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• Drell Yan lepton pair production in pp

• W production in pp

• Drell Yan lepton pair production in pA

• The large-x gluon at AFTER in pA

• The large-x gluon at AFTER in pp
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Drell Yan lepton pair production in pp

Wednesday 21 June 17



DRAFT. Please Do Not Redistribute. DRAFT.

a. Kinematic coverage of lepton pair production As is well-known, at leading order the cross section for Drell-Yan385

(DY) lepton pair production is given by the following expression:386
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where ei is the electric charge of the quark (in units of e) and the sum runs over all active quark flavors. Therefore, it387

is clear that this process provides information on the (light) quark sea. Existing Drell-Yan data which are used in global388

analyses come from fixed target experiments at Fermilab (E866/Nusea, E605) and the LHC.389

Experimentally, the cross section is usually given as a function of the invariant mass of the lepton pair M (at leading390

order M2 = x1x2S ) and Feynman xF = x1 � x2 from which the momentum fractions x1,2 can be recovered using the391

relation x1,2 = (
q

x2
F + 4⌧ ± xF)/2 where ⌧ = M2/S .392

In Fig. 6 the kinematical reach for DY lepton pair production is shown assuming pp collisions at a cms-energy of393

p
s = 115 GeV with an integrated luminosity of 10 fb�1 and an acceptance of 2 < ⌘µ < 5 and pT,µ > 1.2 GeV. It should394

be noted that each cell contains at least 30 events. For comparison, the kinematic coverage of existing DY data (E605,395

E866/Nusea) used in global proton PDF analyses is depicted.3 The Nusea data have been obtained in 800 GeV pp and396

pd collisions (
p

S = 38.8 GeV) covering the di-muon mass ranges from 4.2 to 8.7 GeV and 10.85 to 16.85 GeV and the397

Feynman-xF range from -0.05 to 0.8. (IJS: check sign of x

F

!) As can be seen, AFTER@LHC will be able to extend398

the coverage up to even larger x-values close to one. Furthermore, while the Nusea data are dominated by statistical399

uncertainties reaching 100% at the kinematic boundaries, AFTER@LHC will considerably improve the precision due to400

the higher center-of-mass energy and the high luminosity. Question (by IJS): Can’t we go higher in M than Nusea?401
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FIG. 6 Kinematical reach for DY pair production at AFTER@LHC in pp collisions at
p

s = 115 GeV with an
acceptance of 2 < ⌘µ < 5 and pT,µ > 1.2 GeV compared to the existing DY data [74, 75, 76, 77] used in current
global PDF fits. (Each cell contain at least 30 events). (For the data points both x are plotted. Change the label
x2 to x.)

The DY measurements at AFTER@LHC provide important tests of nucleon structure. In the limit xF ! �1 and402

3 We are grateful to V. Bertone from the NNPDF collaboration for providing us the points.

18

Kinematical plan of DY at AFTER

AFTER:
• Extend kinematic plane to very large x (and smaller x, M > 10 GeV)
• Much higher statistics  in the region covered by NuSea (E866)
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• Large-x behaviour: x fi(x,Q0) ~ (1-x)^bi

• Counting rule expectations: b_uv = b_dv = 3

• Currently only b_uv relatively well constrained

2.6 < b_uv < 3.4 

• Down valence quark less well known

1.4 < b_dv < 4.6 

• Exponents for the sea quarks and the gluon very 
poorly known

Hadron structure at large x

Ball, Nocera, Rojo, arXiv:1604.00024
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Hadron structure at large xPDFs at large x 

!  Testing ground for hadron structure at x #1:  
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J. Qiu, NNPSS lecture 2016

Hadron structure at large x
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moderate or small invariant masses M, we have x1 ' M2/(S |xF |), x2 & |xF |. For example, for xF = �0.8, M = 10403

(M = 15) GeV we have x2 ' 0.8 and x1 ' 0.01 (x1 ' 0.02). In this kinematic region the ratio of the DY cross section in pn404

collisions with the one in pp collisions is approximately given by (leading order, ū(x2), d̄(x2), s(x2), s̄(x2) ⌧ uv(x2), dv(x2),405

neglecting Z-exchange):406

R =
�DY(pn)
�DY(pp)

' 4ū(x1)d(x2) + d̄(x1)u(x2)
4ū(x1)u(x2) + d̄(x1)d(x2)

' 4d(x2) + u(x2)
4u(x2) + d(x2)

=
1 + 4rv

4 + rv
(3)

where d̄(x1) ' ū(x1) has been used to arrive at the third equality and rv = d(x2)/u(x2) ' dv(x2)/uv(x2). The PDFs vanish407

for x! 1 and generally, the large x behavior of the PDFs at the initial scale Q0 is parameterized as x fi(x,Q0) / (1 � x)bi408

where bi depends on the parton flavor ’i’. Currently, only buv is relatively well constrained with values in the range409

2.6 . buv . 3.6 which is in agreement with the expectation from counting rules [78] (buv = bdv = 3), whereas bdv is less410

well known and varies strongly between 1.4 and 4.6 for di↵erent sets of PDFs, see Figs. 2 and 5 in [79]. Furthermore,411

the exponents for the gluon and the quark sea are very poorly known. Therefore, rv can vanish, approach a finite value412

k, or diverge in the limit x ! 1 (see Fig. 8 in [79]). Consequently, we find in the limit x2 ! 1 that a measurement of R413

could constrain rv and provide important tests of di↵erent models of nucleon structure. Note also the bounds 1/4  R  4414

which are the same as the famous bounds for the ratio of deep inelastic structure functions, 1/4  Fn
2/F

p
2  4, derived by415

Nachtmann [80]. Experimentally, it is the ratio of cross sections in pd over pp collisions which is accessible:416

Rd/p(x2) =
�DY(pd)
�DY(pp)

= 1 +
�DY(pn)
�DY(pp)

' 5
1 + rv(x2)
4 + rv(x2)

. (4)

Consequently, we find in the limit x2 ! 1

Rd/p !

8>>>>>>>>><
>>>>>>>>>:

2 ; rv = 1

2.5 ; rv = 0

5 ; rv ! 1

, (5)

and a su�ciently precise measurement of the ratio will allow to determine rv(x) = d(x)/u(x) at large x. Of course, in417

practice, a full fledged QCD analysis at NLO or NNLO of the data will be performed.418

b. Drell-Yan pair production and PDFs In order to estimate the possible impact of the Drell-Yan lepton pair produc-419

tion in pp collisions at AFTER@LHC on the PDFs we perform a profiling analysis [81] using the xFitter package [82].420

For this purpose we use pseudo-data constructed out of predictions for the rapdity distributions using MCFM [? ] and pro-421

jected experimental uncertainties (I guess it is described somewhere. Refer to that section). The pseudo-data have been422

generated for several bins in the invariant mass of the muon pair (Mµµ 2 [4, 5], [5, 6], [6, 7], [7, 8] GeV and Mµµ > 10.5423

GeV) and have been constructed such that the central values of the “measurements” and predictions coincide. This is424

illustrated in Fig. 7 for the invariant mass bin 4 < Mµµ < 5 GeV. In some cases the uncertainties are smaller than the data425

19

A simple ratio in the limit xF → -1

• For example: 

xF = -0.8, M = 10 GeV gives x2 = 0.8, x1 = 0.01
xF = -0.8, M = 15 GeV gives x2 = 0.8, x1 = 0.02

•  In this limit with rv = d(x2)/u(x2) 

• Amusing to note: 1/4 < R < 4 

similar to the famous Nachtmann ratio for DIS 
structure functions 1/4 < F2n / F2p < 4
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DY pseudo data compared to NLO theory

• Pseudo-data for the rapidity 
distributions using MCFM and 
projected experimental uncertainties 
(provided by Barbara)

• Need more information how 
experimental uncertainties have been 
obtained (stat? sys? bgd?) 

• Add description in EoI

• In the figure, the experimental errors 
are barely visible

• Performed reweighting analysis using 
the XFitter package
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FIG. 8 Impact of the Drell-Yan lepton pair production in pp collisions at
p

s = 115 GeV on the PDF uncer-
tainties. Plotted are the u, d, ū and d̄ PDFs from CT14 as a function of x at a scale Q = 1.3 GeV before and
after including AFTER@LHC pseudo-data in the global analysis using the profiling method.

FIG. 9 Same as in Fig. 8 on a linear scale highlighting the large x region.

over the rapidity range 2 < ⌘` < 5 and imposing a cut p`T > 10 GeV on the transverse momentum on the W-decay lepton444

using FEWZ [98]. For convenience, the cross sections at NLO and NNLO along with the event numbers and the PDF445

uncertainties are summarized in Tab. I for a selection of p`T cuts.446

In Fig. 10, we show NNLO predictions for the di↵erential cross section for W+ production in pp collisions at AF-447

TER@LHC as a function of the transverse mass MT for the case of a cut p`T > 10 GeV (left) and the transverse momentum448

p`T of the produced lepton (right). The yellow band represents the PDF uncertainty and the error bars represent the uncer-449

tainty due to renormalization/factorization scale variation by a factor 2 up and down. As can be seen, the PDF uncertainty450

dominates over the scale uncertainty for MT > 20 GeV. It is also interesting to note that the MT distributions peaks at451

pp W+ W�
NLO NNLO Counts/year NLO NNLO Counts/year

pl
T > 10 GeV 22.5+4.8

�4.3 25.9+4.8
�5.0 259 ± 49 5.5+1.3

�1.3 6.2+1.1
�1.4 62 ± 13

pl
T > 20 GeV 1.9+1.2

�0.7 2.3+1.3
�1.1 23 ± 12 0.38+0.29

�0.20 0.50+0.25
�0.25 5 ± 2.5

pl
T > 30 GeV 0.28+0.91

�0.27 0.27+0.72
�0.24 2.7 ± 4.8 0.035+0.091

�0.039 0.04+0.09
�0.04 0.4 ± 0.7

TABLE I Cross section at NLO and NNLO integrated over the rapidity range 2 < ⌘µ < 5 and imposing a cut
pµT > 10 GeV in [fb]. The results have been obtained for pp collisions at

p
s = 115 GeV with FEWZ [98] using

the CT14 PDFs [99]. The asymmetric uncertainties have been calculated using the error PDFs. The expected
number of events has been obtained with a yearly luminosity of 10 fb�1.

21

DRAFT. Please Do Not Redistribute. DRAFT.

FIG. 8 Impact of the Drell-Yan lepton pair production in pp collisions at
p

s = 115 GeV on the PDF uncer-
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Impact of DY pp data on proton PDFs

FOM
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• Results of the reweighting analysis in pp look very 
promising

• Potential to reduce PDF uncertainty of light quarks at 
small/medium x and high x

• ToDo:

• Refining discussion of large-x hadron structure 
models; add references

• Discussion of projected experimental uncertainties 

• Include nuclear corrections for deuteron?

Questions/Outlook/ToDo
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W production
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• W production close to threshold never 
been measured

Proxy for heavy resonance searches at the 
LHC

• Potential to provides constraints on light 
quark sea and the valence quarks
(flavor separation)

Motivation
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tainties. Plotted are the u, d, ū and d̄ PDFs from CT14 as a function of x at a scale Q = 1.3 GeV before and
after including AFTER@LHC pseudo-data in the global analysis using the profiling method.

FIG. 9 Same as in Fig. 8 on a linear scale highlighting the large x region.

over the rapidity range 2 < ⌘` < 5 and imposing a cut p`T > 10 GeV on the transverse momentum on the W-decay lepton444

using FEWZ [98]. For convenience, the cross sections at NLO and NNLO along with the event numbers and the PDF445

uncertainties are summarized in Tab. I for a selection of p`T cuts.446

In Fig. 10, we show NNLO predictions for the di↵erential cross section for W+ production in pp collisions at AF-447

TER@LHC as a function of the transverse mass MT for the case of a cut p`T > 10 GeV (left) and the transverse momentum448

p`T of the produced lepton (right). The yellow band represents the PDF uncertainty and the error bars represent the uncer-449

tainty due to renormalization/factorization scale variation by a factor 2 up and down. As can be seen, the PDF uncertainty450

dominates over the scale uncertainty for MT > 20 GeV. It is also interesting to note that the MT distributions peaks at451

pp W+ W�
NLO NNLO Counts/year NLO NNLO Counts/year

pl
T > 10 GeV 22.5+4.8

�4.3 25.9+4.8
�5.0 259 ± 49 5.5+1.3

�1.3 6.2+1.1
�1.4 62 ± 13

pl
T > 20 GeV 1.9+1.2

�0.7 2.3+1.3
�1.1 23 ± 12 0.38+0.29

�0.20 0.50+0.25
�0.25 5 ± 2.5

pl
T > 30 GeV 0.28+0.91

�0.27 0.27+0.72
�0.24 2.7 ± 4.8 0.035+0.091

�0.039 0.04+0.09
�0.04 0.4 ± 0.7

TABLE I Cross section at NLO and NNLO integrated over the rapidity range 2 < ⌘µ < 5 and imposing a cut
pµT > 10 GeV in [fb]. The results have been obtained for pp collisions at

p
s = 115 GeV with FEWZ [98] using

the CT14 PDFs [99]. The asymmetric uncertainties have been calculated using the error PDFs. The expected
number of events has been obtained with a yearly luminosity of 10 fb�1.

21

Predictions for W-boson production at AFTER

DRAFT. Please Do Not Redistribute. DRAFT.

MT ⇠ 25 GeV far below MW .452

FIG. 10 NNLO Cross section in [pb/GeV] for W+ production in pp collisions at AFTER@LHC as a function
of a) the transverse mass MT and b) the transverse momentum p`T of the produced lepton. The cross section
has been obtained by integrating over the rapidity range 2 < ⌘` < 5 (in the laboratory frame) using FEWZ [98].
For the MT -distribution (left) a cut p`T > 10 GeV has been imposed. The yellow bands represents the PDF
uncertainty and the error bars represent the uncertainty due to renormalization/factorization scale variation by
a factor 2 up and down.

In the following, we illustrate that even a rough measurement of the W cross section at AFTER can provide interesting453

information on the large x behavior of the light sea quarks. The leading order cross section for W boson production reads454

d�
dy
=

2⇡
3

GFp
2

X

i, j

|Vi j|2
h
qA

i (x1)q̄B
j (x2) + q̄A

j (x1)qB
i (x2)

i
, (7)

where the momentum fractions x1,2 are related to the (cms) rapidity of the W-boson in the usual way, x1,2 = (MW/
p

S )e±y.

Assuming a diagonal CKM matrix and neglecting the contribution from the sc-channel one can easily derive the following

ratio of cross sections:

RW =

d�
dy (pn! W+ +W�) � d�

dy (pp! W+ +W�)
d�
dy (pn! W+ +W�) + d�

dy (pp! W+ +W�)
= 1 � 2

d�
dy (pp! W+ +W�)
d�
dy (pd ! W+ +W�)

=
[u(x1) � d(x1)][ū(x2) � d̄(x2)] + [ū(x1) � d̄(x1)][u(x2) � d(x2)]
[u(x1) + d(x1)][ū(x2) + d̄(x2)] + [ū(x1) + d̄(x1)][u(x2) + d(x2)]

. (8)

At central rapidity, x1 = x2 = x, the ratio reduces to the remarkably simple expression 7455

RW (y = 0) =
(1 � rv)(1 � rs)
(1 + rv)(1 + rs)

(9)

where rv(x) = d(x)/u(x) and rs(x) = d̄(x)/ū(x) at x ⇠ 0.3. Therefore, even a rough measurement of this ratio with about456

7 At central rapidity in the cms, y = 0, one has x1 = x2 = MW/
p

S . However, as shown in Fig. 10, most W bosons are
produced o↵-shell. In that case one can e↵ectively replace x1 = x2 ⇠ M⇤/

p
S with M⇤ ⇠ 35 GeV.

22

Wednesday 21 June 17



A simple ratio in the limit of large x1, x2

• W-production at AFTER is close to the threshold
(In fact, it’s dominated by off-shell W bosons)

•  Both, x1 and x2 are large. In this limit:

• At  y*=0, x1=x2 on has access to rs= dbar(x)/ubar(x)
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• Would be good to add up the event 
numbers for the electron and the muon 
channel weighted by the detection 
efficiencies!

• Do estimate the uncertainty on Rw 

(a quick estimate gave a 30% relative uncertainty for R which would 

constrain the large-x sea)

• A reweighting analysis would be interesting

• Consider the effect of Fermi motion?

Questions/Outlook/ToDo
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Drell Yan lepton pair production in pA
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FIG. 13 Kinematical reach for DY pair production at AFTER@LHC for pXe collisions with an acceptance of
2 < ⌘µ < 5 and pT,µ > 1.2 GeV compared to existing DY data [109, 110] used in global PDF fits. (Each cell
contains at least 30 events).

measured it p-H collisions (talk slide in /references/Astroparticle)536

[Pasted Text (by JPL) (from Punchline on Googledocs) : High xF and astrophysics

Plots:

1. D cross section vs xF

2. neutrino flux with denoted contribution from charm and its uncertainty

3. proton PDF and nuclear PDF to show larger uncertainty at high xF

4. Q2 vs x diagram with marked regions where AFTER could contribute

(also remember ultra-peripheral collisions)
]

537

538

539
[Pasted Text (by JPL) (from Punchline on Googledocs) : Probes:
-isolated gammas from Compton type (gluon PDF) and q-qbar annihilation (anti-quark PDF) processes
-heavy flavor production
-di↵erent types of quarkonia (J/psi,  0, �c, ⌘c) to consider di↵erent formation processes of final state mesons
-double quarkonia, same-sign D and B meson production as a probe for intrinsic charm and bottom in the
nucleon ]

540

541

542
[Pasted Text (by JPL) (from Punchline on Googledocs) :
Tools:
- perform analysis to translate the (mass, pT, rapidity, luminosity) information from the di↵erent measurements
into the x, Q2 parton (gluon, anti-quark and intrinsic heavy quark) densities including expected uncertainties
before and after AFTER data. ]

543

26

Kinematical plan of DY in p-Xe

AFTER:
• Spectacular potential to improve the current state-of-the-art
• Different targets can be used (here Xe)
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(a) u PDF (b) d PDF

(c) ū PDF (d) d̄ PDF

FIG. 14 nCTEQ15 NPDFs before and after the reweighting using RDY
pW and RDY

pXe AFTER@LHC pseudo-data.

Intrinsic charm has an impact on the spectrum of neutrinos which are produced from charm hadron decay when544

cosmic ray protons interact and produce charm hadrons in the atmosphere. In the g ! cc̄ picture, the charm hadron545

comes dominantly from a proton at much higher energy due to its steeply falling d�/dx distribution. In contrast, intrinsic546

charm is very e�cient in using the proton energy. This is important since the incoming proton spectrum falls rapidly with547
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(a) u PDF (b) d PDF

(c) ū PDF (d) d̄ PDF

FIG. 14 nCTEQ15 NPDFs before and after the reweighting using RDY
pW and RDY

pXe AFTER@LHC pseudo-data.
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FOM: Figures to be polished

Impact of DY pA data on nCTEQ15 NPDFs
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• FOM to be polished

• Repeat reweighting analysis with EPPS’16 
would be interesting

Questions/Outlook/ToDo
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The large-x gluon at AFTER in pA
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FIG. 15 Projection of the statistical uncertainties for (a) non-prompt J/ and (b) ⌥ compared to typical nuclear
PDF set uncertainties TODO (by JPL): Same plot with nCTEQ; maybe do something to see some uncertainties on the non-prompt J/ plot

(reduce the lumi ?)... .

(a) weighted charm spectrum as a function of xF

physics-high-x/x_Q2.pdf

(b) x and Q2 plane

FIG. 16 (a) Remark (by JPL): The Sybill plot is with the old version. We need to check what to do with F. Riehn . (b) Remark (by JPL): Cynthia

said she will look into this. Yet, others can think about it as well

the interpretation of the astrophysical neutrino spectrum. It is thus essential to have definitive measurements of the charm551

hadroproduction criss sections.552

3. Astrophysics553

Remark (by JPL): We should probably take some inspiration of the plan to measure antiproton with pHe with SMOG. Could be upgraded to554

measured it p-H collisions (talk slide in /references/Astroparticle)555
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RpA for non-prompt J/Psi and Y

• Projected statistical uncertainties after subtracting 
the bgd compared to typical nPDF uncertainties

• Next step: reweighting analysis on pseudo data

Massacrier,Trecziak et al
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Reweighting analysis using LHC5 data
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Reweighting analysis using LHC5 data
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• This is work in progress but looks promising

• Currently doing a reweighting analysis with D-meson 
and J/Psi data in pPb collisions at LHC5 (LHCb, 
ALICE, ...)

This constrains the gluon at small-x!

• Will use the same procedure with AFTER pseudo 
data for pA. 

Need to validate this method for the AFTER 
kinematics (large-x! how important is the gg-channel?)

Questions/Outlook/ToDo

Wednesday 21 June 17



The large-x gluon at AFTER in pp
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PROSA study 

• NLO QCD analysis of impact of data for heavy quark 
production in ep and pp collisions on PDFs 

• Theory for heavy quark production in ep, pp: FFNS at NLO

• Data:

• HERA: Inclusive DIS cross sections in ep

• HERA: Heavy flavour production cross sections in ep

• LHCb: Differential cross sections for c (D0, D+, D*+, Ds+, Λc) 
and b (B+, B0, Bs0) production in pp at LHC7 

• Result: 
LHCb data impose constraints on low-x gluon and quark sea 

O. Zenaiev et al, EPJC75(2015)396

Wednesday 21 June 17



2 2.5 3 3.5 4 4.5

b/
G

eV
]

µ [ T
/d

p
σd

20

40

60

80

100
 < 3.0 GeV

T
2.0 < p

y2 2.5 3 3.5 4 4.5

R
at

io

0.5
1

1.5
2

2 2.5 3 3.5 4 4.5

b/
G

eV
]

µ [ T
/d

p
σd

5

10

15

20
 < 5.0 GeV

T
4.0 < p

y2 2.5 3 3.5 4 4.5

R
at

io

0.5
1

1.5
2

2 2.5 3 3.5 4 4.5

b/
G

eV
]

µ [ T
/d

p
σd

0.5

1

1.5

2

2.5
 < 8.0 GeV

T
7.0 < p

y2 2.5 3 3.5 4 4.5

R
at

io

0.5
1

1.5
2

2 2.5 3 3.5 4 4.5

0
/d

y
σ

(d
/d

y)
σ

(d

0.5

1

1.5

2
 < 3.0 GeV

T
2.0 < p

y2 2.5 3 3.5 4 4.5

R
at

io

0.9
0.95

1
1.05

2 2.5 3 3.5 4 4.5

0
/d

y
σ

(d
/d

y)
σ

(d

0.5

1

1.5

2
 < 5.0 GeV

T
4.0 < p

y2 2.5 3 3.5 4 4.5

R
at

io

0.9
0.95

1
1.05

2 2.5 3 3.5 4 4.5

0
/d

y
σ

(d
/d

y)
σ

(d

0.5

1

1.5

2
 < 8.0 GeV

T
7.0 < p

y2 2.5 3 3.5 4 4.5

R
at

io

0.9
0.95

1
1.05

0 D→pp 
PROSA

)
0
µ=

f
µ=rµcentral (  2.0× 

f
µ  0.5× 

f
µ  2.0× rµ  0.5× rµ

Figure 6: NLO QCD predictions for charm LHCb data with different scale choices for absolute
(top) and normalised (bottom) cross sections. Lower inlets indicate the ratio of predictions to the
central scale choice. The predictions are obtained by using the FFNS variant of MSTW 2008
PDFs [44] with Nf = 3; the charm mass is set to mc = 1.5 GeV.

14

NLO QCD predictions for charm LHCb data

• Central scale μ0 = mT 

• Large scale uncertainties! 

• Mostly change the normalization, shape less affected
Wednesday 21 June 17



NLO QCD predictions for charm LHCb data
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Figure 6: NLO QCD predictions for charm LHCb data with different scale choices for absolute
(top) and normalised (bottom) cross sections. Lower inlets indicate the ratio of predictions to the
central scale choice. The predictions are obtained by using the FFNS variant of MSTW 2008
PDFs [44] with Nf = 3; the charm mass is set to mc = 1.5 GeV.
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• Normalized cross sections w.r.t. dσ/dy in the bin 3<y<3.5

• Very small scale uncertainties now!

• Shape remains sensitive to gluon
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Results for the gluon and the sea

• The uncertainties on the gluon and the sea are significantly 
reduced using LHCb data

• In the normalised case by a factor 3 at x~5x10-6
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Figure 4: The gluon (top left), the sea-quark (top right), the u-valence quark (bottom left) and the
d-valence quark (bottom right) distributions represented at µ2f = 10 GeV2, as obtained in the QCD
analysis of the HERA only data (light shaded band) and HERA and LHCb measurements and their
relevant uncertainties. The sea-quark distribution is defined as Σ= 2 ·(ū+ d̄+ s̄). The results of the
fit using absolute or normalised LHCb measurements are shown by different hatches. The widths
of the bands represent the total uncertainties.

10

0

20

40

60

0

20

40

60

PROSA NLO FFNS fit

µf
2 = 10 GeV2

HERA DIS
HERA DIS + LHCb abs
HERA DIS + LHCb norm

x 
• g

x

δg
/g

-1

0

1

2

10 -6 10 -5 10 -4 10 -3 10 -2 10 -1 1

-1

0

1

2

10 -6 10 -5 10 -4 10 -3 10 -2 10 -1 1

0

5

10

15

20

0

5

10

15

20
PROSA NLO FFNS fit

µf
2 = 10 GeV2

HERA DIS
HERA DIS + LHCb abs
HERA DIS + LHCb norm

x 
• Σ

x

δΣ
/Σ

-1

0

1

10 -6 10 -5 10 -4 10 -3 10 -2 10 -1 1
-1

0

1

10 -6 10 -5 10 -4 10 -3 10 -2 10 -1 1

0

0.2

0.4

0.6

0

0.2

0.4

0.6

PROSA NLO FFNS fit

µf
2 = 10 GeV2

HERA DIS
HERA DIS + LHCb abs
HERA DIS + LHCb norm

x 
• u

v

x

δu
v/u

v

-1

0

1

10 -6 10 -5 10 -4 10 -3 10 -2 10 -1 1
-1

0

1

10 -6 10 -5 10 -4 10 -3 10 -2 10 -1 1

0

0.1

0.2

0.3

0.4

0.5

0

0.1

0.2

0.3

0.4

0.5
PROSA NLO FFNS fit

µf
2 = 10 GeV2

HERA DIS
HERA DIS + LHCb abs
HERA DIS + LHCb norm

x 
• d

v

x

δd
v/d

v

-1

0

1

10 -6 10 -5 10 -4 10 -3 10 -2 10 -1 1
-1

0

1

10 -6 10 -5 10 -4 10 -3 10 -2 10 -1 1

Figure 4: The gluon (top left), the sea-quark (top right), the u-valence quark (bottom left) and the
d-valence quark (bottom right) distributions represented at µ2f = 10 GeV2, as obtained in the QCD
analysis of the HERA only data (light shaded band) and HERA and LHCb measurements and their
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fit using absolute or normalised LHCb measurements are shown by different hatches. The widths
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• Work to be done!

• The differential cross sections have very large 
scale uncertainties 

• Use normalized cross sections (as in PROSA)
Ry = (dσpPb/dy)/(dσpPb/dy(y0))

• Directly sensitive to nuclear gluon and sea PDF

• Advantage: a lot of experimental systematics 
cancel

Questions/Outlook/ToDo
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• Need careful comparison with state-of-the-
art extractions of the large-x gluon using
t-tbar data to see whether AFTER can have 
an impact!

Questions/Outlook/ToDo
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Thank you
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points and therefore not visible. 4 As can be seen, the band showing the uncertainty of the theory prediction due to the426

CT14 error PDFs is much larger than errors of the simulated data.427

FIG. 7 Drell-Yan lepton pair production cross-section in pp collisions as a function of the muon pair rapidity in
bins of the invariant mass. The NLO theory predictions obtained using CT14 PDFs are overlaid by pseudo-data.

The e↵ect of the profiling analysis, showing the decrease of the PDF uncertainties after including these data in a PDF428

global fit, is presented in Figs. 8 (logartihmic in x) and 9 (linear in x) for the light quark ( f = u, d, ū, d̄) distributions. To429

be precise, for each of these PDFs the upper and lower curves delimiting the bands are defined as430

Rf (x,Q) = 1 ± 1
2 f0(x,Q)

sX

i

[ fi+(x,Q) � fi�(x,Q)]2 , (6)

where f0(x,Q) is the central PDF and fi±(x,Q) are the ’i-th’ error PDF in the plus or minus direction and a sum over431

all eigenvector directions is performed. Remarkably, Figs. 8 shows a sizable reduction of the PDF uncertainties in the432

intermediate and small x region (x ⇠ 0.1 . . . 10�4). The e↵ect is largest for the u and ū distributions but it is also substantial433

for the d and d̄ PDFs. The main focus of this section is the large-x region which is highlighted in Fig. 9. Here it can be434

seen that our knowledge of the valence quark distributions can be considerably improved for x & 0.4 where the e↵ect435

is again more pronounced for the up quark. However, even some information on the light quark sea at large x can be436

obtained.437438439

c. W boson production close to the threshold Due to the high center-of-mass energy of 115 GeV it is possible to440

study the production of W bosons close to the production threshold.5441

Assuming a yearly integrated luminosity of 10 fb�1 we expect roughly 250 W+ and 60 W� events before taking into442

account the experimental e�ciencies. 6 These event numbers are based on NNLO cross sections calculated by integrating443

4 Note that the covered rapidity range in the center-of-mass system is from �2.8 < y < 0.2 such that there are no
generated data at rapidities y > 0.2.

5 Note that the cross section for Z boson production is too low to be accessible at AFTER@LHC.
6 These numbers are for one leptonic decay channel. In a more realistic estimate it will be necessary to sum up the

electron and muon channels taking into account the di↵erent e�ciencies.
20
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