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Setting the scene
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Heavy flavour c/b-quark hadrons

Summary of most relevant LHC measurements:

*pp > D+X, at 5 TeV LHCb Collaboration, JHEP06(2017) 147
*pp > D+X, at 7 TeV LHCb Collaboration, Nucl. Phys. B871 (2013)

*pp > D+X, at 13 TeV LHCb Collaboration, JHEP05(2017) 074
JHEP09(2016) 013, JHEP03(2016) 159

(* pp > B+X, at 7, 13 TeV LHCb Collaboration, PRL 119(2017) 169901)
PRL 118(2017) 052002

This seminar: discuss these data and their implications
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Overview

Introduction
* heavy quark-pair production

* motivation to study forward D/B production

Studying the LHCb data

* Defining suitable observables
* Impact on our knowledge of proton structure

Applications beyond the LHC

Concluding remarks
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Introduction

Exclusively reconstruct D-hadrons within experimental acceptance
[ pr < 8 GeV )

2.0 <y” <45

For example, LHCDb fiducial region:
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Heavy quark-pair production
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Heavy quark-pair production

o
= b
2
. S : oXoXoXoXo :
@) s 3
3 : Short distanceN %
{ ross -section ; >
.. ..................... g.
: > >
g o
Suolpe



Heavy quark-pair production
PDFs (DGLAP evolution)
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Heavy quark-pair production
PDFs (DGLAP evolution)

Fragmentation
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Heavy quark-pair production
PDFs (DGLAP evolution)

Fragmentation

suoipey

Parton shower +
hadronisation
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Heavy quark-pair production
PDFs (DGLAP evolution)

Fragmentation

4
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suoipey

A combination of stuff:
- perturbatively calculable
- extracted from data

Parton shower +
hadronisation
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Heavy quark-pair production

More formally, follows from factorisation theorems

lllllllllllllllllllllllllllllllllllllllllllll
L 3
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A2
+0 ( Q;D> ... heglected non-factoriseable corrections

PDFs: n.p. component extracted from data (evolved perturbatively)

da.ab—)DX 1 dﬁ da.ab—)cX

(2,Q,m) = (8,Q,m)Fy, <—

Z

dz . B dp 5

Fragmentation function: n.p. component extracted from data
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Heavy quark-pair production

1

e Process dependent
e QOrganising IR divergences

NLO QCD
P. Nason, S. Dawson, R.K. Ellis, 1988

P. Nason, S. Dawson, R.K. Ellis, 1999 *
W. Beenakker, H. Kuif, W.L.van Neerven, J. Smith 1989 *

NNLO QCD

M. Czakon, P. Feilder, A. Mitov 2013
M. Czakon, P. Feilder, A. Mitov 2014 *
... + resummation, EW+QCD, NLO>>PS

FD(Za H mh) — Fz'c(z7 s mC) & Fr?p(z)

(

2 . normalised energy fraction

The first term = perturbative fragmentation function (PFF)

Has the job of resumming quasi-collinear logs: o In [m/Q]k k<n

NLO B. Mele, P. Nason, Nucl. Phys. B 361 (1991) 626
NNLO K. Melnikov, A. Mitov PRD 70 (2004) 034027

In either case, n.p. piece extracted from precise D/B spectrum at LEP
13
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Parton Distribution Functions (PDFs)

T : momentum fraction

(Q” : parton virtuality

Global fits performed to a range of data (collisions involving a hadron)

The main examples being fixed-target, HERA, TeVatron, and LHC

NNPDF3.0 NLO dataset

Modern proton PDF fits: QQW;_

ABMP PRD 96 (2017) 014011 b

CT  PRD 93 (2015) 033006 Hm_

HERA EPJC 75 (2015) 580 %o_ o

MMHT EPJC 75 (2015) 204 S ol ¢ 2

NNPDF JHEP 04 (2015) 040 Owé— o

More specialised: LUXQED, CJ o el ;
Nuclear: EPPS, nCTEQ, DSSZ... T T T
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Forward heavy quark production
00001 <
e[ X e
g(p1) + 9(p2) = Q(p3) + Q(ps) + X

dominant subprocess at LHC
— \/§/2 (33‘1, O, O, SEl)

T; : momentum fraction

LO PDF sampling occurs at

Y; . rapidity -
V'S : hadronic COM L1 (2) = I ( (m)ys 4 (= )y4)
mr . transverse mass \/§

LHCb detector provides unique information
1. Can reconstruct D/B hadrons from pr > 0 (mr ~ mg)

2. Forward LHCb acceptance extends kinematic sensitivity
15




Forward heavy quark production
L DX e
e |
g(p1) + g(p2) = Q(ps3) + Q(pa) + X

dominant subprocess at LHC
— \/§/2 ($1, O, O, {,El)

T; : momentum fraction
Y; : rapidity -
/5 : hadronic COM L1 (2) = T ( Jus | (= )y4)
m7 . transverse mass

= @{

LO PDF sampling occurs at




(\@: \/:L‘leSZ ch]

arbitrary units

<

w
_|_
®

__mT (—
CUl’(Q) = ﬁ (6

()M)J
pp—cC, \s =7 TeV
OF——T———T7 11—

< N -
o [ p(D%<8.0GeV ;._
2 1 T 0 e B s —
O - 2.0<y(D)<4.5 .
- <x>=1.8e-02 1
-2 :_ <X,> = 4.6e-05 R _: —
3F -
4F -4 -
> I | -
3 SH =
-6 _ | | | L | i
- -5 -4 -3 -2 -1 0
< I’Og1o(x1)

Moderate x

Require a D hadron within LHCb acceptance at 7 TeV
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NNPDF 3.0 nlo, ay(m, ) = 0.118, 1o CL

— 30 e
> Q°= (2 GeV), nf=3 -
® 25 =
Q) I NNPDF3.0 xg 16CL -
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o -
O 15 —
a3 -
2 10 =
5 —
0 N T N TR -
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>3- 10~  PDF constraints from HERA charm data

Shape/uncertainty determined by

parameterisation of non-pert. gluon PDF
22



NNPDF 3.0 nlo, ay(m, ) = 0.118, 1o CL

— 30 e[
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X
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xg(x,Q°
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Strategy

As a Baseline, use the NNPDF3.0 NLO Global PDF fit
JHEP 04 (2015) 040

fi(x, Qo) = Ajz~ % (1 — z)P NN, (

/ Funct1onal form
Pre-processing terms parameterised by

neural network

Extend the data set to include the LHCb D hadron data

New Data
(LHOC)

l

Bayes Theorem

N equally likely PDF sets N reweighted PDF sets
(p. =1/N for each set) (pi =w for set i)

See http://nnpdf.mi.infn.it/research/reweighting/
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NNPDF3.0 NLO dataset
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Studying the LHCb data

Data:
*pp > D+X, at 5 TeV
*pp > D+X, at 7 TeV
*pp > D+X, at 13 TeV

Theory baseline:

AC
AC

b Coll
O Coll

AC

b Coll

ooration, JHEP06(2017) 147
boration, Nucl. Phys. B871 (2013)

ooration, JHEP05(2017) 074

* NLO+Pythia8, achieved with POWHEG nf=3 scheme



What exactly is measured?

pp — D+ X

\DO DT, D,, D*" (+c.c.)

d?o 1 N;(D — f + c.c.)
dpRdy? ~ ApPAyP  &(D — f)B(D — f)kLin
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What exactly is measured?

pp — D+ X

\DO, D™, Dy, D*" (+c.c.)

/,Number of events

d?o 1 N;(D — f + c.c.)

dp2 dy? - ApH AyP | e;(D — f)B(D — f)kLing —> lumi

U

efficiency to branching hardware
measure f fraction to f efficiency

bins

Measurements performed at 3 CoM Energies (5, 7, 13 TeV)
8 bins within p2 < 8.0 GeV, 5 bins within 2.0 < y” < 4.5 (40 total)

In total approximately 480 data points
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1.6x10°
1.4x10°
1.2x10°
1x10°
8x10°
6x10°
4x108
2x108 pd R K
a8

\ ‘7‘. )v

0 ' X
-2x108

do/dy [pb]

taken from arXiv 1507.06197

Scale uncertainties at low energy scales overwhelming

o~ M3+ D% g ~ 2.2 GeV 05(2.2GeV) ~ 0.3
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Measurements performed double differentially in p:lr) and YD

2 2
N d*o(X TeV) /d o(X TeV)
dy;?d(pr); | dyserd(pr);

Measurements performed at multiple hadronic CoM values

i d?c(13 TeV) /d?c(X TeV)
Mia/x T TP apD); / dyPd(pR),

m
Ty (2) = \/%( e(F)us | (- >y4)

CoM Energy 31



Measurements performed double differentially in p:lr) and YD

Ny =

d“c(X TeV) /dQO'(X TeV)
dyPd(pR); | dy2:d(pR);

Measurements performed at multiple hadronic CoM values

RZJ - d20'(13 T@V) dQO'(X T@V)
BIX T dyPd(pR); [ dyPd(pR);

pros: theoretical (and experimental) uncertainties highly correlated

cons: PDF uncertainties also correlated (lose sensitivity to PDFs)
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Ratio to data

B 1

E — LHCb DO abs data / TeV E
2.5 _
E Scales, abs E

2 :_ —— PDFs, abs _:
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Absolute cross-section



“CE 3 _I | | | | | | | | I | | | | | | | | | I | | | | | | | | | I | | | | | | | | | I_
o' - _
o - — LHCDb DO norm data 7 TeV 7
9 - Scales, norm -
5 F -
- 2 -~ PDFs, norm _:
L [2.0-2.5] [2.5-3.0] [3.0-3.5] [3.5-4.0] T114.0-4.5] _
I TTE G Ti] =

1L -- L o

0.5 ] . —

O :I | | | | | | | | I | | | | | | | | | I | | | | | | | | | I | | | | | | | | I><I:
0 10 20 30 40
—_—  _—_y — S >

pT.D PT.D PT.D pr.p Data index

34 Normalised cross-section



do/dy (13 TeV) / do/dy (7 TeV)

3.5

2.5

1.5

I I I I
scales
NLO PDFs
pp — charm quark + X
LHC, NNPDF30_nlo_as_0118

pt>0

5

Y taken from arXiv 1507.06197

35 Ratio of cross-sections



do/dy (13 TeV) / do/dy (7 TeV)

3.5

scales I_
PDFs

36

y

3 4 5

taken from arXiv 1507.06197

Ratio of cross-sections



Summary of LHCb data

Prompt charm production at 13 TeV (and 13/7 ratio), arXiv:1510.01707
Erratum: September 2016

Erratum: May 2017
Prompt charm production at 5 TeV (and 13/5 ratio), arXiv:1610.02230

Erratum: May 2017
Prompt charm production at 7 TeV, arXiv:1302.2864

Prompt B production at 13 TeV (and 13/7 ratio), arXiv:1612.05150

Erratum: September 2017
Prompt B production at 7 TeV, arXiv:1306.3663

Summary of PDF analyses (reweighting or fits)

NLO analysis, HERA + LHCb B/D 7 TeV data, arXiv:1503.04581
Prosa Collaboration
NNPDF3.0 NLO Global fit + LHCb D 7 TeV data, arXiv:1506.08025

RG, Rojo, Rottoli, Talbert
NNPDF3.0 NLO Global fit + LHCb D 13, 7, 5 TeV data, arXiv:1610.09373

RG, Rojo (updated May 2017)
The LHCb B and D hadron data is wrong paper, arXiv:1703.03636

RG

Analyses of absolute D cross section data, arXiv:1705.08845
37 Martin, Oliviera, Ryskin



Summary of LHCb data

Prompt charm production at 13 TeV (and 13/7 ratio), arXiv:1510.01707
Erratum: September 2016
Erratum: May 2017

Prompt charm production at 5 TeV (and 13/5 ratio), arXiv:1610.02230

Erratum: May 2017
Prompt charm production at 7 TeV, arXiv:1302.2864

Prompt B production at 13 TeV (and 13/7 ratio), arXiv:1612.05150

Erratum: September 2017
Prompt B production at 7 TeV, arXiv:1306.3663

Summary of PDF analyses (reweighting or fits)

NLO analysis, HERA + LHCb B/D 7 TeV data, arXiv:1503.04581
Prosa Collaboration
NNPDF3.0 NLO Global fit + LHCb D 7 TeV data, arXiv:1506. 08025

RQ 10 RQ 0 A LD C

NNPDF3.0 NLO Global fit + LHCb D 13, 7, 5 TeV data arxiv:1610.09373
RG, Rojo (updated May 2017)

C LIMNCD D alld U dUl C Ud Lc WIOIllg Papcl, c V. 1 /US.U50350C

RG
Analyses of absolute D cross section data, arXiv:1705.08845
38 Martin, Oliviera, Ryskin
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xg(x,Q° = 4 GeV?)
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- NNPDF3.0 1000 xg 10CL

SEICIEE N°+N’+N"°, flavs = D°
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Observable /»Number of data points

K_Ng; (84) N7(79) N13(126) Rys/5(107) Ris,7(102)

1.97 1.21 2.36 1.36 0.80
0.86 0.72 1.14 1.35 0.81
.31 091 1.58 1.36 0.82
0.74  0.66 1.01 1.38 0.80
1.08  0.81 1.27 1.29 0.80
1.3  0.99 1.73 1.30 0.81
1.07 0.81 1.34 1.35 0.81
0.82 0.70 1.07 1.35 0.81
0.84 0.71 1.10 1.36 0.81

XQ/Ndat:Z(O )01 (0; — Tj)



Theoretical uncertainties/cross checks

Choice of dynamical reference scale used in calculation

po = \/P%,Q me, Ho = \/pTQF,Q (2mq)*

e Check impact of placing pT > 1, 2 GeV in analysis
e Change underlying parton shower tune (Monash, T4C, TA14)
 Fragmentation model/parameters (Peterson, Bowler)

Impact of varying charm quark pole mass in calculation®
mP°® = (1.3, 1.5, 1.7) GeV

*Baseline is NNPDF3.0 with mc = 1.275 GeV, in a future
global PDF better to correlate mc used throughout fit
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xg(x,Q° = 4 GeV?)

Additional theory checks

107

46
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S N.+R
N.+R
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B NNPDF3.0 NLO

SRR N+R, g, central

. ref. =\/4m2+p$
135 M =1.7 GeV
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xg(x,Q° = 4 GeV?)

Additional theory checks

1 1 1 I 1 11 II 1 1
B NNPDF3.0 NLO

B N, +N,+N,g, central

.
.-
-y
.

Ng+N_+N, ,, u'e =\/4m§+p$
i No+N_+N_ m_= 1.7 GeV

No+N_+N._ ., m_= 1.3 GeV
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0
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xg(x,Q° = 4 GeV?)

18
16
14

pT cut dependence
Baseline = NNPDF3.0 NLO Global fit, ocs(mz) =0.118

.................. Baseline+LHCb data (pT >1 GeV)

______ Baseline+LHCb data (pT >3 GeV)

l—

107° 107 107
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=40 GeV?)

xg(x,Q°

The results in context
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Interim summary

e Dust settling on the LHCb data now....
e Normalised cross section/ratio data lead to consistent results

e Low-x gluon PDF previously unknown

Disclaimer: Didn’t discuss exclusive |/Psi - Jones et al. arXiv: 1610.02272

Our LHgrids (100 member replica set) are available here:

5 flavour PDFs
http://pcteserver.mi.infn.it/~nnpdf/NNPDF30LHCb/NNPDF30 nlo as 0118 L13L7L5.tar.oz

3 flavour PDFs
http://pcteserver.mi.infn.it/~nnpdf/NNPDF30LHCb/NNPDF30_nlo_as_0118_L13L7L5_nf3.tar.gz

50


http://pcteserver.mi.infn.it/~nnpdf/NNPDF30LHCb/NNPDF30_nlo_as_0118_L13L7L5.tar.gz

Applications beyond the LHC
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Applications |

Ultra High Energy (UHE) neutrino-nucleon cross section
v(k)+ N(p) = (k') + X

/k'
K —=—p—

2 g

» —— @

(Vi (2,07 F Yooy (2,0%) — v (2, Q%)

d*c(v(7)N) G4 My,
drdQ?  4rx(Q? + M3,)

E —> D[S Structure Functions
Yy=14+(1-19)?, y=1-——-
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Applications |

Ultra High Energy (UHE) neutrino-nucleon cross section

. NNPDF3.0 NLO
%% N;+N_+N. .

10> 10° 10* 10° 10° 10" 10° 10° 10" 10" 10"
E, [GeV]
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Applications |

Ultra High Energy (UHE) neutrino-nucleon cross section

Fraction of inclusive cross-section within contours

\O

Enclosed fraction: 20%
Enclosed fraction: 40%

......................................

log [Q’]

— N W B N J 0

IIIII |IIII|IIII|IIII|IIII|IIII|IIII|IIII|
: . E,=5e8GeV

-

E,=5x 10% GeV

RG, V. Bertone, J.

Fraction of inclusive cross-section within contours

\O

IIIII frrrryrrrrjrrrnrriji
Enclosed fraction: 20%

Enclosed fraction: 40%

log [Q’]
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Applications |

Atmospheric production of heavy quarks
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Applications |

Atmospheric production of heavy quarks
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Applications Il
LHeC, High energy pp collider, forward photons at the LHC, ...

&;2.5 LRI L LI
) -
O] ) . NNPDF3.0 1000 1cCL |
To) i
o 5
[ > %§ N°+N+N" i

Al . . / —
e] -
\>_</ -

"&EL_. 1 5
~~ -
L= -

0.5 Q°=3.5GeV® —

F*" = NNPDF3.0 1000 Central _

0 Ll Lol L]
107 107 107 107

X

i =Typical* precision of £/7, that LHeC could probe

* Depends on beam energy, polarisation, ... etc.
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Summary

e Precise measurements at LHC(b) providing unique information

e Many implications of the LHCb D-hadron measurements

Baseline = NNPDF3.0 NLO Global fit, ocs(mz) =0.118
1 1 1 1 LI II 1 1 1 1 LI

. Baseline
. Baseline+LHCb data

xg(x,Q° = 4 GeV?)
=

IIIIIIIIIIIIIIIIIIIIIIIIII—

—IIIIIII

Proton gluon content
L a3l 1 I R

(U
-
&

107° 107 107

X
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Back-up slides
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Partonic cross-section

1 5 NLO QCD
A0ijQax = 254, Z’M’ij_)QQX‘ don, P. Nason, S. Dawson, R. K. Ellis, 1988
P. Nason, S. Dawson, R. K. Ellis, 1989 *

W. Beenakker, H. Kuijf, W.L. van Neerven, J.
e Process dependent Smith 1989 *

e Organisation of IR divergences NLO QED/WEAK

Kuhn, Scharf, Uwer , 2005, 2006 *
W. Bernreuther, M. Fucker, Z. G. Si 2005 *
W. Hollik, M. Kollar, 2006 *

NLO QCD interfaced to PS

S. Frixione, P. Nason, B. R. Webber 2003
also with G. Ridolfi 2007

NNLO QCD
M. Czakon, P. Fiedler, A. Mitov, 2013
M. Czakon, P. Fiedler, A. Mitov, 2014 *

... + exhaustive list of resummation
calcs.

* Denotes differential calculation
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Fragmentation Functions (FFs)

FiD(Zmu7mh) — Fic(znuvm(:) & FnDp(Z)

Z . normalised energy fraction

The first term = perturbative fragmentation function (PFF)
Has the job of resumming quasi-collinear logs: o In [m/Q]k k<n

NLO B. Mele, P. Nason, Nucl. Phys. B 361 (1991) 626
NNLO K. Melnikov, A. Mitov PRD 70 (2004) 034027

In Parton Shower (PS), time-like evo. also resums col

Underlying hadronisation detai

s depend on methodo

inear logs

ogy:

- String (Pythia) or Cluster model (Herwig, Sherpa, ..)

e.g. Fgf)]g.)eterson (Z)

_NH 1 €q

1 — =
2z z 1—-z

In either case, n.p. piece extracted from precise D/B spectrum at LEP
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B cross-section (absolute)

LHCD data from Erratum: Phys. Rev. Lett. 118, 052002 (2017)

S s :_ ey —e— LHCb B data —:
" - © U NLO+PS -
Q: 20k [ ] PDF uncertainty _:
Q [ | m, uncertainty -
QTQ 15 =
> 5
5 10 —
o - _
5 _
E RG: JHEP (20’7) 2017: 84 u
0
o > 1.5
= O
g2 |1
q) el
e 05k

1) Differential and fiducial rate measurements
* Test of pQCD predictions, and baseline for other analyses
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B cross-section (nhormalised)

LHCb data from Erratum: Phys. Rev. Lett. 118, 052002 (2017)

= 0. 35E T rrrrrrrrrr rrrrrrrrr T
'U; - —e— LHCb B data E
= 03 7 TeV BEEE NLO+PS —
é — ' | PDF uncertainty Z
’l\ 0.25 _h .| m, uncertainty _E
g o | = =
® — + -
= 015F S =
o : —t= -
: 01 :_ 50 —:
= e _ [(49(pp—=BX) m—— 2
005 0 = dn B ——
- ° ? RG: JHEP (2017) 2017: 84 =
0 ' L I
o > 1.2
=9 1
8 £
nq:) o 0.8

Differential and fiducial rate measurements
* Test of pQCD predictions, and baseline for other analyses

Normalised cross-section measurement
* Test of shape of pQCD predictions (generally more precise)
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B cross-section ratio

m _ _
x17(2) — \/_g (6( )Y3 + 6( )194)

N 1 1 ' 1 ' L ' o E e
=
Q 10? . NNPDF3.0xg 1oCL  —
O = =
N~ : : -
I : PDF sampling region _
3‘ oL ncreasing,’ ]
N — =
(@) - -
pa - .
LE =
T 1 M| 1 P ]
= 02fF - i ]
S _ 4
©
*GCJ‘ 0.1 —
& - /4
S 0 I IIII 1 1 IIIIIII [] [] il 1 1 Illlll—r []
-5 -4 -3 -2 -1
10 10 10 10 10 X

1) Tests the rate of growth of gluon PDF at both small and large-x

* See for example: RG et al.: JHEP (2015) 2015: 9
Cacciari et al.: EPJC 75 (2015) no.12, 610
RG: JHEP (2017) 2017: 84
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B cross-section: B — J/¢y K data

Absolute cross-section
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do(pp— H,X)/dn [ub]
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B cross-section: B — Duvr data

Absolute cross-section
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1/6™ do(pp—BX)/dn

-
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[E—

to theory
)

Relative

p — j —

j —

B cross-section: B — Duvr data

Normalised cross-section

B
o
39
O

—e— LHCb B data

—e— LHCb B data

= 7 Tev BEES NLO+PS 03 13 Tev RS NLO+PS
- || PDF uncertainty 0.25 - || PDF uncertainty
| R TTINURR— || m, uncertainty i || m, uncertainty

+
jl
},

1/0%¢ do(pp—BX)/dn
¢ o
5 ‘

0.15

50 *

S
p—
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50 i
, i _ (do(pp—BX) d .
0.05 o= dn B —
B -
O ................................. -

o> 1.2

=0 1

5 3
&J 9 0.8

Shape of normalised distributions not well described by pQCD
Large “dip’ observed in the region of np € [2.0,2.5], Pr g > 0 GeV

Such behaviour not observed in B (->J/PsiK) or D-hadron rapidity distributions
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Cross-checks

1) Please always provide systematic bin-by-bin correlations
* Can then construct normalised distributions
* Needed to test consistency of theory to data
* ... important when including data in PDF fit
See for example PROSA analysis (Maria V.’s talk)

2) Is it possible to clarify the consistency of these two B-hadron measurements?

Future studies

1)  With large data samples, measurement of B hadron production at large-pT
* Probes region of quasi-collinear gluon emission + sensitivity to large-x gluon

2) Are (can) the bin-by-bin cross correlations between different CoM be provided?
* Would allow construction of "shifted CoM ratios’, see RG JHEP (2017) 2017:84

13'TéVi

/: 1
Y =YB + n[?TeV

R do — BX) /do — BX
Ry3/7 [do(pp — BX)/dyp] = 13(Pp ) / 7(pp )

dy's dyp
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PDF sampling in B productlon at LHCb

mr

Ty (2) = \/§( e(F)vs 4 o= >y4>

PDF sampling region:
- B hadron production at 7 TeV
- LHCb pseudorapidity bins

PDF sampling region:
- effect of aligning x-regions
- can align either low or high-x regions

13 TeV]

/: 1
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A 03 .
\-/o - Xp My 6[2025]m —71GeV 7TeVZ
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Bunch of useful’ plots below
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xg(x,Q%)
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What do normalised cross section and ratios probe?

Essentially the rate of change of the gluon PDF within an x-range
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e HERA+
e FFS, N
e Norma

Gluon PDF extraction at 7 TeV

PROSA results:

_HCb Data PDF fit

ise to ‘middle’

rapidity bin for each pT
e HERAfitter framework
e Also LHCb B data

GRRT results:
e NNPDF3.0 Global fit
e input set is VFNS

e Normalise to max pT /
min rapidity bin

e Bayesian Reweighting

gluon distribution

relative uncertainty

L\ I NNPDF3.0 + LHCb FFNS (Nf=3)

Q%= 10 GeV?

| PROSA FFNS HERA
~ PROSA FFNS HERA + LHCb

= \\
1
| | ol | |
- 5 4 -3 2 1
10 10 10 10 10 10 1
X
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gPDF Correlations

Correlation between inclusive LHCb ratio and gluon PDF
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Gluon PDF correlation with inclusive
LHCb 13/7 Charm ratio measurement
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R,37(AY)

Ratio to LHCb data

Useful

Increase in ‘beam-drag’ effects in hadronisation
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PDF correlation matrix




Ratio to default

Impact of tune on cross-section
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Impact of tune on normalised cross-section
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Wish to determine the impact of new data

Use a reweighting technique of PDF replicas
see - arXiv:1012.0836, NNPDF collaboration

Arbitrgry Units

6
4

o . Observable(Data)

1. NNPDF provide replica ensemble of PDFs (from global fit)
2. These replicas are conditional on input data (and th. assumptions)
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Wish to determine the impact of new data

Use a reweighting technique of PDF replicas
see - arXiv:1012.0836, NNPDF collaboration

. : 1 B 1
Arbitary Units 7 (1) = () Dexp(- )

6
4.

g Observable(Data)

1. NNPDF provide replica ensemble of PDFs (from global fit)
2. These replicas are conditional on input data (and th. assumptions)
3. Construct weighted ensemble of PDFs, also conditional on new data
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How do the data actually look?

0<pr<8GeV/c,2<y<4.5 LHCb
Vs =13TeV
FONLL
| =
POWHEG+NNPDF3.0L (sc;aled) arXiv:1506.08025

PQWHEG+1:INPDF3.0L (absolute) ~arXiv:1506.08025

LHCb average —e—
LHCb D* —t
LHCb DO frep—

0 1000 2000 3000 4000
o(pp — ccX) [ub]
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How do the data actually look?
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How do the data actually look?

LHCb DY POWHEG+NNPDF3.0L |
V5= 13TeV
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xg(x,Q° = 4 GeV?)

. 3 e 3 e 3 N N
r r r F

pT dependence (mcen, up)
Baseline = NNPDF3.0 NLO Global fit, ocs(mz) =0.118
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