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SuperKEKB & Belle Il intfroduction

o CP violation ; CKM measurements, LFV,
BSM FCNC

o Luminosity vs. energy frontier
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SuperKEKB & Belle Il intfroduction

o CP violation ; CKM measurements, LFV,
BSM FCNC

o Luminosity vs. energy frontier

o SuperKEKB
o asymmetric e (7 GeV) — e (4 GeV)
o Loy =8x10%cm 2
e /s~ 10.5GeV
e b, c, rfactory
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SuperKEKB & Belle Il intfroduction

o CP violation ; CKM measurements, LFV,
BSM FCNC

o Luminosity vs. energy frontier

o SuperKEKB
o asymmetric e (7 GeV) — e (4 GeV)
o Loy =8x10%cm 2
e /s~ 10.5GeV
e b, c, rfactory

e Bellell

e Hermetic, azimuthally asymmetric
detector
-» Missing mass analyses possible
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Why a B™ — K v reinterpretation?

Y
0
Z y -
u,c,t
u,c,t
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¢ Due fo the suppression of FCNCs in the SM, tree level BSM effects could substantially
affect the rate. A BY — KTviz measurement can help to constrain BSM physics.
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Why a B™ — K v reinterpretation?

u,c,t

¢ Due fo the suppression of FCNCs in the SM, tree level BSM effects could substantially
affect the rate. A BY — KTviz measurement can help to constrain BSM physics.
o Shortcomings of model-dependence

o Limited interpretability in terms of any BSM or future SM physics with different
kinematic predictions.
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Why a B™ — K v reinterpretation?

u,c,t

¢ Due fo the suppression of FCNCs in the SM, tree level BSM effects could substantially
affect the rate. A BY — KTviz measurement can help to constrain BSM physics.
o Shortcomings of model-dependence
o Limited interpretability in terms of any BSM or future SM physics with different
kinematic predictions.
¢ Benefits of reinterpretation
o Sensitivity fo any current or future (B)SM prediction.
e Exclusion limits in BSM parameter space inferable.
o Combinations with other measurements possible.
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Analysis

Where is the model dependence?
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The Belle Il BT — K v analysis

1. Two consecutive BDTs separate signal from background.

2. The signal MC is weighted according to the SM prediction of
the kinematic distribution
— model dependence

3. Max. likelihood fit in bins of p;(K*) x BDT,.

L. Gartner (LMU) RIF 2023

[hepdata.130199]
[Phys.Rev.Lett.127.181802]
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The Belle Il BT — K v analysis

1. Two consecutive BDTs separate signal from background.

2. The signal MC is weighted according to the SM prediction of
the kinematic distribution
— model dependence

3. Max. likelihood fit in bins of p;(K*) x BDT,.

[hepdata.130199]
[Phys.Rev.Lett.127.181802]
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Reweighting approach

How do we obtain new signal templates?
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Reweighting information

The differential branching ratio is a
function of the squared dineutrino
invariant mass, g° = (p, + Py )°.
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Reweighting information

0.7
- - - — Ry SR
The differential brOnChlng ratiois a 0.93 <BDT;, <0.95 10.95 < BDT, < 0.97 :0.97 < BDT; < 0.99 :0.99 < BDT,
function of the squared dineutrino Belle I siraulation 0.6
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AT o g 0.3 ©
distribution per analysis bin. . g
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¢ 3d binning: ‘ 0.2 5
K™ x BDT, .
pT( ) X 2 X Qgen. 0.1
analysis binning kinematic d.o.f. :
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pr(K*)[GeV] (reconstructed)
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Reweighting approach

1. Get distributions of kinematic d.o.f (q2)

2. Apply weights in bins of kinematic d.o.f.

Mo = 3 N = ZNE,“ﬁf/dQ

Neim= Pr x BDTy X Ghen
N—————— ———

analysis binning  kinematic d.o.f

gresv
dq2

[

grPHsP
da?

g




Reweighting approach

1. Get distributions of kinematic d.o.f (qz)

2
Nklm = Prx BDTQ X qgen.
analysis binning  kinematic d.o.f

2. Apply weights in bins of kinematic d.o.f.

dq?

Benefits

+ Good accuracy with sufficient number of bins
+ Very versatile
+ Easily publishable

PHSP, PHSP L, dr®
Ny = E Nklm m = E Nklm/dq —
m

[

drPHSP

aq?

|
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Theory

How can we parametrize our model dependence?
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Weak Effective Theory for B — Kvi

Contribution operators

The effective Lagrangian is

=% - Oyx + > . Osx +. O + hec.

X=L,R X=L,R

The d = 6 contributing operators in and beyond the SM are given by
Oy, = (m,.m) (57" by) Oyr = (m7,11) (527" br)
Og, = (VT:VL) (Sebyr) Osp = (VTCVL) (5.br)
Op, = (’TLCUWVL) (%a“"bL)
[arXiv:2111.04327 [hep-phl]
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Weak Effective Theory for B — Kvi

Decay width

Decay width dependence on the Wilson coefficients is given by

O = ot | e (G
aq? (4r)’m} | 2457 1T
2
T e
8(m, —m,)* 1%
K f
3(mg +my)’ i) ]

valid for J° = 0~ kaon states.
[arXiv:2111.04327 [hep-phl]
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(B)SM theory predictions

We can capture BSM physics that lives exclusively above the scale of
electroweak symmetry breaking within 3 linear combinations of Wilson

coefficients*

L. Gartner (LMU) RIF 2023

eos.github.io

*Cy = Ciy + CCILP

30.08.2023

12/18


https://eos.github.io/

(B)SM theory predictions

We can capture BSM physics that lives exclusively above the scale of
electroweak symmetry breaking within 3 linear combinations of Wilson

coefficients*
- - . eos.github.io
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Uncertainties originate from form factors and are q2 dependent.
*Cy =Ci +Cif
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Reinterpretation

How do we bring it all together?
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Implementation

I IXrentiable

Yikelihoods

pyhf.readthedocs.io

eos.github.io

o Built a "custom modifier" that generates

o Calculate theoretical predictions new signal femplate from theory
o Theory parameters: Wilson coefficients & parameters.
hadronic parameters « Theory parameters become fitting
parameters.
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Cross check: Reproducing upper limit

CR1 SR 10
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> 04} 1
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T

B(B" — K*vi) < 4.1 x 107°@90%CL
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Wilson coefficient exclusion limits

¢ We computed CLg values for Wilson
coefficients on a 1d grid, profiling over the
other two Wilson coefficients (diagonals).

e The horizontal line corresponds 1o
CL, =0.05.

e Exclusion limits @95%CL

ICy, + Cuel < 20.6
ICq + Cop| < 29.3
ICn| < 19.4

Y NP
Cu=Cy +Cy

L. Gartner (LMU) RIF 2023
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Wilson coefficient exclusion limits

o We computed CLg values for Wilson T T 00
coefficients on a 1d grid, profiling over the o7 Bellell
other two Wilson coefficients (diagonals). Josod [£de=63+ 9!
e The horizontal line corresponds to 10.25
CL, = 0.085. i X
O 41.00
o We computed CLg values for Wilson & Z 8 {os
coefficients on a 2d grid, profiing over the R Tose S
third Wilson coefficient (off-diagonals). 3 of 1 0'25 e
contours correspond to CL, = 0.32 (inner) © ’:Q 8 AL ’
and CL; = 0.05 (outer) limits. o F A 1.00
« The region outside CL; = 0.05 is excluded LoV 1T 1 1075
at 95% confidence level. & ° 1F 1 {050 3
o Grid range is taken loosely from limits in ~ 1t 1 1025
arXiv:2111.04327 [hep-ph] (backup) > Jt R RIS
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Analysis update: BY — K v @ 362 fo!

D SM A‘\;(“rago
oo N
. — I Belle II (362 fbl, Combined)
Inclusive B = (2.8t%,55 t%%) x 107° _ b Belle 1362 b Combined)
i I S Belle II (362 fb!, Hadronic)
. 0.9 +0.8 _5 : H 11+1.1 This analysis, preliminary
Hadronic B = (1 1* ) x 10 { ! Belle T1 (:
-1-0.8 -0.5 : | —0— elle :
: I 28407 This s o
M 1
i 0.5 +0.5 -5 : p———0— Belle I!‘(‘(,,
Combined B = (2.4t05t04) x 10 LT
’ ’ ——— Belle (711 fb!, Semileptonic)
. 1 1.0+0.6 PRDY6. 091101
. g . H 1 ~ .
Significance of the combined result: ; e DBelle (711 fi’, Hadronic)
. : 0 Abar -1 ine
e 3.60 wrt, null hypothesis P Babar (418 fly’, Combined)
H i Shar -1 Somile ie
280 wil. SM —or | Baber 415 1, Semieptnic
: _'P_ Babar (429 fb!, Hadronic)
H 1.54 1.3 PRDS7, 112005
First evidence of Bt — KTvi . o . . :
0 2 4 6 8 10

10° x Br(BT—K * vw)
Model-independent likelihood method will be applied and published once paper is
accepted.
Presented at EPS 2023
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Summary

« Challenge: Neutrino-induced experimental complexities in BT — K*v lead to
model-dependent results due to kinematic assumptions and hadronic matrix
element description.

¢ Solution: A model-independent likelihood function enables maximum likelihood fits for
any given (B)SM signal prediction, using the supplied information about the q2
distribution.

¢ Tool integration:

e Extend pyhf and interface it with E0S for run-time template updating.
o Method fully applicable to other decay channels and results.
¢ Benefits:
« Exploration of exclusions in BSM parameter space.
o Individual model studies with provided decay rate predictions.

e Significance: Publishing such likelihoods is crucial for a full exploitation of experimental

results.

- . p.y lorenz.gaertner@physik.uni-muenchen.de
Qdifferentiable
Be”e H Yikelihoods
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Binning choice

We compared the relative accuracy of the binned weighting (new) with the
event-by-event weighting (published).

0.004 CR&DT‘ SR T oo Lo Comm Lo Tow T T
° 12 bins
e 24 bins
: 0.003 | 1 ° 48 bins
é ~ ° ° ° e 240 bins
=S °
35
ig 0.002 - 1
I [s
I
N
— 0.001 | ]
P o ¢ o oo * °
00007.\2\- 0 2 ai g1 8 ai 12
U705 20 24 35(05 20 24 3505 20 24 35[05 20 24 35
pr(K™T) [GeV]
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Effective field theory

¢ High energy collisions
Enough energy to radiate off an on-shell
(massive) W boson.

¢ Lower energy quark decays
The W boson is always off-shell.

o Weak effective theory
The W is integrated out, and its effects are
encoded in new couplings

Ly = Lyyer = Z GO

e O; are completely model independent.

=» Model independent parametrization,
constrained only by Wilson coefficients C;.

L. Gartner (LMU) RIF 2023
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Expected yields

(CYF, Cs1, Cr1) = (0,0, 0) (CYF, Cs1, Cr1) = (35,0,0)
SR

500 Belle IT B K BY—K*vp
frdt=63+9n-1 =1 Neutral B =6 Neutral B
= Charged B Charged B

400

Continuum

Continuum

300
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200

100
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(CAP, Cs1, C11) = (0, 35,0) (CP, Cs1, C11) =(0,0,35)

SR T T T T T T
500 Bt -k - kv
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400
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300

Events
Events

200

100

0
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pr(K*)[GeV] pr(K*)[GeV]
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(TeV™?)

SLL
vd,ydsb

C

L. Gartner (LMU)
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Caution: Wilson coefficients have a slightly different interpretation.

RIF 2023 30.08.2023



Parameter space selection

used in EOS are

C

4G a f‘Vm< X >__46Fa 1
paper — \/5271_ s -

) = = ViV, Cros ~ —————5 Cros.
sin’ Oy V2 2m FTPTER T 6157012 TE

We get a rough estimate of the parameter space from arXiv:2111.04327 [hep-phl:

Operator  Value (paper) [TeV %]  Value (EOS)  NPscale [TeV] Observable

Oy moso 0.028 17.2 6 B—Kww
ol b 0.021 12.9 7 B — Kvv
O g sso 0.014 8.61 9 B— K v
0% o 0.012 7.38 10 B— KWy
Og 5o 0.009 5.54 10 B— K™y
Oraissh 0.002 1.23 25 B— K v

Hence, choosing an upper bound of Cryg < 35 completely covers branching ratio values of
uptoBr< 1.1 x 107
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Belle IT

As an alternative approach, we found B
JL£dt=63+9fb!

exclusion limits in the space of Wilson
coefficients by sampling random points in
theory space. e

o We performed a ML fit for each sample, & "?: g
. . . N
with fixed signal strength. C Lk
o The likelihood is used as a weight for each & ol
sample. /Ap L
¢ The dashed lines include the 95% central L T '
region for each distribution. a S
e The contours correspond to 68% (inner) © :
and 95% (outer) intervals. ~
/(b L

O KO0 D o O D0 LN D B O B D
PSSRSO U E TR A P N R

CYP + Cyr Csp + Csr Cr
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Contour overlay

Belle IT

— -1
We compare the two different methods by [Ldar=63+9M

overlaying their contours.
e The 2d contours overlay very well.

e The 1d contours have a slightly different
peak structure.

¢ The frequentist approach has slightly
more conservative limits (1d distributions).

Since the exclusion criterium is different for the
two cases, we should only compare the
exclusion contours.

CsL+ Csr

N

Y s o0 Y5 %

N

CrL
N N
D Y 0 %

L. Gartner (LMU) RIF 2023 30.08.2023 18/18



Hadronic parameters

Form factors are parameterized using the BCL The correlation matrix between the hadronic

parametrization parameters.
fy (q ) Z alz . of d o & o aq o
g af 100 067 033 094 083 043 034
Mgso a; 067 100 086 073 070 022 039
N_] o/ 033 08 100 039 041 004 026
f (q2) __ £ ~> o (zn _ ;\7/( 1" NZN) o) 094 073 039 100 09 040 037
-9 7% oy 083 070 041 09 100 034 033
Me; a) 043 022 004 040 034 100 089
, o = nN aj 034 039 02 037 033 08 100
fr (q ) R > an (Z - *( 1) ) ay 021 042 044 023 023 071 0091

- MQ* n=0
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Reconstruction technigques

Efficiency
e~01-1% €e~1-3% e~1-100%
Exclusive hadronic Exclusive semileptonic Inclusive
K~ K~ K~
— (Y(45) — T) T(45) (T — (T(49) —
€ € > 2 e e
Br;t! 0 Bl’;li DO B(t[
m, T WL’; T
K* K7

Purity, Resolution

Different reconstruction techniques lead to nearly orthogonal data samples

L. Gartner (LMU) RIF 2023
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Analysis update: B" — K v @ 362 fo~!

Belle II preliminary
J L£dt=(362+42) fb’!

HTA
ITA

[ SM
—— Combination
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pyhf

For observed event counts n the likelihood function is composed of

Lin,a|n,x) = H H Pois (Nep | vep(M, X)) H Cx (Ox | X)
ce channels be bins XEX
Simultaneous measurement constraint terms
of multiple channels for "auxiliary measurements"

with free and constrained parameters 7, x, respectively,

parameters of interest

free
PNy A~
L(x =L(x = f(x 0
xlo)=Lx["n" x )=f(x] P : )
constrained nuisance parameters

The auxiliary measurements a are a frequentist approach to count modification.
The expected number of events for each channel and in each bin is

veo@) = Y. vemx)= Y. ] ssesmx) Wen(mx)+ D Awn(n.x)).

se samples se samples keEk AEA

multiplicative modifiers additive modifiers
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Modifiers and constraints

Description
Uncorrelated Shape
Correlated Shape
Normalisation Unc.
MC Stat. Uncertainty
Luminosity
Normalisation

Data-driven Shape

L. Gartner (LMU)

Modification

Kser(Va) =T

Asen(@) = fp(a] Ascsa=—1, Dscha=1)
fsen(0r) = g (0] Kscb.a=—1, Ksch.a—1)
Ksen(V6) = Yo

Kl A) = A

Kol fin) = o

Ksen(Tn) = Vo

Constraint Term ¢,

I1, Pois (rs = o3 %| s = o3 * 1)
Gaus (@ = 0(a,c =1)

Gaus (a =0/a,0 =1)

11, Gaus (ay, = 1|75,8s)

Gaus (I = Ag| A, 1)

Input

Th
Ascha=t1
Kseb,a=+1

& =328

)\010/\
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