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BaBar and Belle B-factories
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Successful experimental program
Established CP violation in B system and -1
remarkable consistency of the CKM
mechanism of the SM
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Nobel Prize in Physics
In 2008 awarded to
Kobayashi and
Maskawa
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Motivazioni per il flavour a piu alta luminosita

Misure di precisione in processi proibiti, soppressi o predetti con precisione nel Modello
Standard sono sensibili agli effetti di una fisica oltre il modello standard

Esempio reale: ci sono misure che oggi mostrano un eccesso a 40 rispetto a quanto atteso
dal MS come R(D'*)). Anche altre tensioni...
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Acceleratore SuperKEKB
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Acceleratore: da KEKB a SuperKEKB

Nano-beanm: scheme firstly proposed by P. Razmondi for SuperB

Super-KEKB

-

boost ridotto

Luminosita L=

fattore ~ 40-50 in luminosita
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vertical beta function at IP

s

beam current

E (GeV) B*, (mm) B*« (cm) 0] 1 (A) L (cm2s?)
LER/HER | LERHER | LER/HER | (mrad) | LER/HER
KEKB 3.5/8.0 59/59 | 120120 | 11 16/1.2 | 2.1x10%
SuperkekB [ 4.07.0 X 0.27/0.30) 3.2/25 | 415 [ 3.62.6 ) 80x 10
factor 20 factor 2-3

i

Critical issues at L =8 x 103° cm™s!

Higher event rate (x40)
trigger rate, DAQ, computing

Higher machine backgrounds
radiation damage
occupancy
fake hits and pile-up in the calorimeter




Detecto

r: da Belle a Belle |l
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CDC: small cell, long lever arm
ACC+TOF = TOP+A-RICH

ECL: waveform sampling (+pure Csl for endcaps)
KLM: RPC = Scintillator +MPPC (endcaps, barrel inner 2 lyrs) back
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Caratteristiche uniche di Belle |l

Exactly 2 quantum correlated B mesons at Y(4S) || Physics deliverables

No trigger bias — almost 100% for B pairs

Improved precision on CKM elements and

Excellent efficiency and resolution in tracking UT angles

as well as in detecting photons, K, t°
—>reconstruction of intermediate resonances || Measurement for CP violation phases:
- Dalitz plot studies

_ _ Inclusive measurements b=> s/dy b—=>s 1|
Clean environment (w.r.t. to hadron machines)

allows “full interpretation” of the event
- powerful tool for physics with missing
energy (many neutrinos) or fully inclusive
analyses

Missing energy modes
B2 IvB2>Kvyv,B2> X, |v

LFVintT 2> Iy, 3l

Large sample of B, D, and T with low
background Dark matter, spectroscopy, Hidden sector




Solo a Belle II: Full Event Interpretation

For signal with weak exp. signature Fully reco Look for signal

e Decay with missing momentum
(many neutrinos in the final state)

* Inclusive analyses I

background rejection improved fully
reconstructing the companion B (tag) P -
%D@)o v,

Tag with semileptonic decays

* PRO: Higher efficiency €,,, ~ 1.5%
CON: more backgrounds,
B momentum unmeasured

Tag with hadronic decays X

e PRO: much cleaner events,
B momentum reconstructed

CON: smaller efficiency €,,, ~ 0.3% 2‘,/(;;0
D
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Collaborazione al 2017

750 persone — 101 Istituzioni — 23 Paesi

Guglielmo De Nardo - Stato e prospettive dell'esperimento Belle Il - IFAE 2017, Trieste, 19-21 Aprile 2017 9



Roll in del rivelatore: 11 Aprile 2017

GIAPPONE, BELLE Il E IN POSIZIONE: SI AVVICINA LAVVIO DELIACCELERATORE DI
PIU ALTA INTENSITA AL MONDO CHE ESPLORERA LIGNOTO

£ Pubblicato: 12 Aprile 2017

Il rivelatore Belle Il € ora in posizione nel punto di collisione dell'acceleratore

§ SuperKEKB, al laboratorio KEK, in Giappone. E stato cosi portato a termine un nuovo
\ fondamentale passo verso l'inizio dell'attivita scientifica di quello che sara
I'acceleratore di piu alta intensita al mondo. Nel pomeriggio dell'11 aprile, & stato,
infatti, completato con successo il “roll-in*, cioe il posizionamento dell'intero sistema
del rivelatore Belle Il sulla linea di fascio delle particelle, operazione che segue il

{ completamento nell'area di assemblaggio del montaggio e dell'integrazione dei vari
componenti del rivelatore. Belle 11, alto 8 metri, costituito da sette sotto-rivelatori, con
un peso totale di circa 1400 tonnellate, & stato spostato lentamente e con estrema
cautela di circa 13 metri, dal punto di assemblaggio al punto di collisione del fascio, appunto. Ed & ora pronto a raccogliere i dati
delle future collisioni prodotte dall'acceleratore, previste per l'inizio del prossimo anno.

“Lobiettivo scientifico dell'esperimento & I'esplorazione della fisica oltre il modello standard®, spiega Francesco Forti, dell'Universita
ed INFN di Pisa, presidente del comitato esecutivo dell'esperimento, “una fisica ad oggi ignota, e che speriamo possa essere
chiarita attraverso le misure di altissima precisione che Belle Il potra effettuare.”
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Stato e schedule 5 wf
£ . -— N (] Belle Il Goal
E sof—g w
= ok 7)) 1) 7))
g o 2 % |2
. © F
Phase 1 Accelerator commissioning 5= F & oo
o 9 - Q —
BEAST misure del background macchina Es 2%
10—
x10% f 7" Total BaBar+Belle Luminosity
. . 0 =
Phase 2 e* e collisions w/o vertex detector 2 8
8 6 SuperKEKB Goal
£
. . £~
Phase 3 Data taking with the Full detector 3% ¢
X 9 ,
§ g 2 j ; i ; KEKB Perforrpance
=0 2016 2018 2020 2022 2024
CaIencH year 2016 2017 2018 2019 L
‘ Japan FY JFY2016 B JFY2017 JFY2018 JFY2019
Summeishutdown Summer|shutdown T Power saving L Summer|shutdowr
(power saving) (power saving) after mid July 2018 (power saving)
K (mid Feb. — mid Jul. 2018)
phase 1 Mo, phase 2 (MR) phase 3
MR renovation for phase 2, including wl B!e!”Ie Il (no VXD) TR EETE
MR startup installation of QCS and Belle I HERstart VXD installation
LER start
Pr— Pr— Shase 3 operation
DR installation & startup commissioning 9 months / year
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PROSPETTIVE DI FISICA
(HIGHLIGHTS)
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q q9 q q

Standard Model prediction theoretically clean
Yield and g? distribution from a form factor
Nothing special w.r.t. B >D*) u/e v

Simplest case of new Physics: from Charged Higgs
Measure a ratio R = B( B> D*)t v )/B( B>D*)lv)

Experimentally hard: signature is not a peak
on a smooth background!

Data driven methods to control the backgrounds
(combinatorial and D** backgrounds)

@ B—Dr v,

WMB- D" /)W
-3 Background

200f—=
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Belle Il projections

:'\ 0.5 LI | T T T 1 | T T T 1 | T T 171 | T T T 1 | T T T 1 | T T T 1 | T T T 1
9 Belle Il Projection ..
o 04 ~ Belle Combination ICHEP 2016 Preliminary

Will confirm the excess early 45 M bater

—— World Combination
- SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)

3% (6%) uncertainty in R after 10% 0.4
of data taking.

Then systematically limited. 0.35
Detaled measurement of g2 and 0.3
other kinematcal distribution.
—3—

Polarization of the t 0.25 -

0 2 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

' 025 03 035 04 045 05 055 0.6
R(D
AR(D) [%)] AR(D*) [%] (D)

Stat Sys Total Stat Sys Total
Belle 0.7 ab-" 14 6 16 6 3 7
Belle Il 5 ab-t 5 3 6 2 2 3
Belle Il 50 ab? 2 3 3 1 2 2
14



Decadimenti Leptonici

— |+

W+, H*

Very clean theoretically, hard experimentally

SM is helicity suppressed

Sensitive to NP contribution (charged Higgs)

Ve
GZmp m? 5 . ) Belle Il can also test
B(B —lv) = S—sz( - m—g) felVu|" T8 lepton flavour universality
B
B(B — ) = B(B — lw)gm X T pe 1B —=ev)
2 I'(B—1v)
rg = (1 —tan® 8 —2)* in 2HDM type Il
I'(B—1v)
Mode | SM BR | Current meas. Belle Il Belle Il

5 ab-1 50 ab-1

N 104 20% uncertainty | 15% 6% Belle Il Full simulation with expected
& background conditions with hadronic

uv 10® Need Belle Il 20% 7% tags only

ev 1011 Beyond reach - -

Extrapolation of untagged Belle analysis
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CKM UT angles

Uncertainties on UT angles will be NI T E
substantially reduced wgd 1.2ab™ 0 o
0 :_§ gk solwi 60825, <0 _;

Competitive with LHC-b 0a -8 =
In addition accurate measurementson ' _E° . KN
many final states (with neutrals): . §_ 0 _§
ex: B>am, pm, pp etc... - | :
01 — v

O L A T e

Angle | WA 2016 | Belle ll °:4 > ‘:" e s 1:"°

o« |& o ——

= sin201 03 -

[3 0.7° 0.3° 0_5:_ (Y] _:

Y 7° 1.50 uE o L X E
f_o:;f—; =

Measurement of yand [Vub| i 025_ " Vbl E
can have the role of setting the £/ inclusive :
SM baseline for interpreting ME . - 3
deviations as NP signals 0 L ™ '

N
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FCNCb =2 s

B> K* u u decays tension with SM expectation in the g2 distribution
LHC-b observes 3o disagreement with SM expectation and will dominate
measurements in this channel

LHC-b observes a 2.50 deviation from SM

in Ry«= BR(B = K* e e) / BR(B DK* u u)

Belle II: smaller statistics but adds

e Clean electron mode B 2 K(*) e* e- competitive with LHC-b
* Inclusive analysis of B =2 X, I* | only at Belle Il

* Third generation B 2Kt T only at Belle II

B> K(*)v v rare and out of reach of past B-factories and LHC-b

* SM expectation BR at 10°®
* Belle Il expected uncertainty with full dataset 20%
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Charm

Belle Il is also a super charm factory.
Expected 10x improvements w.r.t. to Belle results on CP violation measurements

Fi 0.159
3 CHARM2015 i i i M §’ _— 25 | ; g 6)( A)
i E 60:— B30 6y O. 10%
g Sla/pl 0.05%

darg |a/p| |5°

Belle Il projection

-0.: 30 -60—
i 40 L v
7. SPUPYPU IO LPRPRY FPUUI IFSPRIN KNP DRI el B (1 e oo 1y by b 1
-06-04-02 0 02 04 06 08 1 1.2 0.6 0.8 1 1.2 1.4 1.6
X (%) la/pl

Much more details on Giacomo De Pietro’s poster!
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Lepton flavour violation in T decays

. reference Ty Tppp
LFV in T decays clean null test of SM SM + heavy Mej vi PRO 66(2002)034008 109 | 1070
Non-universal Z' PLB 547(2002)252 109 108
T =2 uuu and eee background free searches susysono) PRD 63(z003)033012 00 10
mSUGRA+seesaw PRD 66(2002)115013 107 109
LHCb not competitive (?) SUSY Higgs PLB 566(2003)217 10 [107
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§10-10|IlllllllllllIlllllllllllnlllllllIlIlIllIllIlIlllI
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Dark sector et ——AWWW Y

Dark photon A’ mixing with SM.
For A’ = yx decays a custom single photon trigger is being developed
Can extend reach in parameter space search done by BaBar = Fabio Anulli’s talk

1072 102 .
w 3
) i
BaBar expected T
(9-2)+20 .
favored E787, E949
3 -3 Belle Il 50 f&'
10 10 |
BABAR 2017 500 fi" ;
10'4 10—4 raal 1 L 1 vl il '

102 107 1

A — A

1
m,. (GeV)
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Conclusioni

Le caratteristiche uniche delle collisioni e* e a SuperKEKB e del detector
Belle Il forniscono un grande potenziale di scoperta.

Il programma di Fisica € competitivo e in grande parte complementare con
qguello di LHC-b

Commissioning acceleratore e circolazione di singoli fasci. Misure dei
background e validazione simulazioni (Fase |I). Completato nel 2016.

Posizionamento del rivelatore (roll in) avvenuto I’11 Aprile 2017.

Fase Il: collisioni e+ e- senza vertice attese a Febbraio 2018. Data taking fino
all’estate.

Fase Ill: Data taking (in condizioni sicure per il vertice) atteso tra Novembre
2018 e Gennaio 2019
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