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 Collins asymmetry for h+ and for h- :
“‘mirror symmetry”
» dihadron asymmetry vs Collins
asymmetry:
only somewhat larger

this motivated the study of the correlations
between the relevant azimuthal angles
and the corresponding asymmetries

1. strong correlation between
1
doand dy=-4,+6, - |
2. dihadron asymmetries evaluated using

Dys =Pyt Os—7 or

¢RS = ¢R + ¢S — T essentially the same
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hints for a common physical origin for the Collins mechanism
and the polarised dihadron FF

F. Bradamante [COMPASS Collaboration], Como 2013, D-SPIN 2013
C. Adolph et al. [COMPASS Collaboration], Phys. Lett. B 736 (2014) 124
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further investigations

dependence of the Collins asymmetry for h+ and h- in the “2h sample”

and of the dihadron asymmetry on A¢ =¢,-¢, (1=h+, 2:},‘)

C. Braun [COMPASS Collaboration], Transversity2014
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data set and analysis

 data collected in 2010 (p1)

» “2h sample”
» standard COMPASS SIDIS requirements for event and hadron
selection
* only events with at least one h+ and one h-
- “Collins-like” asymmetries

« 6 kinematical regions:

all x x <0.032 x> 0.032
z>0.1 z>0.1 z>0.1

all x x <0.032 x>0.032
z>0.2 z>0.2 z>0.2

results will be shown only for x>0.032 and z>0.1

° ¢1,z+¢s_7f, ¢zh,s asymmetries measured in 12 bins of A¢
—r,-57/6,-2r/3,-7m/2,-7/3,-7x/6,0,+7/6,+7/3,+7x/2,+2x/3,+57/6,+ 1
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Collins like asymmetries

Proton 2010 data
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Collins like asymmetries

general expression of the cross-section for [N — Uhth=X -

dohih2 - - -
— 172 S 112 . L ho B
101 dndos =0y Tt eT [010 sin(¢) + ¢g — 7) + o742 sin(g2 + ¢g W)]

_ A. Kotzinian, arXiv:1408.6674
the structure functions can depend on A¢

changing variables (61.0:) > 0.89)  (91.6:) > (6:.9)
do"ih2 h1h2 + S [(O_hmz 4+ O_h1h2 COS Agb) sin(qb + 05 — 7T)
161dAGd0s e -
h+ — agéhg sin A¢ cos(py + ¢g — W)}
dghih2 _ h1h2 1+ Sy [(O_h1h2 4+ O_h1h2 COS Aqﬁ) Sin(qb + Qﬁ — 7T)
162dAddos * o
" T gh1h2 sin A¢ cos(¢g + ¢g — Wﬂ
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Collins like asymmetries

asymmetries

+
h .
Ao (A ) = o T g (AG) + a2 (Ag) cos Ag
1CL o ghihe o h1h2 A
o (Ag)
ACOS((bl—i—(bs—Tr) (A¢) _ g(lj(é?((bl‘HbS—ﬂ) _ O_g%hz (Aqb) sin Aqb
1CL 21h2 h1h2 (A¢)
g in(¢2+¢s—) hih hih
ASiﬂ(¢2+¢s—W) (Ap) = e T _ o *(Ag) + oy 2(A¢) cos A¢
20L o h1h2 o h1h2 A
o (Ag)
ASsoros (7 ) oo s gl (Ag) sin Ag
2CL o 1ha o b
oy 0" (Ag)
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Collins like asymmetries

asymmetries

+
h .
pneriosmp g — Ge T o (A0) + 03 *(Ag) cos Ag
o g1 ol (A0)
*ACOS(¢1+¢S—W) (A¢) _ g(lj(é?(qbl-l-tbs—ﬂ) _ O_g%hz (Aqb) sin A¢
- op " of " (A0)
-

ginros—n) p g o T ol(AG) + 0 (AG) cos A
20'L ( ¢) — h1h2 —_ h1h2 A
o (A¢)
*Acos(¢2+qbs—7r) (A¢) _ 0-(23%?(¢2+¢5—7T) _ ai%fu (A¢) sin A¢
“ o7 o " (A0)

two new asymmetries expected

(go to zero when integrated on A¢ !)
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Collins like asymmetries
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Entanglement of the h* and h- Collins like asymmetries

the sine and cosine asymmetries of the positive hadron
can be written as linear functions of

the sine and cosine asymmetries of the negative hadrons,
and vice-versa

h

sin(¢po+¢ps—)
AQCL : i

cos(p2+ps—)
AQCL o

(Ag)
(Ag)

AT (A ) cos Ad — AT T (AB) sin Ag
AL T (A) sin A+ ATET T (Ag) cos Ag

+

h

sin(¢1+¢s—m)
AlCL e

cos(1+5—7)
AlCL o

(Ag)
(A9)

ASRLO 05T A ) cos Ay + AT (Ag) sin Ag
AP0 TN (A ) cos Agp — ASRP2 TS T (AB) sin Ag)
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Entanglement of the h* and h- Collins like asymmetries

Proton 2010 data
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Mirror symmetry in Collins like asymmetries

ratio of structure functions

from the measured asymmetries one can extract
the structure function ratios

it

U{L(l/fm (Ag) cos(p2+ps—) 1

o2 (Ag) = Ay (Ag) sin Ag

U
AR (A0) + AT (AG) cot Ag

"

O-g(ljhz (A¢) _ACOS(¢1+¢5—TF)(A¢) 1

oy " (Ag) o sin A¢

Ape T (AG) = AT (AG) cot Ad

2CL
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Mirror symmetry in Collins like asymmetries

h1h2
O

(Ag)

o g 02

structure functions

e either constant or

Proton 2010 data
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« with the same A¢ dependence

SPIN 2014

* mirror symmetry

F. Bradamante



Mirror symmetry in Collins like asymmetries

constant ratio of structure functions plus
mirror symmetry imply

ptOABSTT(AG) = (1-cos Ag)
AZTTAG) = A sinAd
h'I APPTT(AG) = - a (1-cos Ag)
‘ AT (Ag) = a sinAd
oA ot (A9)
o (Ag) o' (Ag)
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Mirror symmetry in Collins like asymmetries

mirror symmetry
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Di-hadron asymmetries

since from our data

i (AG) . _ o(Ad)
o (Ag) o (A¢)

from the general expression of the cross-section, changing variables
from ( 1,¢2) to (¢2h,A¢), one gets

o2 = Ghth2 G g2 J9(1 — cos A@) - sin(pap, + g — )

NB: no cos(¢a, + ¢s — ™) modulation

and the di-hadron asymmetry is

Asin(¢2h+¢s—7r) _ h1h2 (Agb) \/2(1 — COS A¢) — \/2(1 - AQb)
2h.CL h1h2(A¢ —d o8
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Di-hadron asymmetries
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Di-hadron asymmetries
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Sivers like asymmetries

general expression of the cross-section with Sivers effect
Ogigfncl(Aé) _ O-If}lhﬂ (A¢) +
+ Sy [0 (Ag) sin(dy — ¢5) + 054" (A¢) sin(¢o — @)

asymmetries

ai%hmcb) + 0l (Ag) cos Ag
(B0
—oh (Aqb) sin Agb
0" (Ag)

Ailgljbl ?s) (Aﬁb) —

AE%SL% ?s) (A(b) —

and similar expressions for negative hadrons
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SUMMARY

« The h* and h- Collins asymmetries as function of A¢ are mirror
symmetric and exhibita (1 — cos A¢) behavior in agreement with
the general expression for the cross section [N — ['hTh= X

* Also cos (¢,,+¢;—7) asymmetries are observed, as expected, and
are mirror symmetric

* The h* and h- asymmetries are entangled

* The 2h asymmetry can also be derived from the h* asymmetry, and
has the expected A¢ dependence and the ratio of the integrals is
compatible with the expected 4/m value

» Sivers-like asymmetry are also entangled but do not exhibit mirror
symmetry

contributions from Belle and Babar

would be particularly useful
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