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Physics Week

Busy and fun week

— 10 lectures

— 6 talks

— 7 posters

— 4 panel discussions (including theory)
— 1 tutorial

— (only experimental ones)

These are very educational for both students and staffs,
and hopefully also for theorists.

Since there are so many important talks and the time is
limited, sorry if | skip your favorite



* Missing Energy Decays

* Tagging and Other Tools

* Missing Energy Decays at Other Experiments



Missing Energy Decays

Markus Prim

Neutrinos (or dark matter) in the final states

— Taus can be a source of neutrinos
— Single neutrino = peak at 0 of missing mass squared
— Multiple neutrinos = no peak 2

EWP (Gaetano and Elisa) : —
— b2svv, b=2>stt, b>stl _ M2
— B—> invisible (2v or 4v or DM)

Non-EWP (Markus)

— b—=>clv, b>ulv
— B=>D(*)tv, B=2>mtv
— B2>uv, B2>1v

Sensitive to new physics or CKM parameters
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Elisa Manoni

Analysis Overview of Missing Energy
EWP decays

* Analysis overview from alpha (tagging) to omega (systematics)

— Three tagging methods, reconstruction, RoE, background suppression,

efficiency calibration, fit, systematics Very useful lecture for people starting this

— And future perspective kind of analyses
— One missing item is limit setting > Diego’s talk

Tagging techniques Future perspective in systematics
Semileptonic tagging Inclusive tagging We foreseen improvements on
| Hadronic tagging 8 e | systematics related to: Source Impact on o,
analysis (HTA) | analysis (STA) i analysis (ITA) Normalization of BB background 0.90
extra tracks extra tracks L baCkground n0rma|lsatlons _’genera”y, ‘:‘ 0'_ continun ::5[_7)
p / statistical in origin 049
/ B -/ ! Biag 0.02
(B39 ® specific background modelling s
\ ™~ h\ ~ Branching tion for D — KX 0.14
\ \ ., ® detectors performances (|mprovements I('(:nlin\llI:;nl-h;lgjl\gmlund modeling, BDT, (l))((:]l
t T . . . ntegrated luminosity <0
extra photens et petons Rest-of-the-Event (ROE) in particle reconstruction and Number of BB 0.2
Purity identification algorithms, usage of kel o
MCrd) Signal-kaon PID 0.07
Efficiency Pho ::(»;
®si ize — ) =
® So far, most of the analyses have been performed using HAD Full Event Interpretation (FEI) simulated sample o '?rger MC S CIRCIERCY N 9.2
samples can be produced in a smart ?nglmllh.w h])n tors :mi
. < . ilobal signal efficiency ).03
* First STA resuts to come next year Way (SaVe to dISk Only Sk|mmed Sinmlalc&-xumplc size 0.52

e When applicable, ITA has proved to be more sensitive than HTA events)

Manoni, INFN
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Gaetano de Marino

Summary of Missing Energy EWP Decays

 Summarize the on-going/published analyses
— B=2K(*)vv, B>Xsvv
— B=2K(*)tt, B2>K(*)l

— B=>K + invisible

B+ — K¥¢#SEARCH

Strategy
Hadronic B-tagging
Focus on leptonic 7 decays and background-depleted region above
D-mass, m(K*2-) > 1.9 GeV
Optimise selection on lepton momentum, missing mass and signal
window of Eect
Etct shape validation in side bands. Residual mismodeling cured by
fitting the simulation to match data in the control samples and
extrapolating it into the signal region

WEEK & Preliminary, paper in preparation BELLE Belle I g

365fb |

v, (1,,)1_ 7

(ty=¢ (rz

v (p,

B(B*~K*rr) =313 x 107
B(B*—K*r7) < 8.7% 107 (90 % CL)

25 [-Belle (preliminary)

Candidates per 100.0 MeV

0 - bk
0 02 04 06 08 1 12 14
Residual calorimeter energy [GeV]

Combined fit to Belle and Belle Il samples

20250916

Candidates per 250.0 MeV

Belle 1 (preliminary)

e 11 (prelimina
J.I, dt =365 b
10

% 02 04 06 08 1 12 14 16 18 2
Residual calorimeter energy [GeV]

viation from SM

+ + 2.70 de
Br2>K'vv K+tt and BOXsVV

Best limits on B>

2.] o from SM-exp

_SM Average
17 037 *l‘,,\ 1
: L o— Belle 11 (362 fb'!, combined)
I 234 0.7 This analysis, preliminary
I
i S 15( lle l|l (362 H) : ill( lusive)
) 0.7 is analysis, preliminar
0 2 4 6 8 10

10° x Br(B* =K * v)



Markus Prim

Lecture on Non-EWP Missing Decays

* Informative lecture on analysis overview of (semi)leptonic decays
* Showed current problems

— Lepton Flavor Universality Violation in B> D(*)tv 3.8c deviation from SM
— inclusive VS exclusive in b>clv and b>ulv

Open problems in tree-level b — clv; decays Take_aways

. - I“=eurt - b .
Signs of lepton W= Gew e _ B _ .z AP Key variables
flavor violation A Gew = Gew = Gew
=t : J 5% CL Foni

_ 2
- . .
Ve ¢ M miss

oy .
— A DY i e T3 * cosfpy
: S Tooe 3 * Egci (when analyzing 7)
WE I L —+— Inclusive3
7: 3.8 - —E
1 36 E
< uE Exclusiviily 3 Common problems / systematics
E 8: :i * Modelling:
R(D) V s 3 © % v Iﬁo-‘] * Gap’ Resonances (b - Cgﬁ{’)
chl

* Hybrid MC, Interference (b — ufv;)

» MC statistics when using tag-side
reconstruction

* Particle identification
20250916



Tagging and Other Tools

* Crucial for analyses on missing energy decays



Karim Trabelsi

Improvement of MC Modeling and

Hadronic FEI reconstruction

* 12 exclusive B> D nm decays cover 90% of the hadronic FEI efficiency

— Tuning of the decay table improve the calibration factor from 0.82 to 1.06

* Selection for slow n” from D*° too tight for tagging
— The efficiency is improved by 30% with the same purity

— Avaialble for release-8
Pulls of calibration factors
Another way to visualize the improvement in the calibration factors:

30 window around D? peak
with PDG uncertainity

D" - frdt=711fb"1
o 0 L
D°rm*nm Official MC
D°n*n*n~ | Latest (v2.3) MC
D0n+n0n0 |
[ e S—— )
Dn n§u iT+ Overall calibration factor
.
D“DH+"D |
Domtntn | l
N 0r+00 L
B'O?r’f;f:‘g” i (104.2 + 1.2)%
D mtnt
D-ntntnd
L 1 | 1
—-15 —-10 -5 0 5
Pull (o)

improving description of hadronic B decays = improve B-tagging efficiency

20250916
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D> D%z’ reconstruction

Optimize AM for D*° reconstruction

Along with looser preselection for photons, mass-constraint is applied for n® candidates in Belle II.
This will improve AM distribution which is used in preselection and training for D*?.
Retraining FEI provides expected results:

1.2
=04
By ~D"n
D qﬁ"no r
80 L0
Normalized to 100fb-?
n TOF Bellell ata: vl training | 9 sl
& Belle Il data: v2 training E, :
%: op Belle Il data: v3 training >
2 EYs E 0.6
~ 6}
e g
© %0 ¥]
o =
< b & 04}
» w — Belle Il data: with old training
S} 02 —{— Belle Il data: with v1 training
[ = 2T .
Wk Belle Il data: with v3 training
- =~ Belle data: with old training
0 f . : L 0.0
0.10 0.12 0.14 016 0.18 0.20 :

50 60 70 80 90 100

AM = M(D") - M(D") [GeV/c?] Purity (%)

48



Alexander Glazov

Inclusive Tagging for B> Kvv analysis

*  New tagging technique developed for B>Kvv analysis
Everything optimized for signal

Better efficiency while low purity

Careful checks and calibration are required

* First evidence for B> Kvv with combination of analysis with hadronic FEI

Tagging methods at Y(4S) factory

Hadronic tagging
£<1%
highest purity
Best Kinematic
constraints

Semileptonic tagging
e~ 1%
High purity
Partial constraints

Inclusive tagging
€>1%
Lowest purity
Beam constraints only

Teacke | |Displaced Vertices | [Neutral Chusters |

B_tag

Y(4S)

e The partner B-meson (“tag”) is an important part of data analysis at Y(45S) factory

e It can be reconstructed explicitly in one of the hadronic or semileptonic decay mode

its properties can be used inclusively
e The approaches differ in efficiency, purity, and kinematic constraining power

Result representation

15.0

= T T T T
Belle IT SM B”}l“ I B L Expected
125F [ Ldt=(362+4 42) " — HTA 08 », J£dt=(63+9)"" mmm Expectedsio |
— ITA % Expected+2s
10.0 F === S 1 —— Observed
8 °°f
75F ’L
= 0. 90% CL
5.0 o . Expected: 2.3x10°
0.2 *.  Observed: 1.1x10"
. /
oo, - i 107
- 0.0 2 4 6 8

0.0
0 2 I G 8
7
Signal significance can be determined using log-likelihood scan
Hadronic tag analysis (HTA) provides a cross check and improved accuracy
If no significant signal is observed, set limits
Likelihoods (and example code how to use them) should become public after

paper is accepted 32

B — K"ww branching fraction

20250916
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artner (LMU) B" — K" v reinterpretation

Lorenz Gartner

Reinterpretation framework and
application to B> Kvv

* Reinterpretation framework developed

* Provided reinterpretable likelihood for B> Kvv
— To be shown also on HEPdata

D
<o
WET marginal posterior QDD
/7 R ‘ ‘ Symmetry axes [ -
. N7 1LY — o
A reinterpretation framnework focussed on TN < A ,
distributability, speed and simplicity . @A Y e ———
EPJC 84, 693 (2024) S8 1IN = ] =R o— 3  osv——
github.com/lorenzennio/redist T e e GV e[V

VL T VR 8L T SR TL
First ever direct constraints on b — sz WET Wilson coefficients &=
L Gartner (LMU) 87 — K™ wiz reinterpretation “fober

20250916 11



Luka Santelj

Charm Tagging Tool

* Tagging using recoil mass against charm hadron + fragmentation particles
* Demonstrated at Belle with D, v, and D=2 invisible etc.

e ccFEl under development is 3.5 times better than the tool at Belle

* Very promising for missing energy charm decays!

ccbarFEl

- FEl is existing tool that is trained to efficiently reconstruct hadronic B decays.
- in the chain it is already reconstructing various charm states

— idea of ccbarFEl is to adjust FEI to reconstruct charm tags (the recoil of which is a single D),
Comparison with cchar tag reconstruction from previous measurements

- target B modes in the last step of FEI are — Displaced Neut:
replaced with a list of target cchar tags e Vertices Clust MC — - DATA
(specific for Dy, A, etc. inclusive samples) : : — EN 2 Bx 5 3.5
- it K+ ‘ =t | e | fK2 Y IX > 3.0X
- all stages of BDTs then retrained on é_' > . | \ \ ; T
cchar events A; = K e 2 E e Data/MC large
/ i/w,] g4 ] [ & o~ TS, — discrepancy for
A . N AYA wt
et ./' e KlS’ | \ . e ! s
1 LY
‘/,- p? D* D, 4, *

e [ 00 00 ) 800 000 00 o o 50 00 50 7or\ 50 a 350
e D, Y (h) 3
X frag Yield MC J-,Lm, Yield Data P‘\m{\,- . . . . .
frag ccbarTag M Data - there is ~ factor 4 difference in the inclusive

A yield between data and MC

Zupanc 48 55 36 33%

Kristof 94 13 a 8% — still yield is improved compared to Zupanc
ccbarFE analysis for 2.5x using “simple” modes only,
>02 295 50 30 and 3.5x using more modes (at same purity)

>05 159 77 44 46

20250916 36



Tracking/Photons/E

extra

/PID

Bianca Scavino
Eldar Ganiev
Alessandro Gaz

Full use of Belle Il detector is one of the keys for missing

energy decays.
— Lectures on Tracking/Photons/E,,,,./PID

Tracking performance in MC

¢ Finding efficiency vs p, and cos8 (not including detector acceptance)
o Above 90% for most of the phase space covered by the detector (average: 92%)
o Drop for low pt (<100 MeV/c) — small number of hits, larger multiple scattering, ..

1.0
Y
1/,_...—
o8] |
/
s |t
Sool
g |
2 |}
£o4
2 100 MeV/c
= |‘ rd 100K events
o0z Run1 simulation
MCri mixed
nnﬂ.U [} 2.0

i 5
p: [Gevicl

20250916
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Finding Efficiency
s
B

Performance

PIDNN vs likelihood

—

4

| Fiducial detector region

Cluster variables:

* Recommendations from the ECL group

« All shower shapes depend on the particle energy and the beam backgro

(and detector reconstruction details) => Always check data-simulation

agreement, energy and beam background dependency!

clusterAbsZernikeMoment40

clusterDeltal Temp By T. Ferber

* clusterAbsZernikeMoment51 * minC2TDist
more details here
* clusterE1E9 * clusterE
. clusterE9E21 « clusterTheta variable definitions here
* clusterLAT * clusterPhi

* clusterSecondMoment

* clusterTiming (current default recommendation abs(clusterTiming)<200)

clusterPulseShapeDiscriminationMVA (only if clusterHasPulseShapeDiscrimination is non zero)

PIDNN
pure likefihood approsch

o1 w2 o3 o s

False Positive Rate (FPR)
identifying  as K

False Positive Rate (FPR)
identifying i as

In general PIDNN variables give clear advantage over the likelihood;
However, it is not guaranteed that this is true everywhere, there are some
corners of the phase space where the likelihood works somewhat better.
Please spend some time and check what works best for your analysis!

October 9th 2025
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Missing Energy Decays at Other Experiments

* Interplay and/or competition



Abhijit Mathad

LHCb : Tough Competitor

* Many particles produced from fragmentation makes analysis harder but
huge cross section of b quark and vertexing allows better results

— 10 times better limit on B>K*%tt than Belle Il
* Run3 with higher lumi and better trigger

bb Production Cross-section

~2.60x10°*

Log scale!

~1.00x10~°

LHCb cMs Belle Il

i [u W"

AVE A Hlll

bb production 5 orders of
magnitude higher at LHC!

20250916

Results [LHCb-PAPER-2025-048]
A . 0 = 1.0 | ——— T T \
# Normalisation channels: BY — = A LHCD
N 0.8 [\ E
J/WK* and BY — | fibep. T\ 5.4 !
> Limits obtained in all bins of 08NN F';,,.mm i
s o AN Sipected CL, 20
) m(K. K7) and m(K. o). . 04E kY 080 < mye g < 1060 MeV/e2
» Dominant systematics: Modelling 0.2 . -
of the bkg shapes. ”7[,“3--‘---.---.- : ---r----+l-----r ----- g ----- e
2 ] 8

B(B! — K*K-r+r)[107]

B(B°— K*°7777) < 2.8 x 107" (2.5 x 107*) at 95% (90%) CL,
B(BY = ¢rtr7) < 4.7 x 107" (4.1 x 107™*) at 95% (90%) CL.

Limit 10x better than Belle-II!
Limits 3x better on |C§'| than prev. LHCb limit.
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Dayong Wang

BESIII

* So many results on missing energy decays

— Not only charm (golden D°=2>7t%vv) but also dark sector

* Another 5+ years of operation should improve the limits

BGS]]I Search for D - n%v¥

Other fully invisible decays: n m'/ ®/¢/

L N = sub-GeV NP particles
Analyzing D°D® pairs from 2.9fb-1 psi(3773) data 15, — o SN T N{:’isc“‘ = PRD 205 Lo71102 (2022) A —— + o ::::’:zsos.:ozns
Double tag Y ST ig T lag sig! Tt : E I = GIKTK") + X accepte:
Data-driven modeling of D° — m°K, X shape % 5

+ KL energy control samples: J/w = @K ¥ K} J/y — K*a7K) BESIII Result 3 H

+ Xenergy control sample: D’ — EDKgi-X ' ) B(DD - n'ovﬁ) < 2.1x10™* @ 90%C. L. é -

+ The final bkg shape is constructed by sampling Eg;';m and Efyc wireweighting  The first constraint on charmed
+ The corrections are derived with control sample D" — :r”K*j.-X hadron to di-neutrinos
Do K-U:r““:me systematics are investigated with D" — K-zt a"
-
L

1.0 g g0

el T T T T T 0.15 T T T T T T = M, (GOVIET) © A ——
A 3 E § Tee oz o e as ~ vmeres
e b I L ::Smﬂ“:-:.:.':.m\...,\. E o/¢ invisible decays | PRD 98, 032001(2028) & it 8t 90% G.L Expectod 110
g o1  Shape of DX E . % w
H 3 ° 5
s ' 3 :
= 4 S / g
K+(892)0%" G 0% 3 5 ww 5
3 R - | . i 4 z
| et IS Loy o
0 02 04 06 08 1 12 14 18 -2 11 1 hd w g dire
05 1 Miﬂs [‘G'sz’cll 2 25 3 Epuc [GeEV] o 0 02 04 D.SE n.[BGEV] 1 12 14 16 A ) )
2025010/7 Bellell Physics Week DayongWang . T 00 L 04 08 ?“‘:[Gevy,cllo v
Operation for another 5+ years foreseen
= BEPCII-U upgrade going on well
= Plenty of opportunities ahead
20250916 16

» Synergy with theorists, BELLE-Il and other experiments



Events / (0.0020 GeV %/c?)

Hajime Nanjo

KOTO and NAG62 : Interplay

* First observation of dineutrino meson decays K*=>7*vv at NA62
— 3 times larger data expected by 2026
* KOTO will reach to Grossman-Nir bound with 2024-25 data
— Observation of KL = m™vv at KOTO Il in 2030’s
KOTO on-going analysis

[REleETe] See slides by Ono (Osaka U)
Latest status of the KL—1m%v search

NAGZ {10

Expected SM signal, N ~ 10 2021 + Latest published
L - : ‘ . - son,

2024-2025

R Z. BR<2.2x109 (90% C.L.)
Expected background, N,, = 11.07 & o . T
£ > 284 o 0
&
Observed,N,,, = 31 ;
250 .
1D projection with differential background predictions wof 7 ?’f l:l v
& SM signal expectation [not a fit]: b B |
| | [HoatalIks o o i
| W, . T A s s e i < o g o Minimal U2),
) General U(2),
SRl ~x2 more data have been already accumulated in 2024-25 @ vonen ik
Kes rUps(ream Note that some selection criteria, which are not ready for the 2024-25 data analysis,
¥ are not applied for comparison in both plots.
| = Total background

R2 : <| Z

. ' BNL 5|2

S

, | <L

*— NA62: 2016-18 Ty

oM [+

=

Q

P——'———"NA62:é02$22

004 002 0 002 004 006 008 01 —e—i NAG62: 2016-22 1 L
m2,. [GeV 7c¥] R SN
19 NAG62 Projection A
H—@—H [Centered on 2016-22 result] ‘ ,
SM [JHEP 09 (2022) 148] 0 = : e - ;
20250916 ..i. M | SM[EPJC 82 (2022) 7, 615] BK* — n*v7)
5 10 15 20 25 30 35 40 B(K* = mtui)sy

B(K*»n vv)x10"



FCC-ee or CEPC

* In 2040’s, new collider should be in operation.

— Electron-positron Higgs factory is the one of the promising future colliders in terms of

physics

Thibaud Humair

— operation at Z-pole with high luminosity, copious number of b hadrons are produced.

* Uncertainty of B(B2>Kvv) will be 0.5%.

— This is great, but to me, far future.

b — suv

Existing FCC-ee sensitivity study for B - K*r v arxiv:2309.11353
¢ using IDEA detector simulation
« perfect vertex seeding and PID, but expected to have small impact £

Discriminate from backgrounds using mainly:
« detached Ktz vertex
e missing energy in signal hemisphere

Expected precisions on BF substantially better than Belle Il

Belle I1 50ab™!  ~ 10%
FCC-ee: ~ 0.5%

(Note: note sure of how Belle Il extrapolation is done here)

» Would allow more refined analysis to extract additional observables

(f;, dI'/dg>..)

Relative uncert. on B(B? - K*0vi)(%)

2025091

DESY.

10t

10°

| v
2030s

b_holnow

’
S/ Poruest axis

B(B® - K*Ovp)

Belle Il

Belle Il K *vi
LFC

LEP3
FCC-ee

2040s
Time Period

\  Plane normal to thrust axis
~._\ defines the hemispheres
~4

v
20505 18
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Personal View Mirco Dorigo

* Speakers have demonstrated that
Belle Il has a good capability to
measure/search for missing energy
decay modes 1 %: e

— Evidence for B=>Kvv, B>1v IR
— Anomalies R(D*) 3.8c, B(B2>Kvv) 2.76

0 2 4 6 8 10
105 x Br(B*—K " vw)

* To address the anomalies observed Elisa Manoni
in the missing energy decayS R(D*) Improve sensitivity with Bellell data

® b—syu: unique to Belle Il, carroborate evidence improving precision with

and B(B—=2>Kvv), analysis techniques s comes

® additional tagging techniques (STA to improve precision, HTA to study g2 spectrum with
better resolution)

S h O u I d b e fu rt h e r i m p rove d . ® use of Run2 dataset (and what will come next)

® b—srT:
® most stringent limit from Bo—=K*0rr LHCh measurement (Abhijit's talk)

® many handles to improve Belle Il B+—K+*rr measurement: additional r channels, semileptonic
and inclusive tag, further optimisation of analysis strategy when adding less pure modes

202509 16 & h—d effort also started




Personal View

* We can improve

— Tagging tool/Background suppression
* BDT based FEI = GraFEl = TrasnFEI? & ??7?7?

— MC decay tables

* Background modes involving K. or protons,
which act as proxies for K, or neutrons

* Measurement of b—>c semileptonic gap
modes
— KL veto
* No KL veto was used at Belle Il
* Development on-going and calibration is
needed.
— Detectors
* Better tracking for slow pions
* Better PID

20250916

Adrian Bevan

* “Vanilla” Al:
¢ Up to the 2010’s, built

* Bayesian networks: us
Smart Learning to cou

* Deep learning:
* Extending MLPs to wic
numbers of training ep

¢ Convolutional Neural P

¢ Expansions into intric:
on that

¢ NLP algorithms are his

* Generative Al:
* Transformer networks

Markus Prim

Understood experimentally and theoretically |

B — Dév B Dtvp B - D" v, “Gap”
(2.11 + 0.05)% (4.90 + 0.11)% (1.99 + 0.28)% ~0.86%

B - DWrmwtv,

Understood experimentally and theoretically (027 4 0.12)%

Inclusive # Sum of exclusive
+ Unknown decay modes?
* Ad-hoc filled with
B = (D™)y)¢7, decays to
reproduce the py spectrum

Problems with B — D" /v,

+ Form factors assume narrow
widths of the resonances

« Yy e 3/;puzzle

* Tension across experiments

Bianca Scavino

Tracking performance in MC

®  Finding efficiency vs p, and cos@ (not including detector acceptance)
Above 90% for most of the phase space covered by the detector (average: 92%)
Drop for low pt (<100 MeV/c) — small number of hits, larger multiple scattering, ..

10 10
- r 1
“' osf | |
i
[ g |
os | Fiducial detector reg *
| £ |
aall
2% 100 MeV/c !
| ~ 100K event | 100K events |
2 Run1 simulati
MCri mixed



No Summary for the Summary
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/ Posters

e B2>K*t1, B2>71t1,and B> Kvv * Radiative return for muon g-2

* Inclusive A_decays with FEI  « Bremsstrahlung Recovery tool
. B->X(3872)K with FE|

20250916



	スライド 1: Physics Week Summary  Experiment
	スライド 2: Physics Week 
	スライド 3
	スライド 4: Missing Energy Decays
	スライド 5: Analysis Overview of Missing Energy EWP decays
	スライド 6: Summary of Missing Energy EWP Decays
	スライド 7: Lecture on Non-EWP Missing Decays
	スライド 8: Tagging and Other Tools 
	スライド 9: Improvement of MC Modeling and Hadronic FEI reconstruction
	スライド 10: Inclusive Tagging for BKnn analysis
	スライド 11: Reinterpretation framework and application to BKnn
	スライド 12: Charm Tagging Tool
	スライド 13: Tracking/Photons/Eextra/PID
	スライド 14: Missing Energy Decays at Other Experiments
	スライド 15: LHCb : Tough Competitor
	スライド 16: BESIII
	スライド 17: KOTO and NA62 : Interplay
	スライド 18: FCC-ee or CEPC
	スライド 19: Personal View
	スライド 20: Personal View
	スライド 21: No Summary for the Summary
	スライド 22: backup
	スライド 23: 7 Posters

