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TMDs can be studied by measuring 
azimuthal asymmetries in SIDIS
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Figure 6.2: Graphical representation of the bins included in the integration in Figures 6.3 to 6.6. See text
for details.

minimizing the number of bins where a measurement cannot be made (red squares).

The hydrogen and deuterium target results are compared in Figure 6.3. Both the cos φh and cos 2φh

moments are nearly identical for the two targets. This unexpected finding is a dramatic constrain for models,

as discussed in Chapter 8.

The π+ and π− moments are compared in Figure 6.4. To more clearly see the dependence of the structure

functions, the structure function ratio is presented in Figure 6.5. The structure function ratio is defined by

Equations 4.41 and 4.42 and is simply the moment divided by the relevant � dependent factor, specifically:

F cos φh

UU

FUU,T
=

2�cos φh�UU�
2�(1 + �)

≡ 2�cos φh�UU

k1(y)
(6.1)

F cos 2φh

UU

FUU,T
=

2�cos 2φh�UU

�
≡2�cos 2φh�UU

k2(y)
(6.2)

where the kn(y) functions have been defined and are used in the axis labels in the relevant figures throughout

this chapter. This allows for a more direct observation of the kinematic dependence of the structure functions

by removing known kinematic dependences. In addition it facilitates comparisons with other experiments

at differing kinematics.
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results [23].

V. CONCLUSIONS AND PERSPECTIVES

The present unpolarized SIDIS data on azimuthal cos 2φ asymmetries, although still preliminaries, represent a
clear manifestation of the Boer-Mulders effect. However, they are not sufficient to allow a full extraction of h⊥
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results [23].

V. CONCLUSIONS AND PERSPECTIVES

The present unpolarized SIDIS data on azimuthal cos 2φ asymmetries, although still preliminaries, represent a
clear manifestation of the Boer-Mulders effect. However, they are not sufficient to allow a full extraction of h⊥

1 . In

H
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results [23].

V. CONCLUSIONS AND PERSPECTIVES

The present unpolarized SIDIS data on azimuthal cos 2φ asymmetries, although still preliminaries, represent a
clear manifestation of the Boer-Mulders effect. However, they are not sufficient to allow a full extraction of h⊥
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H
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FIG. 6: Our Fit 2 to the HERMES preliminary proton data. The line labels are the same as in Fig. 2.
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FIG. 7: Our Fit 2 to the HERMES preliminary deuteron target data. The line labels are the same as in Fig. 2.

results [23].

V. CONCLUSIONS AND PERSPECTIVES

The present unpolarized SIDIS data on azimuthal cos 2φ asymmetries, although still preliminaries, represent a
clear manifestation of the Boer-Mulders effect. However, they are not sufficient to allow a full extraction of h⊥

1 . In

Barone, Melis, Prokudin
Phys. Rev. D81:114026, 

* subsample HERMES data

*



cos 2φhPions
Barone, Melis, Prokudin

Phys. Rev. D81:114026, 2010 COMPASS data

8

-0.15
-0.1

-0.05
 0

 0.05
 0.1

 0.15

 0.1  0.2  0.3  0.4  0.5

 

Aco
s 

2!

x

HERMES Deuteron

"#

Cahn
Boer-Mulders

Cahn+BM

-0.15
-0.1

-0.05
 0

 0.05
 0.1

 0.15

 

 

Aco
s 

2!

 

"+

Cahn
Boer-Mulders

Cahn+BM

 

"+

Cahn
Boer-Mulders

Cahn+BM

 0.3  0.4  0.5  0.6  0.7  0.8
z

"#

Cahn
Boer-Mulders

Cahn+BM

 

"+

Cahn
Boer-Mulders

Cahn+BM

 0.1  0.3  0.5  0.7
P  (GeV)T

"#

Cahn
Boer-Mulders

Cahn+BM

 

"+

Cahn
Boer-Mulders

Cahn+BM

 0.4  0.5  0.6  0.7  0.8
y

"#

Cahn
Boer-Mulders

Cahn+BM

FIG. 4: Our Fit 1 to the HERMES preliminary deuteron-target data. The line labels are the same as in Fig. 2.
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FIG. 5: Our Fit 1 to the COMPASS preliminary data (deuteron target) [15, 16]. The line labels are the same as in Fig. 2.

contributions are different in the kinematics of the two experiments. This is a further indication of the fact that the
cos 2φ fit is strongly affected by twist-4 contributions, which are not yet fully known.
Our analysis shows that, as far as the x and z dependencies are concerned, both the HERMES and COMPASS

data are fairly well described. The resulting Boer-Mulders distributions of quarks have the expected sign [10, 24, 50].
Moreover, looking at eq. (27) or (33), one sees that the Boer-Mulders u distribution is larger by a factor 2 compared
to the u Sivers distribution, whereas the Boer-Mulders and Sivers d distributions have approximately the same
magnitude. This is in agreement with the predictions of the impact-parameter approach [22] combined with lattice


