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B physics

- B-hadrons decays:

- Light enough to be produced abundantly, but heavy (~ps)
enough to have many decays

* Predictions for SM observables are well-known

« One of the main missions of B-factories and LHCDb is to
perform searches for new physics (NP) in rare decays

- Rare decays searches can allow to access the particle of
higher energy than direct searches
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. Rare B decays: branching fraction % (B — decay products) < 107>

Chandiprasad.kar@cern.ch

\ tau j



Rare B decays

- Rare B-decays:
. Flavour Changing Neutral Currents (FCNC): ¢ — gyand g — q£ ¢~
- Proceed at the loop-level — very suppressed in the SM
« Low BF’s due to CKM and GIM suppression
. mf/m%, suppressed lepton flavour violating Q W+

decays
 Helicity suppressed in purely leptonic decays

radiative electroweak
decays

« Very sensitive to NP since SM contribution is small!
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Rare B decays

- Rare B-decays:
. Flavour Changing Neutral Currents (FCNC): ¢ — gyand g — q£ ¢~
« Proceed at the loop-level — very suppressed in the SM
« Low BF’s due to CKM and GIM suppression
. mf/m%, suppressed lepton flavour violating 0 W+

vlet
vt~

decays
 Helicity suppressed in purely leptonic decays

Wl

radiative electroweak

decays
« Very sensitive to NP since SM contribution is small!
Effective hamiltonian described as operator product |
expansion, Cl- being the Wilson coefficients, that encode s
the short-distance physics, and O, the corresponding _ [Radiative| Leptonic |Semileptonic
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Experimental observables

dB(B? — ¢utu)/dg? (GeV—2c*)

Branching fractions:

Experimental: simple extraction,
good control of efficiencies
through control modes

Theory: affected by hadronic
uncertainties

Angular observables

Experimental: complex
extraction, need to control
acceptance, many parameters
of interests

Theory: first order cancellation
of form-factors

Universality tests
Eﬁ)gperim+enta|: need to control
e~ vs U efficiencies, very
challenging

Theory: full cancellations in
the SM

Increasing precision of the SM prediction
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. Several anomalies or common issue related to form factors/cc loop are seenin b — s€+¢~
. Explore new final states of b — s¢ *T£~. new radiative modes, or search for forbidden decays
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.151801
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.131.051803

Experiments:
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HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

eTe™ energy-asymmetric collisions at

\/s =10.58 GeV
+ Accelerator: KEKB (Belle) and

SuperkEKB (Belle II) * Accelerator: LHC ' ﬁccele;atlor:kl,‘HC o tertor
. - Forward-looking spectrometer for
- General purpose detectors . Ser.‘efzpli:pose detectors i) st% di% .
- Period: 1999-2010 (Belle) / 2019-now eriod: 2011-now . Period: 2011-now
1 :
(Belle 1I) . Collected 165 fb~* (Run-1+2) data Collocted 8 fo-! (Run-1.2) dat
. 711 fb~! (Belle): 770 mil. BB pairs + Al species of B hadrons ' AIT oo th( d””' +2) data
. 362 fb~! (Belle Il): 370 mil. BB pairs . Plan: 3000 fo! SpeFIEs @ = NATons
Plan: 50 ab~. - Plan: 300 fb™
 Very busy environment .
« Very clean environment - Low trigger efficiency . (I?Stl,\l/%/)enwronment (but smaller than
' E'ghir trt'gier eff('jc'li)”cy * Better with muons - Low trigger efficiency
. en. charge o o * No charged ID - Excellent charged ID
- Better with neutrals, similar sensitivity for 6

e and u - Better with tracks


https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08004
https://cds.cern.ch/record/1129809/files/jinst8_08_s08005.pdf
https://arxiv.org/abs/1011.0352

Very selected results from rare B decays

New « Test for LFU with B? = ¢f+l/ﬂ_ decays [LHCb-PAPER-2024-032, in preparation] .L‘I-{% b
. LFU test with B — J/w¢ " v decays [CMS PAS BPH-23-001]

., - Constraints on the photon polarisation in b — sy transitions using Bf — ¢pete” LI_Ié)é?
decays [LHCb-PAPER-2024-030, in preparation]
€+ V2,

. * i
. Angular analysis of B - K Ye*e™ decays [LHCb-PAPER-2024-022, submitted to (it

JHEP]

c e 2 L IC )

. Analysis of Ag — pK~u* ™ decays [LHCb-PAPER-2024-024, submitted to JHEP] mﬁ&
. Evidence for BT —» KTup decays [Phys. Rev. D. 109,112006]

Belle IT

. Search for the decay B® — yy using Belle and Belle Il data [Phys. Rev. D 110,
L031106]

. Search for B’ — K*zt decays using Belle Il data [in preparation]
. Search for BY — Kgfif + decays using Belle + Belle Il data [in preparation]

. Search for B? — ¢u*r™ decays using LHCb data [submitted to PRD, 2405.13103] ﬂlﬁ%

Other recent results not covered in this talk

. Analysis of local and nonlocal amplitudes in the BY — K i u™ [submitted to JHEP,
arXiv:2405.17347] [see talk by Zahra]

. Amplitude analysis of the radiative decay Bf) — KtK ™y [JHEP08(2024)093]
SILCL | Search for B(i()) — 1"~ decays using LHCb data [Submitted to EPJC, 2409.17209]

. Test of lepton flavour universality with BT — K™zt 7z~ ¢ ¢ ~decays [LHCb-PAPER-2024-046, in

preparation]
Chandiprasad.kar@cern.ch


https://cds.cern.ch/record/2908224/files/BPH-23-001-pas.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L031106
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L031106
https://indico.cern.ch/event/1414470/contributions/6136113/

LFU test with BY — ¢£1¢~ decays

« FCNC b — s transition

. First LFU test with B — ¢/ "/~ decays at LHCb
using Run 1+2 (9 fb~!) data

« Measure 0 - e .
o BBy = peTer)  BB; — Jly(eTe)P)

b BB > Putu-) / BB — JIy(utu-)p)

- Most efficiency-related systematic uncertainties
cancel in double ratio

- Experimentally

dB(BY — 0+0-)

arXiv: 2410.13748
Submitted to PRL
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Extended maximum likelihood fit

N

Simulated samples

- Narrow ¢ resonances from K*K~ and displaced secondary vertex

- Combinatorial and semi-leptonic backgrounds are suppressed by multivariate classifier
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https://arxiv.org/pdf/2410.13748

LFU teSt With BO é ¢f+f_ decays LHCb-PAPER-2024-032

arXiv: 2410.13748
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Signal, combinatorial and mis ID backgrounds morphed by phase space for high-q2
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https://arxiv.org/pdf/2410.13748

LFU test with BY — ¢£1¢~ decays

LHCb-PAPER-2024-032
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. Signal, combinatorial and mis ID backgrounds morphed by phase space for high-q2

- Different from BS — ¢utu~ modes, due to bremsstrahlung from e™ and imperfect nature

of the brem. recovery.
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https://arxiv.org/pdf/2410.13748

H
LFU test with B? — QLT decays  iiosearerzonce: ﬁ

arXiv: 2410.13748 .

Submitted to PRL *
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https://arxiv.org/pdf/2410.13748
https://indico.cern.ch/event/1441577/

LFU test with B — J/w¢ v decays

« b — ¢ transition at tree level
RBBF — JlytTu,)

R]/l// —

BBF — Jlyp+v,)

- 3-prong decay modes, T — 7Z+7Z_7T+(+JZ'O)DT

W+ NP

o

4 =

- -’
7

.-

£

vy
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2 0
N2
g
~
-
o W
o / }I
vy
C
C

+ SM prediction R, = 0.2582 + 0.0038 [PRL 125 222003]

* Previously measured by LHCb using 3 fo~![PRL 120(2018)121801] and

CMS [2408.00678] using muonic modes

. CMS Run 2 data 138 fb~!

rejection

Chandiprasad.kar@cern.ch

BDT was trained to maximize the background

Sideband background-enriched region (SB) used to
predict the background events in signal region (SR)

Background prediction is validated in “gap” region

Ratio between the data and the expected sum of
signal and background contributions are consistent

CMS PAS BPH-23-001

CMS Preliminary 59.8 fb' (13TeV)
' I ' ' ' I '

-.(L) [ [ T n T
GCD 10’ ! ! ! ¢ Observed
| | | | | |

T 10° 'SB :gap: [ H,~JpX bkg

10° ' v [ B—=anpry
ol : I SN

10 :_|:|_E2—> others
10° SR
10°

15—

XGB output score
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.222003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.121801
https://arxiv.org/pdf/2408.00678
https://cds.cern.ch/record/2908224/files/BPH-23-001-pas.pdf

LFU test with B — J/w¢ v decays

- Simultaneous fit of SB
and SR to extract R,

%x10% CMS Preliminary 59.8 fo' (13TeV) x10° CMS Preliminary 59.8 fb' (13TeV)
_E14'"|"'|"'|"'|"'|"'|"'|"' _E12"'I"'I"'I"'I"'I"'I"'I"'_
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i + — o | | Be—=Jhpt v o | | Bi—=J/pt v -

- p = (7], m3), o 10 o DO i e D -
i, [ Bi—Jry D, 0.8 [ Bi—J/y D, g

D= (71'3 » Ty ) [ ]B— others 0.6 1B~ othérs E

N A OO

- Data/expected

. . EI_I_I T —— . e
background are in £12] 12 S jE
agreement for all bins = 4 - 1§*¢¢*+$$+*$_¢_+W$?

so8¢ 4 @Fo08
0 5 10 15 0 5 10 15
Unrolled m(p1) V.S. m(pz) bin ID Unrolled m(p1) V.S. m(p2) bin ID
» CMS PAS BPH-23-001
a +O.50 CIV'IS ! F)Irel'lml'nary ! I ! ! ! ! I ! ! ! ! I !
+ Using Run-2 data measured R, = 1.0477, e ]
12())/ (.20185 121501 N |
- Combined with leptonic decay of tau lepton CMS, 2018,7, .
results R, = 0.49 = 0.25 (stat) = 0.09 (syst) u _
CMS, Run2, T, °
+ Consistent with SM prediction s B 7]
Combination | .I | |
0  sv 05 B 1.5
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https://cds.cern.ch/record/2908224/files/BPH-23-001-pas.pdf

H
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Angular analysis of B, — ¢e™ e~ decays
LHCb-PAPER-2024-030
In preparation

. First angular analysis at LHCb: low q2 region [0.0009, 0.2615] GeV2/c?
. Full Run 1+ 2 LHCD statistics (9 fo~ 1)
- Decay rate is described as follows

1 2 (0 {3

[ ST i 1—F 1 29 F 29
d(T' +TI')/dg?dcosfrdcosfxde 32w 4( ) sin” 0k + F cos® Ok

4 F (0 — e G — 17 Gl QK] cos 20; F; : Longitudinal polarisation of ¢» meson
4

ARECP related to the forward-backward asymmetry

1
(1 — Fp) A(T)sm Ok sin? @, cos 2

+ 9 A;z) and A}mcp are sensitive to photon polarisation
+ (1 — Fp) AR“F sin® O cos 0y, .2 2Re(C7C/7*) 5
1 AT (q — O) 1>
+— (1 — Fp) AZ™P sin? 0 sin’ 0, sin 2@} . 5'1 + 57
2 ImCP m(Cy 2
A7 (q — 0) = 2
|G 1P+ G

A; due to Am and AI',

~ 0F T T T T T ;
ol 180 ry *tha
- Background mostly dominated with combinatorial, = 1OF pretiminay [} N
suppressed by BDT g 120 Bl 7~ 17)
> 0y 4 (—
- The radiative B - ¢(KK)y decay with converted photon = ' A

used as control channel with m,,< 10 MeV/c? 60

N =580=+18

5000 5500 6000 14
Chandiprasad.kar@cern.ch m(K*K e*e”) [MeV/c?]



4D unbinned maximum likelihood fit to mass and angular variables

Candidates / (42.5 MeV/c?)

Candidates / (0.1)

Angular analysis of BY — ¢e*e™ decays
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LHCb-PAPER-2024-030
In preparation

A2 = —0.045 + 0.235 + 0.014,
AE™CP = 0.002 £ 0.247 £ 0.016,

AT —gRlE e (0006
Fi, < 11.5% at 90% CL . sM predictions

Fr 0.068
AP 0.094

AImCP 0,000
AReCP 0,000

Results are consistent with the SM
predictions

1.0
1 Constraints at 20
B(B — X7)
0.5_- _____ B — K*0¢te~ (LHCD) 10 < M(ee) <500 MeV
] /’ 7< b M9 M(ee) < 1058 Me, [arXiV: 2404.00201]
o] T Temeee
= 00 4 \ 8"~ K=y Including the Belle Il result, [arXiV: 2407.09139]
= ] S BY — ¢
t\E] V Ay — /11
05_—/ \ Global
15
-1.0 +———"——"—7mpr—-"—">+-—"—F——"——1—
—-1.0 -0.5 0.0
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Angular analysis of B — K Ye*e™ decays

LHCb-PAPER-2024-022
In preparation

- First angular analysis at LHCb: central q2 region [1.1, 6.0] GeV?/c?
. Full Run 1+ 2 LHCb statistics (9 fo™ 1)
. Differential decay rate is described by g*( = meze) and angular variables (0;, Ok, ¢)

| d4F[B0 . K*Oe e

O O
| dg*dcostxdcosOidg 327:2 {q7)f Ok 1¢)

Fraction of longitudinal
L polarization of K™

angular
observables S, CP-averaged

App  Forward-backward
asymmetry of the dielectric
system

F;, App, and S, are sensitive to Wilson coefficient (C7()9 1o) @nd form factors

Perform ratio of observables (e . g. Pg) where form factors cancels

/ SS
Ps = JHEP, 05 (2013) 137
Chandiprasad.kar@cern.ch \/ FL(l _ FL) ’ ( ) 16

See talk by Alice Biolchini



https://indico.cern.ch/event/1414470/contributions/6136111/

Angular analysis of B — K Ye*e™ decays

Detailed talk by Alice Biolchini

4D unbinned weighted fit to the mass and angular distributions
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Lepton FIavour Unrversalrty observables are derived

using Q; = P” P(e

Results are consistent
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with the LFU hypothesis

Observable value

H

LHCb-PAPER-2024-022
In preparation

Angular observables measured
in g% [1.1, 6.0] GeV?/c*

1.0
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I GRvDV
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]
T T T ]
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LHCb Preliminary
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i 9fb~!

<
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S
o

Observable value

|
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N
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~1.0 ——
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Overall good agreement with SM
predictions
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H
Analysis of Ag — pK~u"u~ decays %

LHCb-PAPER-2024-024

o arXiv: 2409.12629
FCNC b — sll transition Submited o JHEP

The decay was previously observed in LHCb using 3 fo~! data JHeP 06 (2017) 108

. Measure branching fraction and angular moments in bins of qz( = m/fﬂ) and mIfK

. BF measured relative to that of the Ag — J/wpK ™ decay

Full Run 1+ 2 LHCb statistics (9 fo™!) X
Differential decay rate is described by qz, mIfK and angular variables (Q(COSPQM, COSHP, fb))

JHEP02(2023)189

(I) SEZK(q K)f(COS C059p7¢) L B L B s s B B B B L e

175 =

15.05— 3
- Using sPlot weighted data and applying efficiency s B
corrections gives pure weighted signal events w(®d) :

in the 3D angular distribution

- Moments determined from weighted sum over basis :
functions 50F

N = Zw(q_ﬁn) Zw ) fi(E) 0.0%—1_”1

event n event n 0

e [GGVQ/ ¢

10.0 F

75F

25 30
me [GeV?/ Y]
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https://link.springer.com/article/10.1007/JHEP02(2023)189

Candidates / (20 MeV/c?)

Candidates / (20 MeV/c?)  Candidates / (20 MeV/c?

Candidates / (20 MeV/c?

H

Analysis of Ag — pK " u~ decays

LHCb-PAPER-2024-024
arXiv: 2409.12629
Submitted to JHEP

fowseooman 1oawse<oma Differential branching fraction as a function of q2

Mass distributions in bins of m,,x and q*
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Analysis of Ag — pK " u~ decays

LHCb-PAPER-2024-024
arXiv: 2409.12629
Submitted to JHEP

Forward-backward asymmetry of the leptons, which

are sensitive to Wilson coefficient Cy and Cy Forward-backward asymmetry of the hadron

3. 421 V33

3 ¢ p g, V- g R
AL el Ar, ==K, 10+ 16
FB ™~ H72 qos ) 8 16
n L0771 7] ~n 1.00 —— L s S S B S
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0.75 P 0.75 P
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Same patterns as observed in B - K *O,u,u decays Large asymmetry is the effect of interference
but sign-flipped between low and high q2 of resonances with different parity
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Evidence of B — Kvv decays

PRD 109 112006 2024

.« FCNC b — s transition

. very precise SM prediction B = (5.58 £0.37) x 107°
- Dominated by form factor uncertainties
* NP scenario:
- Light: axions [PRD 102, 015023 (2020)], dark scalars [PRD 101, 095006 (2020)],
- Heavy: Leptoquark [PRD 98, 055003 (2018)], 7 [PLB 821 (2021) 136607]

v v
v
Loy
1% <
Wiza ST
B TR
< < < S
> u U

s b

- Experimentally challenging
- Large backgrounds+one prompt

track Exp U.L.(90% CL) |Tag Method | Stat (fb-)
 Missing energy from undetected
neutrinos BaBar 1.6x10° SL+HAD 429
. Belle 5.5x10° HAD /11
- Experimentally status s
. Suitable for experiments at ete™ collider Belle 1.9x10 oL 1
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.112006

Evidence of B — Kvv decays

PRD 109 112006 2024

. Use Run 1 Belle Il (362 fb~!) data | |
 Use inclusive tagging in addition to hadronic tagging B‘;gf Bs;gf
» Inclusive tagging: Reconstruct signal kaon,
|dentify rest-of-event object (ROE) Y(45) Y(45)
* Nested BDT to suppress background
. Efficiency = 8%, purity = 0.9% - B;gx
- Hadronic tagging: Reconstruct hadronic tag, 8
Reconstruct signal kaon .
- One BDT to suppress background &
- Efficiency = 0.4%, purity = 3.5% Hadronic
final state

- Validations:
. Signal efficiency validation with B* — J/wK*sample, remove J/y and correct K*

kinematics to match K v
« Continuum validated with off-resonance
. B = X_( = K})validated from pion enriched sideband

. Modelling the signal-like BY — K*KK} decays checked with BY - K*KJK
decays

22

Chandiprasad.kar@cern.ch


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.112006

Candidates

Pull

Evidence of B — Kvv decays

- Fit strategy:

5

PRD 109 112006 2024

- Binned maximum likelihood fit to extract parameter of interest signal strength

neutrino pair

i
[ = , Where %, = 4.97 X 10‘6j
HBsu
n(BDTy)
0.92 1.0

0.94 0.96 0.98

3000 :
:  BelleII ;

: [Ldt=(362+42)fb! EEE BY —K Tup
5 : == BB

2000 2 é _
: I B*B
:_*- Bl Continuum
; ; { Data
1000 :
0
5 5 :
0 -
_5 E | | 1 | | l | | 1 | |
-1 4 8 251 4 8 25F1 4 8 25F1 4 8 25
Qe [GEVZ /]
Inclusive tag:

B=027T7+£05+05) %107

3.5 o significance wrt bkg only
hypothesis

2.9 ¢ deviation from SM

Candidates/0.1

Pull

Inclusive tag fit: Classifier output and mass square of

Hadronic tag fit: Classifier output

125
Belle II B B —K'u
100 fﬁdt=362fb71 [ BB
i E
75 — B i, dd, s5
t Data

0

5 E

0F
5k ! ! ! ! !

0.4 0.5 0.6 0.7 0.8 0.9 1.0

n(BDTh)

Hadronic tag:

B = (11793 109 x 107

1.1 o significance wrt bkg only
0.6 o deviation from SM

. First evidence of the B — Kuvv process
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SM
—— HTA
— ITA

Combination
B
B su

Belle IT
f Ldt = (362 + 42) fb!

]
[\
= -~
D
(0¢]

Combination:
B =(23%£051)%x107°
3.5 o significance wrt bkg only

2.”] o deviation from SM
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.109.112006

D
BY > yy decays </[O $

BELLE Belle 1II

PRD 110, L0O31106 (2024)

. Very rare decay with expected &% to be (1.4J_r(1):g) x 1078
- Uncertainty dominated by the uncertainty on A, WHEP 12. 169 (2020)]

(b,

Kd <

- Experimentally challenging due to presence of two photons; large backgrounds

|

|

_ |
B W_E Yq B

|

|

A

\<

ol

t

A QU
4
QU

\/\/\/\/\/\7)

- First studied at L3 (PLB 363 (1995) 137-144) and the most stringent limit is by Babar (PRD 83, 032006
(2011))

. Combined Belle (694 fb~ 1) + Belle Il (362 fb~!) data
. Signal reconstruction using two photons, where £, € (1.4, 3.4) GeV

» Use timing cuts to remove peaking back-to-back off-time photons, and separate BDT to veto
0/
nm—=yy
. Use B = K™(892)y as control sample

24
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https://d-nb.info/1226205364/34
https://www.sciencedirect.com/science/article/pii/037026939501224E
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.032006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.032006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.032006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.83.032006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L031106

D

BY = yy decays o

BELLE Belle 1II

. Simultaneous 3D fit to M, ., AE and Cg,; (transformed BDT to suppress continuum (g4)

background)
. PRD 110_1 031106 (2024)

35F Belle J.Ldt —eoamp’  Stonal 35 Belle J.Ldt =694 fp" ~~ Signal E  Bell ILdt =694 fp" ~~ Signal
o Background a 0 eeeees Background 30 ere 0 e Background
<aok B —yy — Fit : B —yy . B vy
) 30} ;30 : — Fit —~ 25 — Fit
= —+— Data 2 5 —4— Data § g —4— Data
T20F ' —— —— © 20F B
5 ; —— L e T b : 2151
e —gl,. A R ' g |
2 10F + Z10F —4 e N @ 10 ¢
5 51 5¢ .
0 E PR TR T W AT SO S S R M T S AR S S W T IR e 0 :| PRI BT T [ T M T S T SO i el S T T M G T A R A 0 :| ceelssssdss sy b el |.: “.l..n.iln..n il 'F!Illﬂum_u‘-:--.J:.n.
5.24 5.25 5.26 5.%7 5.28 5.29 -0.6 05 04 03 02 01 0 01 0.2 0 0102 03 04 05 0.6 0.7 08 09 1
M, (GeV/c?) AE (GeV) C'eor
F ) 16 F ;
22F Bellell I - -1 Signal . _ -1 Signal Y j _ -1 Signal
ar Ldto —362mm" Beskground 74 Belle !l | Ldto- 62 Background 12| Betren Ldto_ 362" Background
18 F B —vy — Fit g B —>yy — Fit : B —yy — Fit
§ 16E —+— Data %‘12_- —4— Data 101 —— Data
<« 12F 'L';r 8 —— e -
N - — — ~ L
S10Fl 4+ '+ o of R G D L 6 I
E 8 2 R N B G R g 6 N q:, i
O + ' G af a4
A 2} & Tl
0:'"'l""l""l""l"" O:IIll|llll|llll|llll|llll|llll|llll|llll 0:....I....quuulluuuuluu'u_l.l..l..:.ulgnn'n"nf'n"n'i"T'-"TE
5.24 5.25 5.26 5.%7 5.28 5.29 -06 05 04 03 02 01 0 01 0.2 0O 0102 03 04 05 06 07 08 09 1
M, (GeV/c?) AE (GeV) C'sor

. ll.Ofg:g signal events corresponding to a significance of 2.5 ¢

. Combined upper limit on % (B" — vy) < 6.4 X 10~® (expected QS’SM(BO — yy) < 4.4 X 1079) at
90% CL

. 5 X improvement in limit wrt previous best result from Babar
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.110.L031106

O >X<O . Results are preliminary;
Search for B® — K "t77~ decays Paper npreparaion [
K T = 7 50
. FCNC b — s transition A
. SM prediction B = (0.98 +0.10) x 107’ Bgg A
- NP models which accommodate b — ¢t/ anomalies predict an \f, T, P
enhancement of several order magnitude with 7z pairsin  ——» Y(4S) «———
the final state e ., c
- Experimentally challenging: small BF, Large background, upto \Bmg

4 neutrinos in the final state

- BDT is trained using mlssmg energy, extra cluster energy in
EM calorimeter, M(K~ t) g° etc

. BDT output to extract signal yield with simultaneous fit to four (£, £n, nr, pX) categories
£¢ as an example [best sensitivity]

1 100 —'Belleil preli]minalyI | ¢ Data 1 BelleIl plrehmmaryI | I+ Data |
. B“HINU tr (]A »,[)TAT,
. Belle Il 362 fb data /Edt7362fb‘ 55 n 175 1 /Edt:%ZﬂYI gﬁ i
—’«: 80 |- ¢ category qq - 150 | ¢ category qq
b Uncertainty Uncertainty
_ _ i — Signal B=10" | o 55 — Signal B=10"? |
- No excess signal is o oof | 3 }
s S TN @ 100
observed — upper limit = 7 | E
2 40} - el 1
2 LAY, M 75
8 1 2 +
UL _3 [E ///,I/// i 50 [= +
BUL<18x1073@90% CL “ »f _ SO
T e
. . . ‘ m
Most stringent limit so far B L T
%, T T T T T T T T % ! ! !
—~ 3 e
5 _(1) 3 e e r_;:’ _g ———
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https://indico.cern.ch/event/1291157/contributions/5878355/attachments/2899895/5085133/ICHEP_EWPLFV_BELLEBELLEII_0719.pdf

D

Search for B — Kgfifi(f = e, u) decays <O

BELLE Belle 1II

II;IP cou;}!ing preferentially to 2nd and 3rd generation leptons could result decay to LFV
— ST

First search for the decay B — Kgrif i
Has neutrinos only from one 7 = can compute the recoil mass (i)

Kg reconstructed from pair of charged pions = 98% purity
M; = (Dere- = P = Pe = Pg,,,)°

BDT is trained to suppress the remaining bkg

B°— Klt'w B°— K3t
1 %12; elle+Belle Il preliminary — Data §12: elle+Belle Il preliminary —Data
- Belle + Belle Il (711 + 364 fb™") §10%Ttdt=1°75fb" e §103Ttdt=1075fb" ool
o [N, =-18:30 9 o [N,=26:35 9
. . - 8F S T T e Background = LS9 T T e Background
« No excess signal is observed —» 8 | 3 8¢
. . Q = ()] L
upper limit at 90% CL o i 2 gf
sl T # 5 af
w 2f 1+ w [
@(BO —) KgT+ljl_) < 1.1 >< 10_3 0:. SN ST N BT S B :‘\',I TR | .-.-.-I .-:-.-I-:- 0 11ty I[lll P R | ..4": ‘;‘ﬁ-n_; | PR A L 1l|11
_ _ 1 12 14 16 18 2 22 24 1 12 14 16 18 2 22 24
B(BO o Kg/r ,u+) <3.6x107° M. (GeV/c?) M. (GeV/c?)
0 0_+ — _5 B"— Kgt'e' 16 B°— Kere'
B(B — Kg17e ) < 1.5x10 %16 [ Belle+Belle ll preliminary _ — Data L "® FBelle+Belle llpreliminary  — Data
2.t - 4 —Globalfit | 214F - N — Global fit
0 0 n 5 Dqgf |Ldt=10751 S0 2'%F JLat=10751 o0
- - [ _ --- Signa 12F% _ --- Signa
\B(B — Kg77e") <0.8x10 y §12§_Ns,g--1.a2.4 _____ Bakground §10—N5,g--2.9i2.0 _____ Bankground
” . ot 5'of 5 8}
ost stringent limit so far g °f J( J( 2 6
> L > -
Results are preliminary; ’ :5 ’ I'HI # | J}Hﬁ Kl
Paper in preparation 0;-.;_I...-J.Q.‘-_-:.I.LL P R I | :; | S
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https://indico.cern.ch/event/1291157/contributions/5878355/attachments/2899895/5085133/ICHEP_EWPLFV_BELLEBELLEII_0719.pdf

Search for B) — ¢u*r¥ decay

. 0 == o
First search for the decay Bs = Cbﬂ T Submltted (o S LDl 2405 dacia 0L
{ % 14 LIHCb +Data —Total f1t | -
- 9fb™" from Run 1+ Run 2 dataset = LB gpt ---Smooth bk MlDga" bkg. 3
§ - 37 signal 3’ signal ]
BO is produced at low rate but low background Z 10;_ Linear E
. Signal reconstructlon with¢p > K*K~ and7 — 37 g °F E
(including T = 37z7zY%) % °F 1 E
. Missing neutrino: reconstruct BY mass using vertex and S °F E
kinematic constraints 2 —t— =
OEE -
5000 5500 6000
mg, [MeV]
* No significant signal observed over background- | |
only hypothesis ;53 0ok | LHCb 9 b
* Best fit used the linear background model, 1 08 el
extracted BF IS 4 1 X 10_ 07 E_-‘".. ==== Expected median
o 06 = N Exp. * 1o
BB — ¢u*c¥) < 1.0x 1075 at 90% CL 05k oo
BB — Ppu*r¥) < 1.1 x 107 at 95% CL g;“ '
- First upper limit on this decay mode— [ JHEP 06 (2020) 129 (())? é: _______________________________
competitive with other b — sut searches == = ¢ PR B
0 0.5 1

B(outt)x10°
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https://arxiv.org/pdf/2405.13103
https://link.springer.com/article/10.1007/JHEP06(2020)129
https://link.springer.com/article/10.1007/JHEP06(2023)143

| 2%
Conclusion

- In the search for physics beyond the Standard Model, rare B decays are one of the key tools

- Belle, Belle I, CMS and LHCb are producing world-leading results in rare B decays:
* Results:
. First LFU test in high-q2 at LHCb with BSO decay mode: most precise to date (new)

. First LFU test in BY decays and first observation of B — ¢pe™e™
. First angular analysis BS0 — ¢ete™ atlow q2 region

. Angular analysis of BY - K %e*e™ and Ag — pK utu~

. Evidence of Bt — K*vp by Belle I

. Best upper limit on BY — yy by Belle I
. Several searches of b — st decays in LHCb and Belle I

- All the analysis presented today are in agreement with the SM predictions

- Most of the measurements are statistically limited — bigger datasets are of particular interest!
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Prospects

- LHCb Run 3 and 4 data will increase the number of recorded B decays by a
several factors which will improve the measurements

. Data collected in 2024 is 9.6 fb~!

LHCb TDR 023

Observable Current LHCb Upgrade 1 Upgrade 11
(up to 9fb~1)  (23fb~1)  (50fb™1)  (300fb~1)
CKM tests
v (B — DK, etc.) 4°19,10] 1.5° 1° 0.35°
Constraints at 20 bs (BY — Jhpo) 32mrad [§] 14 mrad 10 mrad 4mrad
T ggB %K)fgﬁ i V| /| V| (A = pu=5,, ete.) 6% [29,30] 3% 2% 1%
R : et 300 1 ad (B — D~ ptw,) 36 x 1074 [34] 8x107* 5x107* 2x107*
— B9 g 23 1oL a® (BY = Dy utv,) 33x1074[35] 10x107* 7x107* 3x107?
S} ! Py \\, B — ¢y 300 fb! Charm
001 Ny e I Ay — Aoy 23 b1 AAcp (D° - KTK—,7tr~) 29 x107° [5] 13x107° 8x107° 3.3x107°
g Sl S Ay 300 Ap (D° —» KtK— ntn™) 11 x 107° [38] 5x107° 32x107° 1.2x107°
029\ Y Az (D° — Ko9rtr~) 18 x 1072 [37] 6.3x107° 41x107° 1.6x107°
h Rare Decays
0.4 e e B(B® — ptp™)/B(BY — ptu™) 69% [40,41] 41% 27% 11%
i Spup (B — ptp™) — — — 0.2
S S AP (B® = K*O%ter) 0.10  [52] 0.060 0.043 0.016
Re(C4/CY) AlM (B — K*0¢ter) 0.10  [52] 0.060 0.043 0.016
AST(BY — ¢) 4 b1 0.124 0.083 0.033
S, (BY — ¢7) 0.32  [51] 0.093 0.062 0.025
(A — Ay) ol 53] 0.148 0.097 0.038
Lepton Universality Tests
Ry (BT — KTet0) 0.044 [12] 0.025 0.017 0.007
Ry (BY — K*0¢t¢~) 0.12  [61] 0.034 0.022 0.009
R(D*) (B® = D*~(tu,) 0.026 [62,64] 0.007 0.005 0.002
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https://cds.cern.ch/record/2776420/files/LHCB-TDR-023.pdf

Prospects

- CMS upgrade, planned for 2026-2027, aims to cope up with harsher environment and
increase the data rate which will improve the overall detector performance.

s) | N(BY) | 6B(Bs — up) | 6B(B” = up) | o(B® — pp)

0.5

CMS Phase-2 Simulation Preliminary

3000 fb~

(14 TeV)

300 205
3000

2048

21 12%
215 7%

46%
16%

CMS  Phase-2 Simulation Preliminary

6.3 — 8.30

i

B KOty

ooooo

.....

CMS PLB 781 (2018) 517

Belle-ll projections

o
N

Belle Il physics book ﬂ

" B> vy
Observables Belle IT 5ab™! Belle II 50ab™*
Br(Bg — v7v) 30% 9.6%
Acp(Bd — ’)/’)/) 78% 25%
GI(BS — 7) 23% -

J
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_ » 0 0 4
B |(stat-only) Ao [ B’ K %u*u - CMS PLB 781 (2018) 517
14 —-350 0. 15 ps L
0.05 ps -
O_
300 tb~" (14 TeV) -0.5— —
i e L ==
FTR-18-033 i
e ==
| :
S 01 Finer binning
s
) -0.1
- ‘1‘8‘ | ‘20 8 01 P I I I I I s |
q? [GeV? 5 O = ey
_01_I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 2 4 6 8 10 12 14 16 18 20
9 [GeV?]
( — Belle Il showmass white paper \
BT - K uvp
Decay lab™! 5ab~! 10ab~’ 50ab "
B¥ S KTvi 055 (0.37) 0.28 (0.19) 0.21 (0.14) 0.1 (0.08)
B — KQuv  2.06 (1.37) 1.31 (0.87) 1.05 (0.70) 0.59 (0.40)
Belle II Bt — K*tup 2.04 (1.45) 1.06 (0.75) 0.83 (0.59) 0.53 (0.38)
B° — K*%wp 1.08 (0.72) 0.60 (0.40) 0.49 (0.33) 0.34 (0.23)
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https://arxiv.org/pdf/2207.06307
https://academic.oup.com/ptep/article/2019/12/123C01/5685006
https://cds.cern.ch/record/2651298/files/FTR-18-033-pas.pdf

Thank you for your attention
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Current status

%

H H 60 - 1g[(:)t‘ljl(le)linatorial
- LHCb Run 3 and 4 data will increase the number of recorded Bf . .
decays by a factor of about 5 z.l Lo e 22
 Already seen visible improvement in 2024 data taking g0
220
10

B() N K:{:M—I—'L[—

075200 5300 5400 5500 35600 5700 5800
m(K*au ) [MeV/c?]

- CMS upgrade is foreseen in 2026-2027 to cope up with harsh
environment and increase the data rate which will improve

the overall detector performance.
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N

—2029(13.6 TeV): 866 fb
2023 (13.6TaV): 03710
2022 (13.E 12v): 082107
2018(13 Tev)y: 2191
2117 (13 TeV): 1.71 b
2015 (13 1ev): 1.5/ b
20212 (E TeV): 203 1"
2011 (7 ev): 111137
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Month of the year

160 m— 2010, 7 TaV. 5.0 gb™
CMS w— 2011, 7 TaV, 8.1 ™'
— 2012, 8 TeV, 23317
— 2015, 13 TeV, 43107
2015,13TeV, 4" €0’
w— 2017,13 TeV, 49.6 fo'
— 2018, 13 TeV, 57.€ o'
—2022,15.6 TeV, 41.5 0"
w— 2023, 136 TeV, 32.7 b
— 2024 136 TeV, 11C5

140 -

\\;:- v o)
N pt A \,@“. n o RN S \9@9 N o \\..3\ Qe
Date (UTC)
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LHCb detector

avs \‘\ \

NN
\\

BEAL. HeAL Ma M5

RICH2 M1 M2
T3
2
p

- Impact parameter resolution: (15+29/p) um
- Momentum resolution: Ap/p =~ 0.5-1 %

. Energy resolution: AE/E = 1% +10%/\/E - Belle: AE/E =1% +2-2%/\/E

Chandiprasad.kar@cern.ch
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Charge Track Performance

> LIPS IS S T, N NSOV, NS JUT) RO, S, TR, SOCY L ZEE, SO D
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E e ® [sMuon+ALL(u-m)>0 E g L kLM Barrel 4+ K2-nm*n - mis-IDx3
8 a) 1 o= - ] 1.2 —(0 82 <0< 2.22 rad) e*e” - t*(1p)T*(3p) - T mis-IDx3
:9:++:9:=9= ¢ 4 . 3 - ' D** - DY%K-n*)nt - K mis-IDx3
0.8 ey ot T o)
] <o08fF ==
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elle o 7 & 06} -
Muon trigger efficiency | 100 % 90 % 0'2 ] Soef o
. . : ] = 02
Muon ID efficiency 95 % 97 % . baots — 1
. 0 20 40 60 80 100 ' 1 2 3 4
T —> { mislD 7 %o 1-3% Momentum (MeV/c) p [GeV/c]
BelleII LHCb g 1.4 | ' ' ' Ak,
LHCb [0) A
5 o vt {5 = 13 TeV 2017 validation © O ALKK-m=>0 © B A%%%%WMMA/\ AN %
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R 48 0 B A K ID efficiency (MC)
K — 7 misID 5 % 5% E 06
£
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qu) 0.4
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Momentum (MeV/c)

+ In CMS, Muon reconstruction and identification efficiency > 96 %
- 7 — u, K = pu misidentification efficiency < 0.5% 1804.04528
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http://www.arxiv.org/pdf/1804.04528

LFU test with BY — ¢l*[~ decays

- Single ratio 7, changes about 25% after all simulation corrections applied

. Double ratio R¢ changes by 1%
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LFU test with BY — ¢l*[~ decays

- Effect of Bremsstrahlung in electron making the resolution wider

=175 =175
% %
D .15.0 3 15.0
N@ N@

12.5
10.0 P
7.5
5.0

2.9

- 1

| =,

5000 5250 5500
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6000
m(K K ete™) [MeV/c?

6250 63500

ECAL
Resolution

m (K K~ pt ™) [MeV/c]
1.0 :_ —_— g?ei;:};&e+e_
- Corrected using bremsstrahlung TR
reCOVG ry i Oete- A2 140 Me\///c2
Oy~ 40 MeV c?
. (0(50)% efficient and well modelled in  "°f
SlmU|at|0n 0_4__ Missed ~
g
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.1 10 _ | S
LFU test with B — ¢["[~: Systematic summary

« Systematic uncertainties are dominated by the model used to describe the signal and background

shapes

. Total uncertainties are dominated by statistical components (21.8 % (Iow-qz), 17.2 % (central-qz),

28.8 % (high-g?)

Source low central high
Fit bias 0.0% 0.9% 1.4%
Normalisation 02% 02% 0.2%
rj Variation 1.3% 0.6% 0.9%
Efficiency calibration 0.7% 0.5% 1.2%
¢° smearing 0.6% 0.5% 0.3%
Decay model 0.1% 0.3% 0.1%
Signal lineshape 1.7% 1.5% 3.7%
Hadronic bkg. 4.1%  4.3%  7.4%
Combinatorial bkg. —~ —~ 3.9%
Leakage bkg. —~ 0.9% 2.1%
Semileptonic bkg. 1.3%  1.2% -
(Systematics ) Total 4.9%  4.9%  9.6%

Chandiprasad.kar@cern.ch
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ILH
Angular analysis of BY — ¢ete™ decays %

- Systematic uncertainties are dominated by the background contaminations but smaller
compared to statistical uncertainty

Source of systematic AR AImOP pReCP F,
NI, 1 8 0.008 < 0.001 < 0.001 < 0.001
Corrections to simulation 0.002 <0.001 <0.001 0.010
Acceptance function modelling <0.001 <0.001 0.001 0.002
Simulation sample size for acceptance 0.006 0.008 0.005 0.002
Background contamination 0.009 0.014 0.004 0.006
Angles resolution -0.005 < 0.001 - -
Total systematic uncertainty 0.014 0.016 0.006 0.012
Statistical uncertainty 0.235 0.247 0.155  +40.056

40
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Search for cLFV decay BY - pu*c™

. Possible in SM with neutrino oscillation (B < 107°Y), NP scenarios 8 < 10~
- NP models predict deviations especially involving the 3rd family

First search for the decay B) — ¢u~r* e |
Mass fit with 4 different background shapes

| > uE ' < Data —Totalfit 3§ = 14F ~~ Data. — Total fit
2 9 fb from Run 1+ Run 2 dataset é) nE LH(_jlb ---Smooth bkg. [ D¢x* bkg. 3 é) nE LH(_jlb ---Smooth bkg. [l D¢x* bkg. 3
S - - 37 signal 3pasignal | S - 21 37 signal 3na° signal 3
= 10F N ‘ 4 <= 1w0F | ‘ ‘ -
% gEEXponential 3 % gELinear E
Q L i Q L i
§ 6- ] § 6:
5 b 1 5 F E
. 2'_ ] 2'_ 1 —
. B? IS produced at low rate but low R S i\ S T3 RIS R <N S
5000 5500 6000 5000 5500 6000

b?leg round | | e m, [MeV] myg, [MeV]

. Signal reconstruction with ¢p — Ig K~ _ - _ -
. . % 14F ——Data — Total fit - % 14F ——Data — Total fit -
and = 37[ (InCIUdlng T 37[71. ) > e ;I;Ib(ib ---Smooth bkg. [l D¢t bkg. 3 > e ;I;Ibclb ---Smooth bkg. [l D¢n* bkg. 3
. Missing neutrino: reconstruct Bf mass S b Nsnsignal - [Adwa’signal 3 S b 37 signal  [23n7° signal 3
using vertex and kinematic constraints 5 sEQuadratic E g sk-Linear X Exponential E
< C ] < n .
% 6:_ 4‘ : % 65_ 4‘ 4» :
< 4 - S 41 —
@) C ] @) _ ]
2 | A e - 2 b AT - =
- , ] ) T C I '_._: e - [

0 5000 5500 6000 0 5000 5500 6000
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Submitted to Phys. Rev. D. arXiv: 2405.13103
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https://arxiv.org/pdf/2405.13103

Search for cLFV decay BY - pu*c™

 No significant signal observed over background-only hypothesis
. First upper limit on this decay mode— competitive with other b — sut searches j:EE o8 ESSSS% 43

. Best fit used the linear background model, extracted BF is 4.1 X 10~° with a local
significance below 1.5¢

L - B T T3
6 - —= - Exponential X = 09E LHCb 9 fbr —
[ ; X > = —— Observed -
5F LHCb  —— Linear < A4 & 0.8 T
N 9 fb! -4- Quadratic X . 0.7 & ek hmu, =
4 - v L ) X ] - ==== Expected median =
in. x exp. S - 0.6 3 Cexp.tio E
- 0.5F [ Exp. £ 20 =
; 0.4 F =
= 0.3F =
: 02F 3
. 0.1 frm-mimmimmvmimse - © = o= =
] ok P s LT Ll & freeemeorice

0 0.5 1
B(outt7)x10° B(outt)x10°

BB — ¢putt™) < 1.0 x 107 at 90% CL
BB - putr) < 1.1 x 107> at 95% CL
Submitted to Phys. Rev. D. arXiv: 2405.13103
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Search for B” — K*7%7™ : BDT features and output

T T T T T T T T T T T T T T
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Events / (20.0 MeV /c?)

Angular analysis of B — K Yete™ decays
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Angular observables measured

4D unbinned weighted fit to the mass and angular distributions in
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Submitted to JHEP ~1.0
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Overall good agreement with SM predictions
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Angular analysis of B — K Ye*e™ decays

Lepton Flavour Universality observables are derived

using Q; = Pl.(”) — Pi(e)

Q
B i LHCb
S 0.4 o !
2
= 02r
S
7
o 00r
@) | .
—0.2 -
—-04 -

ABCDMN
E Data T

Or, 01 01 05 O Qs Os O

Results are consistent with the LFU hypothesis
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%

A global fit with all angular observables is
performed varying Re(C)

ACy=C - CY¥

Local and non-local hadronic contributions
are shared

LLHCb 9 fb~!

—
N
[
-

ACo

A C, consistent with zero

LHCb-PAPER-2024-022

Submitted to JHEP
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%

Angular analysis of B — K Ye*e™ decays

- Systematics

- Large source is due to modelling the DSL (double semi-leptonic bkg.) and
combinatorial background shape

Fr P /2 2 = = 2 Ps
DSL and comb. 0.690 0.865 0.488 0.611 0.952 0.244 0.813 0.715
Part. reco. 0.153 0.218 0.086 0.152 0.145 0.049 0.055 0.111
Had. misid. 0.378 0.574 0.182 0.264 0.342 0.408 0.168 0.358
Effective acceptance 0.400 0.413 0.469 0.462 0.463 0.576 0.447 0.332
Signal mass modelling 0.255 0.159 0.136 0.169 0.310 0.061 0.064 0.152
Residual backgrounds 0.180 0.133 0.066 0.117 0.288 0.041 0.042 0.119
S-wave component 0.352 0.098 0.176 0.110 0.285 0.207 0.012 0.201
BT veto 0.501 0.408 0.278 0.373 0.516 0.217 0.207 0.373
Fit bias 0.001 0.009 0.043 0.027 0.069 0.013 0.015 0.027
Total 1.129 1.231 0.795 0.935 1.338 0.810 0.970 0.989

Chandiprasad.kar@cern.ch
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Analysis of Ag — pK~u"u~ decays

a0 |
§ b interf. (1/2)%  — A(1520)  — A(1810) A(2110)
S % interf. (1/2) A(1600)  — A(1820)  — A(2350
Standard Model = 1500 | 111Ee1f ES?Q;’ — /121670; — /121830; — N%((S/Q)’)
— Cg = —CQSM — interf. (5/2)% —  A(1690) —  A(1890) <+ Model
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5\ full m(pK) range 2 0 » =
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—0.2 -
- A more complete understanding of the
_04- different contributing states needed.
' ) Y(25)
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Possible values obtained from the varying the phase,
given the unknown phase of A from QCD, is
represented by the lighter gray band
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