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Oukline

o Motivakion
o Theory & Uncertainties
o Resulks on p&rbv\w&owpmm Frs

o Cownclusions



o FFs are requimd A a PQC‘D
caleulakion to ca-msis%em&i.v absorb
collinear parton-parton singularities

o The only way to extract them is from
fitting experimental data

o FFs fiks asume factorization and
universality

.



DSS resulks

DSS fit arrived to a data-driven separation of
individual parton-to-pion Ffs

They found an unexpected large charge symmetry
violation between the u- and dwquarw‘s Frs (Y10%)

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

Uncertainties were estimated using the Lagrange
multiplier technique



What are Ekev qood

o Probe for the eRHIC era

o They help to quamﬁ&fv and
understand pwssibi&
modificakions of hadron
prodm&&om 3&@.1.0'&5 th the

presence of nuclear medium, as |
studied in heavy ton collisions

both ot RHIC and the LHC

or ¢

o Important input for extracting
helicibies PDFs and Ekransverse
monenbun c&agev\d@m& PDFs

ALICE, charged particles
e P-Pb |5, =5.02TeV, NSD,In_ |1<0.3
= Pb-Pb m =2.76 TeV, 0-5% central, | nl <0.8
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The fitters

Name Ref.  Species Zmin Q? (GeV?)

AKK 4] K5, K0 p,p A, A no 0.1 2-4-10*
AKKO8  [5] «%, K5, K0, p,pAA 005 2-4-10%
BKK 6] af+na,n,K*+K ,K°+KO h"+h no 0.05 2 —200
BFG 71 v no 1073 2-12-10
BFGW 8] A* yes! 1073 2-12-10%
CGRW 9] no 103 2-12-10°
DSS [10,11] =%, K*, p, p, h* yes?  0.05-0.1 1-10°
DSV [12]  polarized and unpolarized A no 0.05 1-10*
GRV [13] vy no 0.05 > 1
HKNS [14] a5, 7% K5, K°+KO n,p+p yes 0.01-1 1-108
KKP [15] =nt4+7n,7°, K" +K ,K°+KO, p+p,n+n,h*+h~ no 0.1 1-10*
Kretzer  [16] «*,K*, h* +h~ no 0.01 0.8 - 106

AKKO¥%: ere- and PP daka Impose isospin symmetry for plons
HKNS: e+e- data only Hessian method for uncertainties

AKKo¥ contains large-z resummations and mass
corrections




Theory & Uncerbainties

o The evolution of FFs is described with the DGLAP type scale evolution

o A parton fragments into something preserving its
momentum with 100% probability
lo Mass effects neglected




ete—~ SIA

o The distribution is given in terms of the structure
funcltions, g

e Not Fosibi.@. to separate charge & flavour ohly with SIA ;{
jo_only have informationiof the stnglet TR |




SIDIS

3 ms&mbu&mms {or SIDIS are gwem bv

eLO

@NLO, all &Oeﬁumemﬁs are L@.g&h buﬁwmow |

Alkarelli et al. 79, Furmanski, Petronzic '¥2, de Florian, Stratmann, Vogelsang ‘9%

Charge & flavour separatios is first achieved when SIDIS is included 'J
»e_ Gluon FF is hot well constrained bfj SIDIS data |




Hadron-Hadron collisions

déo(ij — kX')] |
dprdn

Z/dazldazgdz[ (21, ,uf)f (22, pup) D (2, py)

zgk




Uincertainties

o Croal: provide Hesstlaw seks ko Frcapaga&e
~Fs uhcertainties

Hesstan mekbhod

o Idea: explore the vicinity of the best fit
LA qu&dra?:iz: &F?[oroximaﬁom

1ssues:

o Caveal: Quadratic approximation is not Fer&.«c&

D (5. 0) — Nz (L= DML+ (1 = 2)*

B[2 + o, fi + 1] + viB[2 4y, Bi + 0 + 1]

= o~ - B e - _

N o S S 2 AR



Comparison bebween DSS and bhis analysis

o

Number of parameters: 23 parameters > 2% parameters

HERMES data are replaced and added deuteron target data
seks

Different treatment for the normalization of the experiments
PDFs: MSTWRoOY
Relaxing some of the FFs assumptions

Full correlation makrices are ot available for some data
sets, so errors are added in gquadrature (stat & svs&)

7 7T+ . 71'+
Dd_|_d — Nd—l—dDu—I—u Dra — Dd,

% +
\. DS — Dg p— Szas Dg /Yc,b # O



Comparison bebween DSS and bhis analysis

o pT cut in § GeV for PP daka

o We have used a pematisa&&ou o Ehe chi™2 when the
fit goes far from the optimum value

o Normalization of each experiment can be
computed analytically







Many daba seks have been pubtisked/skowv\
since DSS &M&Ljsis (Ro0O7)

o New dabta from PHENIX and ‘STNZ(‘kas.Qev.C?l(zola)O@é-‘)Oé-; PRL
1o¥(2012)072302;...)

o Data from the LHC (‘F’l«»js.Le&E.B‘?l‘?(ZOlz)le;1307.1093;...)

o e+e- data from BELLE(1301.61%3) and BaBar (1306.2%98)

« SLD (91.2 GeV)

o SIDIS mulkiplicities from COMPASS (1307.3407) " e TR0 BY

JETSET
91.2 GeV

Final SIDIS multiplicities from HERMES (1212.84-07)
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e+e—~ daka:
RELLE and BaBar

They cover an unexplored high region of =

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

Experimevx&at measurements are debermined with
exkreme accuracy

BELLE and BaBar helps to constraint the singlet
of FFs but due to the ems (sgrt(s)=10.5 GeV) it
will contribute mainly to the photon exchange
channel

Partial flavour separation



RELLE

o BELLE and BaRar resulks
can be fitted extremely [

\!  BABAR

well within the 6% and N
90 % Cq’ Lq‘ N

% BaRar

o There is a drc)p own the
large z regime for
BELLE buk ik is

THIS FIT
. . with 68 and Y% C L. bands
consistent with the s
uncertainties
(data - theory)/theory ! +
o Large Logarithmic g -

correckions are expee:&ec’\
at large values of 2




SIDIS daka:
HERMES and COMPASS

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

o COMPASS data is still preliminary (but they have
shown pions multiplicities ot DIS2013, arXiv:
1307.3407) but it is extremely important to
consider it for the charge and flavour separation

o SIDIS produce positively and negatively charge
pions in a different rate when the target is
changed



o

DSS cannot fik
the new HERMES
data for the
swallest bin of 2

not titted

Dd=zz=006

In Ehis new
amatjsis, HERKMES
daka have no

Frobl.ems to be
fitted within the

not titted

&% and 20% C.L. i THIS FIT
2 wnt\hwbx and 90% C_L. bands
for all bins of =

M, (z.Q%)

Dd=zz=006

0b=zz=08

02=2z=03




DSS also has
some bensions
with COMTPASS
daka seks

For all values of
z, COMPASS is
well fitted

Ik is been showin
also i kEhe chi™2
O ¥ o b

S COMPASS ™ data

THIS FIT ()
68 and 90% C.L. bands
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p daka:
PHENIX and STAR

o DSS use mainly of the PHENIX data for
neubral plon Pradw:&&om ak mid rayédi&v

o We added the data from the STAR

collaboration for neutral and charged pions
and also from the LHC

o Tension bebween RHIC and LHC data is
largely resolved when a pT cut in § GeV for
pp daka is kaleen



PHENIX zf STAR

POF

uncertainkies

where
tompu&ed
with 90%CL
MSTW and
Ekev are less
significant
thawn the
scale
ambiquities
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In the range of small pT, RHIC and
LHC data showed a tension during the
fikting

By introducing the cut on the pT, we
achieved a reasonable agreement
bebween bobth data seks

Nevertheless, we Lost some daka sets
such as ALICE 900GeV which only
stands with one point

Contribution of uncertainties due to
PDF are again not relevant encugh; the
main contribution is coming from the
scale vartaktion

0

d3 n "
E d" [ub / GeV~]

¢ ALICE data (7 TeV)

——— THIS FIT
with 68 and 90% C.L. bands

scale variation: pJ2 = p = 2p,

B PDF uncertainty (90% C.L.)

12 14 16 18 20 22

Py [GeV]




Deviations from DSS is
found on the 9- & c-
o=

c-FF has a more
flexible
parametrisation (s
ihstead of 3
Farama&ers)

g-FF uncertainties is
about 20% at 90%CL
up bo 2>0.8 and Ehej
ncrease towards
larger values (72 = 10
CTAUS)!

+ gluon
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with 68 and 90'% C L. bands
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Comments on the Frs

The numerical resulks shown that the breaking of the charqge
asymme&rv Fearama&er is very close to one

Bigger deviations from DSS is found on the gluon and charm FF

Charm FF has a more flexible parametrisation (§ instead of 3
parame&ars)

Grluon FF uncertainties is about 20% at 90%CL up to z2>0.5 and
they increase towards larger values (@"2 = 10 GeV™2)

ALICE dabka conkribubte wikth a large chi™2 due bo Ehe normalisakion
shift



How qood is the fib?

Grlobal ¥43/392(2.15) | 1154.6/973(1.19)

LEP-SLAC 500,1/260(192)} 412.6/260(1.5%)
BELLE & BABAR ' [ ' 90.4/123(0.73)
HEIRKMES 15%.2/64(294) ] 175/12%(1.36)
COMTPASS - 403.2/39%(1.01)
KHIC ' 160.%/6%(2.36) ' 48.7/53(0.%6)

— LHC . 27.7/11(2.51)
;—é | af



Conclusions

o The analysis implemented strongly supports factorization

and universality for the parton-to-pion FFs

o The numerical results shown that the breaking of the charge
asvmme&r:’ pm&me&er Ls very close to one

o Tension bebween RHIC & LHC dabka have been avoided when
a lower cub is inkroduced in the prc}&onw[promv\ collisions

o The new data do not favor any symmetry violation

o Uncertainties have been estimated using the standard
tterative Hessian method

o An analytic procedmre to determine the optinum
normalizakion shift is ngtemem&ad in the the new analysis
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