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SUPERKEKRB:

e (HER): 7.0 GEV
et (LER): 4.0 GEV

E s =M(Y(4S))c?

dN_/dt = o(ete—f) L
L =8x10% cm?2 s




Introduction

SUPER KEKB LUMINOSITY PLANNING
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Introduction

BELLE 2 PLANNING .
P. KRIZAN, NOV 11 AFTERNOON

BEAST PHASE |: SIMPLE BACKGROUND

COMMISSIONING DETECTOR FEB — JUN 2016
(DIODDES, TPCS, |
CRYSTALS). NO FINAL|
FOcCUs (I.E. NO
LUMINOSITY, SINGLE
BEAM BACKGROUND
STUDIES POSSIBLE).

BEAST PHASE |l: MORE

ELABORATE INNER BACKGROUND OcT 2017 —
COMMISSIONING DETECTOR & FULL BELLE 11 JAN 2018
OUTER DETECTOR.

SUPERCONDUCTING FINAL FOCUS, NO VERTEX

DETECTORS.

PHYSICS RUNNING OcT 2018 —
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Introduction
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E Year
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> ~ -e-Belle (Il) 100% Y(4S), K
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= -@ - LHCb Leptonic l
B. GoLoB, K. TRABELSI, P. URQUIJO, BELLE2-NOTE-PH-2015-002 10 — | EEXER i
L =
BELLE 2: IMPROVED Kg; RECONSTR.; N T A S a /" ®BELLE
L o K o
IMPROVED HADR. B TAGGING: o B-TAGGED
LHGCB: Goc\/s; . .
RUN 2 50% LESS EFF. FOR HADRONIC TRIGGERS ! R =

R S D 0 I 1 i 2 W
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

THAN RUN 1 Y.
ear

RUN 3 INCREASE EFF. FOR HADR. TRIGGERS BY
2X W.R.T. RUN 1; RELATIVE YIELD INCREASE

LHCB EPJC 73, 2373
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Introduction

LUMI RATIO FOR SAME SENSITIVITY z
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B. GoLoB, K. TRABELSI, P. URQUIJO, BELLE2-NOTE-PH-201 5-002

BELLE 2: IMPROVED KS RECONSTR.,
IMPROVED HADR. B TAGGING;
LHCB: ¢ o«cVs;
RUN 2 50% LESS EFF. FOR HADRONIC TRIGGERS
THAN RUN 1;
RUN 3 INCREASE EFF. FOR HADR. TRIGGERS BY
2X W.R.T. RUN 1;

LHCB EPJC 73, 2373
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FARLY RUNNING

P. URQuUIJO, NOV 1 MORNING

- NEED TIME FOR CALIBRATION OF DETECTORS
AT Y(4S);

- MEASUREMENTS NOT REQUIRING SOPHISTICATED
PID AND/OR VERTEX DETERMINATION;

- MAXIMIZE IMPACT ON EXISTING DATA SAMPLES 102
(E.G.Y(39));
w

DARK MATTER
ete > }/A‘ﬁ vy 10 Belle Il 50 fb™' |
(M, < Mp/2) - ;
SINGLE y TRIGGER REQUIRED; B Sab’ 1
SIMPLIFIED: SINGLE v, E, > E ] L 50 ab* !

10-4 Illll L 1 L IIIIII L 1 L IIIIII 1 1 1 IIIIII

.2 -1
HIGH BKG, LOW ¢ 10 10 my (GeV) A
HIGH TRIGGER RATE & yA* COUPLING
E:CUT

MAIN BACKGROUNDS:
ete” - yete
ee” = yy

M ,. <+/s—2+/SE,,
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METHODS AND PROCESSES WHERE BELLE 2 CAN PROVIDE
IMPORTANT INSIGHT INTO NP COMPLEMENTARY TO OTHER EXPERIMENTS:

E MISS

B(B— 7v), B(B — X.7v), B(B — hwv),...

(SEMDINCLUSIVE:

B(B — s)), Acp(B — s9), B(B — s#), ...

NEUTRALS:

S(B — Ks7%), S(B — 17'Ks), S(B — KsKsKs), B(z— 1), B(Bs — 1), -

DETAILED DESCRIPTION OF PHYSICS PROGRAM AT BELLE 2 IN:

IMPACT OF BELLE Il ON FLAVOR PHYSICS
seer’ P oo sELLeanoTE mHz0rS002

Progress Reports
BELLE | | - LHCB MEASUREMENT

Physics EXTRAPOLATION COMPARISONS

Physics at Super B Factory

ALSO:




E.

B — v, Hvv, X .1V,...

il N A //
POSSIBLE TO RECONSTRUCT L- ,§
EVENTS WITH V‘S; =

FULLY (PARTIALLY) RECONSTRUCT

BTAB;
RECONSTRUCT H® FROM B

s’
NO ADDITIONAL ENERGY IN

ikt

EM CALORIM.;

SIGNAL AT E ., —~0O;

PARTIAL RECONSTRUCTION (SEMILEPTONIC TAGGING):

D*+
2 2 .
i 2EbeaInE])*£ 2 777,3 — AJL).‘; \ leg -
cosOp_p+y = —— — < >
ZIPBI ) IPD*L’I = 7 Btag
8TAI3~ 1% Vv
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£3
B% D TV A. ZUF'ANB, NOoVv 11 MORNING
| BELLE ARXIV:1603.06711, 700 8" / =e,n
R(D™))
R(D =0.300 x0.008 2 i A0y B S
e e e B M2 = (Pete = Pug — Ppo) — Pe)?/c
R(D¥*) =0.252 x0.003
1 B- Dy 25:_
UsSe NN witTH M2 __, 300 ++ B—> D*lv -
E ’ DDSQ . SIG 250 1 other BG
VIS B-D*/ + .B_)D,,g*lv
o 2006 %
DATA SAMPLE WITH 2 150 A
LOw M2 __ USED TO it T
FIT THE BACKGROUND Y L
50 H +
CONTRIBUTION : i,

6 -4

02 04
4
M ..(GeVZrc?)

SIGNAL IS TO THE

0.6

0

0NB

NN OUTPUT FOR DATA

WITH M?2 >

MISS

0.85 GEV?

RIGHT —
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B—> Dy

R(D*)=0.302x0.030x0.01 1

BELLE, ARXIV: 1603.0671 1, 700 FB'!

G(R(D*))/R(D'*)[%]

0.4

0.35

0.3

0.25

0.21

I 1
= BaBar, PRL109,101802(2012)

R(D*), PRD85,094025(2012)

- == Belle, PRD92,072014(2015) sz =1.0 1
— LHCb, PRL115,111803(2015) -]
= === Belle, arXiv:1603.06711 =
— = HFAG Average, P(3%) = 67% .
[~ = SM prediction ]
[ = —]
B R(D), PRD92,054510(2015) s N

1 1 I B
0.3 0.4

2 0.6
[ HFAG,
L HTTP./ /WWW.SLAC.STANFORD.EDU/XORG/HFAG/ R(D)
40 DISCREPANCY WITH SM
@D 5 AB!
'Q @ 20 aB™'
o |
|
- |
|
|
N + gt 1 — gty 1 PR | PR | -1
10 20 30 40 50 £ [AB ]
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B—> v

AB* —71)=(0.72 £ 0.26 + 0.11) -10

BELLE, PRL110, 131801 (2013), 700 FB'

AB* —11)=(1.25 % 0.28 + 0.27) -10

BELLE, ARXIV: 1503.05613, 700 FB'!

MAIN SYST. IS REDUCIBLE: BKG. ECL

SHAPE, € B,,.)

= [ @ & 20 W I I B —
Lod 80._ =
P Belle Il  Projection ]
@ 70F =
T F _ A 3
o o Exp.L =46 ab 3
w 60f sys -]
o — Total
50 :— Statistics -]

-.-- Systematics
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l1]lf1lllll1

T
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N
o
llfl1]ll

SnnEnnr

.....
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Lot

L
Pl that-adl L (T %R D T NN P T | | ST

ot
0

PROJECTED ACCURACY

ON AB* —»1v)

CORRESPONDING | V|
UNCERTAINTY (EXP.):

40 :_ Theory (expected)
- -.--- Theory (current) .
30f Y SEMIL. TAG, 50 AB': 4.5%
soF. HADR. TAG, 50 AB": 3.5%
10 f— B. GOLOB, K. TRABELSI,
e 5X1O-6 P. URQUIJO,
oL ; e 1 '0 e BELLE2-NOTE-PH-20 15-002
Integrated Luminosity [ab™|
P. URQUIJO,

BE LLE2-NOTE- PH-20 15-002

0.2 04 06 0.3 1 1.2
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& U1 OO N 0 W
o o

w

Events / ( 0.1 GeV/c )
N
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SEMIL. TAG

MIAPP, OcToBER 2016



B S>K®)vv
BR‘'S EXPECTED TO BE ,,MEASURED“ TO
30%

—Re (0105 7| x| 4

0.4
[CEPP + ICRP o

0.2 |-

A. ISHIKAWA, NOV 9 AFTERNOON
T. HURTH, NOV 14 MORNING

o1 f F,
APPROX. EXPECTED [~
PRECISION @ 50 AB'L, £

VICE® + |CRI?
[(CE)™™]

C I I L P y |
0 05 1 1.5 2 25 3
€

W. ALTMANNSHOFER ET AL., ARXIV:0902.0160
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Inclusive

) CONTINUUM % 6 Monte Carlo [ B to gomma
B S( + D) y 0 :‘ 10 - | .Frumgpl'o
— oy 140 fo=l.. g
—_— £ 10° B His—lded
EXPERIMENTAL CHALLENGE: n—->v 5 [ AddBg
HUGE BKG; B — S'Y 104 [ ather apuree

[] From cantinuum

ONLY Yy RECONSTRUCTED IN THE SIGNAL SIDE

10°
BSIG y )
S 10~

7

Brac \XS ”

F 126 GEV<E<2.20 GEV

A

1.6 1.8 2 2.2 2.4 2.6 28 3

Br(B — X,7;1.7GeV <E,) = (3.47+0.15+0.40)-10™

3 LR B LR ) | L S S E A Yoo
DIFFERENT METHOD: HADRONIC TAGGING (= FULL g 30 -
. B Belle ll  Projection ]
RECONSTRUCTION OF B, ); -
REDUCTION OF SYSTEM.UNCERTAINTY ON THE ACCOUNT S Exp.L,_=3ab’
ol
OF LOWER EFFICIENCY (€, ~ 0.5%); T 20F — Total A
K . E\ Statistics
15 =
C -.-. Systematics
\ Bsig /, :
/ < > o
X g 1
T Brag \ S sf- - 5%
o: ' 1 | B4 (9 Il L 1 L Ll lll L 1
T 1 10
Integrated Luminosity [ab™)
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Inclusive

B—>Dy

WITHIN SM: BrRB — D'Y) / BrRB — S’Y) =(3.8 +0.5) - 102 T. HURTH ET AL., NUCL.PHYS. B704, 56 (2005)
(RATIO CAN BE USED TO DETERMINE |V,,/V.<|)

BrB - sy)=3.4-10%
Br®B — DY)SHOULD BE MEASURED WITH AN ACCURACY OF ~2-10°

suM oF ExcLUsIVE MoDEs:  o(Br(dy)) = (£3+1)-107 LOW X MASS REGION
BABAR, PRD82, 051101 2010, 04281 o(Br(dy)) = (+20+22)- 107 HIGH X, MASS REGION

LARGEST SYST. UNCERTAINTY: SIGNIFICANT IMPROVEMENT NECESSARY
B—s Y BKG.;
MISSING (>= 5 BODY) MODES; BELLE/BELLE 2 FULL SIMULATION:
E; LRLRY | LR SR R LR | ! :200}>L i K | B
uEJ 50 Bellell  Projection - § 400 [ /p 8
ST ] o I 5 prob<10
= g Exp. Systematics limited ] mt
xv 40:‘ —: i E
s k. _— f 200 eonf Belle 2
4 30 Statistics g “"’E
I -~ Systematics ] [
20:_ — _: ;A)u)E-
C e 15% AE L F- I X B B B ¥ ¥
10f .
C O * O
I . | B° ->K*(Kn)y, B® - p(nn)y,

. &0 AE= EB* - EBEAM

Integrated Luminosity [ab™]
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Inclusive

4]
(=]
(=]

[=3
(=4
(=)

B— sy N, —N;
BABAR, PRL101, 171804(2008),350 FB'! I
DIRECT CPV N, + N
SEMIHNCLUSIVE, SUM OF MANY 1500 1 %
EXCLUSIVE STATES: g 1 8
ALL FLAVOR SPECIFIC FINAL =198 13
STATES; ; co i

<[D>. AVERAGE DILUTION DUE TO
FLAVOUR MISTAG, ~ 1

AD. DIFFERENCE BETWEEN
FLAVOUR MISTAG FOR
B AND B, << 1

A~ DETECTOR INDUCED
ASYMMETRY

A, = (—0.8+2.9)% HFAG. 2014
SM: Acp ~ (0.44+024 . )%

T. HURTH ET AL., NUCL.PHYS. B704, 56 (2005)

M bc — (E;eam )2 - (p;

26 5.28

A, CAREFUL STUDY OF

K/T ASYMMETRIES IN (P, 6,
USING D DECAYS OR INCLUSIVE
TRACKS FROM FRAGMENTATION;

LOTS OF WORK ON SYSTEM.,
— FEW 103
EXP. SENSITIVITY

A. LENZ, OCT 26 MORNING
L. LIGIOI, OcT 26 AFTERNOON
T. HURTH, NOV 14 MORNING

MIAPP, OcToBER 2016

)2 mgg (GeVic?)

p(X ) [% relative]

O

A

0.3

4]
(=
(=]

5.28

me (GeVic?)

20

Inc.
Hadra

y)
)

n tag

10

Sum o

Excl

Belle I

e |
roject 1

10

Integrated Luminosity [ab]



DCPV PUZZLE: B oKin
TREE+PENGUIN PROCESSES, B*©O K+ 70 750
AA = A(K*7z7)- A(K*70)=-0.147£0.028

BELLE, NATURE 452, 332 (2008), 480 FB'!

500

0 + - 250
B B°>Kr)
+ - — K’O’ b 'AIO — 7.-BO
= ASp™ -B(B° - K*n™) + A8 - B(B* — K1)
T+
N A
0,0 = + 0 7RO
— 2457 - B(B® - K% + 24, -B(B* - K*7n°)— ., e
TB ar = 3 Bello n Prqechon (May2015] =
M. GRONAU, PLB627, 82 (2005); E 0
D. ATWOOD, A. SONI, PRD58, 036005 (1998) o 25ENg O(Acp(KgT*))
= [
% ' ' 2
o B o _ <
< i Preliminary } B o E
04 _— _- F’. GDLDENZWE'G, 05:_ -i:'::(momln,m%mv(as)
L - - = Belle (1) impm: z‘. L(:’;:I: Y{48)
g 1 NOV 8 AFTERNOON | e ]
0.2 = 7 05618 5016 2017 2018 2019 2020 2051 2052 2053 0%
i N ; g !
O:_ S N _— g 17 lle Il Projection (May 2015)
- BELLE 2 /(0710 \ -1 é 0.8} ( (K_ +)“)
—0.2f 50 AB ] 5 ¥ O (Acp(KT )
[ ] k osl- d-
= ( = T .- -
04 L . 1 = o g4l b i
-1 0.5 0 0.5 < : ?
I LHCb : . — i
Kn Be -:— Belle (Il) 70% data Y(4S)
B. GOLOB, K. TRABELSI, P. URQUIJO,, BELLE2-NOTE-PH-20 1 5-002 e i ik :
0 56185016 5017 2018 2019 2030 2051 2055 5053 202“

Year

MIAPP, OcToBER 2016



CPVIN B— SQQ

SOME UNCERTAINTIES CANCEL IN AS

— b —

E

P
-

=

=

d_|

Ks

0.045

0.020

(VTX RECONSTR., FLAVOR TAG, LIKELIHOOD FIT) ; ﬁﬂ ER g
BETTER KS EFF. WITH VTX HITS - LARGER VTX RADIUS,
30%); 3
VTX RECONSTR IMPROVED WITH BETTER TRACKING, - >
P T e s 41 new phases in MSSM
g s h S L S E AS:SIN2¢1 “S[N2¢1
£ E
Qmoozsi—r . 'J/\|I K % B oin T TTT
> - i X ‘ @ U. i
3 o002l ] @ 041N eS(KgK°KS)
Q = 3 0.3 5 oo S(0 so)
;g 0.015 - = 0.2k } o S(n Kg)
5 E : ’ <--isin 2B
0.01— ‘ j e, N
0 0052_ t II;I:I(I::(IB baseline, 70% dataY(dS)‘ A:- 0.007 01 . o
$ s Belle (I) improved Ks 70% data Y(S) i’ &
E —i— Belle [ll] |mpmved K all dataY(4S) i
05518 2016 2017 2018 2019 2020 2051 2032 2023 2034 A. LENZ, OcT 26
W s MORNING
£ 02 : Bene u Projectuon (Juiy 2015) 2 o
5 ote- 3 4 L. LIGIol, OCT 26
2, 016 (I) K. - AFTERNOON
i 0.141; —; 0.01 g
é 0122_ —; Belte If Froject
g o - 0.005 i
“ 008 e 1 L
B o s » _‘:“ P. URQUIJO. Integrated Luminosity [ab™]
0.04 . 8 LHCb ‘ - BELLE2-NOTE-PH-2015-004 :
e g:::z ::g Ihrzf:";:d?%;‘né%a:a(g as ] B. GOLOB, K. TRABELSI, P. URQUIJO,
0.02 — —— Belle (II) |mprovedK all dataY(dS) _: OO2 BELLE2-NOTE-PH-2015-002
0“ xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Year
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Summary

Olbservables Belle or LHCbH*® Belle 11 LHCh
(2014) 5 ab=! 50 ab=! 8 fh=1(2018) 50 fh—!

UT angles sin208 0.667 + 0.023 + 0.012(0.9°) 04° o3 |]o6 |~ |03°

a [9) 85+ 4 (Belle+BaBar) 2 1

v [°] (B — D@ K®)) 68 + 14 6 L5 4 I 1

28,(B, — Jfv¢) [rad] 0.07 £ 0.09 & 0.01° 0.025 ! 0.009
Gluonic penguins S(B — ¢K9) 090159 0.053 0018} | 02 |? |00

S(B — n'K%) 0.68 4 0.07 4+ 0.03 0.028 0.011

S(B — KKAK?) 0.30+ 0,32 4+ 0.08 0,100 0.033

BB, — ¢¢) [rad) —0.17 £ 0.15 £ 0.03* 012 | 1 0.03

BM(B, — K9K*) [rad] - 0.13 0.03
Direct CP in hadronic Decays A(B — K%%) =0.05 + 0.14 4 0.05 0.07 | 0.04 ?
UT sides |Ves| incl. 416 1073(1 £ 2.4%) 1.2%

|Viy| excl. 37510731 & 3.0% e, £ 2.7%n. ] 1.8% || 1.4% ~

| Vi | inel. 44710731 £ 6.0% ey, £ 2.5%1. ] 3.4% || 3.0% I

|Vis| excl. (had. tag.) 3.52. 1073(1 + 10.8%) 4.7% || 24% I
Leptonic and Semi-tavonic  B(B — 7v) [1079] 96(1 + 26%) 10% | 5% ~

B(B — pv) [107Y) <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%)! 3.2% | 21% I
Radiative B(B — Xqv) 3.45-107%1 £ 4.3% £ 11.6%) | ™% 6%

Acp(B = Xoq7) [1077]  22+4.0£08 1 0.5

S(B — K%n%) —0.10 + 0.31 £+ 0.07 0.11 | 0.035

260 (B, — ¢) B 013 | 1 0.03

S(B — p~) —0.83 £ 0.65 £ 0.18 0.23 || 0.07

B(B, — ~~) [1079] < 8.7 0.3 -
Electroweak penguins B(B — K**vw) [1079] <40 <15 )| 0%

B(B — K*vp) [107%] < 5 < 21 || 30%

C;/Cq (B — X, £F) ~20% 10% || 5%

B(B, — 1) [1079 - <2l -

B(B, — pp) [1079 4 05 | 0.2

B. GOLOB, K. TRABELSI, P. URQUIJO, BELLE2-NOTE-PH2015-002 20.. 20 23 18 277

DISCLAIMER.
PERSONAL STATEMENTS
ON IMPORTANCE OF IND.
PROCESSES,;

7?7 PROBABLY NOT SO
INTERESTING BECAUSE
SM VALUE CAN BE
REACHED/TESTED

~ MEDIUM INTERESTING,
MAY DEPEND ON
OTHER MEASUREMENTS

! IMPORTANT TO IMPROVE

MIAPP, OcToBER 2016



Summary

Observables Belle or LHCb* Belle I1 LHCb
{2014) 5 ab=! 50 ab=! 8 fh=1(2018) 50 fh—!

UT angles sin24 0.667 £ 0.023 + 0.012(0.9°) 0.4° || 0.3° 0.6° | ~ 0.3° | pepenpiNg ON V.|

a [9) 85+ 4 (Belle+BaBar) 2 1

7 [°] (B— DEPIK®) 68+ 14 6 1.5 4 I 1 ,STANDARD CANDLE"

28,(By — Jfyo) [rad] 007+ 0.09+0.01° 0.025] 1 0.009
Gluonic penguins S(B — pK?) 090159 0.053 0.018) | 02 |? 0.04 | SM exPECTATION REAGHED

S(B = n'K%) 0.68+ 0.07 + 0.03 0.028] 0.011

S(B— K2KAKY) 0.30+ 0,32+ 0.08 0.1004 0.033

,-'f,!ﬂ(n. — () [l'ﬂd] —-0.17 £ 0.15 + 0.03* 0.12 [ 0.03 REACHING SM PREDICTION ( £<0.02)

BB, — KOK*®) [rad] - 0.13 0.03
Direct CP in hadronic Decays A(B — K%9) =0.05 4 0.14 £+ 0.05 0.07 §| 0.04 ? Sl ) ~ O(A grg)s Iy = -0.27 +0.14
UT sides |Ves| incl. 41.6-1073(1 £ 2.4%) 1.2%

|Viy| excl. 37510731 & 3.0% e, £ 2.7%n. ] 1.8% || 1.4% ~ X CEEDING SM PRECISION

| V| incl. 44710731 £ 6.0% ey, £ 2.5%1. ] 3.4% || 3.0% I TO REACH SM PRECISION

[Vio| exel. (had. tag)  3.52.10~%(1 + 10.8%) 4.7% [ 24% ; PROBABLY MOST PRECISE DETERMINATION
Leptonic and Semi-tavonic  B(B — 7v) [1079] 96(1 + 26%) 10% | 5% ~ DEPENDING ON |V,,|, CURRENT SM *13%

B(B — pv) [10"6] <17 20% [

R(B — Drv) [Had. tag] 0.440(1 £+ 16.5%)1 5.6% )| 3.4% ~ CURRENT SM PRECISION (~5%) WILL PROBABLY BE

R(B — D*rv)! [Had. tag] 0.332(1 + 9.0%)* 3.2% | 21% I R aM PRECISION (~1%-25%)
Radiative B(B — Xqv) 3.45-107%1 £ 4.3% £ 11.6%) | ™% 6%

Acp(B — X av) [1077]  22+4.04+0.8 1 0.5

S(B — K%n%) —0.10 + 0.31 £+ 0.07 0.11 | 0.035

260 (B, — ¢) B 013 | 1 0.03

S(B — pv) =083 £+ 0.65 £ 0.18 0.23 | 0.07

B(B, — ~v) [107%] <87 0.3 | -
Electroweak penguins B(B — K**tvr) [1079] <40 <15 )| 0%

B(B — K*vp) [107%] < 5 < 21 || 30%

C/Cq (B — X, 0F) ~20% 10% | 5%

B(B, — 1) [1079 - <2l -

B(B, — pp) [10"9] 2.9:{:(1)’ 0.5 I 0.2 TO REACH SM PRECISION

B. GOLOB, K. TRABELSI, P. URQUIJO, BELLE2-NOTE-PH2015-002  20.. 20 23
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RATIO BELLE

CLEARLY ALSO IN TERMS OF
INT. LUMINOSITY LHCB &
BELLE Il ARE
COMPLEMENTARY

(AT LEAST ONCE
SUPERKEKB & BELLE Il
START WITH SERIOUS
LUMINOSITY)
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