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11.2.4.3 SM Higgs boson branching ratios and total width
For the understanding and interpretation of the experimental

results, the computation of all relevant Higgs boson decay widths
is essential, including an estimate of their uncertainties and, when
appropriate, the e�ects of Higgs boson decays into o�-shell parti-
cles with successive decays into lighter SM ones. A Higgs boson
mass of about 125 GeV allows to explore the Higgs boson couplings
to many SM particles. In particular the dominant decay modes
are H æ bb̄ and H æ W W

ú, followed by H æ gg, H æ ·
+

·
≠,

H æ cc̄ and H æ ZZ
ú. With much smaller rates follow the

Higgs boson decays into H æ ““, H æ “Z and H æ µ
+

µ
≠.

Since the decays into gluons, diphotons and Z“ are loop induced,
they provide indirect information on the Higgs boson couplings to
W W , ZZ and tt̄ in di�erent combinations. The uncertainties in
the branching ratios include the missing higher-order corrections
in the theoretical calculations as well as the errors in the SM in-
put parameters, in particular fermion masses and the QCD gauge
coupling, involved in the decay. In the following the state-of-the-
art of the theoretical calculations will be discussed and the reader
is referred to Refs. [41–44,110] for detail.

The evaluation of the radiative corrections to the fermionic de-
cays of the SM Higgs boson are implemented in HDECAY [111]
at di�erent levels of accuracy. The computations of the H æ bb̄

and H æ cc̄ decays include the complete massless QCD correc-
tions up to N4LO, with a corresponding scale dependence of about
0.1% [112]. Both the electroweak corrections to H æ bb̄, cc̄ as
well as H æ ·

+
·

≠ are known at NLO [113] providing predictions
with an overall accuracy of about 1–2% for mH ƒ 125 GeV.

The loop induced decays of the SM Higgs boson are known fully
at NLO and partially beyond that approximation. For H æ gg,
the QCD corrections are known up to N3LO in the limit of heavy
top quarks [49,114] and the uncertainty from the scale dependence
is about 3%. For the H æ ““, the full NLO QCD corrections
are available [49, 115] and the three-loop QCD corrections have
also been evaluated [116]. The NLO electroweak corrections to
H æ gg and H æ ““ have been computed in Ref. [117]. All
these corrections are implemented in HDECAY [111]. For mH ƒ

125 GeV, the overall impact of known QCD and EW radiative
e�ects turns out to be well below 1%. In addition, the contribution
of the H æ “e

+
e

≠ decay via virtual photon conversion has been
computed in Ref. [118]. The partial decay width H æ Z“ is only
implemented at LO in HDECAY, including the virtual W , top-
, bottom-, and · -loop contributions. The QCD corrections have
been calculated and are at the percent level [119]. The theoretical
uncertainty due to unknown electroweak corrections is estimated
to be less than 5%, an accuracy that will be hard to achieve in
the measurement of this process at the LHC.

Table 11.3: The branching ratios and the rel-
ative uncertainty [43, 44] for a SM Higgs boson
with mH = 125 GeV.

Decay channel Branching ratio Rel. uncertainty

H æ ““ 2.27 ◊ 10≠3 2.1%

H æ ZZ 2.62 ◊ 10≠2
±1.5%

H æ W
+

W
≠ 2.14 ◊ 10≠1

±1.5%

H æ ·
+

·
≠ 6.27 ◊10≠2

±1.6%

H æ bb̄ 5.82 ◊ 10≠1 +1.2%
≠1.3%

H æ cc̄ 2.89 ◊ 10≠2 +5.5%
≠2.0%

H æ Z“ 1.53 ◊ 10≠3
±5.8%

H æ µ
+

µ
≠ 2.18 ◊ 10≠4

±1.7%

The decays H æ W W/ZZ æ 4f can be simulated with the

Prophecy4f Monte-Carlo generator [120] that includes complete
NLO QCD and EW corrections for Higgs decays into any pos-
sible four-fermion final state. All calculations are consistently
performed with o�-shell gauge bosons, without any on-shell ap-
proximation. For the SM Higgs boson, the missing higher-order
corrections are estimated to be roughly 0.5%. Such uncertain-
ties will have to be combined with the parametric uncertainties,
in particular those associated to the bottom-quark mass and the
strong gauge coupling, to arrive at the full theory uncertainty. A
detailed treatment of the di�erential distributions for a Higgs bo-
son decay into four charged leptons in the final state is discussed
in Refs. [43, 121].

The total width of a 125 GeV SM Higgs boson is ≈H = 4.07 ◊

10≠3 GeV, with a relative uncertainty of +4.0%
≠3.9%. The branching

ratios for the most relevant decay modes of the SM Higgs boson as
a function of mH , including the most recent theoretical uncertain-
ties, are shown in Fig. 11.2 (right) and listed for mH = 125 GeV
in Table 11.3. Further details of these calculations can be found
in the reviews [41–44] and references therein.

11.3 The experimental profile of the Higgs boson

The observation [1,2] at the LHC of a narrow resonance with a
mass of about 125 GeV was an important landmark in the decades-
long direct search [46, 122] for the SM Higgs boson. This was
followed by a detailed exploration of properties of the Higgs boson
at the di�erent runs of the LHC at

Ô
s = 7, 8 and 13 TeV.

The dataset at
Ô

s =13 TeV in the Run 2 phase of the LHC op-
eration corresponds to an integrated luminosity of about 156 fb≠1

see Table 11.4. The datasets e�ectively useful for analysis need to
take into account the data-taking e�ciency with fully operational
detectors and the data quality e�ciency. The typical total inef-
ficiency for both ATLAS and CMS is approximately 10%, where
approximately half is due to the data taking ine�ciency and half
from data quality.

In this section, most of the references for the Run 1 measure-
ments that have been updated at the Run 2 are given in the
previous version of this review [123] and are not repeated herein.

Table 11.4: The LHC pp collision centre-of-mass
energies and delivered data samples.

Year
Ô

s (TeV)
s

L.dt (fb≠1) Period
2010 7 0.04 Run 1
2011 7 6.1 Run 1
2012 8 23.3 Run 1
2015 13 4.2 Run 2
2016 13 40.8 Run 2
2017 13 50.2 Run 2
2018 13 60.6 Run 2

11.3.1 The principal decay channels to vector bosons
For a given mH , the sensitivity of a channel depends on the

production cross section of the Higgs boson, its decay branching
fraction, the reconstructed mass resolution, the selection e�ciency
and the level of background in the final state. For a low-mass
Higgs boson (110 GeV < mH < 150 GeV) for which the SM width
would be only a few MeV, five decay channels play an important
role at the LHC. In the H æ ““ and H æ ZZ

ú
æ 4¸ channels, all

final state particles can be very precisely measured and the recon-
structed mH resolution is excellent (typically 1-2%). While the
H æ W

+
W

≠
æ ¸

+
‹¸¸

Õ≠
‹̄¸Õ channel has relatively large branch-

ing fraction, however, due to the presence of neutrinos which are
not reconstructed in the final state, the mH resolution, obtained
through observables sensitive to the Higgs boson mass such as
the transverse mass, is poor (approximately 20%). The H æ bb̄

and the H æ ·
+

·
≠ channels su�er from large backgrounds and

lead to an intermediate mass resolution of about 10% and 15%
respectively.

With the increase in the size of datasets, measurements in the
most sensitive channels are now carried out di�erentially or in
exclusive modes depending on specific production characteristics.
These measurements are discussed in Section 11.6.2.4.
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παράγει

4000 W± s / sec

1200 Z0 s / sec

17 tt s / sec

1 h0 s / sec

~0.007 h0h0 s / sec 
SM prediction

*Run II (20 Hz / nb)

http://cern.ch/theofil/
https://cmslumi.web.cern.ch/cmslumi/publicplots/peak_lumi_per_day_pp_2018NormtagLumi.png
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ορισµός S & B 

Αν  
S = pp → h → 4l 
B = ? 



pp → 4 leptons
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pp → 4 leptons
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ανάλυση φυσικής = ορισµός S & B 

N(pT1, pT2, M12…) = S(pT1, pT2, M12 …) + B(pT1, pT2, M12 …)

κριτήρια επιλογής (cuts)

 

Βειηηζηνπνίεζε ησλ θξηηεξίσλ επηινγήο γεγνλόησλ γηα ηελ αλαθάιπςε λέαο θπζηθήο κε ην πείξακα ATLAS 
Χ. Κνπξθνπκέιε, Γ. Φαζνπιηώηεο, Σ. Βνπξάθεο, Σεπ. 2016 

 
 

 
 

Σρ.9 Τκήκα επηινγήο ηωλ cuts: (a) γηα δύν ιεπηόληα θαη (b) γηα ηέζζεξα ιεπηόληα  
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N0 = S0 + B0

N1 = S1 + B1

N2 = S2 + B2

N3 = S3 + B3

µεγιστοποίηση του  
S/√B ή άλλων κριτηρίων σηµαντικότητας πχ

 

Βειηηζηνπνίεζε ησλ θξηηεξίσλ επηινγήο γεγνλόησλ γηα ηελ αλαθάιπςε λέαο θπζηθήο κε ην πείξακα ATLAS 
Χ. Κνπξθνπκέιε, Γ. Φαζνπιηώηεο, Σ. Βνπξάθεο, Σεπ. 2016 

 
 

Παξάξηεκα 
 
Α: Παξάκεηξνο θξνύζεο (d0) είλαη ε θάζεηε απόζηαζε ηεο (δεπηεξεύνπζαο) θνξπθήο ησλ 
ιεπηνλίσλ από ην ζεκείν ζύγθξνπζεο ησλ δεζκώλ (πξσηεύνπζα θνξπθή) όπσο ζην ζρήκα. 

 
Αλ ηα θάπνην από ηα ιεπηόληα πξνέξρεηαη από δηάζπαζε b-θνπάξθ (δειαδή από ππόβαζξν 
jets ή t/b θνπάξθο ), ηόηε ιόγσ ηνπ πεπεξαζκέλνπ (θαη όρη απεηξνζηνύ) ρξόλνπ δσήο ηνπ b-
θνπάξθ, ε θνξπθή πνπ νξίδεηαη κπνξεί λα απέρεη θάπνηα (πεπεξαζκέλε) απόζηαζε από ηελ 
πξσηεύνπζα θνξπθή, δειαδή λα είλαη «κεηαηνπηζκέλε». Δλώ ζηελ πεξίπησζε όπνπ όια ηα 
ιεπηόληα πξνέξρνληαη από θαηεπζείαλ δηαζπάζεηο ηνπ/ησλ Ε ηόηε ε θνξπθή ηνπο ζα είλαη 
πνιύ θνληά (πξαθηηθά ζα ηαπηίδεηαη) κε ηελ πξσηεύνπζα θνξπθή. Απηό είλαη έλα cut πνπ 
κπνξνύκε λα  ρξεζηκνπνηήζνπκε γηα απόξξηςε ηνπ ππνβάζξνπ. Γηα ηελ αθξίβεηα 
ρξεζηκνπνηνύκε ηηκέο ηνπ d0 δηαηξεκέλνπ κε ην ζθάικα ζηελ κέηξεζε ηνπ. Σηελ πεξίπησζε 
ηεο έξεπλαο γηα Higgs, επεηδή ε κέηξεζε ηνπ d0 ησλ ειεθηξνλίσλ θαη ην κπνλίσλ γίλεηαη κε 
δπν δηαθνξεηηθνύο ηξόπνπο, ζην ζρήκα 9(b) δίλνληαη μερσξηζηά νη δύν ηηκέο. 
 
Β: Κξηηήξην απνκόλσζεο είλαη έλα κέηξν θαηά πόζν ην θάζε ιεπηόλην έρεη θνληά ηνπ άιια 
ζσκαηίδηα. Χξεζηκνπνηνύκε έλα θξηηήξην απνκόλσζεο πνπ βαζίδεηαη ζε γεηηνληθέο ηξνρηέο 
(iso) θαη έλα πνπ βαζίδεηαη ζε γεηηνληθή ελαπόζεζε ελέξγεηαο (calo iso). Παξ’ όιν πνπ θαη ηα 
δύν δίλνπλ βαζηθά ηελ ίδηα πιεξνθνξία επεηδή απηή πξνέξρεηαη από δύν δηαθνξεηηθνύο 
αληρλεπηέο (αληρλεπηήο θνξηηζκέλσλ ηξνρηώλ θαη θαινξίκεηξα) κπνξεί λα δώζεη επί πιένλ 
ηθαλόηεηα απόξηςεο ηνπ ππνβάζξνπ. Παίξλνπκε έλα θώλν αλνίγκαηνο πεξίπνπ 30o (20o) θαη 
αζξνίδνπκε ηηο εγθάξζηεο νξκέο ησλ ηξνρηώλ (εθηόο από ην ιεπηόλην πνπ εμεηάδνπκε) πνπ 
είλαη κέζα ζε απηόλ ηνλ θώλν ή ηηο γεηηνληθέο ελέξγεηεο ζην θαινξίκεηξν -όπσο ζην 
παξαθάησ ζρήκα. 

 
θαη ηέινο δηαηξνύκε κε ηελ εγθάξζηα νξκή ηνπ ιεπηνλίνπ πνπ εμεηάδνπκε. Τα ιεπηόληα από 
ην ππόβαζξν, επεηδή ηνπιάρηζηνλ κπνξεί λα πξνέξρνληαη από δηαζπάζεηο θνπάξθ πνπ 
νδεγνύλ ζε πίδαθεο ζσκαηηδίσλ, αλακέλεηαη λα είλαη ιηγόηεξν απνκνλσκέλα από όηη ην 
ζήκα. 
 
Γ: Σεκαληηθόηεηα (significance) είλαη ε ηηκή ηνπ  

              √  ((   )    (  
 
 
)  ) 

Όπνπ S ν αξηζκόο γεγνλόησλ ζήκαηνο κέρξη εθείλν ην ζεκείν θαη Β ν αξηζκόο γεγνλόησλ ηνπ 
ππνβάζξνπ κέρξη εθείλν ηε ζεκείν. Όζν πην κεγάιε είλαη ε ηηκή ηεο ηόζν πην ζηαηηζηηθά 
ζεκαληηθή είλαη ε παξαηήξεζε.  
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significance (Gaussian)

8Κ. Θεοφιλάτος

https://pdg.lbl.gov/2020/reviews/rpp2020-rev-statistics.pdf
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