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COMPASS data taking

longitudinally polarised €* beam - nucleon structure
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hadron spectroscopy 2008 17 2009 A Drell-Yan test run
Primakoff 2012 A DVCS test run

near future: Drell-Yan, DVCS & SIDIS 2014-2017
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COMPASS

SIDIS at COMPASS pe = 160GeV/c
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COMPASS

SIDIS at COMPASS pe = 160GeV/c
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SIDIS at COMPASS

P = 160GeV/c

COMPASS

DIS event selection: Q?%> 1 (GeV/c)?
0.1<y <0.9
W > 5 GeV/c?

hNselection: p">0.1GeV/c
z>0.2 +lowylowz

PID: 1.5<p <50GeVic
9.5<pKk <50GeVic
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Transversity
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Collins asymmetry

Aclear non -zero effects first seen by HERMES on

A~ zero asymmetries measured by COMPASS on

p in 2005
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Collins asymmetry

COMPASS results on proton target

(2007, 2010 data)

PLB 692 (2010) 240 PLB 717 (2012) 376
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Collins asymmetry

COMPASS results on proton target
charged pions and kaons (2007 data i SPIN2010, 2010 data i SPIN 2012)
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Collins asymmetry

results on proton

charged kaons
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Transversity

transversity is different from zero and
measured |

can be

n

S

DI'S t ha

0.3

0.2 F
01 F

0
-0.1 F

XA U(X)

N

02=2.41 GeV2 / V\\‘ 1

0.1 F
0 b=
-01 F
-0.2 F
-0.3

XA d(x)

'0.001

0.01 0.1

M. Anselmino et al., PRD87 (2013) 094019
simultaneous fit of
HERMES p, COMPASS p & d, and Belle data

very good &

® ju=0.39"015

0.16
A du=0.31715

® §d = —0.25+0-30

A b6d = —0.277010
JAN

1
f dx[h?(x) — hl(x)] = éq.
0

more data

large and small X, p &d/n, PID

are needed

0

PSHP 2013

- —— 1 A —— L4
_‘_ O_+
— 2 ———=— 2009
- . 3 * Bacch
. 4 .
° 6 °
- ® 7 [ ]
- ® 9 L ]
N, 10 i
| | | |
0.5 1 1.5 =06 =04 =02 0

nks t

ettaet al, 2012

model
calculations

Anna Martin



dihadron asymmetry A Christopher Braun talk

independent channel to access transversity
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dihadron asymmetry

independent channel to access transversity
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dihadron asymmetry

independent channel to access transversity
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dihadron asymmetry
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dihadron asymmetry and Collins asymmetries

remarkable similarity
between

A Collins asymmetry for h+ R COMPASS 2007/2010 profon data
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dihadron asymmetry and Collins asymmetries

remarkable similarity
between

A Collins asymmetry for h+
and Collins asymmetry
for h-

Ami rror symmet

absolute values, opposite
sign

A dihadron asymmetry and
Collins asymmetries
same sign as Collins h+, only
somewhat larger than the
mean of Collins h+ and
I Collins h- (as expected)

first investigation:

COMPASS 2007/2010 proton data
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correlations between the relevant azimuthal angles and

the corresponding asymmetries

1
X

A information on the nature of the fragmentation
Collins vs 2h interference mechanisms




dihadron asymmetry and Collins asymmetries

correlations between the relevant azimuthal angles

the mirror symmetry in the Collins asymmetry
amplitude of Sinf. with fo=7, +7fs- p
suggests that /.- f _© p

l.e. that positive and negative hadrons produced in the fragmentation of
transversely polarised quarks have antiparallel transverse momenta
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dihadron asymmetry and Collins asymmetries

correlations between the relevant azimuthal angles

if this is true, one can introduce as yA 4 OGNS
azimuthal angle of the hadron pair the
Ameano of the azi mut hal angl /o f
the two hadrons F By
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dihadron asymmetry and Collins asymmetries

correlations between the relevant azimuthal angles and asymmetries

strong correlation
L L
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Sivers function
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Sivers function

in SIDIS on transversely polarized nucleons it can be accessed via

the ASivers asymmetry O

(o) q 1T
Asiv e2 f_ADd
aq q 1 1

the most famous of the TMD PDFs

correlation between the transverse spin of the nucleon
and the transverse momentum of the quark

sensitive to orbital angular momentum

change of sign from SIDISto Drell - Yan

PSHP 2013

Anna Martin



Sivers asymmetry

Astrong signal

seen by HERMES in  p* production on p in 2005
Ano signal seen by COMPASS on d
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Sivers asymmetry

Astrong signal seen by HERMES
Ano signal seen by COMPASS
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Sivers asymmetry

Astrong signal seen by HERMES in  p* production on p in 2005
Ano signal seen by COMPASS on d

ACOMPASS results on proton:
clear signal for h+
down to low x, in the previously unmeasured region
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2 — — _
oy 0.1 e h"'
=~ o h
0.05— — —
¢
. .69§§é .ODQ ® QQD§§§§
S ® ®
- S S S S  eg & . ! S by 0.2, o &
OF-§- ¢4 ;% 0d-d Pl ; e 0% 8 ¢
=0.05— - L
-0.17| |||||| | L1 |\\||| | L1 |||7 | | | | | | | |
1 0-2 10-1 0.5 1 0.5 l 1 -5
x z p;ﬂ (GeV/c)

PSHP 2013 Anna Martin



Sivers asymmetry

COMPASS results on p for
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Sivers asymmetry

COMPASS results on p for

B
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Sivers asymmetry

results on proton for pions

. x<0,032 preliminary
‘E‘J 0.1 . CI-(?EM PA§S+2010 data y»q.032 preliminary
o RMES = %

a ) I | 1 1 1 L1111 1 1 1111
<0.032 preliminary
W 0.1 o COMPASS 2010data %5003 profiminary -
O HEEMES w

ffWS 0.05- - -
| JK\\ V//T + % %

o, o 5 4 3 ! i %
g e e
s e 1 x_ 05 '12_ 0.5 llp';(Gel\l'Ff}c)

In the overlap x range, agreement with HERMES, but
clear indication that the strength decreases

PSHP 2013 Anna Martin



Sivers function

new extractions and Q 2 evolution

Aybat, Prokudin, Rogers
PRL 108 (2012) 242003

Anselmino, Boglione, Melis
PRDS86 (2012) 014028
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other transverse spin asymmetries
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other transverse spin asymmetries onp
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other transverse spin asymmetries onp
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other transverse spin asymmetries onp
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other transverse spin asymmetries onp
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- corrected (PRD74:074015)

0.1 = observed
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due to the small value of dat COMPASS, this is the only
asymmetry which needs to be corrected for the longitudinal
component of the nucleon spin



longitudinal spin azimuthal asymmetries

do B
dx dy dip dz doy, dPg | N
2 2 2
@ Y i L cos @
yQ2 2(1 — <) (1 + g) {FUU,T +eFpurn +v2e(1 +¢) cos oy, Fypp ™"

+ecos(20) BP0 4+ A V/22(1— <) sin gy, B30

@\/28(1 " —}) o (S;E@h + {sin(20n) 322%] SjAe | V1 =2 Frp + 2<(1 — = o

+ |SL| | sin(én — ¢s) (F;j;!(;h@s) n EF;;FEh@.S))

e sin(gy + dg) FINOOS) 4 - gin(3, — dg) FIRGOn—0s)
+V2e(1F2) singg Fin?s +\/2e(1 +2) sin(2¢y, — bg) Ff};@‘”h%)]
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longitudinal spin azimuthal

asymmetries

first measurement on d 2004 data: all compatible with zero

0.06
S
£
sin2fy, - A A @
FoL hlL AH, <
0.02
Awormgearo P DF
A Collins FF
-0.02

-0.04 —

-0.06 '

0.04 B

u - L R ——

COMPASS 2002-4

HADRON ASYMMETRY
from L-POLARIZED D-TARGET

EPJC 70 (2010) 39

10"

being measured with better statistics on d and on p

PSHP 2013

Anna Martin



SIDIS off unpolarised deuteron

combining data taken with oppositely  polarised °LiD target
COMPASS has measured

A azimuthal asymmetries

information on k9 and 9,
A hadron multiplicities

PSHP 2013 Anna Martin



SIDIS off unpolarised deuteron

combining data taken with oppositely  polarised °LiD target
COMPASS has measured

A azimuthal asymmetries

A hadron multiplicities Cahn effect

Boer-Mulders PDF

do B
dx dy dv) dz doy, dpgl N
2 2.2 2

c Y 7 . cos @
chQQ 2 (1 _ 5) (1 i %) {FUU’T N gFUU’L - \/26(1 * 5:[(305 th)l uu "

+ fcos(20m ) Fya ™" 4+ Ae V/2e(T = §) singy Frn 4 £twist3

|

Boer -Mulders P DF x Collins FF
+ Cahn effect (twist 4, 1/Q?)

PSHP 2013 Anna Martin



unpolarised deuteron - azimuthal asymmetries
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strong Zdependence mainly at small X and small p;
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unpolarised deuteron

- azimuthal asymmetries
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unpolarised deuteron

hadron multiplicities

vs P2

. _
| - (.20<z<0.25
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dn" 1N dzdy’. (GeV/cy?

unpolarised deuteron X
hadron multiplicites vs p,?

ok, 0.0216 ) 0.0323 1} 0.05360;\

x U n\ 4.07 457 -
l"\Qzu Frds, ) _':"’;* L

Z bins:
0.20+0.25
0.30+0.35
0.40+-0.50
Q2 10"
0.0070%g 0.00999 0.0318 0.0447
N 1.48 ) 1.76 | 1.92 BN 1.93
's | 3 51
”
s o5 ;
0.0052q 0.02130-\ 0.0316
: 111 1.23 [ - O
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mv]; ....... ! o
; 3 ﬁf
| | | | | | | | | | | |
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unpolarised deuteron X

hadron multiplicites vs p,?
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future COMPASS contributionto  TMDs

SIDIS
coming soon, from existing data:
A further investigation of single hadron and dihadron asymmetries

A multidimensional analysis of transverse spin asymmetries
Collins, Sivers, é

A more d and p results on longitudinal spin azimuthal asymmetries

A more results on azimuthal asymmetries and
multiplicities from unpolarised d data (PID)

2016-2017 runs
A measurements in parallel with DVCS i LH, target

2015, é

DY process : pion beam, T polarised target
change of sign of the Sivers function

later on
more SIDIS data on transversely polarised dand p ?

PSHP 2013 Anna Martin
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the COMPASS spectrometer COMEASS
v B

A high energy beams
Alargeangular accept ancemrgd) T 200
A broad kinematical range

two stages spectrometer elD __s&
Large Angle Spectrometer ( SM1) H/E . ' '
Small Angle Spectrometer ( SM2) calorimeters =

variety of tracking detectors
particle identification

SM2 '
RICH detector | Ff*el ;

1 S M 1 “' : -“\“-..‘_' ; -

Polarised Target

p (GeV/c)




the polarized target system  (>2005) COMEASS
Ve

3He 1 “He dilution refrigerator (T~50mK)

solenoid 2.5T acceptance > + 180 mrad
B dipole magnet 0.6T

| 1000 mm |

| | 3 target cells
30, 60, and 30 cm long

v - ' ] : ‘_EE opposite L or T polarisation
ol M [

poannn

= —] P d (°LiD) p (NHjy)

iy — \ polarization 50% 90%
' ' : = ==& dilution factor 40% 16%

no evidence for relevant
nuclear effects (160 GeV)

PSHP 2013 Anna Martin



Semi-Inclusive Deep Inelastic Scattering

14 3 L O
\/ 2P - q

0* = —¢’
h
b P-g  E-FE
- Py ~L4B I3
X WZ — (1) + q)3
7 = P ) R-’ — Eh \ (y
P g LAB o E. n 00
JLab EO06-010 PRL 108,052001 (2012)
0.05; *He et T :lﬂl | l
: _ _ = ol T |
an essential tool to Investigate - ?{: L iy
! |
I TCT R I——

PSHP 2013 }




Nucleon Structure

three distribution functions
structure of the nucleon at

taking into account the

are necessary to describe
LO in the collinear case

guark intrinsic transverse momentum

the

Kq,

at leading order 8 PDFs are needed for a full description of the nucleon

nucleon polarization

U L T
quark U fl <O flT (o) - (o)
polarization number density v
L gl;?/’_ o» ng (5ol Il
helicity

h A A
A A N 1 6 J - \Q

T h1 (8) - (¢ h1|_ '-l_ip__.,:-*- if_d__ »| transversity
h_*~ *
1T !\.p'/:: - i:\‘d.;!

attwist-3 mor e TMD PDFO6s

not all have a simple interpretation in the framework of the QPM

interesting
properties

correlations
between
nucleon spin
and quark
spin and
transverse
momentum



Semi-Inclusive Deep Inelastic Scattering

do B
dx dy dip dz doy, dPg | N

2 02

@ Y cos ¢p,
ar s (145 {FU”T“F””L EEE i

14 independent
azimuthal
modulations

cos 2¢p Sin op,

+- e vt -
~sin coh sin 2¢p

Vet - Gy

+ SH

+ 9\ [\/182 FLL+\/1£%S%

sin(pp+os) sin(3¢y —¢s)
+ - ot

amplitudes of the
modulations
A TMD PDFs

PSHP 2013

] all the amplitudes

I azimuthal asymmetries
have been measured
in COMPASS

Anna Martin




TRANSVERSITY

one of the main goals of COMPASS

h7(X) Dyq(x) = ¢ - gE : transverse polarization or
transversity distribution

correlation between transverse spin of the
nucleon and transverse spin of the quark

different properties than helicity

1
tensor charge of the N f dx[h‘{ (x) — ﬁ‘{ (x)] = 8q.
0

more difficult to measure
Apr o p o s e d(Ralston & Sbper)

Aconvincing evidence that it is non zero only recently in SIDIS
from the HERMES and the COMPASS experiments

PSHP 2013

Anna Martin



hadron multiplicities in SIDIS

hadron pair multiplicities
in M, zz+z,, @& bins
SPIN2012
_..?10 1 M., €[0.30,0.52] | M., €[0.52,0.75] 3 M., €[0.75,1.50]
3]
S s ¢,
= i [ ] [ A a
g [ 4 . 'Y ‘ A
10-2;_ ‘ 3 = x 3 -
X - <
. .
A o
10%} @' L .k :
F e [1.0,1.7] - F
L = [1.7,4.0] COMPASS 2004 [ Q2
A [4.0,100] : preliminary A
10-4|...I...I.11|..l|. | NI I TN TN U T U M N H N A | NIRRT S N ST A A AT AT A N TN A
0.2 04 06 08 1 02 04 0.6 0.8 1 02 04 06 0.8 1
Y4 Y4 Z
Anna Martin
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Two-hadron asymmetry

from C. Elia PhD thesis (2012), following A. Bacchetta, A. Courtoy, M. Radici
PRL 107 (2011) 012001

COMPASS 2010 proton data
pv 1 a, COMPASS 2002-2004 deuterium data
zhy"(z)— a-"‘i'hl (z)

zhy* (z) + zh{* (z)

(), o | COVMSS 2010 mansverse proton data {). 4 |-CoMPSS 2002.2004 ransverse deweriuam data
. Anzelming et al. - Anselming ef al,

0:—.... -
i 0.2} O
021 -0.4r IawT
10? 10 x 10° w0 x.
xhl*(z) rh? (z)
0.4 4 |
0.2 ﬁ%\\\ "2 l [ see also
) T A. Bacchetta, A. Courtoy.
. . L S S ’
o= " \ 1 Bl M. Radici
} 0.2+ . JHEP 1303 (2013) 119
—ﬂ‘,z _#rd_ l
P 10 10! x Iz o x Anna Martin




Collins and two -hadron asymmetries

P o [ ] L [ ] [ ] ® o
The = log(p.)
[ ] [ ] [ o o [ ] [
sheared one-particle fragmentation function k is the quark momentum

lA<><PT

dN(1q — h+X) = dzd*pr D(z,pr) [1 + Ac(z.pr) ' S%]

Pr

More deplorable, each emitted
gluon changes the quark direction, introducing a random error on prt. At high Q? the
one-particle Collins effect becomes blurred (see D. Boer, p.258 of [9]). One can avoid
this blurring by considering the relative Collins effect|between two fast particles

k
AN—MIAX) — 47 d¢ vy D(Z, €, rr) [1 + Ac(Z,& ) 1 SqT]
rr
ZPir — Z1P
Z=un+zm, {=(un—n)/Z vy == 1ZT1—|—Z; -

Due to local compensation of transverse momentum, the one-particle
Collins effect generates a two-particle effect, and vice-versa.

X. Artru, arXiv:hepph0207309

PSHP 2013 Anna Martin



dihadron asymmetry and Collins asymmetries

remarkable similarity
between

A Collins asymmetry for h+
and Collins asymmetry
for h-

Ami rror symmet

absolute values, opposite
sign

A dihadron asymmetry and
Collins asymmetries
same sign as Collins h+, only
somewhat larger than the
mean of Collins h+ and
I Collins h- (as expected)

here measured on different
hadron samples, ~ the same on

the Acommono hadr on

PSHP 2013

g 0.1 e ' preliminary
=S O Collinsh”
:3 O Collins h (})
TS 0.05- 5
o @
L. los00%
iigggg
Q9
20.05 ¢ ; %
-O.I_IIIIIIII 1 1 ||||||I 1 1 IIIIIII

COMPASS 2007/2010 proton data

107 10

1
X

sampl e

Anna Martin




dihadron asymmetry and Collins asymmetries

remarkable similarity between dihadron asymmetry and Collins
asymmetries

stays ~ the same when the asymmetries are evaluated on
a common hadron sample

l.e.
A events which contain at least one positive hadron and at least
one negative hadron
A for each event the number of hadrons is the number of h+ht
pairs, as defined in the two -hadron analysis
Aph;>0.1GeVic and R;>0.07 GeVic

A same z cut (two sets of data: z> 0.1 and z > 0.2)

PSHP 2013 Anna Martin



dihadron asymmetry and Collins asymmetries

remarkable similarity between dihadron asymmetry and Collins

asymmetries

stays ~ the same when the asymmetries are evaluated on
a common hadron sample

0.1

0.05

-0.05

-0.1

ITII]}IIIII

Ll
—e—
-
L]
s ol
L
P

Illlll[llll

2010 data, z > 0.1 preliminary

102 10!

X

also, from the comparison of the asymmetries

h+ / h-
¢ &2 Collins asymmetry
nstandard sar

e e C(Collins asymmetry

Acommon Ssamp

h+h-

e dihadron asymmetry

Acommon samp

somehow larger, as expected

A information on the relative value of the two analyzing powers

PSHP 2013

Anna Martin



Collins and two -hadron asymmetries

2. Collins and 2h asymmetries from the same hadron

0.1

0.05

-0.05

-0.1

PSHP 2013

10"
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® h+ Collins asymmerty — new sample
® h- Collins asymmetry — new sample
® 2h asymmetry — new sample
oo h+ published Collins asymmerty
or h- published Collins asymmetry

sample



Collins and two -hadron asymmetries

1. correlations between the relevant azimuthal angles
and the corresponding asymmetries

5103
180;
:j::; 0.1— L] ¢2h pi’eliﬂ’l.
1201 [ * ¢R
1003 0.05I-

s0F E H

60 0 -

40 : f} ¢ % ¢ " ﬁ

20 -0.05— %

0.1 2010 data, z, > 0.1
e
€ Due to | ocal compensajti on of r a

the oneparticle Collins effect generates a tyarticle
effect, andviceversa € (X. Artru, arXiv:hepph/0207309




