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Why radiative b decays?

e FCNC sensitive to indirect effects of New Physics (NP) in loops
o branching fractions, CPV, photon polarisation, etc.

e Access to much larger scales than direct searches
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New Physics constraints from b—sy

Paul & Straub [[HEP04(2017)027]
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https://arxiv.org/abs/1608.02556
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The LHCb detector

Ap/p=0.5-1.0%
AIP = (15 +29/p.[GeV] ) um

AE/E =1% + 10% / V(E[GeV])

ECAL

Electron ID ~90% for ~5% e—h
mis-id probability



https://cds.cern.ch/record/1129809

LHCb dataset

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018
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e Run1(2011-2012) ~ 3 fb'
e Run2(2015-2018)~ 6 fb' and o, (13TeV)/o (7TeV) ~ 2 [JHEP1712(2017)026]



http://arxiv.org/abs/1710.04921
http://arxiv.org/abs/1902.06794

Recent LHCb results

Since the last CKM workshop:

First observation of the radiative decay A% —Ay [PRL123(2019)031801]

Measurement of CP-violating and mixing-induced observables in B_—~®y decays
[PRL123(2019)081802]

Strong constraints on the b — sy photon polarisation from B® — K"e*e” decays [|[HEP12(2020)081]
Search for the radiative =, — =y decays [arXiv:2108.07678]

Analysis of neutral B-meson decays into two muons [arXiv:2108.09283]

Measurement of the photon polarization in A°, —Ay decays [arXiv:2111.10194]

See talk by M. Kreps for photon polarisation from B® — K'e*e-
See talk by F. Dettori for first limit on B, — p*p'y decays
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PRL 123 (2019) 081802

Photon polarization in B, — @y

Time dependent decay rate for f_, states gives access to photon polarization:
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https://https//arxiv.org/abs/1609.02032
http://arxiv.org/abs/1905.06284
https://https//arxiv.org/abs/1609.02032

Photon polarization in B, — @y
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e Fit to time-dependent decay rate using full Run 1
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http://arxiv.org/abs/1905.06284

First observation of A°. — Ay

Baryonic b — sy not prev. observed
BR < 1.9:107 [CDF PhysRevD.66.112002]
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Mannel et al., Gan et al., Faustov et al.]

Gives access to photon polarisation
[Mannel & Recksiegel, Hiller & Kagan]

PRL 123 031801 (2019)

Very challenging topology —
dedicated reconstruction in Run 2

p

2 Tt
AN
.y

Huge combinatorial background
mitigated with performant MVA

/\O
PV ¢

11


https://arxiv.org/abs/hep-ex/0208035
https://doi.org/10.1140/epjc/s10052-008-0846-5
https://doi.org/10.1007/JHEP12(2011)067
https://doi.org/10.1088/0253-6102/58/6/14
https://link.aps.org/doi/10.1103/PhysRevD.96.053006
http://www.actaphys.uj.edu.pl/fulltext?series=Reg&vol=28&page=2489
https://arxiv.org/pdf/hep-ph/0108074.pdf
https://arxiv.org/pdf/1904.06697.pdf

PRL 123 031801 (2019)

First observation of A°. — Ay
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https://arxiv.org/pdf/1904.06697.pdf

Photon polarisation in A°, — Ay

Proton helicity gives access to the photon polarisation [Mannel & Recksiegel, Hiller &
Kagan].
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Sensitive to right handed currents a,,= (0.750 = 0.009) [Nature Phys.15(2019)631-634]
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http://www.actaphys.uj.edu.pl/fulltext?series=Reg&vol=28&page=2489
https://arxiv.org/pdf/hep-ph/0108074.pdf
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http://arxiv.org/abs/2004.10563
https://arxiv.org/abs/1808.08917

Photon polarisation in A°, — Ay

Uses full Run 2 dataset (6 fb') and reoptimised selection
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http://arxiv.org/abs/2111.10194

arXiv:i2111.10194

Photon polarisation in A°, — Ay

Confidence interval in physical region obtained through Feldman-Cousins
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arXiv:i2111.10194

Photon polarisation in A°, — Ay

Confidence interval in physical region obtained through Feldman-Cousins
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First measurement of the b— s y photon polarisation in b-baryon decays!
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http://arxiv.org/abs/2111.10194

Photon polarisation in A°, — Ay

arXiv:i2111.10194

CPV measurement by splitting the sample according to the p charge:
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Photon polarisation in A°, — Ay

New constraints on C7 and C’7: discard 2 so-far allowed solutions
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CPV results not included: need theory input (and better precision)
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http://arxiv.org/abs/2111.10194

arXiv:2108.07678

Search for =°, — ="y decays

No previous search. SM predictions:
e BR,, =(3.03+£0.10) x 10 [Liu et al., “11] based on LCSR - rather high for a radiative decay
e BR,,=(1.23+0.64)x 10™ [Wang et al., '20] based on measured BR(A, — A%) + SU(3)

Very challenging topology at LHCb, only 5% decay in the vertex locator



https://doi.org/10.1103/PhysRevD.83.054007
https://arxiv.org/abs/2008.06624
http://arxiv.org/abs/2108.07678

arXiv:2108.07678

Search for =°, — ="y decays

Uses Run 2 data (5.4 fb™') and =, — =]/ as control mode
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(0.08) at 95% (90%) CL 20



http://arxiv.org/abs/2108.07678

Conclusions

0.50

LHCb is a b-hadron factory: access to
radiative decays of all hadron species

)

e most precise B_ — @y results

1, NP

e first measurement of photon %“ B
polarisation in baryon b—sy decays ~
—0.25
. . . —0.50
Precision era in b—sy measurements: ~030

e world-best constraints on C’7
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LHCB-PUB-2018-009

Future prospects

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
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+ b — dy decays
/\Ob — N\y 5Gv ~ 4% Y Y
= Ly 5a ~ 10% Good_ ;ontrol of systematic uncertainties will
Y be critical
B* - K'mr'my 6av~ 1%
B® - K'e'e 0A @ ~ 2%
22



https://cds.cern.ch/record/2636441

LHCB-PUB-2018-009

Future prospects

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

v [

HL-LHC

%-Uagrade I - Upgrade |

E Upgrade (TBC)
Decay mode Upgrade 2 (300 fb™")
B, — ov 6A%~0.02 + modes with more neutrals, eg B® — K.y

+ b — dy decays
/\Ob — N\y 5Gv ~ 4%
= Ly 5a ~ 10% Good_ ;ontrol of systematic uncertainties will
Y be critical
B* - K'mr'my 6av~ 1%
B0 _ K'e'e" 5A. @) ~ 2% Stay tuned!
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Thanks for the attention
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Candidates / (45.0 MeV)

— A%y: CP mass fits
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[HEP 04 (2015) 064

EXplOiting b—)SE+e- at Very '_OW qz arXiv:2010.06011

Angular coefficients A ® and A '™ give access to C',;:

1 d*(T +7T) _ TRe(C:C)
d(T +T)/dg? dg? dcos 6, dcos O dp @ (.2 _y 0) = 2velbrlr)
o A 0=y e
9
=6x [ (1 — F)sin? O + Fy cos? 0k + — 2Im(C—,-C.',*)
(Z(l ™ FL) sin? Ok — F, cos? 0}{) cos 20, + 7 7
1 , _ 2
5(1—Fi) AR sin? ¢ sin? 0, cos 29 + Pollution from C,,, when q? far from zero —
(1 — Fy)AR®sin2 0 cos 6y + analysis at very low g?
1 " e Run 1 analysis: g>€[0.002, 1.120]
5(1 = FL) Affnlsmz 0}( SiIl2 02 sm2¢ ] . GeVZ/C4

e Run 1+2: g*€[0.0008, 0.257] GeV?/c*

after folding @ to reduce number of parameters -


http://arxiv.org/abs/1501.03038
https://arxiv.org/abs/2010.06011

Candidates / 34 MeV

Exploiting b—se*e" at very low g>

Much cleaner selection achieved in new analysis
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NEW
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Mass shape, angular acceptance and model validated with B—K y(—e*e)



https://arxiv.org/abs/2010.06011

arXiv:2010.06011

Exploiting b—se*e" at very low g>
NEW

Word-best constraints on C’7 achieved!

Constraints at 20
— B(B — Xv)
—— B% = K3n0y
— B¢y
—— B K*ete-
----- Global

Fi, = 0.044 4+ 0.026 &+ 0.014,
AR = —0.06 £0.08 £ 0.02,

AP = 40.11£0.10 £+ 0.02,
AP = 40.02 £0.10 £ 0.01,

Perfect agreement with SM

still room for NP?
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LHCb Trigger

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

~~ > I

LO Hardware Trigger : 1 MHz
readout, high Et/Py signatures

450 kHz 400 kHz 150 kHz

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

L <L <L
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Flavour tagging at LHCb

SS pion
‘ SS proton
SS kaon (for B?)

BO

same side

opposite side
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0S vertex charge
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LHCb Upgrade for photon polarisation

Projections with 300 fb™!, assuming same performances as Run 1/2
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