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OUTLINE

Accessing Intrinsic transverse momenta.

Previous unpolarized TMD extraction (Torino 2005) and
new data.

Unpolarized TMD extraction from HERMES data.

Unpolarized TMD extraction from COMPASS data.
Additional comments.

Final Remarks.



Access to Intrinsic Transverse Momentum
(Unpolarized SIDIS)



Kinematics...
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Kinematics...

Gaussian model:
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Kinematics...

Gaussian model:

(P7) = (p1) + 7 (kD).

Dynamics...
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In the simplest form of Gaussian model:
this model:

Flavor-independent average >~ <Pb>_<p Y + z (A ).
1 <h

transverse momenta.

No x-dependence.

I

] e~ Pr/(P7)
No z-dependence. O X (P2 )

Two parameters in total.
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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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Previous Extraction (2005).

From EMC data:
Ashman, J. et al. Z.Phys. C52 (1991) 361-388 CERN-PPE-91-53
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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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Previous Extraction (2005).
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New data releases...

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

COMPASS

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

New data — Update




New 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.




Extraction from HERMES data.




Extraction from HERMES data.

About the data:

Normalized SIDIS data (Multiplicities).

From Proton and Deuteron.

Charge separated.

Hadron separated (Pions and Kaons).

3D-binning: Q2 (xg) , z , Pt

Total number of points: 1341



Extraction from HERMES data.

About the data:

Normalized SIDIS data (Multiplicities) mmmsp - Overall normalization.

From Proton and Deuteron.

Charge separated.

Hadron separated (Pions and Kaons).

3D-binning: Q2 (xg) , z , Pt

Total number of points: 1341



Extraction from HERMES data.

About the data:

Normalized SIDIS data (Multiplicities).

From Proton and Deuteron.

Charge separated.

Hadron separated (Pions and Kaons) mmmp + Flavor-dependence.

3D-binning: Q2 (xg) , z , Pt

Total number of points: 1341



Extraction from HERMES data.

About the data:

 Normalized SIDIS data (Multiplicities).

From Proton and Deuteron.

Charge separated.

Hadron separated (Pions and Kaons) mmmp + Flavor-dependence.

3D-binning: Q2 (xg) , z , Pt

Total number of points: 1341

4 A
Signori, Bacchetta, Radici, Schnell
arXiv:1309.3507 [hep-ph] NIKHEF-2013-030
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Extraction from HERMES data.

About the data:

 Normalized SIDIS data (Multiplicities).

From Proton and Deuteron.

Charge separated.

Hadron separated (Pions and Kaons).

3D-binning: Q2 (xg), z, Pt mmm) + The meaning of large Q2.

Total number of points: 1341 * Correlations between
transverse momenta and other

variables.



Extraction from HERMES data.




Extraction from HERMES data.

Model Kinematical Cuts
fqlx ky) = fq(x)%e—k’iﬂki?' Q? > 1.69 GeV?
(kD) 0.2 < Pr < 0.9 GeV
Dy(z, p1) = Dj(z) ——— e P11
! T (pt)



Extraction from HERMES data.

Model Kinematical Cuts
fax ky) = fq(x) (k e ki/ kL) Q? > 1.69 GeV?
) 0.2 < Pr < 0.9 GeV
1 z < 0.6
Di(z, py) = Dli(z)———e —p1/pY)

7{(p7)

Processes included

nt and - production from both

P and D targets



Extraction from HERMES data.

HERMES
Cuts X?,ts n. points [Xf,ts]”Jr [Xf,ts]“i Parameters
Q% > 1.69 GeV? (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.
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Extraction from HERMES data.
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Extraction from HERMES data.

What about Kaons?
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Kaons in the fit. HERMES data.

n only
<kJ_2>: 0.57 + 0.08 GeV?

<p,?>=0.12 + 0.01 GeV?



Kaons in the fit. HERMES data.

n only

X°pt = 1.69
<k 2>=057 + 0.08 GeV’ n and K
<p,?>=0.12 £ 0.01 GeV’ Xpt=1.25

<k 2>=055 * 0.10 GeV’

<pL2> =0.13 + 0.01 GeV?



Kaons in the fit. HERMES data.

n only
<kJ_2>: 0.57 + 0.08 GeV?

<p,?>=0.12 + 0.01 GeV?

K only
szt = 0.64

<kJ_2>: 0.40 + 0.17 GeV?

<p,?>=0.16 + 0.02 GeV?

t and K

<kJ_2> =0.55 + 0.10 GeV?

<p,2>=0.13 £ 0.01 GeV’



Extraction from COMPASS data.




HERMES data

 Normalized SIDIS data (Multiplicities).

* From Proton and Deuteron.

e Charge separated.

« Hadron separated (Pions and Kaons).

- 3D-binning: Q2 (Xxg) , z , Pt

« Total number of points: 1341

COMPASS data

From Deuteron only.

No hadron separation.

4D-binning: Q2, xg , z , Pt

Total number of points: 18624




Extraction from COMPASS data.

COMPASS data

* From Deuteron only

ot
=
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



Extraction from COMPASS data.

COMPASS

] nt 1" Parameters

Cuts Xc210f n. 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*




Q° (GeV?)

10!

(] ¢ 4« » & N

+
COMPASS M}

¥ { e, oprl gk

0 P Y

s m"&u&
. : EPRF LI,

| Q°=7.36 GeV”>
zp=—5.50e-02

-

5’5 s EEgys !
i T ﬂiﬂ; +

Q°=7.57 GeV?
rp—9.32e-02

| Q°=4.07 GeV? B
rp=2.16e-02

Q°=4.57 GeV?
rp=5.36e-02

Q°=4.47 GeV?
zp—3.23e-02

Q°=4.62 GeV?
rp=9.21e-02

<z>=0.23
<z>—0.28
<z>=0.33
<z>=0.38
<z>=0.45 10°
<z>=0.55

107"

e T

g _Z_I.I..E--E-I‘I!_Ii ¥
L ErIpirg
[z Iiasaileyy

| 25=9.90e-03

0
10 ;IITTgg, : II%
P ;
¥ .
| Q°=2.90 GeV? | Q°=2.94 GeV® | Q°=2.95 GeV? | Q°=2.95 GeV?
107! | 25—1.50e-02 rp—2.13e-02 zp—3.19e-02 Tp—"5.33e-02

3 et
ﬁnmg E{ék
Q°=1.76 GeV?

L

A

Q°=1.92 GeV?2

zp—1.48e-02

Ty,
AT Yy, T
AT Ty

. II L

Fp  F

kx

b T L
Trg, Iy

FF T T I T, LB 0N

T g,

Ty

R
a7t LLE

Q°=1.92 GeV?
rp=2.13e-02

Q°=1.93 GeV?

Q°=1.92 GeV?2

rp=—3.18e-02

zp—4.47e-02

0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75

Pp (GeV)

0.25 0.50 0.75

rp




10!

(GeV?)

u <z>=0.23
@ —0.28
A <z>=0.33
v <z>=0.38
* <2z>=0.45
[ <z>=0.55

+
COMPASS M}

10

10

| Q°=7.36 GeV”>

zp=—5.50e-02

5y 181 i ys
e O

Q°=7.57 GeV?
rp—9.32e-02

f S
_ Q2:4.07 Gev? E

rp=2.16e-02

Q°=4.47 GeV?
zp—3.23e-02

Q°=4.57 GeV?
rp=5.36e-02

Q°=4.62 GeV?
rp=9.21e-02

1t

Q°=2.90 GeV?

zp—1.50e-02

Q°=2.94 GeV?
zp—2.13e-02

Q2:2.95 GeV?
zp—3.19e-02

Q°=2.95 GeV?
zp—5.33e-02

0.25 0.50 0.75

| Q°=1.76 GeV?
zp=9.90e-03

ﬁnmg E{ék

Q°=1.92 GeV?2
zp—1.48e-02

_x.i;_
LT 1:1‘:::!“’!".'.i
IrI Hi
7

,i’l,!-!'i‘ﬁil!{!..

Q°=1.92 GeV?
rp=2.13e-02

Q°=1.92 GeV?2
rp=—3.18e-02

Q°=1.93 GeV?
zp—4.47e-02

0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75

Pp (GeV)

rp




10!

(GeV?)

u <z>=0.23
@ —0.28
A <z>=0.33
v <z>=0.38
* <2z>=0.45
[ <z>=0.55

+
COMPASS M}

10

10

| Q°=7.36 GeV”>

- ke
£ e
............ -'
iilnmm K };t{j.[_c,f‘ﬁ
£ ey, |

Py,

zp=—5.50e-02

,g-i'ﬁ'ﬂitmﬂiﬂi

Q°=7.57 GeV?
rp—9.32e-02

rp=2.16e-02

’,;‘ PELELL P S

e |
e, pirp s | 2%
I g

_ Q2:4.07 GeV? "

Q°=4.47 GeV?
zp—3.23e-02

1t

Q°=2.90 GeV?

zp—1.50e-02

Q°=2.94 GeV?
zp—2.13e-02

Q2:2.95 GeV?
zp—3.19e-02

Q°=4.57 GeV?
rp=5.36e-02

Q°=4.62 GeV?
rp=9.21e-02

Q°=2.95 GeV?
zp—5.33e-02

el
| Q°=1.76 GeV?
zp=9.90e-03

Q°=1.92 GeV?2
zp—1.48e-02

_x.i;_
LT 1:1‘:::!“’!".'.i
IrI Hi
7

,i’l,!-!'i‘ﬁil!{!..

Q°=1.92 GeV?
rp=2.13e-02

Q°=1.92 GeV?2
rp=—3.18e-02

Q°=1.93 GeV?
zp—4.47e-02

0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75

Pp (GeV)

0.25 0.50 0.75

rp




Q° (GeV?)

10!

+
COMPASS M}

10

| Q°=7.36 GeV”>
zp=—5.50e-02

fash
EIA[-.\ -

5’5 s EEgys !
i T ﬂiﬂ; +

Q°=7.57 GeV?
rp—9.32e-02

, g
| Q°=4.07 GeV? B
rp=2.16e-02

Q°=4.47 GeV?>
zp—3.23e-02

u <z>=0.23
@ <z>—0.28
A <z>=0.33
v <z>=0.38
¢ <z>=0.45 10
[ <z>=0.55
10
S

g ._z-"l";{"E'I‘I!-Ii ¥
Iy

Q°=2.90 GeV?

1| 2p—1.50e-02

s !.%x!;;_;lfizx%?

T

Q°=2.94 GeV?
zp—2.13e-02

Q°=2.95 GeV?>
zp—3.19e-02

Q°=4.57 GeV?
rp=5.36e-02

Q°=4.62 GeV?
rp=9.21e-02

Q°=2.95 GeV?
zp—5.33e-02

0.25 0.50 0.75

| 25=9.90e-03

Q°=1.76 GeV? | Q°=1.92 GeV?

zp—1.48e-02

,-;r“ffn I_}fl"}:ri_.\f 3
1 Tige, 1y

i aFIE Ii’f{i"

Q°=1.92 GeV?

Iln} : 3
| ] !‘1{“-.‘_‘:&[ £

rp=2.13e-02

Q°=1.92 GeV?2
rp=—3.18e-02

Q°=1.93 GeV?
zp—4.47e-02

0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75 0.25 0.50 0.75

Pp (GeV)

rp




Extraction from COMPASS data.

Fit model one bin in Q2-xg at the time,
with a free normalization.

COMPASS
1.3 T T T T T

1.2 | -

Normalization
—
T
>
|

0.9 |- -

0.8 |- A -

0.1 0.2 0.3 0.4 0.5 0.6 0.7



Extraction from COMPASS data.

COMPASS
Cuts Xitof n. points [Xﬁof]th 3™ Parameters
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*

Try a normalization factor

N,=A+ By



Extraction from COMPASS data.

N(y)

1.3
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1.1
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COMPASS
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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?

z < 0.6
N,=A+ By

~N——

A=1.064+0.06
B =-043+0.14
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Extraction from COMPASS data.

COMPASS
Cuts X n. points [xﬁof]th 3™ Parameters
Q? > 1.69 GeV?
0.2 < Pr < 0.9 GeV 8.54 5385 8.94 815  (( (K2) =0.61+0.20 GeV?
z <06 (p3) =0.1940.02 GeV*
Q? > 1.69 GeV? (k%) = 0.60 +0.14 GeV?
0.2 < Pr < 0.9 GeV 3.42 5385 3.25 3.60 \ (P1)=10.20+0.02 GeV* J
2 <06 A=1.06=+0.06

N,=A+By B=-0434+0.14




Additional comments.




‘ Extraction from EMC data (2005) Comparing extractions

(K1)=025 GeVZ  (p})=0.20 GeV?

Extraction from HERMES data (2013)
(k1) =057 £0.08 GeV* . (p2) = 0.124 £ 0.008 GeV?

Extraction from COMPASS data (2013)

(k%) = 0.61 £0.20 GeV?  (p%) = 0.19 = 0.02 GeV?



‘ Extraction from EMC data (2005) Comparing extractions

(K1)=025 GeVZ  (p})=0.20 GeV?

Extraction from HERMES data (2013)
(k1) =057 £0.08 GeV* . (p2) = 0.124 £ 0.008 GeV?

Extraction from COMPASS data (2013)

k5 ) = 0.61 +0.20 GeV? pt) = 0.19 £ 0.02 GeV?
1 L

/In order to compare, one needs to take into account correlations between \
parameters.

1
m(P)

(P = (p1) + z(kD):

\_ /

g X E_P%K{P%)




Other kinematical dependences.

Going back to HERMES data...




z dependence in the Gaussian Model
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Other kinematical dependences.
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Final Remarks

A lot of new information contained in recent data. New TMD extractions
are needed.

While having hadron separation in SIDIS data (HERMES) was a good
step forward, Kaon production did not play a significant role in our
extraction (large errors).

We chose a simple Gaussian model...

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.
TMD evolution ?
+ We found no conclusive evidence for evolution in COMPASS data.

+ We found no sign of evolution in HERMES data.



Grazie Mille.
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Grazie Mille.



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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