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radiative electroweak decays (SM)
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(d̄)

(d̄)

• Flavour Changing Neutral Currents (FCNC): 
• Proceed at loop-level  suppressed in the SM
• Low BF’s due to CKM suppression

• Even lower for  transitions given 0.2

• Branching ratios (BR) ~ few  for  transitions,

~  for  ones

• Very sensitive to NP since SM contribution is small!

b → s(d)γ
→

b → dγ |Vtd /Vts | ∼

10−5 b → sγ
10−6 b → dγ
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ℋeff = −

GF

2
VtbV*ts ∑

i

(Ci𝒪i + C′￼
i𝒪′￼

i)

Effective hamiltonian described as operator product 
expansion,  being the Wilson coefficients, that encode the 
short-distance physics, and  the corresponding operators

Ci
𝒪i

Right handed 
part

C(′￼)
i = CSM

i + CNP
i

Left handed 
part

Rare decays of b hadron in a nutshell

Radiative SemileptonicLeptonic

27/04/15 M. Borsato - LAL 4

non-hadronic b decays

leptonic

semileptonic

radiative

dipole (e.m. penguin) V-A (EW penguin) scalar, pseudo-scalar

27/04/15 M. Borsato - LAL 4

non-hadronic b decays

leptonic

semileptonic

radiative

dipole (e.m. penguin) V-A (EW penguin) scalar, pseudo-scalar

27/04/15 M. Borsato - LAL 4

non-hadronic b decays

leptonic

semileptonic

radiative

dipole (e.m. penguin) V-A (EW penguin) scalar, pseudo-scalar

‣ Test Left/Right 
handed components 
modifiers  
 

‣ Test lepton families 
dependent modifiers 

C/C′ 

C(′ )
ℓ /C(′ )

ℓ′ 

Goal(s):

63Workshop on HL-LHC and Hadron CollidersRenato Quagliani

Backup
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• Proceed at loop-level  suppressed in the SM
• Low BF’s due to CKM suppression
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JINST 3(2008) S08005

2008 JINST 3 S08005

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.

– 2 –

Track particle identification 

EM energy/ particle 
identification 

Muon 
reconstruction

TrackingVertexing

• Designed for the study of b and c hadrons
• Forward arm spectrometer with unique coverage in 

pseudorapidity (2 <  < 5)
• Excellent vertex resolution

•
• Excellent momentum resolution

•
• Good photon energy resolution 

• Efficient particle identification
•  for 

•  for 

• for 

η

σIP = 20 μm

Δp/p = 0.5% − 1.0 % (5 − 200 GeV/c)

σ(E)/E = 1% + 10 % / E

ϵ(K → K) ∼ 95 % ϵ(π → K) ∼ 5 %
ϵ(e) ∼ 90 % ϵ(h → e) ∼ 5 %
ϵ(μ) ∼ 98 % ϵ(π → μ) ∼ 1 − 3 %

4Radiative B hadron decays at LHCb

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


Selected results from radiative decays

Chandiprasad.kar@cern.ch

• Constraints on the photon polarisation in  transitions using  
decays [JHEP 03 (2025) 047]

b → sγ B0
s → ϕe+e−

b → sγ
• Amplitude analysis of the radiative decay  [JHEP 08 (2024) 093]B0

s → K+K−γ

b → dγ
• Measurement of  branching fraction [ArXiv:2507.14401]B0 → ρ0γ

5

Preliminary 

• Amplitude analysis of  decay [JHEP 06 (2024) 098]Λ0
b → pK−γ

•First evidence of the  decay [LHCb-PAPER-2025-056 
In preparation]

B0
s → K−π+γ

Not covered today

Radiative B hadron decays at LHCb

https://link.springer.com/article/10.1007/JHEP03(2025)047
https://link.springer.com/article/10.1007/JHEP08(2024)093
https://arxiv.org/pdf/2507.14401v1
https://arxiv.org/abs/2403.03710


• First observed by Belle and BaBar [PRL 101 (2008) 111801, PRD78 (2008)112001]
• Latest PDG average, combining BaBar and Belle measurements, is  [PDG]

• Recent result combining Belle and Belle II data [PhysRevD.111.L071103]

• Using Run 1+ 2 LHCb data (9 )
• First measurement associated to the  transitions in LHCb

• Measurement of the ratio of the branching fractions between  and 
• Provide an independent and direct constraint on the ratio of the CKM matrix elements 
• Current theoretical uncertainty dominated by the  and  form factors uncertainties [JHEP 04 (2006) 046 ]

(8.6 ± 1.5) × 10−7

 fb−1

b → dγ
B0 → ρ0γ B0 → K*0γ

|Vtd /Vts |
B0 → ρ0 B0 → K*0

 branching fractionB0 → ρ0γ

Chandiprasad.kar@cern.ch
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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.
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PhysRevD.111.L071103
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N= 58 ± 10 N=41 ± 7

Radiative B hadron decays at LHCb

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.030001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L071103
https://iopscience.iop.org/article/10.1088/1126-6708/2006/04/046
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.111.L071103


• Ratio of branching fraction 

• Mass window selections
•  MeV/c2,  MeV/c2

(related efficiencies are accounted for)
• Charm veto  MeV/c2

• Combinatorial background suppressed by a BDT 
which uses kinematic and isolation variables

mππ ∈ [630,920] mKπ ∈ [795.5,995.5]

mπγ→π0 > 2000

Chandiprasad.kar@cern.ch

Efficiencies: simulation 
corrected for MC/data 
differences

Yields: simultaneous unbinned 
maximum-likelihood fit to B 
invariant mass

• PID criteria (charged and neutral) optimized with 
respect to the specific backgrounds

• MC/data differences corrected thanks to kinematic 
weighting and PID calibration samples

7

B0 → K→0ω(%)
B0 → K+ε↑ε0 1.6
B0 → K→ϑ 1.6
B̄0

s → K→0ω 0.8
!0
b → pK↑ω 0.5

B0
s → ϖω 0.4

Table 1: Summary of estimated average contamination from di”erent backgrounds to

B0 → ϱ0ω(%)
B0 → K→ω 11
B0 → ϱ0(ε+ε↑)ε0 12
B0

s → ϖ(ε+ε↑ε0)ω 13
B0 → K+ε↑ε0 0.4
B0 → ϱ0ϑ 0.9

Table 2: Summary of estimated average contamination from di”erent backgrounds to

B(B0 → K→0ω) = (4.163± 0.092)↑ 10↑5

B(B0 → ϱ0ω) = (8.2± 1.3)↑ 10↑7

1

B0 → K→0ω(%)
B0 → K+ε↑ε0 1.6
B0 → K→ϑ 1.6
B̄0

s → K→0ω 0.8
!0
b → pK↑ω 0.5

B0
s → ϖω 0.4

Table 1: Summary of estimated average contamination from di”erent backgrounds to

B0 → ϱ0ω(%)
B0 → K→ω 11
B0 → ϱ0(ε+ε↑)ε0 12
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1 Introduction1

In the Standard Model of particle physics (SM), the b→ dω and b→ sω flavour-changing2

neutral transitions proceed at leading order through electroweak loop (penguin) diagrams3

involving virtual W bosons and up-type quarks. The virtual contribution of the top quark4

is dominant due to its large mass, implying these processes mostly depend on the Cabibbo-5

Kobayashi-Maskawa (CKM) matrix elements Vtd and Vts, respectively. Extensions of6

the SM predict additional contributions that can significantly a!ect the dynamics of7

flavour-changing neutral transitions [1–3].8

The suppressed b→ dω transition is an important but relatively unexplored probe9

of the SM. The transition was first observed in 2008 through the B0→ ε0ω decay1 by10

both Belle [4] and BaBar [5] experiments. A recent combination, including the Belle II11

measurement [6], gives a branching fraction of B(B0→ ε0ω) = (8.2± 1.3)↑ 10→7 [7].12

The isospin-companion decay, B+→ ε+ω,2 is measured with a similar decay rate,13

B(B+→ ε+ω) = (9.8± 2.5)↑ 10→7 [8]. Evidence for the B0→ ϑω decay was also re-14

ported by the Belle and BaBar experiments, with a combined branching fraction of15

B(B0→ ϑω) = (4.4+1.8
→1.6)↑ 10→7 [8].16

A precise measurement of the branching fractions ratio B(B0→ ε0ω)/B(B0→ K↑0ω)317

could in principle provide an independent and direct constraint on the ratio of the CKM18

matrix elements |Vtd/Vts|, whose precision is limited by the theoretical inputs in the19

interpretation of the oscillation frequencies of the neutral B0 and B0
s mesons. Currently,20

the constraint from the radiative decays su!ers from even larger theoretical uncertainties21

coming from the calculation of the hadronic B0→ ε0 and B0→ K↑0 form factors [9, 10].22

Further advancements in the form-factor calculations will be crucial to derive a competitive23

constraint on the ratio |Vtd/Vts| from the measured branching fractions of the radiative24

decays.25

In this paper, the branching fraction of the B0→ ε0ω decay is measured with respect26

to the normalisation channel, B0→ K↑0ω, using the resonance decays ε0→ ϖ+ϖ→ and27

K↑0→ K+ϖ→, respectively. This is the first measurement related to the b→ dω transition28

performed by LHCb. Both decay modes share a similar final-state topology allowing for29

the cancellation of most of the systematic uncertainties related to the recorded luminosity,30

the decay reconstruction and the selection e”ciencies. The ratio of branching fractions is31

measured as32

B(B0→ ε0ω)

B(B0→ K↑0ω)
=

N(B0→ ε0(ϖ+ϖ→)ω)

N(B0→ K↑0(K+ϖ→)ω)
↑ ϱ(B0→ K↑0(K+ϖ→)ω)

ϱ(B0→ ε0(ϖ+ϖ→)ω)
↑RB, (1)

where N and ϱ respectively stand for the measured yield and the overall selection33

e”ciency of the B0→ ε0(ϖ+ϖ→)ω and B0→ K↑0(K+ϖ→)ω samples. The last term,34

RB = B(K↑0→ K+ϖ→)/B(ε0→ ϖ+ϖ→), represents the ratio of the K↑0→ K+ϖ→ and35

ε0→ ϖ+ϖ→ decay rates.36

The analysis uses the Run 1 (2011–2012) and Run 2 (2015–2018) LHCb data samples37

of proton-proton (pp) collisions at centre-of-mass energies of 7 (2011), 8 (2012), and38

13TeV (Run 2), corresponding to an integrated luminosity of about 9 fb→1. To avoid39

experimenter’s bias, the candidates in the signal region, corresponding to an invariant mass40

1The symbol ω0 is used to refer to the ω0(770) meson throughout the paper.
2The inclusion of charge-conjugate processes is implied throughout.
3The symbol K→0 are used to refer to the K→0(892) meson throughout the paper.
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• Normalization and signal modes shared most of the signal shape parameters
• Misidentified background contributions to the  and  samples are fixed as fractions of the fitted 

 yield
• Shapes of those specific backgrounds are obtained from simulation

B0 → K*0γ B0 → ρ0γ
B0 → K*0γ
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Figure 1: Invariant-mass distribution for the (top) K+ω→ε and (bottom) ω+ω→ε selected candi-
dates in the dihadron mass range mK+ω→ → [795.5, 995.5]MeV/c2 and mω+ω→ → [630, 920]MeV/c2,
respectively, combining Run 1 and Run 2 data samples. The fit components are also shown.
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Figure 1: Invariant-mass distribution for the (top) K+ω→ε and (bottom) ω+ω→ε selected candi-
dates in the dihadron mass range mK+ω→ → [795.5, 995.5]MeV/c2 and mω+ω→ → [630, 920]MeV/c2,
respectively, combining Run 1 and Run 2 data samples. The fit components are also shown.
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NK*0γ = 148160 ± 900 Nρ0γ = 1917 ± 71

8

 branching fractionB0 → ρ0γ ArXiv:2507.14401

Radiative B hadron decays at LHCb

https://arxiv.org/pdf/2507.14401v1


Chandiprasad.kar@cern.ch

Table 1: Relative systematic uncertainties on the measured yield ratio for the di!erent sources
described in the text.

Source Uncertainty [%]
Signal mass model (+0.5, →0.6)
Background contributions (+2.0, →2.2)
Background mass models (+1.1, →0.8)
Total systematic uncertainty (+2.3, →2.4)

each individual contribution is varied within its uncertainty. The resulting uncertainty218

on the yield ratio is found to be
(
+2.0
→2.2

)
%, primarily due to the limited knowledge of the219

branching fraction of the B0↑ ω0(ε+ε→)ε0 decay mode. Regarding the description of the220

background mass models, the associated uncertainties are determined by varying the fixed221

parameters in the respective PDFs within their uncertainties, or by using alternative PDF222

models. Summing all the background-model sources in quadrature, an overall uncertainty223

of
(
+1.1
→0.8

)
% on the yield ratio is obtained.224

The invariant-mass fit is also repeated with the lower bound of the fitted mass225

range extended to 4700MeV/c2 both for the signal and normalisation channels. Partially226

reconstructed B decays with two or more missing pions, which populate this lower mass227

region are included as an additional component modelled with an ARGUS function228

convolved with the signal resolution. The missing-mass parameter of the ARGUS function229

is fixed to twice the mass of the neutral ε0 meson. For each of the two samples, the230

ARGUS power parameter and the associated yield are allowed to vary freely. The obtained231

yield ratio is found to be compatible with the nominal fit, and no additional uncertainty232

is assigned.233

5 E!ciency ratio234

The overall e!ciency to reconstruct and select the signal and normalisation decays is235

factorised as236

ϑ = ϑsel ↓ ϑh
±

PID ↓ ϑωPID. (3)

The term ϑsel, obtained from simulations, includes the geometrical acceptance of the237

spectrometer, the e!ciency of the trigger requirements, and the di”erent stages of the238

selection except PID criteria. In particular, the e!ciencies related to the K+ε→ and239

ε+ε→ mass-window selections are accounted for. A relative uncertainty of ±0.8% on240

the e!ciency ratio, ϑ(B0↑ K↑0(K+ε→)ϖ)/ϑ(B0↑ ω0(ε+ε→)ϖ), is assigned owing to the241

limited size of the simulated samples. Alternative weighting corrections are tested for the242

kinematic distributions of the simulated samples, resulting in a systematic uncertainty243

of
(
+1.1
→0.2

)
% on the e!ciency ratio. Di”erences between kaon and pion reconstruction244

e!ciencies lead to an additional ±0.3% uncertainty.245

The e!ciencies related to the identification of the charged hadrons ϑh
±

PID are measured246

using high-purity calibration samples of D↑+↑ D0(K→ε+)ε+ decays, and are evaluated as247

a function of the hadron momentum and pseudorapidity using a dedicated procedure [30].248

The overall uncertainty on the e!ciency ratio, which includes the e”ect of the limited249
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Table 2: Relative systematic uncertainties on the e!ciency ratio for the di”erent sources described
in the text.

Source Uncertainty [%]
Simulated samples size (+0.8, →0.8)
Kinematics corrections (+1.1, →0.2)
Kaon/pion reconstruction (+0.3, →0.3)
Charged PID (+0.7, →1.3)
Neutral PID (+0.1, →0.1)
Total systematic uncertainty (+1.6, →1.6)

size of the calibration samples, the correlation between the two final-state hadrons and250

limitations of the procedure, is estimated to be
(
+0.7
→1.3

)
%. The photon identification251

e!ciency ωωPID is estimated from a reference data sample using a similar method [32]. The252

associated uncertainties mostly cancel in the e!ciency ratio between the two radiative253

modes resulting in a systematic e”ect estimated as ±0.1%.254

The ratio of e!ciencies, obtained from a year-weighted average, is determined to be255

ω(B0↑ K↑0(K+ε→)ϑ)

ω(B0↑ ϖ0(ε+ε→)ϑ)
= 2.20± 0.02± 0.03,

where the first uncertainty is statistical and the second systematic, resulting from the256

quadratic sum of the individual contributions summarised in Table 2.257

6 Results258

Using the known branching fraction of K↑0 decays into K+ε→ [8], and neglecting259

any suppressed decay of the ϖ0 meson, the ratio of decay rates Rb is taken as260

B(K↑0↑ K+ε→) = (66.507± 0.014)%, which gives a ratio of branching fractions261

B(B0↑ ϖ0ϑ)

B(B0↑ K↑0ϑ)
= 0.0189± 0.0007± 0.0005,

where the first uncertainty is statistical and the second systematic. The uncertainty on262

the K↑0↑ K+ε→ branching fraction is negligible.263

Combining this with the known branching fraction for the B0↑ K↑0ϑ decay [7], the264

branching fraction is determined to be265

B(B0↑ ϖ0ϑ) = (7.9± 0.3± 0.2± 0.2)↓ 10→7,

where the last uncertainty is due to the branching fraction of the normalisation mode.266

The measured branching fraction is in good agreement with the current world average267

and is by far the most precise to date [7].268

The analysis of the B0↑ ϖ0(ε+ε→)ϑ decay presented here uses candidates in the dipion269

invariant-mass range [630, 920]MeV/c2 assuming that the ϖ0↑ ε+ε→ decay saturates270

the dipion spectrum in this range. The small contribution from ϱ↑ ε+ε→ decay and271

8

Systematics: Yield ratio
Efficiency ratio:

Dominated by the 25% relative uncertainty on the  branching fractionB0 → ρ0(π+π−)π0
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• The ratio of branching fraction is measured as

• Combining with the known  branching fraction from HFLAV, this 
gives

The first uncertainty is statistical, the second systematic
and the last one is due to the uncertainty  branching fraction

• Assuming  decay saturates the dipion spectrum in the 
range used ( MeV/c2)

• Most precise measurement to date

B0 → K*0γ

B0 → K*0γ
ρ0 → π+π− mππ

mππ ∈ [630,920]
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Table 2: Relative systematic uncertainties on the e!ciency ratio for the di”erent sources described
in the text.

Source Uncertainty [%]
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where the first uncertainty is statistical and the second systematic, resulting from the256

quadratic sum of the individual contributions summarised in Table 2.257
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Using the known branching fraction of K↑0 decays into K+ε→ [8], and neglecting259

any suppressed decay of the ϖ0 meson, the ratio of decay rates Rb is taken as260

B(K↑0↑ K+ε→) = (66.507± 0.014)%, which gives a ratio of branching fractions261
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B(B0↑ K↑0ϑ)
= 0.0189± 0.0007± 0.0005,

where the first uncertainty is statistical and the second systematic. The uncertainty on262

the K↑0↑ K+ε→ branching fraction is negligible.263

Combining this with the known branching fraction for the B0↑ K↑0ϑ decay [7], the264

branching fraction is determined to be265

B(B0↑ ϖ0ϑ) = (7.9± 0.3± 0.2± 0.2)↓ 10→7,

where the last uncertainty is due to the branching fraction of the normalisation mode.266

The measured branching fraction is in good agreement with the current world average267

and is by far the most precise to date [7].268

The analysis of the B0↑ ϖ0(ε+ε→)ϑ decay presented here uses candidates in the dipion269

invariant-mass range [630, 920]MeV/c2 assuming that the ϖ0↑ ε+ε→ decay saturates270
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• First search of this decay by the LHCb with 9  of Run 1+2 data
• An alternative way to measure by measuring ratio of 
• Theoretically clean because of cancellation of dominant form-factor uncertainty
• Experimentally challenging due to smaller yield and poor resolution

• Use photon converted to  for better resolution (3 times) [PRD 92, 
112002 (2015)]

• Resolution of invariant mass is improved by additional selection on invariant 
mass of downstream photon candidates and uncertainty of the invariant mass 
of b candidates involving long tracks

• Analysis performed in 
• Low ( ) and high 

( ) and long and downstream electrons

• Better resolution in downstream electrons due to less bremsstrahlung

fb−1

|Vtd /Vts |

e+e−

796 < m(K−π+) < 996 MeV/c2

996 < m(K−π+) < 1800 MeV/c2
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B0 → K→0ω(%)
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Figure 1: Invariant-mass distribution for the (top) K+ω→ε and (bottom) ω+ω→ε selected candi-
dates in the dihadron mass range mK+ω→ → [795.5, 995.5]MeV/c2 and mω+ω→ → [630, 920]MeV/c2,
respectively, combining Run 1 and Run 2 data samples. The fit components are also shown.
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• Particle identification criteria and boosted decision tree are used to suppress the misidentified background and 
combinatorial background 

• Remaining misidentified backgrounds are constrained to product of the ratio of efficiencies and observed yield in 
the simultaneous data fit to ,  and  decay modesm(K−π+γ) m(K+K−γ) m(pK−γ)
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fit model described in the text is also drawn.
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Figure 1: Invariant-mass distribution of selected K→ω+ε candidates in (a) Run 1 downstream
low-m(K→ω+); (b) Run 2 downstream low-m(K→ω+); (c) Run 2 long low-m(K→ω+) and (d)
Run 2 downstream high-m(K→ω+) datasets. The fitted model described in the text is also
shown.
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Figure 1: Invariant-mass distribution of selected K→ω+ε candidates in (a) Run 1 downstream
low-m(K→ω+); (b) Run 2 downstream low-m(K→ω+); (c) Run 2 long low-m(K→ω+) and (d)
Run 2 downstream high-m(K→ω+) datasets. The fitted model described in the text is also
shown.
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Figure 1: Invariant-mass distribution of selected K→ω+ε candidates in (a) Run 1 downstream
low-m(K→ω+); (b) Run 2 downstream low-m(K→ω+); (c) Run 2 long low-m(K→ω+) and (d)
Run 2 downstream high-m(K→ω+) datasets. The fitted model described in the text is also
shown.
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Run 1 downstream low m( ) Kπ Run 2 downstream low m( ) Kπ

Run 2 downstream high m( ) KπRun 2 long track high m( ) Kπ

•  signal yields38 ± 18

32 ± 11

996 < m(K−π+) < 1800 MeV/c2

796 < m(K−π+) < 996 MeV/c2

• Pseudo-experiment shows 0.03% probability that 
background processes can produce data less 
compatible with zero signal than real data
• 3.5 standard deviation significance

• Consistent with SM predictions

Radiative B hadron decays at LHCb

B0 → K→0ω(%)
B0 → K+ε↑ε0 1.6
B0 → K→ϑ 1.6
B̄0

s → K→0ω 0.8
!0
b → pK↑ω 0.5

B0
s → ϖω 0.4

Table 1: Summary of estimated average contamination from di”erent backgrounds to

B0 → ϱ0ω(%)
B0 → K→ω 11
B0 → ϱ0(ε+ε↑)ε0 12
B0

s → ϖ(ε+ε↑ε0)ω 13
B0 → K+ε↑ε0 0.4
B0 → ϱ0ϑ 0.9

Table 2: Summary of estimated average contamination from di”erent backgrounds to

B(B0 → K→0ω) = (4.163± 0.092)↑ 10↑5

B(B0 → ϱ0ω) = (8.2± 1.3)↑ 10↑7 B(K→0↓K+ω↑)
B(ε0↓ω+ω↑)

B(B0
s → K̄→0ω)/B(B̄0 → K̄→0ω) B(B0↓εϑ)

B(B0↓K→0ϑ) ↓
(

TB0↓ω

TB0↓K→0

)2 ∣∣∣Vtd
Vts

∣∣∣
2

B(B0
s↓K↑ω+ϑ)

B(B̄0↓K↑ω+ϑ)
= (0.037± 0.012± 0.004)

B(B0
s↓K↑ω+ϑ)

B(B̄0↓K↑ω+ϑ)
= (0.002± 0.027± 0.013)
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• Dominated by theoretical form factor uncertainty

Radiative B hadron decays at LHCb

ωB0 ωB±/ωB0 ωB0
s
/ωB0

1.530(9) ps 1.071(9) 0.958(39)

Table 9: B lifetimes from HFAG [6].

can be improved by making use of the fact that the ratio of form factors is known much
better than the individual form factors themselves. The reason is that the values given in
Tab. 3, which were calculated using the same method, LCSRs, and with a common set of

input parameters, include common systematic uncertainties (dependence on fB, mb etc.)
which partially cancel in the ratio. In Ref. [22] we have investigated in detail the ratio of

the K→ and ρ form factor and found

ξρ →
TB→K∗

1 (0)

TB→ρ
1 (0)

= 1.17 ± 0.09 . (55)

The uncertainty is by a factor 2 smaller than if we had calculated ξρ from the entries in

Tab. 3; an analogous calculation for ω yields

ξω →
TB→K∗

1 (0)

TB→ω
1 (0)

= 1.30 ± 0.10 . (56)

The difference between ξρ and ξω is mainly due to the difference between f⊥
ω and f⊥

ρ , see
Tab. 3. For the Bs form factors, we also need the ratio of decay constants fBs/fBd

. The
status of fB from lattice was reviewed in Ref. [33]; the present state-of-the-art calculations

are unquenched with Nf = 2 + 1 active flavours [60], whose average is fBs/fBd
= 1.23 ±

0.07. Again, this ratio is fully consistent with that quoted in Tab. 3, but has a smaller

uncertainty. We then find the following ratios for Bs form factors:

ξφ →
TB→K∗

1 (0)

TBs→φ
1 (0)

= 1.01 ± 0.13 , ξK̄∗ →
TB→K∗

1 (0)

TBs→K̄∗

1 (0)
= 1.09 ± 0.09 . (57)

The uncertainty of ξK̄∗ is smaller than that of ξφ because the input parameters for K→

and K̄→ are the same (except for G-odd parameters like a⊥
1 ) and cancel in the ratio; the

uncertainty is dominated by that of fBs/fBd
.

To benefit from this reduced theoretical uncertainty in predicting branching ratios,
one has to calculate ratios of branching ratios, which mainly depend on ξV and only
mildly on T1 itself: in addition to the overall normalisation, T1 also enters hard-spectator

interactions and power-suppressed corrections, whose size is set by hadronic quantities
∝ 1/T1. As these corrections are subleading (in αs or 1/mb), however, a small shift

in T1 has only very minor impact on the branching ratios. The absolute scale for the
branching ratios is set by the CP- and isospin-averaged branching ratio with the smallest

experimental uncertainty, i.e. B → K→γ; from Tab. 1, one finds:

B(B → K→γ) =
1

2

{
B(B± → K→±γ) +

ωB±

ωB0

B(B̄0 → K→0γ)

}
= (41.6±1.7)↔10−6 . (58)
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Thanks to 
CKM fitter 
group

PRD 75 054004, 2007

• Using the branching fraction ratios and form factor ratios (Ball, Jones & Zwicky) for , | | can be predicted 
from the global CKM fit

B → Vγ Vtd /Vts
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B(ε0↓ω+ω↑)

B(B0
s → K̄→0ω)/B(B̄0 → K̄→0ω) B(B0↓εϑ)

B(B0↓K→0ϑ) ↓
(

TB0↓ω

TB0↓K→0

)2 ∣∣∣Vtd
Vts

∣∣∣
2

B(B0
(s)↓Xϑ)

B(B0↓K→0ϑ) ↓ Sς↑2
∣∣∣Vtd
Vts

∣∣∣
2

B(B0
s↓K↑ω+ϑ)

B(B̄0↓K↑ω+ϑ)
= (0.037± 0.012± 0.004)

B(B0
s↓K↑ω+ϑ)

B(B̄0↓K↑ω+ϑ)
= (0.002± 0.027± 0.013)

1

S =
1
2

,  for ρ0

https://arxiv.org/abs/hep-ph/0612081


Outlook and conclusions

• Radiative decay offers a unique environment to look for BSM physics
• LHCb pushing limits towards unprecedented levels

• Today’s presentation covers 
• Branching fraction measurement of  

• Precise measurement of branching fractions
• First evidence of the  decay (New)

• Updated theoretical form factors ratio is necessary to test the SM

• Run 3  data taking is currently ongoing (until July 2026)
• > 9  data collected in 2024 and  > 11  in 2025
• Upgraded detector and trigger system (fully software base) enhance 

signal efficiency
• Open the door to new searches 

(rarer modes, use of converted photons, time dependent analyses)

B0 → ρ0γ

B0
s → K−π+γ

fb−1 fb−1

Chandiprasad.kar@cern.ch 15
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Thank you for your attention!
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Systematics
Table 1: Sources of absolute systematic uncertainty on the signal yield. Entries without a
numerical value correspond to systematic uncertainties associated with a contribution that is
not present in the model for that dataset.

Period Run 1 Run 2 Run 2 Run 2
Track downstream downstream long downstream
m(K→

ω
+) low low low high

K
→
ω
+
ε and K

↑(892)0e+e→ model 0.4 1.7 3.0 1.8
B→ K

→
ω
+
ωε resonant structure 0.0 0.1 0.5 0.2

Misidentified-hadron model 0.4 0.2 0.5 0.9
K

↑(892)0ω+
ω
→ model ↑ ↑ 0.0 ↑

Combinatorial model 0.1 0.7 1.1 0.1
External inputs 0.2 0.1 0.5 0.3
Simulation sample size 0.4 0.6 0.9 0.4
Hadron-identification corrections 1.6 0.4 0.1 0.9
Electron-identification corrections ↑ ↑ 0.1 ↑
Simulation corrections 0.1 1.7 1.4 0.2
Misidentified-hadron yield 0.4 0.5 1.1 1.3
Total 1.9 2.7 3.9 2.6

simulation. The yield of B0→ ω
+
ω
→
ε decays is fixed relative to the yield of B0→ K

→
ω
+
ε153

decays using e!ciencies from simulation and the known B
0→ ϑ

0
ε branching fraction [13],154

neglecting contributions from higher-mass resonances. The yields of the other misidentified155

decays are determined using data selected in the K
+
K

→
ε and pK

→
ε final states, as156

described in the End Matter.157

Finally,
( )

B
0
(s)→ K

↑(892)0e+e→ and misidentified
( )

B
0
(s)→ K

↑(892)0ω+
ω
→ decays are mod-158

elled using a JSU and a Gaussian function, respectively. The B
0 decay yields are159

fixed relative to that of the B
0→ K

→
ω
+
ε decay using e!ciencies from simulation and160

measured branching fractions [23, 57–59]; the yields of the corresponding B
0
s decays161

are scaled by a factor fs
fd
|Vtd/Vts|2. The contaminations from

( )

B
0
(s)→ K

↑(892)0e+e→ and162

( )

B
0
(s)→ K

↑(892)0ω+
ω
→ decays are negligible for downstream electrons. Background from163

random combinations of particles is modelled using a first-order polynomial with free164

normalisation.165

Systematic uncertainties on the signal yield are summarised in Table 1. Most are166

evaluated from pseudoexperiments generated with an alternative model as the average167

absolute di”erence in yield obtained by fitting the baseline model compared to the168

alternative model. The alternative models for
( )

B
0
(s)→ K

→
ω
+
ε and

( )

B
0
(s)→ K

↑(892)0e+e→169

decays, and the corresponding resolution model for partially reconstructed decays, use a170

di”erent width parameter for each side of the CB function and replace the JSU function171

with a CB function. An alternative model for long track electrons is evaluated using only172

reconstructed tracks matched to the correct hits in the tracking detectors. As an alternative173

model for candidates with downstream electrons, the JSU function is evaluated using174

only candidates where the photon converts downstream of the VELO and the tracks are175

matched to the correct hits in the tracking detectors, and the CB function is evaluated with176

the remaining candidates. An alternative model for partially reconstructed B→ K
→
ω
+
ωε177

5
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scenario fit parameter best fit 1‡ 2‡ ‰
2
Hi, min PullHi p-value (%)

H1 C7 0.01 [-0.07, 0.11] [-0.15, 0.25] 3.74 0.15 58

H2 C8 0.04 [-0.88, 1.44] [-1.51, 2.27] 3.76 0.04 58

H3 C9 -1.37 [-2.97, -0.47] [-7.65, 0.26] 1.12 1.63 95

H4 C10 0.96 [0.3, 1.75] [-0.29, 2.92] 1.51 1.50 91

H5 C
Õ
7 -0.02 [-0.18, 0.16] [-0.31, 0.3] 3.75 0.11 58

H6 C
Õ
8 -0.04 [-1.16, 1.13] [-1.86, 1.85] 3.76 0.03 58

H7 C
Õ
9 -0.21 [-0.91, 0.47] [-1.63, 1.15] 3.67 0.32 59

H8 C
Õ
10 0.22 [-0.37, 0.8] [-0.98, 1.38] 3.63 0.37 60

H9 C9 = +C10 0.19 [-0.57, 1.02] [-1.24, 1.79] 3.71 0.24 59

H10 C9 = ≠C10 -0.53 [-0.89, -0.19] [-1.29, 0.14] 1.27 1.58 93

H11 C
Õ
9 = +C

Õ
10 0.10 [-0.68, 0.86] [-1.41, 1.53] 3.75 0.13 58

H12 C
Õ
9 = ≠C

Õ
10 -0.13 [-0.46, 0.22] [-0.8, 0.57] 3.63 0.37 60

H13 C9 = ≠C
Õ
9 -1.74 [-3.26, -0.27] [-4.04, 0.44] 1.96 1.34 85

H14 C9 = +C
Õ
9 -0.55 [-1.29, -0.07] [-4.13, 0.34] 2.42 1.16 78

H15 C9 = ≠C10 = ≠C
Õ
9 = ≠C

Õ
10 -0.58 [-1.06, -0.2] [-4.04, 0.12] 1.17 1.61 94

H16 C9 = ≠C10 = +C
Õ
9 = ≠C

Õ
10 -0.24 [-0.46, -0.04] [-0.7, 0.16] 2.35 1.19 79

TABLE V. Fit results for Wilson coe�cients in the 1D scenarios (H1,...,16) at the scale µb. Best-fit values and 1‡ (2‡)
uncertainties are displayed in the third and fourth (fifth) columns. The indicators of the goodness-of-fit are provided in the last
columns: ‰

2 function evaluated at the best-fit point; the PullHi in units of standard deviation, as in Eq. (45); and the p≠value
pH , as in Eq. (44). The SM has ‰

2
SM = 3.77, with a p≠value of 71%.
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FIG. 2. Results of the 2D fits to Wilson coe�cients C7,C8 (scenario H17, left panel) and C7,CÕ
7 (scenario H20, right panel),

see Tab. VI. We show the 1‡ allowed regions of the individual observables and the combined 1, 2, and 3‡ regions (red). The
black star at the origin represents the SM. Results of the global b æ s fit, see App. C, are superimposed (blue) and serve as a
data-driven prediction assuming minimal flavor violation (MFV). Deviations between the blue area and the SM are a result of
the present discrepancies in b æ s processes with the SM. See text for details.

Furthermore, we perform global fits in scenarios relat-
ing two Wilson coe�cients (H9,...,14) in which SU(2)L-
invariance is preserved in the lepton sector or those with

a preference for leptonic vector-couplings. We find that
the scenario H10 with left-handed quarks and left-handed
leptons, C9 = ≠C10, is preferred by data with a pull of

Wilson Coefficient 

• Wilson coefficients are loosely constrained by  decaysb → dγ


