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Transverse Spin Physics

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

¢(z) filo) @

momentum distribution

Ag(z) gi(x) —

hehclty dlstrli::utmn

transversity distribution

ATq(x) decouples from inclusive DIS because

helicity of quark must flip
SIDIS
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Transverse Spin Physics in SIDIS

Two processes:
Scattering of the lepton on a quark — distribution function
Production of hadrons from struck quark — fragmentation function

@ ! Kinematic variables: )
(E, p’)
r (Ep) sz-q2 04 EE sinB/2

— Q ~ resolution
v =(E-E.)
photon energy
nucleon Xg; = Q°/2Mv

momentum fraction
of struck quark

y = \)/EI inelasticity

| Z = E,/v exclusivity |




The COMPASS Spectrometer at CERN

E/I1CAL2
SM2 P

E/HCAL1

Beam: 2-1038 y*/ spill (4.8s /16.2s)

Beam momentum: 160 GeV/c

Luminosity: ~5-:10%2cm?2 s

, Beam polarization: -76%
Mt beam Polarized Target
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Transverse Spin Physics

3 possible quark polarimeters suggested using SIDIS:

» Azimuthal distribution of single hadrons

paper on 2002 data published Phys. Rev. Lett. 94, 202002 (2005)

» Azimuthal dependence of the plane containing hadron pairs

» Measurement of transverse polarization of baryons

(e.g. A hyperon)
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Transversity Data Sample

Target: °LiD (deuterium)

2002: 12+7 days of data taking

» 1.8<10° raw events

10° *[
2003: 14 days of data taking events ;.
trigger upgrade to gain on ;
large xp; & large Q° events | 2'3?2 2003 qum
PRLO4(2005) o
» 2002 data doubled aoe002 |
2004: 14 days of data taking

DAQ improved and online filter added
» ~ 2003 data doubled
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Single hadron production

Two possible azimuthal asymmetries:

(a) fragmentation of transversely polarized quarks with finite
transverse momentum to unpolarized hadrons
— Collins effect --- (access to transversity)

(b) modulation of transverse momentum of unpolarized quarks in
the transverse polarized nucleon

- Sivers effect
Collins: A(.” =

"»'"-r f P q{'s

HI]‘Ifqu E C
Sivers: A

Si 2 .

: f P Z; €f.‘ 'qu : f.r

f dilution factor; P target polarization: D, = (1-y)/(1-y+y2/2) Depolarization factor




The coordinate system

Collins and Sivers terms in SIDIS cross-section depend on
separate angles =  distinguishable

[Collms: Acon™ Sin @con J

Peon =0- & =¢,+ ¢~ T

[ Sivers: Ag:~ sin Qg ]

®iv = B - &

@, = azimuthal angle of spin vector
of initial-state quark/nucleon

(. = azimuthal angle of spin vector
of fragmenting quark

with @g = Tt-@5 (spin flip)

@, = azimuthal angle of hadron momentum



Transversity Acceptance

DIS cuts:

Q% > 1 (GeV/C)?
0.1 <y <09

hadron cuts:

p, > 0.1 GeV/c

z > 0.20
(all hadrons)

z > 0.25
(leading hadrons)

= FILTER!

-t
o

w
T

Q2>1 (6eV/c)?

Q2 [(GeV/c)]

—h

o
1 T
H

Final sample (2002-2004):

5.8 * 10°% positive leading hadrons
4.6 * 10° negative leading hadrons

8.5 * 10¢ positive hadrons
7.0 * 10° negative hadrons



Collins Asymmetries
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Sivers Asymmetries
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Interpretations

> Possible explanations for small asymmetries:
® Cancellation between proton and neutron;
* Small Collins mechanism.

> Peliminary measurement by BELLE (hep-ex/0507063):
ATDq #0 and large!

= evidence for cancellation in isoscalar target;

> Phenomenological fits of the data from HERMES and
predictions for COMPASS by

Anselmino et al. (hep-ph/0507181),
Vogelsang and Yuan (hep-ph/0507266),
Efremov, Goeke and Schweitzer (hep-ph/0603054)



Fits and calculations (Collins effect)

A"mq}f (x) for deuteron (c) A,S;i;n{q}ms)(x) for proton (a)
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Collins Asymmetries
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Sivers Asymmeftries
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Conclusion (1)

@ A first measurementof Collins and Sivers asymmetries has
been performed with a polarized deuteron (6LiD) target.

® The measured asymmetries are very small and compatible with
zero within the current statistical errors.

® TInvestigations of systematic effects prove them to be small
compared to the statistical error

@ Both COMPASS (deuteron) and HERMES (proton) data can be

described by the same model, implying for deuteron a cancellation
between protons and neutrons.
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Transverse Spin Physics

3 possible quark polarimeters suggested using SIDIS:

» Azimuthal distribution of single (leading) hadrons
» Azimuthal dependence of the plane containing hadron pairs

First results on the effect proposed by e.q.

Collins et al., Nucl. Phys. B 420 (1994) 565.
Jaffe et al., Rev. Lett. 80 (1998) 1166.

» Measurement of transverse polarization of baryons
(e.g. A hyperon)

R. Joosten Transversity Measurements at COMPASS 18



Interference fragmentation function

In SIDIS (IN - 1'hh,X) 2-hadron production
A+q.(x) couples to H?Eh (z,( M k K P.) (=2/(z+2,)

Integrated over P,

2 . . <h 2 sin :
Oyt [ Ziei ISTlsmBsmqq25 : (z,Mh) ] AUT¢Rs.s1n¢RS

(A. Bacchetta and M. Radici, hep-ph/0407345)

ASIH¢RS ZieizATqi(X)H??z,Mhz)
— ARS 2 h(ﬂ 2
Dyy S [P 2:€,"q;(xD;(z,M, ")

f dilution factor: P target polarization; D, = (1-y)/(1 -y+y2/2) Depolarization factor



The Coordinate System

Frame where:
* z is the virtual photon direction
* the x-z plane is the lepton scattering plane

@ = azimuthal angle of spin vector Rs =B - Q=@ + @ -T
of fragmenting quark
with @. = Tt-@ (spin flip)

@ = is defined by:

R = (22p1 - zlpz)/(zlJrzz)

(X. Artru, hep-ph/0207309)

20



Selection of Hadron Pairs

Select all combinations of positive (h,) and negative (h,)

hadrons with:
> z, >01&2,>01 and x, >0.1&x.,>0.1

0 102 04 06 08 -1 1.2

R. Joosten Presently no m/ K/ p separation by RICH 21



dN/dz

Final Sample
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2-Hadron Asymmetry all +/- pairs
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Conclusion (2)

®  First results of the analysis of our transverse target data
concerning Two hadron asymmetries were shown.

® The observed asymmetries are small.

® Systematics checks performed on the data show, that
systematic effects are smaller than the statistical error.
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Transverse Spin Physics

3 possible quark polarimeters suggested using SIDIS:

» Azimuthal distribution of single (leading) hadrons

» Azimuthal dependence of the plane containing hadron pairs

» Measurement of transverse polarization of baryons

(e.g. A hyperon)

R. Joosten Transversity Measurements at COMPASS 25



A.q(x) from A polarization

In the reaction
UN" - gA'X

the A polarization is related to A.q(x) by:

Introducing the chiral-odd fragmentation function A;D . /q(z).

R. Joosten Transversity Measurements at COMPASS 26



A.q(x) from A polarization

In the self- analyzing decay:

N\ - pT[' BR 064 c,/o

The A polarisation along a certain direction S is measured
from the angular distribution of the decay protons:

W(*) O +aP cos(®*)) Acc(9*)

J*  proton emission angle w.r.t. To S in the A rest frame

Acc(0*) the experimental acceptance

R. Joosten Transversity Measurements at COMPASS 27



Event selection

®Momentum of both decay particles > 1 GeV/c 2
® Collinearity < 10 mrad

®Decay vertex outside of the target
@Armenteros p_> 23 MeV/c

All 2002+2003 transversity data

n -
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5 8000
C m
) 3 Q2 > 1 (GeV/c)?

6000 0.1<y<0.9

4000~

2000
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L
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.-.,,_

- .'. .1 -'I ..
0.2 .t e
a x0T L S
At R b
o . - > N '
PP .




A.q(x) from A polarization

All 2002+2003 transversity data

All 2002+2003 transversity data

All Q2
0.1<y<0.9

| e | 50:
= 40E Q2 > 1 (GeV/c)?
- I
o 30F 01<y<0.9
20E=
10E
R e —— -
-10E ?
20E
-30F
-4[};_ — S0¢
_50—| Lol SR T R i Ll §,40;—
10° 10 10" 1 T30
xBj 20;
10
oF-
-10F
20F
-30F
-40F
-50%
10
R. Joosten Transversity Measurements at COMPASS
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Conclusion (3)

» PTA has been measured in the COMPASS 2002+2003
transversity data sample.

® The Xai dependence does not show a significant deviation from zero

@ The statistics in the most interesting region (xBj >0.1) is still poor.

® The study of systematic effects show that they are not
larger than the statistical errors

® Including the 2004 data will improve the statistics by a factor
of two.
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Outlook

@ RICH identification of the hadrons in the one and
two hadron analysis will be included

@ COMPASS in 2006:

- complementary measurements with proton target planned.

Data (of comparable statistics) will be collected on a transversely
polarized proton target (NH,) in 2006 and will allow for a flavor

separation.



Expected signal for proton running

A 0.2 C
. 0,15 — -
Expected signal for
’ 0.02 é_ } 4 } } 1 i l l |
~30 days running on NH S L L B
3
ton ton
A Coll pro A Coll pro
IIIIIIII 0.15 - -]
005 [ =
000 | 1 Collins effect
—0.05 :
010 [ N E : B
- T . —0.05 ) -
_0-15__IIII|IIII|IIII|IIII__ L | | | i
0.1 0.2 03 0.1 02 03
X X

A. V. Efremov, K. Goeke and P. Schweitzer (hep-ph/0603054)



sin{p,, - by) sin{p, - o)

sin{ty, - bg)

Expected signal for proton running

A o2 :
. 0.15 — W
Expected signal for
. 0.05 é_ | 1 l l l l l : |
~ °E 1 L 1 1
30 days running on NH, o |
nz: h™ ; : h- 5
E | i
q - - - . . - e
I = Sivers effect
0 %
5 s | L
q il .
at |- h* - h-
ﬁ e Anselmino et al.
e (hep-ph/0507181)

P; {GeV/c) P; {GeV/c)



Thank you
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2-Hadron Asymmetries (z ordered pairs)

Select the combinations of leading (h,) and next to leading .
hadrons with:

> z, > 2z,>01 and x, >0.1&x,>0.1
> z=2 +2,<09
COMPASS transverse data, hadron pairs production
=
" 2002-2004: -
1_
6.4 10° pairs
10°
0.5—
10
DD 1

+/+ 19.2 yA +/- 342 yA
R. Joosten -/- 14 .3 yA -/"‘ 32.2 yA 35
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2-Hadron Asymmetries (z ordered pairs)
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Fits and calculations (Sivers effect)

COMPA 55 (2002)

iﬂ 005 - _ +»+'=_L‘fll +__| ,-
3 T
5
E{ - 0 Illi ‘1I |I5 2I UIS 1 1I5
P, (GeVic) P (G <
(+) (-) s
. . m<:’
Phenomelogical model with full k_
parametrization of the HERMES and >
COMPASS (2002) data, &
parameters are constrained by HERMES "7’4'5

proton measurements;

R. Joosten

Sivers

M. Anselmino et al.
Sivers on Deuterium (hep-ph/0507181)

Py
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T+ (2002-2004)

HERMES

not corrected fo eptance
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™ _
| 7 (2002-2004)
o == e
o Y |
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COMPASS upgrades for 2006
,{“%. COMPASS Polarized Target
N _F/' E Superconductive Coils
New solenoid magnet o e [

- icroways Cavi - Aacunmn Vesse
* 70 mf'ad 9 180 mf'ad I:l IT‘Y{arge-tIv[at.eiialtE‘F ! ! 1

Compensation Coil

RICH upgrade i
- Central region: MAPMT system "*f:m:ne ]
* More photons ; :

* Improved S/N e
- Outer region: New fasfe\
electronics

* Improved S/N

Other important upgrades:
- Large Drift Chamber
- RICHWall
- Full ECAL coverage
- trigger



New target magnet
70 mrad — 180 mrad

zain in statistics ~ 30%

New 3 cell- cavity
Reduce systematic effects

= /] B

Y, 4 L
h b
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Using RICH PID

a0l M — —
Al hadr{:ns |

counts

counts
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2 :
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— 2
RICH ID 04 Km/mm=0.14 MP|D (Gevlc )
All hadrons KK [1t1=0.02
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R. L. Jaffe, X. Jin and J. Tang,
Phys. Rev. Lett. 80, 1166 (1998)
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2-Hadron Asymmetry all +/- pairs

ARS

ARS
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dN/dx

x10

Final sample

2
t

g
9
Z
°
40-
20-
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3
= leading hadrons
T 60~
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40
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20 .
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z
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2 (sin{d-ie )y

2 (zin{d-0g )y

Collins and Sivers effects

HERMES data (2002-2004, proton target):

Sivers

m rHERMES PRELIMINARY 2002-2004
012 F ok correched for acceptance and smearing
(R - -
nog f—

[—] (—]

[—] (—]

f- 9 o
I 1

+

-
+

—a—

=
=

= k3
I

0.08
.04 |

et

L £ 6% scale uncertainty F

002 F —
004 | = -
C —
0.2 0302 03 04 05 06 02 04 08 02 1
X z P, [GeV]

Collins

W T

F HERMES PRELIMINARY 2002-2004

Clapton beam asymmetry amplitudes
F not corrected for acceptance and smearing

1k + U
A
‘f—:— ............ I—E'l_[{;e—w

6. Schnell, Transverse Spin workshop 05, Como Sep, 7 2005



Interference fragmentation function Hy" (zM; ) QOMEASS

One model !

Example - fragmentation:
> Tr*Tt- can be produced via the

0 (I=0,L.=0) and p (I=1,L=1) resonancess /.ﬁ‘w\
> Final state is a superposition of two |

resonant states with different o0z |
relative phases o f
|T[+_'T_ ,X> - e|60 |G,X> + e|61 | p,x> 05 0.6 0.7 08 o.gm(GezJ)
. R. L. Jaffe, X. Jin and J. Tang,
leading to: Phys. Rev. Lett. 80, 1166 (1998)

3 2 - : - NE (o 2
H™ (ZM" )~ sin g, sin &, sin (5,-0,) H™(z.M” )

50,51 depend on M? and can be obtained from mutphase shifts

Tt 1T



Asymmetry calculation

We measure:

N(®)=No {1 +A, n‘” sin®}-F__ (®)

F unknown |
acCC

sin
Reverse spins to cancel out F_ and fit: A (-psincb
acc UT
45ing, ASIngy
A — ur A — Uur
Coll — Siy
Dyy Y [P J P

R. Joosten Transversity Measurements at COMPASS
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Predicted Asymmetry

Expected count rate difference:
NT (¢RS)— RNl (¢RS+ TD
NT (¢RS)+ RNl (¢RS+ TD

_ Nl rs) Ni(ps)
No(rs) Ny (b gs)

_ sin%s. .
—AUT Sing, ¢

AN((I)RS) ~C ( 1 +4A§}I}¢RS Sin (bRS)

From this we get:
. %
A(S};%S ZieizATqi(X)Hi ?z,Mhz)

= A = =
D~ 3¢, oDz M%)

f dilution factor; P target polarization; Dy, (1-y)/(1—y+y2/2) Depolarization factor






