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Radiative B-decays

. Flavour Changing Neutral Currents (FCNC): b — s(d)y
- Proceed at loop-level — suppressed in the SM

» Low BF’s due to CKM suppression

C
. Even lower for b — dy transitions given |V, ,/V, | ~ 0.2 b < < 5 (d)
q > q

radiative electroweak decays (SM)

. Branching ratios (BR) ~ few 107 for b — sy transitions,

~107° for b — dy ones

 Very sensitive to NP since SM contribution is small!
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Radiative B-decays

. Flavour Changing Neutral Currents (FCNC): b — s(d)y
- Proceed at loop-level — suppressed in the SM

» Low BF’s due to CKM suppression
- Even lower for b — dy transitions given |V,,/V, | ~ 0.2 b

C
< <

S (d)
. Branching ratios (BR) ~few 107 for b — sy transitions, q > q

radiative electroweak decays (SM)

~107° for b — dy ones
 Very sensitive to NP since SM contribution is small!

. Radiative| Leptonic |Semileptonic
Effective hamiltonian described as operator product Coupling | b= 57| B = pp |b— st
expansion, C: being the Wilson coefficients, that encode the Cé') v/ v
short-distance physics and O, the corresponding operators 0 p
9
part part Cg) /
Y _ SM NP
cO=CcM+C et Y
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LHCb experiment %
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Track par}d/e/ﬁentification

O\
\o\ » Forward arm spectrometer with unique coverage in
\ o MO N}‘ v pseudorapidity (2 < # < 5)
Magnet RICH2 M2 - Excellent vertex resolution

. o;p = 20 um

 Designed for the study of b and ¢ hadrons

* Excellent momentum resolution
. Aplp =0.5% — 1.0% (5 — 200 GeV/c)
» Good photon energy resolution

o(E)E = 1%+ 10%/\/E

AN - Efficient particle identification

NI AN . e(K = K) ~95% for e(m — K) ~ 5%
. ¢(e) ~90% fore(h — e) ~5%

.« e(u) ~98 Dfore(r > u) ~1-3%

EM energy/ particle

Tracking identification

Vertexing



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

Selected results from radiative decays

Measurement of BY — p’y branching fraction [LHCb-PAPER-2025-017
in preparation]

Constraints on the photon polarisation in b — sy transitions using BY — ¢gete
decays [JHEP 03 (2025) 047]

Amplitude analysis of the radiative decay B? — KK~y [JHEP 08 (2024) 093]

~
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Other recent results not covered today
e Search for BSO — ut "y decays [JHEP 07 (2024) 101]

o Amplitude analysis of A} — pK ™y decay [JHEP 06 (2024) 098]



https://link.springer.com/article/10.1007/JHEP07(2024)101

0 0 LHCb-PAPER-2025-017 ch
B” — p“y branching fraction In preparatior
- First observed by Belle and BaBar [PRL 101 (2008) 111801, PRD78 (2008)112001]

. Latest PDG average, combining BaBar and Belle measurements, is (8.6 & 1.5) X 10~/ [PDG]
» Recent result combining Belle and Belle Il data [PhysRevD.111.L.071103]

PhysRevD.111.L.071103
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. Using Run 1+ 2 LHCb data (9 fb™1)
. First measurement associated to the b — dy transitions in LHCb
- Measurement of the ratio of the branching fractions between B’ - poy and BY - K *O}/
. Provide an independent and direct constraint on the ratio of the CKM matrix elements |V, ,/V, |

. Current theoretical uncertainty dominated by the B’ — po and BY — K form factors uncertainties [JHEP 04 (2006) 046 ]



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

0 0 . . LHCb-PAPER-2025-017 ch
B” — p“y branching fraction In preparation

» Ratio of branching fraction

B(B" = ") _ NB = p(mn7)y)  e(BY—= KO(K'm )y)
B(B’— K*v) N(B'— K*(K*n7)y) e(BY— p%(7t7m)y)

X RB,

Yields: simultaneous unbinned B | | B(K*O—K+7r)
maximum-likelihood fit to B EfflClenccljefs: sl\l/lrrétjljatlon B(p0—nTr)
. . . invariant mass corrected for ata
Mass window selections differences
- m_. € [630,920] MeV/c2, my,. € [795.5,995.5] MeV/c?2
(related efficiencies are accounted for)
. Charm veto m,,_, .0 > 2000 MeV/c? BY = K*0~(%)
- Combinatorial background suppressed by a BDT BY —» Ktn— 7Y 1.6
which uses kinematic and isolation variables BY = p94(%) B° — K™ 1.6
PID criteria (charged and neutral) optimized with B’ — K*y 11 By~ K™y 0
. criteria (charged and neutral) optimized wi = - ——- , AO s 0.5
respect to the specific backgrounds BY — p (7w 12 B% pe 0.4
BY — ¢p(ntr—w0)y 13 s = 97 ’
BY - KTn— 7Y 0.4

- MC/data differences corrected thanks to kinematic 0 0.9

weighting and PID calibration samples B — p'n




0 0 . . LHCb-PAPER-2025-017 ch
B” — p"y branching fraction In preparation

Preliminary

- Normalization and signal modes shared most of the signal shape parameters

- Misidentified background contributions to the BY - K% and B — p'y samples are fixed as fractions of the fitted
BY - K % yield
- Shapes of those specific backgrounds are obtained from simulation

0 _
B — K*'mr°

—— Bj— ¢(a*a ")y

..... B’— p°(wmn(yy)
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10° Ny, = 148160 = 900 Npoy = 1917271
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2 12 Full Model — 2 250 - Full Model .
-, _ — () %() _ - L { 0 Of ot _
) _ | B =K (K'n)y i N [ B'— p (7*m)y ]
; 10 :_ ----- Combinatorial _: ; 200 / ,l_ ,l_ """ Combinatorial _:
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0 0 . . LHCb-PAPER-2025-017 ch
B” — p“y branching fraction In preparation
 The ratio of branching fraction is measured as

B(B — pY .
( 5 -0 ) = 0.0189 £ 0.0007 £ 0.0005, |
B(B — K /Y) Belle .: 7g+19
PRL101 (2008) 111801 I T -1.9
. Combining with the known B? — K Y branching fraction from HELAV, this BABAR 1) 112001 — 0.7 2
gives Belle+Belle Il : +1.6
PRD111 (2025) L071103 e 7.5 45
B(B°— p°y) = (7.94+0.34+0.240.2) x 1077, e
HFLAYV 2025 —+— 8.2+1.3
The first uncertainty is statistical, the second systematic I
LHCb | . 0.
and the last one is due to the uncertainty B’ — K Y branching fraction FHEE-PAPER-2025-017 '" ro=nd
« Assuming ,00 — 7~ decay saturates the dipion spectrum in the m__ T Y T T R T VR T
range used (m_, € [630,920]MeV/c?) B(B® — p%)[107
_ Systematics: Yield ratio  © <sge Uncertainty [7]
- Most precise measurement to date Somrea Uncertainty [%] © Sinulated samplos sizg (108, —0.8)
Signal mass model (__0.5 0 6) c>), Kinematics corrections (+1.1, —0.2)
’ ' K ' ' 0.3, —=0.3
X" Background contributions  (+2.0, ~2.2) & gpon/pion reconstruction (#0309
Dominated by the 25% relative uncertainty Background mass models (+1.1, —0.8) g Neutral PID (40.1, —0.1)
on the BO N po(ﬂ+ﬂ_)ﬂ0 branching fraction Total systematic uncertainty (__2.3’ _2.4) HLI—J- Total systematic uncertainty  (4+1.6, —1.6)



https://hflav-eos.web.cern.ch/hflav-eos/rare/Dec2024/html/radll/Bd/BR_B0_K*0_gamma.html

Angular analysis of BY — ¢e*e™ decays

Full Run 1+ 2 LHCDb statistics (9 fb™

h

First angular analysis of this decay mode at LHCDb

JIY

b — scc[ - £1T¢7]

Cover a very low q2 range [0.0009, 0.2615] GeVZ/c*, i

>

b— sttt

b— sttt

Untagged, time-integrated, CP-averaged angular differential rate

1 3T +7T)

d(I' +T')/dg? d cos 0.d cos Oxdg

S penguin penguin
T
=
° q°=mX£*E7)
9 3 -2 2
:32—7( Z(I—FL)SIH (9K—|—FLCOS HK
1

—+ Z(l—FL)Sin2(9K—FLCOSQ(9K

- (1 — Fy) A(T)Sm O sin” 01, cos 2¢

3
+ (1 — Fr) A%“F sin? O cos 0y,
L

2

cos 207,

1 — Fp) AE™F sin? 04 sin? 07, sin 25 %
T ¥

5,(-

JHEP 03 (2025) 047 %

F; : Longitudinal polarisation of ¢ meson

AReCP related to the forward-backward asymmetry
A}z) and A%mcp are sensitive to photon polarisation
2Re(C,C5
AR = 0) = 3T a2,
Gl S
7
A" (g* — 0) = —~+ A,
1C1° + G|

A, due to Am and Al



https://arxiv.org/pdf/2411.10219
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Angular analysis of BSO — @e"e” decays %

- Backgrounds are dominated by the combinatorial background, suppressed by BDT
. The radiative B — ¢(KK)y decay with converted photon (11,,< 10 MeV/c?) is used as control channel:

~ 0 T ————————— - A~ Vg -
\n " E LHCb ) - ‘ = LHCb =
ql 180F gyl w o baw 3 S YF 9w ;
- 160 1 Bi— oy = % 0F E
g MOE B gKKY | Combinatorial 3 & 60 1T 14 4+ E
0 120 |- Bi—= ¢ (= vy) "“é 50 T —
M 100 Bi=gn(=yy) 4§ 40F + """"""""""" ] =
30 F - 30 E + :
60 | _ - = [
= N — 580 i 18 . 20 — .
40 — = =
- - 10 &= =
20 . +r"' .Y - . OE' N T T I E
O g p===9-" _ 1 1 ] ] == ] sl g S _ —(). . 1
5000 5500 6000 : 0> / 0 cosl
m(K"K e*e™) [MeV/c?] K
- Filoy_ +,-] = —0.01 £0.02 (stat): agrees well with a purely transverse polarisation of the ¢ meson, indicative of a real

photon interaction



https://arxiv.org/pdf/2411.10219

JHEP 03 (2025) 047 Cb

Angular analysis of BY — ¢ete™ decays

* 4D unbinned maximum likelihood fit to mass and angular variables
Dominant statistical

A7 = —0.045 £ 0.235 £ 0.014,

— — — —~ 30 ——— — — — .
& F ' ' | o - | | | . uncertainties
Ny - LHCb | —4— Data - S - LHCb :
S 30F gpyl | ORI 1 3 ,FE op! 3 AE™CP — (0.002 + 0.247 + 0.016 o
) B M S ¢ ] ~ 25 B _ T ) SM d t
S )5 n Combinatorial = — - - ReCP predictions
A - B,— ¢n(— e*e7y) 3 < - . .
S 20f * meegcee ]2 Fy, < 11.5% at 90% CL. 4@ 5 a0
PRRELS 2 = 5 : Af cP
8 : F n m 0.000
< ull S N ~/ 100 ] T
= 10 S .
=I: + (3 ; AReCP 0,000
5 » ¢ T
8 o “" > )
0 essdssnapundyuet “. ! ! ! A ¢ = =
5000 5500 6000
m(K*K e*e) [MeV/c?] Constraints at 20
20 B(B — Xs7)
- - LIH(I:bI oo b § B° — K*%¢Te~ (LHCb) 10 < M(ee) <500 MeV
< s 9fb! ] — BY — K*%eTe™ (Belle) M(ee) < 1058 MeV, [arXiV:
~ n . = . B 2404.00201]
% C - g S BY — gete
s 20F E 8 X B° — K97%y Including the Belle Il result, [arXiV:
S - . S O . 2407.09139]
S 15F 3 2 = By — ¢y
< [ —— - M) E 0
@) - . = N Ay — Ay
10 | = | — @) Global
AT
“““ 1 .,... ]
0 Bt | N | s
-1 -0.5 0 0.5 1

- The results are compatible with the SM predictions.



https://arxiv.org/pdf/2411.10219
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Amplitude analysis of BY — KTK~y decays o %

* First observation by Belle (PRD 91 011101)

. First precise measurement of BR by LHCb based on ~700 events in the ¢ region collected in 2011 @ 7 TeV
[Nuc. Phy. Sec. B 867 (2013), pp. 1-18]

. First amplitude analysis of this decay performed in LHCb using the full Run 1+ 2 LHCb statistics (9 fo™1)

. Combinatorial and partial reco. background are subtracted using sPlot method (g < 2400 MeV/c?2)
. Clear structure around 1500 MeV/c2, aside from ¢(1020)

N, = (44.5+0.5) x 10°

1o
W

X

1 OI3 1

N, =(5.66 +0.14) x 10°

x 1

A~ - | - N F | T T T | T T T [ b |
S 14F —+ Dat - ISEENE —+ Data - 3 | ] ]
— ata ] ~ B B 7]
; N — Full Model ] > 10 — Full Model — § — Selected K*K ™y candidates LHCb (9 fb') -
> - 0, pripm . 3 - 0, K*K- i v 10 E
— — B,— KKy — - — B,—= KKy . - 0_pr+gr- 0 +p— 3
CED - Y Combinatorial . E ] - /I v Combinatorial T E ?/ sWeighted By, —~K"K"y D" - KK E
\A . ---B— KK (x)y T ---B—=K'K () A S 7 DO — Ktp
5 osft 3 5 of 35 =
s F - s [ w - e ]
2 06k LHCbRun 13 f6) 3§ 35 | LHCoRun2(6167) - 10° E

= _ < s, ]

| - < = -

8 — O P i
—: - 10 =

ek = _ 0 N 1000 1500 2000

N n M —— e e EEEE BE . - T TRIHIE DI BRI HIRHEH FHREHEE EHHH 2
5000 5500 6000 5000 5500 6000 . myy [MeV/e”

mKKy [MCV/Cz] mKKy [MGV/C ]



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.011101
https://www.sciencedirect.com/science/article/pii/S055032131200524X?via=ihub
https://link.springer.com/article/10.1007/JHEP08(2024)093
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Amplitude analysis of BY — KTK~y decays o %

Phase space fully described by (mgx, | cOSOpr | ):
. Shaded region is the effect of charm veto (my,_, ;0 > 2000 MeV/c2)

- Detector asymmetries cancelled out by folding over O

Fit the amplitudes using isobar amplitude model approach

Isobar KK model

Signal PDF Selection acceptance -~

~ ~ ~ ~ 2
Ps(mgyk, Okg) =  e(mgg, Okg) |ZR cr * FRFpBWg(mgy; g, IR) - d{’; (91{1{)|

Candidates/( 0.04 x 14 MeV/c?)

 Possible contributions from vector, tensor and higher spin states: 7 700 1500 2000 :
contributions included in the amplitude model My [(MeVic]
ate %@
» MislD backgrounds are included in the fit State  J
$(1020) 1"
P(mgg, Okk) = NsPs + Lpre NokcPere ]:j((ll;;s)) .
£5(1270)  2++



https://link.springer.com/article/10.1007/JHEP08(2024)093
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Amplitude analysis of BY — KTK™y decays e %

1 1 -|1
- Data LHCb (9 fb™)
— Full Model ¢ (1020)

—B—kky LU

2 E
= =
- Fit fractions and overall tensor contributions are extracted S B gy 05029
from the best fit N 500 Ak PU680) =
— (1)9*11 . ?; Nonresonant =
- Full results in backup, one has concerning tensors ~ 400 T B DA g, (1850) 3
% [1£,2010) =
B(BO f (1270) ) § 300 -- Interference _E
s 7 J2 8 +0.09 +0.06 5 200} =
= (0.257 stat.)” syst.) £0.03 (B), = -
R -
B(Bg — fé(1525)7) +0.009 +0.014 ‘-. ! ! ! ! ! ! ! ! !
B(BY = 6(1020)) = 0.194" 508 (stat.) o005 (syst.) £0.005 (B) -100 5 500 5000
p My, [MeV/c?]
Fipy = 16.8+0.5 (stat) £ 0.7 (syst) %, A S T
S 3000 E TSN -
8 2500 F =
S F :
S 2000 =
] _
_ _ / @, =
. First observation of the B) — 7,(1525)y 1500 E
. Mass and width of ¢(1020) and f,(1525) are in agreement with 1000 £ B
world averages 500 | =



https://link.springer.com/article/10.1007/JHEP08(2024)093

Outlook and conclusions

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

— 10
- Today’s presentation covers o — 2025 (13.6 TeV): 2.22 fb”/
_ _ 0 0 o = — 2024 (13.6 TeV): 9.56 fb |
. Branching fraction measurement of B — p"y (New)| Preliminary 2 o] —2028(136TeV):037 fo;
_ S _ 0 — D — 2022 (13.6 TeV): 0.82 fb™
. Constraint on photon polarisation in b — sy using B, = ¢e™e = — 2018 (13 TeV): 219 f
_ _ 0 T = — 2017 (13 TeV): 1.71 fb™
. Amplitude analysis of By — K"Ky S gl —2016(13TeV): 167 b
5 — 2012 (8 TeV): 2.08 fb™
% — 2011 (7 TeV): 1.11 fb™
» More results from Run 1 and 2 data are expected soon é 41—
&J
- Run 3 data taking is currently ongoing 3 ol 7
— . -1 . qu —
. >9 fb~! data collected in 2024 and already > 2.2 fo~! in 2025 S /
- Upgraded detector and trigger system (fully software base) enhance < gl L |

signal efficiency Mar May Jul Sep Nov
- Open the door to new searches Month of the year
(rarer modes, use of converted photons, time dependent analyses)

Thank you for your attention







Amplitude analysis of BY — KTK~y decays

* Full result from amplitude analysis

State Fit fraction [%] | Relative fit fraction (%] | Phase [deg.]
$(1020) | 70.3 T09 +1.0 100 0 (fixed)
f2(1270) | 0.8+0.3 T3 1.2 105 102 —55 T10 =2
f4(1525) | 12.1 196 09 17.3 708 14 0 (fixed)
$(1680) | 3.8 796 +0.7 5.4 109 +1.0 137 72 +38
3(1850) | 0.3 7o T3 0.4 T 0% —61 T3 T
£2(2010) 0.4+0.2 7= 0.6 To5 To3 43 750 20

(KK)xn 0.5 F0-5 103 0.6 T0-5 102 165 5. +9




