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* Introduction on (very) rare heavy hadron decays

* A heavily biased selection of recent results on
« Rare Bdecays (b = dy,b —»st™¢~,b = st™'~, b — svv)
« Rare charm decays into a pair of leptons

* Prospects & summary



Rare decays and very rare decays

» Rare decays are processes mediated by flavor-changing neutral
currents (FCNC)

* Very rare decays involve other highly suppressed processes
that are usually out of reach experimentally
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Rare decays as a probe for New Physics

 FCNC processes suppressed in b —» st€ decays in the SM
SM N

* New physics particles with energy ) I;,
scale up to O(100) TeV could (-
manifest in the loops v, 2 "




Rare decays as a probe for New Physics

 FCNC processes suppressed in b~ st¢ decays in the SM
SM .

« New physics particles with energy ’ y S
scale up to O(100) TeV could el
manifest in the loops %Zw

* This could cause deviation of _ &
Wilson coefficients from SM values

Effective description

Wilson coefficient
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JHEP 12 (2025) 151

Radiative B? — pY(770)y decays

« Using full 9 fb-' Runs1-2 data B(B°=p (n 7 )y) Vo /Vee|?
* - S
» Normalization channel BY — K*0y BE" KK T™)Y)

 Offering independent & direct constraint on |V/Vis| *
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Most precise measurement to date
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First evidence of B — K-ntty

b W VeV s(d)

» Using full 9 fb-' Runs1-2 data ,Cz,

- Normalization channel BY — K*0y
» Using photons converting to e*e™
* Long & downstream tracks

* Observing 38 x 18 signals with 3.50
significance

* BF results in good agreement with SM

Candidates / (20 MeV/c?)
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for 796 < m(K~7") < 996 MeV/c?

B(B? — K—ntv)

- = (0.2+2.7+1.3) x 102
B(B°— K—nty) ( )

for 996 < m(K ") < 1800 MeV/c?
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Run2 Downstream low-m(K1r)
Better resolution due to less
bremsstrahlung



Observables in FCNC b — sf¢

Form—\factors
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Physics depends on g2 = m?; :

« Resonances (e.g. J/y, ¢)
 Photon pole at low g°: C;

Vector or axial vector current: Cg 19

Differential
branching fractions

Angular Analyses

decays

T.Blake et al. arXiv:1606.00916
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LHCD
R(K") measurements @ LHCb

 Electrons & muons behave quite differently in the
LHCDb detector

- Lower efficiencies & worse resolution (energy loss) <.

for electrons

* Double-ratio of branching fractions:
B(B; — Xspupu™) B(B, — X J/v(ete™))

Ry = .
X T BBy — XsJ/w(ptu))  B(B, — Xsete)

* Most of systematic uncertainties cancel to 1st order

« LFU in J/y — I"I” well established at %o level [BESIII,
PRD 88, 032007 (2013)]

 Validated in @(2S) mode
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LHCD

R(K) result at high g?

« First LHCDb result at high g° region above 1(2S) (g% > 14.3 GeV?)

* Full Runs1-2 9 fb
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Candidates / (80 MeV/c?)
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LFU in angular analysis of B — K*0¢*e™

- First angular analysis at central g2 region
* Full Runs1-2 9 fb" analysis with 5D unbinned weighted fit
 LFU quantities derived by comparing e™e™ to u™ ™ results in [PRL 132 (2024) 131801]
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LHCD

PRL 134 (2025) 181803

R(Kmtmt): LFU in B —» Kl ™1~

First LFU test in this channel, inclusive Knit system

In central g2 region: 1.0 < g?> < 7.0 GeV?

First observation of Bt - KTt ete™
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i BBt Kt rta Jjy(oete ) > 100
;I» B Partially reconstructed

1 ¢ €[1.1,7.0] GeV?/c* -

LHCb 9fb 1 7]
Statistical ]
significance:

5000 5200

mKTnTn eTe

5400

5600
~) [MeV/c?

N(BT = Ktatn ete ) =264+ 21

"{(BJF — Ktntn~ete)

% (BT = Ktnto—ptu™)

-1 _
RK'TH.‘ =

)

o)

<
|

i

wn

o
[

50 |

Candidates / (4.5 MeV/c?)

+ Data

Total Fit
——= BT Ktatra uTpu"
Combinatorial

¢? €[1.1,7.0] GeV?/ct ]

1 I 1 T 1 1
LHCb 9fb 1 7]

il B -~ 2 5 s :

5200 5300 5400 5500
m(K "'ntr putp ) [MeV/c?
N(BY—= Ktatnr—u*tu~)=1731+31

5600

%[BJF — Ktnta—Jh) (— f:ﬂ_e‘)]/'g

[Bt = K+nta—Ji (= ptp~)]

— +O 18
Kmr 1 31 —0.17

|l

(stat) +8 (1)3 (syst)

- Compatible with the SM
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R(c): LFU in BY — ¢l*1-
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Summary of LHCb FCNC LFU results
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Ry larXiv 241013748

RKo~ [PRL 128 (2022) 191802]
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Rg_  [PRL128(2022)191802]

i . Rp]' JHEP 05 (2020) 040
04 Sara Celani - LHCb summary
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Moriond QCD 2025 - Flavour changing neutral currents decay at LHCb




LHCD arXiv:2512.18053

Legacy Runs1-2 B — K*¥ u* u~ measurement
B,

« 5D (3 decay angles, mg, mMgy)
unbinned ML fit in bins of g?

* Improved selection, more
observables (CPV, dBF)

* Finer g2 binning ~1 GeV?
» Lepton mass accounted for

i 0
* Full suite of S-wave and P-/S-wave B
interference Observables 3 Gl T G

 2X statistics: ~12k signals

- Data split into BY and B, and fit
simultaneously

wiyd]
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arXiv:2512.18053

Legacy Runs1-2 B — K*¥ u* u~ measurement

PR
LHCb 8.4 fb’!

[__|SM from FLAVIO (BSZ:2015)

EZE] SM from EOS (GRvDV:2022)
—— LHCb84 '
LHCb 4.7 fb”'
« CMS 140 fb!

Illlllllll

LHCDb unofficial

0 s
q* [GeV?/cA]

» Results in P5 excellent agreement with both CMS and

previous LHCb

» Deviations of 2.6 and 2.7 ¢ in 4-6 and 6-8 GeV?Z bins
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. v [PRL 125 (2020) 011802]
LHCb prelimi v 1
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0 5 10 15
q* [GeV?/c*]

The forward-backward asymmetry, AFB, also now shows
marked disagreement with improved statistics
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» The branching fraction is
consistently below SM
predictions
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arXiv:2512.18053

Legacy Runs1-2 B — K*¥ u* u~ measurement

* Interpretation in terms of Wilson coefficients,
by combining angular observables and BFs

up to 8 GeV?

* Alternative theory packages with different
approaches on (non-local) FFs, with

consistent results

* Tension most pronounced in Re(Cy), with

shifts consistent across g bins
* NP or underestimated hadronic
(charm-loop) contributions?

SM (.-E—l/oop

R}

—2AlogL

-=- LHCb4.7fb"

—0.54

LHCb 8.4 fb™'

1] 'bA]?ftli(l ( v‘(‘] ] 0.5
_ +0.18
Significance 4.1 ¢

-- LHCb4.7 fb!
LHCh 8.4 fb*

-0 0.0 0.5
ARe(Ch)



LHCD arXiv:2601.06878

First evidence of Bt — Apu™u~

* Mediated via b — su™ u~, baryonic final state less H
explored to mesonic counterparts b

 Phenomenology of hadronization " &
* Rich dynamics in hadronic system <:: d

« Clean access to exotic states such as X(2085) i - i
- Threshold enhancement effects in Ap system
observed in other mutibody decays, e.g. B — J
Apmtri [link] and B — ApKK [link] 3*@1&!
« SM based BF prediction at ~1.08 x 1077 [link] - B S 24 .
] d
» Expecting significantly lower BF if FFs from a B C ,

more recent paper [link] are used instead @ p



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.151901
https://doi.org/10.1103/PhysRevD.99.032003
https://doi.org/10.1103/PhysRevD.80.111103
https://iopscience.iop.org/article/10.1088/0954-3899/41/6/065002
https://link.springer.com/article/10.1140/epjc/s10052-023-11489-9
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arXiv:2601.06878
_|_
First evidence of B™ — App y
TENEEEE T
» Using 5.4 fb'' Run2 data et 155,_,55 = o
- Normalization channel: BT — J/iy Ap_—= | + e fl oo ]
HE AT T i T 3 5§ L RS
* Also used for signal shape calibration & ] % {ﬁﬂfﬁ‘ﬂﬁ/>

5300 500 5 . 5600
m(Appt i) [MeV/c?) m(]p;flu ) [MeV/c

correction for data/simulati

 Signal searched for in low & hig m(/_\p) Evidence for the decay found in

regions )ags I the m(Ap) < 2.8 GeV region with
s significance of 3.50
= 10 = = . . .
! LHCh Prediction ] * The total branching fraction is
J&j = 4fb_1 i{* Data
& { d. measured:
F 3 B(B*— Aputp~) = (1.54 £ 0.654, £ 0.18 H:I:Ulﬁlﬂ)xlf}_ﬂ
l Work based on Run3 data has started
0.1 M1 |""|3"".""| |
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arXiv:2510.13716

Search for BY - K*n 7t7~ & BY - K*K 7% 1~

 Using Run2 5.4 fb™! data

* Reconstructing taus with muonic channel
* Decays are searched for in bins of dihadron masses

lates
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Semileptonic
Combinatorial
misID

Signal
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LHCD arXiv:2510.13716

Search for BY - K*n 7t7~ & BY - K*K 7% 1~

 Using Run2 5.4 fb™! data
* Reconstructing taus with muonic channel
* Decays are searched for in bins of dihadron masses
* No signal founds, upper limits are set:
One order of magnitude

B(Bn — [{r*{]Tﬁ_T—) o 28 1()_1 (2:,' X 1[]_1) at (JFJ%I ({)0{”/7!{1) CL., improvement than Bellell!
B(B? = ¢r777) < 4.7 x 107* (4.1 x 107*) at 95% (90%) CL. First search!

Upper limit on the shift A%in the Cj/;,, Wilson coefficient at 90% and 95% CL.
rr .. NP
Co(10) = Co(10) — (+)A

Confidence level BY = Ktn=7tr= B 5 KtK—7F7~
90% 2.5 x 10% 4.5 x 10*

05% 2.9 x 104 5.2 x 10% .



https://doi.org/10.1103/v1q3-9dy8

arXiv:2511.10980

SearCh fOr B — XSV1_/ 3 x5 bins in M (X,) X O(BDT) space
) EJ <M <0.6 Gewc’.o.s < M <.1 .<.> GeWcz.1 0<M* < 2.0+G§V/c2
+ Using 365 fb' BELLE Il data @ Y(4S) ¢ ;_F" [[ERCSIE P
« Machine-learning based hadronic B- s00F =G
tagging 400 '
« X candidates reco’ed in 30 modes of Kntr 3=
+ 3KNnTT 200 =

 BDT trained for background suppression N =N
* First upper limit @ 90% CL set: of %%g L +§+ S N
32 09
B(B = X,wi) < 3.2 x10™* L S T T
bin index

Approaching SM expectation of (2.9 +0.3) x10™



/O PRL 135 (2025) 041801

Belle I
* +
Search for LFV decay BY — K*Vr*¢
« Using 711 fo™' BELLE + 365 fo' BELLE Il jeo | il 2.
« Machine-learning based hadronic B-tagging &, v T drie] Kikn

1 1 ] k) 1 1 ] LA
1 1.2 14 16 18 2 22 24 1 1.2 14 16 1.8 2 22 24

T candidates reco’ed via M, (GeVIc3) Sicoe

B’ Kir'e’ B"— Kite

16 | Belle+Belle Il preliminary — Data 16 | Belle+Belle Il preliminary — Data

. _ e

evy, uvv, v, p(nm’)y modes i acomnr . —gwan | T o
) > wogiien
= 1.2+2. %12-"'--#9:'2'5”I =0 sy Background

« Among the best limits on b — ste(u): |
BB’ - K¢ttu™) < 1.1 x 107 YL}H#H&

( 7)

B(BO KUT U ) < 36X 10—5 1 12 14 :ns(G;v?)z 22 24 21 12 14 &6{631\,?)2 22 24
( ")
( )

Events per 50 O_Iylev
o N A OO © O
Fﬂ_
+_

I
_‘__
;i
5 ——
o g

i W
: 8 a
: &8
] o
i =
i =

QL

Events per 50.0 M

oON A OO O 3

T

0 ) —} =3
B(B" — Kgr7e™) < 1.5x 10 Approaching possible BSM enhancement level of
B(B® - K% e*) < 0.8 x 1075 O(10°)
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Flavor Changing Neutral Currents in charm

- ¢ - utt processes forbidden at tree level in SM,

only allowed in loop and box diagrams H
« Strongly suppressed due to GIM cancellation: . 4
« Expected SM BF ~O(107)
« NP might manifest in the loops

« D — X{*¢~ dominated by Long-Distance

contributions 51073 1909.11108

S =
=z / o BN non-resonant SM ﬁaz(/ ‘
* Vector Meson Dominance (V|\/|D) O, 1074 P/ resonant ” :

/
N U]

+ BF ~O(10%) for D — X¢*¢- =

<<
box diagram penguin diagram

24




PRL 135 (2025) 151803

Search for DV — utus

 Using 64.5 fb™! data collected in

2022-2023 s 1 1A O L
T . gl R S
. @ B(D°— pp) =07 x 107 [ D - gy (x 5o B(D°— p*u-) =0.7 x 10° o i (x20
» Looking for DV from D** — DY+ oo S | E | e et 0
§ 0.5_— : ¢ vt : E 2/
L © L
» Normalized to D** — DY(— K-n")n*t |
. . . ¢ 1005 ‘ :*F\\‘}‘Q";:{"T‘ R s S e | —
* Newly developed inclusive dimuon 5= i i, [IRNETESUSHIAS
: g AT Frat ot 11 s |
trlgger for Run3 i 750;‘ e he I%‘ e e l+l o e ; 7“;0.1:74[ l l0.1142l l l0.1\44l l k0.1|j6I I IO.‘ll48I I}IOJS

182 184 186  1.88 19 192 194
my, (GeV) Am (GeV)

* Best upper limit:

B(D® » u*p) < 2.1(2.4) x 10~ at90(95)% CL.

Most stringent constraint on FCNC transitions in charm sector
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Search for Al — pu™u~

 Based on Run2 5.4 fb! dataset
 Signals searched for in 6 dimuon mass regions
* Normalized to ¢ resonant region

PRD 110 (2024) 052007

- ©® ToTo@ @] i
'ty R T 2

LHCb — Total fit ks
-1 .

54 fb e AL S p¢ (W) 7
.......... A?’ —p = .

=+=:= Combinatorial _:

423 + 22 E

e Data

......

200 507 587 742 822 965 1059 1348

L - [MeV/c?]

2200

0 2%
2300 2400
m(puti) [MeV/c?)



LHCp PRD 110 (2024) 052007

Search for Al — pu™u~

* BFs measured in different

. ] s 'L'HCbNoh-'re's.;'?j;ﬁ't E

resonant regions: BE s o (g g
35 Vo A opitn

= Combinatorial _E

B(A} = pw) = (9.82 & 1.23(stat) =+ 0.73(syst) & 2.79(ext)) x 1074
B(A; — pp) = (1.52 + 0.34(stat) = 0.14(syst) + 0.24(ext)) x 1073
B(A} — pn) = (1.67 £ 0.69(stat) + 0.23(syst) £ 0.34(ext)) x 1073

Candidates / ( 5.6 MeV/c?)

Candidates / ( 5.6 MeV/c?)
[ae]

5 E

ot " ] 7 " ot 2 S " " " ] =
2200 2300m(p#+ﬂ_) [M-'Ze‘l\??cz] m(p ut ) [MeV/c?]
~ L - 1 - 7 & &= I = &~ = 7 1 = ~ lep——— w5 T T ]
“§ F  LHCb * D E ”\; 4 LHCb * Dui E
L] u u O i ) qu — Total fit j o :_ ; bﬁl — Total fit _:
* Most stringent limit set on I | ) 5-6F i prenck B B SN S/ 0)
- 3 ; ---- Combinatorial ; 2 E_ - - (.‘(ombinarorial _E
non-resonant BF: * I .
E 10f -‘.E‘ 45 E
+ e —8 g AR T R (D g - l ] l 1 R
B(AZ — pu'p) <29 (3.2) x 10 at 90% (95%) CL. | S °} "7 " A L TN TR ot 2 0 L Gt exvss s
0 200 k002400 0 2300 T R00 2400

m(pu*y”) [MeV/c?] m(pu*p”) [MeV/c?]
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PRD 111 (2025) L091102

AZ — pptum CPV & angular asymmetries

* Asymmetries in ¢ / | SAG = 1/2- |4 + Al
. . ['(cosd, > 0) —T'(cos 6, < 0) — .
region compatible Ay e AAGE=1/2- | Al — A
with SM prediction LA — purtu=) — DA= = putuo) | | | |
and conservation of TR S T, ) wE U9 -

P and CP symmetry

Dimuon-mass integrated

Stat. Sys. 01 =
Acp = (-1.1£4.0£0.5)% N =
SApg = ( 3.9+ 4.0+ 0.6)% " gl SM:
Adpg =( 31+4.0+£04)% :
0.1F E
EE 0?—- ------------------------------------ -
oaf 3

987(] 1 []IOO ]0.2() | (].4[)

g = m(utu) [MeV/c?]
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Search for DY — hth—ete

« Based on Run2 5.4 fb™

dataset

PRD 111 (2025) L091101

 Signals searched for in different dielectron mass regions

» Normalized to DY — K~nt*e*e™ in resonant region
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=
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o e High-mass ]
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] ] d
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]
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m(e*e”) [MeV/c?]



LHCD

Search for DV — it ete

« Based on Run2 6 fb™! dataset
 Signals searched for in 5 dielectron mass regions
* First observation in p/w & ¢ regions

m(e"e”) region [MeV/¢?] Yield S
D’ - ztrete

Low mass 2m,—523 37 +13 2.860

1 325565 1047 lL6a

P w 565-950 97 + 21 5.56

¢ 950-1100 100 4+ 18 8.1a

High mass > 1100 =11 296

° TOtaI BF E}[D” — R | T [E | {JF]H‘!{&" L’"].“}Ef}r_ﬂ)
= (13.3+1.7+1.7+1.8) x 10~

PRD 111 (2025) L091101

—*— Data Fit

D'>»r'nete | RSN YA
- Partially reco. backg. ~ -=----- Comb. backg.

30 Lowsm(ee) oy =y LHCb
20; 6fb™

&\‘
f?f _

o s O oo
T AR

et

=
r =t

Candidates per 17.5 MeV/¢2

1800 1900 2000

1800 1900 2000
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Search for DV — Kt K-ete™

« Based on Run2 6 fb' dataset
 Signals searched for in 3 dielectron mass regions

m(e*e”) region [MeV/c?] Yield S
DY 5 K*K-ete

Low mass 2m,—525 4+ 8 .20

n 325-565 142 l.1o

f}[],fm e 12+ 7 220

« BF upper limits of O(107") are set in different regions

Candidates per 17.5 MeV/c?

PRD 111 (2025) L091101

—*— Data N
[ ] p"sk'kete | YR
- Partially reco. backg. - Comb. backg.

[ Low-n(e'e) oy Iz1y " LHCh!

10

Sk

R - Y TP -
T T T LU RLLI LRLL) LELLI LALL [ TR

1800 1900 2000

1800 1900 2000

m(_DO) [MeV/c?]

Similar study performed by BELLE(II) yielding less stringent limits

[PRD 112 (2025) LO71101]
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JHEP 01 (2025) 109

Search for D7 — hh’ee decays

First search for four-body D: decays to an electron pair

Using 7.33 fb™' data @ 4.128-4.226 GeV
D] mainly from e*e~ — DD, with total number of N, = = (64.7 £ 0.3) £ 10°

Single-tag method, the BF for a given channel is given by:

Nsig PRD 104 012016 (2021)

B(Df = k™ (h“) e =

2 ‘\D DT € - Billl.m' e

« 2D optimization of requirements on M. vs. AM ﬁz:‘ﬁ
“;2

ﬂjﬁ‘(' S \/(Ecm = \/]ﬁ 3 ‘2 = ]71?__):) — ’PD+ ’2? EE 20.8

AM = M(D}~) - M(D7),

AP P B S, /I A B
0.05 0.1 0.15 0.2 0.25
2
AM(GeV/c) 32
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PRL 133 (2024) 121801

Results on Df — h(h")p(ete™)

Events / (3.5 MeV/c?)

Events / (3.5 MeV/c?)
=

— —
o a1
T | T T LI T

o)
T T T T T

DY S3aTd.d = eTe
Rarest charm hadron decay

—4-data observed by BESIIT
--- background y%d.o.f: 9.5/20
-+ signal |

o‘ b
#
e b
ry -
: u

Eh AR
o o] o | T g e - Moy

—
IIU]I S |

Iml T T T

+
T T T T |

Dy 2 p7¢,pT 9 aTn’, ¢ > ete

12/d.o.f: 16.2/33

« M(ete™) € [0.98,1.04] GeV/c?
e M(n*n?) € [0.60,0.95] GeV/c?

* Unbinned maximum likelihood
fits to the M(Dy) distributions

Decay Nag € (%) B (x107°)

ke” 38001 951
[ 121

LIRS -1 0.03
2 006

DY wntp, 0 — e

DY = pto,0 > eTe”

780 forDf »n¥p,p o eTe”

440 for Df - p*p,dp > eTe”

NB: Using D) — 7" ¢, LHCb measured

Ror = 1.022 £+ 0.012 (stat) + 0.048 (syst)
[JHEP 05 (2024) 293]



BES]]I [PRL 133 (2024) 121801]62_; 150 B g i
+ + % E +data
u u — =100 */d-0.f:25.8/36 i BRRKE B
Upper limits on D — hh’eTe™ 3 e
% S0 ﬁ%%f
° _|_ —_ - O_ PR el o] o o 10T i e
FCNC ¢ — ue™e” process, highly ] o
suppressed in SM Sto0f
] ] = - y2/d.o.f: 36.2/35
 Exclusion of events with M(e*e™)e .
[0.96, 1.05] GeV for mode t*rtVe*e™ g% s I b 4
ol + T+
o Decay Nisig e (%) B (x107°) o-
Df = ntnlete 7.4 < 7.0 % 40__ Sk S
DY = KTn'ete™ 9.3 el E :
D} — Kntete 6.7 <8.1 520‘
All first upper limits! 2 |
0




BESII

Search for D — h=hVe*e?

- - et
mediate
\\\

* LNV (AL = 2) process could be

by a single Majorana neutrino

* First upper limits @ 90% CL.:

Decay channel e (%) B, BT

Df — ¢gmetet 3.0+£0.1 6.9 (3.5) x 107°
Df — ¢K-etet 1.8+0.1 9.9 (10.8) x 1073
D} - Kir—etet 64401 1.3 (24)x107°
Df — A“A etet  40+£01 29(23)x107°
Df -3 g ~r“e+ et 64+01 2.9 (2.7) x 107
Df - K—nletet 5.140.1 4 (3.9) x 10~

JHEP 01 (2025) 109

DY — ¢~ eTet (CF)

107'g
10—%
10—325
10—4;—

10°E

UL of BF at 90% C.L.

10°E

10—7_I||||I..|.l....l....l....l....l
0.2 3 04 05 0.6 0.7 0.8
m, (GeV/c?)

First mass scanina D — Vv,
process 35
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Other rare decays: recent LHCD results

&>100 — ILbe |
: : _ S 54fb"
» First observation of ¥ — pu™u~ [PRL 135 % wf | ]
(2025) 051801] dob ==
‘ = - o5 3 sk 237+ 16 ]
e B(Zt - putu~) = (1.08+£0.17) x 10 :
- Rarest baryon decay ever observed EU 4 i
* No structure found in the dimuon mass spectrum, el TR0 D R S e
compatible with SM \ DETTTTTTTTTUIRGE
& ok 541fb"
+ Search for KY ) — -t <0 ﬁ oz :
" = 2()%— s::uuuun PHSP
[arxiv:2511.02619] Ser H:H“+ ﬂ 3
» Search for 1) — (n*7~)u* u~ [LHCb-CONF-2025- 2 5 +++++++ E
002] TR+
- 220 230 240 250

» Search for t — puu [arXiv:2601.20785] e (MEVIET
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https://journals.aps.org/prl/abstract/10.1103/r3v2-kmmp
https://journals.aps.org/prl/abstract/10.1103/r3v2-kmmp
https://arxiv.org/abs/2511.02619
https://cds.cern.ch/record/2942585
https://cds.cern.ch/record/2942585
http://arXiv.org/abs/2601.20785

LHCDb prospects
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Experiment

Hl ATLAS CMS EE [ HCh EE Belle 11

Recorded integrated luminosity [fb™']

Peak luminosity [10* cm2s]

Total recorded luminosity by year — pp

12 | I I r ‘
——— 2025(13.6 TeV): 11.81/fb
| —— 20240136 TeV): 956/1b LHCb i
10 ——— 2023 (13.6 TeV): 0.37/fb m
- ——— 2022(13.6 TeV): 0.82/fb -
T —— 2018(13TeV): 2.19/fb n
8; ——— 2017 (13 TeV): 1.71/fb N

2016 (13 TeV): 1.67/fb
2015 (13 TeV): 0.33/fb —
2012 (8 TeV): 2.08/fb
2011 (7 TeV): 1.11/fb
2010 (7 TeV): 0.04/fb
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BESIII prospects

10-6

White Paper
CPC 44 (2020) 040001

10-6

Decay Upper limit Experiment Year Ref. BESIII Expected
DO = nl¢te 0.4 BESIII 2018 [35]
0 =
D" — net*e 0.3 BESIII 2018 [35]
D° 5 wete™ 0.6 BESIII 2018 [35]
(] 0+ -
D" — Kgee 1.2 BESIII 2018 [35]
0 =
D® — pete 124.0 E791 2001 [36] 0.5
0 -
D" — ¢ge*e 50.0 E791 2001 [36] 0.5
DP =y R0te 47.0 E791 2001 0.5
20 fb-!
D° - ntnete 0.7 BESIII 2018 f 0.3
D s K*K-¢te 11 BESIII 2018 @ 3.773 GeV 0.4
D > K-ntete 4.1 BESIII 2018 [35] 1.6
Dt - ntete 14 BaBar 2011 [37] 0.12
D* - K*ete™ 1.0 BaBar 2011 [37] 0.46
D* - n*ne*e” 14 BESIII 2018 [35] 0.5
+ + 0 o+ ,—
D* — n*Kge'e 26 BESIII 2018 [35] 1.0
+ 0 pr+ o+ o~
D* - KgK"e"e 1.1 BESIII 2018 [35] 0.4
D* - K*nle*e™ 1.5 BESIII 2018 [35] 0.6
\ 4
+ + ot p—
S 13.0 BaBar 201 6 fb-1@ 4.18 GeV 70.0
DY - K*ete = ’ " -
. BaBai 201 — 1.7
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Summary

Rare heavy hadron decays offer unique opportunities for indirect NP searches

Major players in the field for rare decays:

« LHCb/CMS: Dominant role for heavy hadron decays to all-track final states due to
overwhelming statistics

« BESIII/BELLEIIl: Advantages in reconstruction of neutrals (nO/n/Kg/A/...) and invisible
particles (v/K;/n/DM!...)

So far, no surprises, but tensions still persist (Cg?)
More results are on the way, stay tuned!

* A huge Run3 data sample available for analysis, while understanding of new
LHCb detector ongoing [arXiv:2511.16564]

* And we will have Run4 and Upgrade-II!
« 50 fb' by 2033, > 300 fb" by 2041 for LHCb



https://arxiv.org/abs/2511.16564
https://arxiv.org/abs/2511.16564

