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Intensity frontier
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Precision measurements Searches for new feebly interacting particles
of SM quantities (for example mediators of the dark sector)
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https://docs.belle2.org/record/2604/files/BELLE2-NOTE-PL-2021-008.pdf
https://docs.belle2.org/record/2895/files/Lepton_identification_Moriond_2022__v2.pdf

b-tagging

Hadronic B-tagging

kinematical constraints in
reconstruction for the signal side
with neutrinos in the final state

Not available at B~ X
hadron colliders

Hadronic (and semi-leptonic) B ag

B-tagging: Full Event

Interpretation (FEI) d

Comp. and Soft. For Big Sci. 3, 6 (2019)

arXiv:2008.06096

e(had-tag FEI) ~ 0(0.1% — 0.5%) Efficiency

Purity

Inclusive (no B-tagging)
Only reconstruct the signal B final state,
no request on the other B

0
B }/DY) )
Sig

— [1(4S) ——
e . e
Rest of

NA the event

Less precise reconstruction of final states
with neutrinos, but higher efficiency
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https://arxiv.org/abs/2008.06096

Analyses related to Lepton Universality
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Tensions in lepton flavor universality

Gauge lagrangian ==> universality of the

lepton Couplings tO the W bOSOnS g 0.4 _l 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I | | | | I | | | | I | ; | | I | | | | I | |_
> [JEEEXA Prelim. 2023 A =10 contours -
0.35 __ Bellels BaBarl2 __
Some hints of lepton flavor universality (LFU) violation: - o e -
Flavor changing charged currents in b — clv decays 0.3 |- . = -
T~ 0 LHCb23 LHCb22 -
B(B % D(*) ) : o ‘ \\\\\\\\ :
R( D(*)) — t W= v; 025 b Belleld
B(B - DM) b : :
J CZ B Bellel?7 PRD 94 (2016) 094008 World Averace _
< < PRD 95 (2017) 115008 g
[ = ¢ _ 0.2 =  $HFLAV SM Prediction  JHEP 1712 (2017) 060 R(D) =0.356 +0.029,,,,, —
1 T - R(D)=0298 20004 TLETS 010356 R(D™) =0.284 2 0.013,,, -
SR Fxample of _ T b= 255 :
If there ]_S a V]_Olatlon, Some neW new thSlCS VT RN SN T [N NN W TR M N TN N MO T N SR R ] PRI T N N TN N WY MO N NN TN M NN NN TN AN B N A
phySiCS should be there Leptoquarks (LQ) / 0.2 0.25 0.3 0.35 04 0.45 0.5 0-%5(1))
b Ly C
_ LQ _
d < < d
Fresh update from LHCb
Combined R(D) and R(D*) measurements average is https:/ /indico.cern.ch /event /1231797 /

~3.1 0 away from the SM
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https://indico.cern.ch/event/1231797/

arXiv:2301.08266

R(Xen) measurement

DY) = X R(D™) - R(X) X: generic hadronic final state Xy tv 2.1%
Non-resonant \ D
B(B — Xtv) = 10 /" 223%
R(X) =
B(B — le) B — Xtv
B "
[ = e, U s composition
24.9% - D*
inclusive measurements possible only at ¢ "¢~ colliders 45.7%
Bellell performed the R(X,,) measurement .
B(B — Xev) Fully hadronic reconstruction Bsigkx
R(X ) - @ 0 of B-tag with FEI — P(@4S) —
W B(B — Xuv) : :
PV L =189 tb-! for on-resonant sample Btg?{}o\
Additional sample (L = 18 fb-1) of “off-resonance” . 3

Useful also as a preparation

data to estimate the ete™ — gg,g = u.d, s, c K™
for the R(X) measurement 194

background (continuum)
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http://www.apple.com
https://arxiv.org/abs/2301.08266

R(Xen) measurement: Results

Control sample with same flavor/charge for tag and signal

B to obtain corrections to normalization

Simultaneous fit to lepton momentum in the B

centre of mass frame for e and u channels

Belle 11 [Ldt =189fb"
T Xev X v
12500 F e: Background u: Background
- Bl c: Continuum p: Continuum [
A= 10000 E MC tot. unc. MC tot. unc.
'i oK Data L b Data ¢
B @
= 7500 |"‘l
P,
= o
L 5000 _‘
] .
2500
=
'_8 n U ——
E < 2.0 . ° - -
CEG :5 OO B '_. 2 . o '—.—. e ° o " ’_._
8 §_2.O -® ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
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py [GeV/c]
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pf GeV/c]

arXiv:2301.08266

Background composition :

® BB with hadron mis-id as leptons or
real leptons from hadrons
® Continuum: ee™ = gg,qg = u,d, s, c

Main systematic sources:
Lepton-id efficiencies and
mis-id probabilities: 1.9%

Result:

R(X,,,) = 1.033-

- 0.010 (stat) -

- 0.019 (syst)

> SM . High Energy Phys. 007 (2022),

Compatible
with:

> Belle exclusive R(D* ):

Phys.Rev. D 100, 052007 (2019) and arXiv:2301.07529
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https://link.springer.com/article/10.1007/JHEP11(2022)007
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.052007
https://arxiv.org/abs/2301.07529
http://www.apple.com
https://arxiv.org/abs/2301.08266

- - Ngy,,
Angular asymmetries Preliminary Ew

To be submitted to PRL

First dedicated light-LU test using a complete set of angular observables
[1-dim: arXiv:2301.07529, Eur. Phys. J. C 81, 984 (2021) |

B - D™ Ity

Recoil parameter w
A= (L) _/1 /O_d °r -, - Mptmp. —de
w) =\ w— — X
v dw 'Jo 1| dwdzx 2MBMD:

Integrals of differential rates sensitive to LU violations (LUV):

( Highly sensitive to LUV 3 ranges in the recoil parameter w:
o ( Wiy [1,1.275], wy,,:[1.275,1.6] and w;,,.. :[1,1.6]
- —— D" y *
S, :dX — d(sin x cos 0, ) f<—=e---> vV = D
S, + dX — d(sin 2x) I Wiow I Whigh .
1.0 Wincl. 4 575 16
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https://arxiv.org/abs/2301.07529
https://link.springer.com/article/10.1140/epjc/s10052-021-09724-2

| | - Ngy,,
Angular asymmetries: analysis strategy e minary PRLEW

| dr~-1p !t (O d°T o B 0 )
Example with Agp = <E) [do up ]dCOSez w deosd) M iss = (Dete- PB,, — Pp* p)-~ M;
App : Propensity for the lepton to Belle IT (2023) JLdt =189 fb~
travel in the same direction of the W 00U o
\ xp Data
I Signal
FEI fully hadronic B-tag reconstruction. 300 |- W Background
After the selection of the signal side we determine the AR
+ _ . : o = _ - Wincl.
number of events N, and N with a fitto M~ . S ool
®) !
N (w) — N (w ~ :
Ay = N ) =N :o o )
AA,(w) = AL (w) — AS (w) 200 costh < 0: cost > 0

T Main background:
Clean probes of LUV B — D¥%[y

Experimental uncertainties and 1.0 -0250250.75 1.25 -1.0 -0.250.250.75 1.25 2.0
hadronic uncertainties (FF) cancel out e [( eV /62)2]

Mass
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: . Ngy,,
Angular asymmetries: results Preliminary Ew
To be submitted to PRL

Belle IT (2023) [Ldt =189 fb~"

Aprs Whigh Previous measurements only
7 wy for 1 (out of 5) variable (Arp)
oW
>3 — ®  Wincl.
S- S M
——r 77/, Belle (2023) arXiv:2301.07529
S~ W\\N\' Belle IT (2023) arXiv:2301.04716
Bobeth, et al. Eur. Phys. J. C 81, 984 (2021)
S9 obtained in a slightly reduced w range, (1, 1.5)

—0.2 —-0.1 0.0 0.1 0.2
AA = AP — A°

M Agreement with SM, no evidence for LUV

™ First comprehensive tests of LU in the angular

Result limited by
distributions ot semi-leptonic B decays

experimental statistics
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https://arxiv.org/abs/2301.07529
https://arxiv.org/abs/2301.04716
https://link.springer.com/article/10.1140/epjc/s10052-021-09724-2

First long lived particle search at Bellell
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Search for a Long Lived Particle

Dark sector mediators can be long-lived particles (LLP)
due to their small coupling with SM particles

Search for Dark long-lived particle S in b — s transitions

8 exclusive channels:
BT - K*S
B’ - K9S, with K - KTz~

S—eTe ,utu ,ntn, KK~

Bump hunting in S mass distribution M using unbinned
maximum likelihood fits

Dedicated study of displaced vertex performance,
corrections determined with K¢ control sample

Roberta Volpe: Recent Bellell results on BSM physics
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L =189 fb-1 Preliminary

SM charged

X" particles
x+\/

S: LLP

Inclusive Rest of

(No B-tag) \ the event

\4
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LLP: model independent results

CT1LP — 1 Cm

95% CL on B(B—=KS) X B(S-x1tx ™)

Strongest bounds for S — eTe”

Bt - K*S

BOI _?..K,O*S

BB

- Belle Il Preliminary

(tS)x B(S—=ete™)

S—}:

| | [
i |

it

(BO>K08) x B(S—»ete™)

ee

|| Bellell Preliminary

- BB+ —K*+S) X B(S—u* )

L Belle Il Preliminary

1 | B(BO-K™S) x B(S-u*pu-)

S AU H"

I'| Belle Il Preliminary

A W\,

(pseudo-)scalar mass ms (GeV/c?)
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95% CL on B(B—=KS) X B(S-x1tx ™)

NEWI

L =189 fb-1 Preliminary

No deviation from SM observed

BY —» KV°S

- Belle Il Preliminary

1 | B(BY-K™S) x

Il Bellell Preliminary

L BB+ =K' S) x B(SK K ™)

- Belle Il Preliminary

S -

1 | B(B°-K™S) x B(S»K*K™)

KK~

Il Bellell Preliminary

10 10° 10 10°
(pseudo-)scalar mass ms (GeV/c?)
DI1S2023

First bounds for hadronic final states



LLP: interpretation in the Higgs-mixing model New,

Preliminary
Contne = Lant + Lg — (M S SQ) ot Combination of the 8 channels:
scalar > .\{\ —r— ;
C  EESEEEE LSk
z; 1 : | L3
1th: p— . = —10_1:— . eal o=t
With: = sind W 510 | gy
b \_{)/ > © : |
A« — O , { g \/\\«-’\,— | :
| X 10 R | r
S \\ f E | \\ :
A\ : Belle II
f

BC4 of PBC []. Phys. G: Nucl. Part. Phys. 47 010501]

For example Winkler [Phys. Rev. D 101, 095006 (2020)] L CHARM s
_ « > [Ldt =189 fb~?
[ E949 PS191 Belle Il  Preliminary
cts = f(6.mg) LT e e
1 2
CTg X — nm scalar mass mg (GeV/c“)
sinZ0

Strongest bound for m¢ ~ 0.3 GeV
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https://iopscience.iop.org/article/10.1088/1361-6471/ab4cd2
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.095006

summary

Presented recent results from Bellell

4 Tests of light-lepton universality:

% Measurement of R(X,,,) = 1.033 =

4 First dedicated light-LU test using a set of angular observables W

with the B - D™ [*v decay

49 Search for a long-lived scalarinb — s

- 0.010 (stat) -

transitions

- 0.019 (syst)

eV

Analyses using the full dataset (362 fb-! ) are ongoing and

a new data taking run will start next

Roberta Volpe: Recent Bellell results on BSM physics
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Back up
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Long-shutdown activity and plans

Belle |l stopped taking data in Summer 2022 for a long shutdown

O replacement of beam-pipe

O replacement of photomultipliers of the central PID detector (TOP)

O installation of 2-layered pixel vertex detector

O improved data-quality monitoring and alarm system

O complete transition to new DAQ boards (PCle40)

O replacement of aging components

O additional shielding and increased resilience against beam backgrounds

Currently working on pixel detector installation:
- > shipping to KEK in mid March
- > final test at KEK scheduled in April

On track ho resume data taking next winter with new pixel detector

e e et SN
Roberta Volpe: Recent Bellell results on BSM physics
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Determination of | Ve |with B — D F[7D,  Preliminary Ew
To be submitted to PRD

0" 7
B /D:<: _
sig DO K
e e
Inclusive ﬁlees’;‘czim
(No B-tag) The analysis is performed in bins of |W,|COS (9[, COS Hw X
v For each bin fit to the variables cosf,y and AM = M(D*) — M(D",

Belle Il [cdt=189.3fb1

The neutrino direction is Belle Il [£dt=1893 0"

reconstructed inclusively

| B i B°-»>D"*te~ Ve
L B9 D" te "1, 3 Signal
[ m True D™ background

— Fake D™ background
$ Data

7, 0 w7, MC unc.
/7

..
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using 05y, angle between
the B and D*1 system

=
V1
o

10.0

103 entries / Bin

£
s
~~
n
0]
=
-+
c
o
m
o
—

i
o

L =189 tb-!

©
!_O

Y 0.142 0.144 0.146 0.148 0.150 0.152 0.154 0.156
AM [GeV/c?]




|
VCb . I'e SUltS Preliminary NE W

To be submitted to PRD

Measurement of the branching fractions:

B(B" — D""e 1) = (4.94 £ 0.03 £ 0.22)% B(B® — D*"0" ;) = (4.94 4 0.02 £ 0.22)%
B(B” = D" " p,) = (4.94 £ 0.03 £ 0.24)%

Boyd, Grinstein, Lebed (BGL) _3
[Phys. Rev. D56, 6895 (1997)] Valsarn = (40.9 £0.3 £ 1.0+ 0.6) x 10

Two form factor

parametrization: Caprini, Lellouch, Neubert (CLN)
[Nucl. Phys. B530, 153 (1998)] Vlonn = (40.4 -

0.3+1.0+0.6) x 10~°
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R(Xen) measurement

Selection:

FEI had B-tag

Signal B
Cuts on: prule) > 0.410.3 GeVle
2 % |2
Mbc — \/(\/g/ 2) T |p3‘ Particle identification

AE = Ef — \/s/2

Remaining ECL clusters,

tracks,.. —> X system
FEI probability

Boosted decision tree to suppress continuum bkg:

Continuum rejection: 55%
BB efficiency: 97%

Background composition:
® Continuum
® BB with hadron mis-id as leptons or real leptons from hadrons

Roberta Volpe: Recent Bellell results on BSM physics

o(e+e- — Hadrons) [nb]

arXiv:2301.08266

Off-resonance data to estimate the continuum bkg

25
- Y(1S) Y(4S)
L g
wEk [ on-resonance
R "Here be B"
B
2 [p b off-resonance
L Y(2S) "B free zone"
10 I- <
P R (€N
i + ' +~+’/] ++++4 ~ $teny y.,_-,.._.++,3 TS ! +, 4 _ e
X continuum background
[ J P I (G R I ..(g)..l ..... ! ..(g)..| ....... i Lo
944 9.46 10.00 10.02 1034 1037 ~ 10.54 10.58 10.62

e*e” Center-of-Mass Energy [GeV]
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http://www.apple.com
https://arxiv.org/abs/2301.08266

arXiv:2301.08266

R(Xen) measurement

Control sample with same
flavor/charge for tag and signal B

Fit to same-sign and opposite-sign samples

to obtain corrections to normalization of the background NS — 48030 + 290
_ meas L
Belle II [Ldt=189fh! N = 58570 + 430
2000 B Xev 'Y X pv |
l e: Background 1: Background R(X.,,) = N én o . N ;SLe . N gen
o000 | HEE e: Continuum 1: Continuum [ e/n) — pymeas el yeen
= j MC tot. unc. % | MC tot. unc. K © K
f - ¢ Data ES Data ¢
= 1500 &
oF f|
é Source Uncertainty [%)]
S 1000 Sample size 1.0
£ ) Lepton identification 1.9
500 F X_. ¢ v branching fractions 0.1
X, ¢ v form factors 0.2
= : Total 2.2
S w U
S 2.0
=< 00
8 §_2.O i | | | | | | | | | | | | | | | | | |
< 14 1.6 18 20 22 14 1.6 18 20 22

pe [GeV/d Py [GeV/c]
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http://www.apple.com
https://arxiv.org/abs/2301.08266

Angular asymmetries

had-Btag FEI requirements

. . _ Results
Signal side: B — D" ~(e™, u)v
BO N D*— + ,,+
. (e”, 'M_ 0)1/ Obs. w bin Measurement SMx10°
D~ - -Do 7 ) ) AApp Wiw  0.099 4 0.064 —104 4 2
D> K'n . Ktnatn ,K'nn°,K'nnnn Whigh —0.168 & 0.072 —1133 £ 9
Kgﬂ'_l_ﬂ'_, KSOn'_l_]z'_]z'O, Kb(’)ﬂo’ K+K_ Wincl. —0.024 = 0.046 —566 =7
ASg W ow —0.026 £0.071 28 £0.2
And charged coniugate Whign —0.10140.072 2341
Winecl. —0.062 = 0.049 181
o ASE) W1ow —0.019 £0.072 27 x=0.3
Missing energy > 0.3 GeV Wyien —0.055+0.07 107 +4
Winecl. —0.035 = 0.049 49 4 2
AS7 W1ow 0.011 £ 0.07 0=x0
Whigh —0.061 = 0.068 0x0
Wincl. —0.0206 = 0.047 010
. . . ASg W1ow 0.009 £ 0.07 010
Unfolding of experimental resolution wns 0.022 4 0.071 0L 0
Winecl. 0.02 &= 0.049 010
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Long Lived scalar

Selection mainly on:
® LLP dr, 2d pointing angle

® Prompt track PID and displaced track PID

peaking backgrounds in LLP mass

distributions, examples:
DY, J 1y, y(28) — pu

Reduced by tightening displacement
(dr) selection for respective mass ranges

Several sidebands used to study background contributions

Fitting method:

reduced 9
MLLP — \/ Miip — 4mﬁnal state

(0]
o

(o)}
o

#candidates / (0.2 GeV/c?)

e Unbinned maximum likelihood fits in steps of 0/2 in windows around test mass of £ 20 o

e Limits on the signal BF determined using the modified frequentists CLs method

e combined fit between channels for model dependent limits
[ ook-elsewhere effect is taken into account using the Gross-Vittels method

e Systematic uncertainties implemented by nuisance parameters with gaussian priors

Roberta Volpe: Recent Bellell results on BSM physics

- Belle Il Preliminary Bt*-sK*S(-»n*tmn™) ]
ILdt 189 fb~! B ete ol [77 MC stat. |

~
(@)

IS
o
—

N
o
I e B

1 ete”-ud/dd/ss 4 data

I e e -Y(4S)-BB

Meduced (GeV/c?)
total 19 lifetime values probed

Largest local significance at
mg = 2.619 GeV/c?

ct = 100 cm

Local: 3.30
Global: 0.30
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