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NNPDF development roadmap

@ Going towards a NNPDF3.0 release
» Goals:

* new code in C++
* new LHC and HERA data
* methodological improvements

NNPDF3.0
(roadmap)
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C++ code status
@ NNPDF in C++ is almost complete:
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C++ code status
@ NNPDF in C++ is almost complete:
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@ Why bore you with this?

@ New implementation is a deep crosscheck vs fortran code
@ The new code is extremely optimized = fast results
© Simplicity to perform new studies, analysis and releases

* e.g. Photon PDF determination = fully fitted by the C++ code
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C++ code status

Closure tests
@ With the C++ code we can perform systematic closure tests.

» Understand the impact of methodological choices:
* preprocessing, GA, parametrization, etc.

Closure Test in NNPDF

of Chi2 and

distances generation

Fitting
Procedure

@ Idea: perform this operation when new data is introduced, &
preprocessing is modified, etc. &
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C++ code status

Closure tests

@ A first preliminary example of closure test: s
5
» The procedure is almost working as expected :
» Distributions tend to statistical equivalence .
1
@ An example using NNPDF2.3 NLO as input PDF: BT
Distribution of 2 for experiments Distribution of %2 for experiments
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HERA combined charm data
Going towards NNPDF3.0

@ Preliminary studies on the inclusion of HERA combined charm data’

» H1 and ZEUS F§ data = replaced by HERA combined data
* 47 data points of charm NC reduced cross sections

v

Moderate impact restricted to the small-x region

NNPDF2.3 NNLO, separated H1+ZEUS vs. combined HERAE_data
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arXiv:1211.1182
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HERA-II inclusive data
Going towards NNPDF3.0
@ Preliminary implementation of the HERA-II inclusive data®
» +600 new data points
* H1 inclusive NC and CC structure function

* H1 inclusive electron and positron NC cross sections
* ZEUS inclusive positron NC and CC cross sections

» Modest but not negligible impact vs NNPDF2.3

NNPDF2.3 NNLO ref vs. new HERA-Il data
Uncertainty
T

Central Value

10

d[x,Q]

0 . . . . ol . . . .
10° 10t 10°, 107 10" 10°  10* 10, 107 10" ’
arXiv:1206.7007, arXiv:1208.6138
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NNPDF outlook

Going towards NNPDF3.0

@ Data in progress (in order of completion)

Double differential DY
CMS jet data
W+charm data

Z+jet

others....

vV vy vy VvYy

@ Preprocessing improvements
@ Positivity improvements

@ Minimization improvements (stopping)

&
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Outline

© Why electroweak corrections?
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Motivation
Why electroweak corrections?

@ A naive argument:

The QED coupling « can affects processes in which QCD DGLAP is
computed at NLO and higher orders

O(02)  o(M3) 01184 o
O(a) ~ a(MZ) — 1/127

@ Leading order QED effects are comparable to NLO QCD corrections.
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Motivation
Why electroweak corrections?
@ A naive argument:

The QED coupling « can affects processes in which QCD DGLAP is
computed at NLO and higher orders

O(02)  o(M3) 01184 o
O(a) ~ o(MZ) — 1/127

@ Leading order QED effects are comparable to NLO QCD corrections.

@ Main motivations:

@ Provide a first unbiased determination of the photon PDF with faithful
uncertainty.
@ Assessment of their impact on theoretical predictions:

* EW measurements at the LHC,
* High-mass Drell-Yan and related searches, my determination, etc...

© MRST2004QED is available but old and based on model assumptions.{i@
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Technical aspects of QED corrections
Step by step: How to obtain the photon PDF.

@ In order to achieve our goal we had to implement:

@ Modify PDF evolution (DGLAP)
QCD (NLO/NNLO) + QED (LO)

@ Rewrite observables including the photon contribution
Deep Inelastic Scattering, Drell-Yan and Jet

© Add a new PDF parametrization for the photon

v(x, Q%) neural network, imposing PDF positivity

© Perform a fit using the NNPDF methodology

Points (3) and (4) were completely written and optimized from scratch.
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Outline

© PDF evolution
@ Solution & Benchmark
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PDF evolution (DGLAP)

Solving the coupled evolution

@ 7(x, @?): photon PDF

» LO QED evolution equations:

d Q°
0287027()(’ 02) = a(27r ) P'w(f)®e§7 <g:02> +P'vq(£)®;ej2q/ (§7OZ>
0 (@ X X
szqi(x7 02) = o ) |:Pq7(5)®e,2’)’ (E,Qz> +qu(§)®e,2q/ (E,Qz>:|
with €2 = >~ NleZ, (charges), and the momentum sum rule becomes

/1 dxx {Zq;(x, Q@) + g(x, Q%) + y(x, 02)} =1
0 i
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PDF evolution (DGLAP)

Multiple methods to solve QCD+QED evolution:
@ in a special evolution basis, e.g. in Mellin space:

0 2
8T)21‘(N, @) = P(N) - f(N, @)

where P(N) is the splitting function matrix in N space

OZ

P(N) = as(Q°)PE" + ai(@)Pi% + a(@)PE® +
+0(aas) + 0(ad) + O(a®)

e.g. Roth, Weinzierl (hep-ph/0403200)
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PDF evolution (DGLAP)

Multiple methods to solve QCD+QED evolution:

@ in a special evolution basis, e.g. in Mellin space:

Q5 (N, G°) = P(N) - £(N. )
where P(N) is the splitting function matrix in N space
P(N) = as(Q)PG" +a5(Q°)PNG +a(@)PG” +
+0(aas) + 0(ad) + O(a®)

e.g. Roth, Weinzierl (hep-ph/0403200)

@ our method: combination of QCD and QED evolution solutions

fi(N, Q%) = TR°°(QP, @) - To°(QP, @B) - Fi(N, @)

@ Both methods treat the subleading terms in different ways.

@ FastKernel implementation of DGLAP evolution.

Stefano Carrazza (Unimi) NNPDF updates PDF4LHC, CERN, 2013
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Current PDF evolution (DGLAP)

@ Our DGLAP properties: possibility to switch between fixed and variable
flavor number schemes (FFNS/VFNS), running o (Q?).

@ Fast Kernel implementation in x-space, building the interpolation grid.

Npdf Ny
2 2 QCD
AN = > 3 T, 5 1) X Me ki 102)
k=1 a=1
Npdf Ny
XaNi(Xai 15, v2) =3 > TR (X, X5 117, 15) [XaN/(Xa:ué,ug)] :
=1 B=1

combining both kernels and setting 1 = v = Q we obtain the final expression

Nodr Ny
XNi(x; @) = > PR (x x3|027o§)[x51v,(x3; og)}
U Fast Kernel Input PDF
pd! Ny

where F,-?CD'QED(X xs|QP, @F) = ZZFQCD X, Xo| P, QZ)FQED(XQ,XB|OZ, Q%)

k=1 a=1



Impact of QED corrections to evolution

@ Input PDF — Les Houches toy PDF +

< [ xy(x, Q8 =2GeV?) =0

@ Relative difference due to QED corrections at Q2 = 10, 102, 108 GeV?:

fuith aep (X, @%) — faco oniy (X, Q%)

2\ _
ofx. @) = fith qeD (X, Q2)

@ Singlet and Gluon PDFs

QED corrections to the singlet PDF in x QED corrections to the gluon PDF in x
(Y e ] Ofssmerememmrems e
0.2 - -0.2f .
0.4~ : R-04F -
L i o L |
|- . © |- v
-0.6— — -0.6— "i
r NLO ;+LOge, @ Q7 = 10 GeV? ] r NLO ;+LOge, @ Q7 = 10 GeV? I
0.8~ ----- NLO,+LOye, @ Q° = 10° GeV* | 0.8 ----- NLO,+LOye, @ Q° = 10° GeV* !
F = NLOy+LOGy @ Q7 = 10° GeV? f F = NLOy+LOG) @ Q7 = 10° GeV? i
5L T R B R I R R R B A A
-1 -1
10° 10 10° N 102 10" 1 10° 10 10° N 102 10" 1



Impact of QED corrections to evolution

@ Also for the photon PDF!

xy(x,Q%)

0,08+ :
007i NLO,+LOy, @ Q° =10 GeV?
Es eeees NLO+L0,, @ Q% = 10° GeV?
0.06; e - NLO#LOye, @ Q% = 10° GeV?
0.05 —
0.04f E
0.03 =
0.025 E
0.01 E
) S R I a
10° 10 10° o ! 02 10" 1

... obtained dynamically. ~(x, Q?) is minimally affected by the evolution.
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Impact of QED corrections to evolution

@ Finally, in the evolution basis:

QED corrections to PDFs, Q? = 100 GeV? QED corrections to PDFs, x = 0.1
1-5, T T T T | F T T H
2 -9 1 ok i
F DI E E
= e -V -0.02 E
o Ve ] -0.04F E
C V, B e B
O.ST ....................... -‘TE 7: -0.06;7 7;
g o - T 3 R0.085- =
B ] % -0.1F E
-0.51~ . = -0.12 3
r -0.14F
= -0.16/~ =
r H -0.18F 3
,1'5’5 P H."Hmwa Lol Ll i = | MR ‘HFB
3 4 3 2 ! 1 102 10
10 10 10° 10 10 1 0 & (Gov)
Y = ut+dt+st | V = u +d +s
T3 = ut —dt | Vs = u- —d-
Ts = ut+dt—2s* | Ve = u +d —2s~
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Comparison with other codes
Benchmarking the QCD+QED evolution code

@ Good agreement with Weinzierl 1.1.3 code®:

» relative differences of the same order of magnitude
» differences due to different solution methodology

* different subleading terms

@ Here some examples for the X (x, Q%) and u(x, Q®) PDFs:

QED corrections to the singlet PDF in x

QED corrections to the up PDF in x

T T T T T T T T 7
Ofs==sremserererrere=s - Or==rersesrraresseese \ ]
1 o ]
204 | g |
2 T ] 2 [ ]
0.6~ u 0.6~ ]
r NLO+LOy, @ Q° = 10 GeV? q r NLO L0, @ Q° = 10 GeV* q
o8k 7" NLO+LOge, @ Q° = 10° GeV? N 08 "t NLO;+LOye, @ Q° = 10° GeV? A
¥ - NLO,,+L0, @ Q7 = 10° GeV? 4 Tk - NLO,,+L0,, @ Q7 = 10° GeV? 4
r Weinzierl 1.1.3 V] C Weinzierl 1.1.3 '
1 L L L L . 1 L L L L
10° 10 10° 102 107 1 10° 10* 10° 102 107 1
3hep-ph/0203112, hep-ph/0403200
Stefano Carrazza (Unimi) NNPDF updates PDF4LHC, CERN, 2013

&

18/35



Outline

0 Observables
@ How do the observables change by fixing PDFs?
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Observable

s, current state of the art

@ Observables including photon contribution due to evolution:

> 2767 DIS data points: e.g. £}, F;"%, Dimuon CC cross-section

DIS experiments

10"; UL T TEXE £ ¥
Flx gln-n‘\cC *x K x %k ¥ ¥ ] . . X
E| e «xeoxxx % x ] Isospin symmetry breaking:
MR ISR HRRE When activating QED corrections
= F| 7 Zueme AT ELRLY 3
& [ | x HiFc ;ig i*%: ;2 ixi *i B P7§ dn dp 7& n
< [ ok ow ok 2% TR e u u
0102; KK * * ¥ ’
E *e e K K 19 v n
i X B X so, e.g. T§(x, Q?) # TJ(x,Q?)
r i * X i
Lol R R ke ¥ X F il
10 10° X

@ Assume no isospin symmetry breaking at initial scale
Té)(X,Qg):*Tg?(X, Qg)? V;(Xa Qg)zivig(xa Qg)

@ Isospin is broken dynamically by DGLAP evolution.
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Observables, current state of the art

@ Observables are codified in Fast Kernel grids
» measure the impact on DIS data using NNPDF2.3 NLO

» sety(x,Q5) =0

@ General behavior very similar to PDFs comparison:

» relative differences around —1% for x — 1

DIS experiments, 3(%) QCD vs QCD+QED

1
0.5
o KKK MWK ¥ ok
051 '
> [ % NMCpd
S E | * nmc
1| % stac
- * BCDMS
£ HERAI-AV ¥
-1.5| * cHorus :
£ FLH108 %
E | * NTVDMN ¥
| * zEust2 %
E ZEUSF2C i
[ % Hi1FeC *
Y Y Y AUV R
10° 10 10?107 107 1

DIS experiments, 3(%) QCD vs QCD+QED

3(%)

-1.5

)

-2.5

&

-3.5

A
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Outline

© Extracting PDFs from real data
@ How do the PDFs change by fixing observables?
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Fitting algorithm overview

; PhotonH Gluon HSlngIetH\lalence‘
‘TrlpletH s+ H As H

Neural Networks

Fast Kernel
Tables

: Theoretical Predictions Minimiza!(ig:)a Epenitinm [

! f

Comparison with Experimental Data

: i
' No '
i Stopplng Crlterla i

i i
: rYes .
: :

i

Completed/Stop

Fitting Algorithm

@ Fit mechanism also includes momentum sum rule and positivity.
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Outline

@ Photon PDF from DIS fit
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Photon PDF (preliminary)

@ Performing a preliminary DIS fit we obtain
» the photon PDF extracted from data (no toy model)
@ Photon from DIS is compatible with zero with large uncertainty.

» Z production is a good indicator

Photon PDF comparison at 2.0 GeV? Photon PDF comparison at 2.0 GeV?

T T 0.25 T

: —— MRST2004qed : i —— MRST2004qed 4

——— NNPDF DIS QED average o ——— NNPDF DIS QED average -

C NNPDF DIS QED replicas | ozﬁ NNPDF DIS QED replicas |

1.5 ——— NNPDF 1o | : ——— NNPDF 1o 4

. ——— NNPDF 68% c.l. 4 ——— NNPDF 68% c.l. ]

5 ] E
< - - ]
= L i -
x C i i
051 . ]
0\ Lol I Vi ol Lo C‘\\\\J—A—L\\‘\ e 4 + i Tl
105 104 108 102 10" 1 01 02 03 04 05 06 07 08 09 1

X X

B
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Constrain the Photon with Z production (preliminary)

@ Photon PDF: impact on Z production

» HORACE: Drell-Yan EW O(«a), pp @ /s = 14TeV
» cuts: || < 2.5, pl > 20 GeV
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Constrain the Photon with Z production (preliminary)

@ Photon PDF: impact on Z production

» HORACE: Drell-Yan EW O(«a), pp @ /s = 14TeV
» cuts: || < 2.5, pl > 20 GeV

@ Born diagrams (from arXiv:0710.1722):
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Constrain the Photon with Z production (preliminary)

T T T T T
10 E
; |- 4
38
5 102 E
e F E
8 ]
© =
E NNPDFQED, no  induced 4
—— MRST2004qed, no y induced
1 ? MRST2004qed, y induced ==
£ NNPDFQED, y induced
C T I T I I | |
70 75 80 85 90 95 100 105
m,; (GeV)
20F 3
E _ MRSTZOqud " induced /no 1 nduced
150 — NNPDFQED / MRST2004qed : no y induced |
E - NNPDFQED:y induced / no y induced E
gl i
& BEITINLL
Og
-5 \ . . . . , \
70 75 80 85 90 95 100 105
m,. (GeV|

@ Example: Z — [T/~ invariant mass

Z invariant mass distribution

Sl
o

Stefano Carrazza (Unimi)

110

NNPDF updates

@ Effect of photon PDF from DIS data

» moderate in the region of the peak
» rapidly increases away from the peak

@ Potentially huge contribution due to lack
of constraints from DIS on small-x

» ruins predictions for high mz/p-!

@ Next step: use W/Z production data to
constraint photon PDF — use for e.g.

» predictions for jets & Z' production

PDF4LHC, CERN, 2013 24/35



Constrain the Photon with Z production (preliminary)

@ Example: Z — [*/~ lepton pr distribution

Lepton P, distribution

@ Effect of photon PDF from DIS data

» moderate in the region of the peak
» rapidly increases away from the peak

(pb/GeV)
5
masr

do.
dp‘T

——— NNPDFQED, noy induced

—— MRST2004ged, no y induced

—— MRST2004qed, y induced
NNPDFQED, y induced

@ Potentially huge contribution due to lack
of constraints from DIS on small-x

N S S N
20 25 30 35 40 45 50

B (GeV) » ruins predictions for high mz/p-!

MRS T2004q00:y induced /o 1 induced
Smm— NNPDFQED / MRST2004ged noymduced,::

- wworeennaceaonaces 1 @ N@Xt step: use W/Z production data to
% constraint photon PDF — use for e.g.

ol
a

» predictions for jets & Z' production
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Outline

@ Reweighting the photon PDF with LHC data
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Reweighting methodology
Adding ATLAS W/Z data

@ Goal: inclusion of LHC Drell-Yan data to constrain the photon PDF.

» ATLAS W/Z rapidity (2010) = small-x constraint
» ATLAS DY high mass (2011) = central-x constraint

&
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Reweighting methodology
Adding ATLAS W/Z data

@ Goal: inclusion of LHC Drell-Yan data to constrain the photon PDF.
» ATLAS W/Z rapidity (2010) = small-x constraint

» ATLAS DY high mass (2011) = central-x constraint
Reweighting, step by step (briefly):

@ Produce N photon replicas from a DIS fit
using MSR, dynamical stopping, positivity

© Build a NNPDF2.3 NLO + photon DIS set @ Q? =2 GeV?
recomputing evolution with QED corrections

© Reweight the obtained new set with ATLAS data
43 data points: do/d|yz| (8), do/d|n| (22) and do/dmee (13)

L7

© Unweight the results in a new LHgrid, check the impact. =

v
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Reweighting with ATLAS W/Z data (preliminary)

Impact of ATLAS W/Z data
@ Input: QED DIS fit with N = 500 photon replicas.
@ For each replica, compute predictions using

» APPLgrid for the QCD NLO.
» HORACE for the photon induced (LO and NLO) contribution.

@ Compute the weight of replica k (details arXiv:1108.1758)

41,2
Wi o< Xy Te 2k

Weight Histogram P(a)
100y m P — . —
[ ATLAS W/Z 2010 data — 20E ATLAS W/Z 2010 data
[ [Entries 499 ] o =
80 | Mean 1.004 + 0.02975 — E E
[ | RMS 0.6638+ 0.02103 ] 1.8 E
- [ | Integral 498 ] 1.6 =
S o[ | Skewness 1.042+0.1098 - 14 E
@ ¢ |Kutosis  1033+02195 q O E!
> r ] a -ef 3
o r 7 B =
L 40 - 1E E|
i ] 085 3
[ ] 0.6 E
20— N 0.4 E

r ] 0.2 = =
0 W 0 Hl b L i J 3 %ﬁ}
107 10° 10° 10* 10° 102 10 0 1 2 8 4 5 =

o

eight
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Rewelghtlng with ATLAS W/Z data (preliminary)

do/dn| [pb]

Theory/Data

do/dly, | [pb]

Theory/Data

ATLAS 2010, W - I'V;

ATLAS 2010, W' — I'v,

—e— Data

“~ NNPDF2.3NLO
S5 NNPDF2.3 NLO +y QED

0.5 1 15 2 25

ATLAS 2010, Z - I'T

~ NNPDF2.3 NLO
NNPDF2.3 NLO +y QED
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do/din| [pb]

Theory/Data

e
E ‘‘‘‘‘‘ NNPDF23NLO
:Z; - NNPDF2.3 NLO +y QED
0%
05 7 W 75 2 23
PDF set | x*/dod.
NLO pure QCD 1.262
NLO + Photon DIS | 1.178
NLO + Photon RW | 1.097

NNPDF updates

@ Z — [T/~ channel is more
sensitive to the photon PDF:

» duetoyy — ete~

PDF4LHC, CERN, 2013
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Reweighting with ATLAS W/Z data (preliminary)

Adding ATLAS W/Z data

@ The weighted photon PDF is constrained by the ATLAS W/Z data
» Uncertainties are smaller at small-x

@ From the initial N = 500 we obtain Ny = 345.
@ The photon PDF after unweighting (ATLAS W/Z data):

Photon PDF comparison at 2.0 GeV? Photon PDF comparison at 2.0 GeV?

2 T ] T 2 T T

r ——— MRST2004ged T r Y ——— MRST2004ged T

NNPDF2.3 QED RW average | L i — — NNPDF2.3 QED RW average |

NNPDF2.3 QED RW replicas | S N NNPDF2.3 QED RW 68%cl. |

15 NNPDF 1o _ 1.5 — — NNPDF23QED average  _|

L NNPDF 68% c.| 4 L N NNPDF2.3 QED 68% c.| 4

< 1 < L 1

[SAR - g 4 -

z = B z r B

£ 1 <0 1

0.5r- - 0.5— -
O\ P et T ol N O\ P conl L L M| L

10° 10 10° o 1 0 10" 1 10° 10 10° o 1 0 10" 1

<
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Reweighting with ATLAS DY high mass data (prel.)
@ For each replica, compute with:

» DYNNLO for the QCD NLO.

» HORACE for the photon
induced contribution.

@ N =500 — Ngr = 300

dofdm, [pb/GeV]

Theory/Data

ATLAS 2011, Z - e*e’

—e— Data
4422 NNPDF2.3 NLO
55558 NNPDF2.3 NLO +v QED

M, [GeV]
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Reweighting with ATLAS DY high mass data (prel.)

Adding ATLAS DY high mass data

@ Uncertainties are reduced at central/large-x
@ The photon PDF after unweighting (ATLAS DY high mass data):

Photon PDF comparison at 2.0 GeV? Photon PDF comparison at 2.0 GeV?
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Reweighting with ATLAS DY high mass data (prel.)

Adding ATLAS DY high mass data

@ Uncertainties are reduced at central/large-x
@ The photon PDF after unweighting (ATLAS DY high mass data):

Photon PDF comparison at 2.0 GeV? Photon PDF comparison at 2.0 GeV/?
e T . i .
L —— NNPDF2.3 QED RW average | L Vo — — NNPDF2.3 QED RW average |
NNPDF2.3 QED RW replicas | I N NNPDF2.3 QED RW 68%c.l. |
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Next Step:
Combine both datasets in a single reweigthing procedure. &
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Combined Reweighting (preliminary)

ATLAS W/Z + DY high mass data

oy, o)

Theory/Data

]
H
H

@ Full reweighting with 43 data points:

» From N =500 — N = 280

» %2 from 2.550 to 1.012
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Final photon PDF (preliminary)

@ Final unweighted photon PDF

» constrained at small and central/large-x.
» achieved good precision for LHC predictions.

Photon PDF comparison at 2.0 GeV? Photon PDF comparison at 2.0 GeV?
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Studying predictions for BSM

Impact on new physics searches

@ Simple example test with HORACE:
» 10M events, p > 25GeV, || < 2.4, O(«) + photon induced

Z—spp and Z—see high mass @ Vs = 8 TeV W high mass @ (s = 8 TeV
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—a— Zospy, O(0) +y induced —=— Wtop, O(0) +7 induced é
= —— Z-ee, O(a) + induced s —e— Wtoe, O(a) +v induced E
2 8 E
= S E
£ £, E
& 5, E
] 1 E
e, e
L =
¥ ) : E
5 - 5 , I ‘ 3
[ERBI=S
5 & s e
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@ Photon PDF can improve/change limits for BSM models.
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Outlook

@ Conclusion

» Extraction of a preliminary photon PDF from DIS data
» Study the impact of a DIS photon PDF to Z production

* Problem: too large uncertainties for LHC physics
* Solution: reweighting with ATLAS W/Z and DY high mass data

» Unweighting the obtained PDF set.
@ Outlook

» Build a NNLO QCD + LO QED fit, using the same methodology.
@ Release

» Release a set with QED corrections in the next LHAPDF release.

A
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Les Houches Toy PDF

@ For the benchmark we have used hep-ph/0204316
xuy(x, @) = 5.10720 - x*8(1 — x)°
XdV(X7 Qg) = 3.06432 - X0'8(1 — X)4
xg(x, @) = 1.70000 - x '(1 — x)°
xd(x, Q) = 1939875 - x *1(1 — x)?
xt(x, @§) = (1 — x)xd(x, Q)
XS(X7 Qg) = X§(X, 0(2)) =02 X(EI+ a)(x’ Q(_Z))

&
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Photon PDF (preliminary)

@ Distances between a pure QCD NLO DIS fit and the respective QED
corrected fit.

NNPDF Fit vs Reference Distances

Central Value Central Value
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PDF evolution (DGLAP)

Multiple methods to solve QCD+QED evolution:
@ (1) in a special evolution basis, e.g. in Mellin space:

2 0 2
@5z f(N. @) = P(N) - £(N, @)
where P(N) is the splitting function matrix in N space
P(N) = as(Q)PE” +a5(@)PG + a(Q°)PE” + O(aas) + -

e.g. Roth, Weinzierl (hep-ph/0403200)

@ (2) our method: combination of QCD and QED evolution solutions
fi(N, Q%) = TRP(QP, QF) - TP (QP, @) - £(N, @)

Schematically — ¢ Method (1): (N, Q%) = exp[QCD + QED] - f(N, GF)
Y7 Method (2): (N, Q%) = exp[QCD] - exp[QED] - f(N, Q&)

@ Methods differ by subleading terms O(aa;s) (Baker-Campbell-Hausdorff) ‘@3
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Isospin (preliminary)
@ We are able to build a neutron PDF set for Q2 > 2 GeV?
» modify evolution basis u? — d", d° — u"
@ The ratio Neutron/Proton PDFs

» isospin symmetry breaking on quarks distributions

Ratio neutron/proton
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FFN
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