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ZZ®  Inclusive and exclusivs V,, determinations

* Current precision is 1-2% on |V |
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New physics or theoretical issue ?
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Hot topics (2):
LFV 1n B decays
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https://arxiv.org/abs/2212.09153
https://indico.cern.ch/event/1187939/attachments/2530158/4355180/DTaunu_CERNSeminar.pdf
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/o Belle II physics program INFN

Belle IT

* CPV in B decays, UT angles (B — J/yK?, K%y, Kn)

* (Semi)leptonic B decays, UT sides (B — DOlv, ztlv, tv, pv)
* Rare B decays (B — KOvv, Xy, XL, yy)

* Charm physics (D — lv, mixing, CPV)

* LFV tau decays (1t — 31, ly)

* Dark Sector, Spectroscopy

Unitarity triangle (UT)
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Belle II

Asymmetric energy
e*e™ collider

* Situated at KEK
(Tsukuba, Japan),
upgrade of KEKB

€

Belle Il

New
superconducting
J/permanent final
focusing quads
near the IP

Super
KEKB

est for BSM

Low emittance positrons
to inject

Damping ring ’ -~
"

Low emittance gun

Paositron source
G m—

New positron target / capture
section

Low emittance electron
to inject

SuperKEKB

Super-KEKB

INFN

l')ncrgy ((J‘c\/') _’iv' (mm) €, (nm) ﬁ‘_ 6 llm.,. (A) Luminosity (em?s™)
LER/HER | 1 oR /HER |LER/HER |LER/HER [(mrad) |[ER/HER [ x 10%
KEKB 3.5/8.0 5.9/5.9 18/24  |0.13/0.09 | 11 1.6/1.2 211
Achieved
SuperKEKB | 4.0/7.0 ([ 0.27/0.3 ) 3.2/2.4 [0.09/0.09 |41.5 (| 2.8/2.0 65
factor 20
Higher backgrounds
®
: v +
—4 ®@ @ ®e N
— 070 o0 © 0
+-.
¥ Touschek e .
= 6 e \‘ e/\ o ~0(10'nb)
= @® e éa@(a @O o
Beam-gas & Radiative Bhabha 2-photon-processes
* Radiation damage
* Occupancy in inner detectors
[ )

Fake hits and pile-up

12/01/23




Belle II Detector

J—
* Good momentum and vertex resolution W
* Well-known initial state and large acceptance Neutrals
. ECL ,
* Excellent calorimetry x/E = 2% E = 1GeV) pyn

* Sophisticated particle ID
K/t separation (€~90% @ 5-10% fake)
Lepton identification
ultt (£~90% @ 7% fake)
e/t (£~86% @ <1% fake)

L] L] L] L] T k.
Unique capabilities PXD + SVD
04,~ 15um

Exactly 2 quantum correlated B mesons at Y (4S) : cbc

O'r¢~ 100ﬂm, o-dE/dXNS %

No trigger bias — almost 100% for B pairs

Excellent efficiency and resolution in tracking as well as in detecting photons, K,
—>reconstruction of intermediate resonances

—>Dalitz plot studies

Clean environment (w.t.t. to hadron machines) allows “full interpretation” of the event
—> powerful tool for physics with missing energy (many neutrinos) or fully inclusive analyses

Large sample of B, D, and t with low background

INFN

Muon and K.
KLM

7 A = Adp~10—20mrad

Ky

Particle ID
TOP - barrel
ARICH - forward
CDC

12/01/23
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<O Luminosity and projections INFN

Belle II

Belle Il Online luminosity Exp: 7-26 - All runs 25

17.51 Integrated luminosity [ Y(lS)
- s Recorded Weekly 428fb'1 20%2 L : Y(4S)
0 15.0 [ rpucoideadt = 427.79[fb~1] - r40o P on-resonance
— M - |- i n n
z : / b = i Here be B
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2 100 : : | é g B * 1 off-resonance
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*  85% taken at Y(4S) peak — BB pairs
10% taken 60 MeV below Y(4S) — cont (qq, 11, 2y)
* 5% taken around 10.75 GeV - spectroscopy

L. = 424 fb! ~ BCIbCII‘ dd’rqse’r

10 ] 60

i L::.‘J{[{;f?;mi o 50

© uminosi 1o -

= 6 &y projection © 2 Along jounney ..

g 4 — = E 1stLong shutdown (LS1)in 2022-2023 (PXD, beam pipe, TOP)
3 20 2rd L ong shutdown (LS2) in ~2028 (QCS, RF)

§ 2| :i‘) 1 10 The target integrated luminosity is 50 ab? by ~2034

0L - : 0 /
2019 2024 2029 2034 01/23
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o Recent Physics Publications INFN

Belle 1II

Observation of e*e™ — w,,,; and search for X,—wY(1S) at \s near 10.75 GeV
Submitted to PRL,

Measurement of the 2? lifetime at Belle Il
PRD(L) (accepted),

Search for an invisible Z' in final states with two muons and missing energy at Belle Il
Submitted to PRL,

Search for lepton-flavor-violating T decay to a lepton and invisible boson at Belle Il
Submitted to PRL,

Search for a dark photon and an invisible dark Higgs boson in p+py— and missing energy final states with the Belle I
experiment

PRL (accepted),

Combined analysis of Belle and Belle Il data to determine the CKM angle ¢3 using B+—D0(K0Sh+h-)h+ decays
Measurement of lepton mass squared moments in B - X_.l*v; decays with the Belle Il experiment

Submitted to PRD,

Search for B - K*vv using an inclusive tagging method at Belle Il

+ many conference contributions with physics measurements assessing the experiment readiness/ performances in doing real physics analysis

Standard model anomalies: lepton flavour non-universality, g = 2 and W-mass
A. D’Alise, G. De Nardo, M. G. Di Luca, G. Fabiano, D. Frattulillo, G. Gaudino, D. lacobacci, M. Merola, F. Sannino, P. Santorelli, N. Vignaroli


http://arxiv.org/abs/2208.13189
http://arxiv.org/abs/2208.08573
http://arxiv.org/abs/2212.03066
http://arxiv.org/abs/2212.03634
http://arxiv.org/abs/2207.00509
http://dx.doi.org/10.1007/JHEP02(2022)063
http://arxiv.org/abs/2205.06372
http://link.aps.org/doi/10.1103/PhysRevLett.127.181802
https://doi.org/10.1007/JHEP08(2022)125

'
o Belle II collaboration INFN

Belle I

Belle II: ~1160 collaborators, 124 institutions, 27 regions/countries
tra cui 8 sezioni INFN, 108 membri

12/01/23



Anagrafica INFN 2022

Guglielmo De Nardo (PO) 80%
Alberto Aloisio (PO) 30%
Marcello Campajola (AR) 100%
Francesco Di Capua (PA) 30%
Giovanni Gaudino (PhD)  100%
Raffaele Giordano (PA) 50%

Mario Merola (PA)
Marco Mirra (R)
Guido Russo (PO)
Antonio Ordine (PT)
Silvio Pardi (PT)

80%
40%
70%*
20%
60%*

TOTALE: 6.6 FTE

*percentuali su altre
sigle di progetti con
attivita riconducibili a
Belle Il sono state
incluse

Calorimetro elettromagnetico
Merola, Mirra)

Studio background di fascio
lettura on-line (Di Capua)

Calcolo

Fisica

Mantenimento e operations del sottosistema (De Nardo, Aloisio, Campajola, Di Capua, Giordano,
Sistema di monitoraggio temperatura e umidita (Aloisio, Di Capua, Giordano)

Dosimetria con film radiocromici (installati calorimetro e vertice) sviluppo e installazione sistema di
Studio rad-hardness di FPGA installati sulla beam-line e su detector (Giordano)

Attivita di produzione di simulazioni MC (data center ReCaS/Ibisco) (Russo, Pardi)
Coordinamento dei data center italiani (Pardi)

Analisi dati di processi leptonici del B e del dark sector (De Nardo, Merola, Campajola, Gaudino)
Misura della produzione di coppie di mesoni B (De Nardo, Merola)
Studio delle performance ricostruzione fotoni e ° (Gaudino, Mirra)




HIGHLIGHTS ATTIVITA NAPOLI
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] FPGA-Based Hadron Fluence Monitors INFN

Belle I

R. Giordano
o Interest of Belle II background community for
. . . . Implemented
single-event upset monitoring in on-detector design
FPGAs and neutron-related background in (readoutfogic)
general I
ICAP 0001001010101010010000
. 1101010101010000001000
o Novel FPGA-based sensors developed in PHI £000000000000600000000
. configuration L H
experiment (CSNV) ) 10-100 Mbits
25000
0 Irradiation tests at the TRIGA nuclear reactor of 20000 @ pCo v Linear (DCO) e
a
Jozet Stefan Institute (Ljubljana) N g
upsets g
= = 10000 -
. . c Nbits ."'Y' y = 9E-08x- 103.15
o o(Energy, Vi) characterization at Trento 5000 / R:=09982
Institute for Fundamental Physics and 0
A 1 . 0.00E+00 1.00E+11 2.00E+11 3.00E+11
ications
PP ,
SuPerKEKB Beam Plpe : Counting room Eurocard adapter hosting two readout boards

8 JTAG

4 sensors + 4 readout boards: 2 at
forward (e+/e-) plus 2 at backward

(ct/e)

8 Clock and control

3 Power@1V5 and 3V8

..................... 2x Readout boards

Crate 5V Power Supply

Back-end server at INFN NA for
data collection and web publication

(Grafana) To be installed in 2023

Belle Il
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<o Attivitd di computing INFN

G. Russo, S. Pardi
Milestone Italiana per il 2022: fornire il 12% de MC. Italian Share fornito: 13.3%

e Il sito di Napoli ¢ il primo sito della collaborazione per potenza di calcolo fornita dopo i RAW Data Center

Nuovo hardware di Belle II fornito con il progetto IBISCO.
I.B1.S.Co. (Infrastructure for Big Data and Scientific Computing)
Napoli INFN Unit + University Federico II)

10 PB of disk space - 1PB per Belle II (590TB Pledged)
110 Server per HTC - 16 server renewal pledged Belle 11
Cloud Cluster (that will be part of INFN Cloud)

HPC Resources with GPU

Datacenter in ulteriore espansione con il PNRR.

(Guido Russo, Silvio Pardi per Belle II. Grazie Alessandra Doria,
Bernardino Spisso, Michele Delli Veneri e tutto il gruppo di IBISCO

. PON PON PON PON
per il supporto) 2000/2006 2007/2013 /2915/@930 2021/2027

N -

NS K
| SQDV) C> !/REL'35> 1BISCO @;’«b

WV N

INFN-Napoli leader nelle nuove tecnologie

® ‘Transizione alla token-based-authentication in sostituzione dei certificati x509

® Transizione al protocollo WebDAV al posto degli storici protocolli GridFTP/SRM

® Implementazione dei Job Multicore

Responsabilita:
Silvio Pardi - Coordinatore Italiano del Computing e Infrastructure Coordinator per Belle 11
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Belle IT

Attivita performance e analisi

- Neutri (efficienza pi0 e risoluzione fotoni)
- B-counting

- Dark sector searches

-B—1v



¥ efficiency

> MC/Data comparison of ° detection efficiency via the decay chain

ete” » w(782)ysp—~ ttn nly g

» Efficiency definition
* N_o: number of events with n° - YY

* N,: number of events with meson w production

N_o N_o
— T J— VA
* & oyc = ( /N“’)MC and € _o0p 0 = ( /N“’)Data

100

mean = 0.7830 +0.0010
nbkg = 416 +33

nsig = 1063 +42
sigifrac = 0.63 +£0.15
sigma_1_gaus = 0.0229 + 0.0030

80

Events / ( 0.0036 )

60

> Two different efficiencies : o
0 20,

e Fit to m,, distribution to evaluate N, before and after ,
selection i el s

2000

1800

* Count events in mg,, distribution for |ms;, — m, | <3o to .
evaluate N, before and after m° selection (signal MC) 1400

1200

1000

80!

S

60!

‘\
—— - -

S
HllHlIHlHI

my, (GeV/c?)

40

S

200

==
3

| L A SR il Mt T T
0.75 08 0.85 0.9 0.95



n° detection efficiency

> &_o can be evaluated in bin of momentum, 8 and ¢ of the fitted °

&

T

0

1

= Pi0_eff20
*?E Full MC — fit procedure
“*c Data — fit procedure
07—
=
= — —— e
05— —— —r
0.4; +++— _:
03—
——
02—
01
P_o (GeV/c)
13 -
Tau
® Omega
12 4 Eff50 proc12/MC14 ¢ D meson
eta ratio
11 |
3 i
5!10 ++ + + +
) 5 VT 0+ + +
g + (i ey :
Q 09 + +
0.8 1
0.7 1 *

P_o (GeV/e)

'E Pi0_eff20
E,0%°E Full MC — fit procedure
08—  Data — fit procedure
0.7—
05; I e
052— R e (i S S S o
0.4; ¢ ——
0.33 i
0.23
01
Eeo oo b Lo Lo b Lo b Lo b Lo L 1y
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2 22 24
0 o (rad)

ete” > wysp » T 7y 55

Complementary to other
channels studied in Belle 2



Photon resolution

This channel is optimal to study the low energy photon resolution. We can extract the

photon resolution from AM = Mp+ — Mp because the tracking resolution component
is negligible: 0.,.(AM) = 0.5 MeV.

Fit on AM: Crystal ball for the signal and a 3th order Chebychev polynomial for
the combinatorial background.

1200= 4000
| cbmean = 0.1413 +0.0002

[ cbsigma = 0.0041+ 0.0002
~ n =30.0

1000 —alpha = 0.8068 + 0.1635

T 20=0.2254+0.0184

a1 =-0.0585 + 0.0379

a2 =0.0042 +0.0278

a3 =-0.0279 + 0.0291

Flt Status: GOOD

[Fcbmean = 0.1414 £ 0.0000

[~ cbsigma = 0.0040 + 0.0001

3500 — n=30.0

[ alpha=0.7622+ 0.0251
- a0=0.1568+0.0118

80001 41 - .0.0365+ 0.0256

— a2=-0.0360+0.0192
2500 — @3=-0.0226+0.0153
E Fit Status: GOOD

800

2000

1500

1000

500

FTTT IIIIIHIIlII\IlII

e e b v b e e e by | PN IR S WA T SR ST SN NN U S S S A SRR R |

OT 1 1 1 1 1 1 1 1 1 1
01 0.11 012 013 014 0.15 0.16 0 ] _ _ _ 015 016
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Combining all the channels

To combine the six decay channels we computed the weighted average of the

crystal ball o _
E, in 0.3-1.0 GeV
= %2/ ndf 2.718/5
oo
Q 0.0043—
S 0.00425—
5 I + Low er.lergy. photon
S ot T 1 resolution (Imp. for
0.0039%— . D > Dy)
0.00385— )
0.0037%—
0-00365_ Kr | KSnx | Knnx | KS K : KK :
~v Energy (MeV) | opata(MeV)  opori(MeV)  oprora(MeV) | Ratio MCri Ratio MCrd
100 — 200 (4.98£0.76) (5.1240.17) (4.91+0.19) | (0.97£0.15) (1.01 % 0.16)
200 — 400 (4.74£0.13)  (4.50 £0.06) (4.50 £ 0.05) | (1.052£0.03) (1.05 = 0.03)
400 — 600 (4.16 £0.06) (3.77£0.02) (3.88£0.03) | (1.10£0.02) (1.07 % 0.02)
600 — 1000 (3.69 £ 0.17) (3.27£0.05) (3.25+£0.05) | (1.134£0.06) (1.14 = 0.06)
300 — 1000 (4.09 4 0.05)  (3.85+£0.02) (3.80 4 0.02) | (1.06 &= 0.01) (1.08 +0.01)




D

<o B-counting INFN

Motivation of B-coun’ring De Nardo, Merola
* N important input for branching ratio measurements

Ngg = L * g has high uncertainty due to the uncertainty on Gy (2-5%)

* Indirect measurement of Gg;
3(103 Belle Il 2020 Preliminary, L = 25.8 fo

. - ° Y4
Subtraction procedure S000¢ (45] data
i . continuum
on resonance data | 400F * e,
o —— .,
- T 3000f ,
. ) i ..
continuum AT : .
B 2000 - .
BB 1000F I
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | ,.‘.,.,.m -

. . 0 01 02 03 04 05 0.6 07 08 0.9 1
We estimate the continuum component

R
using off-resonance data: need to take 2
into account the different cross sections (and efficiencies) Published papers or conference
of non-BB processes at off-resonance energy notes are using our numbers

NBB unc. ~ 1-1.5%



Dark Sector searches

Directly produced

e S -
> ---------- << > ---------- << icr(])ﬁi'\s/ilopnasrtoi(r:|i(i1 q e

mesons (D, B, Y Deviation from SM Dark matter
u U or other) decay prediction due to loop
B¢ B¢ induced effects
Search for a Z’ invisible decay Dark Higgsstrahlung search
ox€e?x ap f

A/*

INFN

Campajola

Non-gravitational
interaction with
matter

\> * Dark matter;
* Dark Forces;
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o Dark Sector searches INEN

Campajola
Dark Higgsstrahlung search Search for a Z’ invisible decay
10-3 Preliminary 10v — .,
Belle l [rdt=834fb! —— My =1GeV/c? Belle Il, 0.276 fb™’ e .
10-4 | 90% CLUL — My =2GeV/c?
—— My =3GeV/c? 10~ F ¢
—— My = 4GeV/c?
UQ 1075 | . (g-2)u*20
X o 1072 A '
W 107 1 :
10-7 | ot 10-? |- Belle Il Preliminary [L dt = 79.7 fb~!, 90% CL UL
=0 Expected *10 Expected +20
10-8 . ‘ . . - 2 =0.1M;
0 2 4 6 8 10 1074 d - : : - . :
0 1 2 3 4 5 6 7 8
dark photon mass (GeV/c?) 7’ mass (GeV/c?)

Search for an invisible Z' in final states with two muons and missing energy at Belle Il
Submitted to PRL,

Search for a dark photon and an invisible dark Higgs boson in p+pu— and missing energy
final states with the Belle Il experiment

PRL (accepted), talk from

N _ _ _ Marcello
Search for an Invisibly Decaying Z' Boson at Belle Il in ete=—p+p—(exp+) Plus Missing

Energy Final States Cam pajola
Phys. Rev. Lett. 124, 141801 (2020) later today



http://arxiv.org/abs/2212.03066
http://arxiv.org/abs/2207.00509
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From sensitivity study

30.0f published in the Belle II

B(B* —{ " v,) relative uncertainty [%]

25.0f Physics Book and
Snowmass White Paper
20.01
15.0¢
10.0¢
5.0t
Belle II

N}
o
o

117.5

115.0

112.5

110.0

~
(9)]

B(B —lv) =

ol
o
Exp. |V,s| relative uncertainty [%]

)
&

1 10 50

Integrated Luminosity [ab ']

Aiming at public Belle Il result in summer 2023 later today

Leptonic decays INFN

M. Aversano, G. De Nardo,
G. Gaudino, M. Merola

2
my

2 2 r2 2
S m;j (1 — m—2> [3Vu| T8
B(B = v) = B(B — IW)sa X 11
2

m
— (1 — tan? B —£)?
rH ( nﬁm%{)

in 2HDM type Il

G%mB

Very clean theoretically, hard experimentally
SM is helicity suppressed
Sensitive to NP contribution (for ex: Charged Higgs)

talk from
Giovanni Gaudino
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/O Outlook INFN

Belle IT

: - Snowmass White Paper:
Lummo S]-ty ma'tters Belle II physics reach and plans for

the next decade and beyond

Past Soon Target Dream
Observable 2022 Belle-II ! Belle-II Belle-II

Belle(II), 5 ab~! 50 ab™! 250 ab~!

BaBar
sin 28/¢1 0.03 0.012 0.005 0.002 Snowmass Whitepaper:
v/¢3 (Belle+Bellell) 11° 4.7° 1.5° 0.8° The Belle IT Detector Upgrade Program
a/¢s (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°KQ) 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*1v) 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*v) - 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

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.)
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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

Grazie !
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FPGA-Based Hadron Fluence Monitors

S

* Interest of Belle Il background (i T
community for single-event upset Pl
monitoring in on-detector FPGAs [1] (readout ogie) By ooz
and neutron-related background in i
general cap (| Fibiisas)
* Novel FPGA-based sensors developed configuration 10-100 Mbits
in PHI experiment (CSNV) ——
— Single device: configuration SRAM of 20000 g0 tnear (0CO) .
FPGA as sensitive element and N § 15000
programmable logic as readout P = B = oo |
— Compact, reprogrammable, low-power, ol w0 : N eos%6r—
digital output o
— Sensor and interface boards developed o e o
and tested w— p——
— Configuration SRAM Cross section _ | oprotons om0
characterization in progress, i.e. cross- P . s -

section for protons/neutrons vs energy
(JSI TRIGA and TIFPA beam tests)

2 s=2.734
< oase § w=14388
W= 635 Mev g 10" 7.0 = 1.8e-13
Weibull fit 0 = 1.80-13 cm? §

5 RS
w(E) = u'.‘,,(l ('xp( [L }l.L”'] )) /
100 2 400 500 100 L

0 300
EEEEEE [Mev)

[1]Talk at biweekly beam background meeting

Typical cross section from Cypress SRAM-based sensors [1] doi: 10.1109/TNS.2014.2365042
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https://indico.belle2.org/event/7084/contributions/37816/attachments/17392/25908/SEUs_at_BelleII.pdf

Sensor and Interface Board

 Compact sensor board (6.3cm x 6.5cm

— Only COTS components, radiation
tolerance studies in [1,2]

— Dual power input mode: direct or via-
regulators

— Low power consumption (~0.7 W)
* Sensor: Xilinx Artix-7 200T FPGA
— 28nm CMOS

— Expected proton(>20MeV)-SEU c =
9.4:101> cm2b, sensitivity = 1.4-10°
pp/cm?

* Interface board for sensor readout via\

Ethernet

— Digilent Cora z7-10 based on Zyng-7000
(FPGA+ARM uP) + custom plug-in board

— Automatic Cable Delay Compensation for
fast JTAG over distances up to 40 m

[1] T. Higuchi et al., 2012, doi: 10.1088/1748-0221/7/02/C02022
[2]Y. Yu Nakazawa et al., 2020, doi: 10.1016/j.nima.2019.163247

|

Il [T ——

'and CLOCK ' '

standard CAT7 cables
SFTP

5Vin 5Vin )
Plug-in
power out
Mo’ P [G0eae00e00000000RI0 ). 2 (1V5, 3v8)
< FFF : ¢ ¢ _ i
EmC H

Direct power to FPGA 4-wire scheme

(0v95, 1v8, 3v3) =3

Unregulated
power in (

/

JTAG

UART

<o

debian A

Buster

(2 [ 1
= — = i
_____ 9@ s @) / v

CAT7 cables

Ethernet SFTP

(EPICS, Belle Il LAN) DC-DC converters

29



Irradiation Testing

* [rradiation tests at the TRIGA nuclear reactor TRIGA layout TOK2
of Jozef Stefan Institute (Ljubljana, Slovenia)

1L
L

)

— Broad neutron spectrum (thermal, epithermal, Drychamber =% tT=t =
fast) e e

— 2 sensors tested
— Flux ~ 108 -10%n/(cm?s)

— thermal neutron 6Ny = 7.0-108cm? and
neutron tolerance > 10%2 ng,/cm?

— Readout logic og = 5.1-102cm? (thermal n)
TIFPA Irradiation Room

* o(Energy, Vpp) characterization at Trento (
Institute for Fundamental Physics and '
Applications (Trento, Italy) Eiioes e
— monoenergetic protons, tunable energy in 70- | y/
228 MeV range m

150 "

N

«i» Greenaread.5mx25m

— 6 sensors tested
— Flux~10%p/(cm?s)
— Data analysis in progress .

4—3» Bluearea1mx 1.5m
«= Laser line

Grid size 1m

30



FPGA-basgd Neutron Fluence Monitors at Belle |l

4 sensors + 4 readout _SuperKEKB Beam
boards: 2 at forward
(e+/e-) plus 2 at

Countmg room Eurocard adapter hosting two readout boards

backward (e+/e') 8 JTAG x p [N = auoavE: 7 ° g
Installation: 2 travels to

KEK for two people in il - Zvuoole
2023 (before end of 3 Power@1V5 and 3v6 > FHEH

LS1)

EPICS support for
integration with other
Belle Il monitors

1
1
1
1
1
1
1
1
1
:
1
! 8 Clock and control
1
1
1
1
1
1
1
1
1
1
1

10m forward from collision point

Back-end server at INFN
NA for data collection
and web publication

Cisco SG300-28

(Grafana) ,
(&)( Local

Easy access to data for EK \ork
the whole Collaboration Cintex.7 70T

, — S HTTP
System modularity pl|P_=—— e r\
makes it possible to ek Bl | NN AT ' (@)
scale number of sensors ' e | s = g s ,
over time rafana = N

B S G 5 RN
DELL PowerEdge R650 @

Magnet tag: QCZL

INFN

NAPOLI
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Attivita di computing 2022

Normalized CPU usage by Site
52 Weeks from Week 52 of 2021 to Week 52 of 2022

Running jobs by JobType
52 Weeks from Week 52 of 2021 to Week 52 of 2022

40,000

32kJobslots pledge

30,000

25,000

kHS06

=

n Sh / -
Jan 2022 Feb 2022 Mar 2022 Apr 2022 May 2022 Jun 2022 Jul 2022 Aug 2022 Sep 2022 Oct 2022 Nov 2022 Dec 2022

Max: 452, Min: 26.5, Average: 226, Current: 26.5

0
W 0SGBNLus 13.9% W LCGKEK2jp 36% M LCGHEPHY at 11% M LCGCYFRONETPI  03% Jan 2022 Feb 2022 Mar 2022 Apr 2022 May 2022 Jun 2022 Jul 2022 Aug 2022 Sep 2022 Oct 2022 Nov 2022 Dec 2022
B LCG.KEKjp 114% M LCG.IHEP.cn 30% @ DIRAC.NDU.jp 09% W LCG.Roma3.it 03%
@ LCG.DESY.de 113% M LCGKT-TARDIS.de  27% M LCG.LALfr 08% M DIRACNiigata2jp  0.2% i i
B LCGKIT.de 80% M CLOUDAustraliaau 23% M ARC.MPPMU.de 07% @ LCG.ULAKBIM.tr 02% Max: 38,605, Average: 17,856
@ ARC SIGNET si 74% @ LCG.Pisa.it 21% W DIRACBINP.ru 06% O DIRAC.Shandong.cn  0.2%
B DIRAC.UVic-iocal.ca  64% M LCG.CESNET.cz 18% W LCG Frascatiit 04% 0 LCG.KMijp 01% O McProduction 67.3% M MCSkim 16% @ Merge 01% M Test 0.0%
B LCG.CNAF.it 52% @ LCG.Torino.it 16% O LCGKISTLkr 04% B DIRACTIFR.n 01% @ User 247% B Dataskim 06% M Userscout 00% @ unknown 0.0%
B DIRAC.UVic.ca 50% B LCG.IN2P3CC.fr 16% O DIRAC.TMU.jp 03% @ DIRACMIPT.ru 01% O RawProcessing 53% M MCProductionBGx0  0.3% M DataMerge 0.0%
O LCG.Napoli.it 3.7% @ EuroHPC.Vega.si 15% @ LCG.TAU.l 0.3% ... plus 20 more

Generated on 2022-12-17 09:26:09 UTC
Generated on 2023-01-05 08:29:22 UTC

Milestone Italiana per il 2022: fornire il 12% de MC. Italian Share fornito: 13.3%
® Attivita user analysis aumentata rispetto al 2021
® Picchi di ~40 k jobs running

e lIsito di Napoli e il primo sito della collaborazione per potenza di calcolo fornita dopo i RAW Data Center .
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Progetto IBISCO e PNRR

[ setiinny U ;}r\_,r”"“ Nuovo hardware di Belle Il fornito con il progetto IBISCO.

Munich Salzburg

\”U\_‘/‘* R OSTRTA > D
22 2 s A2

/ sw: rzsRLAuD
L y - /.

HUNGARY &

|.Bi.S.Co. (Infrastructure for Big Data and Scientific Computing)

»‘: i ‘F ’/' o ZSSLOVENIA
Lerona rieite A SHCREATIA
Rurke. Venice ”

s N e Napoli (INFN Unit + University Federico )
ot \\/»\ e 10 PB of disk space - 1PB per Belle Il (590TB Pledged)
) 30\ O - /}if e 110 Server per HTC - 16 server renewal pledged Belle Il
’a&f"% , e Cloud Cluster (that will be part of INFN Cloud)
g9 ) / e HPC Resources with GPU
o s Datacenter in ulteriore espansione con il PNRR.
PON PON PON PON
2000/2006  2007/2013 _2018/2020 _2021/2027 (Guido Russo, Silvio Pardi per Belle Il. Grazie Alessandra Doria,
S_C_!P'.\E> WRopos S 23 o Bernardino Spisso, Michele Delli Veneri e tutto il gruppo di

M oY / IBISCO per il supporto)
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INFN-Napoli Leadership sulle nuove tecnologie

Responsabilita:
Silvio Pardi Coordinatore Italiano del Computing e Infrastructure Coordinator per I'esperimento

Attivita in corso:

® Transizione alla token-based-authentication in sostituzione dei certificati x509
O Prototipo del sistema di autenticazione presso il CNAF

O Testbed gestito da Napoli
e Transizione al protocollo WebDAV al posto degli storici protocolli
GridFTP/SRM
o Sistema di monitoraggio e processo di transizione gestito da Napoli

e Implementazione dei Job Multicore

. . . . . 34
o Configurazioni gestite da Napoli

Belle Il




D* — Dy sample

This channel 1s optimal to study the low energy photon resolution. We can extract the
photon resolution from AM = M+ — Mp because the tracking resolution component
is negligible: o (AM) ~ 0.5 MeV.

The reconstructed decays are:

)

D° - Kn(4% D° - K.nm(2,8%) D° - Knnm(8%)
*
D, - Km(1,5%) D, - K K(2,6%) D, — ¢m(2,2%)

Finally we have performed a fit over AM: Crystal ball for the signal and a 3th
order Chebychev polynomial for the combinatorial background.

12/01/23 M. Mirra



AM distribution: 400 — 600 MeV

4000 =

[ cbmean = 0.1414 = 0.0000 I cbmean = 0.1411+ 0.0002 1400 [—

- L {cbmean = 0.1439 + 0.0001
3500 [chsigma : 2200400 +0.0001 2500 chsigma : O.gg? +0.0002 I-cbsigma = 0.0039 + 0.0002

r n=30.0

[ alpha =0.8191+0.0704

a0 =0.1918 + 0.0129

a1 =-0.0714+0.0224

22 =-0.0109 + 0.0241

a3 =-0.0039+ 0.0138
Fit Status: GOOD

[ alpha =0.7335+0.0790 1200
a0 =0.2026 + 0.0070
al =-0.0535+0.0135
a2 =-0.0057 = 0.0108
a3 =-0.0134+0.0082

Fit Status: GOOD

alpha = 0.7622+ 0.0251
a0 =0.1568 £+ 0.0118
a1 =-0.0368 + 0.0256
a2 =-0.0360+0.0192
a3 =-0.0226 + 0.0153

Fit Status: GOOD

3000

2000

1000

2500

800

2000 1500
600 — L g eeeeneeene
1500 =
1000 —
1000 C 400_
.................................... s00 C
500 (& . - 200 —
e B B B B B - -
o o T R R e o 1 T O | SV S S S S S SRS SRS RS
01 0.11 0.12 0.13 0.14 0.15 0.16
Delta M (GeV) Delta M (GeV) Delta M (GeV)
D = K 0 *
D" — Kqgnm D, — K K
1200— 600

[ cbmean = 0.1434 = 0.0001
|-cbsigma = 0.0042 + 0.0002
C n=30.0

500 [—alpha = 0.8857 + 0.0639

|-cbmean = 0.1413 £ 0.0002

I-cbslgma = 0.0041+0.0002
- n=30.0

1000 —alpha = 0.8068 + 0.1635

500

[ cbmean = 0.1437 + 0.0001
[ chsigma = 0.0041+ 0.0002
- n =300

I alpha = 0.8024 +0.0782

[~ a0=0.2254+0.0184 a0 = 0.2286 + 0.0374 400 — 20 =0.2923+0.0722
[ al=-0.0585:0.0379 al =-0.0918 +0.0723 [ a1=00124:0.1634
800 22=0.0042:0.0278 a2 = -0.0087 + 0.0765 [ 22=0.1014+0.1654
a3 = -0.0279 + 0.0291 4001 23--0.0617+0.0425 [ a3=-0.0168:0.0028

Flt Status: GOOD Flt Status: GOOD 300|—  Fit Status: GOOD

600 300

200

400 200

200 ~—# 100

- 100

I}Illllllll}llllllll

Lo o b b b b L

0 L L | | 1 |
0.1 0.11 0.12 0.13 0.14 0.15 016 0 I L 001 XK TXE 553 i L o
Delta M (GeV) 0.1 0.11 012 0.13 0.14 0.15 0.1€ R X . . .

Delta M (GeV) Delta M (GeV)

D° = Krrm D, = KK Dy — o7

12/01/23 M. Mirra



Mixing all the channels

To combine the six decay channels we computed the weighted average of the

crystal ball o

DeltaM_ECL_AIl0.300000_1.000000

x2 / ndf

0.0044

0.0043

0.0042

0.0041

——

Prob

Mean Sigma 0.004058 + 4.904e-05

2.718/5
0.7434

|IIII|IIII|IIII|IIIII|I I|IIII|IIII|IIII|I|I
4
Y

0.0039 *F
v Energy (MeV) | opata(MeV)  orrori(MeV)  orrerg(MeV) | Ratio MCri - Ratio MCrd
100 — 200 (4.98 £0.76) (5.12+£0.17) (4.91+0.19) | (0.97£0.15) (1.01 £ 0.16)
200 — 400 (4.74+0.13)  (4.50 £0.06) (450 £ 0.05) | (1.05 £ 0.03) (1.05 % 0.03)
400 — 600 (4.16 £ 0.06)  (3.77+0.02) (3.88+0.03) | (1.10 £ 0.02) (1.07 £ 0.02)
600 — 1000 (3.60 + 0.17)  (3.27+0.05) (3.25+0.05) | (1.13+0.06) (1.14 % 0.06)
300 — 1000 (4.09 + 0.05)  (3.85+0.02) (3.80=0.02) | (1.06 +0.01) (1.08 +0.01)
12/01/23 M. Mirra



> MC/Data comparison of ° detection efficiency via the decay chain
ete” - w(782)y s~ T T YR

» Efficiency definition
* N,: number of events with meson w production selected using beam,
nt, ™ and y,sg information, no requests on ° detection (control sample)
* N_o: number of control sample events with 0 - yy detected with
standard cuts

N o
* Epoyc T ( i /Nw)

» MC sample (1ab! per sample)

and & = (N"O/ )
0 —
MC n’Data N Data

e ete” -t ny g

° e+e_ - n+n_YISR

e ete =t n® Yisr Main backgrounds

. + - + -
€ +e_ —H _I_u _YI SR Negligible contributions (< 1.%o)
c e'e > K"K yisr

> Data sample (326.6 fb!)

12/01/23 M. Mirra 38



Control sample selection

Charged particle YISR
*  From stdPi list *  From stdPhotons list
e thetaInCDCAcceptance > 0 and * thetaInECLAcceptance > 0
thetaInECLAcceptance > 0 e Ecus>4.5GeV

 dr<2cm and |dz| <4cm
nCDCHits > 20
 pionID > 0.9, pt >0.2 GeV

Event selected if N pargea + >=1, Nchargea - >=1 and Ngymma >=1

For each triplet (r*, m™ and ysg) kinematic fits with KF:it tool.

> In order to reject the main background e*e™ - Tt Ty !

4CFit: mother parti.cle’s 4- If Y2, < 300 triplet
momentum constrained to the beam

rejected
4-momentum

> 1CFit: m° fitted requiring e*e™ = T T Y 1spPmiss> With P2;cc = mi o and beam energy
as constraints

Just the triplet with the highest P e (> 0.4) selected in the event

12/01/23 M. Mirra 39




Efficiency definition

» Squared invariant mass of the 3 pion system
m3, = (Pp+ + Pr- + P o) (Py+ + Pr- +Pro)
P+ and P~ from momentum measurement + pion hypothesis, P_o from Kin fit estimate
» Two different efficiencies :

« Fit to m;, distribution to evaluate N, before and after 7 selection - both for data
and full MC (s1gnal + main backgrounds)

350

CBsigma = 0.02181 + 0.00087
alpha =-1.134 £0.10

mean = 0.78498 + 0.00044

nbkg = 2295 + 83

CBsigma = 0.0133 +0.0015
alpha =-0.676 +0.12

mean = 0.7830 +0.0010

nbkg = 416 +33

nsig = 1063 + 42

sigifrac = 0.63 +0.15
sigma_1_gaus = 0.0229 + 0.0030

N, = 3690 0 , ) N_o = 1063
e " selection o

"l‘H»L IJ» L 1»&14»]

]

0.75 0.8 0.85 0. 95 %7 0.75 0.8 0.85 o 0.95

Mms, (GeV/cz) ms, (GeV/c?)

Events / (0.0036 )

20

S}

15

3

106

3

5

3

~f ‘H‘HH HH‘HH‘HH
\\‘\\‘\\\‘\\\‘\\\‘

* Count events in mg_ distribution for |m3,, —m, | <3oc to evaluate N, before and
after ¥ selection - for et e~ — wtm n®y,;sg MC sample (to validate fit procedure)

(;mfgeM =il 2'10729’ ?Zzzg: Enf Vle:)’wc"“"‘oe;ggg
MC pipipiOISR 1 Sebev  oooams 1600; 1 1 Seibev  obseny
C 1400 —
I ) -
C 1000~
6000; I soof— I I NTI.'O — 33616
s N, = 116274 0 : S A
- w .
2000[— T Selecthn :ZZ;
45 0.75 08 o8s 08 . 085 (b; o7 08 08 08 595
2
ms, (GeV/c?) ms, (GeV/c?)
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Efficiency uncertainty

> Counting technique (MCsignal): binomial approximation (\/ £,0(1 — &,0)/N,,)

> Fit technique (data and full MC): toy-MC to evaluate the € o uncertainty

entries

Data: H,, histogram with IV,

Data Pi0_eff10: H o0 histogram

CBsigma = 0.0133 +0.0015
alpha = -0.676 +0.12

mean = 0.7830 +0.0010

nbkg = 416 +33

nsig = 1063 +42

sigifrac = 0.63 £ 0.15
sigma_1_gaus = 0.0229 + 0.0030

N0 = 1063

en

CBsigma = 0.02181 + 0.00087
alpha=-1.134 +0.10

mean = 0.78498 + 0.00044
nbkg = 2295 + 83

nsig = 3690 + 91

sigifrac = 0.800 + 0.056 60
sigma_1_gaus = 0.0101 + 0.0012

N,=3690 pemmmm—p
e S St 70 gelection

%.7 e 0.75 0.8 0.85 0.9 0.95 %.7 0.75 0.8 0.85

ms,, (GeV/c?) ms,, (GeV/e?)

80

Events / (0.0036 )
Events / (0.0036 )

H‘\\I\l\H\‘\IH‘H\I‘HH‘HH‘\

({[\\\|({(‘\\I|({\‘

|
0.95

e Generate Poisson(Ny,,) events according to the H,, histogram — fit to compute N4

* Generate Ny, events according to the H -0 histogram; Ny,,,, defined to keep the same average
&0 signal efficiency and signal to noise ratio

observed in data — fit to compute N o, e
« Evaluate € 0, = Nj0;/Ny, e
* Repeat the experiment — €_o; distribution i
00:l 0|1 0.‘2’ 0.3 ’ IO.I4‘ = I0!5I = ‘O.‘SI — ‘0.‘7‘ = IO.‘B‘ = IO!Q‘ = 1 é 0

i
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¥ detection efficiency

> &_o can be evaluated in bin of momentum, 8 and ¢ of the fitted °

g0 Pi0_eff20 £.0,.F Pi0_eff20
3= Full MC - fit procedure “t Full MC - fit procedure
%=~ MC signal - count “®2°  MC signal -count
07— 0.7 1=
o_sé— O.Gi—
= e ‘»:’:1 = -
05 . —— 05— — e
04— :i: o.4§—
05 03—
e 02—
= 0.1
00:' = 'ol5 4 1'5 — é 2|5 é = ‘3}5' = 'J;' = '4!5' = 0= ‘o.‘zl ‘ '0?4‘ ' ‘o?e' ‘ 'o.[s‘ = ; - '1?2‘ ' ‘1.‘4' ‘ ‘1!6‘ ' |1.‘8| e ‘2.‘2' ‘ ‘2?4‘
P_o (GeV/e) 0 0 (rad)
Pi0_eff20 Pi0_eff20
£,0 °= Full MC - fit procedure €,0°°= Full MC — fit procedure
“®C" Data — fit procedure 06— Data — fit procedure
0.7;— 0.7
06; ,:,:,=§:’—‘—‘—9—‘—§—< 0.6; T e P
05 ; :g:=Q= —— + :% 05 ; _%++++ ;
04 B 1 04 — —
= S
0'2;7 02;—
0.1 =
% °|5 4 1!5I é I2!51 él B 13?5‘ B I‘l‘l B J4F5I B oE 0!2 0}4 o!e 0}8 - % L '1}2' 1!41 1}6 11!8l 2 2!2 214
P o (GeV/e 00 (rad)
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