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Outline

Effect of latest ATLAS inclusive jet (7 TeV,37 pb−1) data on MSTW

Calculation of D0 & ATLAS dijet cross section

Treatment of errors

Effect of scale variations

Comparison of scale choices
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Inclusive Jets

Inclusive jet calculation performed using published APPLgrid grids, convoluted
with MSTW PDFs.
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shifts.
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χ2 Definition

χ2 =

NptsX
i=1

 
Di −

PNcorr
k=1 rkσcorr

k,i − Ti

σuncorr
i

!2

+

NcorrX
k=1

r2
k (1)

Table 1: χ2 per point (90 points)

Scale pT/2 pT 2pT
R=0.4 0.75 0.78 0.70
R=0.6 0.85 0.79 0.72

Table 2: Distribution of rk s (Total 88)

|rk | < 0.5 1.5 2.5 3.5
R=0.4 72 15 1 0
R=0.6 74 13 1 0
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Inclusive Jets
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Χ2 per point for ATLAS Inclusive Jets
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MSTW Eigenvector Number

Some eigenvector variation

6, 9, 15 & 19 most effective across both R parameters, correspond mostly to
gluon.

MSTW 2008 NLO PDF fit (68% C.L.)
Fractional contribution to uncertainty from eigenvector number 6
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Inclusive Jets
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Create 1000 replica PDFs using prescription presented in arXiv:1205.4024
(G.Watt & R.S. Thorne)
F (Sk ) = F (S0) +

Pn
j=1[F (S±j ) − F (S0)]|Rjk |

Reweight gluon according to: wi (χ
2
i ) =

Wi (χ
2
i )

1
Npdf

PNpdf
j=1 Wj (χ

2
j )

Wi (χ
2
i ) = [χ2

i ]
Npts−1

2 exp

„
−χ2

i
2

«
Minimal effect observed, systematic shifts improve χ2 too much to probe physics.

The Effect of Recent Jet Results on MSTW PDFs Benjamin Watt 6/21

(NNPDF Nucl.Phys. B849
(2011) 112-143)



D0 Dijet Calculation

Seperate APPLgrid grids generated for D0 Dijet cross section.
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T becomes unstable, MJJ not so.
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T 2.34 1.61 1.23
MJJ 1.88 1.30 1.06

MJJ/ cosh(0.7y) 3.05 2.14 1.44
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D0 Dijets - Multiplicative vs. Additive Errors - MJJ

Chi2 Values for each Scale Choice (mjj)
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χ2 lower for additive errors, but minimized at more sensible scale choice for
multiplicative.
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Axes:
µ(R,F ) = (x , y)∗MJJ



D0 Dijets - Normalisation uncertainty
Normalisation rk

"./norm.txt"
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Figure 9. NNLO predictions for (a) W and (b) Z total cross sections at the Tevatron Run II,
plotted as a function of αS(M2

Z), compared to CDF W [46], CDF Z [47] and DØ Z [48] data.

statistical and systematic (excluding luminosity) uncertainties added in quadrature, while

the shaded regions indicate the total uncertainty obtained by also adding the luminosity

uncertainty in quadrature. The plotted CDF Z measurement with 2.1 fb−1 [47] supersedes

the earlier Z measurement with 72 pb−1 [46], but both measurements are dominated by

the (common) luminosity uncertainty. The DØ experiment has not published any dedi-

cated W and Z total cross-section measurements from Run II at the Tevatron. The DØ

Z total cross section shown in figure 9(b) was obtained as part of the Z+jet measure-

ment [48]. The CDF measurement [47] is defined as the Z/γ∗ → ee cross section in an

invariant mass range Mee ∈ [66, 116] GeV, while the DØ measurement [48] is defined as

the Z/γ∗ → µµ cross section in an invariant mass range Mµµ ∈ [65, 115] GeV. We have

therefore multiplied the CDF and DØ data by factors of 1.006 and 1.004, respectively,

derived using the vrap code [49] at NNLO with MSTW08 PDFs, to correct to the Z-only

cross section with M!! = MZ . We note from figure 9 that the MSTW08, ABKM09 and

JR09 NNLO predictions for the W and Z total cross sections at the Tevatron are in good

agreement with the CDF data [46, 47], and lie around 1-σ above the DØ data [48]. In

the MSTW08 fit [13], the luminosity shift for the CDF jet data was correctly tied to be

the same as for the more-constraining CDF Z rapidity distribution, dσZ/dy [47], which

therefore effectively acted as a luminosity monitor. The optimal CDF normalisation in the

MSTW08 NNLO fit [13] was found to be very close to the nominal value, therefore it is

not surprising that the CDF Z total cross section is well described in figure 9(b). The DØ

experiment instead measured the Z rapidity shape distribution, (1/σZ)dσZ/dy [50], also

included in the MSTW08 fit, which is one reason why the DØ jet data were found to be

less constraining than the CDF jet data; see ref. [32]. The optimal DØ normalisation in the

MSTW08 NNLO fit [13], determined only from jet data, was around 1-σ above the nominal

value, consistent with the DØ Z total cross section shown in figure 9(b). If the Tevatron

jet data were normalised downwards by 20–30% (i.e. 3–5 times the luminosity uncertainty),

the Tevatron W and Z total cross sections would need to normalised downwards by the

same amount, resulting in complete disagreement with all theory predictions shown in fig-

– 14 –
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From arXiv:1106.5789 (R.S.
Thorne, G.Watt) -
Normalisation strongly fixed
by W,Z



ATLAS Dijets - Scale Behaviour (MJJ)
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Similar behaviour to other cross sections - J Huston
(https://indico.cern.ch/contributionDisplay.py?contribId=3&confId=226756)
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ATLAS Dijets - Scale Behaviour (MJJ)
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ATLAS Dijets - Scale Choice - MJJ/ cosh(0.7y)
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χ2 Distributions

Chi2 Values for each Scale Choice (ptav)
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D0 & ATLAS Dijets - Eigenvector Sensitivity
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More variation in eigenvectors for ATLAS dijets than D0.

Again Eigenvector 9, 11 & 19 dominate.
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D0 Dijet PDF effects -MJJ
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D0 Dijet PDF effects - pav
T
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ATLAS Dijet PDF effects - MJJ
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ATLAS Dijet PDF effects - MJJ/ cosh(0.7y)
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New prelim PDFs

Preliminary PDFs (prelim) include recent Chebyshev Polynomial parameterisation
(CP), deuteron corrections & additional ZEUS data.
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Threshold Corrections
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3

respect to the NLO calculation. For this scale choice we
see that the NNLO/NLO k-factor is approximately flat
across the pT range corresponding to a 15-25% increase
compared to the NLO cross section.

One of the main motivations for computing the NNLO
QCD corrections is to reduce the scale uncertainty in the
theoretical prediction. This is illustrated in Fig. 2 for the
single jet inclusive cross section for jets with |y| < 4.4 and
80 GeV < pT < 97 GeV. We see that the scale depen-
dence of the cross section at NNLO is vastly reduced.
The scale dependence of other pT and y slices is also
reduced.

To illustrate the range of observables that can be stud-
ied with our computation we show in Fig. 3 the inclusive
jet cross section in double-differential form in jet pT and
rapidity bins at NNLO. The pT range is divided into 16
jet-pT bins and seven rapidity intervals over the range
0.0-4.4 covering central and forward jets.
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FIG. 3: The doubly differential inclusive jet transverse energy
distribution, d2σ/dpT d|y|, at

√
s = 8 TeV for the anti-kT

algorithm with R = 0.7 and for ET > 80 GeV and various |y|
slices.

Fig. 4 shows the double-differential k-factors for the
distribution in Fig. 3 for three rapidity slices: |y| < 0.3,
0.3 < |y| < 0.8 and 0.8 < |y| < 1.2. We observe that
the NNLO correction increases the cross section between
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25% at low pT to 12% at high pT with respect to the
NLO calculation and this behaviour is similar for all three
rapidity slices.
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FIG. 5: Exclusive dijet invariant mass distribution,
dσ/dmjjdy∗, at

√
s = 8 TeV for y∗ < 0.5 with pT1 > 80 GeV,

pT2 > 60 GeV and |y1|, |y2| < 4.4 at NNLO (blue), NLO
(red) and LO (dark-green). The lower panel shows the ratios
of NNLO, NLO and LO cross sections.

As a final observable, we computed the dijet cross
section as a function of the dijet mass at NNLO. This
is shown in Fig. 5 for the scale choice µ = 2pT1 to-
gether with the LO and NLO results. The dijet mass
is computed from the two jets with the highest pT and
|y1|, |y2| < 4.4 with y∗, defined as half the rapidity dif-
ference of the two leading jets y∗ = |y1−y2|/2 < 0.5. We
see that the NNLO/NLO k-factor is approximately flat
across the mjj range corresponding to a 15-20% increase
compared to the NLO cross section.

In conclusion, we have described the first calculation of
the fully differential inclusive jet and dijet cross sections

Threshold corrections taken from FastNLO interface.

Leading colour gluon NNLO from A. Gehrmann-De Ridder, T. Gehrmann, E.
Glover, J Pires (http://arxiv.org/abs/1301.7310v1)
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Conclusions & Outlook

ATLAS Inclusive Jet (36pb−1) in good agreement with theory.

Large systematic shifts prevent PDF differentiation.

Dijet calculation dependant on kinematic scale choice.

pav
T poor unless large multiplying factors used - MJJ more stable.

MJJ/ cosh(0.7y) stabler across all rapidity bins, gives best χ2 for ATLAS dijets
for sensible k where (µ = k∗(Scale Choice))

Best χ2 for high values of k, but these require unrealistic normalisation shifts
rnorm >> 1

Effect on PDFs from dijet data dependant on scale choice used. Work ongoing.

Recently published 2.76 TeV ratio data & CMS 5fb−1 should give better insight
into PDF effects.
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