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Focusison pp — D+ X

e Motivations: benefits of forward measurements

e Observables: data and theoretical description

e Results for forward Charm:

e Impact of 7 TeV data
e Impact of 13+7 TeV data
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Motivations:
benefits of forward heavy flavour measurements
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Why study forward pp — Q3Qs + X ?
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pp— tt, \'s = 14 TeV
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Forward top quark production discussed in:
hep-ex: LHCb observation - arXiv:1506.00903, see next talk
hep-ph: Kagan et al. - arXiv:1103.3747, RG - arXiv:1311.1810, arXiv:1409.8631
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pp — bb [xl,@):%(eume()yﬂ

pp—bb, Vs =7 TeV
N O-""'

pT(Bé) <8.0 GeV
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B hadrons within 1— 20<y@)<as T — i
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2.0 < y(B) < 4.5 d B O
0<pr(B)GeV]<8  F| b

Moderate-x
Forward beauty quark production discussed in:
hep-ex: LHCb B measurement (7 TeV) - arXiv:1306.3663
hep-ph: Cacciari et al. - arXiv 1205.6344, PROSA - arXiv:1503.04581
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pp — bb [xl,@):”;g(e<>y3+e<)y4)J
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N O-""'

pT(Bé) <8.0 GeV

Require one of the
B hadrons within Cao<y@)<as T
LHCDb acceptance: QB DT ---------------------- -----------------

X
~—
o
(@)
o

- <X>= 4.7e-05

4.0 < y(B) < 4.5 S 3 ....................................................................................
0 < pr(B)[GeV] < 8 3 I
my = 4.75 GeV ~
B S B R R
log, (x
Moderate/Large-x

Forward beauty quark production discussed in:

hep-ex: LHCb B measurement (7 TeV) - arXiv:1306.3663

hep-ph: Cacciari et al. - arXiv 1205.6344, PROSA - arXiv:1503.04581
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PP — CC [xl,@):%(e<>y3+e<)y4)}
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Forward charm quark production discussed in: Moderate-Xx
hep-ex: LHCb measurement (7/13 TeV) - arXiv:1302.2864 / 1510.01707
hep-ph: Kniehl et al. - arXiv:1202.0439, Cacciari et al. - arXiv 1205.6344, PROSA -

arXiv:1503.04581, Gauld et al. - arXiv 1506.08025, Cacciari et al. - arXiv:1507.06197
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PP — CC [xl,@):”;g(e<>y3+e<)y4)J

pp—CC, \s =7 TeV
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Forward charm quark production discussed in: Moderate-Xx
hep-ex: LHCb measurement (7/13 TeV) - arXiv:1302.2864 / 1510.01707
hep-ph: Kniehl et al. - arXiv:1202.0439, Cacciari et al. - arXiv 1205.6344, PROSA -

arXiv:1503.04581, Gauld et al. - arXiv 1506.08025, Cacciari et al. - arXiv:1507.06197
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NNPDF 3.0 nlo, ocs(mz) =0.118, 10 CL
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This talk - focus on the low-x region X
1) Improve understanding of the structure of the low-x gluon PDF

2) Study the application of pQCD to forward D-hadron production
(useful to have predictive rates for D/B for rare decays etc.)

3) Important input for modelling of soft QCD at the LHC

4) Input for neutrino astronomy - the prompt neutrino flux’

5) The Ultra High Energy neutrino cross section

6) Forward prompt photon production
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Observables:
data and theoretical description
(’'m focussing on charm)

Rhorry Gauld - PDF Parallel, QCD@LHC (23/08/16) 12



Candidates / (3 MeV/c?)
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double differentially in: pr, Yy
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Theoretical description
Differential D-hadron production pr < 8.0 GeV

D
Public tools (NLO QCD accuracy): 2.0 < Yy < 4.5
HVQMNR (Mangano,Nason,Ridolfi) - Fixed-Order

FONLL (Cacciari, et al.) - Fixed-Order + O (a2 (aslog [pr/mg])")
NLO+PS - POWHEG (Frixione,Nason,Ridolfi), MC@NLO (Frixione, Nason, Webber),
HERWIG, SHERPA, aMC@NLO

Fixed-Order calculations:
1) nf = 3 (Charm massive), Input PDFs nf = 3 and corresponding PDF alphas running

2) quark mass = pole mass - Generally converted from accurate MSbar extractions

mP°® = 1.54+ 0.2 GeV

Alternatively:
1) Use nf =4, nf =5 VFNS Input PDFs and corresponding PDF alphas running

—_ ;0 21ras (:UR) T, ﬁ . (0) 2T ras (MR) -ﬁ_
5043 — 045 3 08 ng )PDF = ‘|‘(7 3 Log mg@
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Theoretical description

What I'll show:
a) Fixed-Order predictions (using FONLL framework, thanks to Matteo Cacciari)

b) POWHEG+Pythia8 (** Monash Tune, turning off nf=4,5 splittings in shower **)

Input PDF set: NNPDF3.0 NLO as(mz) = 0.118 VFNS (100/1000 replica set)

Fragmentation fractions: taken from LHCb measurement arXiv:1302.2864
flc—= D*¥)=0246, f(c— D% =0.565, f(c— Dy)=0.080, f(c— D*)=0.224

Scale uncertainties:

Hcen. =— \/mg = p’% 9 Halt. — \/4mg T p’%

Factorisation and Renormalisation scales varied independently by factor of two
Observables:

2 D d?o? / d*c2, d*ot) / d*o?
dprdy/ dprdy dprdy/ dprdy
dpr dy . .
Normalised 7 TeV Ratio 13/7 TeV
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Theoretical description

d20'D

dpr dy

d?ol / d’c2,
dpr dy/ dprdy
Normalised 7 TeV

d*ob) / d*o?
dpr dy / dpr dy
Ratio 13/7 TeV
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Subject to strong scale uncertainties:

as(Q = 1.275GeV) ~ 0.37

Logarithmic dependence on
regularisation scale partially cancels
(provided bin kinematics are similar)

PDF cancellation less severe!

Logarithmic dependence on
regularisation scale cancels
(independent of beam energy)

see discussion: 1206.3557 1507.06197

m _ _
331,(2) — \/_g (6( )Y3 + 6( )3/4)
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Analysis with 7 TeV data
PROSA Collaboration - arXiv:1503.04581
RG, Rojo, Rottoli, Talbert - arXiv:1506.08025

LHCDb ¢ data - arXiv:1302.2864
LHCDb b data - arXiv:1306.3663
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https://arxiv.org/abs/1503.04581
http://arxiv.org/abs/1506.08025

7/ TeV data and PDF reweighting
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Gluon PDF extraction

PROSA results:
* HERA+LHCb Data PDF fit g | Q%= 10 GeV?
* FFS, NF=3 2 L CRoSArRNS HERA.LHCS
e Normalise to ‘middle’ 2 40 b T NNPDF3.0 + LHCb FFNS (Nf=3)
rapidity bin for each pT S °
 HERAfitter framework S 20

e Also LHCb B data

GRRT results: oY I
e NNPDF3.0 Global fit
® input setis VFNS

e Normalise to max pT / min
rapidity bin

relative uncertainty
o

¢ Bayesian Reweighting
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The NNPDF3.0 Reweighting

1) Normalise LHCDb differential charm data to high-pt, low-y bin
2) Reweighted the 100 replicas based on compatibility with LHCb data

XQ/Ndat (DO + D+ + hC) — 56/75 (After reweighting)
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Analysis with 13 TeV data
preliminary results

LHCb ¢ data - arXiv:1510.01707
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Ratio data

Motivation: Logarithmic dependence on regularisation scale cancels
(independent of beam energy) — see discussion Cacciari et al. 1507.06197

LHCb 13/7 DO data

13/7 TeV Ratio data
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PDF dependence also cancels in the ratio...

pr(D) > 1 GeV (Q? > 3.25 GeV?)
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Ratio data

Motivation: Logarithmic dependence on regularisation scale cancels
(independent of beam energy) — see discussion Cacciari et al. 1507.06197

PDF central value Relative uncertainty
Reweighting with D%+c.c. and D*+c.c. data Reweighting with D°+c.c. and D*+c.c. data
g 40 T T T T T T 3p T T T T T T T
% 35 - NNPDF3.0 (100 set) % E ----- NNPDF3.0 xg 1oCL E
25 . =
2 30 - Ratio 13/7 (p_>1 GeV) (3 E Ratio 13/7 (p > 1 GeV) E
[l o I 2 — — Normalised 7 TeV ~
Al — — Normalised 7 TeV C\b K 7]
q 20 -~ 15F —
X X -
9 15 Q) n .
% S 1 _—\\\ =
10 - ~ .
5 05F 3
107° 107 107 107 107° 107 107 107
X X
Bin-by-bin correlations 2 /N _ 59/66
extremely important at low-pt X dat —

Ratio data (although theoretically clean) not as constraining. Results consistent.
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Ratio to LHCb data

Normalised cross-section data

Must choose bin normalisation and kinematic region carefully
Strategy: normalise to low-y high-pt bin, limitto 4 < pr(D) <8 GeV

LHCb 13 DO data LHCb 13 D+ data

Normalised cross section at 13 TeV

Normalised cross section at 13 TeV

i % o' T AT T T T T ] o 257 L S S S B B S B
E —®— LHCb D" Data - "C_U' -~ —e— LHCb D* Data

2 - B 25 Uncer Bl T g 2 :— —— scale/mass uncertainty —:
E —— PDF uncertainty % t %:) ~ —e— PDF uncertainty

1.5 — ] -l 15 [ —

- 4}*{%}*4@ i . o X *C} '1“%%%%%% _
o % ’ - o i 1 1 *(}} *%} 1 y

1 X ¢ o —

O 8 b R -
05F - - -
- [2.0-25] [25-3.0] [3.0-35] [3.5-4.0] [4.0-4.5] 0.5 - [2.0-2.5] [2.5-3.0] [3.0-3.5] [3.5-4.0] [4.0-4.5]
oL L s mer S . 0 ; A R T RS S SR R B

Data Index Data Index

In total, Total of 71 data points (38@13 TeV, 33@7TeV)
Generally: data prefers smaller cross section at high rapidity
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Ratio to LHCb data

Normalised cross-section data

Must choose bin normalisation and kinematic region carefully
Strategy: normalise to low-y high-pt bin, limitto 4 < pr(D) <8 GeV

[3.5-4.0] [4.0-4.5]

i

R
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15 B ] — 1 5 [
- e &%
- & o : *+
1 - NO) ) — - —
A LR R R IR SN iy
- o B
05 ] o sl
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ol T Trend:
0 5 . . . A
Experimental data on low side at high rapidity

Data Index

In total, Total of 71 data points (38@13 TeV, 33@7TeV)
Generally: data prefers smaller cross section at high rapidity
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=4 GeV?)

xg(x,Q°

Depleted gluon

Resulting gluon (PRELIMINARY)

Must choose bin normalisation and kinematic region carefully
Strategy: normalise to low-y high-pt bin, limitto 4 < pr(D) <8 GeV

PDF central value

Reweighting with D%+c.c. and D*+c.c. data
L] I L] L] L] L] LILELILI I L] L] L] L] LI B I
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- Ratio 13/7 (p_>1 GeV)
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Reweighting with D%+c.c. and D*+c.c. data
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In total, Total of 71 data points (38@13 TeV, 33@7TeV)

Generally: data prefers smaller cross section at high rapidity

Hence: depleting gluon PDF at low-x
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Summary

e Normalised 7 TeV Charm (and Bottom*) data
* PROSA results* and reweighted NNPDF results consistent (slide 21)
% Large reduction in gluon PDF uncertainty found (slide 22)

e 13/7 TeV Ratio Charm data (slide 24-25)
% Good description of data found after including bin-correlations
% Resultant gluon PDF consistent with 7 TeV analysis
% PDF constraining power not as good (consider double ratio - 1507.06197)

e Normalised 13 TeV Charm data (slide 26-27) - PRELIMINARY

% Preliminary analysis without bin-correlations...

% Data prefers relatively small cross-section at high rapidity
% Resultant gluon PDF smaller at low-x
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Consistency with DIS measurements?

NNPDF 3.0 nlo, o (M,) =0.118, FONLL-B

FL for specific x,Q"2 points

NC Reduced cross-section
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gPDF Correlations

Correlation between inclusive LHCb ratio and gluon PDF

!

m.=1.5 GeV,u=\/m§+p$

Y T m.=1.3GeV,u= \/mg +pZ

; mC=1.7GeV,pL=\/m§+p$

}III|III|III|III|III

-0.2

—IllIIIIIIlIIIlIIIlIIl[III—

10° 10”0 10* 100 107 107" 1
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Gluon PDF correlation with inclusive

LHCb 13/7 Charm ratio measurement
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40x40 Correlation matrices for R13/7
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LHCb Dp data LHCb DO data
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Ratio to LHCb data

1.5

Useful

Increase in ‘beam-drag’ effects in hadronisation

R

lots

‘beam-drag’ effects in hadronisation
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Ratio to LHCb data

Useful plots

Normalised cross section at 13 TeV
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