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Table 12: Expected and observed significance values (in standard deviations) for the H ! bb̄ channels fitted
independently and their combination using the 7 TeV, 8 TeV and 13 TeV data.

Channel Significance

Exp. Obs.

VBF+ggF 0.9 1.5
tt̄H 1.9 1.9
VH 5.1 4.9

H ! bb̄ combination 5.5 5.4
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Figure 7: The fitted values of the Higgs boson signal strength µH!bb for mH = 125 GeV separately for the VH,
tt̄H and VBF+ggF analyses along with their combination, using the 7 TeV, 8 TeV and 13 TeV data. The individual
µH!bb values for the di�erent production modes are obtained from a simultaneous fit with the signal strengths for
each of the processes floating independently. The probability of compatibility of the individual signal strengths is
83%.
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• The main current source of sensitivity for yb 

is via the H→bb ̄decay mode

• ATLAS and CMS measurements are 

compatible with SM, with ~15% uncertainty

• The H→bb ̄branching fraction may be 

affected by other unconstrained channels 
(H→gg and H→inv.)


• Can we use bbH̄ production to extract yb 
(as ttH̄ for yt)?
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What couplings are probed by bbH̄?

• bbH̄ has been thought as a clean access to yb. Is it 
really the case?


• Can other channel pollute the extraction of yb?

• Consider the bbH̄ final state. Which processes can 

contribute?
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Remember: Higgs couplings ~ mass 
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Part I:  
yt-induced bbH̄
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• Let us compare the yb and yt induced diagrams

• The latter formally enters NLO (ybyt) and NNLO (yt2) 
corrections of the former
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• Let us compare the yb and yt induced diagrams

• The latter formally enters NLO (ybyt) and NNLO (yt2) 
corrections of the former

• But yt2 contributes to almost 3 times the yb2 when both are 
evaluated at their lowest order
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Marco Zaro, 26-07-2021

Part I:  
yt-induced bbH̄


Deutschmann, Maltoni, Wiesemann, MZ, arXiv:1808.01660

• Let us compare the yb and yt induced diagrams

• The latter formally enters NLO (ybyt) and NNLO (yt2) 
corrections of the former

• But yt2 contributes to almost 3 times the yb2 when both are 
evaluated at their lowest order

• NLO corrections to both terms (and to the interference) are 
computed with MG5_aMC in the Born-improved HEFT
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Marco Zaro, 26-07-2021

Part I:  
yt-induced bbH̄


Deutschmann, Maltoni, Wiesemann, MZ, arXiv:1808.01660

• Let us compare the yb and yt induced diagrams

• The latter formally enters NLO (ybyt) and NNLO (yt2) 
corrections of the former

• But yt2 contributes to almost 3 times the yb2 when both are 
evaluated at their lowest order

• NLO corrections to both terms (and to the interference) are 
computed with MG5_aMC in the Born-improved HEFT

• At NLO (including terms ~yt2 formally N3LO for the yb2 piece), 
the situation gets even worse
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bbH̄ at NLO

• The yt2 contribution has very large NLO corrections: inclusively, K=2.5! 
For yb2 K=1.5. The yb2 contribution to bbH̄ is further suppressed


• Both K factors grow with the Higgs pT, with yt2 showing a much harder 
spectrum
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Figure 5. Distributions in the transverse momentum of the Higgs boson (5a) and of the hardest b jet
(5b). See the text for details.
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Figure 6. Same as in figure 5, for the invariant mass of the two b jets (6a) and their distance in the
⌘–� plane (6b).
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• Let us go beyond QCD-effects, and consider the Complete-NLO 
corrections to bbH̄

• Complete-NLO corrections computed with MG5_aMC, first 
process in the 4FS

• The α/αs suppression is compensated by gHZZ/yb
• If (at least) 1 b-jet is required, almost 2/3 of the cross-section is 

not sensitive to yb
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Differential distributions 
Nb≥1
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Figure 5: The pT (H) distribution for Njb
� 1 (up) and Njb

= 1 (down). In the right plots the
light-jet veto is applied.

also applying the light-jet veto, while the LO/NLOQCD and NLOall/NLOQCD ratios are mildly
enhanced (suppressed) with (without) the light-jet veto in the peripheral region.

We now move to the Higgs boson distributions, starting with pT (H) in Fig. 5. The peak
of the distribution is at pT (H) ⇠ 30 GeV, since by definition pT (jb) > 30 GeV. For the region
pT (H) > 30 GeV, the same considerations we have given for the pT (jb,1) distribution in Fig. 3
apply also here. The situation is instead different for pT (H)  30 GeV. Indeed, the LOQCD

prediction is smaller than the NLOQCD one and strongly decreases close to the threshold,
especially for the case Njb

= 1. This is a pathological behaviour that is typical of fixed-order
calculations in the presence of hard cuts.9 If at the same time Njb

= 1, pT (jb,1) > 30 GeV
and pT (H)  30 GeV, at LOQCD and more in general at LO, the b-jet jb,1 corresponds to a

9In Ref. [50], a larger bin width has been used in the distributions, hiding therefore the fixed-order patho-

21

light jet veto
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Goodbye yb…

• Putting all together, asking for 1 b jet (akT, R=0.4, pT>30 GeV, |𝜼|<2.5)

8

ytt

ggF+bb ̄

yb

bbH̄

gHZZ

ZH, Z→bb ̄ VBF+b

bbH̄ final state is only marginally sensitive to yb


This holds true in the SM, and BSM for O(1) effects on yb


For extra Higgs bosons (≠125 GeV), estimates of sensitivity should account for all 
the backgrounds


Higgs decay remains the most effective way to constrain yb 

14% 25%61%
92 fb 155 fb380 fb
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Conclusion

• Hbb ̄final state receives large contributions not proportional to yb

• Relevant whenever H+b’s is a signal or background (HH, …)

• Looking at differential observables (jet veto, small/large pT, …) does 

not improve the picture (more in backup) 

• Allowed range for yb in current global fits unlikely to alter this (sad) 

picture

9



Marco Zaro, 26-07-2021

Conclusion

• Hbb ̄final state receives large contributions not proportional to yb

• Relevant whenever H+b’s is a signal or background (HH, …)

• Looking at differential observables (jet veto, small/large pT, …) does 

not improve the picture (more in backup) 

• Allowed range for yb in current global fits unlikely to alter this (sad) 

picture

9

H

bb
H

RIP
ytt gHZZ



Marco Zaro, 26-07-2021

…or maybe not?

• New analysis based on modern AI techniques and game theory

• Authors claim to be able to reduce the ggF and VH bkgds, 

getting O(20%) constraints on yb from bbH

• VBF is not considered in the analysis

• Eager to see how the movie ends…

10
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Resurrecting bb̄h with kinematic shapes
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Abstract: The associated production of a bb̄ pair with a Higgs boson could provide an

important probe to both the size and the phase of the bottom-quark Yukawa coupling, yb.

However, the signal is shrouded by several background processes including the irreducible

Zh, Z ! bb̄ background. We show that the analysis of kinematic shapes provides us with

a concrete prescription for separating the yb-sensitive production modes from both the

irreducible and the QCD-QED backgrounds using the bb̄�� final state. We draw a page from

game theory and use Shapley values to make Boosted Decision Trees interpretable in terms

of kinematic measurables and provide physics insights into the variances in the kinematic

shapes of the di↵erent channels that help us complete this feat. Adding interpretability

to the machine learning algorithm opens up the black-box and allows us to cherry-pick

only those kinematic variables that matter most in the analysis. We resurrect the hope of

constraining the size and, possibly, the phase of yb using kinematic shape studies of bb̄h

production with the full HL-LHC data and at FCC-hh.
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Figure 8. Upper panels: 1� sensitivity contour in the complex yb space while fixing all other parame-
ters to SM values for HL-LHC (ATLAS+CMS, 6 ab�1) and FCC-hh (30 ab�1). The blue and yellow
bb̄h constraints are from interpretations of the �y2

b
and �ybyt respectively. Middle and Lower panels:

Bayesian MCMC fits of |b| and �b for HL-LHC (ATLAS+CMS, 6 ab�1) and FCC-hh (30 ab�1)
showing 1D posterior distributions and 2D correlation plots without (middle) and with (lower) bb̄h

measurements.
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Backup

11
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Computing NLO corrections to bbH̄

12

• NLO corrections to yb-induced bbH̄ known for long time 
5FS NLO: Dicus, hep-ph/9811492, Balazs, hep-ph/9812263; 5FS NNLO: Harlander, hep-ph/
0304035  4FS NLO: Dittmaier, hep-ph/0309204, Dawson, hep-ph/0508293; 4FS NLOPS: 
Wiesemann, arXiv:1409.5301, Jager, arXiv:1509.05843, Krauss, arXiv:1612.04640

• yt-induced contribution missing, mostly for two reasons

• Loop-induced at LO→ 2 loops at NLO with 3 particles in 

the final state. Beyond current 2-loop technology 
Solution: Use an HEFT to shrink the top loop into a 
pointlike interaction


• If mb≠0, in the HEFT yb receives a correction ~yt. Obtained 
by matching HEFT with 2-loop SM.  
Reproduced results by Chetyrkin et al, PRL 1997, NPB 1997, hep-ph/9708255

• This made it possible to use modern automatic codes 
(MadGraph5_aMC@NLO) to compute simultaneously the 
yt2, yb2 and ytyb terms at NLO QCD


• We use mH=125 GeV,  mbpole=4.92 GeV,  mt=172.5 GeV, 
NNPDF3.1 (nf=4),  yb renorm. in MSbar,  μR/F=HT/4

⌦
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in the HEFT with mb 6= 0 and yb = 0, the O(yt) corrections to the bottom Yukawa

need to be determined and included, by matching the HEFT with the SM at two

loops. The matching coe�cient has been also computed for the first time in Ref. [?

] and in the MS scheme reads
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• The second way is to factorize the H ! bb̄g process as H ! gg ⌦ g ! bb̄, order by

order in perturbation theory. At LO this simply means
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At NLO one instead has
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The idea is to verify whether in the collidear limit, one can write the full NLO cross

section for the tree-level diagram depicted in Fig. 1 as the sum of (H ! gg)LO · (g !

bb̄)NLO + (H ! gg)NLO · (g ! bb̄)LO.

W

Does the fragmetation function dominate?

What is the pT of the b quarks above which collinear logs have to be resummed? Showers

do not resum correctly the tower of collinear logs, so what should one do?

First thing to do is to check the notebook and check how good is the collinear approximation

at LO, then move to NLO.

4 Conclusions

In summary, ...
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EFT and bbH̄
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Figure 4. Comparison of LO predictions in the SM and the HEFT for various observables: the
transverse-momentum of the Higgs boson (4a), of the leading (4b), and of the subleading b jet (4c),
the rapidity of the Higgs boson (4d), the invariant mass of the b-jet pair (4e), and their distance in
the ⌘–� plane (4f); the lower insets show the ratio of the two predictions.

the Higgs boson, the leading and the subleading b jet respectively. As expected, we find that

the HEFT provides a good description of the SM result, especially in terms of shapes. Only

at large transverse the two curves start deviating with the HEFT result becoming harder.

This happens after transverse momenta of ⇠ 200 GeV for the Higgs and the leading b jet, and

a bit earlier for the second-hardest b jet.

The Higgs rapidity distribution in figure 4d is hardly a↵ected by the HEFT approxi-

mation, with the HEFT/SM ratio being essentially flat. Also for the invariant mass of the

two b jets in figure 4e, the heavy-top quark result provides a good description as long as

M(bb) . 200 GeV. Finally, for the separation in the ⌘–� plane between the two b jets, shown

in figure 4f , the agreement between HEFT and SM is very good up to �R = 4. Above this
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Figure 4. Comparison of LO predictions in the SM and the HEFT for various observables: the
transverse-momentum of the Higgs boson (4a), of the leading (4b), and of the subleading b jet (4c),
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Figure 4. Comparison of LO predictions in the SM and the HEFT for various observables: the
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NLO differential distributions can be improved by including the 

LO SM/EFT K-factor
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• The b-jet pT distribution has a similar behaviour w.r.t. pT(H)

• If two b-jets are present, M(bb) peaks at lower value for the yt2 

contribution than for the yb2 

(a)

10-5

10-4

10-3

10-2

10-1

Leading b-jet pT | BI-HEFT pp→ Hbb 13 TeV
≥ 1 b-jet

σ
pe
rb
in
[p
b]

yb
2 NLO
yb
2 LO

yt
2 NLO
yt
2 LO

Ma
dG
ra
ph
5_
aM
C@
NL
O

0
0.5
1

1.5
2

2.5
3

50 100 150 200 250

N
LO

/L
O

pT(b1) [GeV]

(b)

Figure 5. Distributions in the transverse momentum of the Higgs boson (5a) and of the hardest b jet
(5b). See the text for details.

(a) (b)

Figure 6. Same as in figure 5, for the invariant mass of the two b jets (6a) and their distance in the
⌘–� plane (6b).
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Figure 6. Same as in figure 5, for the invariant mass of the two b jets (6a) and their distance in the
⌘–� plane (6b).
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How to improve the sensitivity on yb?

• One can try to enhance the yb2 component by exploiting the different 
kinematics of the yt2 and yb2 contribution. We will focus in the 1b jet bin

• yt2 is more likely to produce b jets with two b quarks in it (bb jets). This happens 

~25% of the times one has a b jet.  
→Veto bb jets


• yt2 has a harder Higgs pT spectrum. Stay at low pT(H)
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Figure 7. Distributions in the transverse momentum of the Higgs boson in three categories: inclusive
(7a), � 1b-jet (7b), and � 1b-jet | 0 bb-jets (7c). See the text for details.

section, in the � 1b�jet category, the relative y2t and y2
b

contributions are respectively 81%

and 19%. In the � 1b�jet and no bb-jet category their relative contributions become ⇠ 77%

and ⇠ 23%, respectively. All in all, the gain coming from vetoing bb jets is moderate. Another

strategy, which can be combined with the bb-jet veto, consists in discarding events with the

Higgs transverse momentum larger than a given value. For example, with an upper cut on

pT
H

at 50 (100) GeV, in the category with at least one b jet and no bb jet, we can increase the

relative contribution of y2
b

terms to about 36% (27%), while keeping about 50% (90%) of its

rate. Hence, restricting the phase space to small pT
H

values allows us to increase the relative

size of y2
b

terms, while the impact on the rate is moderate due to the quite strong suppression

at large pT
H

.

We continue in figure 8 with the transverse-momentum distribution of hardest b jet. The

general features of the pT
b1

spectrum are similar to the ones of pT
H

. However, as this observable

clearly does not help very much in distinguishing between y2
b

and y2t contributions, we do not

suggest any additional cut on pT
b1

. It becomes clear from these plots, though, that a lower

pT
b

threshold used in the definition of b jets would increase the relative size of the y2
b

terms.

In the present study jets are defined with a pT
j

threshold of 30GeV. A value of 25 GeV or

even 20 GeV could be feasible at the LHC, and would further increase the sensitivity to the

bottom-quark Yukawa coupling in bb̄H production. We note that additional modifications of

the b-jet definition, for example the usage of a di↵erent jet radius (as shown in appendix A),

or of jet-substructure techniques, can provide further handles to improve the discrimination

of the y2
b

contribution.

Finally, we consider figure 9, where we show the invariant-mass distributions of the two

b jets, figure 9a, and their distance R, figure 9b, and the corresponding distributions for B
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Figure 7. Distributions in the transverse momentum of the Higgs boson in three categories: inclusive
(7a), � 1b-jet (7b), and � 1b-jet | 0 bb-jets (7c). See the text for details.
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general features of the pT
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spectrum are similar to the ones of pT
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. However, as this observable

clearly does not help very much in distinguishing between y2
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suggest any additional cut on pT
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. It becomes clear from these plots, though, that a lower
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threshold used in the definition of b jets would increase the relative size of the y2
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terms.
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even 20 GeV could be feasible at the LHC, and would further increase the sensitivity to the

bottom-quark Yukawa coupling in bb̄H production. We note that additional modifications of

the b-jet definition, for example the usage of a di↵erent jet radius (as shown in appendix A),
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• Complex-mass scheme, with


• mbpole=4.58 GeV,  yb renorm. in MSbar   
μR/F=HT/4, NNPDF3.1 NNLO evol, (nf=4)


• EW renormalisation in the Gμ scheme,


• Jets are clustered with anti-kT, pT>30 GeV, R=0.4 and  |𝜼|<4.5.  

B-tagging up to  |𝜼|<2.5

16

2 
Setup

Beside the renormalisation of the Hbb̄ vertex, the NLO2 term contains several other types
of contributions, such as EW Sudakov logarithms that depend on yb only via the underlying
LO1 contribution and therefore can be naturally rescaled by a factor (mMS

b
/m

pole

b
)2 in order

to provide an improved prediction; the term NLOMS

2
in Eq. (3) precisely corresponds to the

rescaling of the NLO2 contribution by this factor. In principle one may think also to add a
term NLO2 ⇥ (NLOMS

1
|yt=0/LO1) as typically done in the multiplicative combination of NLO

QCD and EW corrections. We have checked this alternative approach and found negligible
differences with the results obtained via Eq. (4). Finally, we remind the reader that the orders
LO3, NLO3 and NLO4 are dominated by ZH and VBF configurations, for which the issue
concerning the renormalisation of the Hbb̄ interaction is not relevant.

For simplicity, in the rest of the paper we will use also the notations defined in the following

LOQCD ⌘ LOMS

1
, (5)

LO ⌘ LOMS

1
+ LO2 + LO3 , (6)

NLOQCD ⌘ LOMS

1
+NLOMS

1
|yt=0 , (7)

NLOQCD+EW ⌘ LOMS

1
+NLOMS

1
|yt=0 +NLOMS

2
, (8)

NLOall ⌘ (LO + NLO)MS
. (9)

3 Numerical results

3.1 Input parameters
We provide numerical results for proton-proton collisions at the LHC with a center-of-mass-
energy of 14 TeV, as planned for the Run-III and the High-Luminosity run [83]. We perform
the calculation using the complex mass scheme and the following input parameters6

mZ = 91.15348 GeV , �Z = 2.4946 GeV , mW = 80.35797 GeV , �W = 2.08899 GeV ,

(10)
mH = 125.0 GeV , �H = 0 , mt = 173.34 GeV , �t = 1.3692 GeV ,

(11)

where we have set �H = 0 since there is an external on-shell Higgs in our calculation. EW
interactions are renormalised in the Gµ-scheme with

Gµ = 1.16639 · 10�5GeV�2
. (12)

We set the pole mass of the bottom quark to

m
pole

b
= 4.58 GeV , (13)

which corresponds to
m

MS

b
(mMS

b
) = 4.18 GeV , (14)

when the difference between the two schemes is evaluated at one-loop level, as motivated in
Sec. 2.3. We do not evaluate uncertainties related to the value of mb; they are discussed, e.g.,
in Refs. [48, 49] and are of the order of a few percents.

For the factorisation scale µF and the renormalisation scale µR, which enters the definition
of ↵s(µR) and yb =

p
2mMS

b
(µR)/v in the NLO QCD calculation, we use a central value

µ0 = HT/4, HT =
X

i

q
m

2

i
+ p

2

T
(i) , (15)

6Beside mb, the input parameters are the same of Ref. [52]. See Sec. 4.1 of this reference for more details.

10
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Results

17

accuracy (i) �i [fb] �i/�LOQCD
cuts

LOQCD 297+55.9%

�34.1%
1.00

LO 399+42.9%

�26.9%
1.34

NLOQCD 450+19.2%

�20.7%
1.51 NO CUT

NLOQCD+EW 442+18.5%

�20.4%
1.49

NLOall 639+14.3%

�15.6%
2.15

LOQCD 67.2+49.1%

�30.8%
(64.6+49.5%

�31.1%
) 1.00 ( 1.00)

LO 154+24.2%

�16.9%
(142+25.2%

�17.5%
) 2.29 ( 2.19)

NLOQCD 94.4+12.3%

�16.2%
(69.6+2.3%

�11.3%
) 1.40 ( 1.08) Njb

� 1

NLOQCD+EW 92.0+11.4%

�15.8%
(67.3+2.4%

�10.6%
) 1.37 ( 1.04)

NLOall 247+8.9%

�8.9%
(139+0.9%

�5.3%
) 3.67 ( 2.15)

LOQCD 61.7+49.6%

�31.1%
(59.0+50.0%

�31.3%
) 1.00 ( 1.00)

LO 105+31.1%

�20.8%
(93.3+33.7%

�22.3%
) 1.71 ( 1.58)

NLOQCD 87.9+13.1%

�16.6%
(66.0+2.2%

�12.3%
) 1.43 ( 1.12) Njb

= 1

NLOQCD+EW 85.7+12.2%

�16.3%
(63.9+2.3%

�11.7%
) 1.39 ( 1.08)

NLOall 187+10.4%

�10.6%
(107+1.3%

�8.4%
) 3.03 ( 1.82)

LOQCD 5.57+45.4%

�29.0%
1.00

LO 48.4+9.0%

�8.2%
8.70

NLOQCD 6.53+1.8%

�10.8%
1.17 Njb

� 2

NLOQCD+EW 6.30+1.0%

�10.2%
1.13

NLOall 59.8+4.0%

�3.7%
10.75

Table 2: Cross sections, with relative scale uncertainties, at different perturbative accuracies
and with different phase-space cuts. Numbers in parentheses are obtained by vetoing light jets.
Details are explained in the text.

�i/�LOQCD
[%] LO1 LO3 NLOMS

1
NLOMS

2
NLO3 NLO4

NO CUT 219.1 34.1 51.3 -2.6 34.6 -2.5
Njb � 1 229.5 (229.2) 128.7 (119.5) 40.5 ( 7.9) -3.6 ( -3.6) 111.1 ( 0.9) -9.6 ( -9.3)
Njb = 1 228.6 (228.1) 70.8 ( 58.1) 42.5 ( 11.9) -3.5 ( -3.5) 98.7 ( 20.0) -5.3 ( -4.6)
Njb � 2 240.5 770.2 17.3 -4.1 248.4 -56.7

Table 3: Ratio with the LOQCD contribution for the LO1 prediction and for each perturbative
order entering the complete-NLO predictions (NLOall). Numbers are in percentage and those
in parentheses are obtained by vetoing light jets. Details are explained in the text.
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Differential distributions 
Nb=1

18
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Figure 5: The pT (H) distribution for Njb
� 1 (up) and Njb

= 1 (down). In the right plots the
light-jet veto is applied.

also applying the light-jet veto, while the LO/NLOQCD and NLOall/NLOQCD ratios are mildly
enhanced (suppressed) with (without) the light-jet veto in the peripheral region.

We now move to the Higgs boson distributions, starting with pT (H) in Fig. 5. The peak
of the distribution is at pT (H) ⇠ 30 GeV, since by definition pT (jb) > 30 GeV. For the region
pT (H) > 30 GeV, the same considerations we have given for the pT (jb,1) distribution in Fig. 3
apply also here. The situation is instead different for pT (H)  30 GeV. Indeed, the LOQCD

prediction is smaller than the NLOQCD one and strongly decreases close to the threshold,
especially for the case Njb

= 1. This is a pathological behaviour that is typical of fixed-order
calculations in the presence of hard cuts.9 If at the same time Njb

= 1, pT (jb,1) > 30 GeV
and pT (H)  30 GeV, at LOQCD and more in general at LO, the b-jet jb,1 corresponds to a

9In Ref. [50], a larger bin width has been used in the distributions, hiding therefore the fixed-order patho-
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Figure 2: The m(jb,1, jb,2) distribution for Njb
� 2. In the right plot the light-jet veto is applied.

We now proceed to the analysis of differential distributions for several observables in the
case Njb

� 1 and Njb
= 1. First of all, beside documenting the result obtained, we want to

explore the possibilities of enhancing the sensitivity on the �(y2
b
) contribution. In each of the

Figs. 3–8 we show distributions for a specific observable for Njb
� 1 (upper plots) and Njb

= 1
(lower plots) without (left plots) and with (right plots) the light-jet veto applied. We consider
the following distributions: the transverse momenta and the pseudorapidity of the hardest b-
jet, pT (jb,1) and ⌘(jb,1), the transverse momenta and the rapidity of the Higgs boson, pT (H)
and y(H), the absolute value of the difference of the Higgs and hardest b-jet pseudorapidities,
|�⌘(H, jb,1)|, and finally the transverse momenta and the pseudorapidity of the light-jet, pT (jl)
and ⌘(jl). Since the last two observables are not defined in the case of the light-jet veto, we
combine them in Fig. 8.

All the plots of Figs. 3–8 have the same layout of those in Fig. 2, which has already been
described. First of all, one can see that also at the differential level the NLOMS

2
contribution,

which is equal to the difference between the NLOQCD+EW and NLOQCD predictions, is negligible.
In absolute value, it reaches at maximum few percents of the NLOQCD prediction in the tails
of the transverse-momentum distributions. For this reason, the NLOall/NLOQCD ratio can be
interpreted as the differential version of the ratio [�(y2

b
) + �(2

Z
)]/�(y2

b
), namely the inverse of

the quantity displayed in the first column of Tab. 4. The higher is the NLOall/NLOQCD ratio,
the smaller is the fraction of the cross section that depends on yb. The most important result
that can be obtained by the analysis of all these plots is that whenever we look at phase-space
regions that do not correspond to the bulk of the cross-section (large values of pT , |⌘| or |y|,
etc.), the NLOall/NLOQCD ratio increases. In other words, applying cuts that depend on any of
the observable we have considered, total rates diminish and at the same time the fraction of the
cross section that depend on yb decreases. The only exception is the |�⌘(H, jb,1)| distribution,
especially when the light-jet veto is applied. However, in order to halve the �(2

Z
) term and

bring it to roughly 30-40% of �(y2
b
), rates have to be suppressed by a factor of 10. Thus, no

real improvement can be gained. In conclusion, the sensitivity on yb cannot be improved even
via the information at the differential level.

Although the main message of our phenomenological analysis has already been conveyed,
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