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Leading twist azimuthal modulation
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Leading & next to leading twist azimuthal
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Cahn and Boer-Mulders effects
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Cahn and Boer-Mulders effects
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HERa MEasurement of Spin
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HERMES spectrometer
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Resolution: Ap/p ~ 1-2% AB <~0.6 mrad

Electron-hadron separation efficiency ~ 98-99%



— LUMINOSITY
CALORIMETER

_ MONITOR

FRESHQWER (HZ)

T
b . i
Q 3 o
o , <
8 - ”
e W a 1
" / = %
__c_ (I -© g
g m T !
o g fo. >,
O " 5 JSd : S 9
— : 3 & v &
+ g £ - 'S
O : - 3 &
T & W < &
7] o |
D g . S
L I -
([@F & . N 9
w B 5
l S
a &
o &
E a4 g
5 8
o
= -
2 5
o) (e
) o
v B
S
_@Hqtfa_# ity by y—
ﬁhﬁﬁﬁbﬁ.ﬁqﬂﬂﬁﬂh@.ﬂ%@ﬁ
: --J““““"Mmﬂm.m Mb“wwmmmmﬁ E
H i,

ﬁu-&‘ -..ﬁhq_




o=(xy,zP,) LExperimental extraction
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The unfolding procedure
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The unfolding procedure

n. =9 +Bg .

EXP MC BORN \

Probability that an event Includes the events smeared
generated with kinematics ® is within kinematic cuts

measured with kinematics @

Accounts for acceptance,
radiative and smearing effects

3 depends only on

instrumental and radiative effects




The unfolding procedure
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Why a multidimensional analysis?
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Monte Carlo Test
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Monte Carlo Test
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cos2Q interpretation

0.05 — 0.05 0.04
-— - HERMES 27.5 GeV 1 [
— ILAB12GeV = _ —— ILAB12GeV 1 — —— HERMES 275 GeV. '
0-04 — — HERMES 27.5 GeV n° TC 00 |— JLAB 12Gev n TC 0.03F| — HERMES 275 GeV. 1 T
N JLAB 12 GeV n 0.03 -
003 g 03 5002
oD 2 -0 @
f | P P S 001
0.01F 3 001 ol
' ' <=t | |
0 F—+——+— f ; ; i 0 ——f I f } I 0.5 —=——_1_ L5
L 0.1 0:2. 03 0.4 0.5 0.6 0.7 0%-—<L4___()-5___0f_ 0.7 0.8 0.01 Tc ==
-0.01F TC [t TR 0.01 n+ _____ ‘
00l 0.02 0.02 P
X T
L. P. Gamberg et al., Phys. Rev. D67:071504, 2003
L. P. Gamberg and G. R. Goldstein, arXiv:0708.0324, 2007
o 0.2 —
5 -Hydrogen 1 | HERMES Preliminary
~c @ h 1 !
< '. + - 3
| - 4 | 4
S o} h ] ¢ | _
[ 1 |
Q L 1 | g)
3 g ® o 1 I o I ° o
~~ 1 l
N o—¢¥— 2 {
r LI # . @ jdn T o a n -
[ |
+ |
1
|
1




cos2( interpretation
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Hydrogen VS. Deutertum
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Summary

+ The existence of an intrinsic quark transverse motion gives origin to
an azimuthal asymmetry in the hadron production direction:

+ Cahn effect: an (higher twist) azimuthal modulation related to the
existence of quark intrinsic motion;

+ Boer-Mulders effect: a leading twist asymmetry originated by the
correlation between the quark transverse motion and spin (a kind of spzn-

orbit effect).
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+ A fully differential unfolding procedure is able to disentangle the
‘physical” azimuthal asymmetry from the acceptance and radiative
modulations of the cross-section.



Summary

+ The existence of an intrinsic quark transverse motion gives origin to
an azimuthal asymmetry in the hadron production direction:

+ Cahn effect: an (higher twist) azimuthal modulation related to the
existence of quark intrinsic motion;

+ Boer-Mulders effect: a leading twist asymmetry originated by the
correlation between the quark transverse motion and spin (a kind of spzn-

orbit effect).

+ Monte Carlo studies show that:

+ A fully differential unfolding procedure is able to disentangle the
‘physical” azimuthal asymmetry from the acceptance and radiative
modulations of the cross-section.

+ Flavour dependent experimental results:

+ Negative <cosd> moments are extracted for positive and negative
hadrons, with a larger absolute value for the positive ones

+ The results for the <cos2¢> moments are negative for the positive
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- Evidence of a non-zero Boer-Mulders function
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Compass results
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Statistics

Target Type Hadron charge #SIDIS
(Million)
Hydrogen h+ 1.46
h- 0.82
Deuterium h+ 1.53
h- 1.00




The multi-dimensional analysis

N >
S S S TN B g
- ; | I —— < bin=3
S | I I |l L
et R L L 2 3 BINNING
et et T 2 - 400 kinematical bins x 12 ¢-bins
nE P : 3 Variable Bin limits #
T S S S S d X 0.023 | 0.042 | 0.078 | 0.145 | 0.27 5
S 7 y 03 | 045 | 06 | 07 | 085 4
First bin#;_" wo |0 - z 02 | 03 | 045 | 06 | 075 5
y T Pi 0.05 0.2 0.35 0.5 0.75 4




The multi-dimensional analysis
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The multi-dimensional analysis
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Experimental status: (cosg)
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+ Negative results in all the existing
measurements

+ No distinction between hadron type or
charge



Experimental status: (cos2¢)
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Monte Carlo Test

" m Unfolded B E - H*
— Sorn 3 3 3
i - Q
A A -
- oW = - "
= = = . =
2 2 3 - g
- - - L
E il s | = \ = |
107" 0.25 0575 0.9 05 1 0.5 1
X y < hl
. - - e L
A w " w . ¥ o gt L L2
Ll i | i \ | |
157" 0.25 0.575 0.9 05 1 0.5 1
X y < hl

A Cahn Model

Unfolded



