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COMPASS

* high energy beam 0.003<x<0.7

* large angular acceptance || 103< Q%< 104 (GeV/c)?
* broad kinematical range

two stage spectrometer ECAL2
Large Angle Spectrometer (SM1),
Small Angle Spectrometer (SM2)

ECAL1 SM2

HCAL1 SRk
RICH, a0
\ ]

SM1

Muon-filter

Muon-filter

beam:

160 GeV/c
longitudinal polarisation -76%
intensity  2-108 p*/spill (4.8s/16.2s)




COMPASS

* high energy beam 0.003<x<0.7

* large angular acceptance || 103< Q%< 104 (GeV/c)?
* broad kinematical range

two stage spectrometer ECAL2
Large Angle Spectrometer (SM1),
Small Angle Spectrometer (SM2)

Al cman £l

ECAL1 SM2

HCAL1 S
RICH \>

SM1

Polarized <4
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COMPASS

Polarized Target:

2002-2004: °LiD (P =50%, f = 0.38)
2007: NH5 (P = 90%, f = 0.14)

solid state targets

Polarization reversal: once a week

- £l

HCALT
RICH
SM1

—_

p (GeVre)
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Perspective of the talk @r

SIDIS reactions in one photon exchange \\“//
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Perspective of the talk @r
SIDIS reactions in one photon exchange \\“//
dGI+N—>I'+h+X o DF ®dal+q—>l’+q’ ® FF
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Perspective of the talk @r

SIDIS reactions in one photon exchange \\“//
dGI+N—>I'+h+X o DF ®dal+q—>l’+q’ ® FF

With different targets (p, d, n) and identification of the final hadron:
flavour separation




The collinear case f%

In the collinear QPM _ fi(x)
- 1% =q7(x)+q7(x)
Quark Photon —
— Nuclegn W gl(X)
91(x) =q"(x)-q7(x)
or integrated over Kk Helicity
three_quark dIS'[.I‘IbU'[IO.n @ - @ hl(X)
functions contribute In A .
leading order h1(x) =91 (x) - g7 (x)

Transversity



The collinear case f%

f1(x)

In the collinear OPM

00 29700+ 700

Quark Photon -GQ\
— Nuclegn W B ) gl(x)
91(x) =q"(x) - q"(x)
or integrated over k; Helicity

three quark distribution
functions contribute In
leading order

>/ hy(x)
hi(X) = qr (X) - GrY(X)

Transversity



Transversity Mission 1 “3@‘;

3 approaches in SIDIS:

« Azimuthal asymmetries in one hadron production
(Collins effect)

 Azimuthal asymmetries in hadron pair production
(Interference fragmentation functions)

 Transverse hyperon (A) polarization



Collins-Effect

The Collins FF qu(Z, D;) correlates the
transverse spin of the fragmenting quark and the

transverse momentum p; of produced hadron h




Collins-Effect

The Collins FF qu(Z, D;) correlates the
transverse spin of the fragmenting quark and the

transverse momentum p; of produced hadron h

Measured asymmetry:

2,eh () ®H,"(z, p,)

oo 2 e2 109D (2)

e




Deuteron Results: Collins Effect

comp
e

5 02 - final results from 2002-2004 data
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127-135

Deuteron
target

2002-2004



Collins asymmetry f%{
Full 2007 statistics \\\k//

COMPASS 2007 proton data
= ®  positive hadrons '
Q, (S 0.1F } } B @ negative hadrons B PLB 692 (2010) 240
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Collins asymmetry

Full 2007 statistics
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COMPASS 2007 proton dam\\\k//
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Collins asymmetry

Full 2007 statistics

—0.11 —
Proton
target W B preliminary
' T Lo L ! ! | | |

—0. 1 T @ COMPASS 2007 proton data |
M. Anselmino et al.
0.2k TE- | Nucl.Phys.Proc.Suppl.191,2009(

L1L1l 1 L1 111 1 | 1 |
o 0.5 [ 05 1 15
X - p’; (GeV/c)




T " "
ransversity in 2-Hadron Production @
{ i
\ &4

Nyip— o 1 A-sin@gs -sinf

QRS = QR + Qs — T




Transversity in 2-Hadvron Production f@}ﬁ
— N

Nyip— o 1 A-sin@gs -sinf

Ors = QR + Qs — T

«10° COMPASS 2007 TRANSVERSE PROTON DATA

h*h

1000

(sin@) = 0.94

500 - J
07 | | | | | | |

0.5 1
sin(6)
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Nh+h— oc 1 4

ORrs = ¢

- A-sin@grs - sinf

R+ ¢s —T

x1 0° COMPASS 2007 TRANSVERSE PROTON DATA

h*h
(sin@) = 0.94
B zqe hy(X) 'Hf(Z=M§+h ) 5°°_
ARS = =5 Fa DI M. )

sin(0)



Transversity in 2-Hadron Production g%
%, "4

Nyip— o 1 A-sin@gs -sinf
OrRs = Qr + ¢s — T

«10° COMPASS 2007 TRANSVERSE PROTON DATA

h'h’

1000;
m . H]Ti :
! (sin@) = 0.94

Independent access| . J
to transversity | o \

0.5 1
sin(6)




Transversity in 2-Hadron Production g%
N

_ _ Deuteron
: { : target

E [
Ihii}i

102 04 06 08 0.5 1 1.5
X z M, [GeV/c?]




Transversity in 2-Hadron Production MP

Full 2007 statistics

£ 0.05§—
= | T%% SN (1T T I
‘1-0.05;—} F s & bty
-0.12— " { '
-0.15} a
 e————— | |L,—.4 [ s
102 10" 102 04 06 08 0.5 1 ’
M, [GeV/c?]
Far) C
£ 0.05} { ;
£, o i i;ﬁ} 83 5 E—ILHi— t !
sis b 8 IR
‘i-o.os:— -
-0.1f }
0.15F
102 10" 102 04 06 08 0.5 1 15

M, [GeV/c?]

\Z

Proton
target

Deuteron
target



Transversity in 2-Hadron Production ﬂ@

0.1

\Z

o &2 —&— " pairs COMPASS)x > 0.032 COMPASS| 2007 transverse proton data Proton
< | 8~ h*h pairs COMPASS)x< 0.032 target
—=— n* pairs, HERMES, {scaled with 1/Dnn)
TR, §y ]
7 £ ¢
| i® B * BEE:
-0.1 E } -
. , : W -l__l |
07 107 102 04 06 08 05 1 15 2
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£ 0.05f a
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-0.05F N
I
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Introducing transverse momentum Kk f@ﬁ
—— "4

dGI+N—>I’+h+X o DF ®dal+q—>l’+q' ® FF

intrinsic quark motion

Qua:rk ikT Nucleg"u Photon



Introducing transverse momentum K g@%
. <

&

dGI+N—>I'+h+X o DF ®dal+q—>l’+q’ ® FF

Distribution Functions (X, kTZ)
N /q U L T
T 1
A n
L g h - Fragmentation
> Functions [(z,P?)
1 T unc P
1 gir g | ,I

Transversity

h, ®H;




Introducing transverse momentum K f@%
— ///

&

dGI+N—>I'+h+X o DF ®dal+q—>l’+q’ ® FF

Distribution Functions

N /q U L
"
L /9\‘\49 Fragmentation

T

Functions




Introducing transverse momentum K f@%
— ///

&

dGI+N—>I'+h+X o DF ®dal+q—>l’+q’ ® FF

Distribution Functions (X, kTZ)

N /q U L T
. I
C 7 h
L g h i Fragmentation
1 T 1, Functi -P2
T }4 1 ng /’lm/’lép unctions (z,th)

Sivers

fl# ® Dl




Introducing transverse momentum K f@%
— ///

&

dGI+N—>I'+h+X o DF ®dal+q—>l’+q’ ® FF

Distribution Functions (X, kTZ)
N /q U L T
T 1
v 4
L g h i Fragmentation
1| 1 Functions
1 gir Ay | ,I

“pretzelosity”

hy ®H
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Introducing transverse momentum k; @%

dGI+N—>I'+h+X o DF ®dal+q—>l’+q’ ® FF

Distribution Functions (X, k?) “worm-gear’
N /q U L T
] 1
I A Y
L 8 hi Fragmentation
r |, 4L Functions
! 8ir Wy _ :




Cross section for transverse target spin 701z

do _ Mission 2 (4 LO)
d dy di d= doy, dP2,
ST e N0
ryQ? 2(1 —¢) 2

—l-@[sm(gbh—gbs)( ;;gih )_I_ Ff}l;(fh fﬁs))

S Sln(gbh 4+ @S) 5111(¢’h+€358) 1+ 61n(3gbh . CESS) F(&jl;@thgbs)

<

+1/2e(1 +¢) sings FER?S| 4 \/2e(1 + ) sin(2d, — dg) Fon2on—0s)

+1v/2e(1 =€) cos(26p — ps) Frg 9%

)

(90) 1968]yaSs N ‘SIBpINA d ‘Z1IBIN V ‘©X209 M ‘lyaid IN ‘enaydoeg v\\



Cross section for transverse target spin oz

e - uLo)

L

| >
dx dy di) dz doy, dPg f éj'?
: y2 (1+f) f1q®D NLO §
ryQ? 2(1 —¢) 2 Sivers 2
Lh =

Fblll((f)h $s) 1(_1 _%

UT,L transversity A

=
S5
X
s
}_

pretzelosi

+1/2e(1 +¢) sings FER?S| 4 \/2e(1 + ) sin(2d, — dg) Fon2on—0s)

+[\/ 1 — 2 cos(ody, — ¢

' q h

(2 — e ® D
2:(1 — \(2b), — & Jreos(20n—¢s) i1 1q
+[V2e(l — e cos(20n — 0s) Fiy worm-gear
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T V2e(1 =€) cos g Ky s
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Sivers Effect

Distribution of unpolarized quarks
with transverse momentum Kkt in a
transversely polarized nucleon

o o £ (x) ® Dy (2)

2, ¢; fi(x.kr) ®D;(2)
qug f(x)- DY (z)

The Sivers asymmetry:  |Ag;, o€




4

Sivers asymmetries | f;(x) ® D, (2) @r

s final results from 2002-2004 data \\k//
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Sivers asymmetries

Full 2007 statistics

fir(X)® D, (2)

e

COMPASS 2007 proton data

®  positive hadrons
® negative hadrons

¢
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Sivers asymmetries

Full 2007 statistics

fir(X)® D, (2)

4

\
COMPASS 2007 proton data
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Sivers asymmetries

fir (%)

® D, (2)

COMPASS 2007 proton data

preliminary S HERMES (PRL 103 2009)
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Target transverse spin results — (LO) ﬂl}s

Correlation of the parton transverse
momentum and transverse polarization
in a transversely polarized nucleon
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Target transverse spin results — (LO) f%
- <

Correlation of the parton transverse
momentum and transverse polarization
in a transversely polarized nucleon
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Target transverse spin results — (LO) @

Correlation of the parton transverse f:f

momentum and longitudinal polarization
“worm-gear”

in a transversely polarized nucleon
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Target transverse spin results — (LO)

0.4

0.2

-0.2

-0.4

Correlation of the parton transverse
momentum and longitudinal polarization
in a transversely polarized nucleon

“worm-gear”

Full 2007 statistics

Proton
target
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Summary g@%
N

Many recent results from COMPASS:
» Transversity

> Collins asymmetries for n* and K* for proton and deuteron targets
— should be included in the global fit

» Dihadron asymmetries for proton and deuteron targets
— independent access to transversity

> Sivers asymmetries for n* and K* for proton and deuteron targets
— should be included in the global fit

» Large azimuthal asymmetries of charged hadrons for
unpolarized deuteron target
— indication of non-vanishing Boer Mulders function



Outlook

Short term:
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Outiook
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Short term: B
COMPASS
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Medium and long term:

COMPASS |l proposal accepted

« Two years of DVCS measurements to attack GPDs

« Two years of Drell-Yan measurements
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Backup slides



Unpolarized Target Cross-Section {%
- *

do B
dx dy div dz doy, dPg n

o’ v 1+'y_2 FUUT‘|‘€FUUL‘|'\/28(1+5)@zFCOFD
ryQ? 2(1 —¢) 2 T ’ vu

+ = Qos(20) FL2)+ Ao /22(1 — &) sin oy, B0

Cahn effect, Boer-Mulders DF ancj/ng,D/

Measured using target-spin averaged samples
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Cahn effect:

dO_I+N—>I'+h+X o DF FF

do 1_4(k:)th

Leading order QED, k; # O do, = Q (P
h t

D..,(y)cosg,+...

FE F<%  access to <sz>
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Cahn effect:

dO_I+N—>I'+h+X o DF FF

2
do cc1—4<kt>zzpt
dq"h Q<Pt>

Leading order QED, k; # 0 D, (y)cose,+...

FE F<%  access to <sz>

Boer Mulders effect:

correlation of parton transv. —
Momentum and transv. polarization

in an unpolarized nucleon

COS¢ C0S2¢ 1 1
Fou” Fou ™ o hy ®H1‘
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Calbhn effect- | Flavour independent |\k

do' N o« DF FF

da'oc 4<kf.2'>zpt

do, Q(P})

Leading order QED, k; # O D, (y)cose,+...

Foo? Foor? accessto (k7

Boer Mulders effect: |___Flavour dependent

correlation of parton transv.
Momentum and transv. polarization

in an unpolarized nucleon

COS¢ CO0S2¢ 1 L
Fouo” Fou ™ oy ®H1‘




Unpolarised Azimuthal Asymmetries f@f’ \

cos¢@ modulation (Cahn + Boer-Mulders) \w//
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» Large negative asymmetries

» Charge dependent



Unpolarised Azimuthal Asymmetries f@f’ i
cos2¢ modulation (Cahn + Boer-Mulders) \w//

Deuteron
{ target

X z P! [GeV/c]
» Large positive asymmetries

» Strongly charge dependent



Transversity from A Production f%{
L

ZpT — UATX

> ec hi(x)Ap D) (2)

Py(z,2) = fPrDyn(y) S e2 fi() DA(2)




Transversity from A Production f%
N4

Ip — UATX

qu hi(z)Ap Dy ()
2.q ¢ J1(2) Dy (2)

Py(x,z) = fPrDyn(y)

A—:*p"ﬁ BR =~ 64 %

I-"V(@Tf) x 1 + QP{}COS@T

a'a/ﬂ r
T
o = +0.642+0.013 wipene &




Transversity from A Production
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Preliminary COMPASS 2007 transverse proton data
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Preliminary COMPASS 2007 transverse proton data
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Lambda Selection and Polarization g@;
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Target transverse spin results — (NLO)
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