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Open issues in HEP, related to flavour

* Baryon asymmetry in cosmology: new
sources of CPV

* Quark and lepton hierarchy (mass and
flavour), 19 free parameters in SM: GUTs
(SUSY) ¢

* Dark Matter: hidden dark sector ?

* Finite neutrino masses: (charged) lepton
flavour violation (tau) ?

Physics Motivations

Search for new physics (NP)

* Energy frontier: direct production of
new particles - limited by beam energy

(LHC - ATLAS, CMS)

5%

* Intensity frontier: new particles in virtual
loops, deviation from SM expectations
(B factories, LHCD)

7

NP
SM

If NP is found in direct searches it is reasonable

to excpect NP effects in B, D, T decays
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* Electron-positron collider situated at

SuperKEKB

KEK (Tsukuba, Japan), upgrade of KEKB

* Construction completed in 2015

*ete — BB (4 GeV + 7 GeV)
mainly at Vs™=10.58 GeV .
(Y (4S) resonance)

B*/B°

Inject low emittance
positrons / electrons

1ooumf'

E (GeV) B*, (mm) B*« (cm) [0} 1 (A) L (cm3s?)
LER/HER | LERMER | LER/HER | (mrad) = LER/MER
KEKB 3.5/8.0 5.9/5.9 120/120 11 16/1.2 | 2.1x10%
SuperkekB  [(4.0/7.0 X 0.27/0.30 ) 3225 | 415 K 3.6/26 | 80x 10%
factor 20 factor 2-3
reduced boost "~ 40-50 x

)
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Belle Il

New interaction region

Ly -
P? 2 ? e

Add / modify RF systems
for higher heam current

\_ :
* Positron source:

new target/capture
section

g

| New
o TiN-coated beam pipe
‘ f ‘ with antechambers

Damping ring

beam current

Yi(
2er

e

Luminosity [ =

vertical beta function at IP

Nano-beam scheme firstly proposed by

P. Raimondi for SuperB
9/23/15
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O From Belle to Belle 11 INFN

Belle II upgrade:

Belle || TOR, arXiv:1011.0352 KL and muon detector

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

- Extended VD region (added pixel

detector) wharrel layers
EM Calorimeter 7 7
- Extended Drift Chamber region Csl(Tl), waveform sampling
Pure Csl + waveform sampli
- New ECL electronics (waveform —~—_
. . — r ntification
Samphﬂg and ﬁttlﬂg) electrons (7GeV) - - e-of-Propagation counter (barrel)

ing Aerogel RICH (forward)
rate >2 x lower than in Belle

- Better hermeticity (adding PID and
Vertex Detector

MID in the endcaps) 2 layers Si Pixels (DEPFET) +
4 |layers Si double sided strip DSSD

- High efficiency KLLM detector (some a ' ‘
RPCs layers substituted with scintillators) — g positrons (4GeV)

v
Bellell MC_PRELIMINARY T Central Drlft N
04 = . Bellell 00 (longitudinal) Smaller cell size, long le
 Belle Il 04 (transverse)
© BaBar 020
0.3 — ® BaBar Odo
©
Impact v
E :
g02 - parameter * Better secondary vertex resolution
° _ resolution
[ . .
2 e P . * Improved K/ separation and flavour tagging
o Lo yrimiiitececey * Increased K, m° and slow pion efficienc
1 2 3 5 WP y 9/23/15
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2.

3.

4.

Beam energy constraint and adjusted for different
resonances Y (nS)

Clean experimental environment, low track
multiplicity and detector occupancy (w.r.t hadron collider)
- high B, D, K, tau reco. efficiency
- open trigger ~99% efficient

Full reconstruction of one B (B, ) constraints the 4-

tag
momentum of the other (Bsig)

- helpful in reconstruction of channels with missing energy
- opposite side B tagging efficiency: ~30% (~2%@]I1.HCDb)

Excellent EM calorimetry performances
- high reconstruction efficiency of neutral final states

Unique capabilities of
e"e” B factories - Belle 11 C
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Physics program

* CPV in B decays, CKM angles (B — J/yK°, K%, Kn)

)
INFN

C

* (Semi)leptonic B decays, CKM sides (B — DOy, zilv,  »=i
v, },W) s '5\\:“'\
* Rare B decays (B — Kvv, Xy, XL, yy) s

* Charm physics (D — lv, mixing, CPV)

’@nm a

Unitarity triangle

H“]I'IIII|IIII|IIII|IIII|IIII|IIII

* LFV tau decays (t — 31, ly)

@ 50 ab! o

1 n
* Dark Sector, Spectroscopy \ B=—=—=50 DR g
06 ) sy
sin201 03
Belle BaBar Global Fit |LHCb Belle Il |LHCb Upgrade |Theory 0.5 02
CKMfitter |Run-2 50ab? |50fb! o
04
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eres | | G G B T
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[z e
Vo] retsve [ || S
.
Vsl e 2| Moderatoprosiion. Moderst procision
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Belle II — golden modes | N?

with 5 ab’! C

b T
e B_)TV \\ H+,W+
- Helicity suppressed. BaBar and Belle found evidence T
B =[0.91+0.19(stat.) +0.11(syst.)] x 10~* | Belle combination (~4.6 o) U// y
o0 = [T
3700  Belle 2015 f =1 B Had Teg o
D00 i In agreement Tk sabl { Projections
: a0 ]
;:500 L . with SM 0% >N " E for B—lv(y)
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42300 CXpectatlonS C ]
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the branching ratio. The 2-Higgs e g o 50 ab! -
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) - 40: ] i 40:— -
B _otan B : :
B = Bgpp X (1 my 2 f ] af ]
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il = Belle II — golden modes

O

* B—>DOtv
- Measurement of R =
BR (B—D®1v) / BRB—DOlv)

- BaBar: 3.5 o far from SM
- LHCDb: consistent with SM

- Belle: consistent with both LHCb
and BaBar

« B-X,Iv
- Tension between inclusive and
exclusive measurements of |V, |

Projections for LEV in backup slides

with 5 ab’!
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Belle II schedule: installation and )

c e INFN
commissioning C
il 2016 2017
Top m_(:mes . VXD(=SVD+PXD)  BEAST (Beam Exorcism for A
cDC STable experiment): commissioning
ARICH-: Phase-3] detector, aimed at studying beam

FWD/BWD Endcap induced backgrounds near the IP

Global Cosmic Ray Run =) Phase-2

Commissioning
detector (Beast2) QCS

> cs ) [P A
Phase-1 » m'%?“f?:‘ A | . ;“ ¢

B TN 4 &
- ° gqq,&q. g AR
BEAST phase 1 (2016): beam, no collisions, cosmics ==~ =« b ’
BEAST phase 2 (2017-2018): collisions, complete — g
Belle II detector except for Vertex Detector - 2¢t

Full physics (end 2018-2024): full Belle IT detector ~ Belle II: ~650 collaborators, 99 institutions,
23 regions/countries

9/23/15



Summary INFN

In the SuperKEKB B factory e and e™ collisions will reach the unprecedented

instantaneous luminosity of ~10%°cm2s!

The upgraded Belle II detector will face the higher level of backgrounds with
improved tracking and PID

The detector commissioning is starting in 2016 with first collisions in 2017
and full physics program in 2018

The physics program includes the CP violation, (semi)leptonic B decays, rare
B decays, LFV and charm physics, dark sector and spectroscopy

With the full dataset of 50 / ab collected by 2024 Belle II will be able to shed
light on the physics beyond the standard model

9/23/15



Thanks !
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Belle II vs Belle INFN
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LFV INFN
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Physics prospects

)
INFN
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Observables Belle or LHCb* Belle 11 Observables Belle or LHCb* Belle 11 LHCb
(2014) 5ab~! 50 ab~! 8 fb~1(2018) 50 fb~! (2014) 5 ab~! 50 ab~! 2018 50 fb~!
UT angles sin 2 0.667 + 0.023 + 0.012(0.9°) 04° 03°  06° 0.3° Charm Rare B(D, — pv) 5.31-107%(1 +£5.3% + 3.8%) 2.9% 0.9%
al 85 + 4 (Belle+BaBar) 2 1 B(D, — 1v) 5.70-1073(1 £ 3.7% + 5.4%) 3.5% 2.3%
7] (B—DWK®) 6814 6 15 4 1 B(D° — ~y) [10-9] <15 0%  25%
285(Bs — J/¥¢) [rad]  0.07 +0.09 +0.01* 0.025 0009 Charm CP  Acp(D° — K+K-) [1074] —32+21+0 1 6
Gluonic penguins S(B — ¢K©) 0.90+9% 0.053 0.018 0.2 0.04 Adcp(D° — K+K-) [107-9] 3.4° 05 0.1
S(B — 1K) 0.68 + 0.07 +0.03 0.028 0.011 Ar [1072) 0.22 01 003  0.02 0.005
S(B — KJKZKY) 0.30 +£0.32 £ 0.08 0.100 0.033 Acp(D® — 7°7%) [1072]  —0.03+0.64+0.10 0.29  0.09
BE"(Bs — ¢¢) [rad] —0.17+0.15 +0.03" 0.12 0.03 Acp(D® — K%7°%) [107]  —0.21+0.16 +0.09 0.08 0.03
B (By — K*°K*°) [rad] — 0.13 0.03 o 0 04 o . 007
Direct CP in hadronic Decays A(B — K°1°) —0.05 +0.14 +0.05 007 0.04 Charm Mixing 2(D s 07T 0560194 g4 014011
UT sides V| imel. 41.6-1073(1 + 2.4%) 12% y(D" = Kgma™) [107]  030:£0.15% oo 0.08 - 0.05
b 0 0+, — 0.16 | 0.08
[Vas| excl. 37.5-1073(1 £ 3.0%ex. £ 2.7%w.) 1.8% 1.4% la/pl(D” — Ksm™) 090 .15 £ 006 010 0.07
o o "' ' #(D° — Kdn+7-) [°] —6+11+} 6 4
[Vip| inel. 4.47-1073(1 + 6.0%ex. £ 2.5%n.) 34% 3.0%
[Vys| excl. (had. tag.) 3.52-1073(1 £ 10.8%) 47% 2.4% Tau T — py [1079] <45 <147 <47
Leptonic and Semi-tauonic ~ B(B — 7v) [107°] 96(1 + 26%) 10% 5% T — ey [1079) <120 <39 <12
B(B — pv) [107°] <17 20% % T — ppp [1079) <21.0 <30 <03
R(B — Drv) [Had. tag] 0.440(1 + 16.5%)! 56% 3.4%
R(B — D*rv)t [Had. tag] 0.332(1 + 9.0%) 32% 21%
Radiative B(B — X.7) 345-107%(1+£4.3% +11.6%) % 6%
Acp(B— Xsay) [107%] 22+40+08 1 0.5
S(B — K21%y) —0.10 +0.31 +0.07 011  0.035
26T (B, — ¢) - 0.13 0.03
S(B — py) ~0.83+0.65 +0.18 023 007
B(Bs — 7y) [1079] <87 03 -
Electroweak penguins B(B — K*tvw) [107¢] <40 <15 30%
B(B — K+vw) [10-] <55 <21 30%
C7/Co (B — X,£E) ~20% 10% 5%
B(Bs — 77) [107%] - <2 -
B(Bs — pp) [107°)] 291" 0.5 0.2
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