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Past, future & proposed e*e” colliders

,’._\ 104 :_.l | J 1 ' I ] 1 ! | ' ) 1 ] Sl I(lEl(lB l.l l 1 | ] 1 ] l ] ] I ] I? .
&z 3 . 3 SuperKEKB construction to
° - FCCee@Z - .
g n CepC@Z 1 be completed in JFY2014
8 10°F =
© = =
2 - - _ 35 ~m-2c-1
S p— - - x
> B @ KEKB @O N Lpeak 8 x10°°cm™s
‘D 102 k& PEPII @ —| [40 x KEKB, ~80 x KEKB design]
o - E
g - 1 50 ab by early 2020s
B CESR Phaselll @ N .
3 10 A BEPCI — [50 x Belle, i.e. faster ramp up]
= DAONE A =
- ® Y@s) 4 H/Z-factory on the horizon
1 LEP2 -
— A Lowenergyflavour 3H __ 13
- Tristan = up to 10°°7Zs
- LEP1 ngh energy —
107 Z-factories =
E - ABEPC E

1 -2 L1 1 1 I L1 1 1 l L1 1 1 l L1 1 1 I L1 1 1 I L1 1 1 l
01 980 1990 2000 2010 2020 2030 2040

Year

P. Urquijo, Current & Future B physics at e*e” 2

V= THE UNIVERSITY OF

Y- MELBOURNE




B-factories
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Role of e*e” B data in SM CKM Metrology
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+ ongoing search to find new sources of CPV and other NP in 3rd generation.
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B Production

e+e- (PEPII, |e+e- pp—b anti-bX (Vs=14TeV) LHC e+e- — Z—b anti-bX (Vs=91 GeV)
KEKB) (Super FCCee, CepC
KEKB)
Prod. obb 1nb ~500ub o(45nb) x BF(0.15) = 7nb
Total yield 109 51010 1013 1011-1012
typ. bb rate 10 Hz 400Hz ~500kHz ~1kHz
purity ~25% ~0.6% ~10%
pile-up 0 0.5—25 0
B content B*(50%),B%(50%) B*(40%),B%(40%),Bs(10%),Bc(<1%),b-baryon(10%)
B boost small, By~0.5 large, decay vertices are displaced large, By~7 (average)
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w1 £ ‘ | ncoherenty Q ( -
% 5; +I + th“. ! ow.‘ \‘»».‘ NIRRT, * LIPR S ] /
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Mass (GeV/c?)
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B Production
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Summary of CKM

Belle & Babar | Global Fit Belle I |LHCb Upgrade
(CKMfitter 50 ab? |50 fb!

Q1: cCS

¢2: uud

03 DK

inclusive

exclusive

inclusive

exclusive

_ Moderate precision
Experiment Moderate precision Theory
- ARSIy O
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Strengths of e*e” @ Y(4S)

Full reconstruction of B
modes w/ multiple Vv’s
inclusive measurements

Hermeticity
minimal trigger for, e.g. Dalitz analysis
precision T measurements

Neutral particles 1°, Ks°K°
and forn, n, p*, etc.

other notable features
good PID for both p* and e* Belle Il covering 290% of 4,
high flavour-tagging efficiency and (N(track)) ~ 10 per event
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1. B full reconstruction (Neutrinos & Inclusive)

Exploit Y(4S) = Btag Bsig
Reconstruct Btag chain - constrain (E,p), charge, flavour of Bsig
Had: €(Btag) = 0.20 - 0.25% @ Purity(Btag) = 20%
e /

BE"E " / Bsig

Bsg> TV, T MWV — < L. T > Y(4S)
Bta - DT(, R& Kruut 2
g ‘ « Dtag /
| D° p(e*) +p(e”) = p(B) +p(B)
7t+/ \K" Br(Y(4S) - BB) > 96%

b->u b->c b->s b->d
ntlv, plv D)ty K yy VvV
Xulv Dy Xsy W
TV Xv /T Xll Bis)P—>tT

Uv
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2. EM Calorimetry: Neutrals & Electrons

Far fewer background photons than LHC
Higher performance calorimeter
Much less material in front (good for electrons)

0.019
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0,014% ------------------------- 005: ."+'* e
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L J [
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: : N
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Resolution |Total|Pile-up| Total |Pile-up '
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B—ody 12.3%]| 05% | 2.7% | 1.5% j e
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3. Flavour-tagging & Neutral Kaons

Q = Etag(l - zw)zl
~30% for a B-factory
~2.0+0.3% for LHCb (arXiv:1202.4979)
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I T
|Start the clock | T~ T 20

[em]B\_layer: DSSD stnip lay

\Exclusive B meson and vertex reconstruction |

Bqa—>ssq CP eigenstate often detected via Ks | ixel layers
(> 10 X more efficient in Belle Il than LHCb) 3020 e e 50 0

[cm]

KL detection much improved (Impossible @ LHCb)
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SuperKEKB & Belle 11
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KEKB to SuperKEKB (Completion in CY2015)

Beam-beam parameter

Lorentz Beam current

factor \

Beam-related backgrounds 10-20 x KEKB.
Touschek scattering

R V.. ’: 1,57 R, Lumi. reduction factor
L=—"|1+— - (crossing angle)&
Z/e'r(, ) O, 'y Rg_‘, . Tune shift reduction factor \ﬁl

(hour glass effect)

Classical electron 0.8 ~ 1 Radiative Bhabha

radius

(short bunch)

2-y
Beam size ratio@IP Vertical beta function@IP
1 ~2 % (flat beam)
E (GeV) B*, (mm) B* (cm) ()} | (A) L (cm3s?)
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 10
SuperKEKB 4.0/7.0 0.27/0.30 3.2/2.5 41.5 3.6/2.6 80 x 10*
B* [m] year
1 mgm
180 165 2000 2010 2020 2080 Hourglass condition:
sk
0.1 SPEARPEP,BEPC, LEP ﬁy >~ L=GX/¢
PETRA TRISTAN
CESR-c, PEP-l _ pEpc]
0.01 €ES — A—y\
KEKB ‘\
0.001 ° AN CepC
| SLC . | FCC-ee :
Superl(.EKB ILC
0.0001
o =,/ef"

eRe U4
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Belle |l Detector

KL and muon detector:
Resistive Plate Counter (barrel outer layers)
Scintillator + WLSF + MPPC (end-caps, inner 2 barrel

layers)
\*L;Chw and muon ID _/

EM Calorimeter:
Csl(TI), waveform sampling

Pure Csl + waveform sampli
\-

ntification
)agation counter (barrel)

electrons (7GeV)

-

, e
Vertex Detector . — "
2 layers Si Pixels (DEPFET) + / ¥/ T
4 layers Si double sided strip DSSD , . ’f‘l ) | S

j b4 p —=

positrons (4GeV)
Central Drift

Smaller cell size,
\L

N
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Belle |l Detector

KL and muon detector:

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

=

EM Calorimeter: \§\\\\\\h‘

layers)
L\'M‘uch Bette and muon ID

Csl(Tl), waveform sampling
Pure Csl + waveform sampli

electm

Vertex Detector ?\ \
2 layers Si Pixels (DEPFET) + o N\ W // &:lf: H E P H Y

4 layers Si double sided strip [

cation

on counter (barrel)
ogel RICH (forward)
er than in Belle

‘é M Institut fir Hochenergiephysik
&) S- LA SVD: Vienna,

i Melbourne + others sitrons (4GeV)

~
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Central Drift Che
Smaller cell size, long le
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Belle || Data collection timeline

2015

2016-2017

Accelerator commissioning

Belle |l “Beast”™ and partial detector commissioning

| A+~ NYNA4 77 Civat vriitrmnAa vaantlh £ ~tor~t
70, | Ciarmed'?' Belle BaBar  Belle II (per year)

s 8 8 10

> 60 Goal of Belle II/SuperKEKB S0 g | X0 48Xl DL

2 .o s 'Bs ' | 7.0x 108 - 6.0 x 10®

€ ‘0 Y(1S) | 1.0x 108 1.8 x 1011

=

e T(2S) | 1.7x10% 0.9 x 107 7.0 x 1010

E_ 30 T(3S) |1.0x107 1.0 x 108 3.7 x 1010

£o 20 T(58) | 3.6x 107 - 3.0 x 10°

T | 9 months/year | TT 1.0 x 10° 0.6 x 10? 1.0 x 10%°

Current B factorigs , 20 days/month . .
35 O e = P —— assuming 100% running at each energy

x10°" 81— Commissioning s

2 5k in early 2015.

2 o Shutdown ;

E ~ 25 for upgrade May not have full PID immediately.

=2 [ < >

§N'E L o I oy | >alternatives to Y(4S) for early physics, O(3-500 fb).

2 S )12 2014 2016 2018 2020 2022

Y(2,3S): Dark sector, light Higgs, bottomonia

Scan near Y(5S) to Y(6S): bottomonia & mp mass
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Semi(Leptonic)
Sides of the UT

Observables Belle or LHCb Belle I1 LHCb
(2014) 5ab ! 50ab ! 8fb 1(2018) 50 fb !
. V.| incl. 41.6 - 1073(1 £ 2.4%) 1.2%
UT Sides Vo excl. 375 1073(1 £ 3.0%ex. + 2.7%m ) 1.8%  1.4%
V| incl. 4.47 -1073(1 £ 6.0%ex. £ 2.5%¢n.) 3.4%  3.0%
V| excl. (had. tag.) 3.52-1073(1 £ 9.5%) 4.4%  2.3%
. B(B — tv) [1079] 96(1 £+ 26%) 10% 5%
Leptonic and y
B(B — uv) [107°] < 1.7 20% 7%
- - _l_
Semi-tauonic E(B— Drv) [Had. tag] 0.440(1 + 16.5%) 5.6% 3.4% o
R(B — D*rv)' [Had. tag] 0.332(1 £9.0%)1 32% 2.1% .

Driving questions:

CKM metrology.

¥Note: Summary table shows only 1 B-factory to demonstrate the power of a single device

Extended Higgs & Gauge Sectors?
Charged Right Handed Currents?



|Veb| Inclusive and Exclusive

|Veo|, Inc.-Exc. disagree by up to 30 Belle, B— D | v G(1)[Vcb|, Preliminary (2014)
e Inclusive: b>c | v+ OPE / Heavy quark symmetry EElEl, [F= D)y 1, FEIERY (01s ISHI==)
. *
e Exclusive: B>D | v + Form factors (LQCD)
|
l‘]'llll"lll]lllll‘l'fll]]lllll"fll]
l o 1 Dlv dsospin av) - BaBar preliminary f Ldt=432f0"
1 h— 1 — —
o Preliminary' Oty pmpnsa | - i
| J | - o
D°x*xlv —— Hadronically tagged B D' ' (x) &
ll <> | D'x*xlv _—0— |
| s i O HPQCD<Belle 2018 D" °xxlv _—0— ABF:SFM-E[BF(E—- 0"=)F ) + BF B D.'K)7) | i
[] HPQCD+BaBar 2010 .
o > HPQCD+BaBar + Belle ALl B
X MILC (exclusive B to D) ) I Extrapolation to xxx with implicit isospin assumptions -_:
" V/  MILC (exclusive B o DY) D' mxlv —
Inclusive (PRD 89. 014022) (U T [N YN TR TR (NN WO WO WO (NN WY TUNNT WO AN WY THOY VOO T WO WO NN NN UM N
0O 02 04 06 0.8 1 12 14 16 18 2
. .. " PRI 1 Branching Fraction [%)]
0.035 0.04 0.045 0.05
V|
Indirect

Clear issues in consistency for |V | methods

— +2.4 -3 0
B—> D | vimproves with cleaner tagging @Belle II [Veo|= (41.47%1.4)107(4.6%)

V=7 THE UNIVERSITY OF

3. MELBOURNE

@2@ P. Urquijo, Current & Future B physics at e*e” 18 e



|Vub| Exclusive

L ] ] \ I L ] L} L L} I L] J L I ) ] L L I L

o ) A Belle untagges
X~ 60.2 \
_———— ® BaBeruntagged (6 bins)
dof 44 m  BaBeruntagped (12 bins)

- . p Y FNALMILC
¥ Fit prob 0.053 P ——

Belle, Exclusive B— m/p/w | v (Had), PRD88 032005 (2013)
Babar, Exclusive B— 1/w/n(‘) | v (Un), PRD86 092004 (2012)
Babar, Exclusive B— w | v (SL), PRD 88, 072006 (2013)

Belle lagged

—
N

AB/A ° (GeV?)
>

—— BCL hil (341 par.)

(o0)

BABAR had. tag: B' > 7' ' vx2 1,/7,
1.52+0.41+0.30 —

BELLE had. tag: B' > 7' 1' v x2 1./,

1.48 £0.15+ 0.08 —

BABARsl. tag: B' - 7' 1" vx 2 1,/1, !

1.78 £0.28 £ 0.15 —h— 4
BELLE sl. tag: B' >’ 1' vx 2 1./, '

1.41£0.26+0.15 e

BABAR had. tag: B 5w 1" v

1.07+£0.27+0.19 ——

BELLE had. tag: B > 1" v

1.49 £ 0.09 £ 0.07 e

BABAR sl. tag: B’ > 1" v

1.38£0.21+0.08 ——

BELLE sl. tag: B’ > 1'v
1.412£0.192£0.15

1
CLEO untagged: B - mlv :
o 55 ® Had tagged Belle
1.38 £ 0.15+ 0.11 ) : Phys.Rev.D88, 3 — Xull/ A
BABAR untagged (6 " bins): B - mlv ; 032005 (2013)
14120.0520.08 5 0 * Had tagged BABAR
BABAR untagged (12q bins): B" - 1lv : Phys. Rev. Lett. B— X ul v o—k——
1.44 £ 0.04 £ 0.06 T 104, 021801 Belle Il
BELLE untagged: B - 1v : Had tagged Belle
1.48 +0.04 £ 0.07 > —h— B — 7l PHYS.REV. D8s,
Average: B' 5 1'v 5 88.032005 (2013)
1.45+0.02 £ 0.04 L4 Untagged BABAR
. . —h— PHYS. REV. D86,
*/dof = 3.4/11 (CL = 98.00 %) ! HFAG B —7lv g, 092004(2012)
| | | | | | | : | PDG 2013 | SL tagged BABAR
. A y PHYS. REV. D88,
) 0 ) B = wlv 072006 (2013)
0 " 4 — Bellell Untagged BABAR
; - — y PHYS.REV. D 87,
B(B n 1 v ) [x 10 ] Il ll Ll l Ll ll L ll . l‘?lﬁlul/llll/lllo 2101041(210113l)l L1
3 82 34 36 38 4 42 44 46 48
V%10
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|Vub| (& |Veb]|): Future

Only Belle Il can resolve |Vub/cb| exclusive/ Indirect Inclusive

determination

inclusive puzzles (or > NP). a ¥ }
S o 2 }
— Decay differentials & hadronisation in inclusive. @ I ;
4
o
o .
|Vub| @ 2-3% precision for all approaches! S 6 3
&
L0
i ’e ~ G.Ricciardi
'@' I I I I I I I I I I I I I I I I I I I I Q*‘} oé\‘ é%é'é Q\'eq OOQ’ (,(’00 §$
o 20 i _(W ...... I"Exe'“h'a'd“'t'é"g"“)' ............... o)
E T (Iv IInC) 8 T T T T T
2 ,,,,,,,,,, (IV IExc untag) n i J ;B X1 HPA(I} BLI\I’ I
— ' ' - X, lv J !
>§ 10 fede ..... (IV I!eptomc) T 7 BTV HFAG+Belle
= o - HFAG avg. w/
T I r:? 6
) N X5
T S 4
;
4 T 1 O S W tandard Model -
20— 1 . | . [ PR S ST S
. -04 -03 -02 -0.1 O 01 02 03
EENEEE Belle II PrOjeCIIOH €r
o Ll L [F. Bernlochner, ST, CKM2012],
1 10

Integrated Luminosity [ab" see also [Buras. et. al., arXiv:1007.1993]
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Babar, B— T v (SL) PRD88 031102 (2013)

H+ Sea rCh: B+9'[U’ uU Belle, B— 1 v (Had) PRL110 131801 (2013)

Belle, B— 1 v (SL) Preliminary (2014 CKM)

G2 £2|V.,|2 2\ 2 m2 2
(FfBI wl gmpm2 (1 — —2 | [1—{ =2 ) AspArr

2
M.

2HDM scenarios
Type A(-"'{Jr ADD ALL L | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | | I | | | |
I cot 3 cot 3 cot 3 -
II ~ Py Babar .SL:1.70: 0.8+0.2
cot 3 —tan 3 —tan 3 - PRD81:051101(2010)
I1I cot 3 —tan 3 cot 3 = g . Babar Had.:1.83"57:0.26
IV cot 33 cot 3 —tan 3 = o PRD88:031102(2012)
120 I-_ E ‘ﬂ:) +0.38 +0.29
B — b= ® Belle SL:1.547 ;")
_ - = PRD82:071101(2010)
> 100 - S — Belle SL:1.25 = 0.28 = 0.28
8 - [ A CKM Preliminary
- e 7 N Belle Had.:0.72")%7+0.11
0 80— — _—:-\/_ PRL110:131801(2013)
g = Tt = —e—  Belle: switched paiiioisisonzos)
8 el “ B e" e 2013 - | i to US'I ng robust Eﬁl\lfgtg?:rgs{t:;?hﬁiiooﬁzéKM 2014
S a0l = 2D fits instead
> - — —— PDG 2014: 1.14 = 0.22
. PRL 110 (2013) 131801 : oribE WA 2014: .10 - 021
201 — — Private combination CKM 2014
= - : 1 I L1 11 I L1 11 I | I | I | I . | I L1 11 I | I | I | I |
oL P el TR | 0.5 1 1.5 2 2.5 3 3.5 4
0 0.2 04 0.6 0.8 1 1.2

— 4
EECL (GeV) BR(B T V)X 10

@2 P. Urquijo, Current & Future B physics at e*e” 21

V= THE UNIVERSITY OF

¢ MELBOURNE




B %T/E/HV(V) P I’Oj e Cti ons Belle, B— u v, e v (Had) arXiv:1406.6356

’;80:'_ llll ' ' IIIIIII - A | l | ] 1 ] l ] | | 1 ] | ] I ] L] L] L]
rok Belle ll Projection — W A
gm Exp.L_ =46 ab” _ \;1045_ i Belle Had Ta E
o 60f sys fa - < - g -
N — Total - -
50 - Statistics - T - 5 a b - 1 -
N -.-.. Systematics .
40 :_ T:eory (expected) —: e B 5 O a b B 1 —— a
30 :_ DN | ----- Theory (current) m 1 0-5 _ S IVl o _
. Had tag only m . :
20 N - o -
. o - I .I -
0F el TR I _:—Ab
N SN N _ 4 acp
1 10 B-meson
Integrated Luminosity [ab™] 1 0-6 - —_ —_ —
- 4 light-cone
C 1 distribution
KL momentum measured by layer timing i [N 1 amplitude
coincidence — not ava/lable at Belle. i —I— il
10
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P. Urquijo, Current & Future B physzcs at ete 23 = . MELBOURNE



B % D(*)TV (& D(*)T[T[IV) Babar, B— D(*) T v, PRD88 072012 (2013)

"""7']""I"Y'IY""Y'V"Y'VYI"'Y
Babar Inc. 2008 °
0422013

sur s 2012 —— B — D) tv : WA is ~5 G from the SM!
0592016 o Differentials and NP observables (Arp).

Belle Inc. 2010

Belle Average Belle (still) working hard on Had-tag result.

0432009
Private W Average

0.436 + 0.056

0304006 - T Large background (D" "Iv, D*X)
Babar Had. 2012
Bolle Had. 2009

0472010

0382008 . Belle || = better low p; tracking

Belle Average

0412 0.05 M —= (Eff. ~2x @ p-|-<150 MeV), & low p PID.

Private W Average
035120 026
. |

AAAAAAAAAAAAAAAAAAAAAAAA

01 02 03 04 05 06 07 08
BR(D"wvyBR(D"v)

[ Belle I
: . . . & T imulation
X IS.UM4,p=369% DI 4 X1 11004,p=686%  DE | X 445114,p =00049% - DE § - Preliminary
S + Babar | £ % £ H+ + 1 E s N S
& + 3 3 | 1 &
& T & & 1 2 o8 |~
S S s 2 %% —— LR>0.1 2
5 O : g o ) g O 2 ; R XS]
5 [ anens - prpmmaspem 5 [ s r I LA>05 =&
3 - %1 6.6/12,p=884% D¢l 3 b %1 6.7/12, p = 87.6% D¢ 1 3 - ¢ B2, p=T774% D¢ _[=_j 04_ LR>0.9 : 5
B sl SM B ] 3 ' [ | — [Rs095 = |T
£ = = I s T Q
2 [ 2 14 2 | H L 2% | g
H 1 tH i + L |2
' ' ‘ ! I I T S U DUUNE N DU B P 4 TR T
- — ] P —— = — 04'3 . % o!s 1 15 2 25 3 35 4 45 5
a? (GeV?) a? {apv2\ Lab momentum (GeV/c)
tanB/m,=0.3 GeV-' tanB/m,=0.45 GeV' —
(%ZOWA P. Urquijo, Current & Future B physics at e™e” 23 =




CP Violation in B Decays

Observables Belle or LHCbh " Belle II LHCb
(2014) 5ab~! 50ab~! 8fb 1(2018) 50 fb!
sin 23 0.667 & 0.023 = 0.012(1.4%) 0.7° 0.4° 1.6° 0.6°
UT angles o ] 85+ 4 (Belle+BaBar) 2 1
v [°] (B — DK™ 68 £ 14 6 1.5 4 1
ds(Bs — J[Ud) 0.05" 0.025 0.009
- S(B — ¢K" 0.90751% C 0.053 0.018 0.2 0.04 )
Gluonic T,
S(B — n'K") 0.68 £ 0.07 £ 0.03 0.028  0.011
- S(B — KOKK? 0.30 £0.32 £ 0.08 0.100  0.033
Penguins (B = KeRSHS)
B3N (B, — ¢¢) [rad] +0.18" 0.12 0.03
B (Bs — K*°K*%) [rad] £0.19° 0.13 0.03
Direct CP in hadronic Decays A(B — K%zY) —0.05 £ 0.14 £0.05 0.07 0.04

Driving questions: New sources of CPV?



Time dependent CPV

W-
b :» . J b )
‘;LLLL<E ivf< et 5

b . C 5 )

s ] o <

d d d d d d

. ~0) , el -0 , s » ,
J WK w 2K, v, K2, 0K, K*K KY,

0 7 20 000 1.0 200
]]L'AS*']}\'II\[.* AS'AS'I\S‘T]’A ,I\STI .

o0 0 200 ‘ ’
SRS (AP i) oK, £, (980)K°

Increasing Tree diagram amplitude

Increasing NP sensitivity

SM: b—s Penguin + New Physics
phase = (cc) K° with New Phase

Y=+ THE UNIVERSITY OF

a¥<eZ* MELBOURNE
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B,b—>ccs&b—->ccd

Many ways to measure (3, and all agree within uncertainties

sm(ZB)

= sm(2¢1) LTI

PRELIMINARY

Avgrage * 0.679 = 0.020

BaBar U 0 '6'5"7’"'0’636'!0‘61'2‘"
PAD 79 (2009) 072009 ;
Belle T 0.670 = 0.029 + 0.013
PRL 108 (2012) 171802 T : *
Average | 0.665 + 0.024
HFAG [ ;
BaBar =~ UL 0.694 = 0.061 + 0.031
PRD 79 (2009) 072009 A H
Belle 0.642 + 0.047 < 0.021
PRL 108 (2012) 171802 *T*— =
Average 0663:&0041
HFAG 9 =

e S ""0"1'06"'0‘6'3‘6"
PRD 79 (2009) 072009 5 -*—'*’
Belle .73 = 0.079 : - 0.036
PRL 108 (2012) 171802
Average 0.807 :4: 0.067
HFAG 9 %]

- BABRR T e o '{0' .
PRD 79 (2009) b72008 *
Belle 0.640 = 0.117 £ 0.040
PRL 108 (2012) 171802 :
Average 0.632 + 0.099
HFAG :
BaBar ] ‘0ﬁ9’25':"gt'.'{e'o":é'O'.OS'?';
PRD 79 (2009) 072009 ; !
BaBar 0.601 = 0.239 £ 0.087
PRD 7912009y 072009 * — :

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

eRe U4

1.1

0.03

0.02

0.01

0

efror Assuming no
improvement on vertex...
1 1 L1 11 ll 1 1 L

.35

< [mm]

.| —=— Bellell - PXD+SVD tracking (MC) |..

pl sinf™ [Gev|

Z0 Impact Parameter Resolution

——a—— Belle Il - SVD anly tracking (MC)
Belle - SVD2 cosmic (Data)

Belle Il

— Total

T

llll

Projection

K _ -1
Exp. Lsys- 6 ab

S Statistics

-.-. Systematics

1 for only best quality
.1 vertices to be used.

1 sys. dominated by
_ vertex resol™

1 0(z) on Vertex:

1 Belle~61um < Belle
1 11~18um

1 + better stats allow

1

10

Integrated Luminosity [ab™]
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B,b—>sss

. effy, . eff
Sln(ZB ) = Sln(zq)l ) m Belle, B — n‘ KO, arXiv:1408.5991 (2014)

PRELIMINARY
b=cos—World Average : . e Belle, B — w Ks0, PRD 90 012002 (2014)
""""""" BaBar " T T T T T T T T T T T L Y T 0862 0.7 £ 0.07
% Bele 5 Iu : 0.90 132
< Average: : S 0.74 513
""""""" BaBar " T T T T T T T T T 0672 0,08 0.027
> Eelle : : : ©  0.68+0.07 +0.03 ) off 5 off C A
c verage ; : - : 0.63 + 0.06 sin = sin VS = -
i ﬁf""BaBa'rg“'e """"""""""" po Pt 094 e S 0,06 (26) (2¢1) cp CPM
x‘” Belle : ' © 0.30+0.32 +0.08 CCP = -ACP PRELIMINARY
n Average . : =N ; 0.72 + 0.19 T , . . . , .
......................... L . L | = et i / |
e ¥ “‘BaBar : ; T 0.55+0.20 £ 0.03 0.8 : 7]
S Belle : : ' 0.67 +£0.31+0.08 :
B Average ; : ; 0.57 + 0.17
T BaBar v e— 786 R 0.06£0.03” 0.6
X Belle : 0.64 “925 + 0.09 + 0,10 :
a Average ' : ; : 0.54 *03
..... .U;.-.-.-.BaB.a.r.-.i-.-.-.-.-.-.-.-.-.-.-E.-.-.-. ceyus d e ..:---0..551_3_2;-:.0..02-
X Belle : | 9.91+0.32+0.05 0.4
3 Average : 5 | 0.71 = 0.21
L.........‘.I)...BaB_é.r...i ..... [ —— : ........ .-.-| - -...E. ............. 0.74.*315-
«©  Average : 0.69 512
x‘” """" BaBar T i """""""" B+052+0.06+0.10
Y Average : r : 0.48 + 0.53 0
""""’g"’"BéBé'r B —_ — "0'.@'&11.’52'50'.0750.07"
o Wx_ Average. = —— ——— .. 020+0.53
2 B e et T2 07T £0.08
B o A I : -0.72 = 0,71 -0.2
& ..x -BaBér ...................... | -._.-.-.-.-.U.g._?._",g:g%-.
Z °: Average d 0.97 *253
séﬁ"é"'BE’iBéi‘ SR - 0.0 £031x£0.05+0.09 -0.4
Average : & : 0.01 + 0.33
f'%{"gél?é'r VT C R """;"'U.’GS'J:'O'.‘].’Z'::'Ub'q:?‘"
B 'x elle ' . ' 076+
+_  Average': H 0.68 +?3§ -0.6 ; ;
x :
2 1 0 1 2 (L D
08k KKK @ KgNR -

04 02 O 02 04 06 0.8ff 1 ,
sin(2p®") = sin(2¢7")

Contours give -2A{In L) = sz =1, corresponding to 60.7% CL for 2 dof
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Penguin B: Future

VXD Larger acceptance (by
30%) for detection of
from Ks improves S(b—>s)

4-> 6 layers, Router=9914cm'w )/ =
CDC smallcellsR, ,.=20cm = 3

%05
@D 04

0.3}
0.2

0.1

0.02

0.01f

0.005

eRe U4

Integrated Luminosity [ab™]
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|Prospect: 6S(b-> s)~ 0.012 @ 50 ab™

But, firm SM upper bound required!

» ? T : -
f(980) K" Not mjudmg LD amplitude

A A A A A A A A A A A A A A A A A A A A A ' A
-0.3 -0.2 0.1 0 0.1 0.2 03
Iheory uncertainty onA S =AS SM

B QCDF Beneke, PLB620, 143 (2005)

B SCET/QCDF, Williamson and Zupan, PRD74, 014003 (2006)
Il QCDF Cheng, Chua and Soni, PRD72, 014006 (2005)

B SU(3) Gronau, Rosner and Zupan, PRD74, 093003 (2006)

From b - s penguin dominated modes!
e how large is the tree pollution in the SM?
e how large can the effects be given LHC constraints?
® new physics tests using sum rules?

S0/ THE UNIVERSITY OF
<% MELBOURNE
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d3=y : Now

Belle, B- — DK-, D — K+11-110, PRD89 072008 (2013)
Babar, B- — D(*)K(*), PRD87 052015 (2013)

Based on Tree-Level B=>DMK™) methods. Belle, B* — DK*, D— Ksm+1-, PRD 85, 112014 (2012)

e.g. GLW+ADS, DK, DK, DK

AirBei(5B—¢3)

y[BaBar] = (72 £ 18)°
b b v[Belle] = (73 + 14)°
7\ ' r . o
B— B~ v[combined] = (70.0*7-"9,0)
\/ \Z
T i
KM --- Belle 3 Combined Ne(7M --- Belle GLW+ADS
Winter 14 - LHCb Winter 14 - = Be“e GGSZ
,,,,,,,, BaBar 3 Belle Combined

10 1 17 1y i IR I W T T T T T T T T

0.8 ~ - 0.8 :— -

9 06 - o 06 -

€ | ' g '

& 04 - & o4l ]

02 - J . 02 - -

0.0 i TR ;.-?"31 \\\\.Ti.:l | AT I S N RN 0.0 ] . PR U T T T T N \1\4~1_|‘;\_'l\'1""-;hl L1 1
0 20 40 60 80 100 120 140 160 180 "o 20 40 60 80 100 120 140 160 180

; ;

k@ N . N > o7={ THE UNIVERSITY OF
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UT angle ®s=y: Future

Experiment.

Naive scaling to 50 ab™ gives A~1.5-2°
... and still statistics limited!!

(based on D> Ksrrt only).

Theory Errors?
Charm mixing, CPV in charm decay
Kaon mixing, Higher order EW

All < 1°: Golden

Many more D modes to explore. But what about NP scenarios?

1.5 ,'-_I T 1 1 l ICI T ! LA B B | l T 1151 I | I N A A A B B | l— 1.5 I Ib(;dl | = 70915 | : T 1 1 ] L | I 1 1
exduced area has CL - 095 exciyded ares has CL > '
B iV h K : Y ]
: ' LI : o
1.0 |- v(a) n 1.0 — vy () —
Belle Il 5ab-1 - [ 5 Belle Il 50ab-1
05 __ Vil LHCb Run2 - 05 i |Vio| LHCb Upgrade y
IS 0.0 A BT I T e e -
05 Y&y(a)& [V . 05— v&y(@)& |V, e =
-1.0 y(a) -1.0 — v(a)
- 0 026010 015 62 025 - I Y .
_1.5 11 1 1 I 1 1 A | I ] | I 1 1 L1 1 1 _1 '5 111 | 1 l 1
-1.0 0.5 0.0 0.5 1.0 1.5 2.0 -1.0 -0.5 0.0
p p
k@ . . ) >y o THE UNIVERSITY OF
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o=0;

: Belle, B — 10 110 (Preliminary, ICHEP14)
Constraints from B - mnurt, pmt, pp, a1mt. R
Dominated by B%p"'po Belle, B — p° p® PRD 89, 072008 (2014)

_ _ Babar, B — p° 1° PRD 88, 012003 (2013)
Large tension between modes and experiments.

Ne7M --- nun/pp/p (BABAR) Ne (/M --- B—pp (WA) 3 Combined
CKML‘lléL(é;EE)L --- nn/ppl/pn (Belle) e CKM fit ckmiz(prel) - -- B—mmw (WA) —— CKM fit
3 nn/ppl/pr (WA) B—pn (WA)
1.0 t"'l—'ﬁ—v—v—'—I—I—I—'—!—I—t—'—!—v—rj 1.0 | ‘ J
_“ ¥ t
0.8 - 08 v
% 0.6 -'.\-; é 0.6 _l'. ".‘
> y > L'
a 0.4 _‘| a 0.4 :.“ '
0.2 - 0.2 :—"‘.\_ ‘\‘
0.0 : 0.0 \l‘_l PR R, L SO Pl SR
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
a (deg) a (deg)
2012 CKM 2014 Winter
88.8 [+4.5 -4.3] Direct 85.4 [+4.0 -3.9]
95.9 [+2.2-5.6] CKMFitter 93.6 [+3.2 -2.9]
k@ . , ) R0/ THE UNIVERSITY OF
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Direct CPV in B=>Kmit & K*mt : Now

Acp in hadronic modes cannot be

, , , B'— K*x
understood w/out full isospin analysis.

Need neutral modes.

Large effects or signs depend on V or P.

Br(K’x") T,

Acp(K a7 )+ A (K ") Br(K =) . =Aqp(K
A(K°z% = 0.006+ 0.06 Acp(K*(KsPn*)n0) =-0.52+0.14 £ 0.04 £ 0.04
A(Kz*) = -0.015+ 0.019 Acp(K*(K*n%)n?) =-0.06 + 0.24
A(K*n%) = 0.040+ 0.021 Acp(K**n) =-0.39 £ 0.13 (priv. average)
A(K*m) =-0.082+ 0.006 Acp(K**n-) =-0.23 * 0.06
Belle, PRD87, 031103(R)(2013) BaBar, FPCP‘14, 470 M BB (Preliminary)

THE UNIVERSITY OF
MELBOURNE
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Direct CPV in B—>Krt: Future

Discrepancy in isospin sum rule may be significant with 10ab-1.

HFAG, Summer'11
Belle Il 50 ab-’

Main K° ri® systematics (tag-side
interference) is reducible.

Theory: Accuracy for T, C, P and
Pew?

eRe 04

d
A(K°r0) =

X
0.05 ,”/ ,/ B
measured I—ol.osl I o5 o,lw//olsf 020 025
( HFAG ) 00sf - // A ( Kor* )
I - &
—0.10 % = ‘\)\
1 g \)((\
b S
expected 1/___56515 > o
(sumrule) -~ 7T
/""'/-I f—,OZO |

wt= THE UNIVERSITY OF

Y MELBOURNE




EWP, Radiative
FCNC modes

Observables Belle or LHCb Belle 11 LHCb
(2014) 5ab ! 50ab ! 8fb 1(2018) 50!
.. B(B — X) 3.45-10 (1 £ 4.3% £ 11.6%) 7% 6%
Radiative Acp(B — Xogy) [1072)]  22+4.0+08 1 05
S(B — K%r0) ~0.10 £ 0.31 £ 0.07 0.11  0.035
o (B, — o) +0.20 0.13 0.03
S(B — py) ~0.83 £ 0.65 £ 0.18 0.23  0.07
B(B; — v) [10°] < 8.7 0.3 -
B(B — K*'vr) [10°%] <40 <15  30%
Electroweak sB-xw)ios <ss <21 30%
H Cq/Cq (B o X_gff) ~20% 10% 5%
Pengu INS G2 Arg(B — K*pu) 10% TBC 5% 2%
B(B, — 77) [107?] = <2 -
B(B, — py) [1079] +1.0 0.5 0.2

Right handed currents?

Driving questions: Quark FCNCs beyond SM?



Mixing induced CPV in Radiative Penguins

Belle, B— Ks n’ y Preliminary (2014)

- HEAG
SM favored SM disfavored, b SY SCP Moriond 2014

v enhanced with RH current y . BaBar 5 d;i‘?x"j?oz
- } & PRD 78 (2008) 071 — T
br /\J\I b, > Belle -0.32 *9%8 . 0.05
helicity flip b v PRD 74 62006) :
* my, ~ 4.8 GeV % T Average | -0.16 £ 0.22
S, Y076 Sk HFAG correlated average | .
sy, SR |- BaRar o e 7 - : 6'1’7"'6é6"'0’0’3"
@ _ _ .. PAD78 (2008) 07 1Pk
S S °., Belle @ : S 0.10 £ 0.31 £ 0.07
5 / . - - 5 PRD 74 (2006) 11110aAy T ;
L R X Aver L . -0.15+0.20
\,1/1 HFAG orrelated aveW '
/ b e et e - - .-.B.a.B.a.r. ...................... -J:. ........... cmimemi = .-.0.18. “:]ag 012
%YR j v. | =~ PRD79 (2 09) " o
= Bele ; 1.32 =077 = 0.36
) CC . : :
X Average 0.49 = 0.42
or
. I Bl AR - 6)'1'1'1655'*“5
R-handed current is a signature of NP o, PRL101:(2008) 251 o
o Avera%e' 0.11 = 0.34
¥ HFAG Correlated aver
. oTrTrmrm B"""""‘ """""""""""; """"" - """?'""':"0'.'7"4'?0'.72'31110"
S=-2(ms/mp)sin(2¢1)~—-0.03 b PRD 84 (2011) 071107 h——
% % . : e 0742040
X HFAG orrelated average ; X
c.f. 5=0.5 in L-R symmetric NP model -2 -1 0 1
ﬁ;&({ THE UNIVERSITY OF
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Mixing induced CPV in Radiative Penguins

0
Ks T ¥Scp vs Cep 550

T, U L IO L LAUNUR OO0 00 N U OO 08 —— J ! !
N EREE § SIS / : BaBar\

r Belle
. Average

0.4 |

/5 ab-1

04 F

. 50 ab-1 /
: U g 08 lL \ . i : ,/ |
L e R " s o4 o o4 o

-................\.....\....\....\..'. e e .................................................:...s..;..\...............\"..........’_ .......... i
H . H : s = = s . : : ) 3 I cP
: : Contowsz give 24h L) = A" =« 1, comezponaing 10 50.7% CL for 2 gt

ver‘texmg
TOP + ARICH PID

S — s S T - DN & .....,..\\\.‘
— 0
/

I K*°y Belle

ﬂ K Y (TOP+ARICH)
Belle |l

Belle II Prolectro

400

0.02 Pl I l....l
1 10

Integrated Luminosity [ab™]
200

AAcp(p%) ~ Ace(pty) =~ —(11 £ 3|, (?) + Ackm)%
S(K*v) = —0.022 + 0.015 [Ball/’Zwicky, hep-ph/0609037]

AE  yirsityor
=%+ MELBOURNE
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Inclusive Radiative B decays (BF)

Theory: precision near experimental in b—>s (7%),
Expt.: > exclusive ~ 38 modes. Shows nominal Pythia
fragmentation incorrect for inclusive B decays

=~

Belle, B— s y Sum Excl, Preliminary (DIS 2014)

SM prediction

3.15+023 § { S fifil ? i """l . '
B
6 - ..... w..-
CLEO[9.11b"] . o- . 3.281+0.53 > — BF xs" 'Sum Excl.
Inclusive o, BF X y Sum Excl
Babar[429fb"'] : ® ! 3524055 - HEEE RS :
Semi-inclusive n X
Babar[347.1fb"] : @® 3324035 %
Inclusive,lep-tag o
Babar[2107])| | ° 3.90EL11
Inclusive, Breco-tag i
Belle[5.8%7]| ° S0
Semi-inclusive
Belle[ 605fb ") _ ‘ i
Full-inclusive ® 350X0.44
HFAG2012
(Average) —— 3.55%0.26
PDG2013
(Average) —— 34010.21 A e
Our result - . : 3.74X0.39 l | | 1 | | || lselllel”l 1 lf:lrojecnion ] n
B B o e ey e N (5 R O (2 O [ B U O (O oy Mo B L 1 10
2.5 3 3.5 = 45 5 . )
BF X 10'4 Integrated Luminosity [ab™]

V= THE UNIVERSITY OF

¢ MELBOURNE
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Belle, Acr(b—s+d y) (DIS 2014)
Babar, Acr(b—s y), arXiv:1406.0534

Direct CPV in Radiative B decays

(2014)
. —————————— e e
1510' ] . ! ] This measurement Belle preliminary
- 6% = Positive . N ’ _
o8l _1,,_+_ | -- Negative ] E ,>2.1 GeV —e— Belle (772M BB)
3 [ % Belle Prelim.
O o6 + - _
- L f . : - | P 1 BABAR (383M BB)
o :: ! -? N PRD 86, 112008
PR YR S E
= B P - . CLEO (10M BE
*E‘ 0.2 %H e - | g 1 PRI sg, 5661)
L L B 3 N
0-_ . o‘“i_d;_é_—g—j__ﬁ 1 1 1 1 1
: i ] R ¥ R Y
-0.2k= 1 - - _
2 3 4 ACP(B_) Xs+d"/) x102
E-M (GeV)
T i T
g 20F AL yyne
. [ L - c,,(x y) Hadron tag
Precise probes of CPV & Test flavour structure! = N Ay, ) Sum ot xl.
— 10 = 10
o 4]
S 8 Generic NP Scenarios 5{5 ““““““““
& 6 < [ SN D2 0 A O I
F ¢ Error @ 50ab”’ = ] g
Q 2 < > ...
2 o) - SR oL S
-4 o
N
. T. Hurth et al. jNucl.Phys B.2004.10.024 L
-10 = NP S R o N S S
-10 -8 -6 -4 2 0 5 4 & 8 10 pe ,.;““| ............... l ......... I ...... l|”“| ________________________________
05

6 b 10
A7 (%) 1 10

Integrated Luminosity [ab™]
IHE UNIVERSITY OF
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" Belle, B— Xs | |, arXiv:1402.7134 (2014)
Le ptO n IC EW P Babar, B— Xs ||, PRL 112, 211802 (2014)

First inclusive Ars !

o~ 2oF — 10 | e
L le] Babar — Arg in B2Xs I* I
% 1.5 H-—+ U _
S,
P\ 1*! e J/w gl)
o . =
0.5 -+ w
o [ ®% ﬁl KE
© 0 T % ond - . SM binned
% . 1 51 , B 110 L 115 - 1210 . -0.5 | 1, W(2S) veto (6%6) Belle Prelim.
5 | 7 e, (28) veto (1Y)
q2 (GeV/C )2 _1 .0 0__*-1151-1 1 0 ...... 1_.5111..21011
Inclrswe B->Xs {ee,up} o2 [GeV2/c?]
More precise theory. &@Belle Il
® . . .
Sum of exclusive hadronic final states
O B->{K*,K}{e e, ppu}
epton “universality”. . .
P Y ® Lepton Universality.
* vy Poln. (low g?).
B>{r, n}{ee, pu} -» Third generation
O Y
Babar, PRD 88, 032012 (2013) B->Ktt <3x10™in 50/ab
®

Bs=>Ttt <2x103in 5/ab @ Y(5S)

wt= THE UNIVERSITY OF
B3 MELBOURNE
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Neutrino EWP decays

Babar, B — K(*) v v, PRD 87, 112005 (2013) T T T ——
Belle, B — K(*)/m/p v v, PRD 87, 111103(R) (2013) |

BF(B*>K* v v)=(4.4+0.7)10°

[Buchalla, NPPS 209, 137]

BF(B*>K** v v)=(6.8"10.11)10°

[Altmannshofer, JHEP 0904, 022]

—Xs v v

n _‘ Y — - — - — - — -

(Theoretical uncertainties)
> > 10 N\ VICITHIGEE  -Re(CCY)
§_12 § ° B'> K v v (Cp™™] CiR+ICH "
7 '
2 " z 6 Belle nshofer, Buras, & Straub
o 8 Q 5 ;
ﬁ 6 ﬁ 4 - R ‘ e R S b
3 0.0 0.5 1.0 1.5 2.0 2.5 3.0
4' |
: 2 €
2 1
== 15 (121 I
80 02 0.4 05 0.8 1.0 1.2 80 0.2 0.4 0.6 0.8 1.0 1.2
Egco [GeV] Ecc [GeV]

> 2 o ® Ultimate test of Belle II.
o f— ntvv o —>7] 0 ~
o Bowvv S By N,;, @ Belle Il ~ 100£30 based on Belle had
%15 <§~ % 6 tag
S S5 ®
. T - Further improvements: tag efficiency, Calo.

= + timing, better K. ID.

80 02 0.4 06 0.8 1.0 1.2 80 02 0.4 06 0.8 1.0 1.2

Egc, [GeV] Eec, [GeV]
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Summary

® The (weak decay) B-programs of Belle and Babar are still

producing ~15 papers per year each.
[V | and D(*) T v anomalies persist.

Rich physics program at SuperKEKB/Bellell
gostly complementary to LHCb)

B/D: Extended Higgs sectors, New CPV, CKM metrology
> Other: LFV, Dark Sectors, QCD exotics

® Belle 11 will performan better even under high beam background.

Physics to start in 2017!

Precision 7-100 times better than B-factories!

. e DT ok Rk ot ST et et bl e o o
. '-' ",vn‘._‘ 4 X K l',‘ L ‘,!rk-z;‘b\

® z-factories (10!3) on the horizon — highly boosted clean
environment — CepC, FCCee.
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Belle Il Theory Interface Platform

https://belle2.cc.kek.jp/~twiki/bin/view/Public/B2TIP
Inviting Theorist Participation: Kickoff was in June, 1st Workshop in Nov.

Overview Committees
The "Belle ll-Theory Interface Platform” is an initiative to coordinate a joint theory-experiment effort to Advisory Committee
R Organising Commitee - i
study the potential impacts of the Belle || program. Tim Gershon Warwick
Toru Goto KEK
We plan to organize meetings twice a year gathering theory experts and Belle || members, starting Emi Kou LAL Bostjan Golob IJ_S .
from June 2014 until the end of 2016. Ljubljana
Karim Trabelsi KEK/ Shoji Hashimoto | KEK
One of the expected outcomes of the project is a "KEK Report", summarizing all the important Lausanne Francols Le
observables which will be measured at Belle I, their experimentally achievable precision and their Phillip Urquijo (B2 Physics Diberder LAL
impact on our understanding of the theory (Standard Model and New Physics). This report should also | coord.) Melbourne
include a "milestones table" clarifying the targets for the first 5 to 10 ab-1 of data as well as for the Zoltan Ligeti LBL
final goal at 50 ab-1. Ex Officio Hitoshi oMU
Hiroaki Aihara (B2 EB Chair Tokyo Murayama
This project is an official activity of Belle I, approved by the executive board of the Belle Il ( ) y y
Collaboration, in February 2014. Thomas Browder (B2 Hawall Matthias Mainz
Spokesperson) Neubert
Workshop Dates Marco Ciuchini (KEK FF Rome Yoshihide Sakai | KEK
Advisory) Junko
The 2014 meetings will be held at KEK in June and November, as a satellite meeting of the Belle and ) ) Ohio
Belle Il General meetings. There is a possibility of holding one workshop in 2015 at an external hlomas hsanned {KEK Fe Siegen SiNgemiss
location. Individual working groups may choose to hold additional meetings. Please register for the Advisory)
meetings on the linked indico pages.
Report Editors
B2TIP Meeting Meeting Agenda | Belle (ll) assoclated meetings Christoph Schwanda | HEPHY Vienna
2014 June 16-17 at KEK workshop indico  B2GM June 18-21, BGM June 22-23
.................... Theory TBC
2014 November/December B2GM November 3-6, BGM November 7-8
2015 June (External Workshop)
2015 November (KEK)

2016 June (External Workshop)
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Belle, Bs— X | v PRD 87 072008 (2013)

TOwa rd Srare BS d ecays Belle, Bs — Ds(*) X | v, Preliminary (ICHEP 2014)

Belle, B — Ds(*) K | v, PRD 86, 072007 (2012)

5 ab? Bs{Full,SL} tag @ Y(5S) = 325 fb! B4 @ Y(4S)
SU(3) Symmetry heavily relied upon at LHC.Needs rigorous testing.

S

x10°
8 > 2 L L l ¥ v L T L L l L T L T
N @ Belle preliminary

o O 1.2 . 7]

wn .
2 L BE T C
QC> o 1 , | ]
0 3 . am ]

= 08 o~e .

4]

>

w

06 - Belle Il goals:
T Bs=2TT
1 1.5 2 ) B 9 v v
p*(e) [GeV]
B(Bs — DX (v) = [8.2 4 0.2( stat) 0.8(syst) + 1.5(Ng,)|%
B(Bs; — D:X{v) = [5.4 £ 0.4(stat) + 0.5(syst) & 1.0(Ng_)|%
Bs Yields
Tag Method Tag Eff.  |Nss/Ns 121/fb 5/ab
Untagged 2.000 fs/fq,u=0.25 1.4E+07 6.0E+08
Ds: D1, KsK,K'K 0.040 10-fs/fq,u 2.8E+05 1.2E+07
Bs Full Recon. 0.004 >10 2.8E+04 1.2E+06
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Deciphering NP @ Belle Il (Aside)

Only resolved through decay differentials &
New observables: Polarisation, Ars...

| M. Tanaka et al., PRD 88, 094012 (2013)
Explore new Scalar, Vector or Tensors & CPV! O = ey*bL T, N-ASM like

“flavour blind” Type Il 2HDM ruled out. Oy, = Cry"brTrYuVL

Vo — V+A RH current
Os, = CLbr TrvLL, S+P Charged Higgs (I1)
Wilson Coefficients Cn ~ A/m? Os, = erbrTrvu, S-P Charged Higgs
—/ Oé‘ = Cro"bL TROW VLI, Tensor GUT, LQ
0.2
0.0 '
§Q: -0.2 |

-0.4 \\

SM % \
-06 \
-0.10 =005 0.00 0.05 0.10 0.0 02
A(D']
B
ggow 4 o — . S0 THE UNIVERSITY OF
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Beyond Belle |l - Z-factory

What will LHCb & Belle Il miss? A few examples:

1.SM observation of FCNCs with third generation (t) leptons.
2 .Stat limitation:
d.on rare Bs decays to neutrals, o(Y(5S)) x fs ~ 0.05,
b.SM observation of B> K v v.
C.Radiative b—>d y.
3.High multiplicity modes with slow pions may be elusive, i.e. full composition

of B> D* tv background (B> D)'mtrtlv).

Can be addressed by a LEP-like Z-factory (FCC-ee, CepC) = Belle Il ® LHCb

==/ THE UNIVERSITY OF
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SuperKEKB — FCC-ee or CepC demonstrator

Beam-beam parameter
Lorentz Beam current

factor \

™ Y.. o,\1.&* R, Lumi. reduction factor
L=—"|1+— > (crossing angle)&
2}e'r e\ O, ﬁg Rzg_‘, . Tune shift reduction factor
/ (hour glass effect)
Classical electron 0.8 ~1
radius / \ (short bunch)

Beam size ratio@IP Vertical beta function@IP
1 ~2 % (flat beam)

B,*=300 um (TLEP: 1 mm)
lifetime 5 min (TLEP: ~15min)
e,/€,=0.25% ! (TLEP: 0.2%)
off momentum acceptance (+1.5%, TLEP: +2%)
e* production rate (2.5x10%%/s, TLEP: <1x10'1/s)

W=/ THE UNIVERSITY OF
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Construction & Commissioning Schedule

Feb 2014

SuperKEKB
Main Ring

2013

fabrication ¢

QCS-L

final assenjbly, RF-

fabrication & test of

2014

test of comg

installation, assembly and|set-up

condi]ioning

2015

2016

w/o QCS

w/o Belle II detectoﬂ

SuperKEKB t
Damping - Phase-1 Phase-2 Physics Run
Ring installatjon, assembly
and set4qup
w/ Belle 1II detector
B-KLM except for VXD
RICH
= | E-KLM
Belle II — —
Integration ECL ~_ToOP
“cDC VXD
“ .o : D
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Vertex Detectors

Layers 1-2: Pixel Detector Closer to IP

Layers 3-6: Strip Detector Larger radius

DSSD strip layers

pixel layers

cmarinas@ul " . - . 40
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Belle Il Vertex Detector

PXD: excellent spatial granularity (resolution ~15 um)
low material (0.16%Xo for layer 1)
but significant amount of background hits, huge data rate.

SVD: precise timing (2—3 ns RMS)

but has ambiguities in space due to 1D strip.
At much larger radius (~100->140 mm)

~10 million channels!

few 100k channels!

Combining both yields performance improvements

(Successful test beam January 2014) : To reduce Gbit/s data from PXD, read out

Mechanical Set-up

Event display of

Belle Il SVD and
PXD modules

only Regions Of Interest from projected SVD tracks

“Telescope”

* SVD real data
* Track reconstruction

i
£
x,,’

et THE UNIVERSITY OF
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Performance

Closest approach resolution
—————— LBSS multiple

Z resolution

PXD close to the

i scattering

Belle ll | ., |

= SRR - beam pipe

.l'_l:'._l-_ j -

10— A o W.“'“;'::"'::‘-_
v b ' ' | o oo ' | ' 10 ! — -
1 | 1 1 (| 1 1 |
0 0.5 1 0 0.5 1 15 2

1.5 2 4 “5.5 -I 3
pi3sin{f) < GeVjc

2)

o

Ks track Tt
Y
. /v 30% -> ~2%
S precision

N
B vertex **
»

—— a— U 0

L
4,
L

b
B decay point reconstruction
Using the K trajectory

pdsin(6)®2 [GeV /]

Larger acceptance (by 30%) for detection of pions from Ks decay -
e.g. improves Time Dependent CP Asymmetry 6S(Ksnty)

a1 |

" @, 250MBB

@ 535MBB

Larger radial
coverage of
SvD

10
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Particle Identification

Endcap PID: Aerogel RICH(ARICH)

Barrel PID: Time of Propagation Counter (TOP)

Focus mirror

MCP-PMT (sphere, r=7000)
=
Backward Forward

Quartz radiator

Focusing mirror

measure t, x and y

5 55 55 DY 5% 5

' | 12980/ L./ / / /) / /. n~1.05
| | 2870 | A-LU;_ BB B B B L s s s s S S S S A
| | | L L L L X LXK -
\\Mm ::: 7
\_TOF support bracket \_TOP QBB(Quartz bar box) /
?77min. / 800max. 1590 7 |-
1000 1650 (20)
IDS(Inner detector support) and CDC-SC(Support cylinder)t
o b
] &=
B V=
m :._.I ,,—"'
Aerogel radiator I \
¢ > Hamamatsu HAPD + readout
\,,-</ 200
- |
§ _ :

THE UNIVERSITY OF
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PID: Principle of operation of TOP detector

Simulation of a 2 GeV pion and kaon interacting in a quartz bar.

Incoming
track

Bar/mirror width
450 mm

“" Length 2600 mm
2x1250mm+100mm

/,// Thickness 20mm

Prism width 456 mm

MCPPMT width 444 mm = piico heioht S1mm 16 bar modules arranged in

a “‘roman arch”

Fag THE UNIVERSITY OF
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Kaons vs pions: Integrated distributions

Channel Vs. time for 3GeV pions/kaons with beam test setup

At 3 GeV Timing at the ~100 ps level is needed
to separate pion and Kaon

21

Quartz Bar

Time in 4
ns

20}

19.5

— 19}

4850t

300 350 400 450 500
Channel number

X position
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TOP Test Beam

rift ch -
SPring.. 8 Laser Pb target - \
@ (351 nm) 1.5 mm) /S
) Gey e A N et § o
T N v (< 2.4 GeV) . B e =
Back compton scattering >~ I "" S
Dipole magne . -

TOP counter

% Performance of the 1st full scale
R prototype Belle Il TOP counter was
evaluated at SPring-8 LEPS.
e 2GeV/c positron beam
e Precise beam timing: acc. RF
e FEE: “IRS” and backup (CFD)

0 09 channel
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Aerogel RICH: Endcap PID
2-layer Aerogel

Increases the number of photons HAPD Photo-detector
without degrading resolution

N1 N2 ;
| g '
(n1 < n2) .... A
() ] ; .
t i g
PID in the forward endca D Charged particle - ] i i: ';
Silica aerogel Photon detector - ‘ v

2-layer aerogel radiator

420 x 144-channel Hybrid-Avalanche Photo-detectors
(HAPD)

NIM A548 (2005) 383
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ARICH Beam Test

* Beam tests performed to check performance of prototype ARICH. ¢ Hadron
beam @ SPS in CERN and electron beam @ DESY
* Simple performance estimation from cumulative Cherenkov angle distribution.
ABc = 14.1 mrad, Npe =11.4
K/m separation = 5.50 (SPS 120 GeV/c hadron beam, incident angle = Odeg
case, similar for non-zero incidence.)

| RICH Hit Map, w r i teack |
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TOP impact on Rare b—>d Penguins: B—->py, K*y

Py

n K’y Belle
JL K 0“{ (TOP+ARICH)
Belle Il

400
The Background I
B->K™ y (Belle / Bellell ) ~30X
more abundant than the signal 200 I
B->py.
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Central Drift Chamber

NMERTHTR IR

b‘ J'ﬂ"ﬁ

12030 mm

Bellell . .. ..o ]

Wire stringing
complete!
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Central Drift Chamber

CDC wire stringing is complete (¥51k wires)

Expected performance using
a Kalman filter and GEANT4

in CDC- onIy
§ 1_- v | | |
. o o "
é = Belle Il Simulation (Preliminary)
w 08}~
-é =
T oosl,
04
0.2is ]
- 7°<elab<1 50°
N P | M |
% 0.5 1 15 2 2.5
P, GeV

CDC viewed from the backward 00 /p ~ 0.3% + 0.1% x p(GeV) in B = 1.5T
side o(dF/dx) ~ 6%

ﬁv(’ THE UNIVERSITY OF
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Calorimeter

Re-use of Belle’s Csl(TI) crystals, plus
barrel: 2MHz wave form sampling to compensate 0.2
for larger beam-backgrounds:

~ Bellell Simulation {Preliminary) =

o(E)/E

*IIII_

EM Calorimeter: impact of

015~ |new waveform sampling
i ~ |not shown.
2x better resolution at 20x background! o . |hot show
000 s e fenessseshsenaoevo Esoensonenasenssonnsseeoninensvecss e ssomekensisonees

time sampling

lllilllllllllllllllllll

_lIlTiTTIIITTTIIITTII

ool Loy i

00 02 040608 1 121416 18 2 22 24
E (v) GeV
- N
Waveform of a 100 MeV vy in Csl(Tl) calorimeter
{ % [ includes 600 MeV of .
trigger t trigger t ® | background photons I\ .
al [
i J \
forward endcap: Csl(Tl) =Csl for faster of N [\ 4
“""‘\\ o~ { e auie
performance and better radiation hardness o ~ N .
1 -
Moseis600 10000 5086 05000 10000
Time (ns)
’?_, .. e ; e LI UNthKbllrgF
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Muon/K. Detector

Endcap RPCs and 2 layers of the barrel replaced with scintillators to handle
higher backgrounds
KL momentum measured by layer timing coincidence.

|Belle i
={Simulation
|Preliminary

—
! I

o
o8]
1 T 1

...............................................................................................................................

o
(o))
1 T 1

Efficiency (for muons)

o
N
|
\"% :
S ‘ |

7 A N

l\
Ny
Y
o
©
&)
Fake rate (for pions)

Barrel KLM installation complete - L PP L5 O OO O O O T

0 05 1 15 2 25 3 35 4 45 5§

first Belle Il sub detector ready! Lab momentum (GeV/c)
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The Belle Il Collaboration

Finland Poccua

Mowron ¥nc

Jyzine ne o
a0 Ade Sed Vi Na’m‘ Pilip
g aere South - AYTAS A el
sulf.of S Soomaaliya > %sua
o Kenya Slassy
Naven DR Cong y Indonesia
S Peines™ International collaboration from:
Angola| = 7ambia’ (Yo I Saudi Arabia, Australia, Austria,
Namibia " Zimbabwe Canada, China, Czech, Germany,
Bt Madagasik ‘f'lrh.u' X - .
oo India, Italy, Japan, Korea, Malaysia,
,’,}- el £ Mexico, Vietham, Poland, Russia,
: Afnca Q Q} Slovenia, Spain, Taiwan, Thailand,
Gt Qo Turkey, USA, Ukraine
S L

Belle experiment@KEKB
(1999-2010)
[400 collaborators, 15 nations]

(online in 2016)
[~600 collaborators, 96 institutions,
23 nations/regions]

Belle Il experiment@SuperKEKB
P. Urquijo, Current & Future B physics at e*e 03 =
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LQCD used in projections

Lattice QCD promises important improvements in precision.

USQCD “Lattice QCD at the Intensity Frontier”
http://www.usqcd.org/documents/13flavor.pdf

Quantity CKM  Present 2007 forecast Present 2018
element expt. error lattice error lattice error lattice error
fx/fr |Vl 0.2% 0.5% 0.5% 0.15%
Km0) |Vl 0.2% - 0.5% 0.2%
f]_) Ved 4.3% 5% 2% < 1%
fp. Ves 2.1% 5% 2% < 1%
D — wty Ved 2.6% - 4.4% 2%
D — Kflv Ves 1.1% - 2.5% 1%
B — D*{v Veb 1.3% - 1.8% < 1%
B — ity Vs 4.1% - 8.7% 2%
fB Vbl 9% > 2.5% < 1%
£ \Vis/Via|  0.4% 2-4% 4% < 1%
AM, VisVip|?  0.24% 7-12% 11% 5%
By Im(V3) 0.5% 3.5-6% 1.3% < 1%

+ other rare processes, e.g. B>K*y, B>K*|*|

=t%=~ THE UNIVERSITY OF
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Charmandt

Observables Belle Belle 11 LHCb
(2014) 5ab~! 50ab~! 2018 50 fb~!
Charm Rare  B(D; — uv) 531-107%(1 £5.3% +£3.8%) 2.9%  0.9%
B(Dy — Tv) 5.70-1073(1 £3.7% = 5.4%) 3.5%  2.3%
B(D°® — ~v) [1079) <15 30% 25%
Charm CP Acp(D® - KYK~) [107%] -324+2149 11 6
AAcp(D® — K~K~) [107%] 34 0.5 0.1
Ar (1072 0.22 0.1 0.03 0.02 0.005
Acp(D° — 7079 [102] —0.03 + 0.64 £ 0.10 0.29  0.09
Acp(D® — K9%7%) [10-2] —0.21 + 0.16 = 0.09 0.08  0.03
Charm Mixing z(D® — K2ntn™) [1072] 0.56 +0.19 & 907 014 011
y(D® — K3ntn™) (1072 0.30 £ 0.15 & go3 0.08  0.05
lq/p|(D° — K%n+n) 0.90 £ 018 - ggg 0.10  0.07
¢(D° — Kntm~) [°] —6+11+; 6 4
Tau T — py (1079 < 45 <147 < 4.7
T — ey [1079) < 120 <39 <12
T — ppp (1079 < 21.0 <30 <03
CPV in t also very promising.
G 0C . D ?j'{ THE UNIVERSITY OF
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KEKB % Sup erKEKB Colliding bunches

Belle Il ><
— .

New superconducting /
permanent final focusing
quads near the IP

~ New beam pipe
1 & bellows

Redesign the magnetic lattice to

reduce the emittance (replace &
short dipoles with longer ones, e ~—

increase wiggler cycles)

FZHH' | ‘ ” |=u:1='=|h=1|=u=l='[ Add / modify RF systems fo Mt ot
higher beam current
vNew LER
Low emittance positrons
'zlu:H' ‘ “ ‘” l‘ ‘ | ||l u ': to inject Positron source & HER
Imping rlng e ¢ . W/gg/er

New positron target /

capture section Y
Replace beam pipes with St .Ca vities
TiN-coated beam pipes wit AW - ) Sta//ed

antechambers (reduced Synt Low emittance gun
Rad.)

Low emittance electrons

 Copper Beam Pipe r,‘!;x R JDamping to inject
=gy ‘ Ring Built _
— i L=8-10% s'em™ Completion end of 2014

x 40 Gain in Luminosity




