
Quantification of backgrounds in 
the high-q2 region of R𝝠

Sander Bouma
MSc Thesis Presentation

03-07-2024

1



Outline

➢ Standard Model of Particle Physics

➢ Lepton Flavour Universality

➢ The R(Λ) analysis

➢ Backgrounds in R(Λ)

➢ Results

➢ Outlook

2



A brief overview of the Standard Model

Six different flavours of quarks
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A brief overview of the Standard Model

Six different flavours of leptons
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A brief overview of the Standard Model

Four gauge bosons that carry the forces
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A brief overview of the Standard Model

One scalar boson that allows W 
and Z to have mass
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The SM has made many accurate predictions
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The SM has made many accurate predictions
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However, there remain unsolved mysteries
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However, there remain unsolved mysteries
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Hint for new physics? 

(2014)

Integrated branching fractions
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Lepton Flavour Universality
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Lepton Flavour Universality
According to SM

Muons: Electrons:

Same interactions, same coupling†

𝜇- e-
gW gW

W- W-

𝜈𝜇 𝜈e

†also applies to taus 8



Lepton Flavour Universality
According to SM

Muons: Electrons:

Same interactions, same coupling†

𝜇- e-
gW gW

W- W-

𝜈𝜇 𝜈e

†also applies to taus *aside from small corrections due to mass differences

Thus,* 

8



b→sl+l- transitions

Standard Model:
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b→sl+l- transitions

Standard Model:

Damir Becirevic et al. “Leptoquark model to explain the 
B-physics anomalies RK and RD ”

Andrzej J. Buras & Jennifer Girrbach. “Left-handed Z′ and 
Z FCNC quark couplings facing new b → sµ+µ− data”

Beyond Standard Model:
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http://www.scholarpedia.org/article/Lepton_flavour_universality

R measurements

 R(Λ)      ????? LHCb 14.3<q2<20 
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http://www.scholarpedia.org/article/Lepton_flavour_universality

R measurements

 R(Λ)      ????? LHCb 14.3<q2<20 
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The R(Λ) analysis
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The R(Λ) analysis

➢ Baryonic b→sl+l- transition

➢ First measurement of BF(𝚲b→𝚲0e+e-)

➢ New, unexplored q2 region
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LHCb collaboration, R. Aaij et al., Differential branching fraction and angular analysis of Λ0b → Λµ+ µ− decays.

Theory
Binned theory
R1 data

Branching fraction vs q2 of Λb→Λ0μ+μ-
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LHCb collaboration, R. Aaij et al., Differential branching fraction and angular analysis of Λ0b → Λµ+ µ− decays.

Theory
Binned theory
R1 data

Branching fraction vs q2 of Λb→Λ0μ+μ-

high-q2
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LHCb collaboration, R. Aaij et al., Differential branching fraction and angular analysis of Λ0b → Λµ+ µ− decays.

Theory
Binned theory
R1 data

Branching fraction vs q2 of Λb→Λ0μ+μ-

low-q2
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LHCb collaboration, R. Aaij et al., Differential branching fraction and angular analysis of Λ0b → Λµ+ µ− decays.

Theory
Binned theory
R1 data

Branching fraction vs q2 of Λb→Λ0μ+μ-

J/ᴪ

ᴪ(2S)

resonances
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About resonances (cc)
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About resonances (cc)
looks like
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About resonances (cc)
looks likes



q2 regions of R(Λ)

Can be used for 
cross-checks
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My role:
Quantifying the backgrounds in the high-q2 region 

of R(Λ)
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Mis-identified particles

➢ A particle in our selection is actually a 

different particle, 

➢ looks like it was  Λb→ Λ0l+l- 

➢ but it was a different decay

Backgrounds in Λb→Λ0l+l-
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Mis-identified particles

➢ A particle in our selection is actually a 

different particle, 

➢ looks like it was  Λb→ Λ0l+l- 

➢ but it was a different decay

Example

Bd→ KS
 l+ l-

KS
 → π+ π-

Becomes

Bd→ KS
 l+ l-

KS
 → p π-

Backgrounds in Λb→Λ0l+l-

16



Mis-identified particles

➢ A particle in our selection is actually a 

different particle, 

➢ looks like it was  Λb→ Λ0l+l- 

➢ but it was a different decay

Example

Bd→ KS
 l+ l-

KS
 → π+ π-

Becomes

Bd→ KS
 l+ l-

𝚲0 → p π-

Backgrounds in Λb→Λ0l+l-
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Mis-identified particles

➢ A particle in our selection is actually a 

different particle, 

➢ looks like it was  Λb→ Λ0l+l- 

➢ but it was a different decay

Example

Bd→ KS
 l+ l-

KS
 → π+ π-

Becomes

Λb→ Λ0 l+ l-

Λ0 → p π-

Backgrounds in Λb→Λ0l+l-

16



Partially reconstructed decays

➢ We missed particles in the 

reconstruction, 

➢ looks like it was  Λb→ Λ0l+l- 

➢ but it was a different decay

Backgrounds in Λb→Λ0l+l-
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Partially reconstructed decays

➢ We missed particles in the 

reconstruction, 

➢ looks like it was  Λb→ Λ0l+l- 

➢ but it was a different decay

Example

Λb→ Λc
+ 𝜈l l

-

Λc
+ → Λ0 l+ 𝜈l

Becomes

Λb→ Λc
+ 𝜈l l

-

Λc
+ → Λ0 l+ 𝜈l

Backgrounds in Λb→Λ0l+l-
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Leakage from other q2 regions

Backgrounds in Λb→Λ0l+l-

low-q2         J/𝜓    𝛹(2S) high-q2
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Leakage from other q2 regions

Backgrounds in Λb→Λ0l+l-

𝛹(2S)

leakage

low-q2         J/𝜓            high-q2
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Combinatorial background

➢ Accidental combinations of tracks, 

➢ Particle from another decay is matched 

with the rest of  Λb→ Λ0l+l- 

Backgrounds in Λb→Λ0l+l-

19



Combinatorial background

➢ Accidental combinations of tracks, 

➢ Particle from another decay is matched 

with the rest of  Λb→ Λ0l+l- 

ExampleBackgrounds in Λb→Λ0l+l-

Λb

other 
decay

Λ0

l+

l-

l-

l+

meson

Re
co

ns
tr

uc
tio

n
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Combinatorial background

➢ Accidental combinations of tracks, 

➢ Particle from another decay is matched 

with the rest of  Λb→ Λ0l+l- 

ExampleBackgrounds in Λb→Λ0l+l-

and more...

➢ Combinations of all of the above

Λb

other 
decay

Λ0

l+

l-

l-

l+

meson

Re
co

ns
tr

uc
tio

n
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Modelling backgrounds by MC fitting

Signal
+

MisID backgrounds
+

PartRec backgrounds
+

Comb background
+

Other…

Data

20



Modelling backgrounds by MC fitting

MC Signal
+

MC MisID backgrounds
+

MC PartRec backgrounds
+

Same sign data
+

MC Other…

Data
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➢ Use same sign data to describe 

combinatorial background

ExampleNo MC for combinatorial…

Λb

other 
decay

Λ0

l+

l+

l-

l-

meson

Re
co

ns
tr

uc
tio

n

➢ Violates lepton number conservation

➢ measurements of these decays are due 

to accidental combinations
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Modelling backgrounds by MC fitting

Fit to data

Bd->KS MisID

Signal

L1520 PartRec

Combinatorial

Psi(2S)Lc PartRec

m(𝚲0𝜇+𝜇-)m(𝚲b)

Combined 
model
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Nice fit, but…

Is it also realistic?

R2p2, DD, MM,  no weights, no cuts, floating yields. 24



Nice fit, but…

Is it also realistic?
→ idk…

R2p2, DD, MM,  no weights, no cuts, floating yields.

How much do we
expect each bkg to
contribute?
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Expected background 
yields

obtained from PDG

Fraction of decays that make it 
through selection/reconstruction

fragmentation ratio
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Expected background 
yields

obtained from PDG

Fraction of decays that make it 
through selection/reconstruction

fragmentation ratio

Results*

*for R2p2, DD, MM,  no weights, no cuts

background N(bkg)/N(sig)

𝚲b→𝚲c
+𝜇-𝜈𝜇 26% +- 12%

Bd→KS𝜇
+𝜇-   1.9% +- 0.6%

𝜩b
-→𝛯-𝜇+𝜇- 0.4% +- 0.3%

𝚲b→𝚲(1520)𝜇-𝜇+  0.1% +- 0.04%

𝚲b→𝚲0 𝛹(2S) 0.07% +- 0.04%
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Limiting yields

Using N(bkg)/N(sig) to 
limit the contributions

R2p2, DD, MM,  no weights, no cuts ,limited yields. 26



Limiting yields Floating yields

N(sig) N(sig) = 250 N(sig) = 226

More realistic, higher signal contribution, similar pulls
27



Are these yields consistent with what we see in the 
data?
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Are these yields consistent with what we see in the 
data?

➢ .

➢ .
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A. Moretti Transversity and Λ polarization in semi-inclusive DIS

➢ Armenteros-Podolanski plot
➢ uses momentum asymmetry
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A. Moretti Transversity and Λ polarization in semi-inclusive DIS 29



A. Moretti Transversity and Λ polarization in semi-inclusive DIS 29
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Contains

Combinatorial 
+

+
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plot m(KS𝜇
+𝜇-)

MC

expected yield data
 ~ 9 events ~14 events

data
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m(𝛬0𝜇+) ≤ m(𝛬c
+)  no constraint on m(𝛬c

+)

MC MC

m(𝛬c
+) m(𝛬c

+)
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m(𝛬0𝜇+) ≤ m(𝛬c
+)  no constraint on m(𝛬c

+)

Data
low-q2+high-q2

Data
high-q2

m(𝛬c
+) m(𝛬c

+)

Data R2p2, LL and DD 34



m(𝛬0𝜇+) ≤ m(𝛬c
+)  no constraint on m(𝛬c

+)

Data
high-q2

m(𝛬c
+)

Data R2p2, LL and DD

We expected 26% +- 14% wrt signal

But we donʼt see a significant contribution in 
the plot

How?
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m(𝛬0𝜇+) ≤ m(𝛬c
+)  no constraint on m(𝛬c

+)

We expected 26% +- 14% wrt signal

But we donʼt see a significant contribution in 
the plot

How?
overestimated, yet to be 
corrected for
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Are these yields consistent with what we see in the 
data?

➢ .

➢ .

yes

no
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Outlook

➢ Get results for electron mode of these 

backgrounds

➢ Study partially reconstructed 

backgrounds in the data

➢ Study the double misID background
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Outlook

➢ Get results for electron mode of these 

backgrounds

➢ Study partially reconstructed 

backgrounds in the data

➢ Study the double misID background

Thank you!
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BACKUP





Lb->L0 J/Psi mode electrons vs muons





“LHCb detector performance”. In: International Journal of Modern Physics A



“LHCb detector performance”. In: International Journal of Modern Physics A

Particle tracking





“LHCb detector performance”. In: International Journal of Modern Physics A

Particle Identification



Particle Identification

“LHCb detector performance”. In: International Journal of Modern Physics A





How do we measure R(Λ)?

Single ratio:



How do we measure R(Λ)?

Double ratio:



Lb->L0 Mu Mu branching fraction



Lc expected q2 vs MC q2







Cut data on Lc mass
Do you see a difference in red and blue? Me neither

Lc mass cut on data



https://arxiv.org/abs/1912.02110

Mick’s favourite plot



Floating yields Limiting yields



Limiting yields Floating yields

N(sig) N(sig) = 250 N(sig) = 226

More realistic, higher signal contribution, similar pulls


