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Cutline

o Hadronizakion &
Fragmentation Fuhctions

® Theory & Uncertainties
o Resulks on Farbv\*&w“mc}m =1 =

Conclusions



Basics: At the beginning it was the “cascade
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Basics: At the beginning it was the “cascade
fragmentation” model

“ . _ ,1’ an rank = 1 : “valence”,
. 'q '..‘
? |QJ k ‘Q’bqj 1 €.9. .
| \/ \/ -2 K
: Lo rainlk » 2 :“se&",
éﬂgﬂ S
s> K

Theory framewori: “independent fragmentation”
QCD approaak based omn »Fi&oriz.a&&om

e+e—: firsk data used for extracting FFs with LE?
data (BKK 95 and KRE ‘co).



Collinear transikion of a massless
Far%am “q" ko a massless hadron “h”

\_

carrying fractional momentum 2
Relevant any time a hadron is produced

T‘l«@j are scale depamdem% predm&ed b*j
QCD

Independent of other coloured particles



Maotivakion

Parton-to-hadron FF parametrize how quarks and
gluons confine themselves into hadrons measured
and identified in experiment.

Frs are reqmred A a F?QCD calculakion ko
consistently absorb collinear parton-parton
stihgularities

The only way to extract them is from fitting
experimental data

Frs fiks asume factorization and umiversatbﬁv



What are they good for ¢

8 Key ingredient to probe
the strangeness content
of the nucleoi

o Input for extracting
helicities PDFs and o
trasverse momentum o
dependent TDEs




What are they good for

8 Key ingredient to probe
the strangeness content
of the hucleon

o Input for extracting
helicities TDFs and
trasverse monmentum
dependent TDEs

o Probe for the eRHIC
era

oAnalysts of media
modifications of
hadroi produﬂ&om T

(QHIC QMd LHC) \ 0O 2 4 6 8 10 12 14 16 18 20
" p_ (GeV/c) :

ALICE, charged particles
e p-Pb m =5.02 TeV, NSD, | 'qmsl <0.3

» Pb-Pb |5, =276 TeV, 0-5% central, | nl<0.8
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The fikters

Name Ref.  Species Zmin 0? (GeV?)

AKK [4] K5, K% p,p A A no 0.1 2-4.10*
AKKO08 K5, K0, p,p AL A yes 005 2-4-10%
BKK 6) at+4+x,7KT+K ,KO+KO ht +h~ no 0.05 2-200
BFG 71 v no 103 2-12-10%
BFGW 8] A* yes! 1073 2-12-10¢
CGRW [9] «° no 1003 2-12-10*
DSS 10,11] =*,K*, p, p, h* yes> 005-0.1 1-10°
DSV [12]  polarized and unpolarized A no 0.05 1-10%
GRV [13] Y no 0.05 > 1
HKNS  [14] #*, 7% K5, K°+K% n,p+p yes 001-1  1-10%
KKP [15] =at+n, 7%, K" +K ,K°+K°, p+p,n+n,h*+h~ no 0.1 1-10%
Kretzer  [16] =, K*, ht +h~ no 0.01 0.8 - 106

AKKOY: e+e— and pp data Impose Lsospin symmetry for kaohs
HKNS: e+e— data only Hessian method for uncertaiinties

AKKo¥ contains large-z resummations and mass
corrections



DSS remarkes

@ DSS is skill Ehe c::»mbj available gtabod. QCD
analysis ab NLO of kaon FFs

o DSS £it arrived to a data-driven separation
of individual parton-to-kaon FFs

o Lagrange mulkiplier technigue was used for
the Ereatment of uncertainties

o FFs of gluohs was constrained for the
first time with the BNL-RHIC data



Theory & Uncerbainties

—~ The evolution of Frs is described with the DGLAP type scale
evolution

5 A parton fragments into something preserving its
momenturm with 100% probability
6 Mass effects neqglected

‘7



ete—~ SIA

o The distribution is given in terms of the structure
%uv\t%mms, p—

[C} @ [D! + D] +C @ D! (=, Q2)}

IR R

> Not posible to separate charge & flavour only with SIA

> Only have information of the singlek




SIDIS

o Dns&mbuho-ms afor 'SI‘IBI‘S are gw&v\ bv

@NLO, all aoaﬁamen&s are Lenng but kKnown

Alkarellt et al! 79, Furmanski, Petronzioc ‘¥2; de Florian, Stratmahing Vogelsaing 9

% L.karge 2& {Lavou.r sepam&mm Ls {ws% M":w.,aved wkem SIDIS Ls matuc&aa&.
* Giu,om FF s M.o% m&ii tams%r&mad bj SIDIS cio&a 7




Hadromn—Hadron collistons

Transverse momam%um cii,s&rabu&cm LS
dx1dxod : , D — |
Z/ Lriaxraaz [fz (ml lu’f)fj (372 ﬂ‘f) k(z /‘Lf) dedn

’I,jlf

'- (pp — hX |

dpr d77

* Tk also allows charge/flavor separaham

* Tt contains large conktributions from gluchs.
16



Uhcertatnkies

o Cxoal: prov&d@. Hesstain sebs Fo propaga&e
s ulhcertainkies

Hessta mebhod

o Idea: explore the vicinity of the best fit
LA qu&dra&i«r: approxima&wv\
Issues:

o Caveal: Quadratic approximation s not Feer{e«t:&

B2+ a;, Bi + 1] +7B2+ a;, Bi +6; + 1]

DF (2,Q0) =

‘1 1



Comparisoh bebweein DSS and Ebhis analysis

S

@ Number of parameters: 24 parameters to 20 parameters

o HERMES data are replaced and added deuteron target data
seks

o Different treatment for the normalization of the experiments
o PTDFs: MMHT 2014
o Reloaxing some of the FFs assumptions

o Full correlation makrices are nobk available for some data
sets, so errors are added in guadrature (stat & svsﬁ)

DY =Df =Df =

’7c+c - 'Yb-{-l_; O




Comparison bebtweein DSS and this analysis

o pT cut in § GeV for pp Sata

o We have used a pematis&&&am o Ehe chi™2 whein the
fit goes far from the optimum value

® Normalization of each experiment can be
computed analytically

1






May daka sefbs have beein pubi.iskec& since DSS
ahalysis (RoO7)

o et+e- data from BELLE (Phys. Rewv. Lett. 111, 062002 (2013)) and BaBar
(Phys. Rev. D ¥%, 032011 (o13))

o Final SIDIS mui&igtici&es ﬂfram HERMES: ‘ijs. Rev. D ¥7, 074029 (2013)

o SIDIS mulkiplicities from COMPASS: Phys, Lett. B 767, 133 (ro17)

W (Statistical, Systematic Uncertai

@ New data from STAR: Phys. Rev. Lett, 10%, 072302 (2012

4] K* (Statistical, Systematic Uncertai

|
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1&

=3 uLL“ ~ and B&Bm"

They cover an unexplored high region of =

BELLE has the finest binning and reach values of
2>0%

Exparimemﬁai measuremeinks are debtermined with
exbtreme ACCUTACcY

BELLE and BaBar helps to constraint the singlet
of FFs but due to the ems (sgrt(s)=10.5 GeV) it
will conkribute maimtﬁ to the pho&c}m exchahge
channel

Partial flavour separation



o RELLE and BaBar
resulks can be
fitted extremely
well within the &%
and 90 % C.L.

o Usual cut for z<0.1
i all SIA daka

o Large Logarithmic
corrections are
expectea at large
values of 2

17

s=== THIS FIT
with 68 and 90% C.L. bands

- - - DSS 07

(data - theory) / theory

(data - theory) / theory
A\ -




SIDIS daka:
HERMES and COMPASS

o HERMES published their data sets and they
included the data for a deuteron tarqget.

o COMPASS data is extremely important for the
charge and flavour separation and also
because they released around &co data
points to fit.

® SIDIS produce positively and negatively
charge kaowns in a different rate when the
target is changed.

1574



HERMES z- Q prOJectlon
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&1

pp daka: STAK

Tension bebween RHIC and LHC daka is Llargely
resolved when a pT cut in § GeV for pp data is
Faleein

Brahmws daka is now eliminated due ko the F.?‘T‘ cul
STAR data are for a sgri(s)=200 GeV

Rakic bebween positively charged over negatively
charged kaown xsecs due to theoretical scale and
PDF ambiquities partially cancel



' 3

- Dr
uhcertainties
where &ompu&ea& _ : _
with 90%CL N Ed;ff nrcev TEAL Ed;sf e
MMHT and Eh@.ﬁj
are lLess
significant than
the scale
ambiquities T

- STAR data is
well fitked
within the &%
and 90 % C.L.

Lol
L

¢ STAR data 4 STAR data

A

L&



STAK

- To avoid double

k do® / do® counting, we

discard the K-

N t STAR data xsec in the chi™2
\\ - Quality of the fit
NN Ls very qood even
not fitted
whein ax%rapota&eol
to F»&ﬁ(?re\?
- Less tension with
s=== THIS FIT the LHC data
L ngég 386;90% e tomparecl to the

Péov\s




o KRatio over the ALICE

par%as«w&ow!piom Ls
impi&mw\%ed LA
order to reduce
theoretical
uhcertainties

@ DSS 14 par&o&\mﬁom
pmv\ FE was used
for normalisation

o Contribution of : TS T
MV\ﬂQT‘&QEV\& Le S du'& &C} ‘ with 68 and 90% C.L. bands
- - ---- DSS 07
D are again ot -

-
-
-
-

relevant encugh; the " not fitted -7
main conkribution

+ ALICE data 2.76 TeV

s coming from the
scale vartation




Par%av\%cwt«mum = =y

The hew lkaown _
FE s more 6 f 63 S0% CL. bt
sensttive to: : - -~ DSS 07

Belle and -
BaBar daka
sebs, the z-x
projection of
the
mu&ipli&iﬁes
of HERMES and
COMPASS and
bv the daka

from STAR

24



How qood is the fit?
Global 391.9/282(1.67) |1271.7/1194(1.06)
LEtT=SLAC 207.3/134(1.54) 2566.1/134(191)

BELLE & RABAKR = ' 46.2/123(0.37)

HE(CMES 1 94.3/4%(196) ' 3%9.3/2%5%(1.35)
COMPASS .

RHIC | 90.3/5001) |
LHC P

| 5509/61%(0.%9)
7.6/16(0.47)

21.6/15(1.44)
25
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Conclusions

® The analysis imytemem%@d strongly supports foctorization
and universality for the parton-to-kaon Ffs

o Tension bebtween RHIC & LHC data have been avoided
when a lower culb s inkroduced i khe Fro&av\mwoﬁam
collisions

o The new data do not favor any symmetry violation

o Uncerbainties have been eskimaled using the standard
tkerabkive Hesstan mebhod

o An ahalytic proaedur& to debermine the optimum
normalization shift is impi&memﬁﬁd tn the the new
anatvsis
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FFs 90% C.L. A
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with 68 and 90% C.L. bands
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