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effects 1n cross-sections : effect on the PDFs?
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fdcforization for electron-proton
Deep Inelastic Scattering (DIS)
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What we assume




we assume factorization for electron-nucleus DIS
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we assume factorization for electron-nucleus DIS

introduce universal nuclear PDFs
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we assume factorization for electron-nucleus DIS

introduce universal nuclear PDFs
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- d:ch2 Zj @ dourx 24 (Q?)

P(p)

® hard scattering cross sections

@ DGLAP scale evolution as for free proton PDFs
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we assume factorization for electron-nucleus DIS

introduce universal nuclear PDFs

' 1
- d:ch2 Zj @ it 2 . (Q?)

P(p)

® hard scattering cross sections

@ DGLAP scale evolution as for free proton PDFs

we absorb into non-perturbative nPDFs
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- Why do we need nuclear parton densities?
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- Why do we need nuclear parton densities?

because- they-are crucial ingredient for the
perturbative description of
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- Why do we need nuclear parton densities?

because- they-are crucial ingredient for the
perturbative description of

S neutrino DIS with heavy targets:

S protoh(deuteron)—heavy 1on collisions:
S electron DIS with nuclei:

= heavy ion collisions:
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How do we_determine nPDFs?
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How do we determine nPDFs?

..through a QCD analysis
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How do we_determine nPDFs?

._through a QCD analysis

propose a functional form for the nPDFs at Q_®

evolve the nPDFs to the observed Q

minimize

e:cp do.th,)

i

Wednesday, May 8, 2013



How do we_determine nPDFs?

._through a QCD analysis

propose a functional form for the nPDFs at Q_®

evolve the nPDFs to the observed Q

minimize

e:cp do.th,)
22:““ A2

i

different strategies

e -different nPDFs sets
for parameterization

Wednesday, May 8, 2013



Current sets




de Florian, Sassot

-Conyolute with a weight function [PRDEO (2004) 074028]

. A d ‘
FAlzy, Q2 = ] Wiy, 4,2)i(zn /v, Q)

TN

. full coverage of the kinematical space
8 economic: few parameters needed

S simple physical interpretation of the parameters
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de Florian, Sassot

-Conyolute with a weight function [PRDEO (2004) 074028]

| A
| d :
_fz‘A(fCA"s QLQ)) 5 / ?yWi(ys A, Z)fi(xN/y’ QS)
¢  full coverage of the kinematical space

4 economic: few parameters needed

S simple physical interpretation of the parameters

NC-DIS (384) & DY (36) data

3 qctiVe fLavours

GRV98 as proton PDFs

No nuclear effect on deuteron
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NnCTEQ

[PRDSO (2009) 094004,
PRL' 106 (2011) 1223017

Find them from scratch

f o, Q%) = filan, 05,4, Z)

S A=1 recovers proton PDFs

$  not full coverage of x

S  useful to do a joint global proton/nucleus fit
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NnCTEQ

[PRDSO (2009) 094004,
PRL' 106 (2011) 1223017

Find them from scratch

f o, Q%) = filan, 05,4, Z)

€  A=1 recovers proton PDFs
S not full coverage of x

S  useful to do a joint global proton/nucleus fiit

NC-DIS (blo), DY (92) and CC-DIS (3134) data
CC-DIS data seem incompatible with NC-DIS

Correlated systematic errors used
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- Re 1 ate to t h € pr oton PDFs Hirai, Kumano, Nagai [PRC76(2007)065207]

: . s : Eskola, Paukkunen, Salgado [JHEP0904(2009)065]
by d mu-l' t L p-l' L Cat LveE faCtO I D. de Florian, R. Sassot, M. Stratmann, P. Z.

[PRD85(2012)074028]

fi(zn, QF) = Ri(zn, Qf, A) filzn, Qf
€ very popular '
$  not as tim_e—consum{ng as the convolutional
‘approach .

S vehy.different ways of parameterizing:R
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- Re 1 ate to t h € pr oton PDFs Hirai, Kumano, Nagai [PRC76(2007)065207]

: . s : Eskola, Paukkunen, Salgado [JHEP0904(2009)065]
by d mu-l' t L p-l' L Cat LveE faCtO I D. de Florian, R. Sassot, M. Stratmann, P. Z.

[PRD85(2012)074028]

[ (zN,QF) = Ri(zN, Q5, A) filzn, QF
€ very popular '
$  not as tim_e—consum{ng as the convolutional
‘approach .

S vehy.different ways of parameterizing:R

For EPS@9

NC-DIS (817), DY (92) and RHIC (20) data
weighted data

CC-DIS data not 1ncluded (see Paukkunen, Salsado JHEP 1007 (2010) 032)
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latest

DSSZ




Our analysis 1is global

NC-DIS (894)
Drell—Yan'(QZ)

CC-DIS (532)
hadro-production (61)

1579 data points
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Our analysis 1is global and up-to-date

reference PDFs: NLO
MSTW2008 (GM-VENS)

A. Martin et al. 2009

NC-DIS (894) . S same conventions for
| evolution, alpha

Drell-Y 92 | ’ '

5 ap L% strong, FZ2 coeff.

CC-DIS (532) :
. massive coeff. for
hadro-production (61) | Malbrine F2 and 2

J. Bluemlein et al. 2011

1579 data points
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Our analysis 1is global and up-to-date

reference PDFs: NLO
MSTW2008 (GM-VENS)

A. Martin et al. 2009

NC-DIS (894) . S same conventions for
| evolution, alpha
Drell-Yan (92 ' ’ |
L2 strong, F2 coeff.

CC-DIS (532) :
. massive coeff. for
hadro-production (61) | Malbrine F2 and 2

J. Bluemlein et al. 2011

1579 data points

error sSetsS J. Pumplin et al. 2001
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f;A (xN) QO) e R?(XN, QO) 'fgp (xNa QO)

R (x, .Q%) =fgix (1 —x)p‘ X (14+€(1 —x)Bz)(l +.av(.1 —x)&‘)

' &1+ ax™ .- £ _
R?(x,Q%)=R‘3(x,Q3);“a i different -
1 s 3 :
e normalization and
Ry (x,05) = R)(x,05) = : | low x behaviour
€1 ag—i-l :
| | C s 25 free
avaamagaBlsBZ)B3:av=aSaag &z'yg_}_k&ASg |
| parameters
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NC-DIS: good agreement (as usual)
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TCCeDIS: fairly good agreement

- between
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s{ngle—inclusive hadro-production
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What does DSSZ looks
11ke when compared W1th

prev1ous analyses?




: nCTEQ tension between electron and neutrino DIS data
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-

: DSSZ ~ same pattern of nuclear effects for heutrino and electron DIS
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IWhat 1s so different?

”theoretical data”: FVD NOt Measured  ———————  must be computed
. 2 | %

AGEEQ 7 = o ~__what we did
Z 5 A-Z . F; + FJ
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plus:
nCTEQ ' DSSZ

#CC-DIS ~ 5 * #NC-DIS = #CC-DIS ~ 1/2 * #NC-DIS

full study of

. in general not
the correlation |

: available
matrix needed
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plus:
nCTEQ ' DSSZ

#CC.DIS = 5 * #NCDIS == #CC-DIS ~ 1/2 * #NC-DIS

full study of

the correlation

1n general not

: available
matrix needed

really important because neutrino data 1s
used in the determination of proton PDFs
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nCTEQ S new analysis

(prellmlnary results From Karol Kovarlc)
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S Epség

DSSZ
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S Epség

DSSZ

T i - r— - .
VR S SR R 38 e Ak S S
=10 21077107 10 ool 15030 i3k 30 o T0 10 .10 10 1

.'str'a-nge SEd e CTEQ6M vs. MSTW2008
o

Wednesday, May 8, 2013



1.8

T T T 1 | T T I T 1 T T 3
R D ‘ no -
ok i - E
T fIE AT NI
o8 i it-i-%*‘* it dtliity  op
8 os - Lo s | gl
0.6 | . _ %
o ¢ PHENIX = ¢ STAR 1
0.4 1 1 :

L. | 1 | 1 1 T 1 & |

' o d 15 - v

i . : pr [GeV]

....... EPS 09 (DSS)

..+ nDS (DSS) hadro-production 1in
114 <
DSSZ (nFF) dAu collisions

- (highly sensitive to gluon
distribution)

— = = DSSZ (DSS)

Wednesday, May 8, 2013



for EDSOO

PR DR T TTY
“ | —— EPSO9NLO

| o HKNOT (NLO)
| —— nDS (NLO)

1.69 GeV?)
=

ol Bl il B
o B OV 00

f {:)b(.i.',(;)z

Wednesday, May 8, 2013



for EPSOD
- -

Ry o T'TT"'TTT el P

1A} —mswwo. L0 gl4
S 12F o Bea 112
TR e ROE
o (8 pei— 0.8
> 06 1 0.6
5:' 04 J|O.4
o2 102
107 10710 - - 1
A

for DSSZ

06 i Liumt 1

10"10710%10 ]

AN

Wednesday, May 8, 2013



'Why, if both analyses use similar strategies?
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'Why, if both analyses use similar strategies?

pioy  DSSZ

ZM-VENS | GM-VFNS

compatible valence and
CTEQ | non-strange sea MSTW
no neutrino. DIS _ ~ neutrino DIS
Ao fairly similar strange - o
parameterlzatlon Y e 9 continuous
Ln sectors . | parameterization
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'Why, if both analyses use similar strategies?

pioy  DSSZ

ZM-VENS | GM-VFNS

compatible valence and
CTEQ | non-strange sea MSTW
no neutrino. DIS _ ~ neutrino DIS
S fairly similar strange - e
parameterlzatlon Y e 9 continuous
Ln sectors . parameterization

no effect for
fragmentation in Au

(R.Sassot, M.Stratmann, P. Z., PRD 2010)
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Summing up. ..

* several sets of nPDFs available

* all (but_one) agﬁee on universality

* . in generall nice deécfiption :o.f data

* Céntrqlity ClCISS NPDFS (see Ilkka Helenius’ talk)

* huclear gluon density not yet constrained

* extrapolations not reliable
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open questions:

nuclear effects truly universal?
correlated errors?
more data 1n DY or. hadroproduction?
cross-sections instead of structure functions?
nuclear effects for_&euteron?

_more flexible parameterizations?
higher fixed-order analyses worthwhile?

- A-A collisions?

final state nuclear effects?

kb ok Gt e e bt
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