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 Building simple models for TMDs. (phase 1)

e Some challenges regarding TMD-evolution.

» Can current data tell us something about
TMD-evolution?
An example with HERMES multiplicities.

« Some preliminary results on TMD Transversity and Collins
functions (phase 1)

 Final Remarks



Building simple models for TMDs




Factorized Transverse Momentum dependence
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Contains all of the statistical information of collinear analyses.

Evolves according to DGLAP.

Simple model for the Transverse Momentum dependence.

No additional “evolution” (Phase 1).




Factorized Transverse Momentum dependence
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Contains all of the statistical information of collinear analyses.

Evolves according to DGLAP.

Simple model for the Transverse Momentum dependence.

No additional “evolution” (Phase 1).
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What is so special about Gaussians?
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What is so special about Gaussians?

» There is perhaps nothing fundamental about Gaussians, they simply reproduce

the data very well in the low transverse momentum regime.

* This does not mean the TMDs are actually Gaussians, it only means that this
model is a good way of mapping the transverse momentum dependence.
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The data leads the way

Simple models are useful for
many reasons:

Quantify correlations between
kinematical variables

Describe other observables in
similar kinematical regimes.

Useful as a benchmark in tests of
fundamental ideas.
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The data leads the way

Simple models are useful for
many reasons:

Quantify correlations between
kinematical variables

Describe other observables in
similar kinematical regimes.

Useful as a benchmark in tests of
fundamental ideas.
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To really extract TMDs one should include TMD-evolution.

Some aspects of the TMD-evolution are still to be understood.




Some challenges regarding TMD-evolution
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TMD evolution and SIDIS (using CSS at NLL)

— Resummation
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TMD evolution and SIDIS (using CSS at NLL)
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TMD evolution and SIDIS (using CSS at NLL)
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TMD evolution and SIDIS (using CSS at NLL)
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e Direct implementation of CSS at NLL does
not seem to work with current data,
underestimation roughly by a factor of

two. |
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 Are other choices of these constants
appropriate?

Standard Choice




TMD evolution and SIDIS

Can one apply the TMD evolution formalism in available data?

Can the data signal TMD-evolution?
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What happens if one attempts to use some TMD-
evolution scheme?. o



Can current data tell us anything about

TMD-evolution?
(An example with HERMES data)

16



ot
HERMES Mp

101 | .y
The effect of C1, C2, C3. sc01s o013 1iiw
4<z2>=0.28 42>=027 | e % ¥
0 v<z>=0. v<z>—0. h D
(An example only, a 7 i R
B<z>=0.53 0<z>=0.53
decewmg one) - 0150 eV Q2,90 GeV?
z=0.10 zp=0.15
1o’ o1 ::;\ o iiz\g
- - l'\z_»: 15 = f:—_;‘\‘l :2:0%4 Ii%
Ongoing studies on the SiiToar TR o EEL
h . I - h 10° (<=0 F e o 7<2>=034 15O 2
theoretical errors in the 0z o )
CSS Formalism. Lo Q°=5.20 GeV? 0=9.20 GeV?
2p=0.25 2p=0.41
l - 1, 5 1 , . 1 | I T [T TR T NN T T |
0.1 0.4 0.7 1.0 0.1 0.4 0.7 1.0
P (GeV)
0 || gl sb || limited || 0.2589061666848 ||0.02217603956552
4 || glFF sb || limited || 0.09240892468539 | |0.002417556232832
22 | ] CSSbpax || fixed || 0.5 ||
23 |1 cl || limited || 0.3810433951757 || |0.007077029375951
24 || c2 || limited || 2.108504104118 || |0.07933898713471
25 || c3 || limited || 4.219288017229 || |0.144813627066
HERMES :Multiplic :chi2=151.367 pts=144

For simple Gaus

Chi2/pts = 1.77

(Benchmark)

17



Keep in mind limitations of data
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Keep in mind limitations of data
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* Q2-dependence is “washed out” in the HERMES multiplicities.

» Afit where the Q2-dependence is turned off gives a better fit: chi2 ~ 1.2

* Absolute cross sections may be more useful to study TMD-evolution.
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Keep in mind limitations of data

In the mean time, one can also try to
map/update other TMDs, given new data
releases.
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Some preliminary results on TMD Transversity and

Collins functions (phase 1).
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Transversity and Collins function
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Transversity and Collins function
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Transversity and Collins function

HERMES PROTON

0.15 F I n+l
New Torino-Cagliari Analysis . i :
9 y S S S S P R | SIS S ]
5 005 | s + ]
041 F 1 1 ]
0.37 1.23 R T ~R¥!—l—~
Ni, = 0.5874 5 Nj, = —1.00%455 0.15 | F ERE&IIVIIIdA ]
0.1 F +4 1 ]
a=0775553 B =2.32153 2 oosf 1 ]
N¢,, = 0.89T0 38 NS, =—-037"00 S 008 %ﬂ ___ sz ina e T ]
v = 1981046 5 = 0.001 40 oisf R T,
2 _ +0.14 2 0 0.1 0.2 03 02 04 06 08 0.5 1 1.5
MC —_— 0.28_008 Gev XB Zh PT [GeV]

0.04

0.04 | [0.4<z4<0.5] + [0.5<z4<0.7] + [0.7<z4<0.9]

S I rc. Sl I BN

0F

uc
Ag

0.04 | [0.15<z4<0.2]

o @ _
Do
< o002} ? 1 T ]
P S e #M I_/ -0.01 S
0 02 04 06 08 1 12 14

o 24
02 04 06 08 02 04 06 08 02 04 06 038 Pyt [GeV]

Z Z Z




TMD-evolution??

Can one apply the TMD evolution formalism in available data?

Can the data signal TMD-evolution?
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TMD-evolution??

Keep in mind that:

« SIDIS data for Collins asymmetry at low Q2.
» Recall issues for the unpolarized TMDs.
 Double ratios may disquise a lot of the Q2-dependence.

* In fact, “turning off” the Q2-dependence in our model still
gives a satisfactory fit.
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Final Remarks

« Ultimately, the aim is to extract the universal TMDs.
« TMD-evolution is still at a testing stage.

 Simple models are very useful as a map to understand the
shape of TMDs (Gaussians work remarkably well).

 Simple models can serve as a benchmark when testing
TMD-evolution (or other fundamental physics)
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Final Remarks

« Ultimately, the aim is to extract the universal TMDs.
« TMD-evolution is still at a testing stage.

 Simple models are very useful as a map to understand the
shape of TMDs (Gaussians work remarkably well).

 Simple models can serve as a benchmark when testing
TMD-evolution (or other fundamental physics)

e |ts difficult to see TMD-evolution effects in current data,
only very mild Q2-dependences remain in (double) ratios.

 Absolute cross sections may prove nhecessary to resolve
the issues that still prevent us from getting
“the real picture”.
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Transversity and Collins function
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