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the COMPASS spectrometer £ (i;‘f’ﬁASS

* high energy beams two stages spectrometer
» large angular acceptance Large Angle Spectrometer (SM1)
* broad kinematical range Small Angle Spectrometer (SM2)

variety of tracking detectors

to cope with different particle flux from 6 =0 to 6 = 200
mrad with a good azimuthal acceptance

calorimetry, ulD

RICH i
MuonWall

Polarised Target

-

N

u beam s
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polarized target system (>2005)

solid state target operating in
frozen spin mode

d (°LiD) p (NH;)
polarization 50% 90%
diliution factor 40% 16%

3He - 4He dilution refrigerator (T~50mK)

solenoid 2.5T
dipole magnet 0.6T

3 cells target with
opposite polarizations

dN/dz,,,

2 configurations:
polarisation reversed each week
to minimize possible systematic errors
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the results shown in these slides are obtained from:

e analysis performed on charged hadrons (unidentified)

e data taken during 2010

* on a transversely polarised proton target (NH3)
and using a 160 GeV positive muon beam
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SIDIS: a key process to investigate the structure of the nucleon

lepton interacts with a single constituent of the nucleon (Q*>1GeV?/c?)

q=/(-1 Q2
X = 2P - q Bjorken scaling variable
Q* = —q° W? = (P + q)°
P-q E-E
y = — =
P./ E
é!
M L = P Ph = Eh
E ) P.q E-E
y%%q at least one hadron is detected
< g hor in the final state
current (information on the struck quark)

fragmentation J

N

fragmentation
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COMPASS 2010 proton data

DIS event selection -
L 10E
> -
@ -
S
Q2 > 1 (GeV/c)? ~ i
0.1<y<0.9 < "
W > 5 GeV/c?

10° L

dN/dx
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SIDIS event selection

N X103 _:Q‘H )
Emooo = 10
= Z 10
= -
104
5000 | 103%
104
105
0 1: ....... PR Lnnnonflnnns Lonnnllnonnflononllnnns
0 1 0 1 4
z p? (GeV/c)
charged hadron selection
2>0.2
pTh > 0.1 GeV/c transverse momentum

w.r.t. the virtual photon direction
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Collins asymmetries IN > 1hX

. . . s ] ] D - =
direction of the polarization kinematical factors . 1-y- v

N, = Nr?[l\i TP Dy Acon SIN(9, + &5 "‘7[)]

Collins angle

target polarisation P
r transversity PDF Collins FF

dilution factor f
2 q 2 1h 2
es-h'(k?,x)®H 4
convolution over the transverse Ab ~ Zq q 1 ( L ) 1q ( pJ" )
momenta of the quarks in the nucleon k oll ~~ 2 2 2h 2
and in the fragmentation p , : Zq eq * flq (kJ_, X) ® qu ( pJ_, Z)

definition of the produced hadron and
target polarisation azimuthal angles ¢, and ¢
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The Collins asymmetry charged hadrons

azimuthal distributions calculated in the different bins of x, z and p,”
amplitudes of the azimuthal modulations extracted

fitting the azimuthal distribution in d)h and (I)S using extended maximum likelihood estimator

combined 2007 - PLB 692 (2010) 240 - and 2010 -PLB 717 (2012) 376 -

S S 01 ol i i COMPASS
0.05- + + — ~
o ¢ +
o * s b 0 0!
et ] % e L b e e ¢
O g 3%t . **ss vobot YT I +
t * s t
-0.05- - ok
; Ogyst™ 0.5 Ostat
-0'1 | L | L 111 |||| 1 L1111 | | | | | | |
10-2 10-1 0.5 | 0.5 1 1.5 2

x z pﬁ_ (GeV/c)
* precise measurements
* clear signal at x > 0.03, with opposite sign for h+ and h-
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dihadron asymmetries

we measure A\jin Prs
T

IN — I'hth=X

all possible oppositely charged

from N hhe N r? [1 T 1:I:)T DNN A?? fre Sin(¢RS )] hadrons pairs

the azimuthal distribution of the
hadrons pairs shows a modulation
in the azimuthal angle:

Ops = Qg+ G5 — T

Rzém_é%

Z Artru definition arXiv:0207309v2
equivalent to Radici et al arXiv:1212.3568v1
as seen from data




dihadron asymmetries o
IN — lhth™ X

we measure SiN P
T

all possible oppositely charged

=Nt TP Dy A sin(gg )| aboble oF

from N Hh

dihadron interference FF

transversity PDF

4 d
sini Zq ej ! (x) Hlé (z,M?) no convolution
TR BT - > on the intrinsic
Zq eq ' 1:1 (X) ) qu (Z’ M hh) transverse momenta
collinear !
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Aii_::‘ Drs

asymmetries measured as function of x, z=z, + z,, M,

COMPASS 2010 proton data

. <1 0 COMPASS 2010 proton data 10°
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http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2014_plb736_0124.pdf
http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2014_plb736_0124.pdf
http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2014_plb736_0124.pdf
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< 0107 2007 & 2010 proton data PLB 736 (2014) 124
el o h'h
o Collins A" (J\;
0.05+ O Collins h , .
: 3  Collins asymmetry for h+ and for h-:
+ ; ? “‘mirror symmetry”
- ééQf _______________________________________ » dihadron asymmetry vs Collins
(} I 3 asymmetry:
? 9 only somewhat larger
-0.05- ¢ ‘ 1?
-0'10_|||||||| NIRRT Ll
1072 10 1
X

motivated further studies on the interplay between the transversity
induced asymmetries
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http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2014_plb736_0124.pdf

analysis of the single hadron and dihadron
transversity induced asymmetries performed
on a common data sample (2010 transversely polarised proton)

standard COMPASS SIDIS sample
but with h* h™ at least detected (each hadron with z >0.1)

essentially the same as the sample used to measure the dihadron asymmetries

the general expression forthe [N — ['hth= X cross section

h™h~
d O __h*h”

=0y
d¢.dg _dg

+S, .[afg“ SiN(@, + s — )+ oh SiN(@ + ¢ —7[)]

A .Kotzininan PRD91 (2015) 054001
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single hadron asymmetries from the common sample

are very similar to the Collins asymmetries calculated from the 1 hadron sample

(which are the usual Collins asymmetries)

Asin D

h*h~

ASi() O1.2c

h™h~

08/09/2015

0.1

0.05

—0.05

e h; a h, (from 2-hadron sample)

'h™ » h™ (from 1-hadron sample)

;

% A
1£ + ¢ ¢ ¢ I
% EER
i 102 | — "10_1
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we studied the azimuthal correlation among the hadrons forming the pair

Ap=¢. -0

bp* -0y ~0 Op* - Op v

pT+ pT-
prt
transverse -
olane | \d)h virtual photon \¢h+ / _
X / scattering plane
Pr

we measured single hadron transversity induced as function of A®
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the two hadron cross section can be written as function of Ad and ¢ .-

dependencies o(Ap) omitted ....

BB =B AP

h*h-
do h*h~ [ hne h*h~

dg dAgdg Y +S;-|lowe’ +o3c COSAGSING,. + ¢ —7) +..

4. 4, — Db,

dGh v h*h™

= 0y,
dg_dAgdd,

. - :
+9S; - \chh +o" COSAPISIN(G_ + @ —7) +...

we measured single hadron transversity induced
asymmetries as function of A®
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sin(g, , +¢s—) _ Glhgh_ (A¢) + Gzh(;h_ (A¢) - COS A¢

g +-n) _ Opc (Ag)+ 01" (Ag)-cOSAP

Act O_S+h- (AD) Asct O'S+h_ (A)
017 oy
0 A by
g<d 0.05 "? + h- } ’{’&” _____ Zif;;zldblﬁgerwhen
0l *;#%_ - %-" go in opposite direction
++++ % +++ mirror asymmetries
—0.05}- ¢ o’ =0y
I
e
o A N L

Ad(rad) .




the dependence from A® in the
polarised part and unpolarised part of the cross section
has been found to be roughly the same

0.2r

61 2C (A¢)

"(ag)
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the A® dependence
looks similar

and also
mirror symmetry
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comparison between dihadron and Collins asymmetries

08/09/2015 Giulio Sbrizzai DSPIN2015

25



we defined another angle for the 2 hadrons pair (more simple to use...)

¢2h which is the azimuthal angle of the vector P_I_h — Ph_

a
%10’
S
. 8
Strongly Correlated Wlth E \:l 2010 proton data
L e A 2 150
¢ Zh . PTh _ Zh . PTh E
R h , n =
7 +Z s
+
» - . = 100
used to extract the “standard” dihadron asymmetries
50
V::‘ 0.10~ 2010 proton data 7'/
~
® Ay, (0, ) sin® 0 -
Ay, (0 ) sinB ¢ —_ ¢
0.05+ TP om,
% " R 2h
0 WX . azimuthal transverse spin asymmetries
. ¢ calculated using the 2 angles are the same
-0.05- ¢ % i
-O'IO—I \III\I| | \IIIII| | IIIIII‘
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we defined another angle for the 2 hadrons pair (more simple to use...)

and by using the relation implied by the mirror asymmetries O-l'gh‘ — _O-Q;h_
the cross section becomes

h™h~
dG h*h™

= GU
d¢ydAP A

+S; ol -\2(L— cos Ag)[sin(gy, + g5 — 7)

measure di-hadron asymmetries (in ¢,,)
as function of A®
to compare with single hadron collins like asymmetries
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amplitudes

of the azimuthal
modulations in the
Collins angle

h+

h-

dihadron

Proton 2010 data

" COMPASS preliminary
x>0.032, z>0.1

IIII|III

I|IIII[IIII

o 2h e h

Ad(rad)

same mechanism seems to give collins asymmetries and di-hadron asymmetries
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there is a quantitative relation between dihadron and the

single hadron Collins-like asymmetries
that is derived using

which comes from the mirror asymmetries seen from data

L . h*h~
writing explicitly the measured sin(g . +¢s—7) | Oy
asymmetries we have L = e I (1_ COS A¢)
h* Oy
sin(g _+¢s—r) Jh+h_
h o ==} (1-cosAg)
Oy
dihadron Gh+h_
sin(gn+és—7) _ |~ 1C
h,(;|_h T = A \/2 ' (1— COS A¢)
Oy
1
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c-(1-cosAg)

—c-(1-cosAg)

C-4/2-(1-cosAg)

integrating over A the ratio between dihadron and positive hadron asymmetries is 4/m
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< 0107 2007 & 2010 proton data PLB 736 (2014) 124
el o h'h
o Collins h* (%
0.05+ O Collins h . .
: 3 * Collins asymmetry for h+ and for h- :
+ ; ? “‘mirror symmetry”
- éégf _______________________________________ « dihadron asymmetry vs Collins
%3 o J o 3 asymmeiry:
? @ only somewhat larger
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integrating over A the ratio between dihadron and positive hadron asymmetries is 4/m
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http://wwwcompass.cern.ch/compass/publications/papers/locked/journal/2014_plb736_0124.pdf

interesting results
the paper has been written

interplay among transversity induced asymmetries
in hadron leptoproduction

arXiv:1507.07593v1

CERN-PH-EP-2015-199

submitted to Phys.Reuv.Lett.
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