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What can we really learn?



Model for Non-Perturvative Functions

Dynamics...
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Kinematics...

Pr=zk, +p,

Intrinsic limitation on what we observe



Kinematics...

PT:EI"GJ_—FPJ_

Intrinsic limitation on what we observe

Easier to see in a model, say, for instance...



Kinematics...

Gaussian model:

Dynamics...
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Kinematics...

Gaussian model:

(P7) = (p1) + 5 (k).
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Previous Extraction (2005).

From EMC data:
Ashman, J. et al. Z.Phys. C52 (1991) 361-388 CERN-PPE-91-53
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Recent data releases.

HERMES
Airapetian, A. et al. Phys.Rev. D87 (2013) 074029

COMPASS

Adolph, C. et al. Eur.Phys.J. C73 (2013) 2531

Multidimensional data — An opportunity
to explore new things.



Recent data releases.

HERMES
Airapetian, A. et al. Phys.Rev. D87 (2013) 074029

COMPASS

Adolph, C. et al. Eur.Phys.J. C73 (2013) 2531

Results presented here have been published in:

DOI: 10.1007/JHEP04(2014)005



Extraction from HERMES
and COMPASS data.

Model
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Extraction from HERMES
and COMPASS data.

Model Kinematical Cuts
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Extraction from HERMES

and COMPASS data.

Model Kinematical Cuts
1 e KL/ 2 2
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Processes included

nt and - production from both P and D targets.

h* and h- production from D.




Extraction from HERMES data.




Extraction from HERMES data.
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Extraction from HERMES data.

HERMES
Cuts X;Q)ts n. points [Xf,ts]"Jr [X;Q)ts]“—_ Parameters
Q% > 1.69 CeV? (k%) = 0.57 4 0.08 GeV?
0.2 < Pr < 0.9 GeV 1.69 497 1.93 1.45 (p1) = 0.1240.01 GeV?

z < 0.6




Extraction from HERMES data.

Gaussian Model
(Simple)

2 parameters.
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Extraction from HERMES data.

Gaussian Model

(z-dependent
TMDFF)

4 parameters.
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Extraction from HERMES data.

Gaussian Model

(Flavor-dependent
TMDFF)

3 parameters.
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Extraction from HERMES data.

Other Simple
Model

(Academic
Example)

2 parameters.
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Extraction from COMPASS data.




Extraction from COMPASS data.

COMPASS data

* From Deuteron only

f—t
=1
T 1

* No hadron separation

02 (GeV/c)?

e 4D-binning: Q2, Xg , Z , Pt

 Total number of points: 18624

Figure from: Adolph, C. et al. Eur.Phys.J. C73
(2013) 2531
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Extraction from COMPASS data.

COMPASS

] nt 1" Parameters

Cuts Xc210f 1. pOil’ltS [X?lof [X?lof

Q? > 1.69 GeV?
0.2 < Pp < 0.9 GeV 8.54 5385 8.94 8.15 (k3) = 0.61 £0.20 GeV?
z <06 (p3) =0.1940.02 GeV*




JOMPASS

Cuts Xiof n. points [xﬁof}th 3™ Parameters
Q? > 1.69 GeV?
0.2 < Pr < 0.9 GeV 8.54 5385 8.94 8.15 (k1) = 0.61 +0.20 GeV?
z < 0.6 (p1) =0.19£0.02 CeV*
(0 > 1.69 GeV? (k2) = 0.60 + 0.14 GeV?
0.2 < Pr < 0.9 GeV 3.42 5385 3.25 3.60 (p3) = 0.20 £ 0.02 CeV?
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B =-043+0.14
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COMPASS

Cuts Xiof n. points [xﬁof}th 3™ Parameters
Q? > 1.69 GeV?
0.2 < Pr < 0.9 GeV 8.54 5385 8.94 815  f( (K2) =0.61 £0.20 GeV2
z < 0.6 (p3) = 0.19£0.02 CeV?
Q* > 1.69 GeV? (l1) = 0.60 4 0.14 GeV?
0.2 < Pr < 0.9 GeV 3.42 5385 3.25 3.60 \_ (p1)=020£0.02 GeV* )
2 <06 A =1.06+0.06
N,=A By B =-0.434+0.14
I

Constrained Normalization,
similarly to the TMDs



JOMPASS

Cuts Xiof n. points [xﬁof}h'Jr 3™ Parameters
Q? > 1.69 GeV?
0.2 < Pr < 0.9 GeV 8.54 5385 8.94 815  f( (K2) =0.61 £0.20 GeV2
z < 0.6 (p1) =0.19£0.02 CeV*
Q* > 1.69 GeV? (k1) = 0.60 + 0.14 GeV?
0.2 < Pr < 0.9 GeV 3.42 5385 3.25 3.60 \_ (P7)=0.2040.02 GeV?* )
2 < 0.6 A =1.06+0.06
N,=A By B =-0434+0.14

Other Models for Gaussian width?



Extraction from COMPASS data.

(p1) = g1
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Extraction from COMPASS data.

(ki> = g1 +g21n (Qz/Qﬁ) + g3 1In (10ex)

(P1) = g1 + 2% 95 In (Q*/Q3)
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Extraction from COMPASS data.

(k1) = a1 + a2 In (10y)

(p3) = a} + abIn (10y)
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Extraction from COMPASS data.

(k1) = a1 + a2 In (10y)

(p1) = ai + apIn(10y) + a3 \/y
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Extraction from COMPASS data.
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Towards a global fit: Azimuthal Moments.




Azimuthal Moments.

o The Goal
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Azimuthal Moments.

o Connection
A — E{CDSqﬁh):EI ?""d;;{:% \_Nit_h_ _
Multiplicities
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Azimuthal Moments.

Must be careful when interpreting
Parameters!!!

Again, consider the Gaussian Model

Multiplicities (P}) = (p1) + 2 (K},

2\ /g2
Azimuthal Asymmetries () (ky)



Azimuthal Moments.

<pJ_2> -~ A

Multiplicities (P}) = (p1) + 2 (K},

2\ /g2
Azimuthal Asymmetries () (ky)



Azimuthal Moments.

<pJ_2> -~ A+B2Zz2

Multiplicities (P}) = (p1) + 2 (K},

2\ /g2
Azimuthal Asymmetries () (ky)

User Discretion
Advised

Work in progress...



Azimuthal Moments.

Analysis to be completed soon



Final Remarks

Neither HERMES nor COMPASS data suggest a strong correlation
between transverse momenta and x or z (within our kinematical cuts).

HERMES and COMPASS data do not seem to be compatible.

HERMES Multiplicities do not show sign of Q2-dependence. Simple
Gaussian reasonably describes Multiplicities.

COMPASS Multiplicities (seemingly) exhibit a y-dependence in the
normalization. This deserves further study. Simple Gaussian model does
good job in describing the “width” of the data.

Interpretation of the parameters should be done always very carefully.
Must always keep in mind the fundamental limitations of each
observable. Multiple observables helpful to disentangle different
“components” (i.e. intrinsic momentum).

In the near future results on azimuthal asymmetries analysis.



Thank you.



Thank you.



Thank you.



TABLE I. Minimal x? values for the COMPASS multiplicities and different versions of the Gaussian model. The numbers in
the right column are obtained by introducing an overall y-dependent normalization in the multiplicities.

COMPASS
k?.l'ﬂ_;r

N=1.0 N=A+ By
(k1) = a1

8.54 3.42
Pl =g} A=106 B=-043
(k1) = g1 + g2 ln (Q*/QF) + ga In (10ex)

8.21 2.74
Pl =g + 2295 In(Q*/Q5) A=110 B=-053
(k1) = ay + azIn(10y)

B.27 2.00
{p1) = ai + abIn(10y) A=113 B=-0.62
(k1) = a1 + a2 ln(10y)

T.75 1.81

(pl) = ai + abln(10y) + ab /7 A=112 B=-059




‘ Extraction from EMC data (2005) Comparing extractions

(k1) =0.25 GeV* (p2)=0.20 GeV?

Extraction from HERMES data (2013)
(k1) =0.57 £ 0.08 GeV*® . (p?) = 0.124 = 0.008 GeV?

Extraction from COMPASS data (2013)

(k7) = 0.61£0.20 GeV?  (p3) = 0.19 £0.02 GeV?



Other kinematical dependences.

Going back to HERMES data...




z dependence?

n only, simplest model

<kJ_2> = 0.57

<pJ_2> =0.12

n only, z dependence

<pJ_2> - A (1-z)BzC

<kl2> =0.48
A=0.21

B=0.34

C=0.27

+

+

+

+

+

0.08 GeV?

0.01 GeV?

0.54 GeV?
0.60 GeV?

6.42

0.73

Other kinematical dependences.

szt = 1.69

szt = 1.63



Flavor Dependence. HERMES.

#pts = 497

#optimal paramete

chi2pt = 1.60

chi2 = 794.89

#TMDPDF version 0: k2avg = a

#TMDFF version O : pt2avg = A

#name
a

free
1

(5.91e-01 )

0.00e+00

1.16e-01

\1.36e-01 /

err lim
3.79e-02 1

0.00e+00 O

4.92e-03 1

6.35e-03 1

min max
0.00e+00 1.00e+00

0.00e+00 1.00e+00

0.00e+00 1.00e+00

0.00e+00 1.00e+00



#pts = 5385

#optimal paramete

chi2 = 18436.98

#TMDPDF version 0: k2avg = a

#TMDFF version O : pt2avg = A

#name
a

free
1

(6.04e-01

0.00e+00

1.98e-01

\2.02e-01

err lim
1.68e-02 1

0.00e+00 O

4.31e-03 1

5.40e-03 1

min max
0.00e+00 1.00e+00

0.00e+00 1.00e+02

0.00e+00 1.00e+00

0.00e+00 1.00e+00
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Extraction from HERMES data.
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10

10

10

10

10

10

10

10t

HERMES M"
P
Bz >=0.15 Bz >=0.15
o z>=0.23 0z >=0.22 -
Acz>=0.28 Az >=0.27
v<z>=0.34 v<z>=0.34
*<z>=0.42 <z >=0.42
0<z>=0.53 0<z>=0.53
Q°=1.80 GeV?>
25=0.10 xp=0.15
moz>—0.15 mcz>=0.14
e >>—0.23 p o z>—0.22
Acz>=0.27 Acz>—0.28
v<z>=0.34 v<z>=0.34
*<z>=0.42 <z >=0.42
O0<z>=0.53 ~ 0<z>=0.53
0%=5.20 GeV? \ Q*=9.20 GeV?
x=0.25 x=0.41
PRI PR B [P R | 1
0.1 0.4 0.7 1.0 0.1 0.4 0.7 1.0
+
HERMES M}
D
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0.1 0.4 0.7 1.0 0.1 0.4 0.7 1.0
Py (GeV)
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Q° (GeV?)
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Extraction from COMPASS data.

N(y)

1.3

1.2

1.1
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