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Fig. 23: The transverse-momentum spectrum of the Higgs in MC@NLO (upper) and in POWHEG+PYTHIA
(lower) compared to the HQT result. In the lower insert, the same results normalised to the HQT central value are
shown.

small transverse momentum, but display a large difference (about a factor of 3) in the high transverse
momentum tail. This difference has two causes. One is the different scale choice in MC@NLO, where
by default µ = mT =

√
M2

H + p2T, where pT is the transverse momentum of the Higgs. That accounts
for a factor of (αs(mT)/αs(MH))3, which is about 1.6 for the last bin in the plots (compare the upper
plots of Figure 22 with those of Figure 23). The remaining difference is due to the fact that in POWHEG,
used with default parameters, the NLO K-factor multiplies the full transverse-momentum distribution.
The POWHEG output is thus similar to what is obtained with NLO+PS generator, as already observed
in the first volume of this Report.

This point deserves a more detailed explanation, which can be given along the lines of Ref. [132,
172]. We write below the differential cross section for the hardest emission in NLO+PS implementations
(see the first volume of this report for details)

dσNLO+PS = dΦBB̄
s(ΦB)

[
∆s(pmin

⊥ ) + dΦR|B
Rs(ΦR)

B(ΦB)
∆s(pT(Φ))

]
+ dΦRR

f (ΦR), (11)

where
B̄s = B(ΦB) +

[
V (ΦB) +

∫
dΦR|BR

s(ΦR|B)

]
. (12)
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Higgs pT spectra
HqT is a parton level calculation 
able to evalaute inclusive 
observables (like Higgs pT) at 
NLO+NNLL (next-to-next to 
leading log).

The use of resummation allow to 
include the effect of the parton 
shower (nominally at Leading 
Log) on the recoil of the Higgs 
boson.

Differences in the pT spectrum 
predicted by MC@NLO, Powheg 
and HqT were observed.

Renormalisation and factorisation scales are set at mH in HqT and at the transverse energy in 
MC@NLO ~sqrt(pT2 + mH2).
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Fig. 22: Uncertainty bands for the transverse-momentum spectrum of the Higgs boson at LHC, 7 TeV, for a Higgs
massMH = 120 GeV. On the upper plots, the MC@NLO+HERWIG result obtained using the non-default value
of the reference scale equal to MH. On the lower plots, the POWHEG+PYTHIA output, using the non-default
Rs + Rf separation. The uncertainty bands are obtained by changing µR and µF by a factor of two above and
below the central value, taken equal toMH, with the restriction 0.5 < µR/µF < 2.

calculation itself, rather than the PDF’s. The HQT result has been obtained by running the program with
full NNLL+NNLO accuracy, using the “switched” result. The resummation scale Q in HQT has been
set toMH/2.

We notice that both programs are compatible in shape with the HQT prediction. We also notice
that the error band of the two NLO+PS generators is relatively small at small pT and becomes larger at
larger pT. This should remind us that the NLO+PS prediction for the high pT tail is in fact a tree-level-
only prediction, since the production of a Higgs plus a light parton starts at order α3

s , its scale variation
is of order α4

s , and its relative scale variation is of order α4
s/α

3
s , i.e. of order αs.9 On the other hand

the total integral of the curve, i.e. the total cross section (and in fact also the Higgs rapidity distribution,
that is obtained by integrating over all transverse momenta) are given by a term of order α2

s plus a term
of order α3

s , and their scale variation is also of order α4
s . Thus, their relative scale variation is of order

α4
s/α

2
s , i.e. α2

s .
It is instructive to analyse the difference between MC@NLO and POWHEG at their default

value of parameters. This is illustrated in Figure 23. The two programs are in reasonable agreement at
9Here we remind the reader that µ2

F
d

dµ2
F

α3
s (µR) = −b03α4

s (µR).
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Modified MC@NLO and 
Powheg spectra.

MC@NLO with scale set 
at mH, recovers the 
behaviour at high pT.

I n  P o w h e g a n e w 
parameter was introduced 
hfact that works as a 
dumping factor for the 
Higgs pT 
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Finite quark mass effect.

4 HCP - Kyoto November 14, 2012  N. Marinelli                         University of Notre Dame        
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Higgs production was simulated in the mt→∞ limit until recently.
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Effective lagrangian with 
point-like coupling.

Last year finite quark mass effects, t and b, were introduced in Powheg andMC@NLO 4.09.  Relevant 
difference are observed in MC@NLO and Powheg.

  

Boost category 

H→ττ  is still in discovery mode: 
   Boost category (PT(Higgs) > 100 GeV) has comparable sensitivity to the VBF one

What's the uncertainty on the PT(Higgs) spectrum described by POWHEG +PYTHIA matched to 
resummed calculation (HqT)?

Currently proposed approach (in progress):
Compare POWHEG+PYTHIA matched to HqT prediction to MC@NLO+HERWIG

Inclusion on finite quark 
mass in gg loop affects 
differently the shape of 
PT(Higgs)

 → source of the difference 
not completely 
understood

 → introduce it as a new 
uncertainty

From Alessandro Vicini's talk at CERN on Feb 7, 2013:
https://indico.cern.ch/getFile.py/access?contribId=9&resId=0&materialId=slides&confId=232638

The HQ mass effect is more sizable 
in Powheg, and MC@NLO  
matches the parton level 
calcuations when the scale is set at 
mH. The main difference is in the 
bottom contribution where a new 
scale mb << mH enters in the game
(see M. Grazzini talk).

The top contributions seems fine 
given that mt ~ mH.

top
top

top + bottom
top+bottom
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Full comparison (YR3)

April 27, 2013 – 15 : 35 DRAFT 55
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Fig. 16: Higgs pT distribution using difference MC generators and parton shower configurations. POWHEGPythia
indiscates Powheg+Pythia8, POWHEGJimmy indicates Powheg + Herwig6 and Jimmy for the underlying event
simulation. The no q mass distribution corresponds to a configuration where both hfact and the Heavy Quark mass
effect are switched off.

3.4.2 Higgs pT distibution, MC@NLO-Powheg comparison using finite HQ mass effect710

8 In the present section we show a comparison of the Higgs pT distribution between MC@NLO 4.09 [63],711

using Herwig 6.5 [64] for the showering, and Powheg [65–68] that has been showered with both Pythia8712

[69, 70] and Herwig 6.5. The signal process is pp → H → ZZ∗ at the mass mH = 125.5 GeV. This713

value has been chosen being the last ATLAS best fit value [71]. Herwig 6.5 has been interfaced to714

Jimmy [72] for the underlying event simulation. The ATLAS AUET2 [73] tune using the CTEQ 10 NLO715

pdfs in the showering algorithm has been used. Both MC@NLO 4.09 and Powheg include the heavy quark716

mass effect in the gluon gluon loop for the Higgs pT determination. The contribution is available for t,b717

and c quarks in Powheg and for the t and b quarks in MC@NLO. In the present section the contribution from718

the c quark has been switched off in Powheg so that the quark mass effects refer to the contribution from719

the top and bottom quarks. The pT dumping factor hfact has been set to mH/1.2 in the Powheg case. A720

configuration without the hfact has also been studied. The top mass has been set at mtop = 172.5 GeV721

and the bottom quark mass at mb = 4.75 GeV. The generation has been performed using the CT10 pdf722

set.723

In fig. 16 the Higgs pT distribution is shown with different configurations. In the range, 0-400724

GeV, we observe that the MC@NLO spectrum is softer than the Powheg + Pythia8 one. Comparing725

Powheg+Herwig with Powheg + Pythia8 is possible to see that the parton shower doesn’t affect the726

high Higgs pT tail as expected. The use of the hfact dumping factor makes the Powheg spectrum closer727

to the MC@NLO one at high pT but still significantly harder. The heavy quark mass effect has been switched728

off in the Powheg + Herwig sample in order to estimate the size of the effect. The contribution is visible729

in the very high pT tail (pT > 250 GeV) but doesn’t seem responsible for the main high pT behaviour. In730

order to compare the generators at low pT the same figure has been zoomed in the range 0-40 GeV. For731

pT < 15 GeV differences between the Herwig and Pythia8 showering are visible and in the very low pT732

region (pT < 10GeV ), MC@NLO + Herwig and Powheg + Herwig with the hfact are compatible while733

both the Pythia8 showering and the no hfact configuration are different from the MC@NLO prediction.734

This shows that at low pT the parton shower has a relevant role but the dumping factor correction is still735

8B. Di Micco, R. Di Nardo

Comparison among generators, with Hq mass and hfact.
Low pT region is dominated by the showering (good match between MC@NLO+Herwig and
Powheg+Herwig, deviation with Powheg+Pythia, but it is ok because is part of the showering 
systematics, the difference is mainly at high pT.
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 at High pT difference between MC@NLO and HRES comes from the use of a fixed scale in HRES 
and a dynamic scale in MC@NLO;

  At low pT there is a still a deviation of Powheg with hfact from HRES, and there is also large effect 
coming from the showering, the different showers used in default ATLAS and MC@NLO will take care 
of this effect. 

  The HQ mass effect has different impact on Higgs pT if implemented in Powheg or MC@NLO (the 
reason for that seems to be finally understood, more in the next talks).
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Preliminary recommendation in ATLAS.

 Use HRES to evaluate renormalisation, factorisation and resummation scale uncertainties  
(renormalisation  and factorisation  scales varied by a factor 2 around the nominal scale mH, 

resummation scale changed from  mH/2 to mH);

 add the difference between Powheg (with HQ mass effect) and  MC@NLO 4.09 with t,b 
HQ mass effects to take into account several effacts:

• Nominal ATLAS MC for Higgs simulation
 Powheg + Pythia8, with Heavy Quark mass effect (t,b) simulated, hfact = mH/1.2 and 

renormalisation and factorisation scales set at mH

• Recommended procedure for uncertainty evaluation
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Conclusion

Hopefully we will have a more complete 
understanding of the Powheg-MC@NLO 
difference and impementation in HRES in the 
next talks, can we come out with a final 
recommendation in term of scale variations in 
the 3(2) scale problem? mb, (mH, mt)
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