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B-FACTORIES (AND LHCB)

Past (Very near) Future

+ Belle and BaBar - Belle Il

* 1999 - 2010 = 2018 -
+ eTe~, asymmetric
« Plans to accumulate 50 ab™" by 2026

« eTe™, asymmetric
+ Collectively accumulated 1.5ab™"

Present

+ LHCb

= 2008 - today

* pp, symmetric

« ~ 8fb~" (not directly comparable)



B-FACTORY ADVANTAGES

« Low background (compared to hadronic machines)

- Just above T(4S) threshold
+ Low multiplicity (~ 15 = 20 vs hundreds in pp)

+ Knowledge of collision 4-momentum — can reconstruct decays with missing energy

« ete™ annihilation = initial &-momentum is known
+ Hermeticity

+ Good reconstruction efficiency of neutral particles



DISCOVERIES SO FAR
Belle I

Confirmation of CKM mechanism
CPV in B decays

D% mixing

Discoveries of exotic particles

. X(3872)

- Y(4340)

- Z(4430)

Limits on New Physics scenarios

Integrated Luminosity in fb‘1
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INSTANT LUMINOSITY
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Increased luminosity

+

Improved detector

A chance to study highly
suppressed (B)SM
processes, or other
processes with high
accuracy



HOw TO GET MORE LUMINOSITY
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Add / modify RF systems I+/_[A] 16/12 36/26

for higher beam current

By, _[mm] 5.9/5.9 0.27/0.30

Low emittance positrons

fo inject Positron source
—Damplng L) = New positron target / ‘C[Cm72 S71] 2.1 % 1034 8 x 1035

‘ i capture section
Low emittance gun

Low emittance electrons
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NANO-BEAM

i Tum

5mm

100um’ ~~

Beams at interaction point:

. o;‘:42nm
E3

oy =6pm




NEW CHALLENGES

* 40x higher luminosity
* 20x higher background (shielding and collimator
optimization)
* Higher rate DAQ, trigger
+ Volume of data
+ Pile-up (faster SVD, CDC, ECL)
+ Radiation damage




BELLE Il DETECTOR

Csl(Tl) EM calorimeter: RPC u & K_ counter;
waveform sampling scintillator + Si-PM for
electronics = =, - end-caps

4 layers DS Si vertex
detector — 2 layers PXD
(DEPFET) + 4 layers DS

Time-of-Flight, Aerogel
Cherenkov Counter —
Time-of-Propagation

(barrel), prox. focusing
Aerogel RICH (forward)

Central Drift Chamber:
smaller cell size, long lever
am



BELLE Il SCHEDULE

Belle I

Phase 2: BEAST and partial Belle Il

Phase 3: Full Belle Il detector (one layer of PXD in 2019)
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FIRST RESULTS
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PHYSICS PROGRAM

» Precise measurements of the CKM unitarity triangle
« Search for Lepton Flavor Violating (LFV) decays

+ Dark sector searches

- Flavor Changing Neutral Current (FCNC) studies

+ Hadronic spectroscopy



PRECISE MEASUREMENTS OF THE CKM UNITARITY TRIANGLE
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+ Look for discrepancies in tree-level and

loop decays
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PRECISE MEASUREMENTS OF THE CKM UNITARITY TRIANGLE
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INVESTIGATE ANOMALIES IN R(D*) AND R(D)

Belle I

B(B — D*TI/) SM
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SEARCH FOR LEPTON FLAVOR VIOLATION
Belle I

+ Neutrino oscillations = neutral LFV beyond SM

- Some NP models also predict charged LFV of various
degrees (B € [1077,107°]) = powerful probe of NP

- B-factory exclusive, LHCb not competitive

% y o IP°1s° Iv° i Ihh Ah signal side ‘
5 A Y
8 10 E L T e ow, . E To>NY P
° . " . . s m = T
1= " amE L
> 10 = . = 4
(1 E 3 N

E v E
o v e Y v v e & -
L 10714 Ty vy v v M Y v, v, v W
k2] E P “ . Ak vv ¥ 3 . T \
= \AUPEIEES SPTLNPED S o L S I S PR O e t395|qe B \‘ .
T 100 ‘A ! | =CLEO T—>e VeV S
Q E 3 'gaﬁar

F -+ belle
g .
7 100 st S L | LB
3 107 . L, . oo o .%e° e.°,° o _° elle
o E e® o 0o° e ° e e o, o, ° e * % 0 S
0 E ., %0, e ]
N 10»10\\ O Y B R L1 Ll Ll | [ L1 11
8 > :C‘:cﬂ;x@»—%?c?g! RS E33 $u:‘u:+1+1*m$1+:: ‘BN BE xfxx‘”: =\ e <le<lic

0350 Toa L0 S’ gy q,;“’lﬂ’law:.;;m ::::gzxfxxwa):@;m‘;: e
©T0H0 0TI 0y L FEEEXY 15



DARK SECTOR SEARCHES

- Vector portal (minimal scheme): massive dark photon A’ mixes with SM photon ~ with
coupling e

SM Dark Sector
SUQB)c x SUR)L x U(1), =f === = - ===t - U(1)o (massive)

Initial State Radiation 005(0,,)1 <0933
/ 100 T T T T ™
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+ Belle Il has a single photon trigger = can look for decay into dark matter 16



SUMMARY

- Belle Il offers high sensitivity to possible New Physics at the intensity frontier, largely
complementary to LHCb

+ Improved detector offers good neutral particle reconstruction, precise decay vertex
determination, possibility to study decays with missing energy

* Physics program includes: CKM, CPV, LFV, dark sector, FCNC and many others
+ Physics runs to start in February 2019



THANK YOU!



	Appendix

