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Introduction

>LHC discovered a Higgs

>No New Physics observed

= Direct: no BSM patrticles or decays
* Indirect: measured deviations from the SM are small

= Important

= Joint efforts in energy and intensity frontier
= High experimental precision
= Theoretical cleanliness
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Heavy Flavor Physics at LHCb and Belle Il

> LHCDb = Complimentary to direct searches
= Great B and charm statistics for New PhySICS at LHC
= Very good charged particle > Need precise theoretical predictions
reconstruction

Key observables (arxiv:1311.1076)

Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb™!)  uncertainty
BY mixing 28, (BY — Jh) ¢) 0.10 [7] 0.025 0.008 ~ (.003
98, (BY —s JA fo(980)) 0.17 [10] 0.045 0.014 ~ 0.01
Ag(BY) Sdoc 10718, 0610~ 02x107% D03x 107
Gluonie 28 (BY _ p) 0.17 0.03 0.02
penguin 2% (BY — K"K 0.13 0.02 < (1.02
230(BY — 6 K3) 0.17 [15] 0.30 0.05 0.02
Right-handed 23 (BY — o) 0.09 0.02 < 0.01
currents (B — ¢y)/ ng 5 % 1% 0.2%
Electroweak  S3(B" — K"u*p 11 < ¢* < 6GeV7/c?) )8 [14] 0.025 (0.008 0.02
pengnin s App(B? — I”'”,u*’p;_] 21 % [14] 6 %0 2% 7%
AKptp 1< ¢* < 6GeVY ) 0.25 [15] 0.08 0.025 ~ (.02
B(B* = ntutu~)/B(Bt — Ktutp™) 25 % [16] 8 % 25% ~ 10 %
Higgs B{B® & utyu~) 1.5 x 10~ [2] 0.5 x 10~° 0.15 x10~° 0.3 x 10~°
penguin B(B" — ptu™)/B(BY — ptu) ~ 100 % ~ 35 % ~ 5%
Unitarity v (B — DM KM ~ 10-12° [19, 20] 4° 0.9° negligible
triangle v (BY = D,K) 11° 2.0° negligible
angles 3 (BU — J/Y K?) 0.8° [18] 0.6° 0.2° negligible
Charm Ar 23 x107% [18]  0.40 x 107* 0.07 x 1073
CP violation AAcp 2.1 % 107§ 0.65 x107% 0.12:x10™
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Heavy Flavor Physics at LHCb and Belle Il

> Belle Il = Complimentary to direct searches
for New Physics at LHC

= Well-defined initial state

= Ability to reconstruct final states with > Need precise theoretical predictions
photons, r1°s and neutrinos

Key observables (arxiv:1311.1076)

Observable SM theory Current measurement Belle 11
(early 2013) (50 ab™1)
S(B — ¢K"Y) 0.68 0.56 £0.17 +0.03
S(B —n'K") 0.68 0.59 £+ 0.07 +0.02
o from B — 7w, pp +5.4° +1.5°
~ from B — DI +11° +1.5°
S(B — Ksm°) < 0.05 —0.154+0.20 +0.03
S(B = pv) < 0.05 —0.83 £ 0.65 +0.15
Acp(B = Xgiq7) < 0.005 0.06 £ 0.06 +0.02
AgL —5x 1074 —0.0049 4+ 0.0038 +0.001
B(B — tv) 1.1 x 10~ (1.64 £0.34) x 107 | £0.05 x 1072
B(B — juv) 4.7 %1077 <1.0x107° +0.2 x 1077
B(B — X¢v) 3.15x 107 | (3.5540.26) x 10~* | £0.13 x 10~*
B(B — Kuvv) 3.6 x 107° <13x107> +1.0 x 10~
B(B — X T7) (1 < ¢® < 6GeV?) 1.6 x 107° (4.5+1.0) x 1076 +0.10 x 1076
App(B? — K*%/T () zero crossing 7% 18% 5%
|V, from B — 7l*v (¢* > 16 GeV?) | 9% — 2% 11% 2.1%
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Search for Rare B’ (

9 u'yu Decays

DO 10.4fb"'
CDF 10fb ' [~

ATLAS 4.9fb "'
preliminary

LHCb3fb ' [— et

| SM
) CMS 25t ' = eH
> Flavor Changing Neutral Current cmsiLhco [ ]
. relimin:
(FCNC), suppressed in the SM T e

B(B— W) [107]

= Sensitive to NP contributions

> LHCDb found first evidence for rare R .
decay B° - p'u
Phys. Rev. Lett. 110, 021801 (2013) LHCb 3™ |-
> Combining CMS (25 fb™) and cms s -
updated LHCDb (3 fb™) results .
Phys. Rev. Lett. 111, 101804, 101805 (2013) »  weimmw [~ f P

first observation of B° - u'u o1 2 3 4 5 6 7

B(B— ) [107°]

CMS-PAS-BPH-13-007;

LHCb-CONF-2013-012
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Comparison with the SM and Its Extensions

= Constraints on New Physics models

~The current SM BR(B"S — ') has about 10% uncertainty,
Important to improve theoretical errors

20
’ D. Straub, arXiv:1205.6094

MSSM-LL

BB — putp~) [1077]
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Electroweak Penguin b - s I'l

=~ Electroweak penguin (or box) a -
diagram v 7 - fv /
= Rich set of observables LN v e
b gl b ——+

= Branching fraction, CP Asymmetry, W 5 {
isospin asymmetry, g° = [M(I'I))?, FL,
forward-backward asymmetry, ratio
of y mode and e mode

> Belle measurement of the forward-backward asymmetry in B - K*I'l,
Indication of New Physics?

= o.2f—‘
i ,,‘--""“1““ <C 0 i/
; 021 50 ab™
-|||||II|II§II\/III| Ll N N N 042 IIIIII SIM IIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 2 4 6 8 10 12 14 16 18 20 o2 4 6 8 10 12 14 16 18 20
2 2y P
q°(GeV?/c?) q°(GeV?/c?)

Phys. Rev. Lett.103, 171801 (2009) Projection for Belle Il planned luminosity
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Electroweak Penguin b - s I'l

> Electroweak penguin (or box)

diagram % 2 /- /v _/
> Rich set of observables ﬂ w,  Jwe
— e - ra yi
= Branching fraction, CP Asymmetry, b W~ s b { i

isospin asymmetry, g° = |[M(I'l))?, FL,
forward-backward asymmetry, ratio
of y mode and e mode

= Other experiments including LHCb are consistent with the SM

Theory EEEBinned Theory M Binned

—-—|HCDb -®- LHCb -4 CDF ~¥- BaBar -#-Belle -5~ ATLAS -=-CMS
m 1 Ll Ll L) L] I T T T T I T T T T I T T T T m 1 L T L L 'I Ll L] L T I L T L] T 'I L Ll L L
LL - - L
© [ LHGb : A
0.5F - . -
: Eg—— l ] .
b=
-0.5F - .
_1 L L L 4 I A L L L I L L L L I 4 L L L L I L 'l 'l L
0 5 10 15 20 15 20

q? [GeV?/cY

JHEP 1308 (2013) 131
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Inclusive B - XSI”I'

= LHCDb will further improve the measurement on the exclusive y mode

> B factory experiments advantages

= Ratio of muon mode and electron mode

= Inclusive (sum-of-exclusive) analysis

~ Measurement of the forward-backward asymmetry in B — XSI+I' at Belle

= Semi-inclusive reconstruction (sum-of-exclusive) method

" XSI+I' Is reconstructed from 36 (18x2) exclusive modes

X, = K*/K¢+ up to four 7 (at most one 7”)
[ K 1:K K
| Kz |:Kx Kim KA, KA
|K27z): K27m K27 Knn’, Konr
| K37): K37 K 3m K2rnnl, K 2nn’
| k47| : K4m Kodr K3zn0, K 3nn

I*l-=e*e~or y'yu-

= Smaller uncertainties of theoretical
calculations than in exclusive case

= One of the key measurements at Belle Il
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Inclusive B — X y

> b — sy transition: FCNC

> Forbidden at tree level in the SM,
proceeds via loop diagrams

calculations important
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. . . » g’ NP 7
> Inclusive branching fraction sensitive A X o-mes S
to new particles in the loop —
SM prediction
L. 3.1510.23
= Preliminary results from Belle e R
T. Saito, Moriond EW, La Thuile, 17.03.2014 i - R
https.//indico.in2p3.fr/conferenceDisplay.py?confld=9116 i el ® 3.5210.55
- - : Hiolivateg. o . AN
> Semi-inclusive (sum-of-exclusive) bl ] . 390111
approa ch 1nc1uz\];e;!i§;;‘fi’ o 3.6910.95
. . Belle[ijS:‘tl;T
> Consistent with the SM Fulk-ncusive t— ST
(Avéragc) B 3.5510.26
> Key measurement at Belle Il Ihean - SsAa
. . Jur resu — 3.74710.39
> Improvements In theoretlcal ’ lt R T e B Y A B A B 774| |U3’)
25 3 35 4 4.5 5




Unique Capabilities of e"e” B Factories

> Clean event environment
= Detection of neutral particles
=>Example: full reconstruction method

e~ (8GeV) — @ <—— €' (35 GeV)

T(4S) _/
R

= Effective offline B meson beam

Decays of interest
B — tv, Dtv
B — X, v
B — Kvv

Full reconstruction

B — D etc
(0.1-0.3%)
Semileptonic tagging
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Belle: B Decays with Tau Lepton

. . x10° p-value
> B — 7v using full reconstruction method RNRARANBAAREAERERREREN |
. . - WA 2012: 2.80 difference 1 [Hos
with hadronic tag PRL 110, 131801 (2013) 0as - 1 B
Rz ,;o.zof— — 07
Belle, llaglmﬁvc{g::.ﬂ 07011 T + 1R
o 0.15 — — 0.5
— Q - .
Belle, semileptonic tag: 1.54 +g:f +Oui g 040 - B 04
- : : 0-3
Belle, combined: 0.96 = 0.26 005 1 %
—_—— E Liie : 0.1
000 e L e 0.0
BaBar, hadromnictag: 1.83 _Iﬂlw =0.24 0s oe Msin 230-8 o2 10
o
BaBar, semiléptonic tag: 1.7 = 0.8 = 0.2 0.30 f‘P'a. -—— .'i'valu%.o
® : - i
- WA 2013: 1. 09
BaBar, combined: 1.79 - 0.48 023 - 013:1.60 dlfferenc% 0.8
— o.20:— —: 07
- aan e C ]
World  \world average: 1.14 + 0.22 S
m 0.15 - ] 0.5
|||||| o C + 1 0.4
0 05 1 15 2 25 3 D onl / 1 B
B(B—1tv)[107] i
. - e 1 Ho.
> Aim to measure B — 7 at Belle I Senn DOV | =
Wlth p[‘ECISIOI’] Of 3_5% 05 0.6 0.7Sin 2Bo.8 0.9 1.0
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Belle: B Decays with Tau Lepton

=1
< |
=1
<

SM 2HDM(Typell)
2 2
(;2 2 - 2 tan?p3
B = 2V (1 . m) (7o) (1 _ i 12028
8 m m m
B B H=
= B>M = ry

med to

11 1 | 11 1 | 11 1 | 1 1 1 I 11 1
tan b

be 4%.

200 400 600 800 1000
H* Mass (GeV/c?)

Super B Factory exclusion plot
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LHCDb and Belle Il: Why Upgrade?

>LHC experiments and B factories collected a lot of data
=>Most of the results compatible with the Standard Model
>Measured deviations from the Standard Model are small
>Many measurements still limited in statistics

> Systematic uncertainties can be reduced with more data

>Some parameters of theoretical calculations can be better
constrained using high-statistics data
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LHCDb Current Limitations

= Hardware trigger and DAQ

~ > <>

> Rate |Imlt6d by bandW|dth tO 11 MHZ LO Hardware Trigger : 1 MHZ
readout, high Er/Pr signatures
> Yield saturation: factor ~2 between di-muon 450 kHz 400 kHz 150 kaz
events and fully hadronic decays D U —
o <L - <} <L
‘o ¥ [ software High Level Trigger h
22'2? VB | 29000 Logical CPU cores
§ 25: BB an | Offline reconstruction tuned to
i 1'3:_" :?:rx A trigger time constraints
%15?; =7 Mixture of exclusive and inclusive
14E \ Selection algorithms y

T

5 kHZ Rate to storage

2 kHz
2 kHz ., 1 kHz
. Inclusive/
Inclusive . Muon and
Exclusive

fu A ir S Bearors et Wi kil e Rrerid
1 1.5 2 25 3 35 4 4.352 5 c .
Luminesity [x10 *em?s7) Topological DiMuon

Charm

= At high luminosities

= Harsher cuts on p_and E_

= More pile-up: reconstruction more difficult
= Detector aging and degradation for no real

gain in statistics
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LHCDb Upgrade Strategy

-~ Efficient selection requires IP and p. of tracks

* Remove LO

> Readout every LHC bunch crossing: 40 MHz
iInstead of 1.1 MHz

= Trigger-less Front-End electronics [software migh Level Trigger

50000 Logical CPU cores

= MUIt|'Tb|t/S I‘eadOUt network Offline reconstruction tuned to

trigger time constraints

= Fully software flexible trigger (HLT) ixture of exclusive and inclusive

o O T

20 kHZ Rate to storage )

7~

= Qutput bandwidth ~20kHz

)

> Readout conditions

60 |-

s0 b

= Design upgraded sub-detectors to sustain
instantaneous luminosity up to 20x10%* cm?s™
(pile up=5.2, 2622 bunches, 25 ns, 14 TeV)

10 e fLuminosity
s B— up

0 F v B—>hadrons

> Goal: collect =50 fb™ over 10 years
(increase of luminosity and trigger efficiency)

OrNﬂ#uﬁ&b‘l\‘(ﬂ‘m‘c‘f‘w‘r’)‘*‘uﬁ‘cﬂ)‘l\‘m
NNNNNNNNNNNNNNNNNN
oooooooooooooooooo
NNNNNNNNNNNNNNNN ? o~
edr
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LHCDb Detector Upgrade

Calorimeters
K Reduce PMT gain Muon system
'racking Stations Update electronics New electronics
Vertex Detector New
New \ Bcar, |[HCAL

m 10m 15m 20m z
RICH Detector Replace all readout boards
Replace HPDs and DAQ network

New electronics
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LHC Schedule After the Long Shutdown 1

a1/a2]a3]a4]atfa2]a3 s [a1 a2]a3 a4 a1 [a2Ta3 a4 a1 (a2 a3 s a1 a2 a3 a4 (a1 (a2 a3 s

BN BEGE| THNNT O (NEN| S

w02 | 2013 2024 2025 2026 2027 2028
Q1/Q2]03 04 |1 /a2 |a3 /a4 |a1]a2]a3]a4]a1 0203 a4 |ai [a2 a3 | a4]a1]a2]a3 a4 |ai a2 a3 a4

LS 3 - Run 4
B

>Run 2: LHCb should collect an additional 5-7 fb™* of data
>LS 2: upgrade of LHCb (18 months shutdown)

http.//cds.cern.ch/record/1333091/files/LHCC-I-018. pdf
http://cds.cern.ch/record/1443882/files/LHCB-TDR-012.pdf

B "
s S
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SuperKEKB: Accelerator Design

Low emittance lattice Prog. Theor. Exp. Phys. 2013, 03A011

New superconducting/
permanent final focusing
guadrupole near the IP

Damping ring
for low emittance
positron injection

Add RF systems for
higher bam current

LR B s

Replace short dipoles
with longer ones (LER)

e TiN-coated beam pipe
. Hmwwmﬁ 1 with antechambers

New positron
capture section #*

[NEG Pump]

[SR Channel]

I e T d | BB
[Beam Channel]
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SuperKEKB: Progress

Installation of 100 new

£ . long LER bending . e
| H iy, | magnets done . Installation of HER and LER wiggler !
Y 'y e = ™~ 7 : chambers in Oho straight section is |
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Strategy for SuperKEKB

Beam current Beam-beam

Lorentz factor \ parameter

Vet O'y I+ gey Ry, Geometrical reduction

L = 9 1 —|— — . R_ factors (crossing angle,
ETe Y £y hourglass effect)

/ / =
Classical electron Beam size ratio at IP Vertical beta
radius 1-2% (flat beam) function at IP

5mm

Nano-beam scheme:

P. Raimondi for SuperB
http.//www.Inf.infn.it/conference/superb06/talks/raimondil.ppt

E (GeV) B*, (mm) B*« (cm) ()] | (A) L (cm2s?)
LER/HER LER/HER LER/HER | (mrad) | LER/HER
KEKB 3.5/8.0 5.9/5.9 120/120 11 1.6/1.2 2.1 x10%
SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 41.5 3.6/2.6 80 x 103
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Belle Il Detector

CslI(Tl) EM calorimeter: — ‘ K_and muon counter:
waveform sampling e

) e : iy scintillator + Si-PM for
electronics, pure Csl M ///ﬂ endcaps

for endcaps

Vertex detector:
2 pixel layers (DEPFET)
4 double-sided strip layers

Aerogel RICH
(forward)

Central drift chamber:
longer lever arm
smaller cell size

Time-of-propagation
(barrel)

Details in TDR arXiv:1011.0352
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SuperKEKB and Belle Il Schedule

Calendar| 2013 2014 2015 2016 2017
fabrication + test of cum[1unents
installatiun,lfssembly and|set-up | w/o Belle II detector
Sup_erKI_EKB final assenjbly, RF-condifioning w/o QCS
Main Ring
QCS-L
QCS-R
fabrication & test of » »_—
SUPEFK_EKB components Ph . .
Damping ase- Phase-2 Physics Run
Ring installation, assembly
and setqup
w/ Belle II detector
except for VXD
E-KLM
Belle II o L_
Integration ECL _ToP
“cbc VXD
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Goal and Timelines of SuperKEKB / Belle Il

70
60
50
40

)
=

Integrated luminosity
o]
=

(ab-1)
=

o
)
(4]

M -Fl- m 0o
LIL!

L <

.I..I. . . L L1
2?)12 2014 2016 2018 2020 2022

Peak luminosity>

(cm-2s-1)

Calendar Year
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Belle Il Collaboration
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= During next decades Belle Il at SuperKEKB and LHCb will
collect high-statistics data on Heavy Flavor

>Complementary to direct searches for New Physics at LHC

= EXxperimental sensitivity will be comparable to or better than
current theoretical uncertainties

= Essential progress of theoretical developments during last
years was crucial to understand current experimental results

> Further theoretical developments are very important to fully
benefit from future measurements
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More Observables in B - Ku*u from LHCb

3 1
dl’ ~ 1(1 — Fr)sin? 0k + Fp cos® 0k + 1(1 — Fp)sin? 0k cos 20,

— Fp, cos> O cos20; + S4 sin> O sin> 0; cos2¢
+ S4 8in 20 5 sin 20; cos ¢ + S5 sin 20 sin 0; cos ¢

+ Seg sin? @ cos B; + Sy sin 20k sin @) sin ¢

+ Sg sin 20k sin 260; sin ¢ + So sin’ O sin? 6 sin 2¢

> Observables with reduced theoretical uncertainty from hadronic form factors
(Descotes-Genon, Matias, Virto, JHEP 05 (2013) 137) P; — S, / \/ Fr(1—Fy)

Yy T T
Q o8

ELV L I S S e B S B S |
0.8 SM Predictions
0.6

- - 0.6\ .
0.4 —+— Data — 0.4+ —+— Data —
0.2— — 0.21- -

0 ——— = T — o— —f— == — - - == —

-0.2

- 0.2 -
-0.4}- - -0.4}- -
-0.8— - 0.8 —— —— -
—— ) e e e e S
0 5 10 15 20 0 5 10 15 20

q? [GeV?/c4] q2 [GeV?/c*]

Phys. Rev. Lett. 111, 191801 (2013), 1fb™

> 3.7 sigma discrepancy between the measurement and SM predictions
> 2.8 sigma significance considering 24 independent measurement

Sergey Yashchenko | Future Prospects for Heavy Flavor Measurements | 08.04.14 | Page 29



B - K”u*u from LHCbD (3 fb™)

> B'->K'u*'u~ and B’ - K°u*u~ decays also consistent with SM but slightly
below the theoretical predictions

— - MLCSR WMIattice ®Data —  —MLCSR WMLatticc e Data
N% B*aK*,u*u‘ (\% 5 BOﬁKO,qu/l
g LHCb - g 4 LHCb -
x X 3 ] arXiv:1403.8044
.% ++ _E g 2 _+_ —;
s ; o T + &
I S 0 TR
¢* [GeV¥c4] ¢ [GeV¥c4]
> Analysis of 1 fb™* data from 2011:
. A/ consistent with zero for K* modes and 4.4co below zero for K modes
~ Recent A/ results based on 3 fb?* consistent with the SM
o Q2001 ve2012 T
T} LHCb  BoKuw T P LHCb B—Ku'w + :
ST N 5 |
Fg] .i. F T 4+ ] arXiv:1403.8044
@,5% _+——: -0.5:— —:

T B B S B i - I R TP S R ]
1y :1, 1|0 1|5 2'0 o 5 10 15 20
¢ [GeV*c4] ¢ [GeV#/c4]
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Prospects of LHCh, Belle Il and Other Experiment

Bs mixing phase ¢s qo from B->K"ll o
L m  ATLAS p ()> 6-11 GeV . * > Belle ll —
S e 2 " s S
Co.16f- ¥ LHCb (¥ 9) 40 O
0.4}~ /A LHCb (09) 35 L
012 30 _|I
0.1 25 -l
o.naz— i I
O.DB;— 15 qu_
i F a®®,, ~0.02 y NS ©hcory — i @
E f_ o -—!— S Bl
02012 2014 2016 2018 2020 2022 2024 2026 2028 203 0'/¥®, ~0.003 0™~3072 2014 2016 2018 2020 2022 2024 gz'a'z;raa_zo!!‘g (qa-f
ear
=
; =3
CKM angle y from trees Ar:CPVin charm <
® 20 (@]
$ 14 * Belle Il b Bl < © Bellell N
g £ 18 ¥ LHCb .
% HE ¥ LHCb Suf T
B ® -
10 ' 141 :
£ O =<1° E
C v 10[- E
o N 8 o
& o - y—
af- b Oiheory NESlIgiblE SE-
2 \MH'W__ . 45_ ‘L““‘h--a%_%_‘ 4 —®
= —y 2= =40
0_“"‘“"“1“'l“‘“"l“']“"“"_‘_' Eis - P s e e - SM~1U’4
2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 0 =

Year

2012 2014 2016 2018 2020 2022 2024 2026 M 2030
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LHCb Upgraded Readout Architecture

Readout LO Hardware
Supervisor Trigger
Current

LO electronics LO trigger L1 electronics
L0 Latency buffer L0 derandomiser Input buffer Output buffer

|Data link
o>l i HIl == = |
~1Tb/!

4us .
1MHz event rate
Supervisor Trigger
Upgrade
Low-level Tri
Front-end Derandomising oy Ty Back-end
buffer Input buffer Output buffer
|Data link| ;
A e > Formatting('°S® Smemetly, | ~40 Tb/s

40MHz event rate Courtesy K. Wyillie
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LHCDb Vertex Detector Upgrade

=>Perform equal or better in
harsher conditions

= Cope with radiation damage and
occupancies

vy
Y

= Low material budget

= Fast and efficient reconstruction
at hardware level

= Choice

= Silicon-pixel detector

= Micro-channel cooling (<-20°C)
= Closer to the beam (3.5 mm)
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LHCb Upgrade Plan

LHCb
startup =3 fb~' collected collect 5-7 fb~" Upgrade

I e R S T B
2010 2011 2012 2013 2014 2015 2016 2017 2018

LHC Run| LHC LS1 LHC Run 1l

« pp runs @50 ns « repair splices « ppruns 13 TeV @25 ns
- 7 TeV (2010,2011) « consolidation o Lpeak 2x103% cm-2 g-1
- 8TeV (2012)

« Pb Pb run @2.76 TeV
« p Pbrun @5 TeV

LHCb collect 5—7 b1 collect 15 fb~"

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

LHC LS1 LHC Run I LHCLSZ ~ LHCRunlll
e ppruns 13 TeV @25 ns * ppruns 14 TeV @25 ns
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Achievements of e'e’ B Factories

>e'e” B Factories: Belle at KEKB and BaBar at PEP-II

= Successful confirmation of Kobayashi-Maskawa mechanism
of CP violation in the Standard Model

= Nobel Prize for Kobayashi and Maskawa in 2008

>Precise measurements of CKM
elements and angles of UT |

>Much more
= Measurements of rare B-decay modes = o-oi
= b — s transitions: new sources of CPV osf
= Observation of D mixing (charm factory)
= Searches for LFV tau decays (tau factory)

= Observation of exotic hadrons R b
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Precision Tests of CKM

=>Much more improved measurements
=Qverconstrain Unitarity Triangle

> Discrepancy between measurements — new physics?
2012 (~1000 fb™ at Belle and BaBar) Expected constraint at 50 ab™
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Search for New Physics: LFV in Tau Decays

> Strongly suppressed in SM >With 50ab™ sensitivity will
Br~ 10°3-10% reach O(107)

=>In New Physics models LFV
up to O(10°-107)

i : - T->
>Current limits from B factories 2. | 4 g4cieo 2 I
] (4
5 HUp

e T T . x O7-> un
& L 1P s W i Ihh AR ] . B
? 1055 . ° | 107 |
© WE e 0 0000 et o, * e ®
; Fe *° ¢ . e o *© .
L Mg ¢ { ] [ ] ™ B
- ° oo ° :
5 10°c °® .o < J Belle, BaBar A

B v ]
z ’ AR 1 108 |
PR VN € 2 vy v Y Y 7 |eCLEO
L g . va I ‘“ - . at v 2 v 3 v BaBar (o]
o C A v v A A A 7 a Belle
FE AT Mol e et e 97 Belle Il
5 10 * ' E o7 &
§ HoLL L bbb bbbl I |1 I I EEEEENE RN
& *F?:?:f""r:“;f-u-anﬂm&iee 0oz v RRMR A R E:dxxx<l<<:l< NEPEPIPH ENEPPUT RPN SENPP S—.

el e R e e 102 107 100 1 10 L[ab?]
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Broad Physics Program at Belle li

SM Theor Present Future |Future -
ALt prediction errory result error | Facility > P hyS I CS at S u p e r B faCtO ry:
Vas|  [K — wlv] input  |0.5% — 0.1%paee|  0.2246 £ 0.0012 0.1% .
Vo] [B— Xt input 1% (41.54 +0.73) x 1072 | 1%  |Super-B arXI V:l 002, 5012
|Vas|  [B — mtv] input 10% — 5%rate | (3.38 £0.36) x 1073 4% SuperB .
¥ [B — DK] input <1° (10130)° 3°  JLHCb arXI V:l 008. 1 541
8paur sin(28) <0.01 0.671 + 0.023 0.01 |LHCH
Sp. s 0.036 < 0.01 0.817542 0.01 JLHCbH . .
w9 | <ow | omsor | o e >Belle Il and LHCb will provide
Sp. 44 0.036 < 0.05 — 0.05 |LHCH . .
. T S _otss022 | oos [Supens comp leme ntary | nformation
Sp. g few x 0.01 0.01 — 0.05 JLHCb
AL, —5x 1074 1074 —(5.8+3.4) x 10~% | 10~% JLHCb
Ay 2% 1075 <1075 (1.6 +8.5) % 10738 103 |LHCH
Acp(b — sv) <0.01 <0.01 —0.012+0.028 0.005 |Super-B
B(B — 7v) 1x107* | 20% — 5%raw | (1.734+0.35) x 104 5%  |Super-B
B(B — pv) 431077 | 20% — 5%Lat <1.83x107¢ 6%  |Super-B
B(Bs = ptp7) 31079 | 20% — 5%Lat <5x 1078 10% JLHCb ' /
B(Bg — ptp) 1101 | 20% — 5%Laxe <1.5%10°8 (7 femen Adopted from G ISIdO” et al ’
(B K'utus)g| O ©2+02) Ann.Rev.Nucl.Part.Sci. 60, 355 (2010)
B Kvp 41078 | 20% — 10%La <1.4x10°% 20% [Super-B
|9/ 7] b mixing 1 <1073 (0.8610-18 0.03 |Super-B
éD 0 < 10-3 0.6753)° 2 |Super-B
B(E+ — ntup) 8.5 x 10-11 8% (73158 = =10 10% [K factory | SU per B faCtO ry
B(Kr — 7o) 2.6 x 10~ 11 10% <2.6x1078 7] K factory
REMNK — wtv) 2.477 % 1073 0.04% (2.498 +0.014) x 1075 0.1% |K factory
Bt —+c¢Z,7) O (10718) O (10718) < 0.6x1072 © (107%)|LHC (100 ") LHCb
B(B -Xsy) 6%
B(B -Xdy) 20%
S(B -py 0.15
86+ D) * % K experiments
B(Bs - ) 0.25 -10°®
sin26W @ Y(4S) 3.10*
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SuperKEKB Schedule

Calendar

Japan F

KEKB of

DR tunnel constr

uction

[

DR buildings con

install, assen

1bly and set up

struction

€

2lectricity and co

oling isystem
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2010 2011 2012 2013 2014 2015 2016
now here
—
eration SuperKEKB-MR({LER R) construction ;/
optics desi | ) —
e . hase 1 phase 2 phase 3
dismantling KEKB ! \,F\),/o acs w/ QCS wi full Belle II
fabrication and tests of MR components | wio Belle Il i Belle i (no VXD)
TiN coating & baking of beam IpipeS DR commissioning during phase 1
install, assembly and set up : final assembly,
: RF conditioning
MR buildings construciion
. - ! , I reinforce RF, vac, etc.
reinforce electricity an(il cooling Iq,ﬂlt_yc_om - for higher beam current
Wi
cool dow:1 in beam line w/Belle Il
fabricate| QCS-L A A
il Rty |
~ fabricate |QCS+R
rotation t - Jr
Adetector upgrade [to Belle I rollin A A : roll inA XD install
| 3elle roll out I Troll out | ! A7
dpties tesigSHPE -DRconstruction:
fabrication and tests of DR components :



Experimental Challenges at High Luminosity

ExpMC 2 Exp 1

Eher 800 Eler 3. 1
BELLE Trold ODetver 1 MaglD 21 BField 1.50 DspVer 7.50

Plot(ch) 0.0 Elot(gm) 0.0SVD-M OCDC-M 2KLM-M ©

=>High background (10-20 times higher
than at Belle)

= Fake hits, pile up, radiation damage
=>Higher trigger rate
= Typical Levell trigger rate: 20kHz

= High performance DAQ
= |mportant improvements

100m
Eher 8.00 Eler 3.50 Date 1031120 Time 90922
BELLE IITr\;ID ODetver 1 MaglD 21 BField 1.50 DspVer 7.50
Plot(ch) 0.0 Elot(gm) O0.0SVD-M 1CDC-M 2KLM-M 0O
0 .

= Hermeticity for full reconstruction analyses
= |P and secondary vertex resolution
« K, and 1’ identification efficiency

= Improve Kaon/pion separation
=>Detalls iIn TDR arXiv:1011.0352
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Belle Il in Comparison with Belle

1 2 3 4 5 -] 7 8 9 10 | n | 12
* sorvew| ||
Belle Il
Super conducting coil
B L ! i 1 .
C]
- prebgt B u B “." = ‘“é" = “ﬁ'ﬁg‘j‘&\'{*‘?\&«g\& et . ;
_ 833 || | 2‘“'.‘ Csl 1586 7 § . > ‘\'v’\* 2 |
Jnig S e A LLUL |
c / : | T G
o/ i o [e
<S’ \ e ! CcDC g a %:
7 / oy ¢\ svp PXD(2 layers) o i 3 B
/ = 310 570 |
D | g ~ 280 [ ]
2 { . = I|cell l:jbej-t ’ é acs E] E
| SVD == % ‘gj
. ‘.IIIP Cha ber . L —': E
l435(Gryostan)| 600(Cryostan)
] | cDC T
il =)
E F
R | IS T T Em
7 I -
G | a
|
Belle -
H a1 [’T ['Em H
Parameters are not fixed yet =G
1 2 3 4 5 ] 7 | ) | [) I 10 12
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Pixel Vertex Detector (PXD)

>DEPFET technology: thin (75um)
Sensors

=Work in high occupancy close to
the interaction region

> Fast readout

PXD design
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Silicon Vertex Detector (SVD)

=>Double-sided silicon strip detectors
= Pipelined readout to reduce dead time, pile-up rejection

> Larger acceptance (by 30%) for detection of pions from
K, decay - significant improvement in GS(KSnoy)

SVD design SVD mockup
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Vertex Detector: PXD+SVD

20
[em]b_layers
o

= Significant improvement in IP resolution

Closest approach resolution Z resolution
—t0? e LESS Multiple e PXDcIo_setothe
REETR scattering = beam pipe
Lo\
=X = \
o N\
A —+-Bele \
- \\
o DElle I _ Belle Il "+ . | |
[I‘ — Il].5I = ‘1| = ‘1.5‘: I 23/5.5I = ‘3‘ Hi 100' — ‘0.5‘ — '1""1_5""2‘ ‘5‘ '22_5' '_'ﬁ_‘is_‘L'_"
pBsin(0)”/“[GeV /¢ pBsin(0)®/2[GeV/c]
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Vertex Detector: DESY Beam Test in January 2014

Mechanical Set-up

>Read out "Region Of Interest" scheme in PXD works

(In order to reduce the Gbit/s data volume from pixels)
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Central Drift Chamber (CDC)

=>Smaller cells near beam pipe

> Extended outer radius for better 5 - "5l
momentum resolution | |

> Faster readout electronics to =
reduce dead time i —

—

__ it P
op/p ~0.3%+ 0.1% x p(GeV) in B =1.5T
o(dE/dz) ~ 6%

250 mm =——>

Belle

Innermost sense wire |R=88mm

Outermost sense wire |R=863mm

Number of layers 50

Total nur_nber of 8400

sense wires

Gas He: CH,
Sense wires W(230um)
Field wires Al(@120um)
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Barrel PID: Time of Propagation Detector (TOP)

' L 2 3 s L s s L 7 s o L 0 L " 1 ©

Belle Il

= Compact design  ;

=>|mproved K/1t separation

y

., v400mm .
Linear-array type z X 2

photon detector

Parameters are not fixed yet [ %=
7 T g T g T 0 T

Entries 349084 I

500
400
300—
200-

100
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Endcap PID: Aerogel RICH

Belle Il

| | L s | e | 7 | s | s | w | w | =
\\\\\\\\\ B
SIDE VIEW

Super ing coil J

o
. e
29 SISt I T T 1T
s ST L
1] vavey Eeed 972 5 | ==
T - yv B
CcDC o °’§ v
5§ 2 L
£ PXD( layers) = |
o i

g =0 °

3

§ acs  § |

]
1
I

>Novel proximity-focusing two-layer ___
radiator 5

=>Employ multiple layers with different
refractive indices

> Cherenkov images from individual |
layers overlap on the photon detector

.
|

NIM A548 (2005) 383

[ RICH Hit Map, w.r.t. track |

v

Hamamatsu HAPD
Q.E.~33%
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Electromagnetic Calorimeter

= Barrel: reuse existing Csl(TI) —_ T

) \ :feﬂe.llﬁ SIDE VIEW
>Readout electronics: | |||I IIIIIIll R %MU :
| e\ :

= Upgrade to 2 MHz waveform ] 4 =] |

sampling

= Online signal processing /j ,
=>Endcaps: considering upgrade ]

to pure Csl

3
i 2|
— E
Y A >
] Al g \—‘
! i = .
—rs Csl}
—% : .
ARAR AL PN < W

Better signal-to-background separation

> Better performance & radiation £ '
hardness =
= 1t ¢4t
>Improved energy resolution AR
- _ | IR ETT RIS

0 L | L | '
130 140 150 160
O (degrees)

. i [
y .ll'
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K and p Detection (KLM)

> End-caps upgrade: Resistive Plate Endcap KLM sector

Chambers — scintillator-based KLM YiStfiP .
plane

= Scintillators + SIPM — better beam-
background tolerance Iron plate

> Barrel KLM: some RPC layers may
be replaced as background
Increases with luminosity

Scintillator:
polysteren
+1.5%PTP + 0.01%POPOP
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Software Upgrade

>New framework with dynamic module loading, parallel
processing, python steering, root 1/O, and use of GRID

> Full detector simulation with Geant4
=Tracking with GenFit
= Alignment with Millepede I
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