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Belle II

The Belle II Detector

Vertex detector (VXD)

Inner 2 layers: pixel detector (PXD)

Outer 4 layers: strip sensor (SVD)

Impact parameters resolution: 15pm
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Belle Il Online luminosity

Luminosity and projections

Exp: 7-26 - All runs

17.54 Integrated luminosity

mmm Recorded Weekly
e [ L pocorged dt = 427.79[fb™]

-
v
=}

=
N
(¢

428fb*

B
o
o

20%2-

2021

-
°
=}

w
o
o

~
wn

N
[=]
o

o
=}
L

Total integrated Weekly luminosity [fb=1]

»
[

o
O

0\%2%

e

e

r 100 °

Updated on 2022/06/22 18:14 JST

L. =428fb~ ! ~ quor do’rose’r
L = 4.7%x103* cm™2 Hz record

Total integrated luminosity [fb~!]

o(e+e- — Hadrons) [nb]

INFN

25
Y(1S) Y (4S)
+.
20 L i on-resonance
r i "Here be B"
[
Sy | off-resonance
3 + Y(2S) "B free zone"
ofF
] TR ()
sE 0 g ;Y Y
[ + bey A ..*,43'”.. TR
i continuum background
0 1 . 1 (¢ 1 1 « 1 1 1
944 946 10.00 1002 ~1034 1037 ” 1054 10.58 10.62

e*e” Center-of-Mass Energy [GeV]

85% taken at Y (4S) peak — BB pairs

10% taken 60 MeV below Y(4S) — continuum (qq, 11, 2y)

i 10 60 5% taken around 10.75 GeV - spectroscopy
r:‘g 8 —nt L[ab 1) 50
x'-:‘-’ 40 3 4 .
< 6| Luminosity projection - W/Ow”w%
g 4 _— e 1stLong shutdown (LS1)in 2022-2023 (PXD, beam pipe, TOP)
3 20 2rd | ong shutdown (LS2) in ~2028 (QCS, RF)
3 27 g {10 Goal is to accumulate 50 ab!
i 3 10
2019 2024 2029 2034



D
o

Belle I

No. of collaborators

=
o
o

w
o o
— T

%Women

200 |

Belle II collaboration INFN

¥

LT

[ LP2021
r Gender of collaborators, by position 2021)

Unspecified
+other

m Male
Female

o

Belle II: ~1160 collaborators
124 institutions
27 regions/countries

250 PhD students
150 postdocs




D Unique capabilities of

Be//eﬂ ete- B factories
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* Beam energy constraint n
7y m) Ly—m 0 \&
* Clean experimental environment: high B, D, K| \\\\\\\ll'l’l!ll :
T lepton reconstruction efficiency \\\3\\\\\\}\,“?‘%555&{[{/!////%
. . S N
*  Long lived particles (e.g. Kg), n’ and photons well l.:;(g,;, S j%é"-:‘;
reconstructed iR % 65;‘5..5,5.§ T
Wit \ “\ K .&”l’/\
. . : s A 0SS Sl
* (Capability of inclusive measurements \\\\\ /// SENEERET~ )
Dgjg 2 T B+ — Dz
\::\.\\\'\ﬁ\l\a‘%‘ (— Kn~ntn7)
* BB produced in quantum correlated state: high \\\\, B — 7(— evd)y
flavour tagging effective efficiency (30% vs 5% @IL.HCb)
* The full reconstruction of one B (B,,) constraints d /
the 4-momentum of the other B (By;,) /B
ot sig
* Reconstruction of channels with missing energy ~ =7777 > Y(4S)
T Bugs

Pv = Pe*te~ = PBiag — DPBgy

| P
Tl’+/ \K‘
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Stringent kinematic

constraints Use of event shape variables
b My = JS/4 -3’ :‘AE = Ep = Vs/2 Zif:tai:\uum
N [ BB background
- Signal
[ Continuum
9 BB background

5.2 5.22 5.24 5.26 5.28 53 -03 -02 -0.1 0 0.1 02 03

Invariant B mass with B Difference between expected

Continuum BB

energy replaced by half

- and observed B energy
of the collision energy



=4 Reconstruction of events with missing energy:
L Full Event Interpretation (FEI) INFN

L X10° Belle Il preliminary
Inclusive Tag /'é 2 ] R
B(100)% ? Siof  [edi=346m7t  mm contruum
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(Data-MC)/MC

-14 -12 -10 -08 -0.6 -04 -0.2 0.0

Iog(Ptag)
The FEI uses a multivariate technique Tagging efficiency (evaluated on Belle MC) @10% purity
to reconstruct the B—tag side Tagging Algorithm Had B+/B%(%) SL B+/B%(%)

(semileptonic or hadr.omc) through Full Relgmlllsmlctlon 028/0 18 0.67/0 63
O(10% decay modes in a Y(4S) decay. e
FEI Belle 0.78/0.46 1.80/2.04

Belle algorithm: NIM A 654, 432-440 (2011)
Belle Il FEI: Keck, T., Abudinén, F., z, F.U. et al.
Comput Softw Big Sci (2019) 3: 6.


https://doi.org/10.1007/s41781-019-0021-8
https://arxiv.org/pdf/2008.06096.pdf

Semileptonic B decays

Experiment Theory
Exclusive 1. Lower signal efficiency Lattice QCD
2. Lower background
Inclusive 1. Higher signal efficiency Heavy Quark Effective

2. Higher background

I will focus on:

* Inclusive B — X, v

 Exclusive B = D*fv

Theory (HQET)

<

Exclusive decay:

Inclusive decay:

| V4, | measurement and

test of LFUV
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Total decay rate expressed as expansion of non-perturbative

matrix elements (heavy quark expansion, HQE)

cs(1){O0s) (1) | co(1)(Os) (1) b
Vol ( m3 i m; * O(mﬁ)>

Measure the spectral moments (moments of lepton
energy or hadronic mass) in order to simultaneously

G%mb
T 19272

determine the non perturbative elements and |V, |
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|V.,| determination:
mass squared moments in B = X v

INFN

Hadronic tagged
analysis

[ Bellem #
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4
g
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.
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o o ¢ Measurement
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Competitive with world average |V3¢!| = (42.19 £ 0.78) - 1073


https://link.springer.com/article/10.1007/JHEP02(2019)177
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.072002
https://link.springer.com/article/10.1007/JHEP10(2022)068
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Normalized
residuals
N O N

R(X./,) = B(B - Xev)/ B(B - Xuv)

Belle 11

JCdt=189fb™"!

10000 |

[ N Xev
[ [ e: Background

7500 fa:

Xuv [
u: Background [ J

Test of lepton flavour universality:
inclusive B = X{€v

INFN

Hadronic tagged
analysis

Signal extraction from a binned
log-likelihood fit in pf with
backgrounds constrained in the
incorrect charge sideband

o o oo

I ¢: Continuum u: Continuum [l
MC tot. unc. MC tot. unc.
- ¢ Data ociwtses . Data ¢
I S
[} °
e * ® - ° o .
= L S . o ® o

14 1.6 1.8 2.0 2.2
pB [GeVic]

, accepted by PRL

14 1.6 1.8 2.0 2.2
pf [GeVic]

R(Xe/u) = 1.007 £ 0.009 (stat) +0.019 (syst)
Source Uncertainty [%)]
Sample size 0.9
Lepton identification 1.9
X fv branching fractions 0.2
X, v form factors 0.1
Total 2.1

SM: R(X,,,) = 1.006 + 0.001



https://arxiv.org/abs/2301.08266

D Test of lepton flavour universality:

angular asymmetries in B — D*{v INFN

o

We tested lepton universality by comparing
five angular asymmetries of e and y

A (W) = AL (W) — AL(W)

2 2 2

Recoil parameter w =

2m pm D* Neutrino

Arg . dx =d(cos0y)

S; : dx =d(cos2y )

S dx =d(cosy cosOy) A, (W) = N — N7 forward backward
S; ¢ dx =d(siny cos6y) x N+ 4 y— asymmetry

Sg: dx =d(sin2y )
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Signal events determined with fits of the
missing mass distribution - peaks at zero Lo 2etle 11 2029
. . ¢ Exp Data
(neutrino mass) for signal - i
800 |- HEM Background
= A/iIL‘B: Winel.
E T cos, € [—1,0]
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Test of lepton flavour universality:
angular asymmetries in B = D*fv

INFN

Hadronic tagged

analysis
[Ldt =189 fb?

Consistent with SM within 5-10%
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(GeV/c?)?]

-0.250.25 0.751.25 2.0


https://arxiv.org/abs/2301.04716
https://arxiv.org/abs/2301.07529

Semileptonic B decays:

projections Dol

Snowmass white paper

arXiv:2207.06307
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b 12:\ 'R(D*) (had FEI, lep 'r) —~M- untagged + LQCD in 10 yrs
RO =—> g "k === R(D") (SLFEL lep 1) —
£ 10t - R(D*) (had FEI, had 7) =
R(D*) _’ g 8 R(D ) s} NN oo
iNClUSIVE m— 6t
E S I S e oo
4r SR N e B 1
.............. 1
2_ ‘‘‘‘‘
i ; MC
Q\, ) © S ({’,3 Q)Q 03 10 20 30 40 50

Data sample in ab!


https://arxiv.org/abs/2207.06307

(D . . . .
/S Testing the SM 1n hadronic B decays:

Isospin sum rule

INFN

CP asymmetries in B — Kn decays. Dynamical symmetries (isospin, heavy-quark,
and SU(3) flavor) relate CP asymmetries and BF into a reliable and precise SM null test

Ik = Axtr— + Ago+

B(K0W+) TR0

120 -Belle Il (Preliminary)
JLdt=362fb™!

Cand. / 10 MeV

--—- K2nO signal
B BB background
Continuum background

Pull

Belle II measures all final states,

AE [GeV]

B(K*tn—) 15+

Cand./ 0.04

Pull

— 2A K+ 70

B(K+7l'0) TR0

B(KO 0)
BKFr—) 7oy — 2K BlkFr=y = 0

Phys. Lett B627 (2005) 82-8

Belle Il (Preliminary)
[Ldt=362fb?

-—-- K2n° signal
B BB background
[ Continuum background

with unique access to B — K%’

Fit to decision-tree
combination of
discriminating
variables separates
bkg

Ao = —0.01 £ 0.12(stat) + 0.05(syst)

B(B® = K°r°) =

[10.5 + 0.6(stat) = 0.7(syst)] x 10~°

Ikr = —0.03 &+ 0.13(stat) + 0.05(syst)

Competitive with world-average

-0.13 = 0.11


https://arxiv.org/abs/2305.07555

Testing the SM in hadronic B decays:
Isospin sum rule INFN

L — = World average (no Belle II)
Ol
N s [11CJUding Belle I
z 015
5
"‘ 0.1
\"\‘ R
\< B
0.05
- 1 1 1 1 I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1
0 10 20 30 40 50

Integrated luminosity [ab™]

Belle 1I world-leading in most final states with 7°
and/or K® now and for the foreseeable future


https://arxiv.org/abs/2207.06307

Rare decays: BT - K*twv INFN

v b X, s
Z W 0.150 —

_ 1% o Belle III ‘prehmm | :I ;_ tral B
W A 0125 =h—
IZ%Z% g 0.100 f —
— p— S o 0. - B ss .
S i S oors] ="
g 0.075 | 3 B —>K*wp B
. . . g - : ¢ Exp 8, Run 3123
* Novel approach at Belle 1I: inclusive tagging g 0.050¢ ]
N [
* Higher backgrounds suppressed with two 0.025
BDTs expoliting event shape and kinematics 0,000 e g g e
ROE AE [GeV] <AE = Z E1CMS - Ebeam>
2000 l
Belle II
[Ldt=63fb"
200 -
1500 |, 203150 | - _
i ~100 | BYS K J/y( — u*u~)events
s V| i .
1000 |- 5 S0F / where pu are ignored and Kt
£V %5 02 04 06 08 L0 kinematics updated.
BDT,(BDT, >0.9)
500 7{:13*—»}{'.1/@: weu-MC & B*5K*J/¢,,-,- Data| =
[(IB*—>K* I/, y MC ¢ B*=K*J/y_,:, Data o . . :
b e Validation using
0  —— 1 1

—

0.0 0.2 0.4 . 0:6 - 08 10 B+ - K+ ]/L'J(—) u+u_) —
Bt > K*J/y( — utu)events data/MC agreement for both BDTs



Rare decays: BT - K*twv INFN

0.93<BDT,<0.9540.95<BDT,<0. 97:0 97<BDT,<0.99: 0.99<BDT, ]

Be].le II
400
/z:dt (63+9)fb !

- Bt K*tww

Fitted signal strength (in SM u = 1)

2 300 [ Neutral B -
) I Charged B ]
H = 4 2+ (Stat)+ (Syst) L; 200 B Continuum _|

¢ Data

100 scaled by 2 ]

_ - 0700 24 3.5/0.52.0 2.43.50.52.0 2.43.50.52.0 2.4 3.5
I Average pr(K")[GeV/d
f I 1 ! 1
- N Be ll( II h ) || Inclusive)
90%C.L : PRL127(20 21!]81‘19 2
L : . . :
2.3x105(exp) | b—ge Belle (711 fb !, SL) Competitive with previous
_5 1 +0.6 D96, 091 .
4.1x 107" (obs) : measurement despite the much
| ° Belle (711 b !, Had)
| 0416 PRDAT, 111103 smaller dataset (63/fb vs 429/fb
—-—o—i— | i ‘"‘P“,r,lﬂf}z" b IH“d“LSL) (@BaBar and 711/fb @Belle)
0 2 4 6 8 10

10° x Br(B* =K ™ vi)


https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.127.181802
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Non-gravitational heavy mediator

interaction with

* Dark matter;

. = light mediator
. matter 7 light dark matter
/\ g : - SM
P I [ i -
Dark Sector’ pi O' i —< light mediator
o DA heavy dark matter
?? _ = : :
2m.
Special triggers for low-multiplicity S
events: single track, muon, photon sl
Search for a Z’ invisible decay Search for axion-like particles
e in tau decay
Tgig —
Ttag = MMV Stg
ﬁ3n
o T T
o
Massive gauge boson Z’ coupling only
to the 27 and 3™ generation of leptons ALP seen as a bump in lepton energy

/. recoiling against YL pairs


https://doi.org/10.1103/PhysRevD.89.113004
https://link.springer.com/article/10.1007/JHEP12(2016)106
https://journals.aps.org/prl/references/10.1103/PhysRevLett.124.211803
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o) 1072

1073 f

1074

Search for a Z’ invisible decay
Belle Il Preliminary, BF(Z' — invisible) =1 fL dt = 79.7 fb?!

Belle Il, 0.276 fb~?

(g—2)u* 20}
---------- 31 (95% CL) |
CCFR (95% CD) 1

arXiv:2212.03066

-~

-
et
pen
.
-

TS E S T T T

,
s,

— 90% CL UL Expected =10 Expected =20 ]

0 1 2 3 4 5 6 7 8

7’ mass (GeV/c?)

* Search for efe”™ = pTu” + missing energy
* Excluding a fully invisible Z' boson as an

explanation of the (g — 2),, anomaly for
0.8 <M, <5GeV/c?

Dark sector searches

Search for ALPs in tau decay

Belle Il —+— Data
14000 1 S5 Total uncertainty
f Ldt=62.8 fb [ =
~ 12000 [ Other
-~ —=ue,M_=16 GeVvi/c?
O 10000 T—pa, M_=12 GeV/c?
3 t—pa, M =0 GeV/c?
o 8000F -
€ lized
§ so0ok norma
W ook lepton energy
2000
% ! 12 14 16 18 2
X
x107° H
= 5| Bellell —— Observed UL at 95% CL [l Expected UL = 1 std. dev.
= f Ldt=628fb! ---- Expected UL at 95% CL Expected UL + 2 std. dev.
'3 oof
1 PRL 130, 181803
iz 15} (2023)
1
3 10
1
e 5
@
O 05 o7 1 1z 14 s
M, [GeV/c?]

INFN

These 95% CL limits are 2.2 to 14 times more
stringent than best previous limits set by ARGUS

| 2E



http://arxiv.org/abs/2212.03066
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.181803
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<o Tau-lepton mass measurement INEN

Belle II 1s also a tau-lepton factory ! 330M 17 pairs in

Belle II dataset
Using 1-prong and 3-prong events for tag side

Crucial knowledge of beam energy and its resolution (ARGUS method)

A[lllill - \/;\[%ﬂ' £ 2(\/E 2 — 2(71’)( ;;71’ o P*’/T) S *'?\[T'

PDG Average (2022)
x103 1776.8(.3::0.12
50: Belle Il Preliminary ¢ data :
= SUE ) o BES (1996 | .
) [ fL dt=189.9 fb™ fit 1776(96 +o?1s +0.25 :
> 0 2 99 21 0.7 ;
O E m, = 1777.09 = 0.08 + 0.11 MeV/c BELLE (2007) :
E sof- 1776.61+0.13 + 0.35
~ ISR KEDR (2007) o,
n - +0.25 :
2 2l detector 1776.81 02 £ 0.15 |
e luts BaBar (2009) I B
W 4o resolution 1776.68 = 0.12 = 0.41 '
. BES IIl (2014) .
0 e e e 1776.91x0.12 0712 5
@9 2f ¢ } t Belle Il (2023) Preliminary -
g0 -+--+--H.----+--+-----+--+--~+--+--+--+-----+-+---+--+--+--+--+-----+—-+--+-+----+-+ 1777.09 + 0.08 = 0.11 world best
_2_ L +‘ L L '+‘ L lII\JIIIIXIXIXIXLLIXIIXI\J‘
17 172 174 176 178 1.8 182 184

Mmin [ GeV /C2] 1774 1775 1776 1777 1778
arXiv:2305.19116 M. [MeV/c?]



https://arxiv.org/abs/2305.19116

Charm lifetimes INFN

Bellell

D™t - D%+ -
D° = Kr 3
10 fb~! ]

t [ps]

Improved proper time resolution:
2x better decay time resolution than Belle
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* HQE predicted hierarchy

of hadron lifetimes, 300 ; e P
disproved by LHCb Q. . Qc g g_:!j: I PRL 130, 071802 (2023) < X .
: : i N 220 |
lifetime measurement* Z .0 z [ 12
L - ; % 0 E} =
g PRD 107, L031103 (2023) E i . +§ Shies
= L St - e
* Belle II confirms the new & | Bl 3 "
: T
icture ! R 2
p I |m E +8 1804 It
I = - o
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.071802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.211801
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.107.L031103
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.092003
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/O Quarkonium

In 2021 SuperKEKB ran
above Y (4S) resonance

n
o
o

- 10.746 GeV

B*B*
- 9.41b"

—_
A
o

[ Preliminary

—
o
L
>
©
=
(3
Z
»
2
=
c
w

100 ol =<
| (A
2T RBp Y(4S) ISR
50

I R S T R E SN
%.2 5225 525 5275 53 5325 535 5375
M,, [GeV/c’]

Measurement of the energy dependence of
the ee > BB, BB*, B*B* cross sections

See talk Friday morning by Valentina Zhukova
“Recent quarkonium results from Belle and Belle II”

o(e'e >y, ) (pb)

INFN

10F i 9.6/fb
= Weele

— s Peelen
Qo r
2 sf
8 4.6/ib
e I
€ 4 3.5/fb
=1 L
— L

2 1.6/fb

ol I. 18 I. |I

10.6 10.65 10.7 10.75 10.8 10.85

Center-of-mass enerav [GeV1
-~ Belle Il data Belle Il, 1.6, 9.8, and 4.7 fb™"

== Belle data
= Total fit
===x Solution |
=+=:+ Solution Il

Biqmgmes prm=s= -9 ‘-'f.

s(e'e > ay, ) (pb)

1=

10.7 1075 10.8 10.85 10.7 10.75 10.8 10.85

(s (GeV)

Measurement of cross-section peak,

consistent with Y(10753) state

First observation of wyy;(1P) signal

at 10.745 GeV

N


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.091902
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Belle IT

Belle II experiment has collected a sample that matches the
size of BaBar’s and is half the size of Belle’s.

Belle II is not only a high luminosity Belle Experiment. With
the use of novel analyses techniques we have already
achieved results that compete with previous measurements
and some results that are exclusive to us.

We plan to resume collisions next winter and
in few years Belle II will get the sensitivity to
shed light on the anomalies in the Standard
Model
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Table 2: Projected precision (total uncertainties, or 90% CL upper limits) of selected
flavour physics measurements at Belle II.(The { symbol denotes the measurement in the
momentum transfer squared bin 1 < g% < 6 GeV/c2.)

Luminosity matters

Outlook

Past Soon Target Dream
Observable 2022 Belle-II Belle-IT Belle-IT
Belle(II), 5 ab~! 50 ab™! 250 ab~!
BaBar
sin 2(3/¢1 0.03 0.012 0.005 0.002
v/#3 (Belle+Bellell) 11° 4.7° 1.5° 0.8°
a/dy (WA) 4° 20 0.6° 0.3°
|Vaus| (Exclusive) 4.5% 2% 1% <1%
Scp(B — 1'KY) 0.08 0.03 0.015 0.007
Acp(B — m°K3) 0.15 0.07 0.025 »r 0.018
Scp(B — K*%) 0.32 0.11 0.035 0.015
R(B — K*tre)T 0.26 0.09 0.03 0.01
R(B — D*rv) 0.018 0.009 0.0045 <0.003
R(B — Dtv) 0.034 0.016 0.008 <0.003
B(B — 1v) 24% 9% 1% 2%
B(B - K*vi) - 25% 9% 4%
B(t — pvy) UL 42x107°] 22x107°J\ 69x1077}} 3.1 x10°°
B(T — ppp) UL 21 x 1079 3.6 x 10~ 0.36 x 10~9[ 0.073 X
10—9

e —

INFN

Snowmass White Paper:
Belle II physics reach and plans for
the next decade and beyond

Snowmass Whitepaper:
The Belle IT Detector Upgrade Program


https://agenda.infn.it/event/31592/contributions/174892/attachments/99117/137365/20221111_Belle_II_upgrade_LNF_Intensity%20full.pdf
https://arxiv.org/abs/2207.06307
https://arxiv.org/abs/2203.11349
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y=Val+ bt 2.5
BELLE Il ---- Belle (SVD2)

a=174
Preliminary b=343

-4 Cosmic
Belle Il

-+ Pion
2
e am98207
b=212%24

+ Belle Il Data
(expl2 procl2)

S
S
-
-
~———

o(P)/P, resolution (%)

a 6 8 10 %6204 06 °°pd /].2 14 16 18 2
pB(sinB)3? [GeV/c]  (Gev/c
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1,2

1.0

0.8

0.6

Signal Probability w(g?)

|V, | from g? spectral moments

Belle Il

fLdt = 62,8 fb=!
‘_',.4—0—.—.-,_ ..

-
/ \

/Determine Background

r # normalizations by fitting My

Cubic Spline
q? > 1.5 GeV3/c*

|
’4

25 5.0
q? [GeV?/ct)

7.5 10.0 12,5 15.0 17.5 20.0

Step #1: Subtract Background

Event-wise Master-formula

Nuweal 72 2
o w(g;) X Gentib i

Exploit linear dependence
“between rec. & true moments

‘lcza'fi = (‘lr:é'goi“")/"'

Step #2: Calibrate moment

ruction itself
ol

2n
<q ) _ Niata 2 X Ccalib X Cgen
> j w(q j )
Step #3: If you fail, try again oofoen Step #4: Correct for selection effects
/[ ADECTNES . 102 | (g
00 aaew PR
1,01} e ® %0, feom2any o °
a A 0,98 F (g%) °
J 100 hd / ° . \
¢ 7 0,96 -
e S very small Y 094l Overall event reconst
0.98F ¢ >1% osal also biases measureg
; moment by 1-2%
0.97 - - : - . L L
2 3 4 5 6 7 8 0.90 |
qd, [GeVi/ct)

2

3

4 5 6 7 8
a3, [Gevi/ct)

INFN
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Search for a Z’ invisible decay

Introduction

[1] Shuve et al.,
[2] Altmannshofer et al,,

Hypothetical massive gauge boson Z’ coupling only to the 2" and 3
generation of leptons in the framework of L, — L; model [1,2].

Seek to explain:

* (g-2),anomaly;

* anomalies in B decays to leptons;
* the Dark Matter puzzle; e

e »utu~ 7'
State of the art: L» invisible
* Existing limits from BaBar, CMS and Belle for a Z’ visible decay

into a couple of muons and from NA64-e for a Z’ invisibly decaying;
* Brand new searches Belle Il for a Z’ invisible decay;

\
Experimental signature:
Two opposite sign muons + missing energy

a peak in the recoil mass distribution against two muons
IDMI2022 — Searches for dark sector particles in LHCb/Belle Il (M. Campajola)



https://doi.org/10.1103/PhysRevD.89.113004
https://link.springer.com/article/10.1007/JHEP12(2016)106

Leptonic decays INFN

|+

G%mp m?
B(B — lv) = L —2m?(1 — —L)2 2|V’
ve (B = lv) = =EZ2mp(1 = ZL)2 f3 Vi *r
B(B —lv)=B(B —lv)sy X TH
' 2
< —— B =uty, 2 2 MpB\2
% 40.0} B+—>7‘+l/: 120.0 5 rg = (1 —tan® g m—%{)
.% 35.0¢ 117.5 %’
5 300! From sensitivity study 50 8 in 2HDM type Il
N : published in the Belle I B
> 25.0/ Physics Book and 1125 §
= Snowmass White Paper o * Very clean theoretically, hard experimentally
T 20.0f 110.0 & AT
o © * SMis helicity suppressed
— 3 4 © g . . .
N 15.0 7.5 ; + Sensitive to NP contribution (for ex: Charged Higgs)
< 10.0} 50 =
T 5.
+
m  5.0f 2.5 5
Q Belle II

i 10
Integrated Luminosity [ab ']

o)l
o
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SRS "
- LHCb Run 1 +2016 1

i [ | SM from DHMV i
0.5 —

LHCb 3

SM pred. _E

*Data

——

—0.5:— [ + _+_—:
F L =g
OIIIISI‘IIAIIOllIIIISIl 5 10 125 2 4
e [GeVz/c“] g’ [GeV~/c*]

+

S = N W B L &N N © O
LI LA UL UL ||||||||]||||||||||||||||

dB(B’—»¢uu)/dg? [10°GeV3c4]

T _
B — K*up B, — ¢uTu
[LHCb, 2003.04831] [LHCb, 1506.08777]
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B —> Xy INFN

2210.10220
B —4
Unfolded result E7 threshold [GeV] B(B = Xv) [107%]
- Consistent with theoretical expectations 1.8 3.54 £ 0.78 (stat.) £ 0.83 (syst.)
- Uncertainty is comparable with other had-tagged measurement 2.0 3.06 £ 0.56 (stat.) £ 0.47 (syst.)
1(Eo= PRD.77.051103]
[BaBar 210 fb! (Eo=1.9 GeV), 2.1 2.49 + 0.46 (stat.) = 0.35 (syst.)
Updated y spectrum prediction,
Reminder (ForE, > 1.6GeV) "rna\mﬁ """" E
Bry(b—sy) =(3.40+£0.17)x 10~*  JHEPO6(2020)175 €4 _)
Bey(b—sy) = (3.49+0.19) x 10~*  HELAV-10/2022 5 Mo
All tagging approaches g T
_5%' 0.5
S 1.9 20 21 E.lli:r\t“],! 24 25 26
Improved scenario relies on ongoing
studies of z°/y — yy veto modelling
Frodpects 2201.06307
Lower E” threshold Statistical uncertainty Baseline (imf)roved) =
1ab™! 5ab™' 10 ab™' 50 ab™'  syst. uncertainty
1.4 GeV 10.7%  6.4% 4.7% 2.2% 10.3% (5.2%) Lower E,B thresholds < more challenging
1.6 GeV 99%  61%  45%  21% 8.5% (4.2%) . 5
18 GeV 93%  57% 129 20% 6.5% (3.2%) analysis due to larger BB backgrounds
2.0 GeV 8.3% 5.1% 3.8% 1.7% 3.7% (1.8%)

Gaetano de Marino, FPCP23
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LS1 on-going work: SuperKEKB

= Countermeasures against sudden beam loss
* Additional real-time monitoring
* Faster abort system

Carbon collimator head

Additional shielding

* Against neutrons
- around final focusing magnets (QCS)
- Around end-caps

Shielding on QCS bellow

Collimators
* Non-linear types — background mitigation
* Harder head material — better resilience

Injection
* New beam-pipe + faster kicker magnets
+ new quadrupole magnet

— Higher efficiency & mitigated background

RF cavity replacement
— More stable operation and larger beam currents

Larger pipe injection

J. Baudot - Future ofBellell - FPCP, Lyon, May 2023 12
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LS1 work: Belle |l

= Completion of pixel layers
* Enfirely new 2 complete layers of DEPFET sensors
- Previously 2 layer was 17% complete

Diameter 0.04 m

® Time of Propagation robustness

* Replacement to
Atomic Layer Deposited (ALD) Micro-Channel Plate PMT

— Increased lifespan & hit rate limit (3—5 MHz/cm?)

—

= DAQ rd N\,
* New PCle40 boards used by all subsystems / TOP \
- But PXD (specific data path) Ufa-sdsnded ALD

\ conventional I
» CDC \ /
* Improved gas distribution & monitoring syste \\,—-/ v

— Better gain stability

Diameter 2.4 m

J. Baudot - FutureofBellell - FPCP, Lyon, May 2023 13



