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The COMPASS experiment at CERN
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The COMPASS experiment

v e.g.
52 COMPASS setup 2007

@ Beam:
160 GeV/c

@ Intensity:
3.0 —-3.5
-10%u™ /spill

@ Luminosity:
5-10%?cm 25!

i

Polarize¢"g

@ Two stage spectrometer @ Tracking
@ Longitudinally polarized pt-beam @ Calorimetry

@ 2002 & ’04 transversely polarized deuterium (°LiD) target e PID (RICH)
@ 07,10 & ’11 transversely polarized proton (NHs) target
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The COMPASS target system

COMPASS 2010 proton data
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} & l _ i @ deuteron °LiD:
I o
I » polarization
_ ] ‘ ~ 47%
ﬁ% - Al » dilution factor
il ée% = I 1 ~ O 38

@ Upgrade of target system in 2005 @ proton NHs:
@ Th 1ls with it larizati ..
ree cells with opposite polarization » polarization
@ +180 mrad geometrical acceptance ~ 90%
@ Transverse polarization reversed every week via » dilution factor
microwave ~ 0.15
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Theoretical framework: from spin structure to Transversity

Three independent parton distribution functions (PDF) are necessary to
describe the spin structure of the nucleon in leading order in the collinear case:

quark
U L T

f (%) Quark distribution:
X N
; 1 fl (xbj) — q+(xbj) + q (xbj)

Helicity distribution:
. 9,(%) Y

G- O 91(z5) = a7 (265) — ¢~ (215)

nucleon

T h,(x) Transversity distribution:
&4 | mlay) = ¢ ay) - ¢ (ay)
Collins FF! INT — I'hX

Interference FF INT — I'hhX
FF of ¢T — A INT = I'AX

1 see Anna Martin’s talk
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Theoretical framework: angle definitions

lpT — Z’hl hg
Fragmentation of transversely

polarized quark into two unpolarized
hadrons

in courtesy of H. Wollny
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[, I" and ¢ are 3-momenta of
incomming, scattered lepton
and virtual photon

®s azimuthal angle of the spin
of the fragmenting quark S

__ Pi
Zi = —pl
_ 2P1—21P2 __
R = T Tz €2p1 - €1p2

Rt is the component of R
perpendicular to q

Azimuthal angle of R.:

dp =
(ax]) - R (ax1) - (axR)
(ax1) " R] arccos( [axT[axR] )
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Theoretical framework: two-hadron cross section

The differential two-hadron cross section is:

d’o __
d cos 6 dM2 d®p dz dz dy ddg

27TQ2 ((1 — Y+ )Zq €§f1q(x)D1,q(z, Mf, cos 0)
+(1—y)S1 >, 02 [P1—p2| Sin(@)hf(x)]{fq(z, M?, cos0) Sin(CIDRS)>

g 2M,

with ®rg = & + Pg — 7

Where hy(z) is the Transversity PDF and Hy, is the two-hadron Interference FF,
which describes the Fragmentation of a transversely polarized quark into two
unpolarized hadrons. D; , is the unpolarized two-hadron fragmentation function®.

4

2 see Nour Makke’s talk on hadron multiplicities
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Theoretical framework: asymmetries extraction

NQh(xa Y, <z, Mi%) COS(0)7 (I)RS) X

O'UU(l + fPTDNNAsm ®rs sin 6 sin (I)RS)

g COMPASS 2010 proton data oyy = unpolarized cross section
@ 5000 _ o .
£ asoof  Urm + indicates nucleon spin
S w00 orientation
% 3500;*
4+ — 3000 . .
h™h™ center of o500k f = target dilution factor
2000E . .
mass frame 15005 P71 = target polarization
1000 .
5007 Dyy = transv. spin transfer coef.
C L i . 1_
O Ol 02 03 04 05 06 07 08 09 1 — Y
oy Dwv = 20

(sin ) = 0.943
=- can be neglected

ASlIl (I)RS _ |p1—p2| Zq 63 hf(x> qu(Z,M;%,COS 0)
2Mp >, €3 fi(z) D1,q(2, M} cos 0)
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Data selection 2010: DIS cuts

%103 COMPASS 2010 proton data
. > [
DIS cuts on events: g e
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Data selection 2010: hadron & hadron pair cuts

hadron & hadron pair cuts:

at least 2 outgoing hadrons with
opposite charge

z > 0.1 for each hadron

zr > 0.1 for each hadron
Enmiss >3 GeV/ ¢? for each pair
Rt >0.07 GeV/c for each pair

x10° COMPASS 2010 proton data
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two-hadron asymmetries:

deuteron data 2002-04
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deuteron data 2002-04: all h*h~ pairs

N 3 ] COMPASS}2002-2004 deuteron
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COMPASS Collaboration C. Adolph et. al., Phys. Lett. B 713 (2012) 10-16, arXiv:1202.6150

— all asymmetries are small and compatible with zero

cf. Collins asymmetry on deuteron target is also compatible with zero
COMPASS Collaboration M. Alekseev et. al., Phys.Lett.B 673 127-135 (2009), arXiv:0802.2160
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deuteron data 2002-04: 7tn~ & KK~ pairs

2 9 0.4 .
2 AT —— 2003-2004 data| 2 0-2 e ; 2 ¥ all n+/n- pairs COMPASS 2003-2004
< all n+/m- pairs &* 2008, ata <& all t+/7- pairs 0?\ %%JI\?I 32%43 data ransverse data
0.1~ .(6\0 0.1~ .((\\o 0.2 }
o i R PR i . ; §Q‘ . é ) 0 ...0.,,§%+lll ]{{
f ¢ + 0—3 ve Y ’ I % Tt I
.\(\’0
-0.1F 01 0.2 &\6\
‘0
L] Ll | ) | | -0.4 1 Q L I L ! I I I I I I
027 10" -0.25'5 04 06 08 702040608 112141618 2 2224
Xgj 2 M, [GeV/cT]
2 061 I Ke/K- pai 2003-20D4 data) 2 0.4 : 2 [all K+/K- pairs COMPASS 2003-2004
< 0.4 27 e el (\‘&* COMPAFS AaE 7| all K+/K] pairs (\‘b‘* %%’ﬁ'gg%“sdata < 04- . transverse data
L \ 0\
N N 0.2~ R + 0.2 +
IR AU U S A |t ]
0 1 l I I 0 I l I | }
[ ' I T | [ 0 ‘ T I i T *
[ ] 0‘
0.2 } 0.2 QN
04 0.2 é\((\
-0.41 Q&
-0.6———! | . . -0.44 1 | 1 | | | | ' ' L L L
102 10" “%.2 03 04 05 06 07 08 0.9 1 1.2 1.4 1.6 18
Xg z M,,, [GeV/cT]

2002-04 deuteron data 2-hadron asymmetries: 777~ pairs (top), KT K~ pairs (bottom)

— hTh~ asymmetries dominated by 77~ signal

7T~ asymmetries are small and compatible with zero
KT K~ no signal & low statistics

y
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deuteron data 2002-04: 7t K~ & K*n~ pairs
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2002-04 deuteron data 2-hadron asymmetries: all 7= K~ pairs (top), KT~ pairs (bottom)

>t K~ & K n~

weak indication of opposite sign of the signal in z;; dependence

signal compatible with zero
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deuteron data 2002-04: comparison with model predictions

— (Good agreement with model predictions J

Bacchetta et al. hep-ph/0708037
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two-hadron asymmetries:

proton data 2007
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proton data 2007: all h*h~ pairs

1072 107 102 04 06 0.8

— Large asymmetries for proton up to 5 — 10% J

COMPASS Collaboration C. Adolph et. al., Phys. Lett. B 713 (2012) 10-16, arXiv:1202.6150
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proton data 2007: 15t extraction of “a linear combination® of

transversity "PDFs* via DiFF

A. Bachetta, A. Courtoy and M. Radici, PRL 107 (11), arXiv:1206.1836

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
X
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Combination of valence
u, d flavors for the
transversity distribution
from:

black:
HERMES Airapetian et.
al., JHEP, 06 (2008) 017

red:

COMPASS Adolph et.
al., Phys. Lett. B 713
(2012) 10-16,
arXiv:1202.6150
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two-hadron asymmetries:

proton data 2010
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proton data 2010: all At h~ pairs

COMPASS 2010 proton data
o= 01- - -
0.05- {, B B
Qo Yoo T BT X LTI %
I %H * ! ¢ {'{u}* ¢ ¢
-0.05F ¢4 boor -
0.1 - ) n —
0 1 | Ll ! | ! | | I I
X Z M (Gevic?)

< Clear asymmetries of h™h~ with improved errors w.r.t. 2007
data

TRANSVERSITY 2011 proceedings:
Braun C. 0.b.0. the COMPASS Collab. Nuovo Cimento C 035 (2012) 02
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15t extraction of u and d transversity from 2010 proton data
Extract information on DiFF from BELLE data as in "Bacchetta, Courtoy, Radici,
PRL 107:012001,2011”

— u and d transversity PDFs can be extracted using COMPASS deuterium and
2010 proton data

zhi'(z) — Zhi(x)

4

zhy' (x) zhi ()

COMPASS 2010 transy

sverse proton data
0'4 [~ Anselmino et al. 0. 4 Ansell

-0.21 -0.4

PhD thesis C. Elia, Trieste 2011 & F.Sozzi at IWHSS 2012

See also DIS2012 proceeding by
A. Courtoy, A. Bachetta & M. Radici, arXiv:1206.1836
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Identified hadron pairs: kin. distributions z; 4+ 20, M;,, and E,,;s

NEW:

dN/d(zl+zz)

_|_
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identified two-hadron asymmetries: proton data 2010 77~

COMPASS 2010 proton data
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NEW: The 2010 717~ pair asymmetries

— Clear asymmetries of 77~ pairs

z up to 6 %
z compatible with a constant function
M;n, peak around pO mass

_4
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identified two-hadron asymmetries: proton data 2010 K™K~

COMPASS 2010 proton data

_02 - |
_ " ] _
IIIII| IIIII| 1 L1 111 1 I 1 I I | |
K*K~ 2
X yA M3 (GeV/cY)

NEW: The 2010 K+ K~ pair asymmetries

— no clear trend & compatible with 0 within the statistical errors

x no signal
z no signal
M;n, negative mean value

v
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identified two-hadron asymmetries: proton data 2010 7" K~

COMPASS 2010 proton data

107 10 0.5 1 05 1 15 2
X Z MK (Gevic?)

NEW: The 2010 7+ K~ pair asymmetries

— no clear trend & compatible with 0 within the statistical errors

x no signal
z negative mean value with positive peak around 0.45
Mny no signal

v
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identified two-hadron asymmetries: proton data 2010 K7~

R COMPASS 2010 proton data
T 04- - KTt -
"0175
i O_HHH """ YR
BERAFILRN I
-0.2- = =
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F— —— e | . —
e s 15—
X Z MK T (GeV/c?)

NEW: The 2010 K+t 7~ pair asymmetries

— compatible with 0 within the statistical errors

x negative mean value
z negative mean value
Mny negative peak peak around 0.9 GeV/ c?
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NEW: identified two-hadron asymmetries: proton data 2010

COMPASS 2010 proton data
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NEW: proton data 2010 7" 7~ valence region

COMPASS 2010 proton dat
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— w7~ valence region z; > 0.032

clear signal around p" mass is pronounced in valence region sample
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NEW: Comparison of 777~ with results from HERMES

COMPASS 2010 proton data
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Airapetian et. al., JHEP, 06 (2008) 017 scaled with

1
Dpn

and sign changed

— Good agreement of COMPASS 77~ data, with its higher
precision, with HERMES n"7~ data within the error bars
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NEW: 2010 proton data comparison with model predictions

R COMPASS 2010 proton data
S 0.1~ - o M'T<15(GeV/c?) B
£ Bacchetta, Radici
5 Maet al.: SU6
o~ a - - = Maeta.: pQCD
5 5
v o

05 | 1 05 1 15 2
Iy
z M (GeVic?)

Bachetta et al., hep-ph/0608037
Ma et al., arXiv:0711.0817

— @2 Ma trend confirmed | Bachetta good agreement
— z: Ma too large | Bachetta compatible

— Mpy: Ma too large | Bachetta good agreement around p° mass

4
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NEW: comparison with model predictions in valence region

A o1 COMPASS 2010 proton data
D A e e Xx>0.032& M™<1.5GeV/c2 [~
I= It | 0 ooz ™
5 T Bacchetta, Radici
& a T Maet al.: SU6
£ B - - - Maetal.: pQCD
3: _____________________

¢

|
0.5 1 1.5 2

MT™ (GeV/c?)

nv

Bachetta et al., hep-ph/0608037
Ma et al., arXiv:0711.0817

— 1p;: Ma trend confirmed | Bachetta good agreement

— z: compatible within the errors
— M. good agreement around p° mass

v
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Conclusions & Outlook

o COMPASS deuteron data available
o COMPASS 2007 proton data available
@ preliminary results for 2010 COMPASS proton data :

@ For the FIRST TIME: COMPASS proton data on transverse
spin asymmetries in identified two-hadron production

» 777~ also measured by HERMES
» KTK—, 7t K~ and K™7~ never measured before!

@ COMPASS 777~ data is in good agreement with HERMES data
@ Reasonable agreement with available model predictions
(%

Important new input for the extraction of transversity

Outlook:

o COMPASS combined 2007/2010 results on identifed two-hadron
asymmetries
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Kinematic distributions of DIS events: cos©, cos’©® and sin ©

dN/dcosX(®) dN/dcos(6)

dN/dsin(e)

58888 &53

g8

T[T IO [ IO TP IO [ O[T IO [T ) 3¢

%

COMPASS 2010 proton data

fal
A

5
i R B B B I

[Jrere

-08-06-04-02 0 02 04 06 08 1

cos(6)

COMPASS 2010 proton data

B8 &
i

[Jrere

OO

01 02 03 04 05 06 07 08 09 1

cos(0)

COMPASS 2010 proton data

fal
W

888888

8 8

[Jrere

0

01 02 03 04 05 06 07 08 09 1

sin(9)

Braun (Uni Erlangen)

COMPASS 2010 proton data

5000

4000

dN/dcos(6)

3000

2000

1000

(=)

(K&

-1

-08-06-04-02 0 02 04 06 08 1

cos(0)

COMPASS 2010 proton data

5°80000F
~— r
g 70000}

g
S

8
w%”

[k

o

X
W

0.1 0.2 03 04 05 06 07 08 09 1

cos(0)

COMPASS 2010 proton data

dN/dsin(6)
HH_ﬁﬁcﬁﬁ%%ﬁﬁﬁ?ﬁ S

=
o

[k

o2

01 02 03 04 05 06 07 08 09 1

sin(6)

2-hadron asymmetries

>
14000
8
5 12000
~
Z 10000
°

dN/dcosX()

dN/dsin(6)

COMPASS 2010 proton data

cos(e)

COMPASS 2010 proton data

0 010203040506070809 1

cos(0)

COMPASS 2010 proton data

S
X
<

280
260
240
220
200
180
160|
140,
120
100|

60
20

0.1 02 03 04 05 06 07 08 0.9 1

sin(6)

(@]

SPIN 2012 Dubna 26 / 34



Kinematic distributions of DIS events: (2, Tp; and y

COMPASS 2010 proton data
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Kinematic distributions of DIS events: 2z; vs. 2o
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Kinematic distributions of DIS events: (Q?vs. Tpj
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2010 proton data: kinematic mean values
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2010 proton data: kinematic mean values in z
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2010 proton data: kinematic mean values in My,
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two-hadron asymmetries: comparison 2010 and 2007 proton
data

COMPASS 2010 proton data
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— Good agreement between 2007 and 2010 results within the

error bars. Factor of gain in statistical err. ~ 1.7 & 045/ 0stqr = 0.8
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two-hadron asymmetries: comparison 2010 Ath™ vs. 777~
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