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Motivation for B-Factories: Flavour Frontier

>Energy frontier:

= Production of New Physics (NP) from collisions

= Limited by beam energy
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Past B-Factories

25
>Belle at KEKB and  Y(15) CUSB@CESR
B b 't PEP || %20_ ! (Y(1/2/3S) width dominated by detector resolution)
daDal d - % = b
S, e
. . . o - i
>Very high luminosity: s o
= ~2x10*/cm?/s (Belle) O + + : ; o
. . s ot i
(tWICe the deSlgﬂ value) e [ f *+‘+”+ ST SR P S A A S
— A continuum background\ ./ ...

9.44 9.46 18.0010.02 10, 10.37 ”10. 10. 10.62
> B ealm ene rgy at Y( N S) san 940 ete” Center3—40f—Ma3;s EneSW i
= Mainly at E_, = 10.58 GeV

= BF Y(4S)~> BB > 96%
>Asymmetric beams: d

= 8GeV e /3.5 GeV e* (Belle)
> Boosted BB pairs
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Huge statistics at B-Factories

-1
() >1ab" _—
1200 T \

| On resonance :
[—KekB  —PEP Y(58): 121 th™! Y(4S) - BB 1.2
1000 Y(4S8): 711 !
. -1 o o
1{23 AL Light quark pairs 2.8
800 Y(1S): 6 fb! .
Off reson./scan: Muon pairs 11
~100 fb!
600 7 Tau pairs 0.9
~550 fb™!
400 ///J/—f On resonance: Bhabha (elab>17o) Li
Y(4S): 433 b !
Y(3S):30 ! i °
200 ;/_/ Yioe) e Photon pairs (8,,>17°) 2.4
,j‘_/l Off resonance:
ol ~54 1! Two photon (6,_,>17°) ~80
199871 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1 Total ~130

> At Belle:
= About 772 million BB pairs

= About 500 million tau and muon pairs each

>Many analyses remain statistically limited!
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From KEKB to SuperKEKB

| [L =50 ab™ by 2025 (50x Belle)
|L,.. =8 x 10 °cm s (40x KEKB)

)
[—
o

w
=

-2 -1

Peak luminosity (cm s

peak

—
o
W
h
|

-

o)
w
B

1033:
1032;
10°1 .

10302

1()29 frifff:"mm"m_ ___________________________ S A % _________
1970 1980 1990 2000 2010 2020
Year

6/37




Nano beam scheme

beam current

2er, o (B, RE

KEKB

E (GeV) 3*, (mm) B*« (cm) [0) I (A) L (cm2s?)

LER/HER LER/HER LER/HER (mrad) LER/HER

KEKB 3.5/8.0 (;,_QE,_L 120/120 11 )_E.LLL 2.1 x 1034

SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 415 3.6/2.6 80 x 1034
p ) ( 36026 )

x20 X(2 -3) 7137




Belle Il at SuperKEKB.




The Present: Belle Il at SuperkKEKB

K_and muon detector (KLM):

Resistive Plate Counter (barrel)
Scintillator + WLSF + MPPC (endcaps)

Electromagnetic Calorimeter (ECL):
CsI(TL), waveform sampling (barrel)

Pure Csl + waveform sampling (endcaps) 77 |
//////;:

Particle Identification (PID):
Time-of-Propagation counter (barrel)
Prox. focusing Aerogel RICH (fwd)

<

electron %
Beryllium beam pipe '
2cm diameter

Vertex Detector: i

2 layers DEPFET
Qlayers DSSD

positron
(4GeV)

Central Drift Chamber (CDC
He(50%):C.Hs(50%), Small cells,

&g lever arm, fast electronics

):
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Strength of e'e >Y(4S) and Belle |l

> Full reconstruction of B

= Modes with multiple neutrinos

= Inclusive modes vertex reso mit PXD

>Hermeticity (90% of 4m)

> Neutral particle reconstruction

0

= -l_[ol KSOI KLOI nl nll p+l’°'

- Belle Il MC By
400 |- Preliminary ﬁ z“’Y B?IIe
>Good PID for p and e ' "Belle I
) : I t v
>High flavour-tagging eff. 2] .
i Vib Ved
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The Belle Il Collaboration

> 626 colleagues, 99 institutes, 23 countries
83 colleagues from 11 German institutes
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Example: CKM Physics at Belle |l
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Example: T Lepton Flavor Violation (LFV) at Belle I

>LFV Is a theoretically clean null test SM:
BF,,,~10” > New Physics may induce LFV Goe et

at one loop N\
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Background: CDC

>Main background in CDC:

= Radiative Bhabha (scales with L) - Belle II MC

= Only small Touschek-increase
from increased beam current,
largely reduced by collimators

>Main background in VTX:

= Two Photon QED
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Background: ECL.

Belle

[ Physicsevents : o . -

ECL clusters

t window
L

§ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1
0 500 1000 1500 2000 2500 3000

ECL cluster time [/0.37ns]

without ECL timing cut or energy threshold
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>Two stage trigger:

= Hardware (L1)

= Software/Physics Trigger V4S) > BE
quark pairs
> Fixed latency: 5us Muon pairs
, Tau pairs
>Bunch spacing: 2ns S
>>99% efficiency for BB Furt
Y pairs
Two photon

Belle 500 Hz 90 Hz 40kB
Belle I 30 kHz 3-10 kHz 200kB

12
2.8
17

0.9
bty

2.4

~130

960
2200
880
720
350°

19°
~15000
~20000

*prescaled by 100
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Schedule.

ouare 2015 2016 2017 2018
here! \
TOP = =l
CDC =
ARICH =
Endcaps =
Global cosmics run ===l

D
e e .

Belle I _>

Pnase 1. 2076 BEAST/SuperKEKB, cosmics

Phase 2: Mid 2017- Early 2018 BEAST with Partial Belle Il
Phase 3: Oct 2018- Full detector

17137



Phase 3: First Physics at Belle |l

>"“Maximize original physics research in the first year”

> Possible caveats: —
I: Preliminary
= PID calibration °
g .5 Belle IT \
= VXD alignment ; :  “First Physics" |
: BaCkgrOUﬂdS o e S
> Potential benefits: R m -
- P
= Looser trigger = - . . .
2017 2018 2019

= Different beam energies

>~300fb" non-Y(4S) data in first year (plus similar
amount of calibration data at Y(4S))
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Phase 3: First Physics at Belle |l

Experiment|Scans/Off. Res.| 7YT(59) T (4S) T(35) T(2S) T(1S)

10876 MeV|[10580 MeV [10355 MeV 10023 MeV [9460 MeV

fh—1 fb=t 10 |fb=t 10% |tb~! 10° |fb=t 10° |fb~! 10°

CLEO 17.1 04 0.1 16  17.1 | 1.2 5 1.2 10 1.2 21
BaBar 54 Ry scan 433 471 | 30 122 | 14 99 —

Belle 100 121 36 711 772 | 3 12 | 25 158 | 6 102

> Possible topics for the first year of data taking:

= Bottomonium(like) below and above Y(4S)

= Energy scans up Y(6S)

= Light Higgs and Dark Sector

= Preparation of high-precision QED and EW analyses

= PYTHIA tuning and fragmentation
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Light Higgs and the Dark Sector

>Light higgs:
= NMSSM models result in 3 CP-even and 2 CP-odd neutral Higgs bosons

= The lightest Higgs A® can have m, <2m_ (not excluded by LEP):
e.g Y(25) » mrY(1S) [Y(1S) = YAY[A® - ff]]

= Belle II: Y(2S) preferred, slow pion pair trigger needed

>Dark Sector:

= Minimal dark matter model: Dark matter particle x and a new scalar or
gauge boson A" as s-channel annihilation mediator (m, >2m)

= Additional U(1)' symmetry - “Kinetic Mixing” of massive dark photon A'
with the SM photon
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The Dark Photon

> Kinetic mixing:

VA
AVAV) VAV

€

€ Y., uv o/
A£:§F 'LLFMV

>t A" Is the lightest "Dark Sector” particle:
Annihilation into SM particles, o proportional to ag?

BF

1.00

0.50

0.20 -

0.10 -

0.05 -

0.02 -

0.01

hadrons

ﬁatell et. ai (20p9) |

0.1 02 0.5 1.0 2.0 5.0 10.0
m [GeV] 21/37




Dark Photon decaying into fermion pairs

>Since A' IS very narrow:

= “Scan” ee 2>y A

>Signal:
= Narrow peak in dilepton (ee or N ' e
up) mass spectrum (dominated ’ 2 3 ¢ 3 75

mg =\/m2,- 4mH (GeV)
by QED) 10" o

> Belle Il First Physics: /

Mass resolution ~0.5 10 \
Ue ) E A 683 0.25 ' y ! ! 500 fs'
U)o LA\AY e e d

Trigger efficiency 11(pp)-2(ee)
= Add hadronic final states

10
m,. (GeV)
22/37



Dark Photon decaying into invisible final state

>|f A" 1s not the lightest “Dark Sector” particle:
=ee >y A, A" > xx dominates
>Signal:

= Single, mono-energetic photon y ., and nothing else

(
Y(3S) »yA[A%-> Invisible] e.g. Essig et al, arXivi1309.5084  B€

>Belle Il First Physics: e
Dedicated “single pho- ~
ton trigger” at £ ~1GeV

Belle 11 50 fb™

1073
500 fb™!

= Also needed for search of a r ot
weakly interacting particle in I s
non resonant ee >yxx (via | R
overall y-rate increase) ' ' my (GeV)
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Dark Higgs

>Dark U(1)' symmetry group spontaneously broken:
Adding dark Higgs h' (or several of them...)

>Two couplings involved: a  and kinetic mixing ~¢&

>Dark Higgs-stranlung. .- I, hadron

I, hadron

_ I', hadron
"""" I', hadron
‘‘‘‘‘ I', hadron
B I', hadron

e e— oeee— e— oee— oee— oe— oe— oe— e— e— oeee—, e— oe— e— e— e— e— e— e— — e— —

=Case B.m,<m_<2m, > h' > A'A™ six leptons/hadrons

= Case C: m,>2m, > h' > A'A', six leptons/hadrons ﬁ
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Dark Higgs

>Belle Il First Physics:

= Case A: Not studied at B factories, new low momentum leptons and
missing energy trigger needed

= Case C: Improved mass resolution for finer mass scans
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b m. =3 GeVic2 - m.=5GCevVicz | 107 m.=7Gevic2 | 10F m. =9 GeVic2
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oy 03 03 04 05 1 15 0E IR 1 2 L — 1
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3 my [GeV/c?]

0 pote sensiivity gof ~— Belell 50" = 10°F _ Bellennsap’ | 10°F R
10 — - - BaBar upper limit 1 £ - Belle 11500 " .* ) 107 ---- Bellell50ab™ .4 g7

. ¥/ o P U o
s I BT S | I [ =22 0%k 107

10°F 7 T e e o

107
10°

] 0%

]

]

Ry 1]
i
¥

102 m,, =1 GeVic?

107 107

E 1U11“ 1D-1I:, _”]_”:_
10E m,=036GeVie2 | 107%f - ) 1oehms10GeVier | of m =15 GeVie: M = 30CeVIE
2 4 6 8 10 2 4 6 8 4 i] 8 4 i] 8 6.5 7

2
Jaegle et al, arXiv: 1502.00084 my; [GeVier]
Legg et al,, arxiv:12021313
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Low Multiplicity Physics at Belle II: ISR physics for g-2

>Muon anomalous magnetic moment:

- aUSM = (11659 180.4 + 43 (HVP) + 2.6 (LBL) + 0.2 (EW)) x 107

LO NLO y I-by-I
had.
u H
had. had.

s> Dominant contribution to

Cross section (nb)
[S—
o
o
S

2 o0
o m |
o had,LO — H f ds :IX (S)Ulla(l(s)
Sth N

H 1273 /.

R B I I I I

s ee->Tm(y)

r X h

& :

- s E
L .#/

C / \_ ]

- Lees et al.,‘ arXiv:‘ 1205.2228v1 | | l\s_

055 06 065 07 075 08 085 09 095 1

Vs (GeV)

O HVP: 1t (~73% of O(uhad)

L L
3
21 E/\ eeenn(y)%
2 10p . 1
g 1 :_ "++ ++w""_,_ _;
& N E
+ -
107 £ il HE 3
[ i
- | | 1 | | 1 1 1 | 1 1 1 1 E
10°03 1 15 2 25 3
Vs (GeV)



Low Multiplicity Physics at Belle II: ISR physics for g-2

> Experimental challenge: Total error <1%

= Correlated track loss, PID, trigger, ...
m_=0.30 GeV

>Belle: Limited by L1 trigger
Bhabha veto (E__>5 GeV)

ECL

Barrel

\LCIXCI(X C9 |C8 C7/C6 /CS /C4 /CB/ZZAI

B1
F

B2
F1

Backward
Endcap Forward

Endcap Belle Il sim atio

Belle Il First Physics:
Optimize electron-vetoed track trigger
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Low Multiplicity Physics at Belle II: Electroweak

> Preferred direction of
muons produced in e‘e
collisions?
% AFB:<NF_NB>/<NF+NB)

>Born QED predicts
symmetric distribution
(NF:NB’ AFB:O>

> |nterference of y and Z leads
to energy dependent
asymmetry A_ <0 for s<m ?

center of mass system

backward | forward

u+
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The Standard Model (Born level): ee > uy

2s  do
7 dcos(0*)
() [* (1 4 cos™(67))

o

+ 8 Re [a”(s)X () {GveGuu(1 + cos®(07)) + 2GacGay cos(6”) }]

7

(efe” »putu™) =

J'YZ

+ 16]x(5)|*[(IGvel” + |Gac *) (1Gv]” + [Gapl”) (1 + cos™(67))

+8 Re(gveg:e) Re(gvugzu) COS(Q* )]7

oZ

with
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The Standard Model (Born level): ee > uy

2s  do
7 dcos(0*)

|(s)||(L + cos® (7))

>4

(e+e_ — ,u+,u_) = asymmetric

symmetric

N/~

o

\+ 8Re [ (s)x(s) {{GveGuu(l + cos” (0"))|+2GacGay cos(6") }]

7

Vo

ocY—4

+ 16]x(5)|*[(IGvel” + |Gac |*) (1Gvu]” +[Ganl”) (1 + cos™(67))

+8 Re(gveg:e) Re(gVﬂg:M) COS(H* )]7

oZ

with

Gr Mzs
- p87‘(‘\/§ S — M% + iFZMZ

Gvs = /Ry (T?f — 25sin” eaﬁf)
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The Standard Model (Born level): ee > uy

2s do _ _
7 dcos(0*) (cTe” —utn) = rho parameter

weak mixing angle

la(s)|2(1 + cos® (9*)2

o

7

+8Re [a” (s)x(s) f GveGvu(l + cos”(07)) 4 2GacGap cos(0”) }]

v
ocY—4

+ 1(|gve|2 +|Gael?) (1Gvu|? + |Ganl?) (1 4 cos®(07))
+Re(Gu. i) Re(GuuGi ) 90s(0)] /

oZ

with

CF - —
S .
X @W\/ﬁs—M%—I—zI‘ZMZ

v = V% (1 - o)
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An asymmetry over energy and time
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An asymmetry over energy and time
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\'s [GeV]
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Precision physics far below the Z pole

>Precision measurement at Z pole:

= A_~g%g2/(g*+g2)? > Sensitive to the weak mixing angle and p

>Precision measurement at Belle II:

= A~pg,’ (dominated by interference o,,) > Only sensitive to p

= 50 ab"vyield ~25 billion detected muon pairs at 10.58 GeV CM energy

= Expected statistical uncertainty: o,, (A_)*10°with A .,,=-102 at Belle I

FB (EW)

- Measurement of weak loop corrections to p

= Largest corrections and systematics: QED asymmetry (theory: KKMC,
ZFITTER, ...) and detector charge asymmetry

> Belle Il First Physics:

= Fine tuning of two track trigger .



Precision physics far below the Z pole

Oblique parameter T at low energy U e s

(complementary to APV):

Isospin violation from different NP
loop contributions to Z and W

Apnew _ HIY}I?VVVV(O) _ CZH%QEV(()) = ol ~ a,T
M2 (1 _ ATW) 1 — Ary o . . Erler,i6. Su (5rég Part.Nucl.Phys. 71 (2013))
-1.?1._5l = I-1I.0l l.I..I-(IDI.SI i (I)I = l0!5I = 1I0 = I1.5
s

90% C.L., A, L =50.00ab", (stat. only)
WCS ' ' ' '

Contact Interactions at low energy
are sensitive to TeV scale NP

WV (involving the second generation)

RL
LL
RR

o | —

0 10 20 30 40 50  “~

2 —

Agi)z Z nij€ivpeifiv" [
i,j=L.R

[TeV]
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> Belle Il offers high sensitivity to New Physics at the
Flavour frontier, largely complementary to LHCD

>Unique data set of non-Y(4S) data in the first year

>Broad low multiplicity program at Belle I, including
Dark Sector and Electroweak Precision

>Significantly improved two track trigger, better
Bhabha veto and single photon trigger

> Belle Il physics data taking will start 2018
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Belle Il Theory Interface Platform (B2TIP)

>Joint theory-experiment effort to study the potential

Impacts of the Belle Il program

> Next open B2TIP workshop: 27.-29.04.2015, Kra

What's new in Belle Il compared What's new in theory after Belle,
to Belle and Babar? Babar and LHCb?
- Efficiencies, precision of hardware - Progress in QCD
- New software - New Physics models and constraints
- New analysis methods - New observables
NEW IDEAS!

Kau

http://kds.kek.jp/conferenceDisplay.py?conflc

=170654
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Belle Il simiil;
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Backup: Belle Il and LHCb

TABLE XLI: Expected errors on several selected flavour observables with an integrated luminosity of 5 ab~! and 50 ab™! of Belle
IT data. The current results from Belle, or from BaBar where relevant (denoted with a 1) are also given. Items marked with a &
are estimates based on similar measurements. Errors given in % represent relative errors.

Observables Belle or LHCb* Belle 11 LHCb
(2014) 5ab~! 50 ab~! 8 fb~1(2018) 50 fb!
UT angles sin 23 0.667 4 0.023 + 0.012(1.4°) 0.7°  04°  1.6° 0.6°
a°] 85 + 4 (Belle+BaBar) 2 1
v [°] (B — DMK ™) 68 + 14 6 L5 4 1
28.(Bs — J/1$) [rad]  0.07 4 0.09 + 0.01* 0.025 0.009
Gluonic penguins S(B — ¢K") 0.9010-0% 0.053 0.018 0.2 0.04
S(B — /' K°) 0.68 4 0.07 = 0.03 0.028 0.011
S(B — KOKAKY) 0.30 4 0.32 & 0.08 0.100  0.033
B (By — ¢o) [rad] ~0.17 +0.15 4 0.03* 0.12 0.03
BB, — K*OK*0) [rad] — 0.13 0.03
Direct CP in hadronic Decays A(B — K%7) —0.05+0.14 4+ 0.05 0.07  0.04
UT sides |Vep| incl. 41.6 - 1073(1 £ 2.4%) 1.2%
[Veo| excl. 37.5-1073(1 £ 3.0%ex. & 2.7%m.) 1.8%  1.4%
[Vis| incl. 44710731 + 6.0% ey, & 2.5%m.) 3.4%  3.0%
[Vip| excl. (had. tag.) 3.52-1073(1 £ 10.8%) 4.7%  2.4%
Leptonic and Semi-tauonic ~ B(B — 1v) [1079] 96(1 £+ 26%) 10% 5%
B(B — uw) [107°] <17 20% %
R(B — Drv) [Had. tag] 0.440(1 + 16.5%)f 5.6% 3.4%
R(B — D*rv)t [Had. tag] 0.332(1 £ 9.0%)* 3.2%  2.1%
Radiative B(B — Xv) 34510741+ 4.3% +11.6%) 7% 6%
Acp(B — Xeqv) [1072]  2244.0+0.8 1 0.5
S(B — K%1%) —0.10 £ 0.31 £ 0.07 0.11  0.035
28" (B, — ¢) - 0.13 0.03
S(B — py) —0.8340.65+0.18 0.23  0.07
B(Bs — ) [1079] < 8.7 0.3 -
Electroweak penguins B(B — K*Tup) [1079] <40 <15 30%
B(B — K*uw) [107°] <55 <21 30%
C:/Cy (B — X,L0) ~20% 10% 5%
B(Bs — 77) [107%] - <2 -
B(B, — pp) [107°] 9.9% 1 0.5 0.2 39/37




Backup: Belle Il and LHCb

TABLE XLII: Continued from previous page.

Observables Belle Belle 11 LHCbH
(2014) 5 ab™! 50 ab™! 2018 50 bt
Charm Rare  B(D, — uv) 5.31-107%(1 £ 5.3% + 3.8%) 2.9% 0.9%
B(Dy — 1v) 5.70-1073(1 £ 3.7% = 5.4%) 3.5% 2.3%
B(D° — ~+) [1079] <15 30%  25%
Charm CP  Acp(D° — KTK—) [107% —32+£21+9 11 6
Adcp(D’ — KTK™) [1074] 3.4* 05 0.1
Ar [1072] 0.22 0.1  0.03  0.02 0.005
Acp(DY — 7979 [1072 —0.03 £0.64 =0.10 0.29  0.09
Acp(D° — K27%) [1072]  —0.21 £0.16 = 0.09 0.08  0.03
Charm Mixing =(D° — Kr+7~) [1072]  0.56 £0.19 = 397 0.14 0.11
y(D° — Klrt77) 1072 030 £0.15+ o8 0.08  0.05
lq/p|(D° — Kntn—) 0.90 £ (78 + o8 0.10  0.07
o(D° — Kdrtn—) [7] 611+ 6 4
Tau 7 — py [1079] < 45 <147 < 4.7
T — ey [1079] <120 <39 <12
7 — g [1079] < 21.0 <30 <03
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Backup: Belle II: B>1v

,;.. [~ T T 1T 1111 | T T | D I | | I I ! -
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Backup: Belle Il B=>D*tv and B->Dtv

”:;" 14 - I T rrri I 1 I T T TTI1 I 1 1 | J— ’::“ 25 | 1 1 L 1 I I LI I 1 1 I_
e [ 7] © - -
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Backup: First physics “Bottomonium below Y(4S)"

m(1S)

m(25)

Y (1°Dy), T(1°Ds)

T(13Dy)

Resolve discrepancies on the mass and width, based
on measurements of radiative transitions.

Independent confirmation of Y(2S) properties, and
tests of hyperfine splitting against theoretical
predictions.

Precise measurement of multi-photon cascade decays
to separate J = 1, 3 (not seen) states from the J = 2
(seen) state.

Inclusive photon spectra of T(35) decays.

Ry near Y(35), T(2°D,)-triplet Search for unseen Y(1D) states and the unseen

hy
Inclusive decays (x;, T)

Dipion transitions

Y (2°D,) triplet via R, scan methods.
First observation and resonance characterisation.

Surveys of inclusive hadronic transitions of x; and

(283, 39).

Surveys of dipion transitions between Y, states (anal-
ogous to Y).
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Backup: First physics “Bottomonium below Y(4S)"
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Backup: First physics “Bottomonium above Y(4S)"

Ry, Inclusive b cross section as a function of Ecyr up to T(6.5)

Zy, from scans Analysis of m + Z, substructure through o(Y + 27) and
o(hy(nP) + 2m) through an Ecniscan

Zy near resonance Analysis of Z;, charged and neutral from Y(6.5)

Tetra quark states Analysis of radiative or 27 transitions from Y(6.5)

Other exotica Searches for exotic states with single 7 transitions from

T(55) and Y(65)
o(B®WB®) and o(B BY)

Wi, X Studies of radiative transitions from T(6S5) to new
bottomonium-like states and y;.

me Accurate determination of m; via bottomonium sum-
rules. Precision tests of discrepancies between pQCD
and e'e” data near the accelerator threshold region.
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Backup: First physics “Bottomonium above Y(4S)"

Voloshin PRD84, 031502 (2011) 12GeV —
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