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Motivation for Belle II: Flavour Frontier

>Energy frontier:

= Production of New Physics (NP) from collisions

= Limited by beam energy

-

s |
SM NP ;; 102 SuperKEKB
— @D)

5
)]
n 10 -
(2]
ge]
=
=

> Intensity frontier: | Drerg prontier o LHC

= NP in Virtual processes } I Tovatron
’

10 e N
m - ; 10 10°
NP Flavor Violating Coupling (g2’

3/28




First generation of B-Factories

25
>Belle at KEKB and  Y(15) CUSB@CESR
B b 't PEP || %20' h (Y(1/2/3S) width dominated by detector resolution)
abar a - ¥
S T

>Very high luminosity: s o

= ~2x10%*/cm?/s (Belle) o | + + f L |

. . L o5 ot i

(twice the design value) S [ b e e et

— — continuumbackground\ /.

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

= BR(Y(4S)>BB) > 96%
>A5ymmetric beams: R .

= 8GeV e /3.5 GeV e* (Belle)
> Boosted BB pairs (= time dep. CPV)
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First generation of B-Factories

=
() >1ab" _—
1200 T \

i On resonance :
| —KEKB ~ ——PEP-| Y(5S): 121 b~ Y(4S) > BB 12
1000 Y(4s): 711 b}
! =1 . .
s e M Light quark pairs 2.8
800 Y(1S): 6 ! )
Off reson./scan: Muon pairs 11
~100 fb!
600 . Tau pairs 0.9
' ~ 550 fb™*
400 /-/ /— On resonance: Bhabha (elab>17°) L
/j/ /f_ Y(4S): 433 b
it Y(3S):30 ! i °
200 / 4= e Photon pairs (8,,>17°) 2.4
/_j‘_// Off resonance:
ol e | ~54 ! 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 900 million tau and muon pairs each

> Still many analyses remain statistically limited
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Nano beam scheme at SuperKEKB

beam current

=% (1+g§§ = ]}:L

2er O

e X g,
vertical beta function at IP

KEKB Super-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 5.9/5.9 120/120 11 1.6/1.2 2.1 x 1034

SuperKEKB 4070 ¢ 027/030) 32025 | 415 80 x 10%

factor 20 factor 2-3 6/28




From KEKB to SuperKEKB

<" 103%¢ | JL = 50 ab™' by 2025 (50x KEKB)
"o 135 | Lpea = 8 x 10 cm™s” (40x KEKB)
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Belle Il Detector at SuperKEKB.




Detector Upgrade: Belle Il at SuperKEKB

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)

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

electron . %
Beryllium beam pipe
2cm diameter

"Vertex Detector:

2 layers DEPFET (pxD) j
Qlayers DSSD (svD)

positron
(4GeV)

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

&g lever arm, fast electronics

);
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Schedule.

You are
here!

2015 2016 2017 2018

TOP 111 e—
CDC [
ARICH  jrmm]
Endcaps jm
Global cosmics run |

Belle Il roll-in |«
Final focus magnets ||

Phase 1: 2016 Commissioning and Cosmic test
Phase 2: Mid 2017- Early 2018 Commissioning and physics

with partial Belle Il detector
Phase 3: Oct 2018-2024(+) Physics with full Belle Il detector
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Schedule

Preparation of the
Belle Il solenoid test Interaction region for Phase 1

e I N T il
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Towards First Physics: Phase 2

>Mid 2017: Belle Il without nominal vertex detectors
but with final calorimeter, drift chamber, etc.

>Main goals:

= Measure beam bkg.

= Tune accelerator

> Conditions (expected):

“ E_,.=10.58GeV

SVD /
(@]

— SvD

= e

N /!

=L . =(0-300) fb" ~only 1/3 Belle

L L
H
'
L— :

N

i

\

- Unique physics with that dataset possible?
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Towards First Physics: Dark Photon

>Dark Photon motivated by dark matter, g-2 anomaly...

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

*Holdom, Phys. Lett B166, 1986

>Additional U(1)' symmetry = “Kinetic Mixing"* of
massive dark photon A" with the SM photon
VA
AVAV) aVAV
€

C Y. uv 1
A£:§F f Fpu/
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Towards First Physics: Dark Photon

J. Jaeckel, A. Ringwald, arXiv:1002.0329

Jupiter

log(e)

Hidden Photino DM

12

_I'IIIIIII

_15 IIIIIIIIIIIIIIIIIIIIIIIIIII
—18 —15 -12 -6 -3 0 3 6 3

=
L%}

log(m,)[eV]
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Towards First Physics: Dark Photon decay to invisible

>|f A" Is not the lightest DM particle:

Decay into dark matter dominates: ee >A'y, A'=>xy

>SM background: ee->ee(y) and ee->vy

count/ 10 MeV

Belle Il MC
Preliminary

entries / (0.100 GeV)

0.15

0.10

0.05}

0.00 L

0

B BHWIDE i
B TEEGG O(0d) _
B TEEGG O(0*) soft -
B TEEGG O(o¢) hard

n (y)45—135°, E*>1.0 GeV=1 —-

NO Other Y E*>0.25 GeV ]
No track p>0.25GeV

Belle I MC ]
Preliminary

BHWIDE: Jadach et al, Phys. Lett. B 390, 298 (1997)
TEEGG: Karlen, Nucl. Phys. B289, 23 (1987)



Towards First Physics: Dark Photon decay to invisible

Y(3S) ->YA[A%-> Invisible], BABAR-CONF-08/019, arXiv: 0808.0017
limit: e.g. Essig et al,, arXiv: 1309.5084

C. Hearty, B2TIP2014

1072
w
3 Belle 11 50 fb™

10 —
500 fb™ i

B 5 ab’! ]

_ 50 ab” -

10-4 | I | I 1 1 1 L1 1 11 I 1 1 1 L1 1.1 I 1 1 1 L1 1 1.1 I
102 10 1 10
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Towards First Physics: Planned Low Multiplicity Trigger

>Two stage trigger: Hardware (L1) + Software (HLT)
>Fixed latency: 5us, Bunch spacing: 2ns, €>99% for BB

Single Photon Bhabha ISR (e.g. Trmty) Two track
Belle: Belle:
«f(0) veto «CDC+KLM
fiX prescales *CDC+TOF
Belle Il Belle II: Belle Il Belle II:
Calorimeter (ECL): +f(B, ®) 'pure' veto | «1 ECL ~0.5GeV «CDC only
«~1 GeV barrel o'efficient’ accept and >1 track «KLM only
«~2 GeV endcap «f(8/") prescales (back to back) *Single track

17/28



Towards First Physics: Dark Photon decay to visible

_ Phys.Rev.D79, 115008, (2009), arXiv: 0903.0363

>If A'ls the lightest DM particle:  ¢»
Decay into SM matter dominates 2«
T INEINT e
ue (ﬁ Afy Gee) ST

1T 22'?9_9 Mev/c2 il 3 ol . Data Phys.. Rev. Lett. 113, 201801 (2014)
" . Belle Il , - S [CIMC e*e =yt arXiv:1406.2980 2
- 6=12.7 MeV/c O IMce’e YR G
- ! 2 [ ]

= ;
- Belle lIMC s R _

-
o
”

9 Preliminary

count [a.u.]
o
(@]

Data/MC

897495 5 505
m,. - [GeV/c?]




Towards First Physics: Dark Photon decay to visible

C. Hearty, B2TIP2014 (updated)

T ||||||—:-

KLOE 2013
Phenix

BaBar

\

10 W | | =
| _ 500 fi5"
vt AN
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10_4_IIIII \ 1 1 IIIIIII 1 1 IIIIIII 1 1 L1 1 111

1072 101 1 10
m,. (GeV)
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Low Multiplicity Physics at Belle II: AFB

> Preferred direction of
muons produced in e‘e
collisions?
K 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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Low Multiplicity Physics at Belle II: AFB

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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Low Multiplicity Physics at Belle II: AFB

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
B p87rx/§ s— Mz +il'z My

Gvy = /Ry (T —2sin® 65"
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Low Multiplicity Physics at Belle II: AFB

2s (iCT + — N + — L
?dcos(@*) (e © s ) - p 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—%Z

+ 1(|gve|2 +|Gael?) (1Gvu|? + |Ganl?) (1 4 cos®(07))
\ +@;> Re(Guy G2y ) 205(6")],

o’

with

(s) Gr Mzs
S .
X @W\/ﬁs—M%—i—zI‘ZMZ

our =V 1~ )
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Low Multiplicity Physics at Belle II: AFB
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Low Multiplicity Physics at Belle II: AFB
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Low Multiplicity Physics at Belle II: AFB

> Precision measurement at Z pole:

= A_~g%g?/(g*+g?2)? > Sensitive to the weak mixing angle and p

>Precision measurement at Belle Il (~25 billion p-pairs):

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

= Expected statistical uncertainty: o,, (A_)*10°with A_, _,,=-102 at Belle Il

FB (EW)
- Measurement of weak loop corrections to p

= Largest corrections and systematics: QED asymmetry (theory: ZFITTER,
KKMC** ..) and detector charge asymmetry “Bardin et al, Comput Phys Commun. 133, 229 2007)

Bardin et al, Comput.Phys.Commun. 174, 728 (2006)
**Jadach et al., Comput.Phys.Commun. 130, 260-325 (2000)

> U n d e r S.t u d y: Jadach et al, Phys. Rev. D63, 113009 (2001)

= Fine tuning of two track trigger (single track trigger are crucial)

= For extraction of p from measured A_: ISR-FSR interference? Yoo



Belle Il Theory Interface Platform (B2TIP)

>Joint theory-experiment effort to study the potential
Impacts of the Belle Il program

>Eight physics WGs + one “New Physics” WG

>Topics covered in this talk:
WG8 “Tau, low multiplicity and electroweak”

> KEK Green report (~400 pages) end of 2016

I Next open B2TIP meeting: 28.-2910.2015, KEK (Japan) i
: |
I https://kds.kekjp/indico/event/19103/ :



> Belle Il offers high sensitivity to New Physics at the
-lavour frontier, largely complementary to LHCD

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

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

>Belle Il physics data taking will start 2018, first data
with partial detector in 2017

Belle I Torben Ferber (torben.ferber@desy.de), DESY 28/28




Belle Il simiil;
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Backup: Background for Tracking Detectors

>Main background in Central Drift Chamber:

= Radiative Bhabha and Touschek Belle Il MC

- Huge effort to reduce el
backgrounds by collimators
and shielding

>Main background in VTX:

= Two Photon QED

O Background

RTpReas R

e’ e

ot
©
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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 bl ab™" o
1T data. The current results from Belle, or from BaBar where relevant (denoted with a {) are also given. Items marked with a i
are estimates based on similar measurements. Errors given in % represent relative errors.

Observables Belle or LHCb* Belle 1T LHCH
(2014) 5ab~! 50 ab~! 8 fh~1(2018) 50 fh!
UT angles sin 233 0.667 £ 0.023 £0.012(0.9°) 04°  0.3°  0.6° 0.3°
a 7] 85 £ 4 (Belle+BaBar) 2 1
T[] (B— DHKE) 68 + 14 6 1.5 4 1
28.(Bs — J/¥¢) [rad]  0.07 £0.00 £ 0.01* 0.025 0.009
Gluonic penguins S(B — ¢K") 0.9070:7% 0.053 0.018 0.2 0.04
S(B — 'K 0.68 £0.07 £0.03 0.028 0.011
S(B — KYK2KY) 0.30 £0.32 £0.08 0.100 0.033
(B, — ¢0) [rad] —0.17 4+ 0.15+ 0.03" 0.12 0.03
F(B, — K*°K*°) [rad] — 0.13 0.03
Direct CP in hadronic Decays A(B — K°r”) —0.05+0.14 +0.05 0.07  0.04
UT sides [Vep| inel. 41.6-1073(1 £ 2.4%) 1.2%
|Ves| excl. 3751071 £ 3.0%ex. £ 2.7%m.) 1.8% 1.4%
[Vip| incl. 4.47-1073(1 £6.0%r. £ 2.5%,) 34%  3.0%
|Vys| excl. (had. tag.) 3.52-1073(1 £ 10.8%) 4.7%  24%
Leptonic and Semi-tauonic ~ B(B — ) [107¢] 96(1 £ 26%) 10% 5%
B(B — pv) [1079] <17 20% %
R(B — Drv) [Had. tag] 0.440(1 £ 16.5%)1 5.6% 3.4%
R(B — D*rv)' [Had. tag] 0.332(1 £9.0%)F 3.2% 2.1%
Radiative B(B — X.v) 3.45-10711 £ 4.3% £ 11.6%) 7% 6%
Acp(B — X, 4v) [10°7]  22+£4.0£08 1 0.5
S(B — Kir'y) —0.10 4+ 0.31 4+ 0.07 0.11  0.035
281 (B, — ¢) - 0.13 0.03
S(B = py) —0.83+0.65+0.18 0.23  0.07
B(B, — ) [1079] < 8.7 0.3 -
Electroweak penguins B(B — K*Tuvw) [1079) < 40 <15 30%
B(B — K+vw) [1079] < 55 <21 30%
C7/Cy (B — X, 00) ~20% 10% 5%
B(Bs — 77) [1079] - <2 -
B(B, — ) [1079] 20704 0.5 0.2

BELLE2-NOTE-PH-2015-002 31/28



Backup: Belle Il and LHCb

Observables Belle or LHCb* Belle 11 LHCb
(2014) 5ab~! 50 ab—! 2018 50 fb~!
Charm Rare  B(D, — uv) 5.31-1073(1 £5.3% £ 3.8%) 2.9% 0.9%
B(D, — Tv) 5.70-1072(1 £3.7% £ 5.4%) 3.5% 2.3%
B(D® — ~vv) [1079] <15 30%  25%
Charm CP  Acp(D° — KTK7) [1074] —32+£21+9 11 6
AAcp(DY — K+ K~) [1073] 3.4* 0.5 0.1
Ar [1072] 0.22 0.1 003  0.02 0.005
Acp(DY — 797%) [1077] —0.03 +0.64 £ 0.10 029  0.09
Acp(D® — K¢r%) [107%]  —0.21 £0.16 & 0.09 0.08  0.03
Charm Mixing 2(D° — K9nF77) [1072]  0.56£0.19 £ V] 0.14  0.11
y(D" — Kdntr=) [1072]  0.30£0.15 £ g2 0.08  0.05
lq/p|(D° — Kort7™) 0.90 £ 018 + 0oe 0.10  0.07
(D’ — Kortn=) [°] —6+11+ 3 6 4
Tau T — py [107Y] < 45 <147 < 4.7
T — ey [1077] <120 <39 <12
T — ppp [1079] < 21.0 <3.0 <03

BELLE2-NOTE-PH-2015-002 32/28



Backup: Belle Il B=>D*tv and B->Dtv

Z 14F ] > 25F .
e e - -
‘a A Belle Il  Projection i @) Belle Il Projection .
T 12 - T ]
m Exp.L_=3ab’ i S 2o Exp. L =4 ab” ]
s 10 ' - s > ;
| - — Total | : — Tota :
8 I N Statistics ] 15~ = N Statistics —
™~ -.-.. Systematics - :\ -.-.. Systematics ]
N N Theory (expected) : R Theory (expected) i
6 - . -.-.- Theory (current) ] 10 * N ---.- Theory (current) _
4t - [ ]
- S . 5_- """"""""""""""""""
2 T T ~ i LT ]
O— 1 1 L1 111 I 1 1 1 11 111 I 1 L 1 ] O i 1 1 11 11 II 1 1 1 11 111 I 1 1 I-

1 10 1 10
Integrated Luminosity [ab™] Integrated Luminosity [ab™]

(a)B — D*Tv (b)B — D1v

BELLE2-NOTE-PH-2015-002 33/28



Backup: First physics “Bottomonium below Y(4S)"

my(1.5) Resolve discrepancies on the mass and width, based
on measurements of radiative transitions.

my(29) Independent confirmation of Y(2S) properties, and
tests of hyperfine splitting against theoretical
predictions.

Y(1°Dy), Y(1°Ds) Precise measurement of multi-photon cascade decays

to separate J = 1, 3 (not seen) states from the J = 2
(seen) state.

Y(1°D,) Inclusive photon spectra of YT(3S) decays.

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

hy, First observation and resonance characterisation.

Inclusive decays (x;, T) Surveys of inclusive hadronic transitions of y; and
T(25, 39).

Dipion transitions Surveys of dipion transitions between Y, states (anal-

ogous to Y).
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Backup: First physics “Bottomonium below Y(4S)"

(2S+1)
LJ 1So 3S1 3P2 3P1 3P0 1P1 3D3 3D2 3[)‘| 1D2 ???
11000
© Y (5S)
210800
E Z;(10650)
P Y (4S) -
% 10600 . Open flavour threshold .
© | = | Z,"(10610)
= Yos@P) : .
10400 Y(2D)
n,(3S) Y (35)
1 0200 — sz(zp) Xb1(2p) be(ZP) hb(zp)|—|—I—|—|_|
Y(1D,))Y(1D) Y (1 D) n,(1D)
10000:{;—'—'
n.(25) Y (25) —
E::!i§§::!::%::!:::
9800 TP 1P) 1y ol 1P)
m Established
9600—
—— Theor
9400==—y(15) D Y
N,(1S)
9200||||||||||||||||||||||

0t 172" 10" 1" 3727 17 2% 27 J°
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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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Belle Il Vertex Detectors

>2 layers of DEPFET pixel detectors (PXD)

>4 layers of double-sided silicon strip detectors (SVD)

=107 T T
5 ‘\_'_\\ R
.E \ \ I sele 1 (PXDO50um)
§ \ \ I e 1| (PXDO75um)
2 |\ \
NN
N
\4\ — |
g
\\
R A S
pp*sin(6)*? [GeVrc]

PXD SVD
0.21% X /layer 0.55% X /layer

pixel: 50x55/85um shaping time: 20ns
thickness: 75um hit time resolution: 3ns

hit time resolution: 20us

PXD + SVD = VXD

Z vertex resolution two
times better than Belle

Improved K_ efficiency
(e.9.B—-KKK, ..)
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Example: Precision CKM Metrology at Belle ||

d S b
- e 0~ f__ N
u n =% 119‘/ K ,.:7? B I'—é;; B}
3
V I i £ 4
- :____é? :_—_é Y v :
CKM Pe—=r |P¥=x|P*=p
t 0 50 =| t 4 :
B B B’ | B,B—E B,| T~
Ny b
O T T
Eg % .
0:4 g—g | ed des 5
= B 3
0.3;— 2 A ¢2—; iO.8°
0.1 I - 14000 i100°
. :
0.0 S, v,/ BB\ —
0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0 o
: 8.5 . W
. \(,3
(Belle: +14.5°) s"““s- &
R
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Example: T Lepton Flavor Violation (LFV) at Belle I

>LFV Is a theoretically clean null test of the SM:

BF.,,~10* =>NP may induce LFV at one loop

2
g s
S 10
2
=]
o 10°
|
S
o 107
E
— -8
= 10
O
O
=
_j 10°
(&)
§ 10710
(8)]

A

reference TNy TIHMU

SM + heavy Maj vg PRD 66(2002)034008 10 10-10
~ ly PV o A Non-universal Z' PLB 547(2002)252 100 |10
L - SUSY SO(10) PRD 68(2003)033012 108 10-10
= . EENEgm
- . mSUGRA+seesaw PRD 66(2002)115013 107 109
mL
- SUSY Higgs PLB 566(2003)217 10-10 107
= " L —
- v - 5 i
- v v — w +
| v ¥ v v - N %8
i v, Yv v v v . v A Y ¥ v i T o H
= Y v v 3 % -
— v vy —_ )
— vy vy v v Ty Yy _ YY - \v/
- Y _

Y
[ . 1= CLEO
= @ = v BaBar
N 7 - Belle
L e o * ® °® | e
= .. .o e . o o o0 e %" ..c......§ Belle Il
— . . -
- * * ¢ . [ ] % P ®e L _
- ™ —
R O e e e B A A B
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