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The Standard Model

= Describes three out of the four fundamental forces in
nature predicting accurately thousands of measurements
over many orders of magnitude in energy.

— Most precisely experimentally probed theory ever but
fails at providing a full-picture explanation for many
cosmological observations and leaves several intrinsic
questions open such as the particle hierarchy, etc.

Matter-antimatter asymmetry

Dark matter ‘3

: : : Dark ener ‘
— Might be an effective theory of a universal one. ad o

—> Holy grail of today’s experimental particle physics 1s to
find signatures of dynamics Beyond the Standard Model.




Two ways out

| | Energy fronti(_er Intensity/precision frontier
Direct high-energy p_roductlon of non-SM Indirect quantum probing of massive non-SM
particles. particles in known/expected low-energy processes.

— Currently no evidence for non-SM physics at the high-energy frontier
= Intensity frontier offers indirect sensitivity to very high energy scales
— Weak interactions of quarks offer rich opportunities for intensity frontier



Rare charm and beauty decays

Standard Model
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= Are Flavour Changing Neutral Currents A 2
Se__ - €+
: : : w
= Allowed in the SM only via quantum fluctuations (loops) v ZtoLllLl<
= Suppressed by small size of off-diagonal CKM elements &
and GIM mechanism
Supersymmetry

= Sensitive non-SM contributions that can alter
decay rates, asymmetries and angular distributions

— Offer multiple tests of symmetries of the SM

— Challenge is B < 107° New heavy gauge bosons
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Complementarity of BSM searches with rare decays

= Searches at the energy frontier are
limited by beam energy

— Anp </

= Reach with rare decays depends on
coupling and measurement precision

(assuming clean SM prediction and no
limiting exp. systematics)

:ANpoc%ocf/det

flavour violation

Exclusion limit for BSM searches

Apsm .
Increase precision

Rare decays (AF = 1)
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Emerging flavour anomalies in rare B decays

<10 Differential decay rate
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.151801
https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-21-002/index.html
https://doi.org/10.3390/sym16060638

Interpreting the deviations

Model independent description in effective field theory

Full theory

s (d
Integrate out heavy degrees of freedom b . :[ . s (d) b CA (d)
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(EW scale > m,,) \ , l
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—> Replace loop with effective couplings - AkLL<£+
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Effective description

Local operators

GF c
Heorr = ——= Vip Vi Z(C-SM)O- AH = 0;
eff \/7 S . i l A]ngM [

l
Wilson coefficients
(effective couplings)

Scale of non-SM
contribution

Wilson coefficient )

= Rare decays allow to probe several y-Penguin () Electromagnetic - b — sy
operators 0 °°M :
P i Cg(') \ector b - st?
o EW-Penguin 0 :
= Analog description in charm sector, but Cyo Axial vector B0y
different renormalisation scale (m,) ¢ (Pseudo) scalar () = HH 6



Example of global fit over all b — s#¥ data
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= Deviation from SM at the level of
~4—-50

= Non-SM contributions?
= Misunderstood QCD processes?

SM charm loop

= Inputs from not yet observed processes
can provide additional information to
Improve our understanding

SM

B, — pp|+ B — X ¢ Fit

By — ¢pp Fit
B — K Fit

B — K*E Fit
== Ry &Qyp Fit
——— b= sup Fit
—— (lobal Fit
arXiv:2304.07330
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https://arxiv.org/abs/2304.07330

Rare Bry) — ptu~ decays

= Loop, CKM and helicity suppressed

= Purely muonic final state

—> Theoretically and experimentally clean
= \ery clean prediction in the SM

d (s)

BB - utu=) =(3.66+0.14) x 107° - w+ 3 NotSM )
B(B® - utu~) = (1.03+ 0.05) x 10°10 D
JHEP10(2019)232 tc,u A d IR
PRL.112.101801
= In SM: contribution only from axial vector operator (C;,) ** —> w- R "

= Sensitive to new (pseudo)scalar operators (C¢pys)


https://doi.org/10.1007/JHEP10%282019%29232
https://doi.org/10.1103/PhysRevLett.112.101801

Searches for Biy, — ptu~ decays

= B(BY - u*u~) measured by ATLAS, CMS and LHCb

= Statistically limited, largest systematic uncertainty

originates from fragmentation fraction fs/f,

= B0 —» putu~ still unobserved, but in reach
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.012010
https://www.sciencedirect.com/science/article/pii/S0370269323002897?via%3Dihub
https://doi.org/10.1103/PhysRevD.104.032005

Rare DY — u*u~ decays

= Loop, CKM and helicity suppressed L <
= Large GIM suppression
= Key In constraining non-SM physics

= Receives two contributions within SM PRD.93.074001
Short distance: B(D° - utu~) < 10718 (Z-penguins, W-boxes)

PRL.131.041804

Long distance : B(D® —» u*u™) < 10711 (D° - yy transitions) E 250 —l LHFb | :;gta_i} ”_; | —
= Long-distance contributions more difficult to estimate § 200 jﬁf:ﬁﬂnm.ﬁ %?ET E
= Upper limit by LHCb (9fb~?) 5 j:_ E
.%j 5ﬂ§— Wﬁﬁ.}ﬁ
B(D® - utu~) < 3.1(3.5) x 107 at 90(95)%C.L. E U:#“"M AN

140 145 150

Am |[MeV/c?]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.041804
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.074001

Rare D*® and By — p*u™ decays

= Probe vector, axial vector and tensor operators

— Provide independent probe of Cq (if we can measure Iit) ‘0
= Not helicity suppressed <
— Larger partial widths (but also larger total widths)

= D*% and B(S) mesons decay predominantly via strong or electromagnetic interaction
— Very small branching fractions in the SM

B(B(5) = M u~) < 10711 JHEP11(2015)142
B(D*® - utu~) s 10718 PRL.116.141801

= High production rates of D*%and B(S) at the LHC

— But background level also high for decays at collision point
—> Study experimental techniques to suppress the background


https://link.springer.com/article/10.1007/JHEP11(2015)142
http://dx.doi.org/10.1103/PhysRevLett.116.141801

Searches for weak decays of excited mesons

BESIII search for D;* - e*v, (charged current)
= Doubly tagged e*e™ — D' D; events

B(D:t — etve) = (21755, . £ 0.26.) x 107°

= Signal significance Is 2.90

= Agrees with SM predictions within 1o rXiv:2304 19159

CMD-3 search for ete~ —» D*® (FCNC)
= Reconstruct D*° - D% and D*® —» D°y events

B(D*® - ete™) < 1.7 -107%at90% C.L.
PANS3.954(2020)

—> No weak decays observed ever for particles that
can decay strongly or electromagnetically

Events / (0.05 GeV?/c?)

BESIII Signal
7.3 fb~1

+ +
D - 1t7v,

) -_l__-u- e | —— .’T ||-"“\'J\“" Shmman o
-0.2 0 0.2 0.4
M, (GeV*/c*)

Data

~400 -

CMD-3
—600 - 37pb—1
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P, MeV/c
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https://link.springer.com/article/10.1134/S1063778820060277
https://arxiv.org/abs/2304.12159v1

Searching for the weak
among the strong

Eur. Phys. J. C (2022) 82:459 THE EUROPEAN
https://doi.org/10.1140/epjc/s10052-022-10369-y PHYS'C AL JOU RNAL C

®

Check for
updates

Regular Article - Experimental Physics

Prospects for studies of D** — ptpu~ and B;‘; — utpu~ decays

F. Abudinén!, T. Blake'!, U. Egede?, T. Gershon!:*

! Department of Physics, University of Warwick, Coventry, UK
2 School of Physics and Astronomy, Monash University, Melbourne, Australia

EPJ.C82.459(2022)
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https://link.springer.com/article/10.1140/epjc/s10052-022-10369-y

L HCb detector in Run 1 and 2
JHEP10(2015)172

= | arge cross sections: o, = 280 (500) pb, o, = 1500 (3000) pb at 7(13) TeV JHEP03(2016)159

Displaced-vertex signature 2 )
M‘+ Vs
L~ TmmSV L
KT

py BY.-:

p * p

Il::’._'.‘ -

: Excellen{ IP resolution

~ 20um to identify B vtx.
= Mom. res. A?p =05—-1%
= Particle identification

ExosKg ™ 95% EnsKkg ™~ 5% locator

Euop ~ 7% ey ~1— 3%

trackers

JINST(2008)3S08005 14



https://link.springer.com/article/10.1007/JHEP03(2016)159
https://link.springer.com/article/10.1007/JHEP10(2015)172
https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005

Searches exploiting prompt decays N
ark p oton searc

D* B* PRL120.061801
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LHCb
Ve = 13TeV

prip) > 1GeV, p(p) = 20 GeV 7
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=
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\ prompt-like sample

EU\'
IIII|,|,|,|_| IIIII_I_IA IIII|,|,|_|_| 11 |_|_|,|,|_:

-
'::Il..-l-

Candidates / a[m (pp)|/ 2
s = 3

10° 10* 10°

m(pp) [MeV]

1 K aSEs"’lO_ll
~ rown Assuming same bkg. level
Npso_y ,,+,—- € +,,— E
B(D*O—:» u*u‘) = _Doptp HI—ete” B (Jp = ntu™) as for dark photon search
NJ/W—*H«JrH«_ ED*{J_,_,&J@L— ‘CTD*D
~ a(D**) ~ 800 pb *0
ZHPDTIEL+#— D*—ptp— 7 . B(D*o - M )i
~ 10—11(D*) B(B(S) ~ 'u ,U. ) ~
~ 1071 (B")} = Searches are background dominated!

15


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.120.061801

New I1dea

T
T : : PV B~ ‘/<:' ut
= Exploit displaced vertex signature by searching for >7,:é ............. - -
pP——3 &0
L ~ 7mm

= ook at measurements of dB(B~ —» utu~m7)/dqg?:

*LHCb [ APRI3 & HKRIS

¢ FNAL/MILC15
T I T 1 1 1 1

&)
n

Assume that B(B~ - D*%(u*tu™) m™) less than

half the signal in the two bins around MZ.o LHCb

[Ldt =31

IO TR TP S
B(B~—-D*01™) -

[a—

= B(D™ - ptu7) =

o
N
I

[a] i
LI

dB/dg? (107 GelV2c#)
; (& ]
LI 1 LU I LI l % 1
L <=

o
[a—
o

—> Nearly background free sample!

g% (GeV?/c*)

JHEP10(2015)034

16


https://link.springer.com/article/10.1007/JHEP10(2015)034

Expected sensitivity

= Search for peak in the m(u*u™) distribution of simulated B~ —» u*u~m~ candidates
= Normalise to B~ = J/y (- u*u~)K decays

single event sens. [x107]

All known
B(B~— JWK™)

N € ;
0 — iINB=—D*0g— tB-=JYK
B(D* — utp ) = N

B —Jh K~ €B~—D*0x

T

= Qpe0y 4y lr\"B — D*O0qr

Single event sensitivity]

—_—
=
1

Run1+ 2 100 209 1
integrated luminosity [fb™]

b —s 1yt
B(B-— Dr) B (J/?,-/ = )

Limit from simulated experiments including expected
combinatorial, and non-res. M M T andu M ~ K~ bkg.

R
2 i
i) N I —
£
LE i
~1 i al LR LRt T T Ry e
10 100 200 300
Runl+2 integrated luminosity [fb™] 17



Search for D*° - u*u~ decays

Analysis Strategy
= Reconstruct B~ = D*¥(u*u™) m~ decays

= Use a BDT against combinatorial background

(exploiting displaced vertex signature and kinematic properties)
= Use PID info to suppress K — m and hh — upu mislD backgrounds

= Perform simultaneous ML fit to m(D*°) and m(B ™)

EPJ.C83.666(2023)

= Fit includes: signal, non-resonant BY — ¥ u* =, and misID B™ — K™ u*u~ decays,

and combinatorial background

18


https://link.springer.com/article/10.1140/epjc/s10052-023-11759-6

SearCh fOr D*O — u+l/l— deCayS Signal mode fit
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https://link.springer.com/article/10.1140/epjc/s10052-023-11759-6
https://onlinelibrary.wiley.com/doi/book/10.1002/9783527677320
https://onlinelibrary.wiley.com/doi/book/10.1002/9783527677320

S
b

SearCh for D*O — ,Ll+,Ll_ decays Normalisation mode fits

2 30 ELHCh

0
F

Signal yield N 5z-_ -0~ from fit translated into BF via 1<

Candidates per 2.5 MeV/c
8
=

IIII|IIII|IIII|IIII|IIII|IIII|IIIIllx

150
B (D*O — u"',u_) = 100
Efficiency ratio Known BFs >0
Npwo.— |& | IB(B™— JWYK~ 3000 3050 3100 3150 3200
D*Yxr ] J/'GDK i ( /?‘JDO ) . B (J/w — ‘UJ-'_IJ_) m(ut ) [MeV/c?]
NJ/?,DK— EpD*0x— B(B__> D+ ﬂ-_) x10° - -
Normalisation yield 500 £ * Data
Total fit

400 BT Wyt K-
3{}0 :_ _______ B =V W{ﬂ+ﬁ_) T

—emee Combinatorial

Normalisation yield from fits to m(J /y) and m(B~) of
B~ - J/P(utu™)K™ decays
Efficiencies from sim. corrected for data/MC discrepancies

LHCb
9 fb!

05;00 5400 5600 KI_ ;SSPGIN[I\”I ﬁ)ﬂﬁﬂ
EPJ.C83.666(2023) " K MeVIC]

Candidates per 10.0 MeV/c?
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https://link.springer.com/article/10.1140/epjc/s10052-023-11759-6

Search for D*° - u*u~ decays

= Systematic uncertainties included as Gaussian

Confidence belt based on FC prescription

constraints in signal mode fit
= Largest systematic originates from known BFs
= Results from fit to data < 107F
_|_
B(D*— ptp~) =(-1.06 +1.85)-10°° T
— Upper limit on branching fraction based on S
Feldman-Cousins method - 10-8

B(D* — utp~) <2.6(3.4) x 107° at 90 (95)% CL.

— Most stringent upper limit on D*0 - £*£~ decays

9fh!

LHCb

95% CL

B 90% CL

Observed 1
.

0 1

EPJ.C83.666(2023)

—> First search of a rare charm-hadron decay exploiting production in beauty decays

— Confirms expectation: higher sensitivity than for prompt search

Measured B(D* — putpm)

2

x 1077

21


https://link.springer.com/article/10.1140/epjc/s10052-023-11759-6

Can we search for B(g) —» u*u~ decays?

Y o 1 | LHOG E
; _OE 3tb ' l m Dat:i .
o . - A B{— BY(— D, m)n* ]
= Similarly to the D*© search, most promising approach = f o e E
— Search within B} — B{dm* decay chain  EP.C82450(2022) 2 M T E
S S,
— EXxploit displaced vertex signature to suppress bkg. S R T s
é)OOO > 00 6400 6600
PRL.111.181801 m(Be") [MeV/e?]
= Missing ingredient: B(B — Bi3m*) S [ e * £ Data
BI— BY—D. " m*
—> Possible via partial reconstruction technique i or Background 7
— No evidence in latest analysis, but not optimised for this P foral it
=]
Question: is there a nonresonant B — w*u*u~ background? ©

6200 6300 6400 6500

0+ 2
JHEP. 2023.66(2023) m(B;") [MeVie ]22



https://link.springer.com/article/10.1140/epjc/s10052-022-10369-y
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.111.181801
https://doi.org/10.1007/JHEP07%282023%29066

Search for BX - ¥ u*u~ decays

EPJ.C84(2024)468

= Nonresonant decays occur via annihilation plus virtual y/Z radiation
= Currently no theoretical predictions

= Studies of annihilation contributions only for B* S2EILLISE00)

= First study of pure annihilation process for B meson decays

Analysis Strategy

= Reconstruct B} —» wtu*u~ decays

= Use a BDT and PID info against combinatorial background
= BDT trained to be performant irrespective of m(u*u™)

= Sort candidates into g = m(u*u™)? intervals excluding J /1 and ¥ (2S) regions
= Perform maximum-likelihood fit to m(B;) in each g2 interval



https://link.springer.com/article/10.1140/epjc/s10052-024-12669-x
https://link.springer.com/article/10.1140/epjc/s2005-02181-5
https://iopscience.iop.org/article/10.1088/1742-6596/1690/1/012162

Search for Bf » mtu*u~

= Fit includes signal and combinatorial background

Separate g* bins

25

25

- LHCb

= e Data > e Data ]
% 20 F 9! — Total fit - g 20 9m — Total fit 3
o o T L1<g®<8GeV? Bi> 'ty
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§ 20 =9y — Total fit = ﬁ 20 F 9 fb! — Total fit 3
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2 of = IV
g - g 10F H } B
L] - 21 L _
s SE 2
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= - = T T T
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ST S TN Y L

6200
See F. Porter
and 1. Narsky

6400
m(z* ) [MeV]

6600

6200 6600

— No signal observed in any of the g bins

Candidates per 10 MeV

All g? bins combined

25 T ' I ]
- LHCb e Data ]
20 F 9 fb! — Total fit —
- All ¢° intervals L SO 1Ay T 7
s 1. e Combinatornal —:

[
e s R —
6200 6400 6600

m(ztut ) [MeV]
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| 0.1<¢* < 1.1GeV? 0=+2
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EPJ.C84(2024)468



https://link.springer.com/article/10.1140/epjc/s10052-024-12669-x
https://onlinelibrary.wiley.com/doi/book/10.1002/9783527677320
https://onlinelibrary.wiley.com/doi/book/10.1002/9783527677320

Search for Bf » mtu*u~

4
3
= Nonresonant B} — m*u*u~ simulated assuming & 3
a phase-space distribution 3
=
S 25
= Obtain model-independent results by assigning 2
systematic uncertainty due to efficiency spread 15
(largest syst. uncty.)
1
_ 0.5
= Consider two extreme cases:

= Dimuon system forms scalar state (unpolarised)
= Dimuon system forms vector state (longitudinal pol.)
—> Difference considered as systematic uncertainty

Efficiency ratio as function of g?

LHCb

Simulation

= .IIIILI‘IIIIIIIIIIIIIIIIIIIIIIIIIIL

EPJ.C84(2024)468

v

|
e Unpolarised

= [ongitudinal

25


https://link.springer.com/article/10.1140/epjc/s10052-024-12669-x

Search for Bf » mtu*u~

Normalise to Bf — J/Y(u*u~)n™ decays
Efficiencies from simulation with data/MC corrections

P - BBf—atutum)
Tt It = B(BF — J/rmt) Known
_ D S N )

N‘]/wn-—l- 83T+:U«+M_

Candidates per 10 MeV

Normalisation mode fit

, . .
e Data
—— Total fit

LHCb
9 fb!

6200 6400 6600
m(7 ) [MeV]

EPJ.C84(2024)468
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https://link.springer.com/article/10.1140/epjc/s10052-024-12669-x

Search for BY - ntu*u

= Systematic uncertainties included as Gaussian

constraints in the fits

= Limit on branching fraction obtained for each
g? interval and for all intervals combined
following Feldman-Cousins prescription

= First limit on the nonresonant decay mode!

Limit on differential branching fraction

—
—_—
—
|
1
|

|

. 1077k

AB(Bf —ntutu™)/d¢?
B(Bf—J/¢yn™)

LHCb |

9fh~! ;
95% CL| 1
— 90% CL|

----------- ]

q? interval

Rty /bt
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1.1< ¢* < 8.0GeV?

11.0 < ¢% < 12.5GeV?

15.0 < g% < 35.0 GeV?
All

(=0.2% 35557) x 107°
(1.5F §3713) x107°
(—28.47183F17) x 107°
(02152 735) x 107°
(—3.0F 138 F45) x 1079

0.0 50 10.0
q° [GCVQ}

UL at 90% CL | UL at 95% CL
1.3x1074 2.1x1074
1.7x1074 2.2x1074
0.6x10~% 0.7x10~4
1.9x104 2.3x1074
[ 2.1x10° 2.7x10~

EPJ.C84(2024)468

| | |
15.0 20.0 25.0 30.0

35.0

Limit for all g*
| intervals combined
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Update of Rd)(ZS)/]/l/) ratio

= Ratio of branching fractions between resonant modes
used as cross check in BY — wtu*u~ search

= Performed dedicated optimisation to update previous

measurement PRD.87.071103

B(Bf — ¢ (2S)nt)
B(Bf — Jimt)

0.254 4 0.018 (stat) + 0.003 (syst) = 0.005 (BF)

— World’s best measurement

Uncertainty on B of
leptonic decays

EPJ.C84(2024)468

Normalisation mode fit
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Search for B(s) —» u*u~ decays

Analysis Strategy

= Reconstruct BY — wt u*tu~ decays
= Use BDT, angular info and PID against combinatorial bkg.
= Same BDT as for nonresonant decays, but dedicated selection

= Perform 2D ML fitto m(u*u~) and m(nwtu*u™)

= Fit includes
Signal B —» B (utpu )™
Signal B} —» B:°(utu~ )™ decays,
and combinatorial bkg.

EPJ C85 (2025) 20
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SearCh fOI’ BgSO) — l/l-l-l/l_ deCayS Signal modefitl

35
30

°
& I

Cb prellmmary e Data
-1

Total fit
25 IO Combinatorial
20

------------- B —B™(u'y) o
15

= Bi—B. (utu) o

= No statistical dependency between signal yields

Candidates per 10 MeV/c?

—
th o
P
e
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4=
| = Hi—
——
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1111

) . R .2 e prsgons =
6200 6400 6600
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Bg— s B*{}(}i-+,li-_)7?'+ —0.4 -I_-%‘f TE B LHCb prehmmar}
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Bf = B®(utp)nt 047122 E 15 -
g 105 —
z -
S s5H ] - .
- PO
— No signal observed for both decay modes S “_l.;__
III 5300 IIII 5400 IIII 5500

m(utu”) [MeV/c?]
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Search for B(S) — uu~ decays

Number of events in
2D signal regions
consistent with
background-only
expectation

— Nearly background
free sample

6700

S
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o
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Search for B(;) — u*u~ decays

Normalisation mode fits

1600 —
8 1400 LHCb prehmmar} , e Data
> 9 fb —— Total fit
= 12000 ] Bi— Jw(p'u ) n*
. "": 1000 =] ) e Combinatornial
= Normalise to B = J/Y(u*u~)n™ decays 2. 800

= Efficiencies from sim. corrected for data/MC discrepancies

Candidates
T
=
S

400

R oo R B( (S) (p H ) ) 3000 3050 3100 3150 3200
Brg (wtp=)mt [t = B(B;" — Jhpmt) m(p*p”) [MeV/e?]
1200 F - To o - . .7 =
- LHCb & preliminary e Data 5
NB*U + Known B 1000 C ) ﬂ:l_] — Total fit 7
. ()™ EJppm+ B(J/w_} T —) IS & Y — Bi— Jy(u'p) n* 1
= N - i T Bi— Jy(ptu) K* -
Jpprt || ©BAwt - cuvm B> () p*
0~ [ 1 e Combinatorial

200

Candidates per 10 MeV/c?

6200 6400 6600
m(atutuT) [MeV/c?)
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Search for B(s) —» u*u~ decays

Confidence belts based on FC prescription

preliminary

= Systematic uncertainties included as Gaussian
constraints in signal mode fit

= Largest systematic due to data/MC discrepancies in
muon impact parameters (but negligible impact)

JJfm

=104

Bt'l)[:ﬂ—”—]

= Results from fit to data

+1.99

RB*U{#+#_)?T+IJX(¢?T+ — (_0.44_112) p4 10_5 l\"'.Ie&%l_ll‘Ed R_Ban“!—ﬁ—l\]ﬂ_—f'ffﬁ-m__

2.45

Rp=o(ut p—yat japnt = (0.4377757) x 107 [ LHCD
" Ofh™

preliminary

— Upper limit on branching fraction based on

Feldman-Cousins method 107F

RB:” [:|“_|“_ _]?I-__lln"llq}!"'li,"l-'ﬁ__

RB*D(”+#—)1T+;J/¢W+ < 3.8 (5.2) x 107° at 90 (95)% CL
RB0(u+ -yt apom+ < 5.0(6.3) x 107° at 90 (95)% CL

: x 1071

EPJ C85 (2025) 20 Measured R o, i yr+ /7 juom
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Search for B(s) —» u*u~ decays

RB*H(”+#—)N+/J/¢W+ < 3.8 (52) x 1072 at 90 (95)% CL
R B0t p—ynt J 1wt < 5.0(6.3) X 107° at 90 (95)% CL

= No measurement yet of B(BF — B:%m*) Inprogress!

— Assuming

B(BF -»B:'nt)

B(B& -] /ymt)

Missing piece

~

2

sl ~6-102 = B(B® > utu) <1077

Veb

= More challenging for B(B} —» B*%w*) due to Cabibbo suppression
= B(B* > utu~) s 10°°
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Summary and outlook

= Extremely rare V. - u*u~ decays provide complementary
constraints on non-SM contributions

= New search method exploiting displaced vertex signature in
exclusive hadronic B decays

—World first (best) upper limits with LHCb Run 1+2 (9 fb~1)

= Expect ~ 300 fb~! with Upgrade | + 11 (Runs 3 - 6)

= Implemented dedicated trigger lines = higher efficiency
(already in Run 3)

= Improved VELO in Upgrade I and Il = better IP resolution
—> Better trigger and reco efficiency for Bf

— Good prospects although still not clear if SM level in reach
= |nteresting to see what ATLAS and CMS can do

Integrated Recorded Luminosity (fo™)

ik
o

— 2024 (13.6 TeV): 9.56 fb ™'
2023 (13.6 TeV): 0.37 fb™'
2022 (13.6 TeV): 0.82 fb™

— 2018 (13 TeV): 2.19fb™
— 2017 (13 TeV): 1.71 fb™'

2016 (13 TeV): 1.67 fb™
— 2012 (8 TeV): 2.08 fb™

2011 (7 TeV): 1.11 fb™

May

Nov
Month of the year
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Search for D*° - u*u~ decays P

Table 2 Input parameters used in the estimation of the D — -
branching fraction. The uncertainties correspond to the statistical and

Table 1 Yields obtained from the fit to data described in the text, with systematic uncertainties added in quadrature

statistical uncertainties only

Parameter Value
Component Yield

B(B~— J/WWK"™) (10.20 & 0.19) x 10~* [25]
B~ — D*utp)ym— —2+3 B(B~— D*x7) (4.90 £ 0.17) x 1073 [25]
B > utp” 17 +7 B(Jfy— ptu”) (59.61 +0.33) x 1073 [25]
B — K utp~ 17 + 8 E1pp K- 1€ Do 1.21 4 0.03
Combinatorial bkg. 90 £ 13 Nyyk- (2316 + 8) x 10°

ASEs = (65 i 03) . 10_9
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Search for BY - ntu*u

Table 3 Yields obtained from the Bﬂ'." — JAbm™ fits to data at the two
working points as described in the text, with statistical uncertainties
only

Component mtutu~ WP U(28)rt WP
BE"—:» Jhrmt 3508 + 82 6887 + 93
B = JWK* —81 + 58 90 4+ 43
BY — Jpyp* 41 + 11 56 + 22
Comb. bkg. 101 £ 25 1254 4+ 60

Table4 Yields obtained from the BE'_ — Y (285)m T fitto data described
in the text, with statistical uncertainties only

Component Yield
Bf — v(Q28S)x™ 256 + 18
BfY - v (2S)KT 13 + 10
B} — ¢ (28)p* —4 +5
Comb. bkg. 197 + 19

EPJ.C84(2024)468

Table 5 Efficiency ratios between signal and normalisation modes. The
values of & jy+ /€x+,+,~ are provided for each (;2 interval and for all
intervals combined. The uncertainty on the ratio combines statistical
and systematic effects

Signal decay mode EJppm+ [ Entutpu-

Bf - ntutu~ (low) 1.26 + 0.24
(central) 1.27 + 0.18
(intermediate) 0.91 £ 0.04
(high) 0.86 &+ 0.24
(all) 1.01 &+ 0.27

BY— ¢y (28)nt 0.91 + 0.01

Table 36: External branching fractions obtained from the PDG .

Parameter Value
B(Jip— ") [107°]  59.61+0.33
B(y(2S)— p ) [107°]  8.04+0.6
B(Jhp—ete”) [1077]  59.7140.32
B(y(2S)—ete”) [107°]  7.93+0.17
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Search for Bzg) — ,U+,U_ deCayS EPJ C85 (2025) 20

Table 1 Yields obtained from the fit to data described in the text, with
statistical uncertainties only

Component Yield

0 - +1.9
Bf — B (utpu )t =047
Bf — B (utp)mt 0.4133
Combinatorial background 282 = 17

Table 2 Input parameters used in the estimation of the ratio

RB?;;; (wp—ymt It The J/y — ptp~ branching fraction and its

uncertainty are taken from Ref. [18]. For the B} — J/¥yw ™ yield the
uncertainties are statistical and systematic, respectively; all other uncer-

tainties are systematic

o+ = (1.0440.05)-107°,

87

B*DW+

o+ =(1.13+£0.05)-107°.

B:O’}T+

Parameter Value

B(Jr— utu) (59.61 +0.33) x 1073
N jrgm+ 6213 + 89 + 27
EJ}'WJT*’IKSB*UJI"' 109 + 0.05
EJ}'W}T+X€B$()H+ 1.18 +=0.05
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Semi-inclusive searches

= Search for D*Y, BE‘SO) — uu decays from a displaced (b-hadron) decay vertex
= Example:

Np-oyptp- = LB (D= p* ™) Y 05, B(Bi— D*X) €p,,pox

= Production cross sections and Limit at 90% CL on o(X) - B(X — ) JHEP10(2020)156
Inclusive branching fractions

known for dominant
B*() hadrons (in the D*° case).  «

— Analysis In principle possible,
but worse dimuon mass

resolution and higher irreducible
backgrounds

[ GeV |

3
m(X)[GeV |

— Most likely less sensitive than exclusive searches
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Search for D° - u*u~ decays

Slgnal mode f|t for most sensmve BDT interval

= Signal mode fit performed

simultaneously in 3 BDT intervals

= MisID background yields constrained
based on simulation and PDG

= Results from fit

N =79 145

U

D%— utpu~

B(D® > ptu~) = (1.7 +1.0) - 1079

— Upper limit on branching fraction

based on CLs method

_— T T - - - . . : . : :
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— 40 :_ 0e66 =BDT =10 D g _:
\D E -
= 30f 3
B -
2 .
[} 20 W .
=
=
g 10 H"H’ {'4:[.
<
RO : i H- H}&ﬂ Hﬁ#j
1300 1909 ’*00:} 2100
m(u ') [MeV/e?]
— T r - . — : _
T 250F —— Total .
LHCb 0 -
% - 1 Runll —2'-uwuw -
= 200 6 fo Combinatorial =
Fl ~ » 0 .
- 0666<BDT <10 gu :;“; ]
o 150 3
2 ]
100 |- 3
£ 1oof 4 :
2 sof +
< 50
© 0 - L e 1 N
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" —D -t ]
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- 6 b Combinatorial -
0 .
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PRL.131.041804

— Improvement by factor =

2 wrt. previous result and most stringent limit of FCNC in charm sector
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