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PLAN

• The (rich) physics of  V+b quarks

• The old way : NLO predictions

•  The new way : aMC@NLO and POWHEG
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A WINDOW ON SM AND BSM PHYSICS
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Z,W

b

b
Very rich phenomenology associated to V+b’s, 
interesting from both the SM (QCD and EW) and 
the BSM points of view.
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A WINDOW ON SM AND BSM PHYSICS
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SM Higgs searches in the associated W,Z channel 
both at the Tevatron and the LHC. At the LHC  
special attention/interest is devoted to the boosted 
Higgs case.

Observables:  mbb, radiation from bb, cos θbb, Δbb, jbb, Z,W

h

b

b

b

b

Z,W

Gluon splitting (or Z decay) in the final state. 
Radiation pattern, jet substructure,....

Observables:  mbb, radiation from bb, cos θbb, Δbb, jbb,,,,

g,Z
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A WINDOW ON SM AND BSM PHYSICS
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BSM Higgs searches with enhanced couplings to b 
quarks, with the Higgs decay into taus or muons. Issue 
of what is the best QCD description, 4F (gg→bbh or 
5F schemes (bb→h, mb=0) and use of b-pdf.

Observables: 0,1,2 b-jet cross sections, pT(b1), η(b1), 
pT(b2), η(b2), pT(ll), η(ll)

h

Gluon splitting in the initial state, 4F and 5F flavor 
schemes,  b-pdf. 

Observables: 0,1,2 b-jet cross sections, pT(b1), η(b1), 
pT(b2), η(b2), pT(ll), η(ll)

g,Z
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b

b
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A WINDOW ON SM AND BSM PHYSICS
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Extended Higgs sectors (2HDM) with light pseudo-
scalars.

Observables:  mtt ,mbb, mbbtt , radiation from bb, cos 
θbb, cos θtt, Δbb, jbb, pT(bb) 

A

h

b

b

b

Z,W

s-channel single-top, charged Higgs, heavy gluon, 
heavy T and B (chiral and vector-like) searches.

Observables:  mVb, mWbb, # extra jets, spin correlations. b

b

t,T,B
W*,H+,G*

Z,W

H

τ
τ
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W+B’S VS Z+B’S

Figure 1: Representative diagrams contributing to !νbb̄ and !+!−bb̄ production at the leading
order. !νbb̄ production can proceed only via a qq̄′ channel, diagram (a). For !+!−bb̄ production the
qq̄ channel, diagram (a), is dominant at the Tevatron, while the gg channel, diagram (b), largely
dominates at the LHC.

Cross section (pb)

Tevatron
√
s =1.96 TeV LHC

√
s =7 TeV

LO NLO K factor LO NLO K factor

!νbb̄ 4.63 8.04 1.74 19.4 38.9 2.01

!+!−bb̄ 0.860 1.509 1.75 9.66 16.1 1.67

Table 2: Total cross sections for !νbb̄ and !+!−bb̄ production at the Tevatron (pp̄ collisions at√
s = 1.96 TeV) and the LHC (pp collisions at

√
s = 7 TeV), to LO and NLO accuracy. These

rates are relevant to one lepton flavour, and the results for !νbb̄ production are the sums of those
for !+νbb̄ and !−ν̄bb̄ production. The integration uncertainty is always well below 1%.

the !+!−bb̄ sample. The predicted production rates at the Tevatron and at the LHC are

given in table 2 where, for ease of reading, we also show the fully inclusive K factors. The

contribution of the gg → Zbb̄+X channels is clearly visible in these results: at the Tevatron

σ(!+!−bb̄)/σ(!νbb̄) is quite small (and of the same order of the ratio of the fully-inclusive

cross sections σ(Z)/σ(W )), whereas at the LHC !+!−bb̄ and !νbb̄ differ only by a factor of

two.

We now study the impact of NLO QCD corrections on differential distributions, at

both the parton level and after showering and hadronisation, and in doing so we limit

ourselves to the case of the LHC, where the kinematical differences between Wbb̄ and Zbb̄

production are more evident. The parton shower in aMC@NLO has been performed with

fortran Herwig [42, 43, 44], version 6.5202.

We start by summarizing our results for b-jet rates. Jets are reconstructed at the parti-

2Automation of the matching to parton shower in the MC@NLO formalism to Herwig++ [45] and to

Pythia [46] (see refs. [47] and [48] respectively) is currently under way.
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• W+b’s and Z+b’s productions are of 
very different nature: with a W gluon 
splitting in the final state is dominant, 
while for a Z is initial-state splitting 
which is dominant.

• This fact accounts for the large 
increase of cross section of Zbb in 
passing from Tevatron to the LHC: at 
Tevatron we are probing the ±same 
process while at the LHC they are 
very different! 

• Wbb has a large K-factor : some new 
channels at NLO open up that are 
important (qg).

7

Frederix et al. arXiv: 1106.6019 [hep-ph]
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FLAVOR SCHEMES
Two different ways of computing the same quantities:

1. It does not resum (possibly) large logs*.
2. Going NLO was more TH expensive.
3. Mass effects are there at any order in PT.
4. NLO+PS is straightforward.

1. It resums initial state large logs in the b pdf*.
2. Going NLO easy and NNLO possible.
3. Mass effects enter at higher orders.
4. MC Implementation might not be very accurate. 

4F 5F

Z

Z
Z

b

b

b

bb

b

Same results by constructions at all orders, yet at finite order differences can arise.
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* Recent arguments suggest that such logs are not  large at the LHC [Ubiali et al. .arXiv:  1203.6393[hep-ph]]
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• All the above cross sections are described at NLO with Wbb 
in the 4-flavor scheme.

• “W+2jets with 1 b tag (inclusive)” could  be calculated in the 
4FS starting from the process, yet this was a tough calculation.

1. W+1 jets with 1 b tag 

2. W+2 jets with 1 b tag 

3. W+2 jets with 2 b tags 

4. W+bb-jet 

be combined, as long as sufficient care is taken to subtract logarithmic terms that would
otherwise be double counted.

In this paper we will combine NLO QCD calculations of qq̄′ → Wbb̄ and qb → Wbq′

parton level processes including b-quark mass effects to provide precise predictions for W +1
jet and W +2 jet production with at least one b jet at the 7 TeV LHC. The choice of the ex-
perimental signature, jet algorithm, and kinematic cuts has been made according to ATLAS
specifications [11]. We will closely follow Ref. [8] where a consistent combination of these
two NLO calculations has been performed for the first time to provide predictions for the
production of a W boson and one b-jet. It is interesting to note that the calculation of Ref [8]
has been compared with a measurement of the b-jet cross section of W boson production
in association with one and two b jets by the CDF collaboration at the Tevatron [14]. This
comparison found a discrepancy of about two standard deviations [12, 13].

After a brief presentation of the theoretical framework in Section 2, we will discuss NLO
QCD predictions and their residual uncertainties for the 7 TeV LHC in Section 3 and present
our conclusions in Section 4.

q

q̄′

b

W

b̄

b b

q q′

W

(a) (b)

Figure 1: Leading-order parton-level processes for the production of a W boson and one or
two jets with at least one b jet.

2 Theoretical Framework

The predictions presented in this paper are based on the combination of NLO QCD calcu-
lations of the qq̄′ → Wbb̄ [2, 3, 7] and bq → Wbq [5] parton-level processes, as presented in
Ref. [8] and implemented in MCFM [7] (where the leptonic W decay is included), and we
refer to [8] for more details.

In the NLO QCD calculation of the qq̄′ → Wbb̄ process the b quark is considered to be
massive, and only light quarks (q "= b) are considered in the initial state, i.e. the so-called
four-flavor number scheme (4FNS) is used. In the NLO QCD calculation of the bq → Wbq′

process the b-quark mass is only kept as regulator of the collinear singularity while it is
neglected in the hard process so that the hadronic cross section is obtained as follows,

σNLO
bq =

∫

dx1dx2b(x1, µ)

[

∑

q

q(x2, µF )σ̂
NLO
bq (mb = 0) + g(x2, µF )σ̂

LO
bg (mb = 0)

]

. (1)

2

b̄

b

q′q

g

W

Figure 2: A parton-level process contributing to Wbj production that appears at NLO in
the calculation of O(αs) corrections to qq̄′ → Wbb̄. This process is also equivalent to the
LO b-quark initiated process of Fig. 1(b), with the b quark originating from collinear g → bb̄
splitting. The consistent treatment of this process in the combination of the two NLO
calculations is described in Section 2.

An approximate solution of the DGLAP evolution equation for the b-quark PDF b(x, µF )
with initial condition b(x, µF ) = 0 at µF = mb exhibits the collinear logarithm at leading
order in αs as follows [9, 10],

b̃(x, µF ) =
αs(µR)

π
log

(

µF

mb

)
∫ 1

x

dz

z
Pqg(z)g

(x

z
, µF

)

. (2)

When combining the NLO calculation of this process with the NLO calculation of qq̄′ → Wbb̄
this contribution has to be subtracted in order to avoid double counting of the process of
Fig. 2 which is already included in the 4FNS NLO QCD calculation. The full five-flavor
number scheme (5FNS) result at NLO QCD, including an all order resummation of collinear
initial-state logarithms via DGLAP evolution, is then obtained schematically as follows,

σNLO
Full = σNLO

4FNS(mb "= 0) + σNLO
bq

−
∑

q

∫

dx1dx2b̃(x1, µF )q(x2, µF )σ̂
LO
bq (mb = 0) . (3)

In fact, the situation is slightly more complicated because the NLO computations of the
qq̄′ → Wbb̄ and of the bq → Wbq′ processes are made in two different schemes, one in the
MS scheme and the other in a decoupling scheme. Hence, in Eq. (3) a scheme change is also
assumed, for which we refer the reader to the literature [9, 10, 15] for further details. This
said, we now present the sub-processes relevant for our analysis. In detail, σNLO

4FNS and σNLO
bq

in this paper include the following parton level processes:

3

FLAVOR SCHEMES

Example:

9
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• When requiring only 1 b tag, there is a
better description with initial state
b-quarks

• Smaller uncertainties compared to
4-flavor scheme for observables that
are not sensitive to very soft/forward
b quarks

• NLO study to combine the two approaches in one 
consistent description for W+1,2 jets with (at least) 1 b 
tag.

• 4-flavor scheme calculation is simpler in the sense that 
“one fits many”
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FLAVOR SCHEMES
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• Current options/possibilities for generating merged samples with different 
multiplicities:

• Alpgen+Pythia/Herwig:  both 4FS and 5FS available. 4FS is the recommended 
option for generating inclusive samples of W,Z with b quarks.

• MadGraph+Pythia: both 4FS and 5FS available. 5FS has been widely used and 
tested. 4FS implementation is  more recent not widely tested by Exps. 

• SHERPA: both 4FS and 5FS available. 5FS is the recommended option as b-
mass corrections are included in the initial state splittings.

TREE-LEVEL WITH PARTON SHOWER

No systematic comparison neither among the generators nor 
between the 4F and 5F schemes has been done in this context! 

11
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W + B’S AT NLO (PARTON LEVEL)

• pp→W+1,2 jets @ NLO in the 5FS                              [Campbell,Ellis, 2000-MCFM]                             
⇒ Suitable to inclusive W+1,2-jets observables.

• pp→Wbb @ NLO,  mb=0,                                        [Campbell & Ellis,1999-MCFM]   
⇒  Suitable to inclusive W + 2 b-jets observables.

• pp→Wbb @ NLO, in the 4FS,                        [Febres Cordero et al. 2009-(not public)]   
⇒  Suitable to inclusive W + 1,2 b-jets observables.

• pp→Wb @ NLO in the 5FS+4FS                      [Campbell et al. + Febres Cordero et al 2011]                                                                                        
⇒ Suitable to inclusive W+1 b-jet observables.

• pp→Wbj @ NLO in the 5FS                    [Campbell,Ellis, FM, Willenbrock;2007-MCFM]                  
⇒  Suitable to inclusive W+2 jets with one b-tag observables.

12
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Z + B’S AT NLO (PARTON LEVEL)

• pp→Z+1,2 jets @ NLO in the 5FS                               [Campbell,Ellis, 2000-MCFM]                             
⇒ Suitable to inclusive Z+1,2-jets observables.

• pp→Zbb @ NLO,  mb=0                                          [Campbell & Ellis,1999-MCFM]   
⇒  Suitable to inclusive Z + 2 b-jets observables.

• pp→Zbb @ NLO, in the 4FS                          [Febres Cordero et al. 2009-(not public)]   
⇒  Suitable to inclusive Z + 1,2 b-jets observables.

• pp→Zb @ NLO in the 5FS                      [Campbell,Ellis, FM, Willenbrock;2004-MCFM]                                                               
⇒ Suitable to inclusive Z+1 b-jet observables.

• pp→Zbj @ NLO in the 5FS                     [Campbell,Ellis, FM, Willenbrock;2006-MCFM]                  
⇒  Suitable to inclusive Z+2 jets with one b-tag observables.

13
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PURE NLO : COMMENTS

• 5FS predictions at NLO available for many observables, yet different 
calculations (codes) are needed for different observables.

• In addition, calculations in the 5FS at parton level in general don’t allow 
arbitrarily small cuts on b-jet.

• 4FS calculations are much more flexible as one calculation is able to predict 
several observables at NLO.

• Pure NLO codes (MCFM) only produce histograms not events and for 
observables at the parton-level:                                                                   
⇒ not optimal/easiest for TH/EXP comparison.

14
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CURRENT STUDIES : Z+B AT CDF

15

• Good agreement on the ratio... CDF Note 10594 23.03.2012 
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CURRENT STUDIES : Z+B AT CDF

• Yet there is a clear TH/EXP mismatch at small jet pT in both Z+j and Z+b.

CDF Note 10594 23.03.2012 
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CURRENT STUDIES : Z+B AT D0

17

σ(Z + bjet)

σ(Z + jet)
= 0.0193± 0.0022 (stat.)± 0.0015 (syst.)

MCFM → 0.0192± 0.0022

• Good agreement here. 

• Yet not clear if the TH/EXP comparison done 
in a completely fair way. The sample is inclusive 
and the b-jet does not need to be highest jet 
in the analysis. The 5F in MCFM is fully NLO 
calculation Zb only in that case. In addition qq 
initial state is very large at the Tevatron and 
only at LO in the 5FS calculation. arXiv : 1010.6203 [hep-ex]
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CURRENT STUDIES : Z+B AT THE LHC

σ(Z + 1b−jet) · Br(Z → ��) = 5.84± 0.07 (stat.)± 0.72 (syst.)+0.25
−0.55 (theory) pb

• CMS (arXiv:1204.1643 [hep-ex])

MCFM → 4.73± 0.54 pb

• ATLAS (arXiv:1109.1403 [hep-ex])
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CURRENT STUDIES : W+B AT CDF
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Pythia → 1.10 pb

Alpgen → 0.78pb

MCFM → 1.22± 0.14pb

in events with a pT > 20 GeV/c, |eta| < 1.1 electron or muon,  
a pT > 25 GeV/c  neutrino, and  1 or 2 ET > 20 GeV/c2, 
|eta| < 2.0 jets  regardless of species.

• The b-tagged jet not necessarily the highest-pt 
one.

σ(W )b−jets · Br(W → �ν) = 2.74± 0.27 (stat.)± 0.42 (syst.) pb

arXiv:0909.1505 [hep-ex]
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CURRENT STUDIES : W+B AT THE LHC

• ATLAS (arXiv:1109.1470 [hep-ex])

•The results in each bin are the 
sum of various contributions 
from different calculations: 
predictions need to be handled 
by theorists...

•1 and 2 jet “exclusive” bins 
with at least one b-tag.

•1+2 jet is the inclusive bin.

NLO based on:
Campbell et al. : hep-ph/0611348 
Campbell et al. : arXiv:0809.3003 
and recent update: Caola et al.  arXiv:1107.3714 [hep-ph]



CERN EWWG Meeting LPCC 22 May 2012 Fabio Maltoni

NLO WITH PARTON SHOWER:
AMC@NLO AND POWHEG

• pp→ (W±→l± v) bb in POWHEG-BOX                            [Oleari and Reina, 2011-Public] 

• pp→(W±→l± v) bb by aMC@NLO     [Frederix et al. 2011, Events public, code available on request]                                                                                        

• pp→(Z/γ* →l+ l-) bb by aMC@NLO [Frederix et al. 2011, Events public, code available on request]

Currently available predictions in the 4F scheme (mb>0, no b-pdf). These are fully inclusive event 
samples (no cuts at the generation level needed) which can be directly compared with 
experimental data (corrected at the hadron level) and predict several observables at NLO.

No systematic comparison between POWHEG and 
aMC@NLO has been done in this context yet! 

21

arXiv: 1105.4488

arXiv: 1106.6019

arXiv: 1106.6019
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NLO WITH PARTON SHOWER:
A BRAVE NEW WORLD

• Fully inclusive event samples (no cuts at the generation level needed) which can be 
directly compared with experimental data (corrected at the hadron level).

• A bunch of observables (0, 1,2 -jet) are predicted at NLO.

• Observables can be built in terms of B-hadrons or b-jets, as in the EXP analyses. 
“Difficult” observables such as those probing the gluon splitting are at NLO and do 
have the contribution soft/collinear resummation of the shower on top. 

• In aMC@NLO (last version) TH uncertainty bands for scales and PDF can be 
generated automatically at no extra cost: any plotted observable has a TH 
uncertainty  band.

• Other effects (underlying event & MPI, tunings and so on) can be included.

22
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PP ➞ WBB/ZBB WITH AMC@NLO

• In Wbb, ~20% of b-jets are bb-jets; for Zbb only ~6%

• Jets defined with anti-kT and R=0.5, with pT(j)>20 GeV and |η|<2.5

• Lower panels show the ratio of aMC@NLO with LO (crosses), NLO (solid) and LOwPS (dotted)

• NLO and aMC@NLO very similar and consistent 

Figure 2: Fractions of events (in percent) that contain: zero b-jets, exactly one b-jet, and exactly
two b-jets. The rightmost bin displays the fraction of b-jets which are bb-jets. The two insets show
the ratio of the aMC@NLO results over the corresponding NLO (solid), aMC@LO (dashed), and
LO (symbols) ones, separately for Wbb̄ (upper inset) and Zbb̄ (lower inset) production.

cle level. In the case of MC simulations, this means giving all final-state stable hadrons3 in

input to the jet algorithm. We adopt the anti-kT jet clustering algorithm [49] with R = 0.5,

and require each jet to have pT (j) > 20 GeV and |η(j)| < 2.5. A b-jet is then defined as a

jet that contains at least one b-hadron; a bb-jet is a jet that contains at least two b-hadrons

(hence, a bb-jet is also a b-jet). This implies that we make no distinction between the b

quark and antiquark contents of a jet. We point out that at least another definition of

b-jets exists [50] which has a better behaviour in the mb → 0 limit, in the sense that it

gives (IR-safe) results consistent with the naive picture of “quark” and “gluon” jets. In

practice, this is relevant only in the pT " mb limit. Since this region is not our primary

interest in this paper, we stick to the usual definition; however, it should be obvious that

any jet definition can be used in our framework.

In fig. 2 we present b-jet rates, as the fractions of events that contain zero, exactly

one, or exactly two b-jet(s). In the case of MC-based simulations, there are also events

with more than two b-jets and more than one bb-jet, but they give a relative contribution

to the total rate equal to about 0.4% (for Wbb̄) and 0.6% (for Zbb̄), and are therefore not

reported here. The rightmost bin of fig. 2 shows the fraction of b-jets which are bb-jets.

There is an inset for each of the two histograms shown in the upper part of fig. 2. Each

of the insets presents three curves, obtained by computing the ratio of the aMC@NLO

results over the NLO (solid), aMC@LO4 (dashed), and LO (symbols) corresponding ones.

3In order to simplify the Herwig analyses, weakly-decaying B hadrons are set stable.
4We call aMC@LO the analogue of aMC@NLO, in which the short-distance cross sections are computed

at the LO rather than at the NLO. Its results are therefore equivalent to those one would obtain by using,

e.g., MadGraph/MadEvent [51] interfaced to showers.

– 5 –

Figure 6: Transverse momentum (left panel) and rapidity (right panel) of the !ν and !+!− pairs
(i.e. of the virtual W and Z bosons respectively) in !νbb̄ and !+!−bb̄ production. The insets follow
the same patterns as those in fig. 2.

In the right panel of fig. 7, where we consider only leptons with positive electric charge

to be definite, we plot the ratio of the lepton transverse momentum over the same quantity,

obtained by imposing a phase-space (i.e., flat) decay of the parent vector boson; hence,

this ratio is a measure of the impact of spin correlations on the inclusive-lepton pT . We

see that differences between correlated and uncorrelated decays can be as large as 20%,

and vary across the kinematical range considered. This confirms that the inclusion of spin-

correlation effects is necessary when an accurate description of the production process is

required. We stress again that our computations feature spin correlations exactly at the

matrix-element level, including one-loop ones. It is interesting to observe that, while in the

case of Zbb̄ production all four calculations give similar results (see the lower inset), this

happens in Wbb̄ production only for pT (!+) ! 50 GeV (see the upper inset). At pT values

larger than this, aMC@NLO and NLO predict ratios that differ from the corresponding

aMC@LO and LO ones. Once again, this is a manifestation of the significant impact of

gluon-initiated, NLO partonic processes on Wbb̄ cross sections.

In figs. 8 and 9 the transverse momenta and the pseudorapidities of the two hardest

b-jets are shown. Differences in normalisation are consistent with what we expect on the

basis of inclusive K factors; differences in shapes are typically small, but visible. We point

out that for an event to contribute to the hardest-b-jet observables shown here it is sufficient

that one b-jet be present in the event; the other b quark emerging from the hard process

can have arbitrarily small momentum.

In the left panel of fig. 10, the ∆R separation between the two hardest b-hadrons

(for the MC-based simulations) or between the b and b̄ quarks (for the NLO and LO

computations) is shown. Differences between the Wbb̄ and Zbb̄ processes are manifest. In

the former case the two b’s originate from a final-state gluon splitting, and they will thus

tend to be quite close in pseudorapidity. On the other hand, the two b’s in Zbb̄ production

can arise from the uncorrelated branchings of the initial-state gluons in the gg channel, and
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• For some observables NLO effects are large and/or parton 
showering has large effects

Figure 9: As in fig. 8, for the pseudorapidity of the hardest and the second-hardest b-jet.

Figure 10: Left panel: ∆R separation between the two hardest b-hadrons (aMC@NLO and
aMC@LO) or the b and b̄ quarks (NLO and LO) in the event. Right panel: invariant mass of the
b-jets, inclusive over all b-jets in the event. The insets follow the same patterns as those in fig. 2.

that the b-hadrons that contribute to the ∆R separation shown in fig. 10 are not subject

to any lower cuts in pT . Thus, one expects that the effects of extra radiation be diminished

when imposing a pT cut or, which is equivalent, by studying the same distribution in the

case of b-jets. We have verified that this is indeed the case, i.e. that when a minimum-pT cut

is imposed on the two b-hadrons the pattern of NLO QCD corrections in Wbb̄ production is

more similar to that observed in Zbb̄ production. This is another example of the possibility

of testing detailed properties of QCD radiation by considering low-pT events. It should be

clear that from the theoretical viewpoint such studies can be sensibly performed only by

retaining the full b-mass dependence.

The right panel of fig. 10 shows the mass of the b-jets in the events. The observable

is inclusive over all b-jets, which implies that a given event may enter more than once
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Distance between B-mesonsb-jet massFigure 9: As in fig. 8, for the pseudorapidity of the hardest and the second-hardest b-jet.

Figure 10: Left panel: ∆R separation between the two hardest b-hadrons (aMC@NLO and
aMC@LO) or the b and b̄ quarks (NLO and LO) in the event. Right panel: invariant mass of the
b-jets, inclusive over all b-jets in the event. The insets follow the same patterns as those in fig. 2.
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of testing detailed properties of QCD radiation by considering low-pT events. It should be

clear that from the theoretical viewpoint such studies can be sensibly performed only by

retaining the full b-mass dependence.
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is inclusive over all b-jets, which implies that a given event may enter more than once
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PP ➞ WBB/ZBB WITH AMC@NLO
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PP ➞ WBBJ WITH AMC@NLO

• Wbbj has been considered to be a very tough 
calculation. See for example [Reina and 
Schutzmeier, 1110.4438] for the first steps.

• Automatic approach. Available by aMC@NLO 
v4 since several months now. 

• It allows to predict observables like:

aMC@NLO (preliminary)

aMC@NLO (preliminary)

pt(1st b-jet)

# b-jets

W+3 jets with 2 b-tags
W+2 jets with 1 b-tag
W+2 jets with 1 bb-tag
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aMC@NLO (preliminary)
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CURRENT STUDIES : GAMMA+B AT D0
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CURRENT STUDIES : GAMMA+B AT CDF

27



CERN EWWG Meeting LPCC 22 May 2012 Fabio Maltoni

GAMMA+B AT LHC

• γ +b/c can offer complementary (and possibly precious) information wrt 
to Z+b/c (different couplings/scales involved).

• Interesting from the point of view of QCD as  the typical regions of 
vailidity of 4FS and 5FS depend on the pT(γ) and could studied at 
different regimes..

• Implementation by aMC@NLO straightforward using Frixione’s isolation 
for the photon....is there any experimental interest?
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CONCLUSIONS
• V+b’s is a very rich final state. 

• New generation of codes at NLO+PS ready for DIRECT comparisons with LHC 
data for Z+b’s and W+b’s: 

The OLD way of comparing accurate TH predictions (i.e. distributions for IR-
safe observables at NLO at the parton level) to experimental data (corrected 

back to parton-level) is being quickly surpassed.  

The new tools allow to be independent of painful/error-prone/model-dependent 
and sometimes unphysical  “deconstruction” procedures (as e.g. b-tagging defs).

• Work in progress to extend to other processes (Wbbj)  to make codes faster and 
widely accessible to all experimental collaborations. 

• Other requests/desiderata (e.g., γ + b/c’s) ?

29


