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Rare -decays: 
GIM suppressed flavour changing neutral currents      

    
forbidden at tree level, allowed at loop level 
electroweak decays, radiative electroweak decays 

  suppressed lepton flavour violating decays 
Helicity suppressed purely leptonic decays 
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New Physics (example)

• Rare B-decays: 
• Flavour Changing Neutral Currents (FCNC): 

 

• Proceed at the loop-level  very 
suppressed in the SM 

• Low BF’s due to CKM and GIM suppression 
decays 

• Very sensitive to NP since SM contribution is 
small!

b → s(d)γ
→
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ℬ(B0 → ρ0γ)
ℬ(B0 → K*0γ)

∝
Vtd

Vts

2

• Experimentally

ℬ(B0 → ρ0γ)
ℬ(B0 → K*0γ)

= ℬ(K*0 → K+π−)
Nρ0γ

NK*0γ

ϵK*0γ

ϵρ0γ

• In the  region defined as  MeV/  (similar to Babar and 
Belle) 

• First measurement by LHCb using Run 1 + 2 data (9 fb )

ρ0 mππ ∈ (630, 920) c2

−1

• Search for NP using  transition 

• Measure branching fraction of  using  as reference 
channel 

• Well observed channel with large statistics 

• Most of the systematics cancels out in the ratio 

• Allow to test the SM consistency

b → dγ
B0 → ρ0γ B0 → K*0γ

Simulation sample

Unbinned maximum 
likelihood fit to data

Motivation
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Previous measurements

7

(B0) branching fraction, and 3.9% for AI . The uncer-
tainty due to possible mis-modeling of the B → Dπ+

control sample in Belle (see section IVA) is 0.9% (1.5%)
for the B+ (B0) branching fraction and 0.3% for AI . The
uncertainties on ACP are O(0.1%).
The uncertainty related to each fixed parameter in the

fit is estimated by varying each parameter by its uncer-
tainty and repeating the fit. The difference between the
fit result and our nominal result is taken as the system-
atic uncertainty.
The uncertainty arising from the shape of the signal

PDF is evaluated by varying the calibration factors ob-
tained from the fit to the B → K∗γ control sample by
their uncertainties and repeating the fit. The difference
between the result and our nominal result is taken as the
systematic uncertainty.
The uncertainty due to modeling B → K∗γ is evalu-

ated by using a modified histogram PDF; this is obtained
from simulated experiments generated with the original
histogram as a kernel function. The differences in the
fit results from the nominal values are taken as the sys-
tematic uncertainties. The same procedure is adopted to
estimate the uncertainty due to the histogram PDF used
to model the M(Kπ) distribution of the BB combinato-
rial background.
The systematic uncertainties due to BB background

that peaks in the signal-enriched region (“peaking back-
ground”) are estimated by varying this background as
follows. The K∗γ background yield is estimated as
NK∗γ = 2·NBB ·B(B → K∗γ)·FK/π ·ϵK∗γ , where FK/π is
the probability for a charged kaon to be misidentified as a
pion, and ϵK∗γ is the efficiency to selectK∗γ background.
The misidentification probability FK/π is obtained from a
study of D∗+ → D0(→ K−π+)π+ decays; the fractional
uncertainty is 6.1% for Belle and 9.7% for Belle II. To es-
timate the systematic uncertainty arising from B → K∗γ
background, we vary both B(B → K∗γ) [7] and FK/π by
their uncertainties. Other peaking background sources
are B → Xs(d)γ decays, where Xs(d) is any final state of
s(d) quark hadronization with strangeness equal to one
(zero) except for K∗ (892)γ (ργ), and hadronic B decays
with π0(η) → γγ in the final states. The former is varied
according to its experimental uncertainty [7]. For the lat-
ter, we take the fractional uncertainty on the number of
peaking background events to be the weighted sum of the
fractional uncertainties on the branching fractions for the
main decay modes that contribute. For the B+ → ρ+γ
mode, the contamination from B+ → ρ+π0(η) decays
is dominant at 24% (16%), according to the simulation.
For the B0 → ρ0γ mode, the main contamination comes
fromB0 → ρ0η (9%), B+ → a+1 π

0 (8%), andB+ → ρ+ρ0

(8%). For modes that have not been measured, a 50%
uncertainty is assumed for the branching fractions.
For the ACP measurement, we calculate the effect of a

possible CP asymmetry of BB peaking background. The
ACP values for B → K∗γ and B → Xsγ are varied by
their measured uncertainties [7], while ACP for B → Xdγ
is varied by ±60%. The latter corresponds to a conser-

vative uncertainty on the SM prediction [35]. The ACP

values for other modes such as B → ρπ0 are varied by
±10%. The uncertainties on the number of BB pairs, the
ratio τB+/τB0 , and the ratio f+−/f00 [36] are all taken
into account.

VII. RESULTS

We determine the branching fractions, CP asymmetry,
and isospin asymmetry directly from the fit. The results
are

B
(

B+ → ρ+γ
)

=
(

13.1+2.0+1.3
−1.9−1.2

)

× 10−7 (8)

B
(

B0 → ρ0γ
)

=
(

7.5± 1.3+1.0
−0.8

)

× 10−7 (9)

ACP

(

B+ → ρ+γ
)

=
(

−8.2± 15.2+1.6
−1.2

)

% (10)

AI (B → ργ) =
(

10.9+11.2+6.8+3.8
−11.7−6.2−3.9

)

%, (11)

where the first uncertainty is statistical, the second is
systematic, and the third for AI is the uncertainty from
f+−/f00 [36] combined with the uncertainty from the ra-
tio of B+ to B0 lifetimes.
In summary, we have measured the branching frac-

tions, direct CP asymmetry, and isospin asymmetry of
B → ργ decays using a total of 1073 fb−1 of Belle and
Belle II data. These results are the most precise to date
and supersede the previous Belle results [2]. The results
for ACP and AI are consistent with SM expectations.

This work, based on data collected using the Belle
II detector, which was built and commissioned prior to
March 2019, and data collected using the Belle detector,
which was operated until June 2010, was supported by
Higher Education and Science Committee of the Republic
of Armenia Grant No. 23LCG-1C011; Australian Re-
search Council and Research Grants No. DP200101792,
No. DP210101900, No. DP210102831, No. DE220100462,
No. LE210100098, and No. LE230100085; Austrian Fed-
eral Ministry of Education, Science and Research, Aus-
trian Science Fund No. P 31361-N36 and No. J4625-N,
and Horizon 2020 ERC Starting Grant No. 947006 “In-
terLeptons”; Natural Sciences and Engineering Research
Council of Canada, Compute Canada and CANARIE;
National Key R&D Program of China under Contract
No. 2022YFA1601903, National Natural Science Founda-
tion of China and Research Grants No. 11575017,
No. 11761141009, No. 11705209, No. 11975076,
No. 12135005, No. 12150004, No. 12161141008, and
No. 12175041, and Shandong Provincial Natural Science
Foundation Project ZR2022JQ02; the Czech Science
Foundation Grant No. 22-18469S; European Research
Council, Seventh Framework PIEF-GA-2013-622527,
Horizon 2020 ERC-Advanced Grants No. 267104
and No. 884719, Horizon 2020 ERC-Consolidator Grant
No. 819127, Horizon 2020 Marie Sklodowska-Curie Grant
Agreement No. 700525 “NIOBE” and No. 101026516,
and Horizon 2020 Marie Sklodowska-Curie RISE project
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FIG. 4: Distributions of Mbc, ∆E and M(Kπ) for B+ → ρ+γ candidates reconstructed in the signal-enriched region of the
other two variables. The signal-enriched region is defined as Mbc > 5.27 GeV/c2, |∆E| < 0.1 GeV and M(Kπ) > 0.92 GeV/c2.
The points with error bars are data, the solid red curves are the sum of signal and background PDFs, the dashed red curves
are signal, the dotted-dashed blue curves are continuum background, the dashed magenta curves are K∗γ background, and
the dotted green curves are BB background other than K∗γ. The discrete nature of the solid red curves is due to the use of
histogram PDFs.

ArXiv: 2407.08984 
Submitted to PRD

ℬ(B0 → ρ0γ) = (8.2 ± 1.3) × 10−7

ℬ(B0 → ρ0γ)PDG = (8.6 ± 1.5) × 10−7

• The latest combination by HFLAV results 

• First studied in Belle [PRL 101, 111801 ] and Babar [PRD 78, 112001] 

• Recent analysis based on Belle (711 fb ) + Belle II (362 fb ) data 
• Measured branching fraction of  and it’s isospin companion  
• In addition to that, isospin asymmetry  and CP asymmetry 

−1 −1

B0 → ρ0γ B+ → ρ+γ
AI(B → ργ)

ACP(B+ → ρ+γ)

Nsig = 99 ± 12

https://arxiv.org/pdf/2407.08984
https://hflav-eos.web.cern.ch/hflav-eos/rare/May2024/html/radll/Bd/BR_B0_rho0_gamma.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.101.111801
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.78.112001
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Chapter 2

The LHCb Detector

2.1 Detector layout

LHCb is a single-arm spectrometer with a forward angular coverage from approximately 10 mrad
to 300 (250) mrad in the bending (non-bending) plane. The choice of the detector geometry is
justified by the fact that at high energies both the b- and b-hadrons are predominantly produced in
the same forward or backward cone.

The layout of the LHCb spectrometer is shown in figure 2.1. The right-handed coordinate
system adopted has the z axis along the beam, and the y axis along the vertical.

Intersection Point 8 of the LHC, previously used by the DELPHI experiment during the LEP

Figure 2.1: View of the LHCb detector.
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LHCb acceptance

GPD acceptance

 = 14 TeVs
LHCb MC

JINST 3(2008) S08005

• Accelerator: LHC
• Forward-looking spectrometer 

for b and c meson studies
• Periods: 2011-12 and 2015-18
• Acceptance: 
• All species of B hadrons
•
•

2 < η < 5

σ(bb̄)7 TeV = 252 μb
σ(bb̄)13 TeV = 590 μb

Excellent particle identification

Precise muon reconstruction

Good track reconstruction

(Momentum resolution: 0.5 - 1 %)

E-Calorimeter: 
Electromagnetic E 
measurement 

H-Calorimeter: 
Hadronic E 
measurement 

Vertex locator

https://cds.cern.ch/record/1129809/files/jinst8_08_s08005.pdf
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Analysis overview

Partially reconstructed bkg. 

• Missing one and two pions 

, B0 → hhπ0(+)γ
B0 → hhπ0(+)π0(+)γ

Sketch 

Signal 

• Two displaced tracks along 
with one neutral photon

Combinatorial background 

• Random combination of pions and photon 

Peaking backgrounds 

•  cross-feed ( ): single 
or double mis-identification of hadrons as 
pion 

• : if both ’s end up in the same 
cluster

B → hh′￼γ Kπ, KK, pK

B → hh′￼π0 γ

• Combinatorial backgrounds are suppressed using multivariate classifier 

• Peaking backgrounds are controlled by charged and neutral PID criteria 

• Blind analysis: to keep the analysis unbiased, the data on the signal mass region is not 
seen until the full strategy is defined 

• All the validations are performed using  control channelB0 → K*0γ

m(π+π−γ)
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Charged PID

Hb ! Z C̄B
0!K

⇤0
�

Hb!Z
(%)

B
0 ! K

⇤
⌘ 1.58± 0.04± 0.1± 0.1

B
0 ! K⇡⇡

0(R) 1.22± 0.04± 0.10± 0.07
B

0 ! K⇡⇡
0(M) 0.37± 0.01± 0.03± 0.02

⇤b ! ⇤⇤
� 0.46± 0.01± 0.07± 0.03

B
0
s
! �� 0.41± 0.004± 0.05± 0.02

B
0
s
! K

⇤
� 0.8± 0.2

Table 24: Summary of estimated average contamination from different backgrounds to B0! K⇤0�.

Hb ! Z C̄B
0!K

⇤0
�

Hb!Z

B
0 ! K

⇤
⌘ ⇠ 2 %

B
0 ! K⇡⇡

0 ⇠ 2 %
⇤b ! ⇤⇤

� ⇠ 1 %
B

0
s
! �� < 1 %

B
0
s
! K

⇤
� ⇠ 1 %

Table 25: Summary of estimated average contamination from different backgrounds to B0! K⇤0�.

Hb ! Z C̄B
0!⇡

+
⇡
�
�

Hb!Z

B
0 ! K

⇤
� ⇠ 10 %

B
0 ! ⇡⇡⇡

0 ⇠ 10 %
B

0
s
! �(⇡⇡⇡0)� ⇠ 15 %

B
0 ! ⇢⌘ < 1 %

Table 26: Smerged and resolved ⇡0 categorized based on ClusterMass, as described in Sec. 6.

✏
PID(K⇡ ! K⇡) ⇠ 90 %
✏
PID(KK ! K⇡(⇡K)) ⇠ 4 %
✏
PID(pK ! K⇡) < 0.5 %

Table 27: Smerged and resolved ⇡0 categorized based on ClusterMass, as described in Sec. 6.

✏
PID(⇡⇡ ! ⇡⇡) ⇠ 75 %
✏
PID(K⇡(⇡K) ! ⇡⇡) ⇠ 0.5 %
✏
PID(Kp(pK) ! ⇡⇡) < 0.01 %
✏
PID(KK ! ⇡⇡) < 0.01 %

Table 28: Smerged and resolved ⇡0 categorized based on ClusterMass, as described in Sec. 6.

44
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B0 → K*0γ B0 → ρ0γ

• Charged particle identification is important to control the mis-identified backgrounds 
in the signal region 

• For particle identification, LHCb uses two RICH systems, calorimeters and muon 
chambers 

• PID informations are combined in a multivariate classifier based on neural network  

• PID performance are checked using high statistics samples in data: ,

,  

• In this analysis, PID optimisation is performed by maximising the signal 
significance 

• In this optimisation, the backgrounds are estimated from different possible 
misidentified backgrounds like ,  and 

K0
S → π+π−

Λ → pπ− D*+ → D0(K−π+)π+

B0 → K+π−γ Λ0
b → pK−γ B0

s → K+K−γ
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Neutral PID

• Charmless  decay is the most dangerous background 
• Dominant intermediate states  are removed by the anti-charm veto 

(  MeV/ ) 

• Left with  which has a poorly measured branching fraction:  

• In the analysis, the photon/  neutral PID cut is optimised - after BDT - by minimising 
the signal relative uncertainty (taking into account BF unc.)

B0 → π+π−π0

B0 → ρ±( → π±π0)π∓

mh±(γ→π0) > 2000 c2

B0 → ρ0π0 (2.0 ± 0.5) × 10−6

π0

• Neutral PID algorithm are based on multivariate classifiers using sub-detector 
information from calorimeter system 

• Three different Neural Network are trained to separate between photon/hadron, 
photon/electron and photon/  separationπ0
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Figure 4: Output of the MLP for signal and background MC samples for inner (top left), middle
(top right) and outer (bottom) calorimeter regions.

5 Data versus Monte-Carlo comparison120

As the MLP is trained with MC samples and it is known that the simulation does not121

represent the real data with full accuracy, dicrepancies in the tool performance between122

data and MC are expected. Figures 8 and 9 compare MC and data for discriminant123

variables from ECAL and PS, respectively, for the inner region of the Calorimeter. This124

region presents the larger discrepancies between data and simulation. Same comparison125

for middle and outer regions can be found in Appendix B. Photons from B0→ K∗0γ and126

merged π0 from D0→ Kππ0 decays are used for the comparison. Details on the selection127

of the samples are given in section 6.1. Due to the low number of candidates for the128

merged π0 sample in MC, π0 from B → Kππ0 decay have been used instead, applying129

a reweighting on π0 momentum to take into account the differences with respect to π0
130

from D0 → Kππ0 data (so the π0 momentum distribution match the one of the π0 from131

D0→ Kππ0).132
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• Calibration samples: , 
 

• For what concerns the photon/  separation, a cut at 
0.6 gives 95 % efficiency for  and 50 % for 

B0 → K*(K+π−)γ
D*+ → D0(K−π+π0)π+

π0

B0 → K*γ
D0 → K−π+π0

photon/π0

LHCb

https://cds.cern.ch/record/2042173?ln=en
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Figure 5: Comparison between 2017 samples of GB-Reweighted MC (green), unweighted MC
(red) and sWeighted B0! K⇤0� data (black) for B0! K⇤0�.
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Figure 5: Comparison between 2017 samples of GB-Reweighted MC (green), unweighted MC
(red) and sWeighted B0! K⇤0� data (black) for B0! K⇤0�.
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Figure 5: Comparison between 2017 samples of GB-Reweighted MC (green), unweighted MC
(red) and sWeighted B0! K⇤0� data (black) for B0! K⇤0�.
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MC reweighting

• Comparison between sWeighted  and MC shows disagreement in 
different decay kinematics (after preselection and PID cuts) which will affect the 
MVA training  

• A separate multivariate classifier is trained to correct the simulated sample: 
Gradient Boosted (GB) Reweighter 

• List of input variables used in the GB Reweighter:  nTracks, kinematics of B, 
Isolation of B 

• After correction the agreement in the different variables is satisfactory 
• The same weights are applied on the  MC sample

B0 → K*0γ

B0 → ρ0γ

Flight distance (B) 

LHCb unofficialLHCb unofficial

LHCb unofficial
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BDT training

• To reduce the combinatorial background, Boosted Decision Trees (BDT) are 
trained using signal/control MC samples and the corresponding high mass 
sideband data as background proxies 

• Two BDTs, one for , another for  

• Input variables: nTracks, kinematics of B mesons, isolation of daughters and 
intermediate resonances

B0 → ρ0γ B0 → K*0γ

Figure 71: BDT outputs on the signal and background samples of the 2011 (top left), 2015 (top
right), 2016 (bottom left) and 2017 (bottom right) selections for B0! K⇤0�.

Figure 72: BDT outputs on the signal and background samples of the 2011 (top left), 2015 (top
right), 2016 (bottom left) and 2017 (bottom right) selections for B0! ⇡+⇡��.

102

Figure 71: BDT outputs on the signal and background samples of the 2011 (top left), 2015 (top
right), 2016 (bottom left) and 2017 (bottom right) selections for B0! K⇤0�.

Figure 72: BDT outputs on the signal and background samples of the 2011 (top left), 2015 (top
right), 2016 (bottom left) and 2017 (bottom right) selections for B0! ⇡+⇡��.

102

B0 → K*γ B0 → ργ

FoM(BDT ) =
S

S + B

• Optimisation
LHCb unofficial LHCb unofficial

• B: expected combinatorial background in the signal region, scaled from high mass sideband
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Figure 22: Mass distributions of B0! K⇤0� (top) and B0! ⇡+⇡�� (middle and bottom) are
overlaid with the fit results obtained from the simulated samples. The middle plot corresponds
to m⇡⇡ < 1500 MeV/c2, the bottom one to 630 < m⇡⇡ < 920 MeV/c2.

47

�M is set to m⇡ and 2m⇡.686
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Figure 26: Projections of the invariant mass of the ⇡⇡� in a MC sample of B+ ! K+⇡+⇡+�
decays obtained from the simultaneous fit to B0 !⇢0� and B+ ! K+⇡+⇡+� for the M⇡⇡ < 1500
MeV/c2(left) and 630 < M⇡⇡ < 920 MeV/c2 (right). The results of the fit of an ARGUS function
convolved with the resolution is overlaid.

B0
s ! �� background The decay of B0

s
! �� in which � decays to ⇡⇡⇡

0 could be687

an important irreducible background for signal B0 !⇢
0
�. The shape of the distribution688

is shown in Fig. 27, modelled by the ARGUS function convoluted with the signal shape.689

The fit projections are obtained from the simultaneous fit to B
0 !⇢

0
� and B

0
s
! ��.690

The obtained fit parameters from the MC fit are fixed in the data fit and the mass cuto↵691

parameter is fixed to the value obtained from the di↵erence between B
0 � B

0
s
PDG mass692

di↵erence and the neutral pion mass.693
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Figure 27: Projections of the invariant mass in B0
s ! �(⇡⇡⇡0)� decay from the simultaneous fit

to B0
s ! �(⇡⇡⇡0)�, and B0 !⇢0� MC samples for the selection M⇡⇡ < 1500 MeV/c2(left) and

630 < M⇡⇡ < 920 MeV/c2 (right). The MC samples corresponds to 2016-2018.

At the beginning, we didn’t have MC samples so we checked the shape of B0
s !694

�(1680)�, where �(1680) decays to KK⇡
0, reconstructed as B0

s
! KK� in MC. The event695

selections is similar to B
0
s
! KK� analysis. To extract the shape, a simultaneous fit696

is performed between B0
s ! �(1020)� and B0

s ! �(1680)� and the model used for this697

distribution is ARGUS function convolved with the shape of B0
s
! ��. The fit projections698
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• One  missing 
background


• Wider distribution 
than peaking


• Model with Argus 
function

π0

• Signal distribution


• Model with double 
sided Crystal-Ball 
function

• Mis-identified bkg. 
distribution


• Peaking close to 
signal


• Model with double 
sided Crystal-Ball 
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Figure 23: ⇡⇡� invariant mass distributions for MC samples of B0! K⇤0� (top left), B0
s ! KK�

(top right), B0 ! K⇡⇡0 (middle left), ⇤0
b
! pK� (middle right), and B0 ! ⇡⇡⇡0 (bottom row)

decays. The plot on the bottom left corresponds to ⇡0 reconstructed as merged ⇡0, the one on
the right is corresponds to ⇡0 reconstructed as resolved ⇡0. The fitted PDFs are superimposed
to the distributions. The applied selection on m⇡⇡ is less than 1500 MeV/c2.

in Eq. 20 is then mt = µ +�M , where µ extracted in the fit to MC signal events and739

�M is the mass shift. The value of �M can be �m⇡0 , �m⇡+ or �mK according to the740

missing particles. In radiative decays, the substantial photon resolution has a notable741

impact on the partially reconstructed background’s shape. Consequently, our background742

model incorporates the convolution of the generalized ARGUS PDF with the signal PDF743

(centered at zero) to appropriately account for this effect.744

In order to study, one missing-⇡ background, the B
0 ! !(⇡⇡⇡0)� MC sample is used.745

A simultaneous fit is carried out between the B
0! ⇡

+
⇡
�
� MC, and the B

0 ! !(⇡⇡⇡0)�746

49

• Photon from 


• Peaking close to 
signal


• Model with double 
sided Crystal-Ball 
function

π0

LHCb unofficial LHCb unofficial

LHCb unofficialLHCb unofficial
B0

s → ϕ(πππ0)γ

B0 → ρ0γ B0 → K*γ

B0 → πππ0
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• The relative background contaminations are estimated using

• Other backgrounds are studied and found to be negligible 
• Dominant background for  are misidentified ,  

and 
B0 → ρ0γ B0 → K*0γ B0 → πππ0

B0
s → ϕ( → πππ0)γ

Background estimations

ϵ = ϵAccϵpreselϵBDTϵPID(hh)ϵPID(γ)

Csignal
Hb→Z =

ℬ(Hb → Z)
ℬ(signal)

fHb

fd

ϵHb→Z

ϵsignal

Hb ! Z C̄B
0!K

⇤0
�

Hb!Z
(%)

B
0 ! K

⇤
⌘ 1.58± 0.04± 0.1± 0.1

B
0 ! K⇡⇡

0(R) 1.22± 0.04± 0.10± 0.07
B

0 ! K⇡⇡
0(M) 0.37± 0.01± 0.03± 0.02

⇤b ! ⇤⇤
� 0.46± 0.01± 0.07± 0.03

B
0
s
! �� 0.41± 0.004± 0.05± 0.02

B
0
s
! K

⇤
� 0.8± 0.2

Table 24: Summary of estimated average contamination from different backgrounds to B0! K⇤0�.

Hb ! Z C̄B
0!K

⇤0
�

Hb!Z

B
0 ! K

⇤
⌘ ⇠ 2 %

B
0 ! K⇡⇡

0 ⇠ 2 %
⇤b ! ⇤⇤

� ⇠ 1 %
B

0
s
! �� < 1 %

B
0
s
! K

⇤
� ⇠ 1 %

Table 25: Summary of estimated average contamination from different backgrounds to B0! K⇤0�.

Hb ! Z C̄B
0!⇡

+
⇡
�
�

Hb!Z

B
0 ! K

⇤
� ⇠ 10 %

B
0 ! ⇡⇡⇡

0 ⇠ 10 %
B

0
s
! �(⇡⇡⇡0)� ⇠ 15 %

B
0 ! ⇢⌘ < 1 %

Table 26: Smerged and resolved ⇡0 categorized based on ClusterMass, as described in Sec. 6.
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Table 24: Summary of estimated average contamination from different backgrounds to B0! K⇤0�.

Hb ! Z C̄B
0!K

⇤0
�

Hb!Z

B
0 ! K

⇤
⌘ ⇠ 2 %

B
0 ! K⇡⇡

0 ⇠ 2 %
⇤b ! ⇤⇤

� ⇠ 1 %
B

0
s
! �� < 1 %

B
0
s
! K

⇤
� ⇠ 1 %

Table 25: Summary of estimated average contamination from different backgrounds to B0! K⇤0�.
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Table 26: Smerged and resolved ⇡0 categorized based on ClusterMass, as described in Sec. 6.

44

B0 → K*0γ

B0 → ρ0γ

fs
fd

= 0.254 ± 0.0079 @ 13 TeV 

= 0.2385 ± 0.0075@ 8 TeV
= 0.239 ± 0.0076 @ 7 TeV 

PRD 104, 032005 (2021)

https://arxiv.org/abs/2103.06810
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Data fit

• A simultaneous unbinned maximum likelihood fit to the invariant-mass distributions 
in  and  modesKπγ ππγ
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Figure 31: Invariant mass distribution for the B0 ! K⇤0� (top) and B0 ! ⇡+⇡�� (bottom)
channels combining Run 1 and 2 data samples. For the B0! ⇡+⇡�� signal channel, the m⇡⇡

cut is m⇡⇡ < 1500 MeV/c2. The black points represent the data and the solid blue line are the
total fit functions. The individual fit components are shown in the legend. In the B0! ⇡+⇡��
spectrum the [�1.5,+2.5]� region is blind and the signal PDF is not shown. The pulls of the fit
are shown in the bottom pad of each plot.

58

• Few signal shape parameters are shared between 
 and  and others are fixed from 

simulation 

• Partially reconstructed background: one missing-
pion 

• Fixed slopes (from MC), floated curvatures, 
floated yields 

• Combinatorial background: first order polynomial 
with floated slopes and yields 

• Peaking backgrounds  

• Shapes from MC, yields fixed using  yield as 
normalisation for both  and 

B0 → ππγ B0 → Kπγ

K*γ
ππγ Kπγ

• Projection for signal mode is blinded 
(few thousand  events expected)ρ0γ

LHCb unofficial



15

Status

✓ Selection strategy  
✓ PID optimisation 
✓ Analysis MVA training and optimisation 
✓ Background modelling and its estimations 
✓ Bias study due to model with huge toys 
✓ Systematic studies (being finalised)  ☞ 

➡Analysis currently in review process and waiting for unblinding

• All the necessary pre-unblinding studies are performed
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Conclusions

• FCNC’s are attractive to probe SM and physics beyond 
• Radiative b-hadron decays provides sensitive to new physics 
• Thanks to high statistics, LHCb is competitive to study those decays  

• First LHCb measurements related to  are in the horizon 

• Run 3 is providing more statistics (> 9 fb  in 2024), it will further 
reduce the uncertainty on different observables and also allow to 
study even further rare decays

b → dγ

−1

Exciting results are coming soon…


