PERUGIA

I have stolen pictures, drawings, etc from several people



Bellell Collaboration
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Belle2 experiment is at KEK, Japan

* Tsukuba Campus: 1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan
e Tokai Campus: 2-4 Shirane Shirakata, Tokai-mura, Naka-gun,
Ibaraki 319-1195, Japan
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KEK

©OKE

High Energy Accelerator Research Organization

Inter-University Research Institute Corporation Accelerator
High Energy Accelerator Research Organization Circumference 3 km
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First collisions: 26 April 2018
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Bellell experiment at SuperKEKB

e+ 4 GeV 3.6 A

o & Belle Il
S g - ' e
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New IR
e- 7 GeV 2.6 A
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Low emittance positrons
to inject

Damping ring ” ——
- \
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Low emittance gun

Add / modify RF systems
for higher beam current

Positron source
—

New positron target /
capture section

C

Low emittance electrons
to inject
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What is matter made of?

Ordinary matter, for example water:
IDA=—12 %F RF#% RF nF /i

quark nucleon nucleus atom molecule  —'

. —
PYVIIoIA=D -
up QUarkf_ o ,

TIIIA=D BRET S

down quark 5 sxygen nucleus oxygen atom.~ *ﬁ?

water molecule

BF KEETF

electron hydrogen atom

L7k

lepton
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SM

STANDARD MODEL OF ELEMENTARY PARTICLES
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SM 1ssues:

»Why do neutrinos have mass?

2 What is dark matter?

2»Why is there so much matter in the universe?

investigated at Bellell

Issues which can be

2Why is the expansion of the universe accelerating?

2Is there a particle associated with the force of gravity?



B physics

»Why do neutrinos have mass?

»What is dark matter?  rjont invisible particles

2»Why is there so much matter in the universe? Matter-antimatter asymmetry
can be explained with the CP
violation

. . . (Sakharov conditions)
Indirect searches for new physics: SM anomalies

energy frontier intensity frontier

M - ) probe new physics at multi-TeV
scale in a indirect way
SM
Very massive particles produced in loops

limited by beam energy limited by statistics



Discovery of Y(4S)
Bound state pp

~

1035 Oops-Leon

https://en.wikipedia.org/wiki/Oops-Leon

1976 E288 Experiment, Leon Lederman
claimed a new particle with m~ 6 GeV,
and named it Y

After collecting more data the peak

Qsappeared j

In 1977 a new peak
appeared at ~ 9.5 GeV.

The name Y was used
again

Leon Lederman:

The Upsilon fits very
nicely into the picture
of a super-atom
consisting of the
bound state of a
bottom quark and
antiguark

GeV
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https://en.wikipedia.org/wiki/Leon_Lederman
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Y(4S)= Y(10580): B factory

On-resonance production

0 + + ,— 0RO p+p-
Y(4S) @ Bi. B ete™ — Y(4S) - BB, B*B
@ — ™ o(ete” - BB) ~ 1.1 nb
. \ at Y(4S) energies
Bg, B

2 B mesons and nothing else

M The 2 Bs are created simultaneously in a L=1 coherent status:
This makes it easier than in hadron collisions to infer the charge
state of one B meson from observation of the other

12



Why do we need high luminosity?

Number of .
collision events| = X | Cross section
per second of the reaction

Integrated luminosity: Cross section: * Ne 1M
1fb' =101 =10°ab"" &= Inb = 107fb -

Number of
decay events = X || Cross section | y | Branching ratio
per second of the reaction Of the decay

1 barn = 10*cm?

Example:

For rare decays
this is very small

13
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Bellell Luminosity

Int. Lumi (Delivered)

[fb-1]
SOOO Int. Lumi (Deli d
Peak luminosity i
2021c 2022ab
L pear = 3.81 X 107 em™s™" T 4000 Target
December 2021 }' - 510fb-!
g am / 480fb- |
g 3000 200 ’/“—M Bas
gewected 9 5 10¥em 257! 3 ,
peak g 11/10/1 21/13/30 22/1/30 22/4/1 22/6/1 22/8)1
© 2000
&
=
Long Shutdown 1 (LS1) 1000
July 2022- Oct 2023 e

0
20/4/1 21/4/1 //f/'4/1 23/4/1 24/4/1 25/4/1 26/4/1

We are here
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Main motivation
of B-physics

e Origin of the
generations and role
of the flavor

e CP violation and
baryon asymmetry

Indirect searches for
new physics:
SM anomalies

Bellell will probe new
physics at multi-TeV scale
in a indirect way

Workshop orientamento studenti 2(
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Bellell physics

e Bellell (2019-)
— 189.3 fb 1 =190M Public results to date
— to date: =290 M collected; ultimate goal = 50G (>100X)

— published /submitted physics results so far

e Integrated luminosity [Chinese Physics C 44, 021001 (2020)]

e search for invisible Z’ [PRL 124, 141801 (2020)]
e search for Axion-like [PRL 125, 161806 (2020)]
e search for K v [PRL 127, 181802 (2021)] (Inclusive tag)

e DYand D* lifetimes [PRL 127, 211801 (2021)]
e Belle+Belle Il, CKM angle ¢ [JHEP 02 2022, 063 (2022)]

Workshop orientamento studenti 2022

Already nice results
on the hidden sector
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Bellell experimental apparatus

Workshop orientamento stu

KL and muon detector

Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC
(end-caps , inner 2 barrel layers)

—

—

EM Calorimeter
Csl(Tl), waveform sampling electronics

Particle Identification

Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (forward)

Vertex Detector
2 layers Si Pixels (DEPFET) +
4 layers Si double sided strip DSSD &

-

positrons (4 GeV)
Central Drift Chamber

Smaller cell size, long lever arm

Belle |l TDR, arXiv:1011.0352



_I_ _ ® o
C C COlllSlOnS SuperKEKB accelerator complex

Interaction

Region Belle |l detector
N " —— ‘

“/ --\""\-.-

o 7 GeV AT RS
<
A

The B are very slow
in the Y(4S) rest frame

electron ring

4

A boost is needed to give _ -
momentum to the decay —~— __
4 GeV —~m WiVZ,
pI‘OdUCtS to allow P°55t:3” ring\ ﬂ electron / positron

time-dependent measurements linear injector

i B reson v
that are crucial for the ‘“ .

study of CP violation asymmetric energy
positron damping ring

K g

N

Asymmetric beams

KEKB : pr =043 7.0 GeV e Ves 105796V 4.0 GeV e
SuperKEKB : fy = 0.28
v=0.27 c

19
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Thousands of possible decay chains

K or K* modes Light unflavored meson modes
KOr* ( 237 + 0.08 ) x10~° 2614 P (98 +25 )x107' 2583
K+ 0 ( 129 + 0.05 ) x 10-5 BTk at x0 ( 55 + 04 )x10-° S=12 2636
T K ( 704 + 0.25 ) x 10-5 2525 't 70.-’ o ( 152 + 0.4 ) x 10-2 2630
I jow 4 + 1.8 -6 prm’ ( 83 12 )x10— 2581
"IK (892) (48 _ 1% )x10 . 2472 T £((980), fh = whA— < 15 x 10~  CL=90% 2545
”,K0(1430) (52 +21 )x107 - 7t £(1270) (22 £ 07 )x106 2484
n' K3(1430) (28 +05 )x107° 2346 =
"K $ ( 24 + 0.4 ))( 10—6 $S=1.7 AEan 14507t 50 5 gt gp— (14 N 88 ) x 10_6 2434
LS
nK| \/‘
ik s = 10.579 GeV +
L J L)
- 4.0 GeV
s 7.0 GeV e U Geve
(1
1
v=0.27c
D, D*, or Ds modes Charmonium modes
DOt ( 468 + 0.13 ) x 10—3 2308 ne K ( 1.06 + 0.09 )x10—3 §=1.2 1751
Dep(s1)™ [non] ( 205 + 0.18 ) x 10~3 - neK*, me = KYKFa* (27 +06 )x107° -
Dep(_1)™ [nnn] ( 20 + 0.4 )x1073 - ne K *(892)" (11 £ 32 yx103 1646
D pt ( 134 + 0.18 )% 2237 ne Kt mhm < 39 x10~%  CL=90% 1684
DK ( 363 + 012 )x1074 2281 e K w(782) < 53 x10~%  CL=90% 1475
Depiiny K [non] ( 180 + 0.07 ) x 104 - neK*tn < 22 x10~4  CL=90% 1588
DCP(—I)K [pnn] ( 196 + 0.18 ) x 10—4 - ﬂCK : ‘n’o < 62 x 102 CL=90% 1723
Dk ( 357 + 035 )x10~° 2281 Me(25)K” B (44 £ 10 )x107% 1320
[K—n%]p K* [ooo] < 28 x10~7  CL=90% - ne(25)K™, me = PP (35 +£08 )x107° -
[K'7m pK' [o00] < 15 x 1072 CL=90% - ne(2S)K*, ne - KLKFr* (34 £ 23 )x10-6 -
— -7 _ :
[K‘ ‘ ]D”’ [oco] ( 63 & LI )"10_4 ne(2S)K*, no — pprt ( 112 + 0.18 ) x10~° -
[f. _'”' lg’f P (178 £ 0.32 )x107 - he(1PYK™, he = J/Ypmtm~ < 34 x10~®  CL=9%0% 1401
[_"0 L ]Q [ 46 09 )"10_4 B X(3730)° K", X% = ey < 46 x107°  CL=90% -
DDK (892)’(. . [ 53 & 04 )x20~ 2213 X(3730°K*, X° 5 pen' < 57 x107%  CcL=90% -
cp(-1)K*(892) [ann] ( 27 £ 08 )x10 - Xe1(3872) K < 26 x10~4  CL=90% 1141
Depii1)K*(892)° [nn] (62 + 07 )x10~4 - Xe1(3872)K*, xe1 = PP < 5 «10~9  CL=95% =
D% K*(892)* (31 + 1.6 )x107° 2213 Xc1(3872)K*, xe1 — ( 86 + 08 )x107° 1141
Ktnta— ( 52 + 21 )x10~4 2237 Jmt
EOKKD (55 +16 )x107 2189 xc1(3872K*, xc1 = J/uy (21 + 04 )x10° S=1.1 1141

- . n
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B+ DECAY MODES

Scale factor/

Fraction (I';/T)

p

Confidence level (MeV/c)

Eo'ir’ O A 7
D0t = £t vy,
D~ K+ £ty
DS K" € vy
D7 K €7y
70ty
nt" v
e v

[
[

Semileptonic and leptonic modes
X [#] ( 1099 + 028 )%
e’ v X (108 04 )%
DE"vyg X (97 07 )%
D¢ty M ( 235 + 0.09 )%
Dt v, ( 77 +£25 )x1073
D*(2007)° £+ v [ ( 566 + 022 )%
D*(2007)° 7+ vy ( 1.88 + 020 )%
D—wt €ty ( 44 04 )x10-3
D3(2420)°£* vy, D — (25 +05 )x1073
_ D x’ _
D3(2460)° £* vy, D30 — ( 153 + 0.16 ) x 10—3
D—x*
D*)nmeyp(n > 1) 1.88 + 025 ) %
D*~wt €ty 60 + 04 )x1073
D,(2420)° £* vy, DY — ( 303 £ 020 ) x10—3
pe—
D' (2430)°£* vy, DP — ( 27 +06 )x10-3
D.—Tr.
D5(2460)° £ vy, D3° — ( 1.01 + 024 ) x 103
D.—ﬂ.

(17 +04 )x1073
(8 +5 )x10~4
( 61 +10 )x10~4
(30 F 15 )x10-4
(29 +19 )x10~4
( 7.80 + 027 ) x 102
(39 +05 )x10°
(23 +08 )x107°
( 1.19 + 0.09 ) x 10—
( 158 + 0.11 )x10—%
(58 © 3% )x10-6
< 85 x 10~°
(82 * 39 )x10-6
< 98 x 10—7

290 x 1007 to 1.07 x 1006
( 1.09 + 024 )x10~%

< 30 x 10—©
< 43 x 10—
< 34 x 10—©
< 16 x 10—8

S=2.0

CL=90%

CL=90%
CL=90%

S=1.2
CL=90%
CL=90%
CL=90%
CL=95%

2310
1911
2258
1839
2306

2065

2254
2084

2065

2301
2248

2242

2185

2638
2611
2553
2582

2583
2467
2446
2467

2640
2639
2341
2640
2640
2639

2634
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Tagging strategy

In lab frame

tag-side signal-side A precise knowledge of the energy
' : ' momentum of one B (tagging B)

allows to deduce the properties
of the other B (signal B)

Workshop orientamento studenti 2022



Tagging strategy

Inclusive Tag
e = O(100)% ‘Cfg
Consistency of B,

Efficiency «

Semileptonic Tag /of
€ = 0(1)% —B\\l
Knowledge of B, ‘w
Hadronic Tag

e = 0(0.1)% —B//<
Exact knowledge of Btag\<

Workshop orientamento studenti 2022

Alung

In the CMS frame

Etag — Z Ez — Ebeam
1 tag

ﬁ}tag — ]3’2
1, tag

— Beam-constrained mass

Mype = \/ Efcam — Diag

22



D, D*, or Ds modes

Use of MVA

Dzt ( 468 + 0.13 ) x 10—3 2308

Dcp(+l)7l'+ [nn] ( 2.05 + 0.18 ) x 1073 -

example from: Dep(_1ymt [non] ( 20 + 04 )x1073 -
The Full Event Interpretation - — 21’1 { LA E0I5)% 2237
An exclusive tagging algorithm for the Belle II experiment Q b Dch LK - E ?‘gz i 3‘(1; ; ) :3 4 20t
arXiv:1807.08680 10.1007/s41781-019-0021-8 = Dmtli o+ ] (196 4 018 ) 104 _
c DK ( 357 + 0.35 ) x10~° 2281

Lontral Cluatare X [Kwt]pK* [000] < 2.8 x10-7  CL=9%0% -

NCuttlal Liuoucl o N—" K+ W_:D K+ [000] < 15 % 10—5 CL=90% -

3 K—m']pm" [ooo] ( 63 + 1.1 )x10~7 -

O [K'rpmt ( 178 + 0.32 )x10~% -

g wt a7l p K~ (46 + 09 )x10° -

g D° K*(892)* ( 53 + 04 )x107* 2213

= Dop—1yK*(892)" [pn] ( 27 + 08 )x10~4 -

O DCp(+1)K"(892)+ [pnn] ( 62 + 0.7 )x10~% -

= D°K*(892)* (31 + 16 )x107° 2213

ke DUKtnta— ( 52 + 21 )x10~4 2237

- DYKTKD ( 55 + 1.6 )x10~4 2189

DY K+ K*(892)° (756 + 17 )x10—4 2072

DVt ot ( 56 + 21 )x10-3 S=3.6 2289

D7+ 7w+ = nonresonant (5 +4 )x10-3 2289

DOt P ( 42 + 30 )x10-3 2208

DV a,(1260)* (4 +4 )x10-3 2123

*Fully reconstruct the decay
(Hadronic modes)

*Partially reconstruct the decay

[t reconstructs O(200) hadronic and semileptonic decay channels (Semileptonic modes)

23
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https://arxiv.org/abs/1807.08680
https://doi.org/10.1007/s41781-019-0021-8

Perugia activities

»Coordination of a physics group: Radiative and
electroweak penguin B decays (Elisa Manoni)

»Data analysis
B — KYup
B —» KOt~
»Coordination of the ECL upgrade (Prof. Claudia Cecchi)

»ECL upgrade: laboratory activity in Perugia

>Performance of ECL, b-counting,..

24



(>I<) — Origin of the name
B % E UU https://en.wikipedia.org/wiki/Penguin_diagram

o~ XY —
Penguin diagram : , b —-> K ( )I/I/
v g 3 Flavor changing neutral current
Z 5 : (FCNF) decays are strongly
W7 suppressed in SM: loops and GIM
' mechanism
b —» B - S
u,c,t

Very rare decays predicted with

e good precision by the SM
-y - If BR larger than the SM
expectation => New physics

Box diagram

Fo A

4 f)j fW* These decays offer complementary probes of non-SM
u, c L

physics scenarios proposed to explain the anomalies
observed in b — s{*{- transitions

Workshop orientamento studenti 2022



B - KOup

Direct search for invisible light particles

Indirect search for heavy particles .
, Y P e B — KX,X — inv
(Lepto-Quark, 7’,...) o (*)
. B—~Ka B->K'S
exam&)le: Models with LQ: \

2. L L L L 2
| | - BaBar yy
'f§ 1.80- ’ 10?
\*& : 10'13
T {6l A — Belle Il ee
Qo E 10~
Q | -
~ =
I/§ 1.4'_ N ’S* 10 4
X 10-
T 1ok _
S h 107*1 Belle Il inv.
m S ————— e RSN ENEeEINEssaNNINRscNNnIRRENREGENT

1| IR AP AP BT S 1050

1.0 1.2 1.4 1.6 1.8 2.0 i o o Gev] £y
M;, [TeV] " :
Cornella et al 2103.16558 [hep-ph] Ferber et al. L= Sqab
10.1007/JHEP08(2021)050 arXiv:2201.06580 Assumlng 0 background

26


https://arxiv.org/abs/2103.16558
https://doi.org/10.1007/JHEP08(2021)050
https://arxiv.org/abs/2201.06580

B - KOup

B->K*vv using
feiHadronicBO,
feiHadronicBplus

feiSLBO
feiSLBplus
Tagging B Signal B
Bt — K*vv
o Fully reconstruct the decay B® — KOvV (K — mtm) 0
: B — Kvvusing B(B™ — K*™v¥)/B(B"~ — K~ vV) = 1+ /Tgo
(Hadronic modes) B+ — K**+vv (K+7O)

. + . )*F 7 (KOt
e Partially reconstruct the decay g N ,5* %; Ks™)

(Semileptonic modes) B® — K*Ovv (K+m )
B — K*vv using B(BT — K*Tv¥)/B(B°® — K*Ov¥) = 15+ /10

Not only 1 analysis!
Workshop orientamento studenti 2022

Who

@ Guglielmo De Nardo
@ Mario Merola

@ Claudia Cecchi

Napoli

@ Elisa Manoni PG
@ Volpe, Roberta

@ Giulio Dujany ?-4‘0
@ Isabelle Ripp-Baudot g
@ Lucas Martel %
@ Jacopo Cerasoli §
v p)
27



B — KUrtr~

SM prediction:
BR(B" - KV t™) ~ 107’

Belle Collaboration recently

(Rahul Tiwary)

Anomalies in B decays

violation of Lepton Flavour Universality (LFU)

LHCb Measurements of Rx and Rp
b—slTl™ b—-cl D

LFU violation should affectalso b — st~

By assuming a New Physics scenario
which accommodates the B anomalies,

an enhancement of BR(b — st717)
is expected

Workshop orientamento studenti 2022

published this result:
BR(B’ - K"t7) <2.0x 102 @90 % CL

| O R &R w20

1 8 Br[Bs> 11
- B->Kri]
Bs— ¢11]

Br x 10*

1.1 1.2 1.3 1.4 15
Ry /RM

Phys. Rev. Lett. 120, 181802 (2018) arXiv:1712.01919v1

28


https://arxiv.org/abs/1712.01919v1

ECL (Electromagnetic calorimeter)

e detection of photons
with high efficiency

* precise determination
of the photon energy
and angular coordinates

¢ electron identification

Baockward Endcap Calorimeler

Barrel Calorimeter

e generation of the
proper signal for trigger

* on-line and oft-line
luminosity
measurement

e KOy, detection together
with the KLM .

Workshop orientamento studenti 2022

Forward Endcap Calorimeler

pe—
= | 3
% St
: o S L L NN
1021.6 l 1961.6
3825
2_(; Im 1111111 ]101 Im lllllll OI.O lm lllllll :6 lm lllllll Zl.ci) lm lllllll 3](]) ]

unit (mm)
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ECL

8736 Csl(Tl) crystals
6624 Barrel
1152 Fwd. Endcap

960 Bwd. Endcap

PERUGIA activities

concentrated on ECL

Workshop orientamento studenti 2022

s - —
— . —

—— m"wvw el

2 PIN-PDs

| =
Gore-Tex and

Aluminum-coated
myler wrapping.

C.

e+

-lll-“‘o‘

cchi]'-zcr= 30 cm = 162X0

Light output —
5000 ph.el./ MeV

electronics noise
6~200 keV
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ECL upgrade

Bellell long shutdowns (LSs)
Short term: Long Shutdown 1 (LS1) is planned for approximately 15 months starting in July 2022,

to install a complete pixel detector (PXD).

Medium term: approximately year 2026-27.
Long Shutdown 2 (LS2) will probably be needed for the upgrade of the interaction region to reach

L(peak)= 6.5 x 10 35cm —2s —1.

Long term: years > 2032.
Studies have started to explore upgrades beyond the currently planned program,

such as beam polarization and ultra-high luminosity

ECL v, € 1D add pre-shower detector in front of ECL long-term
Replace ECL PiN diodes with APDs (Avalance PhotoDiode) long-term

Replace CsI(T1) with pure Csl crystals long-term

The performance of the ECL will degrade with higher background rates without future upgrades.

At nominal luminosity, the efficiency may decrease by around 50% for m0 reconstruction and
discrimination techniques will degrade in performance.
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Argomenti di tesi

Principalmente in laboratorio:

Misure in laboratorio su cristalli di CsI puro con diversi fotorivelatori
Principalmente software:

Studio delle performance del calorimetro di Belle-II con i dati
Studio nell’ambito di un’analisi di fisica
B — KOzt~
B—-> K () 1Y, possibilita” di soggiorno a KEK

(Pandemic-dependent)

Molte altre possibilita’, contattateci per i dettagli
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Perugia group

£

Claudia Cecchi (capogruppo) Elisa Manoni Maurizio Biasini
Professore Associato Ricercatrice INFN Professore Associato

ufficio piano V, 075 585 2702 ufficio piano V, 075 585 2702 ufficio piano V, 075 585 2710
claudia.cecchi@pg.infn.it elisa.manoni@pg.infn.it maurizio.biasini@pg.infn.it

Stefano Moneta Roberta Volpe
Dottorando Ricercatrice a tempo determinato
RTDa

ufficio piano II ufficio piano V, 075 585 2703

stefano.moneta@pg.infn.it roberta.volpe@pg.infn.it
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