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Transverse Spin Physics

3 distribution functions are necessary to describe the
spin structure of the nucleon at LO:

q(x) @ momentum distribution
well known - unpolarized DIS

Aq(x) @-} - .@.; helicity distribution

known - polarized DIS

A+q(x) = q'1(x) - g'(x) transversity distribution

still unknown
— A;q(x) decouples from inclusive DIS:
helicity flip of quark

= SIDIS experiment



Transversity: How to measure it in SIDIS?

Transversity A.q (X) chiral odd: observable effect only in combination
with chiral odd fragmentation function

Suggested quark polarimeters in SIDIS:

e Azimuthal distribution of single hadrons
Collins fragmentation function

» Azimuthal dependence of the plane
containing a hadron pair
2-hadron interference fragmentation
function

e Measure transverse polarization of A
fragmentation function q-> A



Transversity Data Sample

transversely polarized deuteron target
~ 20% of the running time

2002 11 days of data taking

2003 9 days of data taking

2004 14 days of data taking

> trigger (large x, Q?)

+ PID (ECAL, RICH)
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Collins Asymmetry

SIDIS on a transversely polarized target: | NT > 1'"h X

Fragmentation of a transversely polarized quarks into hadrons
- azimuthal asymmetry:

h(q)COH) N, nil A -sin®;, }

In SIDIS, the Collins
angle @, is defined as:

Coll ¢h + ¢S




Collins Asymmetry

The measured asymmetry A, gives access to the transversity distribution
times the Collins fragmentation function:

Ab quz Arq(x) -A1D]
Coll — —

f: Dilution factor = 0.38 A;q(x): Transversity distribution
D,,: Depolarization factor

D..=2(1-y)/(1+(1-y)?) A;D? : Collins fragmentation
P;: Target polarization = 0.5 function (measured

in ete” at BELLE)



Selection of SIDIS Events

DIS cuts: 73* o
=
e Q2> 1 (GeV/c)?
*0.1<y<0.9 °F
e W > 5 GeV/c?
- Q? (GeV/cY — x1
hadron selection:
";\‘? L0D
ez>0.2 =

e p, > 0.1 GeV/c

50




COMPASS Results: Collins Effect
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only statistical errors shown (systematical errors considerably smaller)



Interpretation

® naive interpretation: parton model, valence region:

0 0
ALT (X)) = A, () +A,d,(x) 44;D, +ATD, Isospin-symmetric
u, (x)+d, (x) 4D, +D, deuteron target
0 0
AL (x) = Aru, (x)+A.d, (x) A;D, +4A:D, D,: favored FF

u,(x)+d,(x) D, +4D, D,: disfavored FF
Small asymmetries - cancellation between Au(x) and Ad(x)

e Extraction of transversity distribution from COMPASS (deuteron),
HERMES (proton) and BELLE (Collins FF) data:
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=T COMPASS,
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< o1/ ¢ BELLE
b /

0

02 04 06 08 1
X A. Prokudin, hep-ph/0701006 X



Transversity in Hadron-Pair Production

Collins-Angle replaced by:

Dps = pt+ @5 -7

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



Azimuthal Asymmetry for Hadron-Pair Production

Target single spin asymmetry Agz<(X,z,M,?):

1

> e Ara(x)H (z,M7)

ARS (X9 Z, Mlzl) —

fP,D Z Dh(z M)

z=2,+7,

(X. Artru, hep-ph/0207309)

H,“"(z, M;,?): Two-hadron interference fragmentation function

h <h
D,, H,

l

presently unknown
can be measured
in e*e” (BELLE)

expected to depend on the hadron

pair invariant mass



Event Selection

Hadron pair selection:

®z,, > 0.1 (current fragmentation)

° X, > 0.1

e 2,+7, < 0.9 (exclusive meson production)
e RICH identification of m, K

x10°

30

dN/dz

20

15

10—

0 02 04 06




COMPASS Results for Hadron Pairs
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COMPASS

Results for Hadron Pairs
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ARS

New Results: Leading Hadron Pairs z-ordered

Leading hadrons may carry more information about the fragmenting quark

e z-ordered hadron pairs: z, > z,

ez =2,+2,>0.25
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New Results: Leading Hadron Pairs z-ordered

Leading hadrons may carry more information about the fragmenting quark

e z-ordered hadron pairs: z; > z, h,: leading hadron
h,: sub-leading hadron

ez =2,+2,>0.25

o 0.4

<|‘.‘I! ) # Leading =*/n* pairs COMPASS 2003'2“04 <|‘.‘I! ) # Leading n*/n” pairs COMPASS 2003'2004
B Leading n'/x" pairs L B Leading «'/x* pairs
0.2- + 1] 0.2-
$ + 1 9 l . [ . i ’ |
0 éth 1 I 0ottty
T
0.2 , m-\“a“.l 0.2 , m-\“a‘\l \[ ;
prel preW
0445 1 15 ' 2. 0445 1 15 2 2.5
ntnt ntn




Sivers Effect

e Intrinsic transverse momentum of unpolarized quarks in a
transversely polarized nucleon - azimuthal asymmetry

NE (D

Siv

)=N’{1+ A" -sin®, }

The Sivers asymmetry:

CI)Siv = ¢h B ¢s

Sivers angle independent
of Collins angle:
measure both in the same data

Ayq(x) : Sivers function



COMPASS Results: Sivers effect
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only statistical errors shown (systematical errors considerably smaller)



Interpretation

® naive interpretation: parton model, valence region:

Agu, (x)+Ayd, (%)
u, (x)+d, (x)

~ Ad,ﬂ—

Siv

Ad,ﬂ+

Siv

(%) (x) =

Small asymmetries suggest A,'d,(x) = -A,"u,(X)

e Data on the proton (HERMES experiment) different from zero,
extraction of the Sivers function from COMPASS & HERMES:

1
x 7 9%)
I

I Adselthino et al

| Ret':[20]

Ref.[23] —— -1
Collins

0.05 B et al
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d-quark
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g/// ——
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—
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Anselmino et al. hep-ph/0511017



Beyond Collins and Sivers Mechanism

SIDIS cross-section in one-photon exchange approximation:
8 transverse target spin dependent azimuthal modulations

dea

dz dy dip dz dy, dP2,

zy@Q2 2(1 —¢) 2x

- i { 1-.-‘ '} —.'l 15 1 1_-';’]1_,
sin(¢y, — ¢g) ( ﬁ;};{}h $5) | o ;:1111{1:;, ¢3)

Collins

1=.‘r j‘ .'I. y a | { 1-.II :% .é";u_.'l. y
b;,',?:(‘ ht®s) + ¢l sin(364 — ¢ : “inﬁ Op—Ps)

+ esin(op + s

6 further

+ v2¢e(1 +¢)fsin g5 i*b“m&' + /2 £) Bin(2¢p — ¢g)

modulations

+ 18112 | V1 — €2 bos(¢n — ¢s] FE@n=09) 4\ f2e(1—¢

+v2e(1 —g)|cos(2¢p — f‘f‘b)f'w (26, —0s)

M. Diehl, S. Sapeta,
‘ Eur.Phys.]J C41 (2005) 515-533
hep-ph/0503023

g-photon flux



Beyond Collins and Sivers Mechanism

A SN2 =)

_ uT
?_ﬂ T
& o all hadrons 2002-2004 data
£ 5 0Am e - COMPASS
<«
3
0 ﬁﬁ".éﬁ—}—&—ﬂ o T i I # 'H—'i—r“—‘i(k £
0.4~ B T (Feb.23,2007)
1l | | | | | | | |
102 10 0.2 0.4 0.6 0.8 0.5 1 15
h .
X AC03(¢h —;) z P} (GeV/c)
_ LT
= +f’:“”"f‘" all hadrons 2002-2004 data
g | s COMPASS
< 0.2 { - -
0 éa‘ﬂﬁhﬁdlj ﬁﬁ{ﬁ | R G ;g%&ﬁ# I 1
T 1 IJ_ l *T 1 ﬁ T 1T *L f
0.2 - =
- (Feb.23,2007)
Ll Ll L | | | | | |
102 10 0.2 0.4 0.6 0.8 0.5 1 15
X z P} (GeVic)

all new asymmetries small and compatible with zero



Conclusions and QOutlook

e Precise COMPASS data for transverse spin asymmetries
on the deuteron

e Channels investigated so far:
e Collins asymmetries on positive and negative hadrons, =, K*
e Hadron pair asymmetries
e Sivers asymmetries
e 6 new observables beyond Collins and Sivers

e All measured asymmetries very small and compatible with zero

e Combined analysis of deuteron (COMPASS) and proton
(COMPASS/HERMES) data allows extraction of transversity A-q(x)

Outlook: | ¢ COMPASS data taking on a transversely polarized proton

target started in June 2007
e Analysis of single spin asymmetries in exclusive reactions
to get access to GPDs



Outlook: SSA for Exclusive Rho Production

10000~

6000

40001 -
i 5000

2000~

N /5 MeV/c?
N /100 MeV

S M 1wl T T Teeen
u+d->pu'+d+p Exclusive Rho:
e Q2> 1 (GeV/c)? -2.5GeV < E,.. <25Gev
e0.1<y<0.9 0.01 (GeV/c)? < p? < 0.5 (GeV/c)?
e W > 5 GeV/c -0.3 (GeV/c)? < M, -M_ < 0.3 (GeV/c)?

* Exclusive vector meson production on the deuteron pgerger. cano, Diehl et al.
sensitive to the GPDs H, E hep-ph/0106192

e GPDs may give access to total angular momentum of quarks in the
nucleon



New Results: SSA for Exclusive Rho Production
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New Results: SSA for Exclusive Rho Production
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New Results: SSA for Exclusive Rho Production
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R=6, /o7 for Exclusive p Production
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Hadron Pairs Invariant Mass Spectra

all hadron pairs: 5.3 M
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New Results: Leading =/K Pairs z-ordered
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New Results: Leading =/K Pairs z-ordered
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The polarised °LiD-Target

Vertex distribution:

N
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=
T 1500
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Two 60 cm long target cells
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Transverse target polarization: Dilution factor: 0.38
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Ring Imaging Cherenkov Detector

Identification of =, K and protons
Cherenkov thresholds: =~ 3 GeV/c 20 n/K separation at 43 GeV/c

K=~=9 GeV/c
a ©
W

p~17 GeV/c
Mirror %
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wall
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Results for all hadrons

A7) _ Sivers asymmetry
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Results beyond Collins and Sivers
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Results beyond Collins and Sivers
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Results beyond Collins and Sivers
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Frame independent definition of @y

A. Baccetta,
hep-ph/0608037

with: R — 2,Pr-2,Pr where P, and P, are the transverse
' ! z,+2, components of the hadron momenta
. @<) @Ry ging = 1*Ry)-q
we define: cosd, = : T sin

ax1| [qxR,] " JaxdfjaxRy



Results for two unidentified hadrons

all combinations
of + (h1) and — (h2) hadrons
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Double Ratio Method

lep ((DCOH) ) N(Tlown ((D Coll)
Nip ((I)Coll) ) Ncilown ((D (3011)

double ratio:  F(Pcy) =

Nup/down+ UPStream / downstream target cell

NTY: target polarization vector pointing up / down
fit function: F(Dc ) =c-(1+4-A¢sin® )
. 1 h
final asymmetry: A =———A,

fP,. D



Comparison with Theory

Model calculations for COMPASS kinematics (M. Radici, QCDN 06,

Model for transversity:

— wotrat
K.or
Schws

— Wak

o

0 0.2

04 08

0.8

5 Prediction for COMPASS:

0.4 08 08 1

hep-ph/0608037):

 Soffer, Stratmann, Vogelsang,
P.R. D65 (02) 114024

e Korotkov, Nowak, Oganessian,
E.P.J. C18 (01) 639

e Schweitzer et al.,
P.R. D64 (01) 034013

e Wakamatsu
P.L. B509 (01) 59

=» small asymmetries
on the deuteron



Predictions for Asymmetries on the Proton

Predictions for two-hadrons asymmetries on the proton at COMPASS:
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e Soffer, Stratmann, Vogelsang,
P.R. D65 (02) 114024

o Korotkov, Nowak, Oganessian,
E.P.J. C18 (01) 639

o Wakamatsu
P.L. B509 (01) 59
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(M. Radici, hep-ex/0608037)



sin® Dependence

Cross section oy, for two-n fragmentation depends on sino:
(Interference of s- and p-wave of the 2x-state)

<h (A. Bacchetta and M. Radici,
Oyt z eq‘S “IH¢RS Tq(X)H (2, M, ) hep-ph/0212300)
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=» small contribution in the kinematical region of COMPASS



Partial wave expansion of H,<"(z)

H‘h (z,cos OM ;)= H‘ ' (zZM] )+H‘ ' (z,M;)cos @

% = o+ A. Baccetta, hep-ph/0708037
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Transverse A Polarization

N: component of target spin perpendicular to p,«

T: symmetric of N wrt. the normal to the scattering plane iplane - x
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f = target dilution factor, Py = target polarization,

D(y) = virtual photon depolarization factor

ArDpjg(2) = Dptg1(2) — Dplyg1(2)



Transverse A Polarization
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