

COMPASS: 2003-2004

—*— COMPASS r*
—— HERMES (DIS06)

—— COMPASS
—— HERMES (DIS06)

g

{
1

i,

.y

J

]

102 107"
COMPASS: 2003-2004

4
—*— COMPASS k*

—— HERMES (DIS06)

—— COMPASS k
—— HERMES (DIS06)

102 10

Xg;

J

102 1071

COMPASS: 2003-2004

-,0'2 —*— COMPASS n* —*— COMPASS 1
Iy —— HERMES (DIS06) —— HERMES (DIS06)
< 01 { B
i it
0 P ! l i i o
Tig !§+l Iféﬁ!gir%
-0.1- -
-0-2 IIII| 1 1 III| II\Il 1 1 IIII|
10 10 102 10
COMPASS: 2003-2004
>0'4 —*— COMPASS k' —s— COMPASS k
Iy —— HERMES (DIS06) —— HERMES (DIS06)
< 0 2_ L
i1
ol l . ﬂ i _ ¢ ﬂ ll
0*9 L | *fgflr%PH
¢
-0.2F -
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10 10 102 10

HERMES data from "Transversity results from HERMES’, L.Pappalardo et al., to appear in the proceedings of the
XIV International Workshop on Deep Inelastic Scattering, Tsukuba city, Japan, April 20-24, 2006.,

courtesy of the HERMES Collaboration
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sinO dependance

Cross section o for two-n fragmentation depends on sine:
(Interference of s- and p-wave of the 2z-state)

Gy * Y, eg\ST\sinesinq)RsATq(x)Hj‘h(z,Mﬁ)

(A. Bacchetta and M. Radici, hep-ph/0212300)

0 : Angle of h, in the two-hadron CMS
to the direction of P,=P,,+P,,

< 400k Alln+/7- pairs COMPASS 2003-2004 T 25000 All K+/7- pairs COMPASS 2003-2004
= : transverse data % - transverse data
o] =
%20000__
15000/ (‘\
& : &
QN : &
Q& 10000 W
2 - Q&e'
] 5000|-
- | 1 ] ] 1 | 1 | ] J 1
0.65 0.7 0.75 0.8 0.85 09 095 1 %.3 04 05 06 07 08 09 1
sin(6) sin(6)
<sin0> = 0.95 <sin0> = 0.90

=» small contribution in the kinematic region of COMPASS

Baryons '07 Federica Sozzi 23



® Q% > 1 (GeV/c)?

[

Event selection

dN/dy

x10°

®0.1<y<0.9

<y>=0.35

K <Q?>=3.2 (GeV/c)?

10

10°F

WM [n_|

100 150
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1 !
0 50
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2
t
L

-k
o
===

<p+2>=0.3 (6eV/c)?

dN/dp

20

p; [(GeVrc)’]
Baryons ‘07

0 10

il

50

e

«o® Z>0.25, z, > 1-Lz

™
60 J'J '

!
f H\

dN/dz

<z>=0.44

1
Leading hadrons

S,
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dN/dW

x1i0° @ W > 5 GeV/c?

<W>= 9.7 GeV/c?
40 1\
Ll
20- \‘\
| \
0 [ 1 1'\ |
0 10 20 30
W [GeV/c’]
x10°
I
{xgj:»:0.0BB
40~
/
[H
20 Kﬁ
I B
0 = . o0 ...I‘2 Liidn r i
10 10 10 1
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2D fit

correlations by different modulations are small

- = ﬁnwhwn:lr mwhltls:l O ﬁnwﬁ_‘nlr mﬁﬂ_ﬂnl " a:n{¢h+¢=,r 5?1“!"-*‘: o ﬁn“'h-*t:' 5-.1(2*"-*3:
L L SNl ) g -4 SR se, , cosl-4,), cosé
R E n  GOBY - ), coBd in{3d - 2 - = hoe' &
0.5 -7 sin(3g -4, ), sin{2¢ -4 ) - h e & 05T sin(3¢ -¢ ), sin{2¢ -¢ )
' sinjd -4 ), sing y CoBld ), con(2d -4 ) - sinig -4, ), sing, o oonle-g.) con(2b )
B [ & h h &
- Z [ &
B - H = & I~ - | ]
- » B8 r - = b 3
n n 00|
0 ? a ._. D . & & E_E.
i e » I ’ .
I 2 I .
I ¥ ! 9
0.5 all h+ -0.5 __ all h-
1 1 ||||||| 1 |||||||| 1 |||||||| 1 1 IIIIIII 1 1 IIIIIII 1 IIIIIIII
10° 10" 1 102 10" 1 X
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“nq)f(x) for deuteron (€)
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0.1 - .
0 - e
01 C i
C positive hadrons ]
-0'2 __I | III| | I IIII| | 11 | II__
0.01 0.1 X
. Bj
anery COMPASS !
02 F T T T T T
l comrs5: 2002 .
0.1 -

\IT
‘.l It

\

negative hadroris

=
[
| T 11 I T 17T

0.01 0.1 X

=

Baryons '07

collins

A. V. Efremov, K. Goeke
and P. Schweitzer
Collins on Proton and
Deuterium
(hep-ph/0603054)
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0.1

ACO"

0.1

0.1

0.2

—a— all hadrons
—— |eading hadrons
—— Goeke et. al

positive hadrons

...._..i.i;i;.ﬂ.jl ...... 8. Fpo H

2002-2004 data
COMPASS

g goa B Lsagae®
negative hadrons
| | | | | | |
02 04 06 08 0.5 1 1.5
z p, [GeV/c]

A. V. Efremov, K. Goeke and P. Schweitzer, Collins on
Proton and Deuterium (hep-ph/0603054)
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-0.1

ASiv

0.1

-0.2

M. Anselmino et al.
Sivers on Deuterium (hep-ph/0507181)
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—&— |eading hadrons
—— Anselmino et. al

positive hadrons

L t‘!ﬁ:&-------q-----_ﬁ

2002-2004 data
COMPASS

_____________
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| | |

....................

0.4 0.6 0.8
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transversity DF

ATq(x) = qTT(x) - qu(x) q=u,, d, d..,
quark with spin parallel to the nucleon

h,9(x), o
1 (%) * * spin in a transversely polarised nucleon
0q(x), M _ M
STq(X) : " ‘!’ h,(x) decouplgs from leading twis_;t DIS
because helicity of quark must flip
Properties: NO MIXTURE WITH GLUON

 probes the relativistic nature of quark dynamics

* no contribution from the gluons (1 simple Q2 evolution

- Positivity: Soffer bound................. 2|A7ql<a+Aq el 74 1995)
« first moments: tensor charge.......... Arq = [dx Atq(x)
« sum rule for transverse spin 1 1ZA .
= +L, +
in Parton Model framework............ 2~ 2% b+l

Bakker, Leader, Trueman, PRD 70 (04)

* it is related to GPD'’s

* is chiral-odd: decouples from inclusive DIS
Baryons '07 Federica Sozzi
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Two Hadrons Asymmetries

looking at two hadron production, a different asymmetry can be measured

—

&:ﬁ+ﬁ
_ ZZP1T _Z1P2T
z,+2z,
“ Sy | DPrs = Or - 05
4 uthal e of R
- N . ¢r azimuthal angle of R;

S “, 9 [ ¢, =mn- ¢, azimuthal angle of the
g e spin of the fragmenting quark

Ry

Transversity

Ni(CDRS): N°. { 1+ A- sin(I)RS } distribution

function

1
Interference fragmentation function

A, = — A
S
f-P,-D quq-q Dy -
presently unknown,

X. Artru, hep-ph/0207309
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Transverse A Polarization

3 20000 All 2002-2004 transversity data 8 All 2002-2004 transversity data
"= 18000 "= 12000 —
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